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To the memory of
Marian Wozniak, a prolific contributor
to naphthyridine research






The Chemistry of Heterocyclic Compounds
Introduction to the Series

The chemistry of heterocyclic compounds is one of the most complex and
intriguing branches of organic chemistry, of equal interest for its theoretical
implications, for the diversity of its synthetic procedures, and for the physiological
and industrial significance of heterocycles.

The Chemistry of Heterocyclic Compounds has been published since 1950 under
the initial editorship of Arnold Weissberger, and later, until his death in 1984, under
the joint editorship of Arnold Weissberger and Edward C. Taylor. In 1997, Peter
Wipf joined Prof. Taylor as editor. This series attempts to make the extraordinarily
complex and diverse field of heterocyclic chemistry as organized and readily
accessible as possible. Each volume has traditionally dealt with syntheses, reac-
tions, properties, structure, physical chemistry, and utility of compounds belonging
to a specific ring system or class (e.g., pyridines, thiophenes, pyrimidines, three-
membered ring systems). This series has become the basic reference collection for
information on heterocyclic compounds.

Many broader aspects of heterocyclic chemistry are recognized as disciplines of
general significance that impinge on almost all aspects of modern organic
chemistry, medicinal chemistry, and biochemistry, and for this reason we initiated
about 1971 a parallel series entitled General Heterocyclic Chemistry, which treated
such topics as nuclear magnetic resonance, mass spectra, and photochemistry of
heterocyclic compounds, the utility of heterocycles in organic synthesis, and the
synthesis of heterocycles by means of 1,3-dipolar cycloaddition reactions. These
volumes were intended to be of interest to all organic, medicinal, and biochemically
oriented chemists, as well as to those whose particular concern is heterocyclic
chemistry. It has, however, become increasingly clear that the above distinction
between the two series was unnecessary and somewhat confusing, and we have
therefore elected to discontinue General Heterocyclic Chemistry and to publish all
forthcoming volumes in this general area in The Chemistry of Heterocyclic
Compounds series.

Dr. Des J. Brown is again to be applauded and profoundly thanked for still
another fine contribution to the literature of heterocyclic chemistry. This volume on
The Naphthyridines is the first book devoted in its entirety to the six pyridopyridine
ring systems, and it covers the last 80 years of the literature until 2007. It must be
noted with admiration that many of the books in this series that have come to be
regarded as classics in heterocyclic chemistry (The Pyrimidines, The Pyrimidines
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Supplement I, The Pyrimidines Supplement II, Pteridines, Quinazolines Supplement
I, The Quinoxalines Supplement II, The Pyrazines Supplement I, and Cinnolines
and Phthalazines) are also from the pen of Dr. Brown.

Department of Chemistry Epwarp C. TAYLOR
Princeton University
Princeton, New Jersey

Department of Chemistry PETER WIPF
University of Pittsburgh
Pittsburgh, Pennsylvania



Preface

This is the first book devoted entirely to the chemistry of the six naphthyridine
systems.

Because of structural uncertainties and confusing nomenclature, much of the
early literature is, frankly, of little more than historical interest. However, after
1930, when most authors adopted the present Chemical Abstracts naming (see
“Note on Nomenclature” that follows), a reliable body of literature gradually
accumulated on all six systems, albeit at very different rates. For example, data on
the 1,8-naphthyridines greatly outnumbered those on the other systems, probably as
a result of the discovery of significant antimicrobial properties associated with
nalidixic acid as well as the intrinsic suitability of the 1,8-system for metal
complexation.

In this book, the respective volumes of reported data have led to treatment of the
first four of the other naphthyridines in seven chapters each, whereas each-
naphthyridine system is covered in a single rather long chapter. The appendix
tables aim to list all simple naphthyridines, along with an indication of their
physical properties, that have been reported before 2006.

I am greatly indebted to the Dean of the Research School of Chemistry,
Professor Denis Evans, for the provision of postretirement facilities within the
School; to the Librarian, Joan Smith, for her kindly assistance in all library matters;
and to my wife, Jan, for her patient encouragement and practical help during the
years of writing.

Research School of Chemistry DEes J. BRowN
Australian National University
Canberra






Note on Chemical Nomenclature

The six possible pyridopyridine systems have been known almost universally
since circa 1930 as 1,5- (1), 1,6- (2), 1,7- (3), 1,8- (4), 2,6- (5), and 2,7-
naphthyridine (6), However, the occasional use of an appropriate pyridopyridine
or diazanaphthalene may still be found in some publications, Historically, the word
“naphthyridin(e)”” was coined by Arnold Reissert in 1893 specifically for the 1,8-
naphthyridine system (4) and was so used for some years, especially in the German
literature. Other terms, such as ‘‘isonaphthyridine” [for 1,5-naphthyridine (1)],
“benzodiazines” (very misleading), ‘“pyridinopyridines’’, “2,5-naphthyridine” [for
1,6-naphthyridine (2)], and “copyrin(e)”'*** or copurine®® [for 2,7-naphthyridine
(6)] have appeared in the literature.

|N\ AN N NS
= Z ! PZ Z N~ Z
N N N
@ 2 3)
~ I~ l ~=2N N~ 2N
N N
) ) (6)

In this book, all such systems are designated as the appropriate naphthyridines;
other ring systems are also named and numbered according to recommendations
of the Chemical Abstracts Service [Ring Systems Handbook (eds. anonymous,
American Chemical Society, Columbus, Ohio, 1998 edition and supplements)]; and
general chemical nomenclature follows current IUPAC rules [Nomenclature of
Organic Chemistry, Sections A—E, H (J. Rigaudy and S. P. Klesney, eds., Pergamon,
Oxford, 1979)], with one important exception: in order to keep ‘‘naphthyridine” as
the principal part of each name, those groups that would normally qualify
as principal suffixes but are not attached directly to the nucleus are rendered as
prefixes. Thus, 3-carboxymethyl-1,5-naphthyridin-2(1H)-one would be used instead
of 2-(2-oxo-1,2-dihydro-1,5-naphthyridin-3-yl)acetic acid; secondary, tertiary, or
quaternary amino groups are also rendered as prefixes.

Xi
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THE NAPHTHYRIDINES

This Is the Sixty-Third Volume in the Series
THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS






CHAPTER 1

Primary Syntheses of 1,5-Naphthyridines

The primary synthesis of 1,5-naphthyridines may be accomplished by double
cyclization of appropriate aliphatic substrates; by cyclization of appropriately
substituted pyridines; by cyclocondensation of pyridine substrates with one or
more aliphatic synthons; or from other heterocyclic substrates by degradation,
rearrangement, or the like. Partially or fully reduced 1,5-naphthyridines are often
made by somewhat similar procedures; such cases are usually illustrated toward the
end of each subsection. Some reviews of naphthyridine chemistry contain material
on the primary synthesis of 1,5-naphthyridines,*’—32-01-231-265.670.1260.1273.1430.1432

1.1. FROM A SINGLE ALIPHATIC SUBSTRATE

This unlikely type of synthesis is represented by the reduction of 5,6-
dimethyl-5,6-dinitrodecane-2,9-dione (1) to give a mixture from which
2,4a,6,8a-tetramethyl-3,4,4a,7,8,8a-hexahydro-1,5-naphthyridine 1,5-dioxide (2)
was isolated via its picrate (Zn, NH, Cl, H,O, EtOH, 20°C, 6 h: ?%);'°** the
structural configuration of the foregoing compound and related products were
studied later,'”®

Me Hy M IfI Me
ON_|_C e
Meco €T cH,  m i
! L oome T Z
H,C C N~ "Me
e NO, Mey
H, Me 0

1) 2

An essentially similar type of reaction has been used to prepare fused 1,5-
naphthyridines such as 2,8-dimethyl-6,12-bis(p-tolylimino)-5,6,11,12-tetrahydrodi-
benzo[b, g][1,5]-naphthyridine (3).688

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
Copyright © 2008 John Wiley & Sons, Inc.



2 Primary Syntheses of 1,5-Naphthyridines

NC6H4MC—p

p—M€H4C6N
3

1.2. FROM A SINGLE PYRIDINE SUBSTRATE

Such syntheses may be subdivided according to which bond of the resulting 1,5-
naphthyridine is formed in the process. Of the five possibilities, only three are
represented in the literature.

1.2.1. By Formation of the N1,C2-Bond

Several preparations within this category are illustrated in the following examples.

2-(2-Ethoxycarbonylvinyl)-3-pyridinamine (4, R = H) gave 1,5-naphthyridin-2
(1H)-one (5, R =H) (EtONa, EtOH, reflux, 3 h: 72%);1044 the homologous
substrate (4, R = Me) likewise gave 6,8-dimethyl-1,5-naphthyridin-2(1H)-one
(5, R=Me) (reflux, 2 h: 71%);1044 and the analogous carboxy substrate, 2-
(2-carboxyvinyl)-3-pyridinamine (6), also afforded 1,5-naphthyridine-2(1H)-
one (5, R=H) using the Posner' 4?8 technique (H,NOH, MeONa, MeOH,
reflux, 12 h: 31%).'°%

H H
Cs

R | N C\\CH NdOEt X H2N0H \ CH
= CO Et N OEt / CO H
NH; p) a H, 2
R

@ (6)

2-(3-Cyano-1-isopropylprop-1-enyl)-6-methoxy-3-nitropyridine ~ (7, R =Pr’,
X =CN) gave 6-methoxy-4-isopropyl-1,5-naphthyridine-2-carbonitrile 1-
oxide (8, R = Pr’, X = CN) (Me;SiCl, E;N, Me,NCHO, 20°C, 6 h: 48%);>®
somewhat similarly, 2-(3-ethoxycarbonylprop-1-enyl)-6-methoxy-3-nitro-
pyridine (7, R =H, X = CO,Et) gave ethyl 6-methoxy-1,5-naphthyridine-2-
carboxylate 1-oxide (8, R = H, X = CO,Et) [Me;SiCl1, diazabicycloundecene
(DBU), Me,NCHO, 20°C, 1 h: 85%].5%

IIQ R
MeO |N\ C\\CH Me;SiCl + EGN or MeO |N\ AN
1 _—
= CH,X DBU — P2
NO,
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2-Ethoxalylmethyl-6-methoxy-3-nitropyridine (9) underwent reductive cycliza-
tion to 3-hydroxy-6-methoxy-3,4-dihydro-1,5-naphthyridin-2(1H)-one (10)
(PtO,, H,, 3 atm, EtOH, 20°C, 2 h: 69%) that was easily aromatized to give
6-methoxy-1,5-naphthyridine-2,3(1H, 5SH)-dione (11) [TsCl, pyridine, 150°C
(7)), 4h: 83%].*

H, H
MeO N _C\ o m MeO N OH MeO N~ _.0
L o i
% t = (-Hy0) =
NO, ? N0 : N o
H H
9 (10) an)

2-(1-Hydroxy-3-phenylallyl)-6-methoxy-3-methylaminopyridine (12, R =Me)
underwent thermolytic cyclization to give 2-methoxy-5-methyl-6-phenyl-5,
6-dihydro-1,5-naphthyridine (13, R=Me) (CgH4Cl,, 180°C, 4h: 31%).
However, when the allylamino substrate (12, R = CH,CH:CH,) was so
treated, the initial product, 1-allylamino-6-methoxy-2-phenyl-1, 5-naphthyr-
idine (13, R = CH,CH:CH,) (180°C, 20 min: 65%), underwent subsequent
aromatization to 2-methoxy-6-phenyl-1,5-naphthyridine (14), presumably by
loss of propane [180°C, 20 h: 43%; or F3CCO,H, (Ph;P),RhH, EtOH, reflux,
4 h: 54%).°"

IOH
MeO N C MeO N

| \ H\CH A | N
Il
7 NHCHPh (R = Me or CH,CH = CH,) 7 Ph

N
I I
R R
12) a3)

(R = CH,CH=CH,)

MeO N\ X A or (Ph3P)4RhH

7 i~ (~PrH)
N Ph

14)

1.2.2. By Formation of the C3,C4-Bond

Such a synthesis is evident in the Dieckmann cyclization®' of ethyl 3-[2-
(ethoxycarbonyl)acetamido]-2-pyridinecarboxylate (15) (prepared in situ) to give
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4-hydroxy-1, 8-naphthyridin-2(1H)-one (16) (EtONa, EtOH, reflux, 5 h; resulting
solid, NaOH, H,O, reflux until gas-ceased: 69%).1023

OH
N._ _COEt ~ § N
| A ICHzCOzEt EtO~; then HO | J AN
AN -0 N
H H
15) (16)

1.2.3. By Formation of the C4,C4a-Bond

Although it involves the formation of a C,C-bond, this synthesis has been widely
used, as illustrated in the following typical examples.

3-[(2,2-Diethoxycarbonylvinyl)amino]-5,6-dimethylpyridine ~ (17) underwent
regioselective thermal cyclization to give ethyl 6,7-dimethyl-4-oxo-1,4-dihy-
dro-1,5-naphthyridine-3-carboxylate (18) (Dowtherm A, reflux, 15 min: 89%;
analogs likewise).'**®

o
1l
Me N _EtOC Me N CO,Et
(] gees —— T Y]
(-EtOH)
Me = N/CH Me N
H H
a” as)

3-[(2,2-Diethoxycarbonylvinyl)amino]-4-methoxypyridine (19) gave ethyl 8-
methoxy-4-oxo-1,4-dihydro-1,5-naphthyridine-3-carboxylate  (20) (Ph,O,
reflux, 25 min: 72%);**' a similar substrate likewise gave ethyl 6-butoxy-4-
oxo-1,4-dihydro-1,5-naphthyridine-3-carboxylate (Ph,O, reflux, 15 min:

~T5%).1030

19) (20)

In contrast, regioselectively was less marked in the thermal cyclization of
3-[(2-ethoxycarbonyl)amino]pyridine (21), which gave a 4:1 mixture of
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2-methyl-1,5-naphthyridin-4(1H)-one (22) and 2-methyl-1,7-naphthyridin-
4(1H)-one (23) (Ph,0, reflux, 1 h: 75% of mixture).5*®

0
N N N N
] e —— [T 1+ [
= =
N e N7 Me NH
H

H =

0) Me

@n (22) 23)

3-[(3-Hydroxy-2-methyl-3-phenylpropyl)amino]pyridine (24) underwent dehy-
drative cyclization to give 3-methyl-4-phenyl-1,2,3,4-tetrahydro-1,5-
naphthyridine (25) (70% H,SO4, 0°C —25°C, ~15h: 65%) that was easily
dehydrogenated to give 3-methyl-4-phenyl-1,5-naphthyridine (26) (neat sub-
strate, Pd/C, 200°C, 3 h: 56%).879 Also other examples.48’485’865’967’]232’]245

Irh Ph Ph
HOHC
N CHMe  70%mso, Ny Me g N A Me
| I o L — [
N - » N .
H H
@4) @25) (26)

1.3. FROM A PYRIDINE SUBSTRATE WITH ONE SYNTHON

Most primary syntheses of 1,5-naphthyridines fall into this basket. Procedures
are divided initially into categories in which the synthon provides one, two, or three
atoms to the final 1,5-naphthyridine; when necessary, such categories are further
subdivided according to which specific atoms are provided by the synthon.

1.3.1. Where the Synthon Supplies One Atom

There appears to be no example of such a synthesis in the parent 1,5-naphthyridine
series, but benzo-1,5-naphthyridines have been so made. Thus ethyl 3-dimethylamino-
methyleneamino-6,7-dimethoxyquinoline (27) gave 7,8-dimethoxy-4-oxo-1,4-dihy-
drobenzo[b]-1,5-naphthyridine-3-carbonitrile (28)[NaCH,CN (made in situ), THF,
—78°C; substrates dropwise, —78°C, 3 h; then 20°C, 12 h: 58%].2%®

MeO N.__COEt ~ MeO N © _CN
N BuLi N \
MeCN —_— .
:@;;E _CHNMe, = ¢ _ 1
MeO N MeO N
H

27 (28)
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1.3.2. Where the Synthon Supplies Two Atoms

Nearly all the reported syntheses in this category have used the synthon to
supply C2 + C3 of the resulting 1,5-naphthyridine, but C3 + C4 may be so
supplied, as illustrated at the end of the following list of typical examples.

Ethyl 3-aminopicolinate (29) with diethyl malonate gave 4-hydroxy-1,5-
naphthyridin-2(1H)-one (30) [neat reactants, 120°C, 5 h; solid, EtONa, EtOH,
reflux, 5 h; solid, 2.5M NaOH, reflux until gas ceased: 96%].1151

OH
CO,Et
N\ CO,Et H,C(CO,ED), N\ ZCHQCOZEt EtO™; then HO™ N\ X
(o e [ o] 2
NH, N~ N (6]
H H
(29) (30)

Somewhat similarly, 3-aminopicolinic acid with ethyl acetoacetate gave 2-
methyl-1,5-naphthyridin-4(1H)-one (neat reactants, reflux, 4 h: 13%).]000
3-Amino-2-pyridinecarbonitrile (31) with diethyl malonate gave 4-amino-1,5-

naphthyridin-2(1H)-one (32) (neat reactants, EtONa, reflux, 7.5 h: 36%).725

IITII NH,
| N\ C H,C(CO,E1),, EtONa N\ AN
—_—
P4
NH, N” o
H
31 32)

2-(a-Hydroxybenzyl)-6-methoxy-3-methylaminopyridine (33) with allyltri-
methylsilane gave 2-methoxy-5-methyl-8-phenyl-6-(trimethylsilylmethyl)-5,6,
7,8-tetrahydro-1,5-naphthyridine (34) (reactants, BF.3,Et,O. 60-80°C, 4.5 h:

50%); analogs likewise.®"°
l|3'h l|3h Ph
MeO N\ CHOH MeO N CH MeO N\
U BF; \E/\E H,C = CHCH,SiMe;
= — ™ _— = .
ITIH (-H,0) ITI BF; CH,SiMe;
Me Me Me
33) 34)

3-Benzylideneamino-6-methoxypyridine (35) underwent partially regioselective
cyclocondensation with phenylacetylene in the presence of oxidizing agents
to afford a separable mixture of 2-methoxy-6,8-diphenyl-1,5-naphthyridine
(36) and 6-methoxy-2.4-diphenyl-1,7-naphthyridine (37) (reactants, FeCls,
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tetrachlorobenzoquinone, MeCN, reflux, ~45 min; 50% and 7%, respectively,
after separation).*>> Also other examples.*'*'?%

Ph
MeO | N\ PhC =CH, [0] MeO | AN ‘ BN
o -
Z N=CHPh = N/
35) (36)

1.3.3. Where the Synthon Supplies Three Atoms

Of the two possibilities in this category (to supply N1+ C2+C3 or
C2 + C3 + C4), only the latter has been employed, often by submission of a 3-
pyridinamine to a Skraup-like synthesis. Typical examples follows.

3-Pyridinamine (38) and acrolein (39) (formed from glycerol under Skraup-like
conditions) gave 1,5-naphthyridine (40) [O,NC¢H4SO5sNa-m, H,SO,4, H;BO3,
FeSO,, 0°C; HOHC(CH,OH),|, substrate |, H,O |; 135°C, 4h: 90%:;%"*
HOCH(CH,0H),, O,NCH4SO;Na-m, ~70% H,SO.4, 135°C, 4h: 50%;*
earlier versions, using As,Os as the oxidizing agent, gave <30%

yields 14,32,113,155,104,
N N
| N HZC\\ - Skraup conditions | YN
+ _
! Pz
Z NH, OCH = N
(38) 39) (40)

6-Methyl-3-pyridinamine (41, R =Me) gave 2-methyl-1,5-naphthyridine (42,
R =Me) [96% H,SO,,0,NC¢H,SO;Na-m, H;BO3, FeSO,, 7H,0, HOHC
(CH,0H),|, substrate|, HO|, then 135°C, 18 h: 55%];*°® 2,5-pyridinedia-
mine (41; R =NH,) gave 1,5-naphthyridine-2-amine (42, R =NH,) [70%
H,SO,, 0,NC¢H,SO;Na-m, HOCH(CH,OH),, 135°C, 5 h: 88%].811:1371

R N R N

| N Skraup procedure | N A
B
= = ~
NH, N
41) 42)

Appropriate pyridine substrates similarly gave 1,5-naphthyridine-2(1H)-one (43)
[HOHC(CH,OH),, As,0s, 165°C, ~90 min: 57%;'%" likewise but 160°C, 45
min: 15%];'®" 1,5-naphthyridin-4(1H)-one (44)(likewise, 160°C, ~2.5h:
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37%);'""*" and 1,5-naphthyridine 1-oxide (45) [0,NCeH,SOsH, H,SO.,
FeSO,, 7H,O, H;BO3;, 0°C; HOCH(CH,OH), |, substrate |, H,O |; then
130°C, 5h: 19%].'%3

o}
H |, H |, b
O NN N Nt
SO ERGD
N* N N
0

(43) (44) 45)

3-Pyridinamine (47) with crotonaldehyde gave 2-methyl-1,5-naphthyridine
(46)(substrate, O,NCgH,SO3H, H,SO,4, H,0, 125°C; MeCH=CHCHO in
dropwise, 1h: then 150°C, 12h: ~10%), with methacrylaldehyde gave 3-
methyl-1,5-naphthyridine (48) (substrate, FeSO4.7H,0, As,Os, 96% H,SOy,
120°C; H,CCMeCHO in dropwise during 7 h; the 170°C, 15 h: 30%); or with
methyl vinyl ketone gave 4-methyl-1,5-naphthyridine (49)[as for isomer (46)
but MeCOCH=CH,; 11%].">

N N N M
| YT MeCH = CHCHO | A H,C = CMeCHO | YT ¢
B S E— —_—
P = — 7
N~ "Me NH, N
(46) 47) (48)

\ MeCOCH = CH,

Me

N\ X

P
N

(49)

6-Methyl-3-pyridinamine (50) with crotonaldehyde gave 2,6-dimethyl-1,5-
naphthyridine (51) [substrate, O,NCcH,SOzH, H,SO, (?), H,O, 125°C;
MeCH=CHCHO in slowly; then 150°C, 8 h: ~10%];''®° analogs somewhat

. 2
similarly.?®

Me N Me N

| AN MeCH = CHCHO | TN
—_—
= = =
NH, N Me
(50) (51)

2-Bromo-6-ethoxy-3-pyridinamine (52) reacted with methyl 3-methoxyacrylate
(2 equiv) to give 6-ethoxy-4-methoxy-1-(1-methoxy-2-methoxycarbony-
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lethyl)-1,5-naphthyridin-2(1H)-one (53) [Pd(OAc),, P(CcHsMe-p);, Et3N,
N,, 100°C bath, 5 days: 28%].'°"°

OMe
EtO |N\ Br ;. meocH=cHCOMe — EtO |N\ AN
=
NH, Z N"So
CH(OMe)CH,CO,Me
(52) (53)

3-Pyridinamine (54) with diethyl ethoxymethylenemalonate gave ethyl 4-oxo-
1,4-dihydro-1,5-naphthyridine-3-carboxylate (55) (reactants, Dowtherm A,
150°C, reflux, 1h: 80%);'°" somewhat similarly, 5-amino-2(1H)-pyridinone
gave ethyl 4,6-dioxo-1,4,5,6-tetrahydro-1,5-naphthyridine-3-carboxylate (56)
[EtOCH=C(CO,Et),, Ph,0, reflux, 1 h: 20%].>*?

| Ns EtOCH = C(COzEt)z CO,Et CO,Et
=
NH,

(54) (55) (56)

3-Aminopicolinic acid (57) with ethyl acetoacetate gave 2-methyl-1,5-naphthyr-
idin-4(1H)-one (58) (neat reactants, reflux, 4 h: 13%).%2%10%°

0]
N\ COH AcCH,CO,Et N\
—_—
(X X
NH, N Me
H
(57) (58)

2-Methoxy-5-nitropyridine (59) with 1-phenyl-3-phenylsulfonylpropane (60)
gave 2-methyl-6-phenyl-8-phenylsulfonyl-1,5-naphthyridine (61) (reactants,
MeCN, Bu'Me; SiCl, DBU, 20°C, 3 days: 54%),°*"*°* Also other exam-

181,273,316,760,827,1272,1377

ples,
SO,Ph
MeO_ _N $0.Ph MeO_ _N
X AN X
| ¢ MOy —e ]
% I (-2H,0) = ~
NO;, HCPh N~ Ph
(59) (60) (61)

14. FROM A PYRIDINE SUBSTRATE AND TWO SYNTHONS

This type of synthesis is represented only by several procedures akin to the
Doebner-Miller quinoline synthesis, in which both synthons are the same.
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4-Methyl-3-pyridinamine (62) and an excess of acetaldehyde gave 2,8-dimethyl-

1,5-naphthyridine (63) (substrate, 10M HCI, 5°C; MeCHO in dropwise; 0°C,

1 h; then reflux, 1 h; 16%; note the necessity for oxidation, either aerial or by
the excess of MeCHO?),268

X HY; heat Ns N
| + 2xMeCHO ——— || B
= (-2H,0; [0)) N F
NH, N “Me
Me Me
(62) (63)

Similar treatment of 6-methoxy-3-pyridinamine (64) involved an additional

hydrolysis of the methoxy group to afford 6-methyl-1,5-naphthyridin-
2(1H)-one (65)(36%).>%

H
MeO N\ Ho Mecho O N BN
| — |
= NS ~
NH, N7 Me
(64) (65)

Also other examples.”*

1.5. FROM OTHER HETEROCYCLIC SUBSTRATES

This general approach to 1,5-naphthyridines has seldom been used, but classified
examples follow.

From Benzo[b]-1,5-naphthyridines

7,9-Dihydroxybenzo[b]-1,5-naphthyridin-10(5H)-one (66), easily made by
fusion of 3-aminopicolinic acid with phloroglucinol, underwent oxidation
to 4-oxo-1,4-dihydro-1,5-naphthyridine-2,3-dicarboxylic acid (67) [HNOj; (d.
1.5), 20°C, then 95°C, 40 min: ?%, after separation from a byproduct].17

O OH 0
Ny o1 Ny CO,H
® — (1]
N OH N~ >coH
H H

(66) (67)
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From 1,3-Dioxolanes

4,5-Diamino-2,7-bis(1,3-dioxolan-2-yl)-4,5-dimethyloctane (68) [a bis(cycloa-
cetal) of the corresponding dialdehyde] gave 2.4a,6,8a-tetramethyl-
3,4,4a,7,8,8a-hexahydro-1,5-naphthyridine (69) (IM H,SO,: no details).'”®

M M N Me
e e
0O  HN_I H Me >
j\\ C—CH,-C_:+0 ——
[ ) ] \\( ] >
0" _C—H,C—C. N Me
Me™ g I NH, O] Me
Me
(68) (69)

From 1,2,4-Triazines

5,6-Diphenyl-3-[3-(2-phenylimidazol-1-yl)propyl]-1,2,4-triazine (70) underwent
thermal intramolecular addition (with loss of nitrogen) to give the tricyclic
intermediate (71) and thence (by loss of benzonitrile) 2,3-diphenyl-5,6,7,8-
tetrahydro-1,5-naphthyridine (72) [substrate, antioxidant (2,6-di-fert-butyl-4-
methylphenol), 1,3,5-Pri3C6H3, reflux, 3 h: 92%] that could be aromatized to
2,3-diphenyl-1,5-naphthyridine (73) (1,3,5—Pri3C6H3, reflux, air, 24 h: 91%);
the latter product (73) was also made directly from the triazine (70) (neat
substrate, Se, 330°C, 10 h: 85%); analogs likewise.'37->22

CH,
H,
(70) (71)
heat j Se heat ‘ (-PhCN)
H
N bh [0] N PP
| - |
= I~ =
N Ph N Ph






CHAPTER 2

1,5-Naphthyridine, Alkyl-1,
S-naphthyridines, and Aryl-1,
S-naphthyridines

This chapter covers information on the preparation, physical properties, and
reactions of 1,5-naphyhyridine and its C-alkyl, C-aryl, N-alkyl, and N-aryl
derivatives as well as their respective ring-reduced analogs. In addition, it includes
methods for introducing alkyl or aryl groups (substituted or otherwise) into 1,5-
naphthyridines already bearing substituents and the reactions specific to the alkyl or
aryl groups in such compounds. For simplicity, the term alkyl-1,5-naphthyridine in
this chapter is intended to include alkyl-, alkenyl-, alkynyl-, aralkyl-, and
cycloalkyl-1,5-naphthyridines; likewise, aryl-1,5-naphthyridine includes both aryl-
and heteroaryl-1,5-naphthyridines.

The general chemistry of 1,5-naphthyridines, usually in association with those

of other naphthyridines and often quite brief, has been reviewed from time to
time, 49-52:55-58.61.231.265.670,1260,1357.1430,1432

2.1. 1,5-NAPHTHYRIDINE
2.1.1. Preparation of 1,5-Naphthyridine

1,5-Naphthyridine is usually made from 2-pyridinamine by a Skraup-like
reaction (see Section 1.3.3), but it has also been prepared by removal of unwanted
substituents as illustrated in the following examples.

1,5-Naphthyridine 1-oxide (1) underwent deoxygenation by phosphorus trichlor-
ide to give 1,5-naphthyridine (2) (substrate, CHCl3, PCl3 |, 0°C —reflux, 1 h:
60%).'*%

2-Chloro-1,5-naphthyridine (3) gave 1,5-naphthyridine (2) (H,, Pd/CaCOs;,
KOH, MeOH: ?%).%"

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
Copyright © 2008 John Wiley & Sons, Inc.
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14 1,5-Naphthyridine, Alkyl-1, 5-naphthyridines, and Aryl-1,5-naphthyridines
Both 2-p-toluenesulfonylhydrazino- (4, R = H) and 2,6-bis(p-toluenesulfonyl-

hydrazino)-1,5-naphthyridine (4, R=NHNHTs) afforded 1,5-naphthyridine
(2) (KOH, H,0, 95°C, until N, ceased: 2%).'%

Ny pay Noorxy  mrpacHo  ~Nooxy
| — |l |
1;] N N Cl

1) 2 3

KOH j (-Ny)

R N\ N

= =
N NHNHTSs

@)
1,5-Naphthyridin-2 (1H)-one gave 1,5-naphthyridine (Zn: ~2%)."”

Two parent hydro-1,5-naphthyridines have been made by reductive methods as
exemplified here.

1,5-Naphthyridine (5) gave 1,2,3,4-tetrahydro-1,5-naphthyridine (6) (H,, Pd/C,
EtOH, 20°C, 2 h: 90%,*""155 ¢f. H,, PtO, AcOH: ?%)% and thence trans-
decahydro-1,5-naphthyridine (7) (H,, PtO, EtOH, until uptake ceased: 93%:;*"
or Na, CsH;,OH, reflux: 91%).23"-<t5%7

N\ AN H,, PdIC N\ H,, / PtO or N
| — | —
= N/ PZ N Na/CsH;|OH N
) (6) @

2.1.2. Properties of 1,5-Naphthyridine

Reported physical data for 1,5-naphthyridine may be found by reference to its
entry in the Appendix Table Al toward the end of this book. More notable studies
of such data are briefly listed here in alphabetical order.

Complexes. The iodine complexes of 1,5-naphthyridine and other heterocycles
have been used under anhydrous conditions to estimate the pK, values for
such heterocycles.®® The structures of 1: 1 complexes of 1,5-naphthyridine
with oxalic acid,'®®* fumaric acid,'** or meso-1,2-diphenyl-1,2-ethane-
diol'®*" have been studied. Complexes of 1,5-naphthyridine with Co(II),
Ni(Il), Cu(Il), Zn(II), and Ag(I) salts have been prepared;m5 the mono- and
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di(tungstenpentacarbonyl) complexes have been made for comparison with
such complexes of pteridine and related heterocycles;*®® the characteristic
crystals of the Pt and Au complexes may prove useful for the detection of
such noble metals in low concentration;1366 and the 1:1 complex with

decamethylytterbocene has an unusual structure.®?!

Crystal Structure. The X-ray crystal structures for anhydrous and hydrated 1,
5-naphthyridine have been measured using various refinements,'?*703-766:79%
The bond lengths so obtained appear to confirm those predicted by
calculation.'**!

Electron Density. The m-electron densities for 1,5-naphthyridine and related
systems have been calculated''*® and their correlation with ease of electro-
philic'”® and nucleophilic reactions®® discussed.

Electron Spin Resonance. The ESR spectra for anions from 1,5-naphthyridine
and related heterocycles have been measured and interpreted;””>'971983 the
dicationic radical from 1,5-naphthyridine has also been studied.'®’

Infrared/Raman Spectra. The IR and Raman spectra for 1,5-naphthyridine have
been measured in the solid state and in water, respectively, for comparison with
those of other azanaphthalenes;** they have also been recorded in mineral oil
and in the vapor state for comparison with those of naphthylene.'**'

Ionization Phenomena. The first basic pK, of 1,5-naphthyridine is reported to be
2.90-2.91 (by potentiometry*>'0>"-12141303) "5 93 [hy a CNMR (.e.,
nuclear magnetic resonance using carbon-13 isotape) technique''®?], 3.05
(by spectrometry®"), or 3.2 (by partition coefficient'>>); the second is —1.10
(by spectrometry?).'**> The pK, values for 1,5-naphthyridine and related
compounds have been correlated with fundamental energy calculations®*%#!?
and with ease of quaternization.'3*

Mass Spectra. The MS of 1,5- and other naphthyridines have been compared and
contrasted.”””

Nuclear Magnetic Resonance Spectra. The "HNMR chemical shifts and cou-
pling constants for 1,5-naphthyridine and related molecules have been
measured*>''? and the effect of added tris(dipivaloylmethanato)europium™?
or dissolution in p-butyl-N-(p-methoxybenzylidene)aniline®” reported. A
correlation of chemical shifts with electron densities in 1,5-naphthyridine
has been attempted.”® The '*NNQR (i.e., nuclear quadrupole resonance
using nitrogen-14 isotope) spectra of 1,5- and isomeric naphthyridines
have been studied in some detail,**>®%? and aspects of their *CNMR spectra
have been reported.'!’#!182

Phosphorescence Spectra. The phosphorescence spectra for 1,5-naphthyridine
and structurally related compounds have been measured in heptane'*** or in

(solid) 1,2,4,5-tetramethylbenzene at very low temperatures.”’%!!14-1193

Polarography. Several aspects of the polarographic reduction®??848:1002.1231.

13291342 and electrochemical oxidation'®? of 1,5- and isomeric naphthyr-
idines have been reported in some depth.
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Resonance Energies. Resonance energies and the like have been calculated by
various procedures for 1,5- and other naphthyridines,?’%-¢76-812-840

Ultraviolet and Visible Spectra. As well as those obtained from solution, such
spectra of 1,5-naphthyridine have been measured in the vapor state®**'''® and
the solid state.'®* Interpretation of the various bands has been proposed
with assistance from magnetic circular dichroism data''>® and other
sources.'?1¢1113:1336 Geveral types of calculation have been used to rationa-
lize the position and intensity of each band,307-820-910:1086.1173.1312.1426

2.1.3. Reactions of 1,5-Naphthyridine

Reported reactions of 1,5-naphthyridine or the corresponding hydronaphthyr-
idines are illustrated by the following classified examples.
C-Alkylation

1,5-Naphthyridine (8) gave 4,8-dimethyl-1,5-naphthyridine (9) (excess Me,SO,
NaH, N,, 70°C; substrate|, 70°C, 4 h: 19%).53°

Me
N\ AN MeSOCH,~ N\ AN
—_—
PP P
N N
Me
(6] ()]

For an example of heteroarylation, see ‘““Reissert Reactions’ below.

N-Alkylation or Quaternization

Decahydro-1,5-naphthyridine underwent N-alkylation by 2-[4-(N-acetylanilino)-
buta-1,3-dienyl]-1,3,3-trimethyl-3H-indolium perchlorate to give 1,5-bis
[4-(1,3,3-trimethyl-3H-indolio)buta-1,3-dienyl] decahydro-1,5-naphthyridine
bisperchlorate (10) with loss of acetanilide (substrate, EtOH, Me,NCHO,
40°C; synthon| dropwise; 6 h: 29%);'*** also methylation to 1,5-dimethyl-
decahydro-1,5-naphthyridine (no details).'**’

Me q

N C=HCHC=HC
+ I
N
Me Me 2 C1047
" L0
N
| N
CH=CHCH=C N

e
(10)
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1,5-Naphthyridine (12) gave its 1-monomethiodide (11) (Mel, MeOH, reflux, 12
h: 85%;' kinetics;”®' other data993), the bisdimethosulfate (13) (neat
Me, SOy, reflux, 1 h: 33%);906 or the bis(methofluorosulfonate) [neat MeFSO5
(exothermic), then 95°C 1 h; more synthon|, 95°C, 30 min: 85%].'%¢!

I\I/Ie
| NS M | NS e S 2 MeSO;~
= T/ - N _ I}}/
Me Me
an (12) 13)

Amination

Note: 1,5-Naphthyridine can undergo semidirect C- or N-amination, but in the
latter case the product must be a salt or a zwitterion.

1,5-Naphthyridine (14) with potassium amide in liquid ammonia gave a solution
of the adduct (15) that underwent oxidation to afford 1,5-naphthyridin-
2-amine (16) [substrate, KNH, (made in sifu), liquid NH;z, 10 min; then
KMnO, ], 10 min: 36%] 425¢f 173:302:643.692.1047.1353.1371

1,5-Naphthyridine (14) with O-mesitylenesulfonylhydroxylamine (MSONH,)
gave l-amino-1,5-naphthyridin-1-ium mesitylene sulfonyloxide (17)
(substrate, MeCN, 5°C; MSONH, | dropwise; 20°C, 10 min: 81%) and thence,
by treatment with benzoyl chloride, 1,5-naphthyridinium-1-benzimidate (18)
(neat BzCl, 90°C, 2.5 h: 60%).!003t- 1004

N\ AN KNH,, NH3 N\ AN [O] N\ AN
| — || — |
= I~ — _ P
N N NH N

| 2 NH,
K
(14) (15) (16)
MSONH, N\ X BzCl N\ X
| — |l
12 MSO- 2 N
3y N
NH, BzN~
an (18)

Cycloaddition

1,5-Naphthyridine (19) with chloromethyl phenyl sulfone gave 6,7-bisphenylsul-
fonyl-6,6a,6b,7-tetrahydro-1H-azirino [1,2-a] cyclopropalc]-1,5-naphthyridine
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(20) (KOH, Me,SO0, 20°C; reactants| during 5 min; 20°C, tlc monitored: 40%);
analogs likewise, 293803

SO,Ph

N\ X _ HO™ N\

| + 2xCl—CH—SO,Ph ——
= (-2 HCI) =
N N
SO,Ph
a9 (20)
Deuteration

1,5-Naphthyridine gave mainly 2,6-d,-1,5-naphthyridine (21) (substrate, D,O,
220°C, sealed: 88%)°°* or mainly perdeutero-1,5-naphthyridine (22)
(Pt/asbestos, D,0, 170°C, N,, sealed, 24 h; then repeated: 96%).629

D
DlN\ X DlN\ \D
= Z = =
N D D N D
D

21 (22)

Halogenation

Vapor-phase bromination of 1,5-naphthyridine gave a (separable?) mixture of 2-
bromo-, 2,6-dibromo-, 2,3,6-tribromo-, and 2,4,6-tribromo-1,5-naphthyridine
(500°C, N,; see original for details);259 in contrast, bromination in fuming
sulfuric acid gave 2-bromo- and an unidentified dibromo-1,5-naphthyridine
(Br,, HySO4-S03, 135°C, sealed, 45 h, see original for details).'*® For another
bromination procedure, see Section 3.1.1.

N-Oxidation

1,5-Naphthyridine gave 1,5-naphthyridine 1-oxide (23) and/or 1,5-naphthyridine
1,5-dioxide (24) according to the ratio of oxidant to substrate (MeCO3H,
55°C, 20 h: ~20% monoxide or ~80% dioxide, after puriﬁcation;1047 30%
H,0,, Na,WO,-2H,0, 55°C, 2 h: mono- and dioxide, 10% and 67% after
separation;**? or 30% H,0,, AcOH, 60°C, 2 h: dioxide, 98%).77"-<": 262
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Reduction

Note: The preparative nuclear reduction of 1,5-naphthyridine has been covered
in Section 2.1.1.

A spectral study of the electrochemical reduction of 1,5-naphthyridine has been
reported.®*”

Reissert Reactions

1,5-Naphthyridine underwent a Reissert reaction with indole and benzoyl
chloride to give 1-benzoyl-2-(indol-3-yl)-1,2-dihydro-1,5-naphthyridine (25)
(reactants, PhMe, reflux, 4 h: 68%); some 2,6-bisheteroarylation occurred
when Me,NCHO was used as solvent.”!

| TN
4
U
Bz
N
H
(25)

N-Trimethylsilylation

1,5-Naphthyridine suffered reductive trimethylsilylation by chlorotrimethylsi-
lane in the presence of potassium metal to give 1-trimethylsilyl-1,4-dihydro-
1,5-naphthyridine (26) (reactants, THF, 20°C, until K gone: 19%).5%

N\
| |
=
N
SiMC3
(26)

2.2. ALKYL- AND ARYL-1,5-NAPHTHYRIDINES

Although alkyl and aryl groups attached to a heterocyclic nucleus can undergo a
wide variety of reactions and do have significant steric and electronic effects on
adjacent substituents, little such data on 1,5-naphthyridines can be found in the
literature.

The polarography of mono- and dimethiodides of 1,5-naphthyridine has
been examined,””'*%* the influence of N-methylation on the '*’NNMR spectra of
1,5- and other naphthyridines has been reported,'*'? and the NMR spectra of three
monomethyl-1,5-naphthyridines have been compared with those of isomeric
naphthyridines.”®*
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2.2.1. Preparation of Alkyl- and Aryl-1,5-naphthyridines

Most known C-alkyl-1,5-naphthyridines have been made by primary syntheses
(see Chapter 1) and most N-alkyl-1,5-naphthyridinium salts by quaternization.
Other reported approaches are illustrated in Section 2.1.3 and by the following
examples.

By C-Alkylation

Note: Regular and Mannich-type reactions have been used. The alkylation of
unsubstituted 1,5-naphthyridine has been exemplified in Section 2.1.3.

3-Nitro-1,5-naphthyridine (27, R =H) gave 3-nitro-4-phenylsulfonylmethyl-1,
5-naphthyridine (28, R = H) (NaOH, Me,SO; reactants|; 20°C, 2 h: 87%); 2-
substituted substrates reacted similarly to give, for example, 2-chloro-
3-nitro-4-phenylsulfonylmethyl-1,5-naphthyridine (28, R=Cl) (73%).*>*

CH,SO,Ph

Naoxo- N0z piso,chycl HO- Nar o NO:
| — 7 = =

N R N R
@7 (28)

1,5-Naphthyridin-3(5H)-one (29) underwent Mannich alkylation to give
4-dimethylaminomethyl-1,5-naphthyridin-3(5H)-one (30) (Me,NH, CH,O,
EtOH, H,0, 25°C, 4 h: 73%; analogs likewise).”**

H H CHzNMe2
| N = o CH,0, Me,NH | N = Y
—_—
= z = z
N N
29) (30)

3-Bromo-8-(p-hydroxyanilino)-1,5-naphthyridine underwent extranuclear Mannich
alkylation to give 3-bromo-8-[4-hydroxy-3,5-bis(4-methylpiperazin-l-yl)ani-
lino]-1,5-naphthyridine (31) (substrate, CH,O, 1-methylpiperazine, EtOH,

reflux, 30 h: ~50%); analogs likewise.' 7
CHzN(CHQCHz)zNMC
__OH
HN “~CH,N(CH,CH,),NMe

\
N/

Cl
(3D
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By Interconversion

2-Methyl-1,5-naphthyridine gave 2-styryl-1,5-naphthyridine (32) (PhCHO,
AcOH, Ac,0, reflux, 48 h: 72%).'>

N\ X

_— 7
N CH=CHPh

(32)

By Quaternization

Note: Quaternization of unsubstituted 1,5-naphthyridine has been exemplified in
Section 2.1.3; other quaternizations are illustrated here.

2,6-Dimethyl-1,5-naphthyridine (34) gave 1,2,6-trimethyl-1,5-naphthyridinium
iodide (33) (Mel, MeCN, reflux, 5 h: 82%) or 1,2,5,6-tetramethyl-1,
5-naphthyridinedium bisperchlorate (35) (neat Me,SO,4, 125°C, 1 h: solid,
HCIO,: 95%).11%°

l\l/[e
2C104~
Me N\ X MeL, MeCN Me N\ N MesSO,, 125°C Me I:.I\ N
| r-——m0~ | — |l

P AR 7 ¥ Nt =

ITI Me N Me 1}1 Me
Me Me

33) 34) (35)

1,6-Dimethyl-1,5-naphthyridin-2(1H)-one gave 1,2,5-trimethyl-6-ox0-5,6-dihy-
dro-1,5-naphthyridin-l-ium iodide (36) (Mel, EtOH, reflux, 16 h: 18%).'%!

By Rearrangement

4,8-Dimethoxy-1,5-naphthyridine  (37) rearranged into 1,5-dimethyl-1,
5-naphthyridine-4,8(1H,5H)-dione (38) (Mel, 225°C, sealed, 2.5 h: 78%)
and thence, by prolonged similar treatment, into 3,7-dimethyl-1,5-naphthyr-
idine-4,8 (1H,5H)-dione (39) (12 h: 55%); the initial substrate (37) gave the
final product (39) in a one-pot reaction under similar conditions (12 h:
520%), 978t 301
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Mel, 225°C, 12 h

OMe I\I/Ie (6]
N\ AN Mel, 225°C N Mel, 225°C
| = ~ 25h | | | 12h
X )
OMe (0] Me
37 (38

2.2.2. Reactions of Alkyl- and Aryl-1,5-naphthyridines

Only reactions specific to the alkyl or aryl groups in such 1,5-naphthyridines are
illustrated in the following examples.

Acylation

2-Methyl-1,5-naphthyridine (40) with ethyl picolinate gave 2- (picolinoyl-
methyl)-1,5-naphthyridine (41) [reactants, THF, N,, —78°C; (Me3Si) ,NK/
PhMe| 10 min; then —78°C, 1 h: >95%]; several analogs likewise.?%8

N\ AN ethyl picolinate, (Me3Si),NK N\ AN AN
| = pZ pZ | Pz
N Me N c-C N
H2 1
(40) (41)
Halogenation

2-Methyl-1,5-naphthyridine 1,5-dioxide (42, R=H) gave 2-bromomethyl-1,
5-naphthyridine 1,5-dioxide (42, R=Br) (dioxane dibromide: 81%; for further
details, see original).zgo See also Section 3.1.1.

}
N\ X
P
N CH,R
i
(0}
(42)

Imination

1,5-Naphthyridine methiodide (43) underwent oxidative imination to 1-methyl-
1,5-naphthyridin-2 (1H)-imine hydriodide (44), accompanied by partial
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hydrolysis to 1,5-naphthyridin-2(1H)-one hydriodide (45) during workup
(liquid NHj3;, KMnO,4, 20 min: 3% and 11%, respectively, after separa-

tion).1093,cf 460
m L N KMo, m /HI i m /HI
AN SN SNH NN
Me Me Me
43) (44) 45)

Ocxidative Reactions

3-Ethyl-1,5-naphthyridine (46) gave 1,5-naphthyridine-3-carboxylic acid (47)
(substrate, H,O, 70°C; KMnOy| during 1 h: then 70°C, 30 min: ~35%,
allowing for some recovered substrate).'>>

N Bt o N COoH
| — |l
Nz Nz
N N
(46) @7

2-Methyl-1,5-naphthyridine (49) with permanganate gave 3-acetamido-2-pyri-
dinecarboxylic acid (48) (substrate, H,O, 70°C; KMnO,| slowly, 70°C, 15
min: 40%), with selenium dioxide gave 1,5-naphthyridine-2-carboxylic acid
(50) (SeO,, pyridine, reflux, 6 h: 16%), or with peroxide/tungstate gave
2-methyl-1,5-naphthyridine 1,5-dioxide (52) (H,O,, Na,WQ,, 40°C, 75 h:
71%) and thence 1,5-naphthyridine-2-carbaldehyde 1,5-dioxide (51) (SeO,
Me,NCHO, 20°C, 7 days: 68%);797 in contrast, 2-styryl-1,5-naphthyridine
(83) with permanganate gave 1,5-naphthyridine-2-carboxylic acid (50))
KMnO,, AcMe, 25°C, 15 min: 62%).”’

N COH . N 505 Na
@ | N2 | N 2
NHAc N~ "Me N~ ~coH

(48) (49) (50)

H,0,
Na, WO, KMnO,
(0] (0]
A A
N\ X Se0, N\ X N\ X
o PP
I;I CHO 1;1 Me N CH=CHPh

(6]
(51 (52) (53)
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1-Allyl-6-methoxy-2-phenyl-1,2-dihydro-1,5-naphthyridine ~ (54) underwent
nuclear dehydrogenation (by loss of propene?) to give 2-methoxy-6-phenyl-
1,5-naphthyridine (55) [(Phs;P), RhH, EtOH, F3CCO,H, reflux, 4 h: 54%: or
neat substrate, 180°C, 20 h: 43%]: analogs likewise.®"?

MeO | N\ AN heat or (Ph3P);RhH MeO | N\ AN
—_—
= ~
1}1 Ph N Ph
CH,CH=CH,
(54) (55)

4-Methyl-1,5-naphthyridine 1-oxide (56, R=Me) gave 1,5-naphthyridine
4-carbaldehyde 1-oxide (56, R=CHO) (SeO,, AcOEt, reflux, 3.5 h: 66&).5'*



CHAPTER 3

Halogeno-1,5-naphthyridines

A halogeno substituent in the 2-, 4-, 6-, or 8-position of 1,5-naphthyridine will
be activated by either an ortho- or a para-ring nitrogen, so its reactivity will
resemble o- or p-chloronitrobenzene unless it is affected electronically or structu-
rally by other substituents. In contrast, a halogeno substituent in the 3- or 7-position
will be only marginally more active than a halogenonaphthalene. An extranuclear
halogeno substituent will approximate in activity that of benzyl chloride unless
affected by an adjacent group on the side chain.

Halogeno-1,5-naphthyridines have proved very useful as intermediates for the
synthesis of many other 1,5-naphthyridine derivatives; in this respect, the more
easily available chloro and bromo derivatives have been used almost exclusively.

Halogeno-1,5-naphthyridines have also shown useful bioactivity in their own
right, for example, as the herbicide 2-chloro-7-[p-(2-carboxyethoxy)phenoxy]-1,
5-naphthyridine. *’° The mass spectra of a variety of halogeno-1,5-naphthyridines
have been reported.”*® Antimalarial activity has been detected.''®! !¢

3.1. PREPARATION OF HALOGENO-1,5-NAPHTHYRIDINES

Some halogeno-1,5-naphthyridines have been made by primary syntheses (see
Chapter 1), but several other preparative routes have been more widely used, as
indicated in the following subsections.

3.1.1. By Direct Halogenation

This route has occasionally been followed to make both nuclear and extranuclear
halogeno-1,5-naphthyridines. Some examples follow.

1,5-Naphthyridin-2(1H)-one (1, R = H) gave 3-bromo-1,5-naphthyridin-2(1H)-
one (1, R=Br) (substrate, H,O, “warm”; Br,| dropwise: 71%); 1,5-

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
Copyright © 2008 John Wiley & Sons, Inc.
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naphthyridin-4(1H)-one (2, R = H) likewise gave 3-bromo-1,5-naphthyridin-
4(1H)-one (2, R = Br) (65%)."'%7

(0]

= =
N (6] N
H H

@ ()

1,5-Naphthyridine (3, Q =R =H) gave a separable mixture of 3-bromo- (3,
Q=Br, R=H) and 3,7-dibromo-1,5-naphthyridine (3, Q=R =Br)
(substrate, Brp, CCly, reflux, 1h: then pyridine|, reflux, 12h: 27% and
10%, respectively);'”® for other procedures affording different brominated
products, see Section 2.1.3.

N\ X Q
PP
R N
3

4-Diethoxycarbonylmethyl-1,5-naphthyridine 1-oxide (4, R=H) gave 4-(u-
bromo-a,a-diethoxycarbonylmethyl)-1,5-naphthyridine 1-oxide (4, R = Br)
(Br,, CHCl,, reflux, 4 h: 80%).%'*

For another example, see Section 2.2.2

|
C(CO,EL),

|N\ X
= N/
Y
(0]

3.1.2. By Halogenolysis of 1,5-Naphthyridinones or the Like

The conversion of a tautomeric 1,5-naphthyridinone into the corresponding
chloro- or bromo-1,5-naphthyridine is usually done by heating for several hours
with neat phosphoryl chloride or phosphoryl bromide, respectively. A mixture of
phosphoryl chloride and phosphorus pentachloride has been used for a few difficult
cases. In addition, exceptional reactions have been reported in which a nontautomeric
N-alkyl-1,5-naphthyridinone or a hydroxymethyl-1,5-naphthyridine was used suc-
cessfully as substrate. The following examples illustrate the foregoing possibilities.
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Using Neat Phosphoryl Chloride
1,5-Naphthyridin-4(1H)-one (5) gave 4-chloro-1,5-naphthyridine (6) (POCls,

100°C: ~60%);'"" somewhat similarly, 1,5-naphthyridin-2(1H)-one gave 2-
chloro-1,5-naphthyridine (POCl;, reflux, 30 min: >95%).87

o Cl

N
N POCH, N
/

X

e
N
®) (6

6-Methyl-1,5-naphthyridin-2(1H)-one gave 2-chloro-6-methyl-1,5-naphthyri-
dine (7) (POCl;, reflux, 45 min: ~85%;'*" or likewise, 90 min: 65%);>%®
6-methoxy-1,5-naphthyridin-2 (1H)-one gave 2-chloro-6-methoxy-1,5-nap-
hthyridine (8) (POCls, reflux, 12 h: 70%);*** and 8-butoxy-1,5-naphthyridin-2
(1H)-one gave 4-butoxy-6-chloro-1,5-naphthyridine (9) (POCl;, 95°C,
~83%).1030

Me N MeO N N

| YN | YN | YN
= N/ Cl = N/ Cl Z N/ Cl
OBu

(7 ® (&)

4-Hydroxy-1,5-naphthyridin-2(1H)-one (10) gave 2,4-dichloro-1,5-naphthyridine
(11) (POCls, reflux, 6h: 70-80%);'**!'5! 1 5-naphthyridine-4,8 (1H,5H)-
dione gave 4,8-dichloro-1,5-naphthyridine (12) (POCls, 180°C, sealed, 6 h:
82%).3°!

OH Cl Cl
N\ X POCl3 N\ X N\ X
| — . P
N (6] N Cl N
H Cl
(10) an 12)

Ethyl 4-oxo-1,4-dihydro-1,5-naphthyridine-3-carboxylate (13, R=H) gave
ethyl 4-chloro-1,5-naphthyridine-3-carboxylate (14, R=H) (POCl;: for
details, see original);**® ethyl 6-p-chlorophenoxy-4-oxo-1,4-dihydro-1,
5-naphthyridine-3-carboxylate (13, R = OC¢H4Cl-p) gave ethyl 4-chloro-6-
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p-chlorophenoxy-1,5-naphthyridine-3-carboxylate (14, R = OC¢H,Cl-p)
(POCl, reflux, 1 h: 96%).7%’

0 cl
RN COEL  pog, RN A COEl
| | — |
/ ~
N N
H
13) (14)

7-Bromo-1,5-naphthyridin-4(1H)-one gave 3-bromo-8-chloro-1,5-naphthyridine
(15) (POCls, reflux, 10 h: ~85%);"*"7 3-nitro-1,5-naphthyridin-4 (1H)-one
gave 4-chloro-3-nitro-1,5-naphthyridine (16) (POCls, reflux, 2 h: 78%);*® and
3-nitro-1,5-naphthyridin-2(1H)-one gave 2-chloro-3-nitro-1,5-naphthyridine
(17) (POCls, reflux, 15 h: 60%).5'8

Cl Cl
| N | N NO: | N NO:
N2 N Z N2
Br N N N Cl
as) 16) a7

Using Phosphorus Pentachloride in Phosphoryl Chloride

Note: This mixture has been used for chlorolyses that were perceived as difficult,
but phosphorus pentachloride can introduce complications.

3-Nitro-1,5-naphthyridin-2 (1H)-one (18) gave a 1 : 1 mixture of 2-chloro-3-nitro-
(19, R = NO,) and 2,3-dichloro-1,5-naphthyridine (19, R = Cl) (PCls, POCl;,
reflux, 2.5h: ~40% of a mixture that afforded ~10% yield of each product
after separation);818 thus neat POCl; was better (see preceding example).

N\ R NO, PCls + POCl3 N\ AN R
| = | = Z
N (6] N Cl
H

18) 19)

8-Nitro-1,5-naphthyridin-4(1H)-one gave 4-chloro-8-nitro-1,5-naphthyridine
(20) (PCls, POCl, reflux, 75 min; 68%).*
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1,5-Naphthyridine-4,8 (1H, SH)-dione gave 4, 8-dichloro-1,5-naphthyridine (21)
(PCls, POCls, reflux, 1 h: 62%).%** The yield was lower than that obtained by
using neat phosphoryl chloride (see preceding list of examples), but a sealed-
tube reaction was avoided by this procedure.

Cl
N\ X
P
N
Cl
21

1,5-Naphthyridin-2 (1H)-one gave 2-chloro-1,5-naphthyridine (PCls, POClI;,
reflux, 4 h: 70%:2%? again a lower yield than when neat POCl; was used).

Using Phosphoryl Bromide

1,5-Naphthyridin-2(1H)-one (22) gave 2-bromo-1,5-naphthyridine (23) (neat
POBr3, 125°C, sealed, 3 h: 80%); similarly 1,5-naphthyridin-4 (1H)-one gave
4-bromo-1,4-naphthyridine (24) (130°C, 4 h: 60%).5'!

Br
N\ A POBr, N\ A N\ A
| — | |
= = [~ = I~
N (6] N Br N
H
22) (23) (24)

7-Bromo-1,5-naphthyridin-4(1H)-one (25, R =Br) gave 4,7-dibromo-1,5-
naphthyridine (26, R = Br) (neat POBr;, 140°C, 4 h: 70%);1179 similarly,
7-trifluoromethyl-1,5-naphthyridin-4 (1H)-one (25, R = CF;) gave 4-bromo-
7-trifluoromethyl-1,5-naphthyridine (26, R = CF3) (~80%)."'"®

(0] Br
N\ POBr, N\ AN
| ] — |
= = ~
R N R N
H

(25) (26)

Also other examples.”’>%%

3.1.3. By the Meissenheimer Reaction on 1,5-Naphthyridine N-Oxides

The conversions of 1,5-naphthyridine N-oxides into C-halogeno-1,5-naphthyr-
idines by the Meissenheimer reaction (POCI; or POBr3) or a related reaction (Br, in
Ac,0) both suffer from the fact that two or more products are usually formed in
each case. This introduces a sometimes difficult separation procedure, so that such
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an approach to halogeno-1,5-naphthyridines is, as a rule, more of interest than
utility. The following typical examples illustrate these points.

Submission of 1,5-naphthyridine 1-oxide (27) to Meissenheimer conditions has
been reported to afford only 2-chloro-1,5-naphthyridine (28) (POCI;, PCls,
reflux, 20 min: ~75%);1047 a difficult-to-separate 2 : 3 mixture of 2- (28) and
4-chloro-1,5-naphthyridine (30) (POCl3, PCls, reflux, 20 min: low yields after
separation);*®? or a chromatographically separable mixture of 2- (28), 3- (29),
and 4-chloro-1,5-naphthyridine (30) (POCls, reflux, 20 min: 34%, 3%, and
43%, respectively, after separation).”*>"" 22> Meissenheimer brominarion of

Ny 439,44
the same substrate gave broadly similar results.******
N\ A
P
|
o
27
POCl; = | PCls
cl
| N\ X | N\ X c | N\ X
= —
SN Nl ZoN Z
28 9) 30)

Similar treatment of 1,5-naphthyridine 1,5-dioxide (31) has been reported to
give only 2,6-dichloro-1,5-naphthyridine (33) (POCl3, reflux, 20 min: 37 or
54%)°711947 or a mixture of 2,4- (32), 2,6- (33), 2,7- (34), 2.8- (35), and 3,8-
dichloro-1,5-naphthyridine (36) from which all except the 2,7-isomer were

isolate eventually in a pure state.>*
o
4
| N\ X
= N/
Y
(6]
Cl @31
N\ N Cl N\ SN
| POCl3 |
& N/ Cl & N Cl
() 33
N\ X N\ X N\ X a
Cl N Cl N Cl N
Cl Cl

34 35) (36)
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Treatment of 1,5-naphthyridine 1-oxide with bromine in acetic anhydride gave a
complicated mixture in which 2-bromo- and 2,7-dibromo-1,5-naphthyridine,
3-bromo- and 3,6-dibromo-1,5-naphthyridine 1-oxide, and 3-bromo-1,
5-naphthyridin-2 (1H)-one were identified.®'’

3.1.4. By Miscellaneous Procedures

Minor routes to halogeno-1,5-naphthyridines are illustrated by the following
examples.

By Transhalogenation

2-Chloro- gave 2-iodo-1,5-naphthyridine (Nal, 50% HT, AcEt, 95°C, 8 h: 47%);
likewise, 4-chloro- gave 4-iodo-1,5-naphthyridine (68%).°

From Nontautomeric Naphthyridinones

1,5-Dimethyl-1,5-naphthyridine-2,6 (1H, 5H)-dione (37) gave 2,6-dichloro-1,
5-naphthyridine (38) (PCls, POCL5;, reflux, 9 h: 14%; mechanism unclear).233

I\I/Ie
O N AN POCI; + PCls Cl N\ AN
—_—
g P
ITI (6] N Cl
Me

37 (38)

3.2. REACTIONS OF HALOGENO-1,5-NAPHTHYRIDINES

The utility of halogeno-1,5-naphthyridines as intermediates is indicated by the
variety of their reactions. In terms of nucleophilic displacement, the positional order
of reactivity is 2(6)-halogeno > 4(8)-halogeno >> 3(7)-halogeno-1,5-naphthyridines,
but individual reactivities may be affected significantly by the presence of electron-
releasing or electron-withdrawing substituents. This situation is especially evident in
Sections 3.2.1 and 3.2.2.

3.2.1. Alcoholysis or Phenolysis of Halogeno-1,5-naphthyridines

Although alkoxy ion is a more powerful nucleophile than aryloxy ion, both types
react vigorously with activated halogeno-1,5-naphthyridines and even (albeit
sluggishly) with 3(7)-halogeno-1,5-naphthyridines. In the absence of kinetic data,
the following preparative examples illustrate the practicalities of such displacement
reactions.
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2(6)-Halogeno-1,5-naphthyridines as Substrates

2-Chloro-1,5-naphthyridine (39, R = H) gave 2-methoxy-1,5-naphthyridine (40,
R=H) (MeONa, MeOH, reflux, 4h: 38%);*** 2-chloro-6-methyl- (39,
R =Me) gave 2-methoxy-6-methyl- (40, R =Me) (likewise, 7h: 75%),
2-butoxy-6-methyl- (BuONa, BuOH: no further details), or 6-methyl-
2-phenoxy-1,5-naphthyridine (substrate, PhOH, 180°C, NH;/, 7 h: ?%).'*!

R N\ X MeO~ R N\ X
—_—
P P
N Cl N OMe
39) (40)

2-Chloro-3-nitro-1,5-naphthyridine (41, R=Cl) gave 2-ethoxy-3-nitro-1,5-
naphthyridine (41, R =OEt) (KOH, EtOH, 20°C, 12h: 90%; note mild
conditions due to the activating effect of the nitro group).®*’

| N NO2

— Pz
N R

41)

2-lodo-1,5-naphthyridine with sodium nitrite in dimethylformamide gave
bis(1,5-naphthyridin-2-yl) ether (140°C, 3 h: 44%; mechanism unclear).®*?

Also other examples.””’

4(8)-Halogeno-1,5-naphthyridines as Substrates

4-Chloro-1,5-naphthyridine (42) gave 4-methoxy-1,5-naphthyridine (43, R = Me)
(MeONa, MeOH, reflux, 4h: 75%1%'"* somewhat similarly: 48%)°°* or
4-phenoxy-1,5-naphthyridine (43, R = Ph) [substrate, PhOH, 95°C, 10 min;
MeCHNH, (CH,);NEt, |, 95°C, 3 h: 48%:; note lack of aminolysis]."’

Cl OR
| N\ X RO~ | N\ X
—_—
b 7 b ~
N N
(42) 43)

2-Butoxy-8-chloro- (44, R =Cl) gave 2-butoxy-8-phenoxy-1,5-naphthyridine
(44, R = OPh) (KOH, PhOH, 160°C, 3 h: 84%).'0%¢

| N\ X
— —
N OBu
R



Reactions of Halogeno-1,5-naphthyridines 33

3(7)-Halogeno-1,5-naphthyridines as Substrates

Ethyl 7-chloro-1-ethyl-4-oxo0-1,4-dihydro-1,5-naphthyridine-3-carboxylate (45)
gave l-ethyl-7-methoxy-4-oxo-1,4-dihydro-1,5-naphthyridine-3-carboxylic
acid (46) (KOH, MeOH, dibenzo-1,8-crown-6; MeCN|, reflux, 7 h: 67%; it
would seem that the crown ether was required to assist alcoholysis of the
unactivated chloro substituent; note incidental saponification of the ester

grou p) ) 1398
(6] (0]
| N\ | COEt MeO- | N\ | CO,H
—_—
a / ITI + crown ether MeO = ITI
Et Et
45) (46)

Dihalogeno-1,5-naphthyridines as Substrates

Note: It is clearly possible to achieve monoalcoholysis of such substrates,
especially when one halogeno substituent is in a less activated position.
2,4-Dichloro-1,5-naphthyridine (48) gave 2-methoxy-4-chloro-1,5-naphthyri-
dine (47) (limited MeONa, MeOH, reflux, 1h: ~65%).'">" or 2,4-diphe-

noxy-1,5-naphthyridine (49) (excess PhOH, reflux, 6 h: 89%).1023

Cl Cl OPh
Z N/ OMe Z N/ Cl Z N/ OPh
a7 (48) 49)

4,8-Dichloro- (50, R = Cl) gave 4,8-dimethoxy-1,5-naphthyridine (50, R = OMe)
(MeONa, MeOH, reflux, 4 days: 87%).301

R
N\ X
PP
N
R
(50)

2,3-Dibromo- (51, R=DBr) gave 3-bromo-2-ethoxy-1,5-naphthyridine (52,
R = OEt) (EtONa, EtOH, reflux, 2.5h: ~50%);%*’ and 3-bromo-8-chloro-
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(82, R=CIl) gave 3-bromo-8-methoxy-1,5-naphthyridine (52, R =OMe)
(MeONa, MeOH, reflux; ~65%).1377

N\ N Br N\ N Br
P P
N R N
R
(51) (52)

Also macrocyclic products from 2,6-dichloro-1,5-naphthyridine and triethylene
glycol or the like.*®’

3.2.2. Aminolysis of Halogeno-1,5-naphthyridines

The ease of aminolysis of halogeno-1,5-naphthyridines is governed by several
factors already outlined for nucleophilic displacement in general (Section 3.2) and
alcoholysis (Section 3.2.1). The examples that follow are divided according to the
number and position(s) of the halogeno substituent(s).

2(6)-Halogeno-1,5-naphthyridines as Substrates

2-Chloro-3-nitro- (53, R =Cl) gave 2-methylamino-3-nitro-1,5-naphthyridine
(53, R = NHMe) (MeNH,, MeOH, 20°C, 1 h: 58%).%%*

N NO,
| Py
N7 TR
(53)

2-Chloro-6-methyl- (54, R = Cl) gave 2-anilino-6-methyl- (54, R = NHPh) (neat
PhNH,, reflux, 2 h: >95%) or 2-methyl-6-piperidino-1,5-naphthyridine [54,
R = N(CH,)s] [neat HN(CH,)s, 180°C, sealed, 7 h: 30% (as picrate)].'*!

Me N\ N
P
N R
54

Also other examples,'37-271:818.837.1036

3(7)-Halogeno-1,5-naphthyridines as Substrates

Note: Because they are essentially unactivated, these substrates would be
expected to require vigorous conditions for aminolysis.
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3-Bromo-1,5-naphthyridine (55, R =Br) gave 1,5-naphthyridin-3-amine (55,
R = NH,) (NH,OH, CuSO, 170°C, sealed, 40 h: 75%).5'!

7-Bromo-1-ethyl-4-oxo-1,4-dihydro-1,5-naphthyridine-3-carboxylic acid (56,
R =Br) gave 7-dimethylamino-1-ethyl-4-oxo-1,4-dihydro- (56, R = NMe,)
(Me,NH, Me,NCHO, EtOH, CuSO,4 110°C, sealed, Sh: 20%) or 1-
ethyl-4-oxo-7-(pyrrolidin-1-yl)-1,4-dihydro-1,5-naphthyridine-3-carboxylic
acid [52, R=N(CH,)4] [HN (CH,)s;, Me,NCHO, 125°C (reflux), 6h:
44%]). 7%

(56)

4(8)-Halogeno-1,5-naphthyridines as Substrates

4-Chloro-1,5-naphthyridine (57) gave 1,5-naphthyridin-4-amine (58, R =H)
(substrate, PhOH, AcNH,, 170°C, NH;|, 6h: 86%),'0*<1371 4.(5-
diethylaminopentylamino)-1,5-naphthyridine [58, R = (CH,)sNEt,] [neat
H,N(CH,)sNEt,, 90°C, 36h: 85%],'°" or 4-hydrazino-1,5-naphthyridine
(58, R = NH,) (H,NNH, - H,0, EtOH, reflux, 4.5 h: 51%).%'*

Cl NHR
N\ X RNH, N\ X
| — |l
= I~ = [~
N N
(57) (58)

4-Chloro-1,5-naphthyridine 1-oxide (59, R = Cl) gave 4-isopropylamino- (59,
R = NHPr') (Pr'NH,, Pr'OH, 110°C, sealed, 7 h: 51% as hydrochloride) or
4-hydrazino-1,5-naphthyridine 1-oxide (59, R =NHNH,) (H,NNH,.H,O,
EtOH, 50°C, 90 min: 62%);8]4 4-chloro-3-nitro-1,5-naphthyridine (60,
R =Cl) gave 3-nitro-4-tosylhydrazino-1,5-naphthyridine (60, R = NHNHTSs)
(TsNHNH,, CHCl;, 20°C, 24 h: 52%).48 Note the apparent facilitation of
aminolysis by the type of nucleophile or by activation of the halogeno leaving
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group by the N-oxide entity.

R
N N ANO:
PP PP
N N
Y
(59 (60)

4-Chloro-2-methoxy-1,5-naphthyridine ~ gave  4-[3-(diethylaminomethyl)-4-
hydroxyanilino]-2-methoxy-1,5-naphthyridine (61) [4-amino-3-(diethylami-
nomethyl)phenol. 2HCIl, EtOH, H,O, reflux, 4 h: NSO%];115 I also analogous

aminolyses.**?
o
HN CH,NEt,

N A
Pz

| A
=
N OMe

(61)

3
Also other examples,*33:811:837.967.1443

2,3(6,7)-Dihalogeno-1,5-naphthyridines as Substrates

2,3-Dibromo-1,5-naphthyridine gave 3-bromo-1,5-naphthyridin-2-amine (62)
(NH;, EtOH, 160°C, sealed, 48 h: 7%).5?

N\ X Br
PP
N NH,

(62)

2,4(6,8)-Dihalogeno-1,5-naphthyridines as Substrates

2,4-Dichloro- (63, Q=R =Cl) gave 24-bis(benzylamino)- (63, Q=R =
NHCH,Ph) (neat PhCH,NH,, reflux, 4h: 88%), 24-dianilino- (63,
Q=R =NHPh) (neat PhNH,, 180°C, 5h: 86%), or 4-chloro-2-hydrazino-
1,5-naphthyridine (63, Q = NHNH,, R = Cl) (H,NNH, - H,0, dioxane, reflux,
16 h: 68%);'°% the same substrate (63, Q =R =Cl) gave 4-chloro-1,5-
naphthyridin-2-amine (63, Q = NH,, R =Cl) (NH3, EtOH, 170°C, sealed,
20 h: 47%).19%
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2,6-Dihalogeno-1,5-naphthyridines as Substrates

2,6-Dichloro-1,5-naphthyridines gave 2-chloro-6-hydrazino-1,5-naphthyridine

(64) (H,NNH,,H,O, EtOH, 100°C, sealed?, 1h: 70%); since an excess of
hydrazine was used and both chloro substituents are equally activated, the entry
of one hydrazino group must have deactivated the second chloro substituent
sufficiently to resist aminolysis under the conditions used);*** the same
substrate gave 2,6-dianilino-1,5-naphthyridine (65) (neat PhNH,, reflux,
5 min; then 95°C, 1h: ?%);'%" and 2,6-dibromo-1,5-naphthyridine gave
6-bromo-1,5-naphthyridin-2-amine (66) (NH,OH, 160°C, sealed, 6 h: 60%).%*°

cl | N PhHN | Neox Br | N
N 2 N 2 N2
N~ TNHNH, N~ TNHPh N~ "NH,

(64) (65) (66)

3,4(7,8)-Dihalogeno-1,5-naphthyridines as Substrates
3,4-Dibromo- (67, R=Br) gave 3-bromo-1,5-naphthyridin-4-amine (67,

R = NH,) (NHj, solvent?, 160°C, ? h: 2%).374ct- 149

R
| N\ N Br
_— —
N
(67)

3,8(4,7)-Dihalogeno-1,5-naphthyridines as Substrates

3-Bromo-8-chloro-1,5-naphthyridine (69) with an appropriate amine gave

3-bromo-8-(2-diethylaminoethyl)amino-1,5-naphthyridine  (68)
(Et,NCH,CH,NH,, C;Hy, 160°C, sealed, 20h: 90%),"*”” 3-bromo-
8-[3,5-bis(dipropylaminomethyl)-2-hydroxyanilino]-1,5-naphthyridine  (70)
[substrate, 2-amino-4,6-bis(dipropylaminomethyl)phenol, EtOH, H,O,
HCl to pH 2.5, reflux, 8.5h: 76%],1152 or a great variety of

analogous products, most of which showed significant antimalarial
480,1108,1152,1184,1194,1254,1377

activities.
N\ X Br N\ N Br N\ O Br
— | — |l
= I~ = I~ = I~
N N N
NHCH,CH,NEt, Cl HN CH,NPr,
HO
CHQNPI‘Q

(68) (69) (70)
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4,8-Dihalogeno-1,5-naphthyridines as Substrates

4,8-Dichloro-1,5-naphthyridine gave 1,5-naphthyridine-4,8-diamine (71)
(PhOH, warm, NH; |, 10 min; then substrate |, NH;|, 175°C, 10 h: 56%).*"!

NH,

NH,
(71)

3.2.3. Other Reactions of Halogeno-1,5-naphthyridines

Each of the other reported reactions of halogeno-1,5-naphthyridines is illustrated
by the following classified examples.

Alkanelysis

3,8-Dibromo-1,5-naphthyridine with N-(hex-5-enyl)phthalimide gave 3-bromo-
8-(6-phthalimidohex-1-enyl)-1,5-naphthyridine (72) [reactants, Pd(OAc),,
P(CgH Me-0), Nal, BusN, Me,NCHO, 100°C, N», 17 h: ~25%].''7°

O
HC=CH(CH,)4—N
N\ X o)
Py
Br N

(72)

4-Chloro-1,5-naphthyridine-1-oxide with diethyl a-sodiomalonate gave 4-
diethoxycarbonylmethyl-1,5-naphthyridine 1-oxide (73) [NaCH(CO,Et),
(made in situ), PhMe; substrtae| 105°C, 3 h: 57%].5'*

CH(CO,Et),

YN

Alkane- or Arenethiolysis

7-Bromo-1-ethyl-4-oxo-1,4-dihydro-1,5-naphthyridine-3-carboxylic acid gave
1-ethyl-7-methylthio-4-oxo-1,4-dihydro-1,5-naphthyridine-3-carboxylic acid
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(74, R = Me) [MeSNa (made in situ), Me,NCHO, 15°C; substrate| slowly,
20°C, 12 h, then 70°C, 2.5h: 77%], or 1-ethyl-7-isopropylthio-4-o0xo-1,4-
dihydro-1,5-naphthyridine-3-carboxylic acid (74, R = Pri) (substrate, PriSH,
K,CO3, Me,NCHO, 75°C, 20 h: 51%).!3%8

(74)

4-Chloro-2-ethyl-1,5-naphthyridine ~ with 4’-mercaptobiphenyl-2-carbonitrile
(deprotected in situ) gave 4-(2'-cyanobiphenyl-4-ylthio)-2-ethyl-1,5-
naphthyridine (75) (reactants, Et;N, MeOH, reflux, N,, 1 h: 38%; see original

for more synthon details).®"*
%
S

(75)

4-Chloro-1,5-naphthyridine gave bis(1,5-naphthyridin-4-yl) sulfide (76) [sub-
strate, S=C (NH,),, EtOH, reflux, 10 min: ~9O%].814

N\ X

P
N 23

(76)

Dehalogenation

Note: Because hydrogenolysis of halogeno-1,5-naphthyridines frequently
induces at least some additional nuclear reduction, dehalogenation has
usually been done indirectly by hydrazinolysis and subsequent oxidation
(see Section 2.1.1).
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Ethyl 4-chloro-6-p-fluorophenoxy-1,5-naphthyridine-3-carboxylate (77) gave
ethyl 1-p-fluorophenoxy-1,4-dihydro-1,5-naphthyridine-3-carboxylate (78)
(substrate, Pd/C, Et;N, dioxane, H,, 20°C; 51%).°%"

Cl

p-FH4C¢O N\ X CO,Et (1] p-FH4C¢O N\ CO,Et
| — | |
= ~ =
N N
H
77 (78)

2,6-Dichloro- (79, R = Cl) gave 2-chloro-6-hydrazino- (79, R = NHNH,) (70%;
see Section 3.2.2) and thence 2-chloro-1,5-naphthyridine (79, R = H) (sub-
strate, AcOH, H,0; CuSO, in H,O| dropwise; 95°C, ~1 h: 50%).%*

Cl N

| TN
/ =
N R
(79)

Also other examples.575’827’1023’1 118,1151

Hydrolysis

4-Chloro-1,5-naphthyridine 1-oxide (80) gave 1-hydroxy-1,5-naphthyridin-
4(1H)-one (81) (0.IM NaOH, reflux, 3 h: 76%);3'* 4-(a-bromo-a.,a-diethox-
ycarbonylmethyl)-1,5-naphthyridine 1-oxide (82, R =Br) gave 4-(o,a-
diethoxycarbonyl-o-hydroxymethyl)-1,5-naphthyridine 1-oxide (82, R = OH)
(H,0, reflux, 4 h: 37%).8"

Cl O RC(CO,Et),
| N\ X HO~ | N\ | | N\ X
= ~ = = ~
N N N
' O i
(0] (0]
(80) (81) (82)

2,4-Dichloro-1,5-naphthyridine (83) gave selectively 4-chloro-1,5-naphthyridin-
2(1H)-one (84) 5M HCI, reflux, 3 h: 66%).'9*!"5! In contrast, 2,6-dichloro-
1,5-naphthyridine gave 1,5-naphthyridine-2,6(1H, 5H)-dione (10% Na,COs,
reflux, 2 h: ?%).'%

Cl Cl
N\ X N\ X
| — |l
= ~ 4
N Cl N (6]
H

83) 84)
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Hydrolysis may also be done indirectly: for example, 2-bromomethyl-(85,
R=Br) to 2-acetoxymethyl- (85, R=0Ac) to 2-hydroxymethyl-1,
5-naphthyridine (85, R = OH) (66% overall; for details, see original).290

(6]
}
N\ X
PP
N~ CH,R
'
(0]
(85)

Thiolysis

4,8-Dichloro-1,5-naphthyridine (86) gave 1,5-naphthyridine-4,8(1H, 5H)-
dithione (87) (KHS, EtOH, H,O0, reflux, H,S|, 12 h: 96%; considerable detail
in original).*"!

Cl
(86) 87

4-Chloro-1,5-naphthyridine (88) with thiourea gave 1,5-naphthyridine-4 (1H)-
thione (90) via the thiouronium chloride (89) [reactants, EtOH, 20°C, 19 h:
80% (intermediate); that solid, KOH, H,0, 20°C, 30 min: 81%].%'*

+
Cl S—C(=NH,)NH, S
N\ X S=C(NHp), N\ X HO- N\
| —_— . — | |
N 2 PN =
N N N
H
(88) (89) (90)

Also other examples.””"






CHAPTER 4

Oxy-1,5-Naphthyridines

The term oxy-1,5-naphthyridine includes the tautomeric and nontautomeric 1,5-
naphthyridinones, extranuclear hydroxy-1,5-naphthyridines, alkoxy-and aryloxy-
1,5-naphthyridines, and 1,5-naphthyridine N-oxides.

As well as their fundamental chemical importance, oxy-1,5-naphthyridines have
been implicated as antimicrobials,'®”11%3235721417 4 which category cephalos-
porin derivatives such as Apalcillin (PC-904) (1) showed wide-spectrum
activities,3243%7-337:351.354.361.420491 The antibiotic naphthyridinomycin (a fused
1,5-naphthyridine derivative isolated from a culture of Streptomyces lusitanus''")
also showed wide-spectrum activities,'' 417 ag did analogs.”*®

Q H
N CONHCHPhCON s Me

L iy

o) CO,Na

T Z

1)

4.1. TAUTOMERIC 1,5-NAPHTHYRIDINONES
AND EXTRANUCLEAR HYDROXY-1,5-NAPHTHYRIDINES

From an overwhelming mass of data on m-deficient nitrogenous heterocycles, it
is usually considered axiomatic that (wherever possible) hydroxy-1,5-naphthyri-
dines will exist predominantly as their respective 1,5-naphthyridinone tautomers;
for example, 1,5-naphthyridin-2-ol (2) will exist as 1,5-naphthyridin-2(1H)-one
(3). This postulate has been strengthened by ionization constant, infrared
spectral, and ultraviolet spectral measurements on simple 1,5-naphthyridinones;
887.1026.1027.1035.1040 thooretical calculations have been less meaningful.'?*

/N/ OH /N O
H

2 3
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The mass spectra of 1,5-naphthyridin-2(1H)-one, 1,5-naphthyridin-4(1H)-one,
and 4-hydroxy-1,5-naphthyridin-2(1H)-one have been compared with those of
isomeric naphthyridinones.'*>

Various aspects of the Cd, Co, Cu, Fe, Mg, Mn, Ni, Pb, and Zn complexes
from simple 1,5-naphthyridinones have been studied in some detail 20%281:1040.1292

4.1.1. Preparation of Tautomeric 1,5-Naphthyridinones and the Like

Most such naphthyridinones have been made by primary synthesis (see
Chapter 1) and some by hydrolysis of halogeno-1,5-naphthyridines (see Section 3.2.3).
Other preparative routes are illustrated by the following examples.

By Direct Oxylation

3-Methyl-1,5-naphthyridine (4) gave 3-methyl-1,5-naphthyridin-2(1H)-one (5)
(substrate, 3M H,SO,4, 100°C, Na,Cr,0,/H,0O| during 2 h; then 100°C, 12 h:
~25%, allowing for recovered subs.trate).155

N\ X Me [0] N\ x Me
P —
N N (0]
H
@ (O]

From 1,5-Naphthyridinamines

1,5-Naphthyridin-2-amine 1,5-dioxide (6) underwent alkaline hydrolysis to give
1-hydroxy-1,5-naphthyridin-2(1H)-one 5-oxide (7) (2M NaOH, reflux,
45 min: 54%).”

0 0
A d
P P
NH, N"So
OH

() (M

o=z

1,5-Naphthyridin-2-amine (8, R = H) gave 1,5-naphthyridin-2(1H)-one (9, R = H)
(substrate, HCl, H,O, NaNO,/H,O|, 20— 100°C: ?%);'**’ 4-chloro-1,5-
naphthyridin-2-amine (8, R =Cl) gave 4-chloro-1,5-naphthyridin-2(1H)-one
(9, R=Cl) (substrate, H,O, H,SO,4, 0°C; NaNO,| slowly; then 100°C, 30
min: ?%).19%
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R R
N\ AN HONO N\ AN
| —
N2 P
N~ TNH, N~ 0o

® ®

Also other examples.'**

From Alkoxy-1,5-naphtyridines

6-Methoxy-1,5-naphthyridin-2(1H)-one (10) gave 1,5-naphthyridine-
2,6(1H,5H)-dione (11) (48% HBr, reflux, 2 h: 83%); the 3,4-dihydro-
substrate likewise gave 3,4-dihydro-1,5-naphthyridine-2,6(1H, 5H)-dione

(38%).%%*
H
MeO N~ mr O Ny
| P — |
N (6] N (0]
H H

(10) an

4-Chloro-2-methoxy-1,5-naphthyridine (12) gave 4-chloro-1,5-naphthyridin-
2(1H)-one (13) (5M HCI, dioxane, reflux, 1 h: ~50%; note survival of the
chloro substituent under these mild conditions).l 151

Cl Cl
N\ X HCI N\ X
| — |l
_— ~
N OMe N (6]
H
(12) (13)

By Reduction of Esters

Ethyl 6-p-chlorophenoxy-4-(3-diethylaminopropyl)amino-1,5-naphthyridine-3-
carboxylate (9a, R = CO,Et) gave 2-p-chlorophenoxy-8-(3-diethylaminopro-
pyDamino-7-hydroxymethyl-1,5-naphthyridine (9a, R = CH,OH) IIAIH
Et,0, 10 min; substrate/Et,O| dropwise; then 20°C, 1 h; 32%).7%”

NH(CH,);NEt,
p-CIH,CeO |N\ SR
= ~
N

(%9a)
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4.1.2. Reactions of Tautomeric 1,5-Naphthyridinones and the Like

The reductive deoxygenation (Section 2.1.1) and halogenolysis (Section 3.1.2) of
such naphthyridinones have been covered already. Their other reactions are

illustrated in the following examples.

O- or N-Acylation

3-Benzyl-4-hydroxy-1,5-naphthyridin-2(1H)-one (14) (or tautomer) gave a sin-
gle o- or N-monoacetyl derivative of indeterminate structure (no details).”°

OH
|N\ - CHoPh
¥z

N~ o

H

14)

5-Acetyl-1-benzyl-3,4,4a,5,6,7-hexahydro- 1,5-naphthyridine-2,7(1H)-dione (15)
(a byproduct from a primary synthesis) appears to have undergone partial
dehydrogenation and N— O-transacylation to afford 7-acetoxy-l-benzyl-3,4-
dihydro-1,5-naphthyridin-2(1H)-one (16) (Pd/C, xylene, 130°C, 30 h:

25%).1272
I?C
m i m
|
= (-Hy) %
0 N 0 Y A N0

| |
CH,Ph CH,Ph
as) (16)

O- or N-Alkylation

Note: The alkylation of tautomeric 1,5-naphthyridinones usually gives N-alkyl
derivatives, but O-alkylation has been achieved by treatment of the substrate
silver salt with an alkyl halide; the other likely route to O-alkylation,
treatment with an diazoalkane, has not been used in this series.

The silver salt (17) of 3-nitro-1,5-naphthyridin-2(1H)-one gave 2-ethoxy-3-
nitro-1,5-naphthyridine (18) (neat EtI, reflux, 2 h: 20%).*%’

N NO, o N NO»
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1-Hydroxy-1,5-naphthyridin-2(1H)-one 5-oxide (19, R =H) gave 1-methoxy-
1,5-naphthyridin-2(1H)-one 5-oxide (19, R=Me) (Mel, NaOH, H,O,
MeOH, 20°C, 28 h: 78%).”%’

(19)

1,5-Naphthyridin-4(1H)-one (20, R =H) gave 1-ethyl-1,5-naphthyridin-4(1H)-
one (20, R = Et) substrate, NaH, Me,NCHO, 25°C, 4 h; Etl], 95%C, 12 h:

429%).814

(20)

4-0xo0-1,4-dihydro-1,5-naphthyridine-3-carboxylic acid (21, R =H) gave
1-ethyl-4-oxo0-1,4-dihydro-1,5-naphthyridine-3-carboxylic acid (21, R = Et)
(Etl, KOH, H,0, EtOH, reflux, 3.5 h: 50%);911 the analogous substrate, ethyl
7-methyl-4-oxo0-1,4-dihydro-1,5-naphthyridine-3-carboxylate (22, R =H),
gave ethyl 1-ethyl-7-methyl-4-oxo-1,4-dihydro-1,5-naphthyridine-3-carboxy-
late (22, R = Et) (substrate, NaH, Me,NCHO, 20°C, 20 min; then EtI], 50°C,
5 h, then 20°C, 12 h: 50%).'3%®

0 0
N CO,H Ny CO,Et
| 2N | Me | 2N |

R R

21 (22)

Also other examples.'*!

Aminolysis

4-Hydroxy-1,5-naphthyridin-2(1H)-one (23, R=0H) with aniline hydrochloride
in aniline gave 4-anilino-1,5-naphthyridin-2(1H)-one (23, R = NHPh)
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(neat reactants, reflux, 12 h: 88%).1023

Deoxygenation

3-Hydroxy-6-methoxy-3,4-dihydro-1,5-naphthyridin-2(1H)-one (24) underwent
dehydration to afford 6-methoxy-1,5-naphthyridin-2(1H)-one (25) (TsCl,
pyridine, 150°C, sealed?, 4 h: 83%).2**

MeO N OH g MeO N~
|/ (-H0) | =
N~ Yo i N~ o
H H
24) 25)

See also Section 2.1.1 for an example of reductive deoxygenation.

4.2. ALKOXY- AND ARYLOXY-1,5-NAPHTHYRIDINES

Not many such 1,5-naphthyridines have been reported, but the X-ray structure of
4,8-dimethoxy-1,5-naphthyridine has been determined.””” Their preparation and
reactions are illustrated by examples in the following lists.

Preparation of Alkoxy-1,5-naphthyridines

Note: All known alkoxy-1,5-naphthyridines have been made by primary synth-
esis (see Chapter 1), by alcobolysis of halogeno-1,5-naphthyridines (see
Section 3.2.1), or by alkylation of 1,5-naphthyridinones (see Section 4.1.2).

Reactions of Alkoxy-1,5-naphthyridines

Note: For their apparent rearrangement into C-alkyl-1,5-naphthyridinones, see
Section 2.2.1; for their hydrolysis, see Section 4.1.1; and for other reactions,
see the following examples.

4-Phenoxy-1,5-naphthyridine (26) underwent aminolysis to afford 4-(4-diethy-
lamino-1-methylbutyl) amino-1,5-naphthyridine (27) [neat H,NCHMe(CH,)3
NEt,, reflux, 3 h: 90%].""!

OPh NHCHMe(CH,)3NEt
N\ X H,NCHMe(CH,);NEt, N\ X
| = I~ P I~
N N

(26) 27
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Ethyl 4,8-dimethoxy-1,5-naphthyridine-3-carboxylate (28, R = CO,Et) under-
went thermal rearrangement to ethyl 1,5-dimethyl-4,8-dioxo-1,4,5,8-tetrahy-
dro-1,5-naphthyridine-3-carboxylate (29, R = CO,Et) (Ph,0, reflux, 6.5 h:
~5% after a difficult separation from other products);*°! somewhat similarly,
4,8-dimethoxy-1,5-naphthyridine (28, R =H) gave 1,5-naphthyridine-
4,8(1H,5H)-dione (29, R = H) (neat substrate, 225°C, 10 h: 62%).3"!

OMe I\I/le (6]
N\ N R A N R
L — 0 X

N N
OMe (0] I\I/Ie

(28) (29)

4.3. NONTAUTOMERIC 1,5-NAPHTHYRIDINONES

Reports on the chemistry of these naphthyridinones are scarce. Available
information is summarized here.

Preparation of Nontautomeric 1,5-Naphthyridinones

Note: Most of these naphthyridinones have been made by either primary synthesis
(see Chapter 1) or alkylation of tautomeric 1,5-naphthyridinones (see Section
4.1.2). A third route, involving direct oxylation, is illustrated here.

1,5-Naphthyridine methiodide (30) gave 1-methyl-1,5-naphthyridin-2(1H)-one
(31) [substrate, H,O, <0°C; NaOH/H,0| during 5 min; then K3Fe(CN)g|
during 30 min; then <0°C, 90 min; then 20°C, 5 h: 56%]; this was converted
into its 5-methiodide (32) (Mel, PhH, reflux, 2 days: ?%) which underwent
oxidation (as above) to afford 1,5-dimethyl-1,5-naphthyridine-2,6(1H,5H)-
dione (33) (~70%); analogs likewise. >

m - ENj\/i
—_—
.
7 + - P
) o
Me Me

(30) Mel 31)
Me _ Me
! I !
AN o] O N N
P —
ITI O ITI (6]
Me Me

(32) (33)
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Reactions of Nontautomeric 1,5-Naphthyridinones

Note: The rearrangement of such a fixed naphthyridinone to a tautomeric C-
alkylnaphthyridinone has been described in Section 2.2.1. The halogenolysis
of a fixed naphthyridinone with concomitant N-dealkylation has been exem-
plified in Section 3.1.4.

44. 1,5-NAPHTHYRIDINE N-OXIDES

The available data on these oxides are summarized in the following paragraphs.

Preparation of 1,5-Naphthyridine N-Oxides

Note: There is at least one primary synthesis for these oxides (see Section 1.1).
All other known compounds in this class have been made by direct oxidation,
as illustrated in Sections 2.1.3 and 2.2.2, as well as by the following
examples.

1,5-Naphthyridin-2-amine gave 1,5-naphthyridin-2-amine 1,5-dioxide (34,
R =H) (30% H,0,, Na,WO,, 2H,0, 20°C, 5 days: 68%);’®" 2-acetamido-
1,5-naphthyridine gave a separable mixture of the same product (34, R = H)
and 2-acetamido-1,5-naphthyridine 1,5-dioxide (34, R = Ac) (likewise but
72 h: 54% and 25%, respectively);’®’ and 4-acetamido-1,5-naphthyridine
gave its 1,5-dioxide (35) (30% H,0,, Na,WO,.2H,0, 40°C, 12 h: 37%).5'

? ? NHAc
| N\ X | YN
N/ NHR Z N/
' I
(6] (0]
(34) 35)

3-Bromo-1,5-naphthyridine gave its 1,5-dioxide (36) (PhCOs;H, CHCl;, 20°C,
3 days: 11%).%"

(36)

3-Bromo-8-(6-phthalimidohex-1-enyl)-1,5-naphthyridine (37) gave its 5-oxide
(38) [m-CICcH4CO3H (1 equiv), CHCl3, 65°C, 3 h: ~75%] or 3-bromo-8-
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[3-(4-phthalimidobutyl)oxiran-2-yl]-1,5-naphthyridine 5-oxide (39) [m-
CIC¢H, COsH (2 equiv), CHCls, reflux, 6 h: ~80%]; analogs likewise.''”?

O
CH:CH(CH2)4j£©
N\ X 0
P
Br N
37)
[O] (1 equiv) [0] (2 equiv)

0 o)
PN
CH=CH(CH,),—N HC—CH(CH,),—N

% Z = Z
Br N Br N

Q=
-

(38) (39)

Also other examples >’!797-1051.1212

Reactions of 1,5-Naphthyridine N-Oxides

Note: The conversion of 1,5-naphthyridine N-oxides to C-halogeno-1,5-
naphthyridines (Meissenheimer reaction) has been discussed in Section 3.1.3.
Other reported reactions are illustrated here.

3-Bromo-8-[a-hydroxy-a-(piperinin-2-yl)methyl]-1,5-naphthyridine was pre-
pared by deoxygenation of its 5-oxide (40) (substrate, Na,S,0,4, HO, MeOH,
60°C, 45 min: ~10%);'"'”® for another example of deoxygenation by
phosphorus trichloride, see Section 4.1.1.

HOHC N
H
| N\ X
_— pZ
Br I\+I
O
(40)

1,5-Naphthyridine 1,5-dioxide underwent complexation with Cu(Il) salts; the
highly colored products were studied in detail ***






CHAPTER 5

Thio-1,5-naphthyridines

This chapter summarizes the sparse data on 1,5-naphthyridines with substituents that
are joined directly or indirectly to the nucleus through a sulfur atom. Included are any
tautomeric or nontautomeric 1,5-naphthyridinethiones, extranuclear mercapto-1,
5-naphthyridines, alkylthio-1,5-naphthyridines, bis(1,5-naphthyridinyl) sulfides or
disulfides, 1,5-naphthyridine sulfoxides or sulfones, and 1,5-naphthyridinesulfonic
acids or their derivatives. However, several categories have no known representatives.

Where possible, examples of preparative routes and reactions are given (or cross-
referenced) in the following classified lists.

1,5-Naphthyridinethiones—Preparation

Note: 1,5-Naphthyridinethiones have been made by thiolysis of halogeno-1,5-
naphthyridines (see Section 3.2.3).

1,5-Naphthyridinethiones—Reactions

1,5-Naphthyridine-4 (1H)-thione (2, R = H) underwent S-alkylation to give 4-
methylthio-1,5-naphthyridine (1) (Mel, IM NaOH, 20°C, 90 min: 97%);*'*
1-hydroxy-1,5-haphthyridine-4(1H)-thione (2, R = OH) gave 4-benzylthio-1,
5-naphthyridine 1-oxide (3) (PhCH,CIl, H,0, HO™?, 50°C, 1 h: > 54%).%'*

SMe S SCH,Ph
N\ AN Mel, HO~ N\ PhCH,CI, HO™ N\ AN
| - —_—

N & (R=H) = (R = OH) N 2

N N N

' '

R
(6]
@ ) 3)
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1,5-Naphthyridine-4, 8 (1H,5H)-dithione with transition metal salts gave orga-
nometallic coordination polymers [e.g., substrate, Ni(NOs),, Me,NCHO,
warm, 3 h: >90%]."°%*

Alkylthio-1,5-naphthyridines—Preparation

Note: These alkylthionaphthyridines have been made by alkanethiolysis
of halogeno-1,5-naphthyridines (see Section 3.2.3) or by S-alkylation
of 1,5-naphthyridinethiones (see immediately above).

Alkylthio-1,5-naphthyridines—Reactions

4-Benzylthio-1,5-naphthyridine 1-oxide underwent oxidation to give 4-
benzylsulfonyl-1,5-naphthyridine 1-oxide (4) (30% H,0,, AcOH, 20°C,
2 days: 63%).5'*

SO,CH,Ph
N\ X
P
N
'
(6]

Bis(1,5-naphthyridinyl) Sulfides—Preparation

Note: One such sulfide has been made from a halogeno-1,5-naphthyridine with
thiourea (see Section 3.2.3).

1,5-Naphthyridine Sulfones

Note: One such sulfone has been prepared by primary synthesis (see Section 1.3.3);
another by oxidation of an alkylthio-1,5-naphthyridine (see a preceding
subsection).



CHAPTER 6

Nitro-, Amino-, and Related
1,5-Naphthyridines

This chapter covers 1,5-naphthyridines bearing nitrogenous substituents that are
joined to the nucleus through their nitrogen atoms.

6.1. NITRO-1,5-NAPHTHYRIDINES

The main use of nitro-1,5-naphthyridines has been as precursors for 1,5-
naphthyridinamines. However, the presence of a powerfully electron-withdrawing
nitro group is often of use to activate adjacent leaving groups such as halogeno
toward nucleophilic replacement reactions.

The mass spectral fragmentation patterns of a variety of nitro-1,5-naphthyridine
derivatives have been reported.****%2

6.1.1. Preparation of Nitro-1,5-naphthyridines

Some such nitro derivatives have been prepared by primary synthesis (see
Chapter 1). Other preparative routes are illustrated in the following examples.
By Nitration

1,5-Naphthyridin-2(1H)-one (1, R = H) gave its 3-nitro derivative (1, R = NO,)
[HNO; (d. 1.5), H,SO4 (20% SO3), 95°C, 4 h: ~ 70%).1037: cf- 1443

|N\ xR
=
N” SO0
H
1)
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1,5-Naphthyridin-4(1H)-one (2, R = H) gave its 3-nitro derivative (2, R = NO,)
[HNO; (d. 1.46), reflux, 2 h: 55-70%;*%7> HNO; (d. 1.5), H,SO, (20% SO3),
95°C, 4 h: 7%].1%%7

(2

4-Hydroxy-1,5-naphthyridin-2(1H)-one (3, R = H) gave its 3-nitro derivative (3,
R = NO,) [HNO; (d. 1.42), AcOH, 95°C, ~7 min: 30%].>'2

OH
|N\ R
=

N~ 70

H

(©)

1,5-Naphthyridin-2-amine appeared to give 2-nitroamino-1,5-naphthyridine
[HNO; (d. 1.5), HoSO4, 0°C, 4 h: 70%].%"

By Oxidation of Dimethylsulfimido-1,5-naphthyridines

Note: This procedure offers an indirect route from 1,5-naphthyridinamines to
nitro-1,5-naphthyridines.

1,5-Naphthyridin-2-amine (4) gave 2-dimethylsulfimido-1,5-naphthyridine (5)
[Me,SO, CH,Cl,, —78°C; (F3CS0,),0| dropwise, N,; substrate/CH,Cl, |,
then —78°C, 2h, —55°C, 1 h: 68%], which underwent oxidation to give 2-
nitro-1,5-naphthyridine (6) (m-CICcH,COs;H, CH,Cl,, —5°C; substrate/
CH,Cl,| dropwise, <0°C; then 0°C, 40 min; then Os |, 0°C, 30 min: 27%).%">

N\ X Me,SO N\ X [0] N\ X
| — — |l
= ~ = 4 Z
N~ NH, N~ > N=SMe, N~ NO,
“) 5 (6)

6.1.2. Reactions of Nitro-1,5-naphthyridines

The halogenolysis of a nitro-1,5-naphthyridine (using phosphorus pentachloride)
has been recorded in Section 3.1.2. The reduction of nitro-1,5-naphthyridines to
1,5-naphthyridinamines is illustrated in the following examples.



Amino- and (Substituted-amino)-1,5-Naphthyridines 57

3-Nitro- (7, R =NO,) gave 3-amino-1,5-naphthyridin-2(1H)-one 7, R = NH,)
(Raney Ni, NaOH, H,0, EtOH, H,, 7°C, ? h; 83%),"*

N\ \R

=
N o
H

Q)]

2-Ethoxy-3-nitro-1,5-naphthyridine (8, R =NO,) gave 2-ethoxy-1,5-naphthyr-
idin-3-amine (8, R =NH,) [Pd/C, KOH, H,0, EtOH, H, (~3 atm), ?°C:
~50%].%%

6.2. AMINO- AND (SUBSTITUTED-AMINO)
-1,5-NAPHTHYRIDINES

The physical and biological properties of these important derivatives have been
widely investigated, usually for comparison with those of isomeric or related
systems.

There is infrared spectral evidence that 1,5-naphthyridin-2-amine may exist (at
least in the solid state) as its 1,5-naphthyridin-2(1H)-imine tautomer (9),]48 but
confirmation of this unexpected postulate by other means has not been forthcoming.
The ionization constants of 1,5-naphthyridinamines have been compared with those
of comparable 1,6-naphthyridinamines;**' the mass spectra of several 1,5-naphthyr-
idinamines have been compared with those of a variety of other heterocycles;***
4921227 and correlation of amino proton chemical shifts (in 1,5-naphthyridin-2-
amine and related amines) with Hammett constants and electron densities has been
attempted.'”* Some highly substituted amino-1,5-naphthyridines proved disap-
pointing in antimalarial screens,”> but others showed great promise (see toward
the end of Section 3.2.7 for references).

|N\ X

=
N NH
H

(&)
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6.2.1. Preparation of Amino-1,5-naphthyridines

Many amino-1,5-naphthyridines have been made by primary synthesis (see
Chapter 1), by aminolysis of halogeno-1,5-naphthyridines (see Section 3.2.2), or
by aminolysis of 1,5-naphthyridinones (see Section 4.1.2). Others have been made
by direct amination, as illustrated in the following examples.

Note: A definitive procedure for the amination of 1,5-naphthyridine has been
given in Section 2.1.3, along with references to its vexed history.

3-Nitro-1,5-naphthyridine (10, R =H) gave 3-nitro-1,5-naphthyridin-4-amine
(10, R =NH;) (substrate, liquid NH;|; KMnOQOy;| portionwise; then 15 min:
74%); 3-nitro-1,5-naphthyridin-2-amine (11, R=H) gave 3-nitro-1,5-
naphthyridine-2,4-diamine (11, R =NH,) (likewise: 33%); and 3-nitro-1,5-
naphthyridin-2(1H)-one (12, R = H) gave 4-amino-3-nitro-1,5-naphthyridin-2
(1H)-one (12, R = NH,) (likewise: 51%).5!8

R R R
| N NO: | N NO: | N NO:
N 2 N 2
N N~ "NH, N~ Yo
H
10) a1 12)

1-Amino-1,5-naphthyridin-1-ium mesitylenesulfonyloxide (13) (see Section
2.1.3) with base gave, not the free ylide (14), but its nonzwitterionic dimer
(15) (K,CO3, H,0, 20°C, 30 min: 63%).'"*®

Ny, MSO™ 4o N ANSZEN
| + 2 |/ + 2 |/
N N N
NH, HN- HN_ _N /|
\ NS
N
13) (14) a5)

Also analogous methylaminations.'**?

6.2.2. Reactions of Amino-1,5-naphthyridines

The hydrolysis of amino-1,5-naphthyridines has been covered in Section 4.1.1.
Other reported reactions are illustrated by the following examples.
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Acylation

1,5-Naphthyridin-4-amine (16, R = H) gave 4-acetamido-1,5-naphthyridine (16,
R =Ac) (Ac,0, PhH, reflux, 4 h: 72%);814 2-acetamido-1,5-naphthyridine
(17) was made by a similar acetylation.®'""1443

NHR
| N\ X | N\ X
= i~ Pz
N N NHAc
(16) a7

Cyclizations

1,5-Naphthyridin-4-amine (18) with diethyl o-(ethoxymethylene)malonate gave
4-(2,2-diethoxycarbonylvinyl)amino-1,5-naphthyridine (19) (neat reactants,
145°C, 3 h: 88%), which underwent thermal cyclization to afford ethyl 7-oxo-
7,10-dihydropyrido [3,2-c]-1,5-naphthyridine-8-carboxylate (20) (Dowtherm
A, reflux, 1h: 89%).'%*

H
Cs
NH, HN C(COzEt)z
N\ AN EtOCH = C(CO,Et), N\ AN
_—
P Py
N N
(18) (19)
A
CO,Et
HNT XY
N\ X [0)
| .
N
(20)

Also other examples.**

Ring Contractions

3-Amino-1,5-naphthyridin-4 (1H)-one (21) underwent diazotization to 3-diazo-
nio-1,5-naphthyridin-4(1H)-one chloride (22) (substrate, Me,NCHO, 0°C,
Me,CHCH,CH,0ONO|, HCI/EtOH|: ~75%), which on irradiation gave 1H-
pyrrolo[3,2-b]pyridine-3-carboxylic acid hydrochloride (23) [substrate,
AcOH, H,0, 0°C, hv (arc lamp), ? h: 7%].7*
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(0] (0]

Ny NH:  Lono.ma Ny N,Cl i Ny CO,H
Iy /Uy U,
N N N
H H H
(21) 22) 23)

Charge Transfer Complexation

1,5-Naphthyridin-2-amine formed a well-defined complex with tetracyanoqui-
nodimethane (24) that had interesting electrical properties.

C(CN),

C(CN),
29



CHAPTER 7

1,5-Naphthyridinecarboxylic Acids and
Related Derivatives

This chapter summarizes the sparse existing data on those 1,5-naphthyridines
that bear functional groups that are joined to the nucleus through their carbon
atoms: carboxylic acids, esters, amides, nitriles, aldehydes, and ketones.

The marked antimalarial activity of some derivatives of oxodihydro-1,
5-naphthyridinecarboxylic acids were noted at the beginning of Chapter 4.

7.1 1,5-NAPHTHYRIDINECARBOXYLIC ACIDS

The reported chemistry of such carboxylic acids is summarized by the following
list of examples.

1,5-Naphthyridinecarboxylic Acids—Preparation

Note: 1,5-Naphthyridinecarboxylic acids have been made by primary synthesis
(see Chapter 1) and by oxidation of alkyl-1,5-naphthyridines (see Section
2.2.2). The remaining routes involving oxidation of aldehydes or hydrolysis of
esters are exemplified here.

1,5-Naphthyridine-2-carbaldehyde 1,5-dioxide (1) underwent oxidation to 1,
5-naphthyridine-2-carboxylic acid 1,5-dioxide (2) (30% H,0O,, AcOH, 25°C,
3 days: 61%).77"-83!

(6] (6]

A A

N\ X [O] N\ X

| — |l

4 I~ = I~
N CHO N CO,H
' Y
(¢} (¢}

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
Copyright © 2008 John Wiley & Sons, Inc.
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Ethyl 4-oxo0-1,4-dihydro-1,5-naphthyridine-3-carboxylate (3, R = H) underwent
alkaline hydrolysis to 4-oxo-1,4-dihydro-1,5-naphthyridine-3-carboxylic acid
(4, R=H) (M NaOH, reflux, 6 h: ~ 75%);'°"'**> ethyl 6-ethoxy-4-oxo-1,
4-dihydro-1,5-naphthyridine-3-carboxylate (3, R =OEt) gave 6-ethoxy-4-
0x0-1,4-dihydro-1,5-naphthyridine-3-carboxylic acid (4, R = OEt) (NaOH,
H,O, EtOH, 40°C-reflux, 2 h: 94%; see original for large-scale details);1015
and ethyl 6-butoxy-4-oxo-1,4-dihydro-1,5-naphthyridine-3-carboxylate (3,
R =O0OBu) gave 6-butoxy-4-oxo-1,4-dihydro-1,5-naphthyridine-3-carboxylic
acid (4, R =OBu) (M NaOH, 95°C, 4 h: ~ 70%).'*°

0 0
R__N CO,Et ~ R__N CO,H
N HO AN
L] —t
N N
H H

3 @

Ethyl 7-bromo-4-oxo-1,4-dihydro-1,5-naphthyridine-3-carboxylate (5, Q =H,
R =Br) gave 7-bromo-4-oxo-1,4-dihydro-1,5-naphthyridine-3-carboxylic acid
(6, Q=H, R=Br) (2.5M NaOH, reflux, 1 h: ~ 85%);"*"" ethyl 1-ethyl-7-
methyl-4-oxo-1,4-dihydro-1,5-naphthyridine-3-carboxylate (5, Q = Et, R = Me)
gave l-ethyl-7-methyl-4-oxo-1,4-dihydro-1,5-naphthyridine-3-carboxylic acid

6, Q=Et, R=Me) (0.7M KOM, reflux, 2.5 h: 56% analogs somewhat
1398

similarly).
o (0]
N CO,Et : N CO,H
HO
| | — | |
= =
R ITI R ITI
Q Q

5 (6

Ethyl 4,8-dioxo-1,4,5,8-tetrahydro-1,5-naphthyridine-3-carboxylate (7, R = Et)
gave 4,8-dioxo-1,4,5,8-tetrahydro-1,5-naphthyridine-3-carboxylic acid
(7, R=H) (M NaOH, reflux, 4 h: 77%;>** 48% HBr, reflux, 24 h: 88%).>"!

4-Diethoxycarbonylmethyl-1-5,-naphthyridine 1-oxide (8) underwent rapid
hydrolysis and monodecarboxylation to give 4-carboxymethyl-1,5-naphthyr-
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idine 1-oxide (9) (M NaOH, reflux, 3 min: 987%).3'4

CH(CO,Et), CH,CO,H
N\ X HO™ N\ X
| — |l
= ~ = ~
i |
(0]
) )

Also other examples.’”

1,5-Naphthyridinecarboxylic Acids—Reactions

Note: The decarboxylation, esterification, and amide formation of such
carboxylic acids are represented in these examples.

4-Oxo0-1,4-dihydro-1,5-naphthyridine-3-carboxylic acid (10, R = H) underwent dec-
arboxylation to 1,5-naphthyridin-4(1H)-one (11, R = H) (substrate, “‘mineral oil,”
325°C,30 min: ~ 85%;'" neat substrate, 315°C,?h: ~ 25%);'2*>*" 17 6_butoxy-4-
0x0-1,4-dihydro-1,5-naphthyridine-3-carboxylic acid (10, R = 6-OBu) gave 6-
butoxy-1,5-naphthyridin-4(1H)-one (11, R = 6-0Bu) (Ph,0, reflux, 15 min:
~ 85%);'9¢ and 7-bromo-4-oxo-1,4-dihydro-1,5-naphthyridine-3-carboxylic
acid (10, R = 7-Br) gave 7-bromo-4-oxo-1,4-dihydro-1,5-naphthyridin-4(1H)-
one (11, R = 7-Br) (quinoline, reflux; substrate during 10 min; reflux, 1 h:

85% ).1377

0 0

Ny COH Ng

R | — R |

= Pz
N N
H H

(10) (¢8))

4,8-Dioxo-1,4,5,8-tetrahydro-1,8-naphthyridine-3-carboxylic acid (12, R = CO,H)
gave 1,5-naphthyridine-4,8(1H,5H)-dione (12,R = H) (neat substrate, ~ 275°C:
62%:>% quinoline, reflux, 10 h: 88%).30l

12)

4-Carboxymethyl-1,5-naphthyridine 1-oxide (13, R = H) underwent esterifica-
tion to 4-ethoxycarbonylmethyl-1,5-naphthyridine 1-oxide (13, R =Et)
(substrate, SOCl,, EtOH, reflux until clear: 88%)814 also analogs
(see original for details).>*°
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CH,CO,R

13)

4-0Oxo0-1,4-dihydro-1,5-naphthyridine-3-carboxylic acid (14) and N-hydroxysuc-
cinimide (15) gave the ester-like product, 3-(succinimidooxycarbonyl)-1,
5-naphthyridin-4(1H)-one (16) (reactants, pyridine, Me,NCHO, < 5°C;
SOCl,| dropwise, < 5°C; then 25°C, 5 h: ~80%).'**

(0] (0] (0] 9 (0]
N CO,H HO. N C-0.
AN N N N
Crr™ Y — Oy
N (0] N (0]
H H

(14) 15) (16)

1,5-Naphthyridine-3-carboxylic acid (17, R=0H) underwent indirect amide
formation to give 1,5-naphthyridine-3-carboxamide (17, R=NH,) (SOCl,,
heat; acyl chloride, NH,OH: ?%; no details given);'>> in a more direct way, 6-
ethoxy-4-oxo-1,4-dihydro-1,5-naphthyridine-3-carboxylic acid (18, R=0H)
gave N-benzyl-6-ethoxy-4-oxo-1,4-dihydro-1,5-naphthyridine-3-carboxa-
mide (18, R=NHCH,Ph) (substrate, Me,NCHO, 1,1’-carbonyldiamidazole,
90°C, 2 h; then PhCH,NH, |, 35°C, 2 h: 97%).'°"°

o)
|N\ o COR EtO |N\ | COR
N P =
N N
H
17) (18)

7.2. 1,5-NAPHTHYRIDINECARBOXYLIC ESTERS

The reported chemistry of such esters is summarized briefly in the following
paragraphs.

1,5-Naphthyridinecarboxylic Esters—Preparation

Note: These esters have been made by primary synthesis (see Chapter 1), by the
Reissert reaction (see Section 2.1.3), by esterification of 1,5-naphthyridine-
carboxylic acids (see Section 7.1), and by various passenger introductions
(see several chapters). Other possible routes have not been used.
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1,5-Naphthyridinecarboxylic Esters—Reactions

Note: The reduction of these esters to hydroxymethyl-1,5-naphthridines (Section
4.1.1) and their hydrolysis to carboxylic acids (Section 7.1) have been
exemplified already; the nuclear dehydrogenation of a dihydro ester is seen
in the following example.

Ethyl 6-p-fluorophenoxy-1,4-dihydro- (19) gave ethyl 6-p-fluorophenoxy-1,
5-naphthyridine-3-carboxylate (20) (substrate, ACMe; KMnO,4/ACMe| drop-
wise: 97%).%¢7

p-FH4C¢O N\ CO,Et 0] p-FH4C6O N\ X CO,Et
| | — |
o = —
N

N
H
(19) (20

7.3. 1,5-NAPHTHYRIDINECARBOXAMIDES, CARBONITRILES,
CARBALDEHYDES, AND KETONES

The scarce information about these derivatives is a summarized in the following
paragraphs.

1,5-Naphthyridinecarboxamides

These amides have been made by primary synthesis (see Chapter 1) or by direct
or indirect aminolysis of corresponding carboxylic acids (see Section 7.1). No
reactions appear to have been described.

1,5-Naphthyridinecarbonitriles

Such nitriles have been made by primary synthesis. (see Chapter 1) but
apparently not by other means; no reactions have been reported.

1,5-Naphthyridinecarbaldehydes

These aldehydes have been made by oxidation of alkyl-1,5-naphthyridines (see
Section 2.2.2).

The equilibrium between 1,5-naphthyridine-4-carbaldehyde and its hydrate (21)
has been studied.”>?

CH(OH),
N\ N
P
N
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1,5-Naphthyridine-2-carbaldehyde 1,5-dioxide has been converted into its
phenylhydrazone (22, R=MHPh), semicarbazone (22, R=NHCONH,), and
thiosemicarbazone (22, R=NHCSNH,).”"’

(0]
A
| N\ X
~
= N CH=NR
v
(0]
(22)

1,5-Naphthyridine Ketones
Such ketones have been made by direct C-acylation of alkyl-1,5-naphthyridines
(see Section 2.2.2).

The ketone, 2-picolinoylmethyl-1,5-naphthyridine (23), underwent a-bromination
and subsequent cyclization with thiourea to give 2-[2-amino-4-(pyridin-
2-yDthiazol-5-yl]-1,5-naphthyridine (24) [substrate, Br,, dioxane, 20°C, 1 h;
solid, EtOH, (H,N),CS|, reflux, 4 h: 16%].%%®

(0L O =0 ®
B ——————
/ ~ ~ (HoN),C=S / ~ =
NT ScH—CT N ? N N
0

(23) (24)



CHAPTER 8

Primary Syntheses of 1,6-Naphthyridines

The primary synthesis of 1,6-naphthyridines has been accomplished by condensa-
tion of two or more aliphatic substrates; by cyclization of a single pyridine substrate;
by condensation of a pyridine substrate with an aliphatic synthon that provides one,
two, three, or even four ring atoms; by condensation of a pyridine substrate with two
or more synthons; or from other heterocyclic substrates by degradation, rearrange-
ment, or other elaborative processes.

Some existing reviews of naphthyridine chemistry contain at least some

information on the primary synthesis of 1,6-naphthyridine derivatives.**~>%>>
57,58,61,265,328,407,1260,1273,1357,1430,1432

8.1. BY CONDENSATION OF TWO OR MORE ALIPHATIC
SUBSTRATES/SYNTHONS

Although some such syntheses are quite useful, most appear to have been
observed in the course of other work and their mechanisms remain unproven.
Accordingly, in presenting the following examples, no attempt will be made here to
correlate substrate/synthon atoms with ring atoms in the final product.

1-Benzoyl-2-dimethylaminoethylene (1) with malononitrile (2) (as its dimer)
gave 5,7-dioxo-4-phenyl-1,5,6,7-tetrahydro-1,6-naphthyridine-8-carboxa-
mide (3) 10M HC1, 100°C, 5 min: 71%; homologs likewise).*'’

P 5
COCH=CHNMe, + 2xH,C(CN), —>

@ (2)

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
Copyright © 2008 John Wiley & Sons, Inc.
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Ethyl 2-(phenylhydrazino)acetoacetate (4) with malononitrile (5) (as its dimer)
gave 7-hydroxy-2,5-dioxo-3-phenylhydrazino-1,2,5,6-tetrahydro-1,6-
naphthyridine-8-carbonitrile (6) (reactants, AcONH,4, 160°C, 1 h: 88%)."3%

Ac__.NHNHPh A
16 + 2xHC(CN), —
CO,Et
@ O] (6)

Ethyl N-benzylacetimidate (7) with ketene dimer (8) gave 3-acetyl-1,6-dibenzyl-
4,7-dimethyl-1, 6-naphthyridine-2,5 (1H,6H) dione (9) [substrate (7), AcOH,
20°C; synthon (8)] dropwise; 20°C. 12 h: 51%]."°"*

O Me
T mm
2 x MeC(=NCH,Ph)OEt + (H,C=CO), —— |
Me X 1}1 (6]
CH,Ph
™) ®) ()]

4-Methylpent-3-en-2-one (11) with maiononitrile (10) in the presence of
pyrrolidine gave 5-amino-2, 4, 4-trimethyl-7-(pyrrolidin-1-yl)-1,4-dihydro-
1,6-naphthyridine-8-carbonitrile (12) [reactants, EtOH, 20°C, HN(CH,)4|
dropwise; reflux. 7 h: 32%].'°
HoN pe Me
HN(CH,)4 NTX
2x H,C(CN), + Me,C=CHCOMe —> | |
(CHy)4N NIV
cn H
(10) (11) (12)

4-Ethoxy-4-methylaminobut-3-en-2-one (13) with acetyl chloride (14) gave 3-
acetyl-1,4,6,7-tetramethyl-1,6-naphthyridine-2,5 (1H,6H)-dione (14) (reflux,
6 h: 46%); similar procedures furnished several homologs, of which 3-ben-
zoyl-7-methyl-4-phenyl-1,5-naphthyridine-2,5(1 H,6 H)-dione was confirmed in
structure by X-ray analysis.®*

o Me
AcCl Me. N X Ac
2 x MeCOCH=C(OEt)NHMe ——> |
Me X ITI [6)
Me
(13) 14)

2,481 4,784,920,950,1286,144
Also other examples.7 481,566,774,784,920,950,1286,1448
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8.2. FROM A SINGLE PYRIDINE SUBSTRATE

An appropriately substituted pyridine may be converted into a 1,6-naphthyridine
by cyclization to complete any 1 of the 10 bonds in the product. Nine such possibi-
lities have been employed in the literature, and the examples that follow are classified
according to which bond is formed in the synthesis. Fused 1,6-naphthyridines
have been made similarly.'®?!

By Completion of the 1,2-Bond

3-(Ethoxycarbonylvinyl)-4-pyridinamine (15) gave 1,6-naphthyridin-2(1H)-one
(16) (EtONa, EtOH, reflux, 2 h: 67%).!0%

NN CHSCHCOEE A A
| = |l
¥z =
NH, N o
H
(15) (16)

4-tert-Butyramido-3-(3,3-diethoxy-2-hydroxy-2-phenylpropyl amino)pyridine
(17) underwent cyclization to 2,3-dihydroxy-3-phenyl-1,2,3,4-tetranydro-1,6-
naphthyridine-5-carbaldehyde (18) (M H,SO,4, 5°C,2h; then 100°C,2 h:
65%), which underwent aromatization by loss of water to afford 3-phenyl-
1,6-naphthyridine-5-carbaldehyde (19) [diazabicycloundecene (DBU), diox-
ane, reflux, 6 h: 30%].903

&

0_ _0O
CHO CHO
NN\ CHICOHPRCHOED, A Ph N .
L l OH L2
(-2H,0)
NHCOBU' N~ oH ? N
H
a7 (18) 19)

Ethyl 3-(2-ethoxycarbonylethyl)-4-phenlimino-l-piperidinecarboxylate (20)
underwent reductive cyclization to ethyl 2-oxo-1-phenyl-1,2,3.4,5,6,7,8-octa-
hydro-1,6-naphthyridine-1-carboxylate (21) (NaBH,, dioxane, 20°C, 12 h:
27%) or its decahydro analog (substrate, THF, HCI gas |, NaBH3;CN/MeOH |
slowly, 20°C, 3.5 h: 22%)."'%

EtO,C. 1\(:\[ CH,CH,CO,Et [H] EtO,C. m
— |
NPh N (¢}

|
Ph

(20) 2D

Also other examples.*”’
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By Completion of the 1,8a-Bond

2,4-Dichloro-5-(3-cyclopropylamino-2-ethoxycarbonylacryloyl)-3-methylpyri-
dine (22, R=Me) gave ethyl 7-chloro-1-cyclopropyl-8-methyl-4-oxo-1,4-
dihydro-1,6-naphthyridine-3-carboxylate (23, R = Me) (substrate, THF, 0°C;
NaH| slowly, 0°C, 1 h, N,: 61%);%*® the 3-fluoro substrate (22, R=F) likewise
gave ethyl 7-chloro-1-cyclopropyl-8-fluoro-4-oxo-1,4-dihydro-11,6-naphthyr-
idine-3-carboxylate (23, R = F) (2 h: 96%)."'"

(6]
N C(=0)C(CO,Et) =CHNHCH(CH,), NaH N CO,Et
P — | |
Cl Cl Cl N
N

R

(22) (23)

3-(2-Cyanoethyl)-1,3,6-trimethyl-4-piperidinone (24) gave 4a,5,7-trimethylde-
cahydro-1,6-naphthyridine (25) (Raney Ni, MeOH, H,, 100 atm, 100°C:
83%).'%

Me

Me ~ CHzCHzCN [H] Me ~
JOCHE SO0
Me o M N
H

€

(24) (25)

By Completion of the 3,4-Bond

Methyl  6-bromo-4-[N-(2-ethoxycarbonylethyl)-N-ethylamino]-3-pyridinecar-
boxylate (26) gave ethyl 7-bromo-1-ethyl-4-oxo-1,2,3,4-tetrahydro-1,6-
naphthyridine-3-carboxylate (27) (substrate, Bu’OH, NaH, 20°C, 30 min:

85%); an analog likewise. 4?8
(0]
N CO,Me NaH NTX CO,Et
! 4 ! =
Br NHCH,CH,CO,Et Br N
Et
(26) (27)

By Completion of the 4,4a-Bond

4-(2,2-Diethoxycarbonylvinylamino) pyridine (28) gave ethyl 4-oxo-1,4-dihydro-
1,6-naphthyeidine-3-carboxylate (29) (Dowtherm, reflux, 15 min: 82913
Ph,O, 245°C, Ny, ? h: 53%);*® the analogous ethy 7-chloro- (49%)'*** and
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ethyl 5,7-dimethyl-4-oxo0-1,4-dihydro-1,6-naphthyridine-3-carboxylate
(80%)>>° were made somewhat similarly.

0
NN NN |C02Et
l l
N
H

—_——
NHCH=C(CO,Et),

(28 29

4-(3,3-Dimethoxypropylamino)-3-nitro-6-(2,2,2-trifluoroethoxy)pyridine  (30)
gave 8-nitro-5-(trifluoromethoxy)-1,2-dihydro-1,6-naphthyridine (31) (85%
100°C, 2h: 776%), which was aromatized in unstated yield

H;PO,,
(tetrachloro-1,4-benzoquinone, CHCl;, reflux, 2.5 h).1116
OCH,CF; OCH,CF;
NTX H;PO, N
| | _
NHCH,CH,CH(OEt), N
NO, No, H
(30) @31

4-Methacrylamidopyridine (32) underwent photocyclization to give 3-methyl-
3,4-dihydro-1,6-naphthyridin-2 (1H)-one (33) (PhH, AcOH, hv, 3h: 72%)
and thence 3-methyl-1,6-naphthyridin-2 (1H)-one (SeO,, AcOH, reflux, 24 h:

36%).59
N AN hv N X Me
! % ! Z
NHCOCMe=CH, N O
H

(32) (33)

Also other examples,®®® including fused analogs.'*®

By Completion of the 4a,5-Bond

2-{ C-Cyano-C-[N-(dimethylaminomethylene) carbamoly]methylene }-1-methyl-
piperidine (34) gave Il-methyl-7-oxo0-1,2,3,4,6,7-hexahydro-1,6-naphthyri-
dine-8-carbonitrile (35) (neat reactants, ~140°C, 20 min: >95%).5*

ITIMBZ
- CH

N A HN™ ™

| —_—

OC (~HNMey) P
¢y Ty
CN Me CN Me
34) 35)

Also other examples.'?”®
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By Completion of the 5,6-Bond

Note: This type of synthesis has been used extensively but abounds in pitfalls for
the unwary. Some typical factual examples are given here.

3-Acetyl-2-dicyanomethylene-4,6-dimethyl-1-phenyl-1, 2-dihydropyridine (36)
gave 2.4,5-trimethyl-7-oxo-1-phenyl-1,7-dihydro-1,6-naphthyridine-8-carbo-
nitrile (37) (H5PO,, 130°C, 40 min: 73%).”**

I\I/Ie Me Me Me
oC = H3PO, NZNF
| —
NC_ 4
? ITI Me [0) ITT Me
CN Ph CN Ph
(36) 37

Methyl  2-[2-(hydroxyimino)-2-methoxycarbonylmethyl]-3-pyridinecarboxylate
(38) underwent reductive cyclization to methyl 8-hydroxy-5-ox0-5,6-dihydro-
1,6-naphthyridine-7-carboxylate (39) (Pd/C, HCI, H,O, H;, ~30 min: 88%).6

MCOQC AN
L

MeO,C(HON=)C(O=)C N

(38) (39

2-{[a-(Hydroxymethylphenethylamino]ethyl }-3-pyridinecarbonitrile (40) gave
5-[a-(hydroxymethyl)phenethylamino]-7,8-dihydro-1,6-naphthyridin-5(6 H)-
one (41) (H,O, EtOB, reflux, 48 h: >56%),443 further characterized as its

1-methiodide,***53% 111!
(0]
NC HOH,C(PhH,C)HC
| N H,0 2 ( 2 ) N | R
~ ~
HOH,C(PhH,C)HCHNH,CH,C N N
(40) 41)

Ethyl 5-cyano-2-(a-cyanoethoxycarbonylmethyl)-4-oxo-1,4-dihydro-3-pyridine-
carboxylate (42) gave ethyl 3-cyano-7-hydroxy-4,5-dioxo-1,4,5,6-tetrahydro-
1,6-naphthyridine-8-carboxylate (43) (Et;N, EtOH, reflux, 3 h: 65%).5%®

EtO,C CN

NC(EtO,C)HC N
H

(42)
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2-(Dicyanomethyl)-4,6-dimethyl-3-pyridinecarbonitrile (44) gave 5-amino-7-
methoxy-2,4-dimethyl-1,6-naphthyridine-8-carbonitrile (45) (MeONa,
MeOH, reflux, 12 h: 16%).77*<" 893913930

Me NH, Me
f\l —— A
| |
= — 7
(NC),HC N Me MeO N Me
CN
(44) (45)

Also other examples.392’673‘708’751’951’1215’1322

By Completion of the 6,7-Bond

Note: Cyclizations of this type may be achieved in many ways, some of the more
interesting of which are exemplified here.

3-tert-Butyliminomethyl-2-phenylethynylpyridine (46) gave 8-iodo-7-phenyl-1,
6-naphthyridine (47) (I, or ICl, NaMeCO;, MeCN; substrate/MeCN| drop-
wise, A, 20°C, 30 min: 90%); 3-tert-butyliminomethyl-2-(hex-1-ynyl)pyri-
dine gave 7-hexyl-8-phenylseleno-1,6-naphthyridine (somewhat similarly but
using PhSeCl in place of I, or ICI: 61%).""

Bu'—N=HC | AN LorICl NTX AN
— I _— —

PhC=C N Ph N

(46) 47)

3-N-Hydroxyiminomethyl-2-phenylethynylpyridine (48) gave 7-phenyl-1,6-
naphthyridine 6-oxide (49) (K,COj3, EtOH, reflux, 15 h: 67%; analogs like-

wise).®?!
HON=HC O«
A A N X
| P2 l — P2
PhC=C” N Ph N

(48) 49)
3-N-Benzylaminomethyl-2-(2-chloropropyl)pyridine (50) gave 6-benzyl-7-
methyl-5,6,7,8-tetrahydro- 1,6-naphthyridine (51) (Et;N, EtOH, reflux, 1h:
91%).1058
PhH,CHNH,C

AN NEt; PhHZC ~ N AN
| — |
= =
MeCIHCH,C N Me N

(50) (51
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4,6-Dimethyl-2-phenylethynyl-3-pyridinecarboxamide (52) gave 2,4-dimethyl-
7-phenyl-1,6-naphthyridin-5(6H)-one (53) (EtONa, EtOH, reflux, 3h:

88%).! 055
Me (0] Me
HNOC X EtO™ HN X
| — |
— . —
PhC=C N Me Ph N Me
(52) (83)

2-(2-Hydroxyethyl)-3-pyridinecarboxamide (54) underwent oxidative cycliza-
tion, probably via the aldehyde (55), to give 1,6-naphthyridin-5(6H)-one (56)
(substrate, AcOH, 45°C; CrO; in 90% AcOH| during 2 h; 45°C, 3 h: 48%;

homologs likewise).'**
(6]
H,NOC N o H,NOC N HN N
| — | — |
Y 7 n Y
HOH,CH,C~ "N OHCH,C~ "N N
(54) (55) (56)

6-Phenyl-2-styryl-3-pyriidnecarboxanilide (57) gave 2,6,7-triphenyl-7,8-dihydro-
1,6-naphthyridin-5(6H)-one (58) (P,Os, H3PO,, 135°C, 4 h: 66%);°°* analogs
somewhat similarly.”#?-7%1025

0
PhHNOC XN LN A
| _ |
_ ~
phHC=HC” "N~ “Ph Ph N° “Ph
(57) (58)

2-(2-Dimethylaminovinyl)-5-methyl-6-oxo-1,4,5,6-tetrahydro-3-pyridinecar-
bonitrile (59) gave 5-bromo-3-methyl-3,4-dihydro-1,6-naphthyridin-2(1H)
one (60) (substrate, CHCl;, HBr gas|, 5°C, 30 min after dissolution:
95%)‘716,Cf. 339

Br
NC Me  pgucnc, NTX Me
| — |
=
Me,NHC=HC~ N~ S0 N o
H H

(59) (60)
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2,4-Diamino-6-ethoxycarbonylmethyl-3,5-pyridinedicarbonitrile (61) gave 2.4-
diamino-5,7-dioxo-1,5,6,7-tetrahydro-1,6-naphthyridine-3-carbonitrile ~ (62)
(HCI1, AcOH, reflux, 2 h: 65%).19%

NH, (6] NH,
NC - ON HCI, AcOH HN 7 CN
| — |
Z =
EtO,CH,C N NH, [6) N NH,
H
(61) (62)

Also other examples.7 19,779,936,1070,1270

By Completion of the 7,8-Bond

Methyl 3-[N-(ethoxycarbonylmethyl)-N-methylcarbamoyl]-2-pyridinecarboxy-
late (63) gave methyl 8-hydroxy-6-methyl-5-oxo0-5,6-dihydro-1,6-naphthyr-
idine-7-carboxylate (64) (MeONa, MeOH, reflux, 15min: 50%; note
transesterification); analogs likewise.%*

EtO,CH,CMeNOC AN MeO-
| —
b

MeO,C~ N

(63)

Also other examples.'*!

By Completion of the 8,8a-Bond

3-[1-(N-Prop-1-enylamino)ethyl]pyridine (65) gave a separable mixture of 5,8-
dimethyl-7,8-dihydro-1,6-naphthyridine (66) and an isomeric 2,7-naphthyr-

idine (substrate, 600°C, He: 80% net; see original for considerable detail).400

I\I/Ie Me

N/’C X A N7 X

| | E— + isomer

HC < =
\(IZH N N
Me Me
(65) (66)

8.3. FROM A PYRIDINE SUBSTRATE WITH ONE SYNTHON

A pyridine substrtae may be condensed with one synthon to furnish 1,6-
naphthyridines; the synthon can provide one, two, three, or four of the ring atoms
in the product.
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8.3.1. Where the Synthon Supplies One Ring Atom

Of the 10 possibilities, only the N1, N6, or C7 atoms of 1, 6-naphthyridines have
been provided by the synthon in such primary syntheses. Classified examples
follow.

Provision of N1 by the Synthon

3-(2,2-Dicyanovinyl)-1-p-ethoxycarbonylphenyl-4-(pyrrolidin-1-yl)-1,2,5,6-tet-
rahydropyridine (67) with ammonia gave 2-amino-6-p-ethoxycarbonylphe-
nyl-5,6,7,8-tetrahydro-1,6-naphthyridine-3-carbonitrile  (68) (NH3;/MeOH,
30°C, 12 h: 96%); analogs likewise.>’®

p-EtO,CH4Cg N CH=C(CN), NH; p-EtO,CH4Cg « N AN CN
I, — |

7 N(CHy), N7 "NH,
(67) (68)

N\

3-(2-Benzoylethyl)-2,2,6,6-tetramethyl-4-piperidinone (69) with ammonium ion
gave 5,5,7,7-tetramethyl-2-phenyl-5,6,7,8-tetrahydro-1,6-naphthyridine (70)
(substrate. HC1, NH4Cl, EtOH, reflux, 4 h: 77%); analogs likewise 2331351

Me  Me Me_  Me
CH,CH;Bz
HN e NH; HNT Y, X
Me (2H,0) Me _
Me O Me N Ph
(69) (70)

5-[2-(Carboxymethyl)heptyl]-1-veratryl-2,4-piperidinedione (71) with veratry-
lamine gave 4-hexyl-1,6-diveratryl-3,4,4a,5-tetrahydro-1,6-naphthyridine-
2,7-dione (72) (PhH, reflux, water removal, 12 h: 60%).>*°

3,4-(MeO),H;Cq HCH(QHB)CHZC%H HANCH.CoHA(OMe)3.4
0 o)

(71)
CeH 3
34-(MeORHICHC N
o Z ITI (0}
CH,CeH3(OMe),-3,4
(72)
127,371

Also other examples.
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Provision of N6 by the Synthon

5-Acetyl-3-bromo-6-(2-dimethylaminovinyl)-2(1H)-pyridinone (73) with
ammonium acetate gave 3-bromo-5-methyl-1,6-naphthyridin-2(1H)-one
(74) (AcONH,, Me,NCHO, 95°C, 5 h: 54%);"*8 analogs likewise.”?8:1166

Me,NHC =HC

(73) (74)

2-Acetonyl-3-pyridinecarboxylic acid (75) gave 7-methyl-1,6-naphthyridin-
5(6H)-one (76) (NH4OH, reflux, 18 h: 80%; analogs likewise).m72

O
HO,C AN NH,OH HN B
| — |
z ™ Pz
Me(O=)CH,C N Me N
(75) (76)

6-(2-Dimethylaminovinyl)-3-propionyl-2(1 H)-pyridinone (77) with hydroxyla-
mine hydrochloride gave 5-ethyl-1,6-naphthyridin-2 (1H)-one 5-oxide (78)
(reactants, H,0, 20°C, 12 h: 89%; analogs likewise).490

Et
B 0
Et(O=)C X H,NOH-HCI SN
| L
Me,NHC=HC” N7 Y0 N0
N H
7 (78)

Also other examples.*”>*

Provision of C7 by the Synthon

2-Methyl-6-oxo- 1-p-tolyl-1,6-dihydro-3,5-pyridinedicarbonitrile (79) with car-
bon disulfide followed by methyl iodide gave 5,7-bismethylthio-2-oxo-1-p-
tolyl-1,2-dihydro-1,6-naphthyridine-3-carbonitrile (81), presumably via the
intermediate (80) (NaH, PhH, Me,NCHO, CS,|, reflux, 2 h; Mel|, 20°C
then reflux, 30 min: 28%).507

SMe
NC AN cs, NC N NN
| — | 2 —
=
Me ITI O (NaS),C=HC ITI ¢} MeS II\I O
C6H4Me-p C6H4Me—p C6H4Me-p
(79) (80) 81)

Also other examples.'**’
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8.3.2. Where the Synthon Supplies Two Ring Atoms

Of the many possibilities, only C2 + C3, N6 + C7, and C7 + C8 have been
supplied by the synthon in such primary syntheses. Moreover, most of the published
procedures involve the provision of C2 4 C3, as illustrated by the typical
examples that follow. Such condensations may also be used to make fused
1, 6-naphthyridines.*?72%4!

Provision of C2 + C3 by the Synthon

2-Amino-3-pyridinecarbaldehyde (82) with ethyl cyanoacetate gave 2-oxo-1,2-
dihydro-1,6-naphthyridine-3-carbonitrile (83) (reactants, trace piperidine,
EtOH, reflux, 1 h: 92%);247 also analogs similarly.924

I\@CHO EtO,CCH,CN N XX CN
| = |l

= =

NH, N~ o

H
(82) 83)

4,6-Diamino-3-pyridinecarbaldehyde (84) with 2-(2,6-dichlorophenyl)acetoni-
trile gave 3-(2,6-dichlorophenyl)-1,6-naphthyridine-2,7-diamine (85)
(EtOCH,CH,ONa, EtOCH,CH,OH, reflux, 30 min: 82%);>** also analogous

condensations.41-083:974
N CHO 6. cncecHeN NN CeHsCl-2.6
I = —— | P -
H,N NH, N -
(84) 5

4-Amino-3-pyridinecarbaldehyde (86) with limited 2,3-butanedione gave 2,2’-
bi-1,6-naphthyridine (87) (substrate, NaOH, H,O, EtOH, reflux; synthon/
EtOH| dropwise during 3 h; reflux, 8 h: 81%).°%°

NT CHO MeCOCOMe
2x |l -
=
NH,
(86) (87)

4-tert-Butyramido-3-ethoxalylpyridine (88) with methyl phenyl ketone gave 1-
phenyl-1,6-naphthyridine-4-carboxylic acid (89) (substrate, KOH, EtOH,
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H,O0, reflux 2 h: synthon|, reflux 24 h: 89%; note initial saponiﬁcation);1219

also analogous condensations.***!!?
GOt CO,H
N co MeCOPh, HO- N X
| —_—
= _ _
NHOBuU' N Ph
(88) (89)

Ethyl 4-amino-3-pyridinecarboxylate (90) in ethyl acetate gave 4-hydroxy-1,6-
naphthyridin-2(1H)-one (91) (NaH, “mineral oil,” 20°C; AcOEt|; then

100°C, 2 h: ?%);312 analogs somewhat similarly.312’996
OH
N CO,Et AcOEt, NaH N
—_—
I Pz l Pz
NH, N~ Yo
H
(90) 1

Also other examples,>?!:640-723.1068

Provision of N6 + C7 by the Synthon

2-Methyl-3-pyridinecarboxylic acid (92) with propionitrile gave 7-ethyl-1,6-
naphthyridin-5(6H)-one (93) [Et,NNa (made in situ), THF, A: synthon/THF|
dropwise, —78°C, then 20°C, 24 h: 35%]; 7-propyl homolog (50%) similarly.'*’

(0]
HO,C AN EtCN HN AN
| — |
Z o Z
Me N Et N
92) 93)

2,4-Diamino-6-ethoxycarbonylmethyl-3,5-pyridinedicarbonitrile (94) with tri-
chloracetonitrile was first reported to afford ethyl 2,4,5-tritriamino-3-cyano-
7-0x0-6,7-dihydro-1,6-naphthyridine-8-carboxylate (95) (reactants, Et3N,
Me,NCHO, 20°C, 12 h: 69%)1070 but later was reported to afford ethyl 2,4-
diamino-3-cyano-5-oxo-7-trichloromethyl-5,6-dihydro-1,6-naphthyridine-8-
carboxylate (96) (reactants, Et;N, dioxane, reflux, 3 h: 70%);1096’°f' 495 the
reason for such a difference is not evident.

NH, NH, NH,
NC | AN CN CI3CCN HNT X AN
P2 — 7
EtO,CH,C N NH, [6) N
CO,FEt

94) 95)
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Diethyl 2,6-dimethyl-3,5-pyridinedicarboxylate (97) with 1,3,5-triazine gave
ethyl  2-methyl-5-ox0-4,5-dihydro-1,6-naphthyridine-3-carboxylate  (98)
(reactants, Et;N, EtOH, reflux, 2h: 80%; structure confirmed by X-ray

analysis);''* also other examples.””*!!0>
(0]
EtO,C AN COEL | 35 iazine, BO- HN AN COzEt
TX ==
Ac N Me N Me
o7 98)

2-Ethoxycarbonylmethyl-3-pyridinecarboxylic acid (99) with a Vilsmeier
reagent (made in sifu) gave 6-methyl-5-0x0-5,6-dihydro-1,6-naphthyridine-

8-carboxylic acid (100) (substrate, Me,NCHO, POClI;, 0°C, 1 h, then 95°C,
876

6 h: 69%; note the hydrolysis of the ester grouping).

HO,C | AN [C]HC:ﬁMez CI)
—_—mT

b
EtO,CH,C N

99)

Also other examples.”®®

Provision of C7 + C8 by the Synthon

2-Bromo-3-fert-butyliminomethylpyridine (101) with hex-1-yne gave the crude
intermediate (102) [reactants, PdCl,(PPhs),, Cul, Et;N, 55°C, 2 h: solid],
which underwent cyclization to 7-butyl-1,6-naphthyridine (103) (Cul,
Me,NCHO, 100°C, 15 h: 72% overall).>**

IN — —
Bu'N=HC N BUCSCH EGN, Bu'N=HC N cul N X
| B ———— | — |

= Pd-catalyst, Cul — ~ = z
Br” N ‘ BuC=C” N Bu N

(101 (102) (103)

N-Benzyl-2-chloro-3-pyridinecarboxamide (104) with malononitrile gave 7-
amino-6-benzyl-5-0xo0-5,6-dihydro-1,6-naphthyridine-8-carbonitrile (105)
(reactants, K,CO3;, Me,NCHO, reflux, 6 h: 73%); analogs likewise. !%?°

PRH,CHNOC A mecnn ko, PRERC.
_—
»
c1” N H,N
CN
(104) (105)
770,884

Also other examples.
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8.3.3. Where the Synthon supplies Three or More Ring Atoms

Of the possibilities, only N1 + C2+C3, C2+4 C3+C4, N6+ C7 + C8,
N1 4+ C2 4+ C3 4 C4, and C5 + N6 + C7 + C8 have been supplied by the synthon
in this category of primary synthesis. Such cyclocondensations are illustrated here
by typical classified examples. Fused 1,6-naphthyridines may also be made by
analogous procedures. 169

Provision of N1 + C2 + C3 by the Synthon

1-Methyl-4-oxo-3-piperidinecarbaldehyde (106), as its sodio derivative, with 2-
cyanoacetamide, gave 6-methyl-2-oxo0-1,2,5,6,7,8-hexahydro-1,6-naphthyri-
dine-3-carbonitrile (107) (reactants, PhH, AcOH, reflux, water removal,
6 h: 73%).'8°

Me < I‘(\AECHO NCCH,CONH,, [O] Me < N | N CN
_—
(6] (6]

N
H

(106) 107)

3,5-Dibenzylidene- 1-isopropyl-4-piperidinone (108) (or tautomer) with 2-cya-
no(thioacetamide)  gave  8-benzylidene-6-isopropyl-4-phenyl-2-thioxo-
1,2,5,6,7,8-hexahydro-1,6-naphthyridine-3-carbonitrile (109) (or tautomer)
(reactants, MeONa, MeOH, 50°C, 8 h: 55%).946

Ph
Pric N CHPh  ycomesnm, o] PN N N
- =
o N
CHPh cuph H
(108) (109)

Also other exarnples.952

Provision of C2 + C3 + C4 by the Synthon

4-Pyridinamine (110) underwent modified Skraup reactions to afford 1,6-
naphthyridine (111) (m-O,NC¢H,SOsH, H,SO,4, 5°C HOCH,CHOHCH,-
OH|, substrate|, H,O|, 20°C, 10 min, 130°C, 5h: 40%:;°%® H,SO,, SOs,
PhNO,, H;BO;, FeSO,, 5°C, HOCH,CHOHCH,OH]|, substrate|, H,O|,
130°C, 5 h: 70%).7<"- %
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3-Iodo-4-pyridinamine (112) with allyl alcohol also gave 1,6-naphthyridine
(111) [reactants, PdCl,, NaHCO;, Pd(p-MeC¢H,4);, OP(ONMe,);, 140°C.

4h: 51%).'6°
Q\ modified Skmup N H,C=CHCHOH N7 I
-
| Z N/ | Z NH,
(110) (111) 112)

4-Amino-6-hydroxy-2(1H)-pyridinone (113) with 1-benoyl-2-dimethylami-
noethylene gave 4-phenyl-1,6-naphthyridine-5,7(1H,6H)-dione (114) (reactants,
AcOH, reflux, 5 min: 95%);757 analogs likewise. *0%-737:1310

Ph

O
)\Jj\ PhCOCH = CHNMez HN = |
=
0) N
H

(113) (114)

4-Benzylamino-6,6-dimethyl-3,6-dihydro-2(1H)-pyridinethione (115) with bis-
(2,4,6-trichlorophenyl) a-ethylmalonate gave 1-benzyl-3-ethyl-4-hydroxy-
7,7-dimethyl-5-thioxo-5,6,7,8-tetrahydro- 1,6-naphthyridin-2(1 H)-one (116)-

reactants, 1, reflux, 2.5 h: 0);"'” analogs somewhat similarly.”’ ="~
tants, PhBr, reflux, 2.5 h: 30%);%” analog hat similarly, 57267991
OH
HN EtCH(CO,CsH,Cl3-2,4,6) HN | S Et
Me
Pz
Me NHCH,Ph Me N0
Me' |
CH,Ph
(115) (116)

135,269,464,545,964,1244
Also other examples, '32-209:404.345.96

Provision of N6 + C7 + C8 by the Synthon

2-Chloro-3-pyridinecarbonyl chloride (117) with 1-benzoyl-3-phenyl-2-propy-
laminopropane gave 8-benzoyl-7-benzyl-6-propyl-1,6-naphthyridin-5(6H)-
one (118) (reactants, Etz;N, PhMe, reflux, 3 h; diazabicycloundecene, reflux,
3 h: 52% after separation from other products; analogs likewise.'®?

CloC AN PHCH,C(NHPr) = CHBz
P
Cl N
117
1442

Also other examples.
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Provision of N1 4+ C2 + C3 + C4 by the Synthon

1-Benzyl-4-piperidinone (119) with 3-amino-2-methylacrolein gave 6-benzyl-3-
methyl-5,6,7,8-tetrahydro- 1,6-naphthyridine (120) (reactants, BF;, Et,O, pyr-
idine, xylene, reflux, water removal, 16 h: 23%).277 in a somewhat similar
way, 1-methyl-4-piperidinone with 3-aminoacrolein gave 6-methyl-5,6,7,8-
tetrahydro-1,6-naphthyridine (reactants, AcONH,, Et;N, 120°C 2h: 35% as
its oxalate).>’!

PhH,C. N H,NCH = CMeCHO PhH,C. N | o Me
_ =
~
(6] N

a119) (120)

Provision of C5 + N6 + C7 + C8 by the Synthon

1-Methyl-3,5-dinitro-2 (1H)-pyridinone (122) with with 1,3,3-trimethyl-4-piper-
idinone (121) gave 6,8,8-trimethyl-3-nitro-5,6,7,8-tetrahydro-1,6-naphthyri-
dine (123) (reactants, NH,OH, MeOH, reflux, 5h: 57%; mechanism?);1294
also analogous condensations.?**!#%*

Me < N 02N = N02 NH; Me< N AN NOZ
+ | — |
e
@)

Me' e Me Me  Me
(121) (122) (123)

8.4. FROM A PYRIDINE SUBSTRATE WITH TWO OR
MORE SYNTHONS

Only a few such syntheses have been reported, as illustrated in the following
examples.

3-Bromo-6-methyl-5-propionyl-2(1H)-pyridinone (124) with fert-butoxybis
(dimethylamino)methane followed by ammonium acetate gave 3-bromo-5-
ethyl-1,6-naphthyridin-2(1H)-one (125) [substrate, dioxane, 20°C, Bu'OCH-
(NMe,),/dioxane |, reflux, 5 h: solid; AcONH,4, Me,NCHO, 20°C, foregoing
solid], 95°C, 5 h: 86%]; analogs likewise.””°

]?t Et
OC\N/\IBr (Me0,C),CHOBU' and AcONH, N X Br
|
4
Me)\ N0 N o
H H

(124) (125)
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1-Methyl-4-piperidinone (126) with 2-cyano(thioacetamide) and 2-thiophene-
carbaldehyde gave 6-methyl-4-(thien-2-yl)-2-thioxo-1,2,5,6,7,8-tetrahydro-
1,6-naphthyridine-3-3-carbonitrile (127) (reactants, Na,S,0;, Et;N, EtOH,

reflux, 30 min 64%); analogs likewise. 1429
Me. I\(:\I\ NCCH,CSNH, and 2-thiophenecarbaldehyde Me. N CN
O N S
H
(126) 127)

2,4-Piperidinedione with methyl 3-aminocrotonate and p-nitrobenzaldehyde
(128) gave methyl 2-methyl-5-oxo0-4-p-nitrophenyl-1,4,5,6,7,8-hexahydro-
1,6-naphthyridine-3-carboxylate (129) (reactants, MeOH, reflux, ~7h:
65%); analogs likewise 2%

(@) (0] C6H4N Oz—p

HI\\I\J:\L MeC(NH,) = CHCO,Me and p-0,NCH,CHO Hlijl\/K/lE COMe
[6) N Me
H
(128) (129

Dimethyl 1,2,6-trimethyl-4-phenylpiperidine-3,5-dicarboxylate (130) with paraf-
ormaldehyde and methylamine hydrochloride gave dimethyl 2,6,7-trimethyl-4-
phenyl-1,4,4a,5,6,7-hexahydro-1,6-naphthyridine-2,4a-dicarboxylate (131)
(reactants, CHClj;, reflux, 26 h: 30%);1210 also analogous condensations”>>1210

Ph MeO,C Ph

MeO,C CO,Me MeNH, and 2 x HCHO Me < N CO,Me
P
Me ITI Me Me ITI Me
Me Me
(130) (131)

Also other examples.*"?

8.5. FROM OTHER HETEROCYCLIC SYSTEMS

At least 10 heterocyclic systems, other than pyridine, have been used as substrates
for the synthesis of 1,6-naphthyridines (or occasionally their benzo derivatives'**).
However, only a few such procedures appear to have much practical potential.
Some typical examples follow.
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Benzo-1,4-thiazines as Substrates

4-Methylbenzo-1,4-thiazin-3(4H)-imine hydrochloride (132) with acetic anhy-
dride gave the hexacyclic product (133) (neat reactants, reflux, 90 min:
57%), which underwent desulfurization by Raney nickel to afford 4,5-
dimethyl-2,7-bis(N-methylanilino)-1,6-naphthyridine (134) (PhH, reflux,
12 h: ~20%).'%%?

€

ST
\/N\Me
N

e

e X
N NH 2 x Ac,O N
W (T e
S /HCl S
(&

132) (133)
RanV
Me Me

N X
I
— P2
PhMeN N NMePh

(134)

N
| =
M M

Cyclopenta[b] pyridines (pyrindines) as Substrates

An easily prepared mixture of SH-cyclopenta[b]pyridine (135) and its 7aH-
isomer underwent a one-pot ozonization and subsequent treatment with
ammonium hydroxide to give a separable mixture of 1,6- (136) and 1,7-
naphthyridine (137) (substrate, MeOH, —78°C, O3/ until blue; then N,|;
NaHCOs/; then Me,S|, 20°C, 6 h; NH,OH|, 20°C, 6 h: 24% and 48%,
respectively); homologs likewise.”*

AN O3; then NH,OH N AN AN | AN AN
B —
Pz l _— J7 N_ _~ =
N N N

Pyrans as Substrates

2-Amino-6-phenyl-3,5-pyrandicarbonitrile (138) underwent a multistep reaction
with formaldehyde and malononitrile to give 5-oxo-2-phenyl-5,6-dihydro-
1,6-naphthyridine-3,8-dicarbonitrile (139) [substrate, HCHO, H,C(CN),,
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Et;N, EtOH, 20°C, 2 h: 66%; see original for proposed steps];1378 analogs
somewhat similarly.®®

NC H CN CH,0, H,C(CN),, EN H

P~ ~0” "NH,

(138)

Pyrano[4,3-b] pyridines as Substrates

7-Phenyl-5H-pyrano [4,3-b] pyridin-5-one (140) with ethanolamine gave 6-(2-
hydroxyethyl)-7-phenyl-1,6-naphthyridin-5(6H)-one (141) (reactants, MeOH,
reflux, 3 h: 91%).”"

O O
o AN H,NCH,CH,0H HOH,CH,C . N N
_— =
N | = N | I~
Ph N Ph N
(140) (141)

5-Oxo-7-phenyl-2-styryl-7,8-dihydro-5H-pyrano[4,3-b]pyridine-3-carboxylic
acid (142) with a Vilsmeier reagent followed by methylamine gave 8-(o-
hydroxybenzyl)-6-methyl-5-oxo0-2-styryl-5,6-dihydro-1,6-naphthyridine-3-
carboxylic acid (143) (Me,NCHO, POCI3| dropwise, 5°C, then substrate|;
80°C, 12h; POCl;|, H,O|, 5°C; MeNH,. HCl|, 30 min: 57%); analogs

likewise.'®8
O (0]
o - oM Vilsmeier: then MeNH, M€~ N - COH
| 7 . | pZ
Ph N CH=CHPh N CH=CHPh
CH(OH)Ph
(142) (143)

Also other examples,*83-867-987.1077

Pyrido[1,2-c] pyrimidines as Substrates

5-Dimethylaminomethylene-3-o0x0-5,6,7,8-tetrahydro-3H-pyrido[ 1,2-c] pyrimidi-
necarbonitrile (144) suffered ring fission and reclosure to give 7-oxo-
1,2,3,4,6,7-hexahydro-1,6-naphthyridine-8-carbonitrile (145) (substrate, H,O,
reflux, 5h: 79%);823 analogs likewise. 303839 (Note? Such transformations
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have been used to make fused derivatives of 1,6- and other naphthyridines.'®")

NN H0 HN™ X
—_—
= =
0 0 N
H

CN CHNMe, CN
(144) (145)

Pyrimidines as Substrates

5-Nitropyrimidine (147) underwent a Diels—Alder-type addition by the enam-
ine, l-acetyl-4-(pyrrolidin-1-yl)-1,2,3,6-tetrahydropyridine (146), and
subsequent reactions to afford 6-methyl-3-nitro-5,6,7,8-tetrahydro-1,6-
naphthyridine (148, R = Ac) (reactants, EtOH, reflux, 3 h: 48%) and thence
deacetylation to 3-nitro-5,6,7,8-tetrahydro-1,6-naphthyridine (148, R =H)
(6M HCI, reflux, 90 min: 89%) and oxidation to 3-nitro-1,6-naphthyridine
(substgz;ge, AcOH, EtOH, reflux, I,/EtOH I,EtOH| dropwise, reflux. 2 h:
64%).

Aew X N0 Ry N0
| Y — U1
N(CHy)4

N N
(146) (147) (148)

Pyrrolo[3,4-b]pyridines as Substrates

6-Ethoxycarbonylmethyl-6,7-dihydro-5H-pyrrolo[3,4-b]pyridine (149) isomer-
ized to give a separable mixture of ethyl 8-hydroxy-5-oxo-5,6-dihydro-1,6-
naphthyridine-7-carboxylate (150) and ethyl 5-hydroxy-8-oxo-7,8-dihydro-
1,7-naphthyridine-6-carboxylate (151) (EtONa, EtOH, reflux, 30 min: 40%
and 18%, respectively;1221 when MeONa in MeOH was used, an additional

transesterification occurred to afford the corresponding methyl esters in 50%
1048,cf. 109

and 20% yields, respectively).

(0}

X EtO~
| —
.N Z
EtO,CH,C N

(0}

(149)

Also other examples.'***
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Thiazolo[2,3-f] [1,6]-naphthyridin-4-iums as Substrates

8-Carboxy-6-hydroxythiazolo[2,3-f][1,6]-naphthyridin-4-ium-3-carboxylate (152)
(berninamycinic acid) underwent exhaustive methylation to afford methyl 8-
methoxy-6-(1-methoxycarbonyl-2-methylthiovinyl)-5-0x0-5,6-dihydro-1,6-
naphthyridine-2-carboxylate  (153) (Mel, Ag0: low yield)*** or
hydrogenolysis to furnish a separable mixture of 6-(1-carboxylatoethyl)-8-
hydroxy-1,2,3,4-tetrahydro-1,6-naphthyridin-6-ium-2-carboxylic acid (154)
and 8-hydroxy-1,2,3 4-tetrahydro-1,6-naphthyridine-2-carboxylic acid (155)
(Raney Ni, NaOH, H,O: unstated yields).274

I I
-0,C N7 | N Mel, Ag;0 MeSHC =MeO,C)C N
—_—
\ ~
N CO,H CO,Me
OH OMe
(152) (153)

[H]

“0CMeHC 1 o7
| + |
on H on H
(154) (155)

1,2,4-Triazines as Substrates

Triethyl 1,2,4-triazine-3,5,6-tricarboxylate (156) underwent a Diels—Alder reac-
tion with 2-methoxy-1-methyl-1,4,5,6-tetrahydropyridine (157) and subse-
quent degradation to give triethyl 1-methyl-1,6-naphthyridine-5,7,8-
tricart;c;yéylate (158) (reactants, PhH, until N,| ceased; then 20°C, 12h:
83%)."”"

CO,Et CO,E
N|)§ ITI . Q (-MeOH) N7 |
Et0,C /Kf N MeO” N o BT NN
CO,Et Me COLEt Me
(156) (57) (158)

1,3,5-Triazines as Substrates

Note: Examples of such syntheses have been given in Section 8.3.2.
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Benzo[de] [1,6] naphthyridines as Substrates

4-Acetyl-8,9-dimethoxy-5,6-dihydro-4H-benzo|[de][ 1,6]Jnaphthyridine (159) under-
went ozonolysis to afford methyl 1-acetyl-4-methoxycarbonylmethylene-1,2,3,4-
tetrahydro-1,6-naphthyridine-5-carboxylate (160) (or tautomer) (substrate,
MeOH, O], —78°C, 1 h: Me,S|, 20°C: 7%).''*

OMe
MeO._ "
MeOZC CHCOzMC
N7 03 NT
— |
NS NS
h N
Ac Ac






CHAPTER 9

1,6-Naphthyridine, Alkyl-1,
6-naphthyridines, and Aryl-1,
6-naphthyridines

The scope of this chapter resembles that on the corresponding 1,5-naphthyr-
idines; see the introduction to Chapter 2.

The general chemistry of 1,6-naphthyridines has been reviewed frequ-
ently but usually quite briefly,5+>7-39-01:263.328.407.542.670.1260.1268.1273.1357.1430.1432

Derivatives show bioactivities.”*”*%

9.1. 1,6-NAPHTHYRIDINE
9.1.1. Preparation of 1,6-Naphthyridine

The parent 1,6-naphthyridine is probably best made by a modified Friedlan-
der'**! or another primary syntheses based on 4-pyridinanlinf:873’880’968 or on 3-
iodo-4-pyridinamine'®® (see Section 8.3.3). However, other routes have also been
used, as illustrated in the following examples.

4-Chloro-1,6-naphthyridine (1) underwent direct hydrogenolysis to afford 1,6-
naphthyridine (3) (AcOH, Pd/C, EtOH, H,, 20°C, 1 atm: 60%).**

The same substrate (1) also underwent indirect hydrogenolysis by hydrazinolysis
to 4-hydrazino-1,6-naphthyridine (2) (H,NNH,-H,O, EtOH, 20°C, 4 days:
90%) and subsequent oxidation to 1,6-naphthyridine (3) (CuSOy, kieselguhr,
H,O0, reflux, 5 min: 60%);45 a somewhat similar procedure converted 5-
chloro- into 5-hydrazino-1,6-naphthyridine and thence into 1,6-naphthyridine

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
Copyright © 2008 John Wiley & Sons, Inc.
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(~65% overall).'?

Pd/C, Hy, AcONa

N

Cl NHNH,
N X H,NNH, N XX Cu?* N X
I = =
= N/ = N/ = N/
1) (2 3

1,2,3,4-Tetrahydro-1,6-naphthyridine (4) underwent dehydrogenation to 1,6-
naphthyridine (5) (neat substrate, Pt/C, 225°C, 2 h: ~10%).134

XN
( 2H,)

4 5)
Also other routes.?!®

At least three hydro derivatives of the parent 1,6-naphthyridine have been
prepared and characterized as illustrated here.

Submission of 1,6-naphthyridine to sodium/ethanol reduction followed by
hydrogenation over platinum oxide afforded trans-decahydro-1,6-naphthyr-
idine (6) in 65% yield (for details, see original).47

L)

N
H
(6)

Less profound reduction of 1,6-naphthyridine afforded 1,2,3,4-tetrahydro-1,6-
naphthyridine (7) (Pd/C, EtOH, H,, 20°C, 1 atm, 6 h: 75%);*’ a somewhat
similar procedure gave the same product (7) and a minor isomeric product,
possibly 5,6,7,8-tetrahydro-1,6-naphthyridine.'*** Ostensibly, the hydro deri-
vative (7) has also been made by a primary synthesis involving reductive
cyclization of 4-(2-carboxyethyl)-3-nitropyriidne 1-oxide,'** but the melting
points differ markedly.

Tz

Q)
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Gentle borohydride reduction of 1,6-naphthyridine afforded 1,2-dihydro-1,6-
naphthyridine (8) (substrate, NaBH,;, MeOH, H,O, HCI, 5—15°C, N,, 1 h:
68% ).1275

®

9.1.2. Properties of 1,6-Naphthyridine

The reported physical data for 1,6-naphthyridine may be gleaned from its entry
in Appendix Table A2 toward the end of this book. Some wider studies of such
phenomena are listed here.

Electron Density. Electron density calculations for 1,6-naphthyridine have been
made for comparison with those of other nitrogenous heterocycles and for the
rationalization of ionization phenomena and electronic spectra,®’¢-840-1126.1173

Electron Spin Resonance. Radicals derived from 1,6-naphthyridine have been
studied,'*** especially with respect to their ESR spectra.'%®?

Infrared/Raman Spectra. Assignments for the major bands in IR/Raman spectra
of 1,6-naphthyridine and related compounds have been reported.**!!>+125!

lonization. Theoretical calculations for the protonation of 1,6-naphthyridine
have been carried out for comparison with those of the other naphthyridines
and related heterocycles.3*813

Mass Spectra. The main fragmentation patterns for 1,6-naphthyridine and other
diazanaphthalenes have been reported.®”

Nuclear Magnetic Resonance. The "HNMR spectra of 1,6-naphthyridine and
related systems have been measured, especially in connection with the
shielding effects of the ring nitrogen atoms,** long-range spin—spin coupling
effects,lmo the enhancing effects of lanthanide reagents on chemical shifts,43
the site (s) of covalent hydration,''”® and the shielding/deshielding effects of
the substituents.””® The '*CNMR spectra of 1,6-naphthyridine have been
compared with those of other naphthyridines®** and used to measure the first
and second pK, values for protonation.**> The '*N and '’NNMR spectra of
1,6-naphthyridine have been measured for comparison with those of related
heterocycles and to reveal any mutual trans-ring shielding effects.''®%-12%®

Polarography. Some aspects of the polarographic reduction of 1,6-naphthyridine

and related substrates have been examined.’?%-1303

Ultraviolet Spectra. The high-resolution photoelectronic spectra''®! and mixed-

crystal spectra''®® for 1,6-naphthyridine and related systems have been
reported; also several theoretical approaches to such spectra, 3208781312
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9.1.3. Reactions of 1,6-Naphthyridines

Reported reactions of 1,6-naphthyridine or its hydro derivatives are illustrated in
the following classified examples.

C-Alkylation

Note: Although simple C-alkylation of 1,6-naphthyridine is rare, concomitant C-
alkylation and N-acylations are well represented (see Reissert reactions
below).

1,6-Naphthyridine (9, R =H) gave 4-methyl-1,6-nsphthyridine (9, R =Me)
(substrate, NaH, Me,SO, 70°C, 4 h: 4%).3%°

R
N X
I//

N

N-Alkylation and Quaternization

Decahydro-1,6-naphthyridine has been 1,6-dimethylated, as was its 1,5-
naphthyridine isomer (see Section 2.1.3).'2%

1,6-Naphthyridine gave only its 6-methiodide (10) (Mel, AcMe, reflux, 12 h:
>85%;'*'* kinetics®®') or its 1,6-bis(methofluorosulfonate) (11) (neat
FSO;Me, exothermic: 90%).'%! Other such quaternary salts have been
prepared'%? and their physical chemistry examined.”®'%%%

Me\l*\'I LN - Me . I‘\*I X )
| | 2FSO3
= = % Z
N N

(10 (48))
1,6-Naphthyridine with tetracyanoethylene oxide gave 1,6-naphthyridin-6-ium-

6-dicyanomethanide (12) (substrate, THF, <5°C; synthon/THF| dropwise,
<5°C, 24 h: 63%);**" also analogous reactions.'*""%’

O
I

— Pz
N

12)



1,6-Naphthyridine 95

Amination

1,6-Naphthyridine (13) with potassium amide gave 1,6-naphthyridin-2-amine
(15) [KNH,/NHj; (prepared in situ), substrate |, KNOs3 |, 20°C, sealed, 8 days:
56%;'" likewise, 50°C: high yield;*** KNH,/NHs, substrate|, 30 min;

then KMnO,| portionwise, 10 min: 40%].**>“"!> probably via the adduct
(14),353:425.998

N S N NI NN - N X
P
— Pz Pz
N N NH Z>NT > NH,
(13) (14) (15)
Cycloadditions

1,6-Naphthyridine with chloromethyl phenyl sulfone gave 1,7-bisphenylsulfo-
nyl-6b,7,7a,7b-tetrahydro-1H-azirino [1,2-a]cyclopropa [b] [1,6]-naphthyr-
idine (16) (KOH, Me,SO, reactants| slowly, 20°C, tlc monitored:
599%),393:803

SO,Ph

Z
\ 7/

SO,Ph
(16)

Also other additions.>*?

Deuteration

1,6-Naphthyridine gave mainly 5-d-1,6-naphthyridine (17) (substrate, D0,
170°C, sealed, 12 h: 95%)°°* or mainly perdeutero-1,6-naphthyridine (18)
(Pt/asbestos, D,O, 170°C, N,, sealed, 24 h; then repeated: 92%).629

D D D
D
N X N X
| |
— pZ Pz
N D N D

w)

an 18)
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Halogenation

1,6-Naphthyridine gave a separable mixture of 3-bromo- (19, Q=Br, R=H), 8-
bromo- (19, Q=H, R=Br), and 3,8-dibromo-1,6-naphthyridine (19, Q=R=Br)
(substrate, Br,, CCly, reflux, 1 h; then pyridine|, reflux, 12 h: yields 68%, 22%,
and 11%, respectively);'”” the same reactants in acetic acid appear to have given
only 8-bromo-1,6-naphthyridine (19, Q=H, R=Br) (80°C, 12 h: 55%).'%*

N-Oxidation

1,6-Naphthyridine (20) with limited m-chloroperoxybenzoic acid gave a separ-
able mixture of its 1- (21) and 6-oxide (22) (reactants, CHCl;, 20°C, 8 h: 12%
and 38% after separation) but with an excess of oxidant gave the 1,6-dioxide
(23) (likewise but reflux, 1 h: 53%);'*'? other oxidants proved less satisfac-
toryzls’m“’1282 except for an excess of Na,WO4/H,O,, which gave the 1,6-
dioxide (23) (reactants, 60°C, 7 h: 86%).'***

O
NTX AN 1 x[O] N AN \N AN AN
I - |l + I
= 7 = bz = Pz
N I;I N

(6]
(20) 21 (22)
(6]
2 x[0] \N r X
I P
N
|
(6]
(23)

Reduction

Note: Examples have been given in Section 9.1.1.

Reissert Reactions

Note: 1,6-Naphthyridine appears to undergo Reissert-type additions only at its 5-
and 6-positions; the products are useful intermediates for further elaboration.
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1,6-Naphthyridine with diethyl malonate and acetic anhydride gave 6-acetyl-5-
(diethoxycarbonylmethyl)-5,6-dihydro-1,6-naphthyridine (24) (neat reac-
tants, 100°C, 50 h: 33%);]207 with benzyltrimethylstannane and ethyl
chloroformate, gave ethyl 5-benzyl-5,6-dihydro-1,6-naphthyridine-6-carbox-
ylate (25) (reactants, CH,Cl,, 7°C, ? h: 43%);197 with silver cyanide and
benzoyl chloride, gave 6-benzoyl-5,6-dihydro-1,6-naphthyridine-5-carboni-
trile (26, R=Ph) (reactants, CHCls, 15°C, 4 h: 40%);"*'® or with potassium
cyanide and acetyl chloride, gave 6-acetyl-5,6-dihydro-1,6-naphthyridine-5-
carbonitrile (26, R=Me) (substrate, KCN, CH,Cl,, 20°C; AcCl| during
20 min; 20°C, 5 h: 10%)."*”

CH(CO,Et), CH,Ph CN
Acs N EOC. N R(O=)C. N
N | z N | z N | z
N N N
(24) 25) (26)

The same substrate with diketene and formic acid gave 5-acetonyl-5,6-dihydro-1,6-
naphthyridine-6-carbaldehyde (27) (neat reactants, 25°C, 20 h: 60%);1308’°f‘ o7
or with acetic anhydride alone gave 6-acetyl-5-carboxymethyl-5,6-dihydro-
1,6-naphthyridine (28) (neat reactants, 45°C, 40 h: 20%).°%*

CHzAC CHzCOzH
OHC. N N Ac< N N
S | = A | z
N N
(vy)) (28)
336,392,791

Also other examples.

9.2. ALKYL- AND ARYL-1,6-NAPHTHYRIDINES

This section covers the insertion of alkyl or aryl groups into existing 1,6-
naphthyridines and the reactions specific to the alkyl or aryl groups therein

The "HNMR spectra of C-methyl groups and the '*CNMR spectra of N-methyl
groups attached to 1,6-naphthyridine have been examined in some detail.”**'3'°

9.2.1. Preparation of Alkyl- and Aryl-1,6-naphthyridines

In almost all cases, the alkyl/aryl substituents on such naphthyridine derivatives
have been put in place during primary syntheses (see Chapter 8). However, there are
a few examples in which these substituents have been inserted subsequently, as
illustrated here.
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By C-Alkylation

Note: For additional C-alkylations, see Sections 9.1.3 and 11.1.2
1,6-Naphthyridine 6-oxide (29, R = H) gave 5-methyl-1,6-naphthyridine 6-oxide
(29, R = Me) (NaH, Me,SO, THF, —5°C; substrate/Me,SO| dropwise, 5 min:

16%).1202
[0)
0
|

29)
5-Benzyl-5,6,7,8-tetrahydro-1,6-naphthyridine (30, R=H) gave 5-benzyl-8-
methyl-5,6,7,8-tetrahydro-1-6-naphthyridine (30, R =Me) [LiNPr,/THF
(made in situ), —70°C; substrate/THF| dropwise; Mel| dropwise; —55°C,
15 min: 87%).'%*

PhH.C. N

7
N

R
(30)

The Reissert product, 6-benzoyl-5,6-dihydro-1,6-naphthyridine-5-carbonitrile
(31, R=H) gave gave 6-benzoyl-5-methyl-5,6-dihydro-1,6-naphthyridine-
5-carbonitrile (31, R = Me) (Mel, 50% NaOH, phase transfer catalyst, 20°C,
2 h: 87%).3*

R CN
Bz . N O
X | ~
N
(€)Y

By N-Alkylation

5-Methyl- (31a, R = H) gave 1,5-dimethyl- (31a, R=Me) [sodio substrate (made
in situ), NH3/THF: Mel|, 2 h: 50%] or 1-allyl-5-methyl-1,2,3,4-tetrahydro-
1,6-naphthyridine (31a, R = CH,CH : CH,) likewise using ICH,CH = CH, :
509%].1003
Me

N
I/
)
R

(31a)
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From Halogeno-1,6-naphthyridines

8-Bromo-1,6-naphthyridine (32, R=Br) gave 8-(2-ethoxycarbonylvinyl)-1,6-
naphthyridine (32, R = CH : CHCO,Et) [substrate, H,C=CHCO,Et, Pd(OAc),,
PPh;, MeCN, 120°C, sealed, 24 h: 69%]; also analogous reactions from a chloro
or iodo substrate.'**

N X
| P
N
R
(32)

Also other examples.”** See also Section 10.2.3.

By Grignard Addition

6-Benzyl-1,6-naphthyridin-6-ium bromide (33) with methylmagnesium bromide
gave crude 6-benzyl-5-methyl-5,6-dihydro-1,6-naphthyridine (34) (MeMgBr,
THF, 5°C, substrate| slowly, 5°C, 10 min:), characterized by borohydride
reduction to 6-benzyl-5-methyl-5,6,7,8-tetrahydro-1,6-naphthyridine (sub-

strate, MeOH, pH7 buffer, 5°C; NaBH4| slowly, 5°C, 10 min: 92%
1058

overall).
Br- Me
PRHXC. 4+ AN vewgpr  PHERCL N
| —_— |
= Z X ~
N N
33) (34)

Also other examples.**°

9.2.2. Reactions of Alkyl- and Aryl-1,6-naphthyridines

The reported reactions of the alkyl- and aryl-1,6-naphthyridines are illustrated
by the following examples.

Alkylidenation

8-Acetyl-7-methyl- (35) with tert-butoxybis(dimethylamino)methane (Breder-
eck’s reagent) gave 8-acetyl-7-(2-dimethylaminovinyl)-6-propoxy-1,6-
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naphthyridin-5 (6H)-one (36) (reactants, dioxane, reflux, 5 h: 54%); likewise

for the 8-benzoyl analog (46%)."®
(0] (0]
Pry N XN (Me>N),CHOBU! Pry N AN
D —————
= (Bredereck’s =
Me N reagent) Me,NHC =HC N
Ac Ac
(35) (36)
Cyclocondensation

The ylide, 1,6-naphthyridin-6-ium-6-dicyanomethanide (37) with dimethyl acet-
ylenedicarboxylate, gave a separable mixture of dimethyl-8-cyanopyrrolo
[2,1-f] [1,6]-naphthyridine-9,10-dicarboxylate (39) and its 8,8-dicyano-8,9-
dihydro precursor (38) (44% and 23%, respectively; no other details).”"’

(NC).C. Itl X
| P
N

(37

MeO,CC = CCO,Me

M602C M602C
NC
NC E—
(-HCN)

Dealkylation

Note: Both N- and C-demethylation have been reported, but the latter is rare.

6-Benzyl-3-methyl-4 (40, R = CH,Ph) gave 3-methyl-5,6,7,8-tetrahydro-1,6-
naphthyridine (40, R = H) (substrate -2HCI, Pd/C, H,O, MeOH, H,, 20°C:
61%);*"" 5-, 7- and 8-methyl-1,6-naphthyridine were made somewhat simi-
larly from their 8-benzyl derivatives (Pd/C, AcOH, H,: 95%, 92%, and 92%
respectively; no further details).'%>®
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Ethyl 5-amino-7-benzylseleno-8-cyano-4-(fur-2-yl)-2-methyl-1,4-dihydro-1,6-
naphthyridine-3-carboxylate (41) underwent deheterylation to give ethyl 5-
amino-7-benzylseleno-8-cyano-2-methyl-1,6-naphthyridine-3-carboxylate
(42) (AcOH, reflux, 1 h: then 20°C, 24 h: 72%).°>°

NH,
AcOH N CO,Et
|
PhH,CSe Z N/ Me
CN
42)

Note: An indirect dealkylation is illustrated in the next example.

Ocxidative Reactions

5-Methyl-2-oxo0-1,2-dihydro-1,6-naphthyridine-3-carbonitrile (43, R = Me) with
selenium dioxide gave 2-oxo-1,2-dihydro-1,6-naphthyridine-3-carbonitrile
(43, R = H), presumably by decarboxylation of an intermediate 5-carboxylic
acid (43, R = CO,H) (reactants, AcOH, reflux, 20 h: 55%)."'*

R
NG
|
=
N o
H
43)

Methyl 1-acetyl-4-methoxycarbonylmethylene-1,2,3,4-tetrahydro-1,6-naphthyr-
idine-5-carboxylate (44, X =: CHCO,Me) underwent ozonolysis to give
methyl  1-acetyl-4-oxo-1,2,3,4-tetrahydro-1,6-naphthyridine-5-carboxylate
(44, X=0) (substrate, MeOH, —78°C, Os], 4 h: 74%).'143

CO,Me X
NN
|
=
N
Ac

(44)
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Reductive Reactions

Note: Only nuclear reduction of alkyl-1,6-naphthyridines has been reported.
5-Methyl-1,6-naphthyridine gave 5-methyl-1,2,3,4-tetrahydro-1,6-naphthyridine
(45) (Pd/CaCO;, MeOH, H,, 20°C: 80%).'%%



CHAPTER 10

Halogeno-1,6-naphthyridines

In contrast to the situation in halogeno-1,5-naphthyridines (see Chapter 3), a
halogeno substituent on 1,6-naphthyridine will be activated at the 2-, 4-, 5-, and 7-
positions and much less so at the 3- and 8-positions.

The structure of 7-amino-5-bromo-4-methyl-2-oxo-1,2,3,4-tetrahydro-1, 6-naphthy-
ridine-3-carbonitrile (1), prepared by an ambiguous synthesis, has been confirmed by
x-ray analysis.””® Mass spectral fragmentation patterns for bromo-1, 6-naphthyridines

to have been investigated.>*®
Br Me
N
|
¥z
H,N N 0
en H

10.1. PREPARATION OF HALOGENO-1,6-NAPHTHYRIDINES

Some halogeno-1,6-naphthyridines have been made by primary synthesis (see
Chapter 8), but several other procedures have been used, as explained in the
following subsections.

10.1.1. By Direct Halogenation

This route may be used to prepare nuclear or extranuclear halogeno derivatives
as indicated in Section 9.1.3 and in the following examples.

1,6-Naphthyridin-5(6H)-one (2, R =H) gave 8-iodo-1,6-naphthyridin-5(6H)-one
(2, R=1) (I, 0.4M NaOH, 80°C, 3 h: 70%).1%+?

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
Copyright © 2008 John Wiley & Sons, Inc.
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1,6-Naphthyridine-2-carboxylic acid (3, R =H) gave its 8-bromo derivative
(3, R=Br) (Br,, AcOH: 80%:; no further details)***'*'! or its 8-chloro
derivative (3, R = Cl) (Cl,, no details).>**

N X
|
Pz
= N CO,H
R
3

Ethyl 7-bromo-1-ethyl-1,2,3,4-tetrahydro-1,6-naphthyridine-3-carboxylate
(4, R = H) underwent brominaion to its 3,7-dibromo analog (4, R = Br) (Br,,
CH,Cl,, crude), identified by dehydrobromination to ethyl 7-bromo-1-ethyl-1,
4-dihydro-1,6-naphthyridine-3-carboxylate (5) (Et;N, EtOH, reflux, 10 min:
97% Overall); analogs likewise.'4*®

o) 0

NN iOzEt . NN CO,Et
P — L |
Br ITI Br ITI
Et Et
4) O]

1,6-Naphthyridin-4(1H)-one gave its 3-chloro derivative (substrate, Ac,0,
AcOH, SO,Cl,, 50°C, 1 h: then 95°C, 10 h: 78%).5**

336,391,844
Also other examples.***°!#

10.1.2. By Halogenolysis of 1,6-Naphthyridinones or the Like

The conversion of a 1,6-naphthyridinone into the corresponding halogeno-1,
6-naphthyridine is usually done by refluxing with phosphoryl chloride or bromide,
with or without the addition of a tertiary base; alternatively, a phosphorus
pentahalide can be used but additional C-halogenation may result. Nontautomeric
1,6-naphthyridinones also undergo (less satisfactory) halogenolysis. These possi-
bilities are illustrated in the following typical examples.
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1,6-Naphthyridin-5(6H)-one (6, R = H) gave 5-bromo-(7, R = H, X = Br) (POBr3,
95°C, 1h: 57%)'" or 5-chloro-1,6-naphthyridine (7, R = H, X = Cl) (POCl;,
130°C, sealed, 20h: ~90%);'**> 7-methyl-1,6-naphthyridin-6(5H)-one
(6, R=Me) gave 5-chloro-7-methyl-1,6-naphthyridine (7, R =Me, X =Cl)
(likewise: 82%).'07%1285

(0] X
HN AN POCI5 N X
| —
_ 7 or POBr3 = ~
R N R N
(6) 7)

6-Benzyl-4,7-dimethyl-1,6-naphthyridine-2,5(1H, 6H)-dione (8) gave 6-benzyl-
2-chloro-4,7-dimethyl-1,6-naphthyridin-5(6H)-one (9) (POCl;, 95°C, 3h:
84%; note the unreactivity of the fixed oxo substituent).w74

(0] Me
PhHC. N poct,  PhHC. N
| — |
X X ~
Me N O N Cl
H

®) )

3-Nitro-1,6-naphthyridin-2(1H)-one gave 2-chloro-3-nitro-1,6-naphthyridine
(10) (POCls, reflux, 3h: 44%);®"" 4-chloro-8-nitro-1,6-naphthyridine
(75 min: 68%)*® and 5-chloro-8-iodo-1,6-naphthyridine (likewise: 64%)"'***
were made similarly from the corresponding 1,6-naphthyridinones.

10)

6-Methyl-5,6,7,8-tetrahydro-1,6-naphthyridin-2(1H)-one gave 2-chloro-6-methyl-
5,6,7,8-tetrahydro-1,6-naphthyridine (11) (substrate, POCls, reflux; PCls|
during 1 h; reflux, 2 h: ~90%).180
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5-Methyl-1,6-naphthyridin-2(1H)-one gave 2-chloro-5-methyl-1,6-naphthyri-
dine (12) POCls, PCls, reflux, 7 h: 77%);**° 2-chloro-1,6-naphthyridine-3-
carbonitrile was made by a similar procedure (1 h: 89%).2"

Me
N X
I//‘ NZ cl
(12)

5,7-Dimethyl-1,6-naphthyridin-2(1H)-one gave 2-chloro-5,7-dimethyl-1,
6-naphthyridine (13) (POCl;, PhNMe,, CHCl;, reflux, 20 min: 50%);'*>
tripropylamine has been used as a tertiary base in a somewhat similar
halogenolysis to afford 5-chloro-1,6-naphthyridine (40%).'?%*

Me (I
N X
|
_— pZ
Me N
13)

1,6-Naphthyridin-4(1H)-one (14) underwent halogenolysis, and C-halogenation
with phosphorus pentabromide to give 3,4,8-tribromo-1,6-naphthyridine (15)
(reactants, 95°C, 1 h: 21%);1067 somewhat similar halogenations have been
reported using phosphorus pentachloride.”°

O Br
NTX PBr; N X BT
P e PP
N N
H Br
(14) 15)

The nontautomeric oxo substrate, 6-methyl-1,6-naphthyridin-5(6H)-one (16)
with phosphoryl chloride gave only 5-chloro-1,6-naphthyridine (17)
(reactants, 170°C, sealed, 20 h: 63%; reflux, 12 h: 0%) but with phosphorus
pentachloride and phosphoryl chloride gave a separable mixture of the same
product (17), 5,8-dichloro-1,6-naphthyridine (18), and 8-chloro-6-methyl-
1,6-naphthyridin-5(6H-one (19) (reactants, reflux, 24 h: 2%, 24%, and 14%,
respectively).?”
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o
POCI3, 170 °C Me. N | N PClsin
( N Pz POCl;
N 3
(16)
cl cl
N X NTX A Me <
| P | Py
N N
Cl
a7 (18)

The extranuclear hydroxy substrate, ethyl 1-(2-hydroxyethyl)-7-(4-methylpiper-
azin-1-yl)-4-oxo-1,4-dihydro-1,6-naphthyridine-3-carboxylate, gave its ethyl
1-(2-chloroethyl) analog (SOCl,, CHCl;, reflux, ~2h: 56%; analogs
likewise).1049

3
Also other examples.G’SS’108’289’390’46 ,490,575,928

10.1.3. By Other Methods

Halogeno-1,6-naphthyridines have also been made by the Meissenheimer reac-
tion from 1,6-naphthyridine N-oxides and by a (copperless) Sandmeyer-type
reaction from 1,6-naphthyridinamines. However, neither route has been developed
into a practical preparative procedure, as indicated in the following examples.

1,6-Naphthyridine 1-oxide (20) and and phosphoryl chloride gave a separable
mixture of 2-, 3-, and 4-chloro-1,6-naphthyridine (21) and unsubstituted 1,
6-naphthyridine (reactants, 0°C —reflux, 10 min: 50%, 9%, 15%, and 2%,
respectively).?*

N X POCI; N X
| — || C1
% Z = ~
1;1 N
(0]
(20)
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1,6-Naphthyridine 1,6-dioxide (22) likewise gave a mixture of chlorinated
products from which the main constituents, 2,5- and 3,5-dichloro-1,

6-naphthyridine (23), appear to have been isolated.'*®
Cl
(6]
N POC NIRRT
| P _ — || P ~ Cl
N N
1
(6]
(22 23

Diazotization of 3-phenyl-1,6-naphthyridine-2,7-diamine (24) in an excess of
hydrochloric acid gave mainly 7-chloro-3-phenyl-1,6-naphthyridin-2-amine
(25) along with three separable byproducts (10M HCIl, —10°C, HCI gas|
substrate |, —10°C, 5 h; 20°C, 8 h; 4°C, 2 days: 61%); analog likewise.”®*

N XX Ph HNO,, HCI N X Ph
| —_— | + byproducts
= = = ~
H,N N NH, Cl N NH,

(24) (25)

10.2. REACTIONS OF HALOGENO-1,6-NAPHTHYRIDINES

Halogeno-1,6-naphthyridines undergo a variety of useful reactions, as illustrated
in the following subsections.

10.2.1. Alcoholysis or Phenolysis of Halogeno-1,6-naphthyridines

Halogeno substituents undergo ready alcoholysis/phenolysis by alkoxide or
phenoxide ion, especially when they occupy the more activated positions or are
further activated by other electron-withdrawing substituents. Examples follow.

2-Chloro- (26, R = Cl) gave 2-methoxy-5-methyl-1,6-naphthyridine (26, R = OMe)
(MeONa, MeOH, 20°C, 12 h: 79%),*°

Me
N X
I//
N R
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2-Chloro- (27, R =Cl) gave 2-ethoxy-3-nitro-1,6-naphthyridine (27, R = OEt)
(EtONa, EtOH, 20°C, 3 h: 60%);*'? 2-chloro- (28, R = Cl) gave 2-methoxy-
1,6-naphthyridine-3-carbonitrile (28, R = OMe) (MeONa MeOH, reflux, 1 h:
87%).>*" Note the activation by an electron-withdrawing group in these

examples.
NN N0 NN
l — l —
N~ "R N” "R
27 (28)

4-Chloro- (29, R = Cl) gave 4-phenoxy-1,6-naphthyridine (29, R = OPh) (PhOH,
KOH, 150°C, 3 h: 55%)."%”’

R

N X

I//
N

29

5-Chloro- (30, R = CI) gave 5-methoxy-7-methyl-1,6-naphthyridine (30, R = OMe)
(MeONa, MeOH, reflux, 15 min: 80%);]072 5-chloro- (31, R = Cl) underwent
only monoalcoholysis to give 8-iodo-5-methoxy-1,6-naphthyridine (31,
R =OMe) (MeONa, MeOH, reflux, 1 h: >95%).'**

R R
N N
I I
= = = ~
Me N N
I
(30) 31

5-Amino-7-bromo- (32, R=DBr) gave 5-amino-7-methoxy-2,4-dimethyl-1,
6-naphthyridine-8-carbonitrile (32, R =0Me) (MeONa, MeOH, reflux,
20 h: 70%)-395,Cf. 994

NH, Me
N X
— 7
CN
(32)

Also other examples.?***¢’
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10.2.2. Aminolysis of Halogeno-1,6-naphthyridines

As with alcoholysis, halogeno substrates undergo aminolysis with vigor that
depends on the positions they occupy in the naphtyridine system and on the type of
amine used. The following examples illustrate the general picture.

2-Chloro- (33, R = Cl) gave 2-methylamino-1,6-naphthyridine-3-carbonitrile (33,
R = NHMe) (substrate, PrOH, 20°C, MeNH, gas|, 1 h: 92%);247 2-chloro- (34,
R =CI) gave 2-hydrazino-5-methyl-1,6-naphthyridine (34, R = NHNH,)
(H,NNH, - H,0, MeOH, 25°C, 36 h: 65% as dihydrochloride).*”°

Me
N X N N X
| Py | P
N R N R
33) (34)

4-Bromo- (35, R = Br) with dimethylamine gave 4-dimethylamino-1,6-naphthyr-
idine (35, R =NMe,) (neat reactants, 135°C, sealed, 16h: ?%)'%’ but 4-
chloro- (35, R = Cl) gave 4-piperidino-1,6-naphthyridine [35, R = N(CH,)s]
apparently under milder conditions (neat reactants, 95°C, 5 min: ?%)'%% 4-
chloro-3-nitro-1,6-naphthyridine (36, R = CI) gave 3-nitro-1,6-naphthyridina-
mine (36, R = NH,) (NH3/MeOH, 110°C, sealed, 4 h: 75%).*"”

R R
NI N X NO,
I P I P
N N
(35 (36)

5-Chloro- (37, R=Cl) gave 5-benzylamino-7-methyl-1,6-naphthyridine (37,
R = NHCH,Ph) (neat PACH,NH,, 145°C, N,, 4 h: ~40%).'"

R
N X
| P
Me N
37

3-(2,6-Dichlorophenyl)-7-fluoro- (38, R =F) gave 7-amin0-3-(2,6-dichlorophe-
nyl)-1-methyl-1,6-naphthyridin-2(1H)-one (38, R=NH,) (NH;, Pr'OH,
NH;|, 110°C, sealed, 3 days: 88%); substituted-amino analogs similarly
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but in much shorter timeframes.*°

NS e CgH3C1,-2,6
|
7
R 1}1 (6]
Me
38)

5-Amino-7-chloro- (39, R=CIl) gave 5-amino-7-hydrazino-2,4-diphenyl-1,
6-naphthyridine-8-carbonitrile (39, R = NHNH,) (H,NNH,.H,0, dioxane,
reflux, 3 h: 81%); analogs simi]arly.895

NH, Ph

N X

I//
R N~ "Ph

CN
(39

3-Bromo-, 3-chloro-, 4-bromo-, and 4-chloro-1,6-naphthyridines (40) all reacted
separately with potassium amide in liquid ammonia to give a separable
mixture of 1,6-naphthyridin-3 (and 4)-amines (41), albeit in different propor-
tions [KNH,/NH;3 (prepared in situ), substrate/Et,O | during 5 min, then 5 h:
50-80% before separation; the mechanism probably involved the intermedi-

ate ShOWl’l] 849,ct. 289
Br (CI) NH,
N AN KNH, N AN AN NH; N AN
| > | =
= N/ = N/ = N/
(40) (41)

3
Also other examples.331’ 74,564,648,928,1049,1175

10.2.3. Dehalogenation of Halogeno-1,6-naphthyridines

Dehalogenation of halogeno-1,6-naphthyridines has been done directly by
hydrogenolysis, indirectly via a hydrazino analog, or by dehydrohalogenation of
extranuclear halogeno substrates. Direct hydrogenolysis may be accompanied by
nuclear reduction, especially when the reaction mixture is allowed to become
acidic, so the indirect procedure is often used. Some simple examples have been
given in Section 9.1.1; other examples follow here.



112 Halogeno-1,6-Naphthyridines

6-Benzyl-2-chloro- (42, R = Cl) gave 6-benzyl-4,7-dimethyl-1,6-naphthyridin-5
(6H)-one (42, R = H) (Pd/C, MeOH, H,, 20°C, 75%).'°1*

PhH,C. | N
\ ~
Me NT TR
42)

5-Chloro-7-methyl-1,6-naphthyridine (43) underwent direct hydrogenolysis to
give 7-methyl-1,2,3,4-tetrahydro-1,6-naphthyridine (44) (Pd/CaCO3, MeOH,
H,, 20°C ?%), but the same substrate (43) gave 4-hydrazino-7-methyl-1,
6-naphthyridine (45) (H,NNH,.H,O, MeOH, reflux, 10 min: >95%) and
thence 7-methyl-1,6-naphthyridine (46) (AcOH, H,O, CuSO,, reflux,
10 min: 65%).'*%

Cl
N AN AN Pd/CaCO3, H, N AN
B —
| P | _
Me N Me N
H

(43) 44)

‘ H,NNH, - H,0

NHNH,
N X cut N X
I Ao J I Py
Me N N Me N
(45) (46)

2-Chloro- (47, R=Cl) with tosylhydrazide gave 2-nitro-2-tosylhydrazinol-
6-naphthyridine (47, R = NHNHTSs) (TsNHNH,, CHCl3, 20°C, 3 days: 92%
as crude hydrochloride) and thence 3-nitro-1,6-naphthyridine (47, R =H)
(Na,CO3, H,0, glycol, 100°C, 2h: 11%);**<"#'® 8_nitro-1,6-naphthyridine
was made somewhat similarly.*®

47)

Ethyl 1-(2-chloroethyl)-7-(4-methylpiperazin-1-yl)-4-oxo-1,4-dihydro-1,6-
naphthyridine-3-carboxylate (48, Q = CH,CH,Cl, R = Et) gave 7-(4-methyl-
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piperazin-1-yl)-4-oxo-1-vinyl-1,6-naphthyridine-3-carboxylic ~ acid (48,
Q = CH:CH,, R = H) (MKOH, reflux, 30 min: 69%); analogs likewise.'%

0
CO,R

MeN(H,CH,C),N

-z

(48)

Also other examples,5-180-275-844.1255

10.2.4. Other Reactions of Halogeno-1,6-naphthyridines

A few rarely used reactions of halogeno-1,6-naphthyridines are exemplified
here.

Hydrolysis

Note: It is quite remarkable that very few deliberate hydrolyses of these
halogenonaphthyridines have been reported.

3-(3,5-Dimethyoxyphenyl)-2,7-difluoro-1,6-naphthyridine gave 3-(3,5-dimethox-
yphenyl)-7-fluoro-1,6-naphthyridin-2(1H)-one (49) (NaOH, H,O, THF, 53°C,
3 days: >95%).7%*

N AN A C6H3(OMC)2-3,5

I
F = N o
H
(49)
2-Chloro-5-dichloromethyl-1,6-naphthyridine gave 5-dichloromethyl-1, 6-naphthyr-
idin-2(1H)-one (50) (6M HCI, 95°C, 90 min: 67%).*°

CHCL,

N X
I

N O
H

(50)

Thiolysis

2-Chloro-5-methyl-1,6-naphthyridine (51) with thioacetic acid gave 5-methyl-
1,6-naphthyridine-2(1H)-thione (52), presumably via the 2-acetylthio
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intermediate (reactants, K,COs3, 20°C, 12 h: 74%).490

Me Me
Nl AN AN MeCOSH Nl AN AN
~
Z N Cl Z N S
H
(51) (52)
Cyclocondensation

Note: A typical cyclocondensation of a halogeno-1,6-naphthyridine is illustrated
in this example.

3-Bromo-5-methyl-1,6-naphthyridin-2-amine (53) with potassium O-ethylxanthate
gave 8-methylthiazolo [4,5-b] [1,6]naphthyridin-2(3H)-thione (54) (reactants,
1-methylpyrrolidin-2-one, 165°C, 7 h: >95%); the 3-phenyl analog was made
similarly.”*®

Me Me

NI - X Br EtOCS,K NI - X S
= I~ = I~
N7 O NH, N N/&S

H
(53) (54



CHAPTER 11

Oxy-1,6-naphthyridines

The term oxy-1,6-naphthyridine includes the tautomeric and nontautomeric
1,6-naphthyridinones, extranuclear hydroxy-1,6-naphthyridines, alkoxy/aryloxy-
1,6-naphthyridines, and 1,6-naphthyridine N-oxides.

As well as their chemical importance, appropriate oxy-1,6-naphthyridines have
shown appreciable (but not outstanding) biological activities as metal-binding
antibacterials,''® or as antineoplastic agents.sn’d' 843 Medorinone, 5-methyl-1,6-
naphthyridin-2(1H)-one, has been used as a cardiotonic/vasodilatory agent.**
716.1224.¢. 320 xy derivatives of fused/unfused 1,6-naphthyridines have been iso-
lated from marine sponges.?'***®

11.1. TAUTOMERIC/NONTAUTOMERIC
1,6-NAPHTHYRIDINONES AND EXTRANUCLEAR
HYDROXY-1,6-NAPHTHYRIDINES

With the exception of 1,6-naphthyridin-8-ols, nuclear hdyroxy-1,6-naphthyri-
dines would be expected to exist as the corresponding naphthyridinones. This has
been confirmed by infrared,]035 ultraviolet,'026 and nuclear magnetic resonance
spectral means.®* Other physicochemical studies of these oxy-1,6-naphthyridines
include IR stretching frequencies'®'® and ionization constants'®*° of 1,6-naphthyr-
idin-8-ols; the mass spectra of 1,6-naphthyridinones; the effect of solvents on the
UV spectrum of an 8-hydroxy-1,6-naphthyridine derivative;’”> and X-ray analysis
of the dilactam, 4-hexyl-3,4,4a,5-tetrahydro-1,6-naphthyridine-2,7(1H,6H)-dione
(1), in connection with its crystallization as self-assembled hydrogen-bonded
polymers.>*

CeH3

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
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11.1.1. Preparation of 1,6-Naphthyridinones and the Like

Many tautomeric and nontautomeric naphthyridinones have been made by primary
synthesis (see Chapter 8) and a few by ozonolysis of alkylidene-1,6-naphthyridines
(see Section 9.2.2) or by hydrolysis of halogeno-1,6-naphthyridines (see Section
10.4.2). Other preparative routes are illustrated by the following examples.

From 1,6-Naphthyridinamines (or Imines)

1,6-Naphthyridin-2-amine (2) gave 1,6-naphthyridin-2(1H)-one (3) (80%
H,SO,, reflux, 50 h: 80%).%"°

N HT NI
| ’ |
= Z =
N~ " NH, N o
H

2 3

3-Amino- (4, R=NH,) gave 3-hydroxy-5-methyl-1,6-naphthyridin-2(1H)-one
(4, R = OH) (0.5M NaOH, 95°C, 10 h: 62%)."'°¢

Me
N\\R
I/
N ~O
H

@

Ethyl 5-amino-7-benzylseleno-8-cyano-2-methyl-1,6-naphthyridine-3-carboxy-
late gave ethyl 7-benzylseleno-8-cyano-2-methyl-5-0x0-5,6-dihydro-1,6-
naphthyridine-3-carboxylate (5) (substrate, AcOH, reflux, NaOH|, slowly,
then reflux, 30 min: 47%).°

CO,Et

/

HN
PhH,CSe N Me
CN
®)
6-Methyl-1,6-naphthyridin-5(6 H)-imine (6, X =NH) gave 6-methyl-1,6-
naphthyridin-5(6H)-one (6, X=0) (2.5M NaOH, reflux, 3 h: ~65%).>"*
X

21
Also other examples.'>
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From Alkoxy-1,6-naphthyridines

2-Methoxy-1,6-naphthyridine (7) gave 1,6-naphthyridin-2(1H)-one (8) (10M
HCI, 140°C, sealed, 8 h: 67%)."3'8

N X HCI N N
| - |
= =
N OMe N (6]
H

Q) ®

Also other examples.'! 16

From 1,6-Naphthyridine N-Oxides

1,6-Naphthyridine 1-oxide (9) gave 1,6-naphthyridin-2(1H)-one (9a) (Ac,O,
160°C, sealed?, 3 h: 10%).'*%?

XX
=
o
(&) (9a)

In contrast, 5-methyl-1,6-naphthyridin-2(1H)-one 6-oxide (10) gave 5-hydro-
xymethyl-1,6-naphthyridin-2(1H)-one (10a) (Ac,0, 20°C, 16 h; 95°C, 1 h;
then K,CO5, H,0, 95°C, 1 h: 57%).*°

Me CH,0H
O\ Ac,0; HO™
N X 20; N X
I % I 4
N 6] N (6]
H H
10) (10a)

Irradiation of 1,6-naphthyridine 1,6-dioxide in water gave 1,6-naphthyridin-
2(1H)-one 6-oxide (no details).*'®

From Quaternary N-Alkyl-1,6-naphthyridinium Salts

Note: This oxidative process provides nontautomeric naphthyridinones. 1,6-
Naphthyridine 6-methiodide (11, R = H) underwent oxidation to 6-methyl-
1,6-naphthyridin-5(6H)-one (12, R = H) [substrate, H,O, 0°C, NaOH/H,O|
during 5 min; K3Fe(CN)¢/H,O| during 30 min; 0°C, 90 min; 20°C, 5 h:
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57%];1214’°f' 1551275 the 2-phenyl substrate (11, R =Ph) likewise gave 6-
methyl-2-phenyl-1,6-naphthyridin-5(6H)-one (12, R = Ph) (80%).'***

- [0}

+
Me\N X 0] Me\N | X
I = N/ R NS Z

an 12)

Tautomeric to Nontautomeric 1,6-Naphthyridinones

Note: This process is exemplified in Section 11.1.2.

11.1.2. Reactions of 1,6-Naphthyridinones and the Like

The halogenolysis of 1,6-naphthyridinones and extranuclear hydroxy-1,6-
naphthyridines has been covered in Section 10.1.2. Other reactions are illustrated
in the following classified examples.

Deoxygenation

Note: This is usually done via the corresponding halogeno derivative, but direct
reduction can give a nuclear reduced product.

1,6-Dibenzyl-4-hydroxy-7-methyl-1,6-naphthyridine-2,5(1 H,6 H)-dione (13) gave
1,6-dibenzyl-4-hydroxy-7-methyl-5,6-dihydro-1,6-naphthyridin-2(1H)-one
(14) (B,Hg, THE: 79%).%°

(0} OH OH
PhH,C . N O BoHe PhH,C . N X
me TTI (6] Me ITT [6)
CH,Ph CH,Ph
13) (14)

Alkylation or Arylation

Note: Alkylation or arylation of any tautomeric 1,6-naphthyridinone probably
affords a mixture of O- and N-derivatives, but the latter usually predominates.

1,6-Naphthyridin-4(1H)-one (15, R=H) gave 1-methyl-1,6-naphthyridin-
4(1H)-one (15, R = Me) (Me,SO,, O.2M NaOH, 10°C, 2 h: 38%).'%%7
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3-(2,6-Dichlorophenyl)-7-fluoro-1,6-naphthyridin-2(1H)-one (16, R = H) gave a
separable mixture of 3-(2,6-dichlorophenyl-1-methyl-7-fluoro-1,6-naphthyr-
idin-2(1H)-one (16, R =Me) and 3-(2,6-dichlorophenyl)-7-fluoro-2-meth-
oxy-1,6-naphthyridine (17) (substrate, Me,NCHO, 0°C, NaH|, Mel| 2 h:
90% and 3%, respectively).>*’

NNy CHCR26 NNy CHCR26
L LA
F N"o F N~ “OMe
R

16) a7

7-Phenyl-1,6-naphthyridin-5(6H)-one (18, R =H) gave (3,4-dimethoxybenze-
nesulfonyl)-7-phenyl-1,6-naphthyridin-5(6H)-one [18, R = C¢H3(OMe),-3,4]
[NaH, Me,NCHO, 3,4-(OMe),CsH3SO,Cl] (no details!).>”®

(0]
R. N | N
_— 7
Ph N
a8)

Also other examples.**-92493!

Aminolysis

Note: Only a one-pot indirect aminolysis has been reported. 3-Bromo-5-ethyl-
1,6-naphthyridin-2(1H)-one (19) gave 3-bromo-5-ethyl-1,6-naphthyridin-2-
amine (20) (POCl;, reflux, 16 h: crude chloro compound; NH3/EtOH, 100°C,
sealed, 16 h: 92%; analogs likewise).590

Et Et
N AN Br POCl3; NH3/EtOH NTX AN Br
—_—
I = l = Z
N (0] N NH,
H
19) (20)

C-Alkylation

Note: This reaction does not involve the oxo/hydroxy substituent but probably
depends on their presence.
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4-Hydroxy-1,6-naphthyridin-2(1H)-one with dimethyl sulfoxide gave bis(4-
hydroxy-2-oxo-1,2-dihydro-1,6-naphthyridin-3-yl)methane (21) (for details,
see original).*'

OH
CH,
N X
|
Z N [6)
H 2
(21)

Cyclization Reactions

Ethyl 6-0-aminophenyl-2-methyl-5-0x0-5,6-dihydro-1,6-naphthyridine-3-car-
boxylate (22) gave ethyl 3-methylbenzimidazo[2,1-f] [1,6]naphthyridine-2-
carboxylate (23) (POCls, reflux, 2 h: 98%).'"%’

NH,
CCy i
N S CO,Et POCI N X CO,Et
—_—
NS | Z NS | Z
N Me N Me

(22) (23)

Also other examples.”*!970

Oxidation

The extranuclear hydroxy derivative, 5-(1-hydroxyethyl)- (24, R = CHOHMe),
underwent a Swern oxidation to afford 5-acethyl-1,6-naphthyridin-2(1H)-one
(24, R = Ac) (36%; for details, see original).490

R

N X
l =
N O

H
29

11.2. ALKOXY- AND ACYLOXY-1,6-NAPHTHYRIDINES

Not many such derivatives have been reported. Their methods of preparation and
any subsequent reactions are summarized here.



1,6-Naphthyridine N-Oxides 121

Preparation

Note: All reported alkoxy-1,6-naphthyridines appear to have been made by
primary synthesis (see Chapter 8), alcoholysis of halogeno-1,6-naphthyri-
dines (see Section 10.2.1), or O-alkylation of 1,6-naphthyridinones (see
Section 11.1.2).

Reactions

Note: For the hydrolysis of alkoxy-1,6-naphthyridines, see Section 11.1.1.

The acyloxy derivative, 4-acetoxy-6,7-dimethyl-1,6-naphthyridine-2,5(1H, 6H)-
dione (25, Q = Ac, R = H), underwent rearrangement to 3-acetyl-4-hydroxy-
6,7-dimethyl-1,6-naphthyridine-2,5(1H, 6H)-dione (25, Q=O0OH, R = Ac)
(AICl3, 47%: no details).”°

(0] 0Q
Me < N | X R
™
Me N (6]
H
(25)

11.3. 1,6-NAPHTHYRIDINE N-OXIDES

The available information on such oxides is illustrated by the following
examples.

Preparation of 1,6-Naphthyridine N-Oxides

Note: These oxides have been made either by primary synthesis (see Chapter 8)
or, more frequently, by oxidation of the corresponding 1,6-naphthyridines
(see Section 9.1 for some simple oxides as well as the examples given here).

4-Chloro-1,6-naphthyridine gave its 6-oxide (26) (m-CICcH,CO3;H, CHCls;,
reflux, 25 min: 45%).]069

cl

0
ANE T
|/ _
N

(26)

5,5,8,8-Tetramethyl-2-phenyl-5,6,7,8-tetrahydro-1,6-naphthyridine suffered simi-
lar N-oxidation to give a pseudo-N-oxide, formulated as the stable 6-nitroxyl
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radical (27) (H,O,, Na,WQ,, MeOH, 20°C, dark, 3 days: 76%; homologs
likewise).”*

N Ph

3
Also other examples.>'>!318

Reactions of 1,6-Naphthyridine N-oxides

Note: The conversion of such oxides to C-chloro-1,6-naphthyridines by the
Meissenheimer reaction has been covered in Section 10.1.3; the conversion of
such oxides into 1,6-naphthyridinones or extranuclear hydroxy-1,6-naphthyr-
idines has been exemplified in Section 11.1.1. Other reactions are illustrated
here.

1,6-Naphthyridine 6-oxide underwent selective quaternization by methyl iodide
to give its 1-methiodide (28) (reactants, MeOH, 23°C, 18 h: >95%).'%?

r

Me e ™
| _ _

(0]
(28

-7

5-Methyl-1,6-naphthyridine 1-oxide (29) underwent deoxygenation by phos-
phorus trichloride to give 6-methyl-1,6-naphthyridine (30) (substrate, CHClj;,
PCl; in, slowly with cooling; then 1 h: ~65%).1285

Me Me
N X PCl3 N X
I 4 ~ bz ~
1;1 N

(29 (30)
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Hydrogenation of 1,6-naphthyridine 1,6-dioxide (31) gave a separable mixture
of of 1,6-naphthyridine 6-oxide (32) and 1,6-naphthyridine (Raney Ni, H,,
20°C: 30% and 12%, respectively).'*?

\N AN AN Raney Ni, H, \N AN AN
| - = |
= = = =
I;I N
(6]
(31) (32)

1,6-Naphthyridine 6 -oxide (33) underwent deoxidative cyanation to give 1,6-
naphthyridine-5-carbonitrile (34) (substrate KCN, H,0, 20°C, ; BzCl in
slowly; then 4 h: 63%);1375 1,6-naphthyridine 1-oxide and 1,6-dioxide also
underwent fele-cyanation. '

CN
O\
N KCN, BzCl N
—_—
| P | P
N N

(33) (34)






CHAPTER 12

Thio-1,6-naphthyridines

This chapter should summarize data on 1,6-naphthyridines that bear substituents
joined directly or indirectly to the nucleus through a sulfur atom; for a list of such
derivatives, see Chapter 5. In fact, very few thio-1,6-naphthyridines have been
reported. Accordingly, available information is simply listed here.

Preparation of Thio-1,5-naphthyridines

Three primary syntheses of 1,6-naphthyridinethiones have been covered already:

8-benzylidene-6-isopropyl-4-phenyl-2-thioxo-1,2,5,6,7,8-hexahydrol-6-naphth-
yridine-3-carbonitrile®*®  (Section  8.3.3);  I-benzyl-3-ethyl-4-hydroxy-7,
7-dimethyl-5-thioxo-5,6,7,8-tetrahydro-1,6-naphthyridin-2( 1H)-one679 (Section
8.3.3); and 6-methyl-4-(thien-2-yl)-2-thioxo-1,2,5,6,7,8-hexahydro-1,6-napht-
hyridine-3-carbonitrile'*** (Section 8.4). The thiolysis of a halogeno-1,
6-naphthyridine to afford 5-methyl-1,6-naphthyridine-2(1H)thione has been
described* (Section 10.2.4).

Reactions of Thio-1,5-naphthyridines

The S-alkylation of a 1,6-naphthyridinethione is exemplified by the conversion

of 8-benzylidene-6-isopropyl-4-phemyl-2-thioxo-1,2,5,6,7,8-hexahydro-1,6-
naphthyridine-3-carbonitrile (1) into 3-benzylidene-6-isopropyl-2-methylthio-
5,6,7,8-tetrahydro-1,6-naphthyridine-3-carbonitrile (2) (Mel, AcONa, EtOH,
reflux, 1 h: 96%) or analogous S-(substituted-alkyl) derivatives.”*¢

Ph
i
Mel Pr'< N AN CN
— |
—
N SMe
CHPh
(2
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Thio-1,6-naphthyridines

Cyclocondensations involving thioxo or alkylthio substituents are represented
by the conversion of 6-methyl-4-(thien-2-yl)-2-thioxo-1,2,5,6,7,8-hexahydro-
1,6-naphthyridine-3-catbonitrile  into  4-hydroxy-9-methyl-4-(thien-2-yl)-
7,8,9,10-tetrahydropyrido[2’,3":4,5]thieno[2.3-b][1,6]naphthyridin-2(1H)-one
(3) (CICH,COCH,CO,Et, EtOH, EtONa, reflux, 10 min: 88%);'*** also of 2-
acetonylithio-8-benzylidene-6-isopropyl-4-phenyl-5,6,7,8-tetrahydro-1,6-
naphthyridine-3-carbonitrile into 2-acetyl-8-benzylidene-6-isopropyl-4-phe-
nyl-5,6,7,8-tetrahydrothieno [2,3-b][1,6]naphthyridin-3-amine (4) (EtONa,
EtOH, 20°C,, 15 min: 75%).>*°

3

Alkylseleno-1,6-naphthyridines

A somewhat complicated alkylseleno-1,6-naphthyridine has been made by

primary synthesis.'#*®



CHAPTER 13

Nitro-, Amino, and Related
1,6-Naphthyridines

This chapter covers 1,6-naphthyridines that bear nitrogenous substituents joined
to the nucleus through their nitrogen atoms. Only nitro and amino derivatives
appear to have been reported.

13.1. NITRO-1,6-NAPHTHYRIDINES

Most nitro-1,6-naphthyridines have been used for reduction to 1,6-naphthyridi-
namines. A comprehensive review of all nitronaphthyridines appeared in 2000."*”?
It includes information on those within the 1,6-series. The mass spectra of nitro
derivatives in the 1,5-, 1,6-, and 1,8-naphthyridines have been reviewed.**?

13.1.1. Preparation of Nitro-1,6-naphthyridines

Some of these nitro derivatives have been made by primary synthesis (see
Chapter 8) and others by methods illustrated in the following examples.

By Nitration

1,6-Naphthyridin-2 (1H)-one (1, R =H) gave 3-nitro-1,6-maphthyridin-2 (1H)-one
(1, R=NO,) (fuming HNOs, oleum, 95°C, 4 h: 96%),®'® somewhat similarly,
1,6-naphthyridin-4(1H)-one (2, R=H) gave 3-nitro-1,6-naphthyridin-4(1H)-
one (2, R=NO,) (fuming HNOs, reflux, 75 min: 71%).”*®

o
| |
= =
N (6] N
H H

@ 2)

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
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A peculiar extranuclear nitration involving diazotization has also been
described.”””

By Oxidation of Dimethylsulfimido-1,6-naphthyridines

Note: This procedure offers a route from naphthyridinamines to nitro-1,6-
naphthyridines.
1,6-Naphthyridin-2-amine (3, R=NH,) gave 2-dimethylsulfimido-1,6-naphthyri-
dine (3, R =N:SMe,) (48%) and thence 2-nitro-1,5-naphthyridine (3, R =NO,)
26%) (details same as for the 1,5-naphthyridine analogs; see Section
5.1.1).%92
N7 N7

N
N

3

13.1.2. Reactions of Nitro-1,6-naphthyridines

Only two reactions of nitro-1,6-naphthyridines have been reported, as illustrated
in the following examples.

Reduction

Note: Judging from the available data, stannous chloride reduction appears to
have provided better yields than has hydrogenation over Pd, Pt, or Raney
nickel.

6-Methyl-8-nitro- (4, R =NO,) gave 8-amino-6-methyl-1,6-naphthyridin-5(6H)-
one (4, R=NH,) (SnCl,, HCI, heat: 91%);""'® similarly, 3-bromo-5-(p
nitrophenyl)- (5, R=NO,) gave 5-p-aminophenyl-3-bromo-1,6-naphthyri-
din-2 (1H)-one (5, R =NH,) (SnCl,, 6M HCl, 95°C, 12 h: 78%).>*

R
N\\Br
|
=
(0]

(O] (€]

3-Nitro- (6, R=NO,) gave 3-amino-1,6-naphthyridin-4 (1H)-one (6, R =NH,)
(Raney Ni, NH,OH, H,0, H,, 40°C 80 atm, 4 h: ~60%);"*® 5-p-nitrophenyl-
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(7, R=NO,) gave 5-p-aminophenyl-1,6-naphthyridin-2(1H)-one (7, R = NH,)
(PtO,, AcOH, H,, 3 atm: 54%);*"°

(0] C6H4R-p
R
N | N
I I
= =
N N (6]
H H

(6) ()]
Also other examples.?**
Rearrangement

6-Methyl-8-nitro-1,6-naphthyridin-5(6H)-one (8) with hydrazine hydrate gave 8-
methylpyrido [2.3-d]pyrazin-5(6H)-one (9) (neat reactants, 135°C, 4 h: 94%;
a mechanism was proposed).''”!

(0]
HlTI N
N~ —
N
Me

®

13.2. AMINO- AND (SUBSTITUTED-AMINO)-1,
6-NAPHTHYRIDINES

. . . 33
The ionization constants,>' NMR spectra,'’* and mass spectra'?*’ of represen-

tative amino-1,6-naphthyridines have been compared with those of related amino
derivatives. Complexes of 1,6-naphthyridin-2-amines with tetracyanoquinodi-
methane have been studied.*'® 4-(3-Dimethylamino-1-methylpropylamino)-1,6-
naphthyridine showed significant antimalarial activity.”>® X-ray analyses of a
number of 5-amino-1,6-naphthyridines have been reported in connection with their
antibacterial activities; for example, ethyl 5-amino-7-benzylseleno-8-cyano-4-(fur-
2-yl)-1,2-dimethyl-1,4-dihydro-1,6-naphthyridine-3-carboxylate (10) proved to be
a mixture of two symmetric conformers in each crystal;’’? the other related
compounds appear to be composed of single conformers,>>®760:362759.781.1289

0
NH,

N CO,Et
l
PhH,CSe N7 TMe

|
CN Me
(10
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13.2.1. Preparation of Amino-1,6-naphthyridines

These aminonaphthyridines have been made by primary synthesis (see
Chapter 8) or aminolysis of halogeno-1,6-naphthyridines (see Section 10.2.2).
Other preparative routes are illustrated by the following examples.

By Amination

Note: The amination of unsubstituted 1,6-naphthyridine has been discussed in
Section 9.1.3. Reviews that include the amination of 1,6-naphthyridines have
appeared previously,>'!160:1268

3-Nitro-1,6-naphthyridine (11, R=H) gave 3-nitro-1,6-naphthyridin-4-amine
(11, R=NH,) (KMnQOy, lig NH3, 55%; no other details).>'*

R
NN N0
|
/ =
N
an

1,6-Naphthyridine 6-methiodide (12) with ammonia and permanganate gave
6-methyl-1,6-naphthyridin-5(6H)-imine hydriodide (13) (substrate, liq NH3,
KMnO, in slowly; 20 min: less than 5% after separation from other

products).*”?
r NH
Me s Py, MHpion Mes | X
l N Z N 2 HI
N N
12) 13)

By the Curtius or Hofmann Reaction
5-Methyl-2 oxo-1,2-dihydro-1,6-naphthyridine-3-carbohydrazide (14) gave 3-

amino-5-methyl-1,6-naphthyridin-2(1H)-one (15) (substrate, HCIl, 5°C,
NaNO,/H,0 in during 30 min; 5°C, 3 h; then 20-95°C, 5 h: 50%)."'%°

Me Me
N X X CONHNH2 Curtius N X X NH2
l = l =
N (6] N (6]
H H
(14) 15)

Also other examples.'?>3°
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By Modification of the Amino Group

2-Hydrazino-3-methyl-1,6-naphthyridine (16, R=NH,) gave 5-methyl-1,6-
naphthyridin-2-amine (16, R =H) (Raney Ni, Me,NCHO, limited H,, 3 atm,
65°C, 71%).4%°

Me

(16)

Note: For alkylation/alkyludenation of existing amines, see Section 13.2.2.
13.2.2. Reactions of Amino-1,6-naphthyridines

Already covered are the halogenolysis (Section 10.1.3) and hydrolysis of these
naphthyridinamines (Section 11.1). Other reported reactions are illustrated in the
following examples.

Alkylation

8-Amino-6-methyl-1,6-naphthyridin-5(6H)-one (17) with N-(4-iodopentyl)
phthalimide  gave  6-methyl-8-(1-methyl-4-phthalimidobutyl)amino-1,6-
naphthyridin-5(6H)-one (18, R = phthalimido) (substrate, Me,NCHO, 80°C,
A, synthon + NEt3 in during 4 h; 85°C, 2 h: ~45%) and thence, by
deprotection with hydrazine, 8-(4-amino-1-methylbutyl)amino-6-methyl-
1,6-naphthyridin-5(6H)-one (18, R =NH,).'''®

0
| A
\ ~
N
NH, NHCHMe(CH,);R
a7 18)

3-(3,5-Dimethoxyphenyl)-1,6-naphthyridine-2,7-diamine (19, R=H) and trityl
chloride gave selectively 7-tritylamino-3-(3,5-dimethoxyphenyl)-1,6-naphthyr-
idin-2-amine (19, R = CPhs) (reactants, NEt;, THF, 50°C, sealed, 20 h: more
synthon + NEt; added, 50°C, 48 h: 80%).**°

N AN AN C6H3(OMG)2-3,5

| P
RHN N~ "NH,

19)
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5-Phemyl-5,6,7,8-tetrahydro-1,6-naphthyridine (20, R=H) gave its 6-methyl
derivative (20, R =Me) (CH,O, HCO,H, H,0, reflux, N,, 4 h: 58%).'%'
Ph
R\N N

—

N
(20)

1,6-Naphthyridin-2-amine with diethyl ethoxymethylenemalonate gave 2-(2,2-
diethoxycarbonylvinyl)amino-1,6-naphthyridine (21) (reactants, EtOH, reflux,
12 h: 51%);1068 in contrast, 7-amino-1,2,3,4-tetrahydro-1,6-naphthyridine-8-
carbonitrile with dimethylformamide diethylacetal gave 7 dimethylamino methy-
leneamino-1,6-naphthyridine-8-carbonitrile (22) (57%, no other details).”*?

' .l "NHCH= C(CO,Et), Me,NHC=N" ; :

CN
(1) (22)

1062,1323
Also other examples.'%%%

Acylation

6,8,8-Trimethyl-5,6,7,8-tetrahydro-1,6-naphthyridin-3-amine (23, R=H) gave 3-
benzamido-6,8,8-trimethyl-5,6,7,8-tetrahydro-1,6-naphthyridine (23, R=Bz)
(BzCl, NEt3, CH,Cl,, 25°C, 6 h: 70%; analogs likewise).”"*

Me\N | SN NHR
7
N

Me Me
(23)

Ethyl 5-amino-7-benzylseleno- (24, R =H) underwent diacetylation to give 5-
acetamido-1-acetyl-7-benzylseleno-5-cyano-4-(fur-2-yl)-2-methyl-1,4-
dihydro-1,6-naphthyridine-3-carboxylate (24, R=Ac) (Ac,O, pyridine,
reflux, 90 min: 92%).2>°
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Carbamoylation to Ureido Derivatives

2-Phenyl-1,6-naphthyridine-1,7-diamine gave selectively 2-(N'-tert-butylureido)-
3-phenyl-1,6-naphthyridin-7-amine (25) (substrate, NaH, Me,NCHO, N,,
20°C, 10 min; Bu"NCO/Me,NCHO added dropwise; 20°C, 4 h: 66%); analogs
likewise.>*°

NN

I PO
H,N N~ “NHCONHBu'

(25)

Diazotization

3-Amino-1,5-naphthyridin-4 (1H)-one gave crude 3-diazonio-1,6-naphthyridin-
4(1H)-one chloride (HCI, NaNO,, 5°C, 12 h) and thence 3-diazonio-1,6-
naphthyridin-4-olate (26) (NaHCOs, Et,0: 70% overall);"*® subsequent
irradiation caused ring contraction to pyrrolo [3,2-d] pyridine-3-carboxylic
acid (27) (40%).7*¢

o
N X N hv NTX Co.H
PP — |
N N
H
(26) 27

Cyclization Reactions

Note: Only a typical example is given here. Crude 5-amino-7-hydrazino-2.4-
dimethyl-1,6-naphthyridine-8-carbonitrile (28) gave 2,4-dimethyl-7H-pyrazolo-
[3,4-h] [1,6]naphthyridine-2,9-diamine (29) (EtOH, reflux, 6 h: 72%); analogs
likewise.5

NH, Me NH, Me

N X
| P
H,NHN N~ "Me

CN

(28)






CHAPTER 14

1,6-Naphthyridinecarboxylic Acids and
Related Derivatives

This chapter covers reported information on 1,6-naphthyridines that bear
functional groups joined to the nucleus through their carbon atoms: carboxylic
acids, esters, amides, nitriles, aldehydes, and ketones.

14.1. 1,6-NAPHTHYRIDINECARBOXYLIC ACIDS

A brief review of antibacterial naphthyridinecarboxylic acids has appeared.’**

14.1.1. Preparation of 1,6-Naphthyridinecarboxylic Acids

These carboxylic acids have been made by primary synthesis (see Chapter 8),
oxidation of alkyl-1,6-naphthyridines (see Section 9.2.2), or the routes illustrated in
the following classified examples.

By Hydrolysis of Esters

Note: The choice between acidic or alkaline hydrolysis may depend on the other
substituents present in the molecule.

Ethyl 7-chloro-1-cyclopropyl-8-fluoro-4-oxo-1,4-dihydro-1,6-naphthyridine-3-
carboxylate (1, R=Et) gave 7-chloro-1-cyclopropyl-8-fluoro-4-oxo-1,4-
dihydro-1,6-naphthyridine-3-carboxylic acid (1, R =H) (HCl, H,0O, EtOH,

reflux, 9 h: 81%);1175 analogs likewise.®*®
(0]
N | COzR
l =
Cl N
© A
@

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
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2-Amino-6-p-tert-butoxycarbonylphenyl- (2, R =Bu’) gave 2-amino-6-p-
carboxyphenyl-5,6,7,8-tetrahydro-1,6-naphthyridine-3-carbonitrile (2,
R = H) (substrate, MeNO,, 0°C, HCI gas in, 5 min; 20°C, 77%).>"®

R02C \©\
N X CN

P
N~ "NH,

(2

Ethyl 7-chloro-1-ethyl-4-oxo-1,4-dihydro-1,6-naphthyridine-3-carboxylate
(3, R=Et) gave 7-chloro-1-ethyl-4-oxo-1,4-dihydro-1,6-naphthyridine-3-
carboxylic acid (3, R = H) (2M KOH, 90°C, 14 min: 93%).'***

3

Ethyl 5,7-dimethyl-4-oxo0-1,4-dihydro-1,6-naphthyridine-3-carboxylate (4, R -
=Et) gave 5,7-dimethyl-4-oxo-1,4-dihydro-1,6-naphthyridine-3-carboxylic
acid (4, R = H) (M NaOH, reflux, 2 h: 65%).'%>

Also other examples.*®'%%3!-57> including the hydrolysis of an extranuclear

diethoxyphosphinyl to a dihydroxyphosphinyl derivative of 1,6-naphthyri-
dine.”**

By Hydrolysis of Nitriles

5-Methyl-2-o0xo0-1,2-dihydro-1,6-naphthyridine-3-carbonitrile (5, R = CN)
gave 5-methyl-2-oxo-1,2-dihydro-1,6-naphthyridine-3-carboxylic acid (5,
R = CO,H) (50% H,SO0,, reflux, 18h: 90%);''%® somewhat similarly,
6-methyl-2-ox0-1,2,5,6,7,8-hexahydro-1,5-naphthyridine-3-carbonitrile
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(6, R =CN) gave the corresponding 3-carboxylic acid (6, R = CO,H) (10M
HCI, reflux, 15 h: 75% as hydrochloride).'®°

Me
N R Me\N | AN R
I 4
N [6) N
H H
) (6)

2-0x0-5-(pyridin-4-yl)-1,2-dihydro 1,6-naphthyridine-3-carbonitrile (7, R = CN)
gave the corresponding 3-carboxylic acid (7, R = CO,H) (M NaOH, 95°C, 5 h:

88%).4%°
N
| N
=
N X R
! 7
N (6]
H

Also other examples,247’340

14.1.2. Reactions of 1,6-Naphthyridinecarboxylic Acids

Only decarboxylation, amide formation, and esterification are represented in the
1,6-naphthyridine literature. Examples follow.

Decarboxylation

6-Methyl-5-0x0-5,6-dihydro- 1,6-naphthyridine-8-carboxylic acid (8, R = CO,H)
gave 6-methyl-1,6-naphthyridin-5(6H)-one (8, R = H) (neat substrate, 250°C, ?
min:  77%);¥’®  2-oxo-5-(pyridin-4-yl)-1,2-dihydro-1,6-naphthyridine-3-car-
boxylic acid (9, R=CO,H) gave 5-(pyridin-4-yl)-1,6-naphthyridin-2(1H)-
one (9, R = H) (neat substrate, 370°C, 3 min: 72%).490
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5,7-Dimethyl-4-oxo-1,4-dihydro-1,6-naphthyridine-3-carboxylic acid (10, R =
CO,H) gave 5,7-dimethyl-1,5-naphthyridin-4(1H)-one (10, R =H) (sub-
strate, Cu powder, 260°C, 10 mmHg: 50% as sublimate).]255

Me O
N™ | R
I 4
Me N
H
(10)

8-Nitro-4-oxo-1,4-dihydro-1,6-naphthyridine-3-carboxylic acid (11, R = CO,H)
gave 8-nitro-1,6-naphthyridin-4 (1H)-one (11, R = H) (substrate, quinoline,
190°C, Ny, 25 min: 77%).*

(@)
NNy
= N
NH, H
(11)
180,391,1166

Also other examples.

Conversion to Carboxamides

1,6-Naphthyridine-2-carboxylic acid (12, R=H) gave 1,6-naphthyridine-2-
carbanilide (12, R =NHPh) [PhNH,, 1-hydroxybenzotriazole hydrate,
1-(3-dimethylaminopropyl)-3-ethyl-carbodimide, Me,NCHO, no details];***
many analogs were made similarly, some with cytomegalovirus activ-

ities 249318.1411
N X
|
/ ~
N~ ~Co,R
(12)
Esterification

2-Amino-1,6-naphthyridine-3-carboxylic acid (13, R=H gave methyl 2-amino-
1,6-naphthyridine-3-carboxylate (13, R=Me) (substrate, H,SO4 H,SO,/

MeOH in dropwise; reflux, 3 h with additional reagent every 45 min: 70%).%*’
NNy COR
I
ZSN7 NH,

13
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14.2. 1,6-NAPHTHYRIDINECARBOXYLIC ESTERS

The available information on these esters is summarized in the following
paragraphs.

1,6-Naphthyridinecarboxylic Esters—Preparation

Note: Most of these esters have been made by primary synthesis (see Chapter 8);
others, by the Reissert reaction (see Section 9.1.3), esterification (see Section
14.1.2), or by passenger introduction.

1,6-Naphthyridinecarboxylic Esters—Reactions

Note: The hydrolysis of esters has been covered in Section 14.1.1; other reactions
are exemplified here.

Methyl 2-amino-1,6-naphthyridine-3-carboxylate (13, R = Me) underwent ami-
nolysis to give 2-amino-1,6-naphthyridine-3-carbohydrazide (14, R = NH,)
(neat H,NNH, - H,O, reflux, 30 min: 83%) or 2-amino-N-amidino 1,6-
naphthyridine-3-carboxamide [14, R =C(=NH)NH,] [HN=C(NH,),,
MeOH, reflux, 1 h: 80%];247 another example of such amide formation.'%%:946

NNy CONHR
l =
N~ TNH,
(14)

8-(2-Ethoxycarbonylethyl)-5-methoxy-1,2,3,4-tetrahydro-1,6-naphthyridine
(15) underwent cyclization to give 1-methoxy-4,5,9,10-tetrahydro-6H, 8H-
pyrido[3,2,1-ij] [1,6]-naphthyridin-6-one (16) (MeONa, MeOH, reflux, 30
min: 95%).'%4

OMe OMe
N AN MeO~ N AN
| |
= =
N N
H
CH,CH,CO,Et 0
as) 16)

14.3. 1,6-NAPHTHYRIDINECARBOXAMIDES

The available information on these carboxamides, carbohydrazides, and the like
are summarized in the following paragraphs. Some do show bioactivity. e.g.,**”
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1,6-Naphthyridinecarboxamides—Preparation

Note: Most such carboxamides have been made directly by primary synthesis
(see Chapter 8); others from I,6-naphthyridinecarboxylic acids or esters
(see Sections 14.1.2 and 14.2, respectively or by minor routes exemplified
here.

2-Methylamino-1,6-naphthyridine-3-carbonitrile (18, R =Me) underwent lim-
ited hydrolysis of its cyano group to afford 2-methylamino-1,6-naphthyridine-
3-carboxamide (17) (KOH, H,O, EtOH, reflux, 5 min: 79%); the related
substrate, 2-amino-1,6-naphthyridine-3-carbonitrile (18, R = H), underwent
thiolysis of the cyano group to afford 2-amino-1,6-naphthyridine-3-car-
bothioamide (19) (substrate, NEt;, pyridine, 20°C, H,S in, 2h: 97%) or
hydrazinolysis of the cyano group to afford 2,N diamino -1,6-naphthyridine-
3-carboxamidine (20) (H,NNH,.H,O, reflux, 5 min: 65%).%%’

X CONH, W NN CN B NN CSNH,
- | = |l
N Z (R =Me) N2 R=H) N 2
N~ ~NHMe N~ TNHR N~ "NH,

a7 (18) (19)

—Z

H,NNH, ‘ (R=H)

NNy CFNuNHNH,
| P
N~ TNH,

(20)

5-Methyl-2-o0x0-1,2-dihydro-1,6-naphthyridine 3-carboxamide (21, R =H)
underwent fransamination of the amide group to furnish the corresponding 3-
carbohydrazide (21, R = NH,) (H,NNH,.H,0, 95°C, 18 h: 80%).''°¢

Me
mCON HR
|
=
N (¢}
H
(¥20)]

1,6-Naphthyridinecarboxamides—Reactions

Note: Apart from N-alkylations,"***

intramolecular cyclization.
8-(2-Carbamoylethyl)-6-methyl-3,4,5,6,7, 8-hexahydro-1,6-naphthyridin-2(1H)-
one (22) underwent reductive cyclization to 2-methylperhydropyrido

an amide has been reported to undergo
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[3,4,5-ij]quinolizine (23) (copper chromite, dioxane, H,, 125 atm, 250°C, 1 h:
86%).'*’

Me . N CuCr0y-CuO:H,  Mex N
e .

N o N
CH,CH,CONH,

(22) (23)

14.4. 1,6-NAPHTHYRIDINECARBONITRILES,
CARBALDEHYDES, AND KETONES

Available information on these entities is summarized here.

1,6-Naphthyridinecarbonitriles

Preparation. Most such nitriles have been made by primary synthesis (see
Chapter 8). However, 1,6-naphthyridine N-oxides undergo oxidative cyana-
tion, as illustrated here. 1,6-Naphthyridine 1-oxide (24) gave 1,6-naphthyr-
idine-2-carbonitrile 1-oxide (25) [substrate, K;Fe(CN)s, KCN, H,0, 0°C, 3 h:
58%]; 1,6-naphthyridine-5-carbonitrile 6-oxide (29%) and a separable mix-
ture of 1,6-naphthyridine-2-carbonitrile 1,6-dioxide (30%), 1,6-naphthyridine
S-carbonitrile 1,6-dioxide (14%), and 1,6-naphthyridine-2,5-dicarbonitrile
1,6-dioxide (17%) were made similarly.224’1317

= N/ N/ CN
i i
(6] (6]
(24) (25)

Reactions. These nitriles have been hydrolyzed to carboxylic acids or carbox-
amides (see Sections 14.1.1 and 14.3, respectively.

1,6-Naphthyridinecarbaldehydes and Ketones

Preparation. Both types of derivative have been prepared by primary synthesis
(see Chapter 8) or by N-acylation (see Section 13.2.2).

Reactions. A case of C-deacylation appears to be the only reported reaction of
these derivatives. A Ru complex has been made.'?** 3-Acetyl-1,5-dibenzyl-
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(26, R = Ac) gave 1,5-dibenzyl-4,7-dimethyl-1,6-naphthyridine-2,5(1H, 6H)-
dione (26, R = H) (KOH, H,0, EtOH, reflux, 7 h: 93%).'°'*

(0] Me
PhH,C mR
NS
Me ITI [6)
CH,Ph



CHAPTER 15

Primary Syntheses of 1,7-Naphthyridines

The general approaches to primary synthesis of 1,7-naphthyridines have been
much more limited than those for 1,5- or 1,6-naphthyridines. Thus 1,7-naphthyr-
idines have been made by cyclization of a single aliphatic substrate, by cyclization
of an appropriately substituted pyridine substrate, by condensation of a pridine
substrate with a synthon that provides one or more ring atoms in the product, or
from a small variety of other heterocyclic precursors by rearrangement or other
elaborative processes. A Meillard reaction between acetyllysine and glucose gave
1,7-naphthyridines.”*?

Some previous reviews contain limited information and/or examples of such
. . 49-53,57,58,61,210,265,4 1260,1357,1430,1432
methods of synthesis,**~>37-8:61.210.265.407.897.1260.1357.1430.

15.1. FROM A SINGLE ALIPHATIC SUBSTRATE

A mixture if cis- and trans-isomers of diethyl 2-amino-3-(2-aminoethyl)
hexanedioate (1) underwent thermal cyclization to give a separable mixture of
cis- and trans-3,4,4a,5,6,8a-hexahydro-1,7-naphthyridine-2,8(1 H,7H)-dione (2) (by
sublimation at ~200°C/0.1 mmHg: 69%)."'*%’

H,NH,CH,C CH,CH,CO,Et
HN

EtO,C~ “NH, N "0

@ #)]

15.2. FROM A SINGLE PYRIDINE SUBSTRATE

An appropriately substituted pyridine substrate may be cyclized to a 1,
7-naphthyridine by completion of any one of the 10 peripheral bonds in the product.

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
Copyright © 2008 John Wiley & Sons, Inc.
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Seven such possibilities have been used in in the literature, and the examples that
follow are classified according to which bond is formed during the synthesis.

By Completion of the 1,2-Bond

4-Ethoxalylmethyl-2-methoxy-5-nitropyridine (3, R=H) gave 3-hydroxy-6-
methoxy-3,4-dihydro-1,7-naphthyridin-2(1H)-one (4, R=H) (PtO,, EtOH,
H,, 3 atm, 2 h: 75%),152’234 that underwent subsequent dehydration to afford
6-methoxy-1,7-naphthyridin-2(1 H)-one (TsCl, pyridine, 150°C, sealed?, 4 h:
79%);>** similarly, 4-o-ethoxybenzyl-2-methoxy-5-nitropyridine (3, R=Ph)
gave  3-hydroxy-6-methoxy-4-phenyl-3,4-dihydro-1,7-naphthyridin-4(1H)-
one (4, R=Ph) (34%).”*

MeO SN CHRCOCO,Et (H] MeO N OH

I - I
N~ N~

NO, o)

N
H
3 @

4-(2-Ethoxycarbonylvinyl)-2,6-dimethyl-3-pyridinamine (5) gave 6,8-dimethyl-
1,7-naphthyridin-2(1H)-one (6) (EtONa, EtOH, reflux, 1 h: 78%).'*

Me N CH=CHCO,Et Me X
| EtO~ |
N =~ - = N -~
NH, N (6]
Me Me H

® (6)

3-(2-Cyanobut-3-enyl)-2-pyridinecarbonitrile (7) underwent addition of piper-
idine and cyclization to give 5-allyl-8-piperidino-1,7-naphthyridin-6-amine
(8) [LiN(CH,)s, (made in situ), THF, substrate in, —70°C, 30 min, then
—20°C, 2 h: 98%]; analogs likewise.'¥>

CH,CH=CH,
NCHC=HCHOHC AL e HN A
- . I
| = N~ P
NC” N N
N(CHy)s

@) (C))

Also other examples,'0%-162:477.1271

By Completion of the 1,8a-Bond

Note: Only a fused 1,7-naphthyridine derivative has been made in this way.%**



From a Single Pyridine Substrate 145

By Completion of the 3,4-Bond

3-(a-Benzylaminophenethyliden)amino-4-pyridinecarbonitrile (9) gave 2-
diethylamino-3-phenyl-1,7-naphthyridin-4-amine (10) (BuONa, BuOH,
reflux, 2.5. h: 60%); analogs likewise.' 14!

NH,
o CN o NN Ph
I —
N~ NN
N=C(NEt,)CH,Ph N~ "NEy
) (10)

By Completion of the 4,4a-Bond

3-(2,2-Diethoxycarbonylvinyl)amino- 1-methyl-2(1H)-pyridinone  (11) gave
ethyl 7-methyl-4,8-dioxo-1,4,7,8-tetrahydro-1,7-naphthyridine-3-carboxylate
(12) (Dowtherm A, reflux, N, 25 min: 83%).'!!®

-

Me NHCH=C(CO,H),

an 12)

58,865,113
Also other analogous examples,®*2>8:865:1130

1,7-naphthyridines.>*®

including the formation of fused

By Completion of the 5,6-Bond

Ethyl 2-(N-ethoxycarbonylmethyl-N-tosylaminomethyl)-3-pyridinecarboxylate
(13) gave ethyl 5-oxo-1,5-dihydro-1,7-naphthyridine-6-carboxylate (14)
(EtONa, EtOH, 95°C, 5 h: 84%).+*

o
E
tO,C AN BO- EtO,C =
| — | |
P2 N_ _—~

EtO,CH,TsNH,C N N
H

13) (14)

The analogous substrate, ethyl 2-(N-benzyl-N-ethoxycarbonylmethylamino-
methyl)-3-pyridinecarboxylate (15), gave only a nucleus-reduced product,
ethyl 7-benzyl-5-hydroxy-7,8-dihydro-1,7-naphthyridine-6-carboxylate (16)
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(EtONa, PhH, 95°C, 4 h: 66%).'3"

OH
EtO,C AN BO- EtO,C = AN
| — |
~ _N —
Et0,CH,C(PhH,C)NH,C ~ N PhH,C N
as) (16)

Also other examples.’”?

By Completion of the 6,7-Bond

4,6-Dimethyl-3-phenylethynyl-2-pyridinecarboxamide (17) gave 2,4-dimethyl-6-
phenyl-1,7-naphthyridin-8(7H)-one (18) (EtONa, EtOH, reflux, 3 h: 72%).'%>

Me Me
PhC=C N . Ph % N
| — |
~ HN Z
H,NOC”™ "N~ "Me N~ "Me
(0]
a7 (18)

3-Cyanomethyl-2-pyridinecarbonitrile (19) gave 8-bromo-1,7-naphthyridin-6-
amine (20) (substrate, HBr/AcOH, 30°C; then 20°C, 1 h: 74%).'%3-<t 187

NCH,C H,N

N HBr/AcOH AN
| Z NI = Z
NC N N
Br
a19) (20)

3
Also other examples >3710-747.1451

By Completion of the 7,8-Bond

Aminolysis  of  3-[a-chloro-a-(cyclohexylimino)acethyl]-2-pyridinecarbonyl
chloride (21) is reported to afford 7-cyclohexyl-6-phenylimino-6,7-dihydro-
1,7-naphthyridine-5,8-quinone (22) (substrate, Et,O, 5°C, PhNH, in slowly at
20°C; 12 h: 45%; note that the amine does not contribute to the ring atoms of the
product).”?!

(6]

CI(H;;CeN=)C(0=)C S PhN N
| — |
z N

cloc” TN H1Co” N

\§

21 (22)
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By Completion of the 8,8a-Bond

Note: Efforts to cyclize 2-[(2,2-diethoxyethyl)iminomethyl]pyridine (23) to 1,7-
naphthyridine (24) failed when using a variety of reagents and conditions.*®

X | XN
| 7 N_ .~ 2
(EtO),HCH,CN=HC N N
(23) 24)

15.3. FROM A PYRIDINE SUBSTRATE WITH A SYNTHON

A pyridine substrate may be converted into a 1,7-naphthyridine by condensation
with an aliphatic synthon that provides one or more adjacent ring atoms in the
product. Of the many possibilities, only seven types have been used in the literature,
as illustrated in the following classified examples.

Provision of N1 by the Synthon

1-Benzyl-4-[2-(1,3-dioxolan-2-yl)ethyllpiperidin-3-one (25) with hydroxyla-
mine hydrochloride gave 7-benzyl-5,6,7,8-tetrahydro-1,7-naphthyridine (26)
(reactants, EtOH, 70°C, 16 h: 34%).%*

Q[CHZCHZ \( O] H,NOH - HCI | X
—_—

N (e} N —

PhH,C o

PhH,C”~ N
(25) (26)

Also other examples.'”®

Provision of C2 by the Synthon

3-tert-Butoxycarbonylamino-4-cyanoacetyl-6-fluoropyriidne (27) with dimethyl-
formamide dimethylacetal gave 6-fluoro-4-oxo-1,4-dihydro-1,7-naphthyridine-
3-carbonitrile (28) (neat reactants, 20°C, 5 h: 85%).>

(6]
F i A COCH,CN Me,NCH(OMe), E | AN | CN
—_—
N~ N~
NHCO,Bu’ N
H

(27) (28)



148 Primary Syntheses of 1,7-Naphthyridimes

Provisions of C2 + C3 by the Synthon

3-Amino-4-pyridinecarbaldehyde (29) reacted with acetone to give 2-methyl-
1,7-naphthyridines (30, R =Me) (reactants, NaOH, EtOH, reflux, 1 h: 80%),
with acetophenone to give 2-phenyl-1,7-naphthyridine (30, R = Ph) (likewise,
24 h: 80%), or with other such synthons to give appropriate analogs;''® the
Schiff base, 4-p-tolyliminomethyl-3-pyridinamine, has also been used as a
substrate to give 2-phenyl-1,7-naphthyridine (30, R =Ph) (BzMe, AcOH,
H,0, EtOH, reflux, 8 h: 84%).'%°

X CHO MeCOR NN
I _
N~ EtO~ N~ 7
NH, N R
29) (30)

3-Amino-4-pyridinecarbonitrile (31) with diethyl malonate gave ethyl 4-amino-
2-0x0-1,2-dihydro-1,7-naphthyridine-3-carboxylate (32) (reactants, EtONa,
EtOH, reflux, 5.5 h: 71%).7%

NH,

N oy, N Xy C0E
| — |
N~ N~
NH, N 0o
H
31 32)

5
Also other examples,'?7-206-573-1302

Provision of N1 + C2 + C3 by the Synthon

3-Bromo-4-pyridinecarbaldehyde (33) with phenylacetamide gave 3-phenyl-1,7-
naphthyridin-2(1H)-one (34) [reactants, tris(dibenzylideneacetone)dipalla-
dium, 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene, Cs,CO;, PhMe,
N,, 100°C, 18 h: 75%]).'""

o CHO  prcn,conn, X PR
| — |l
N~ N~
Br N 0]
H

(33) (34)

Provision of C2 + C3 + C4 by the Synthon

2-Phenylthio-3-pyridinamine (35) with diethyl o-ethoxymethylenemalonate
gave ethyl 4-oxo-8-phenylthio-1,4-dihydro-1,7-naphthyridine-3-carboxylate
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(36) [neat reactants, 120°C, 2 h: then poly(phosphoric acid) in 150°C, 1
h: 35%)."7

O
| A EtOCH = C(COE(), A COE
—_—————
N~ N =~
NH, N
SPh sph 1
35) (36)

3-Amino-2(1H)-pyridinone (37) underwent a modified Skraup reaction to give
1,7-naphthyridin-8(7H)-one (38) (see original for considerable detail:
(20%).1048

| modified Skraup = N

HN HN | ~
NH, N

37 (38)

Also other examples.'®

Provision of C6 + N7 + C8 by the Synthon

3-Acetyl-2-chlorophyridine (39, Q = Ac) with N-benzylidenebenzylamine (as
its anion) gave 5-methyl-6,8-diphenyl-1,7-naphthyridine (40, R =Me) (reac-
tants, LiNPr%: 52%; see original for the complicated procedure); likewise, 2-
chloro-3-pyridinecarbonitrile (39, Q =CN) gave 6,8-diphenyl-1,7-naphthyr-
idin-5-amine (40, R =NH,) (72%) and ethyl 2-chloro-3-pyridinecarboxylate
(39, Q=CO,Et) gave 6,8-diphenyl-1,7-naphthyridin-5-ol (40, R=OH)
[65%; probably better formulated as 5,8-diphenyl-1,7-naphthyridin-5(1H)-
one]; several homologs were made similarly.''*®

R
Q X PhCH,N = CHPh Ph | XN
Cl | N/ N N/
Ph
39) (40)

Provision of N7 by the Synthon

3-Phenylethynyl-2-pyridinecarbaldehyde (41, R =Ph) with ammonia gave 6-
phenyl-1,7-naphthyridine (42, R =Ph) (NH5/EtOH, 80°C, sealed, 2 h: 31%);
3-(oct-1-ynyl)-2-pyridinecarbaldehyde (41, R =CgH;3) likewise gave
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6-hexyl-1,7-naphthyridine (42, R =Cg¢H,3) (59%).°*' A somewhat similar
procedure gave 1,7-naphthyridine."®’

. X NH3 R XN
| R —— |
= N~ =
OHC N N
(C)V] (42)

Provision of C8 by the Synthon

3-[2-Ethoxycarbonyl-2-(triphenylphosphoranylidenamino)vinyl]pyridine (43) with
phenyl isocyanate gave a separable mixture of ethyl 8-anilino-1,7-naphthyr-
idine-6-carboxylate (44) and an isomeric 2,6-naphthyridine derivative (formed
by an alternative cyclocondensation) (reactants, PhMe, 20°C, 2 h: then 180°C,
sealed, 72 h: 23% and 22%, respectively, after separation); analogs likewise.***

Et0,C(Ph;P =N)C=HC EtO,C

X PhNCO XN
| —_— |
— N~ I~
N N
NHPh
43) (44)

154. FROM OTHER HETEROCYCLIC SYSTEMS

Only a few heterocyclic systems other than pyridine have been used for the
synthesis of 1,7-naphthyridines or their fused'®' derivatives; even fewer such
procedures have appreciable synthetic potential. Examples follow.

3,10-Diazatricyclo[5.3.1.03’s]undecane as Substrates

1-Phenyl-3,10-diazatricyclo[5.3.1 .03’8]undercane-2,9-dione with methanesulfonic
acid gave methyl 8-oxo-6-phenyldecahydro-1,7-naphthyridine-6-carboxylate
(46) (reactants, MeOH, reflux, 12 h: 97%).124’195

(0]
H,C MeO,C
Ph N MeSO;H Ph

_—

HN N

(6] (6]
45) (46)
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Cyclopenta[b]pyridines (Pyrindines) as Substrates

Note: A useful route to 1,7-naphthyridine (48%) and its 8-alkyl derivatives is
offered by this synthesis; see Section 8.5.

Pyrano[3,4-b]pyridines as Substrates

N-(3,5-Bis(trifluoromethyl)benzyl]-8-oxo0-5-p-totyl-8 H-pyrano[3,4-b]pyridine-6-
carboxamide (47, X=0) and ethanolamine gave N-[3,5-bis(trifluoromethyl)
benzyl]-7-(2-hydroxyethyl)-8-oxo0-5-p-totyl-7,8-dihydro- 1,7-naphthyridine-6-
carboxamide (47, X = NCH,CH,OH) (reactants, MeOH, THF, 20°C, 16 h;
then to dryness; solid, diazabicycloundecane, MeCN, PhMe, reflux, 1 h: 70%);
analogs likewise.243:944 cf. 556.1252

CgHsMe-p

3,5-(F3C),H3CH,CHNOC

C))

Pyrazines as Substrates

1-Benzyl-6-[ N-(but-3-ynyl)-N-propionylaminomethyl]-5-chloro-3-methoxy-2(1 H)-
pyrazinone (48) underwent thermolysis to afford 1-benzyl-3-methoxy-7-propio-
nyl-5,6,7,8-tetrahydro-1,7-naphthyridin-2(1H)-one (49) (PhBr, reflux, 2 h: 53%,
after separation from a second product); the proposed intermediate was not
isolated.®*?

Cl_Ny_-OMe A N OMe
| — [
HC'=CH,CH,C(EIOC)NH,C ™ "N” 0 EtOC” N" o

|
CH,Ph CH,Ph
(48) (49)

Pyrrolo[3,4-b]pyridines as Substrates

Note: This ambiguous but useful synthesis'®*®!??! has been exemplified in
Section 8.5.






CHAPTER 16

1,7-Naphthyridine, Alkyl-1,
7-Naphthyridines, and Aryl-1,
7-naphthyridines

The scope of this chapter is similar to that on the corresponding 1,5-
naphthyridines; see the introduction to Chapter 3.

The general chemistry of 1,7-naphthyridines has been reviewed from time to
time but usually somewhat briefly, *-53-55-58:61.265.407.417.897.1260,1357.1430,1432

16.1. 1,7-NAPHTHYRIDINE

This section also includes information on the unsubstituted hydro-1,7-
naphthyridines.

16.1.1. Preparation of 1,7-Naphthyridine

1,7-Naphthyridine has been made'®” by a primary synthesis (see Section 15.3), but
the best preparative route is probably the first of the following indirect examples.

4-Hydrazino-1,7-naphthyridine (1) gave 1,7-naphthyridine (2) (CuSO,4, H>,O, AcOH,
95°C, 10 min: 67%"'*” or CuSO4, H,0, kieselguhr, reflux, 16 h: 60%);* similar
treatment of 8-hydrazino- or 6,8-dihydrazino-1,7-naphthyridine afforded the
same product (2) but in poor yield.'>>'¥

NHNH,
XX CuS0, XX
| — |l
N AN Z N N 2
N N
1) 2

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
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8-Tosylhydrazino-1,7-naphthyridine also afforded the parent compound (2)
(Na,COs, H,0, 100°C, 3 h: 66%).*

7-Benzyl-5,6,7,8-tetrahydro-6,7-naphthyridine (3, R = CH,Ph) underwent reduc-
tive debenzylation to give 5,6,7,8-tetrahydro-1,7-naphthyridine (3, R = H) (Pd/
C, trace HCI, MeOH, H,, 3 atm, 20°C, 78% as dihydrochloride).®**

A

N | 7
N

3

1,7-Naphthyridine (4) underwent hydrogenation to give a separable mixture of
1,2,3,4-tetrahydro- (5) and 5,6,7,8-tetrahydro-1,7-naphthyridine (6) (Pd/C,
EtOH, H,, 1 atm, 20°C, 8 h: 7% and 4%, respectively, after separation as
picrates and reformation of the free bases);47’°f' 1243 successive reduction of
the same substrate (4) under Bouvault-Blanc conditions and by hydrogena-
tion gave trans-decahydro-1,7-naphthyridine (7) (EtOH, Na, reflux, 5 h; then
crude product, EtOH, PtO,, H,, 1 atm, 20°C, 1 h: 67%).47

AN AN Pd/C, H, AN AN
| —_— | + |
N~ = N~ HN Z
N N N
H

@ (©) ©)

Na, EtOH; PtO, H,
HN
N

H
Q)]

16.1.2. Properties of 1,7-Naphthyridine

Reported physical data on 1,7-naphthyridine can be found from its entry in
Table A3. Any more extensive studies on such material are listed here.

Electron Density/Resonance Energy. Such phenomena have been calculated for
1,7-naphthyridine, mainly for comparison with those of related systems, to
reveal the effect of ring nitrogen atoms on aromaticity, and for correlation
with observed electronic spectra,®’6-840-1126.1173

Electron Spin Resonance. The ESR spectra for anions from 1,7- and related
naphthyridines have been studied in some detail.'*
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Infrared Spectra. The IR spectra of 1,7-naphthyridine derivatives have been
compared with those of related molecules.***¢*125!

Ionization. Theoretical studies on the ionization of 1,7- and other naphthyridines
have been reported.3°-5!3

Mass Spectra. The MS of 1,7-naphthyridine have been reported and compared
with those of 1,5-, 1,6-, and 1,8-isomers.975 Those of perhydro derivatives
have been studied.'**®

Nuclear Magnetic Resonance Spectra. The "HNMR spectra of 1,7-naphthyridine
and related molecules have been reported,* especially in relation to long-
range spin—spin coupling,''*° the enhancing effect of lanthanide reagents on
chemical shifts,*® the site(s) of covalent hydration,1 170 the nature of adducts
formed with sodium amide/ammonia,302 and the effects of various substitu-
ents.””® The '>CNMR spectra for 1,7- and other naphthyridines have been
compared with calculated values®®® and used to measure pK, values for
mono- and diprotonation.492

Polarography. The electrochemical reduction of 1,7-naphthyridine and related
systems has been examined,829’1329

Ultraviolet Spectra. Calculated electronic spectra for 1,7-naphthyridine and
related systems have been obtained by several methods and subsequently
compared with experimental values,2%-878:1181.1312.1486

16.1.3. Reactions of 1,7-Naphthyridine

The nuclear reduction of 1,7-naphthyridine has been covered in Section 16.1.1.

Other reported reactions are illustrated in the examples that follow.

C-Alkylation/Arylation

1,7-Naphthyridine (8, R=H) gave 2-phenyl-1,7-naphthyridine (8, R=Ph) [PhLi
(made in situ), Et,0, substrate in, 0°C, 2.5 h, N,: 229%].1033<t- 998

XY

@®)

Amination

1,7-Naphthyridine (9, X =Y =Z = H) in potassium amide/liquid ammonia with
subsequent addition of oxidant gave a separable mixture of 1,7-naphthyridin-2-
amine (9, X =NH,, Y =Z = H), its 4-isomer (X =Z=H, Y =NH,), and its
8-isomer (9, X =Y = H, Z = NH,) (substrate, KNH,/NHj3, 10 min; KMnQ, in
slowly, 10 min: 25%, 10%, and 19%, respectively, after chromatographic
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separation),”> 3331946 5 robably via appropriate intermediate adducts such as

the dihydroamine (10).>*

Y
I A I A

NS x N N~ "NH,
7 H
()] (10)

Cycloadditions

1,7-Naphthyridine with chloromethyl phenyl sulfone gave 1,7-bisphenylsulfonyl
-6b,7,7a,7b-tetrahydro-1H-azirino[ 1,2-a]cyclopropa[c][1,7]naphthyridine
(11) (KOH, Me,SO, reactants in slowly, 20°C, tlc monitored: 77%).803’°f' 393

SO,Ph

/

SO,Ph
an

Halogenation

1,7-Naphthyridine (12, X=Y=H) underwent bromination to give mainly 3,5-
dibromo-1,7-naphthyridine (12, X=Y=Br) accompanied by 3- (12, X=Br,
Y=H) and 5-bromo-1,7-naphthyridine (12, X=H, Y=Br) [substrate, as
hydrobromide, PhNO,, 175°C, Br, (2.5 equiv) in slowly, 6 h: 74%, 1%,
and 3%, respectively, after separation; use of Br, (1.1 equiv) still gave
predominantly the dibromo product).”®

Y

| XN X
N~ =
N

12)

N-Oxidation

1,7-Naphthyridine underwent mono-N-oxidation to give a separable mixture of
the 1- (13) and 7-oxide (14) [substrate, m-CICsH,CO3;H (1 equiv) CHCl;,
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20°C, 8 h: 3% and 45%, respectively] or di-N-oxidation to give the dioxide
(15) [substrate, m-CICsH,CO5H (2 equiv), CHCls, reflux, 1 h: 47%]."?'?

i XX I XX I XX
N N = N N = N
Vooom T Y el
(0]
13) 14) as)
Quaternization

1,7-Naphthyridine gave its 7-methiodide (16) (substrate, excess Mel, PhMe,
reflux, 12 h: 90%)."2'4<%993 or jts bismethofluorosulfonate (17) (substrate,
excess FSO3;Me, initially exothermic, then 95°C, 1 h; more synthon in, 95°C,
30 min: 90%).'%°"

Reissert Reactions

1,7-Naphthyridine underwent Reissert addition to give 7-benoyl-7,8-dihydro-
1,7-naphthyridin-8-carbonitrile (18) (substrate, KCN, H,0; BzCl in slowly,
20°C, 4 h: 18%)."9%

= X
N | Z
Bz N
CN
as

16.2. ALKYL- AND ARYL-1,7-NAPHTHYRIDINES

This section covers the insertion of alkyl/aryl groups into existing 1,7-naphthyr-
idines and the reactions specific to such groups attached to 1,7-naphthyridines.

16.2.1. Preparation of Alkyl and Aryl-1,7-naphthyridines

In almost all cases, the alkyl/aryl group in such naphthyridines has been put
there by primary synthesis (see Chapter 15). However, such groups have occasion-
ally been inserted subsequently, as illustrated by the following examples.
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By C-Alkylation/Arylation

Note: An example of such an arylation has been given in Section 16.1.3.

By N-Alkylation (Quaternization)

Note: See Section 16.1.3 for an example.

From Halogeno-1,7-naphthyridines

8-Bromo-1,7-naphthyridin-6-amine (19, R=Br) gave 8-m-nitrophenyl-1,7-
naphthyridin-6-amine (19, R = CcH4NO,-m) [substrate, PhMe, Me,NCHO;
(HO),BC¢H4NO,-m, bis(dibenzylideneacetone)palladium, Ph3P, H,O; reflux,
4 h: 90%); analogs likewise].198

H,N N
NI N7

R

(19)

From Trifluoromethanesulfonyloxy-1,7-naphthyridines

8-m-Nitrophenyl-6-(trifluoromethanesulfonyloxy)-1,7-naphthyridine (20) with
3-(tributylstannyl)pyridine (21) gave 8-m-nitrophenyl-6-(pyridin-3-yl)-1,7-
naphthyridine (22) [reactants, bis(dibenzylideneacetone)palladium, PhsP,
Me,NCHO, LiCl, 110°C, 16 h: 75%]; analogs likewise.'*®

N

| N
=
050 N AN N
| o - |
N~ ~ = N~ =
N SnBujs N
C6H4N02-m C6H4N02-m
(20) 21 (22)

16.2.2. Reactions of Alkyl- and Aryl-1,7-naphthyridines

There appear to be no reported reactions that are specific to C-alkyl/aryl groups
attached to 1,7-naphthyridines, but the effect of methiodide formation on the
3CNMR spectrum of 1,7-naphthyridine has been studied by comparison with
similar treatment of analogous substrtates.'*'® In addition, several N-debenzylations
from hydro-1,7-naphthyridines have been recorded; see the following examples.
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7-Benzyl-5,6,7,8-tetrahydro-1,7-naphthyridine (23, R = CH,Ph) gave 5,6,7,8-
tetrahydro-1,7-naphthyridine (23, R =H) (Pd/C, HCl, MeOH, dioxane, H,,
3atm, 20°C, 6h: 78% as dihydrochloride).534 In much the same way,
debenzylation of appropriate substrates afforded ethyl 5-hydroxy-5,6,7,8-
tetrahydro- (24) (77-95%) and the isomeric ethyl 5-hydroxy-1,2,3,4-tetrahy-
dro-1,7-naphthyridine-2-carboxylate (45%).”*'3%7

OH
EtO,C

N 7 HN

N\

(23) (24)






CHAPTER 17

Halogeno-1,7-naphthyridines

Because of the location of ring nitrogen atoms, a halogeno substituent on 1,7-
naphthyridine could be expected to be most activated at the 8-position; slightly less
so at the 2-, 4-, and 6-positions; and least so at the 3- and 5-positions. This postulate
appears to be borne out by the limited aminolytic, alcoholysis, and other such data
available to date (see Section 7.2¢% 60).

17.1. PREPARATION OF HALOGENO-1,7-NAPHTHYRIDINES

Some halogeno-1,7-naphthyridines have been made by primary syntheses (see
Chapter 15), but most have been prepared by indirect routes, illustrated in the
following examples.

By Direct Halogenation

Note: The bromination of unsubstituted 1,7-naphthyridine has been summarized
in Section 16.1.3.

1,7-Naphthyridin-8-amine (1, R = H) underwent halogenation to give 5-bromo-
(1, R = Br) (substrate, AcOH, 50°C; Br, in slowly, 95°C, reflux, 2.5 h: 72%)
or 4-chloro-1,7-naphthyridin-8-amine (1, R = Cl) (substrate, HCI; KCIO,/
H,0 in dropwise, 40°C; then 95°C, 2 h: 57%).'%4¢

R
l\\
NN =
N
NH,

(0]
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From 1,7-Naphthyridinones

Note: This route may be used to place a chloro or bromo substituent at the 2-, 4-,
6-, or 8-position of 1,7-naphthyridine.

6-Methoxy-1,7-naphthyridin-2(1H)-one (2) gave 2-chloro-6-methoxy-1,7-
naphthyridine (3) (POCls, reflux, 12 h: 63%).2**

MeO XN POCI; MeO NN
! ]
= = =
N (¢} N Cl
H

(0] 3

1,7-Naphthyridin-4(1H)-one gave 4-chloro-1,7-naphthyridine (4, R =H)
(POCl3, 95°C, 90 min: ~6O%);93 4-chloro-6,8-dimethyl-1,7-naphthyridine
(4, R = Me) was made somewhat similarly (reflux, 60 min: NSO%).IO98
R I

| XN
N~ N
R
@
3-Bromo-1,7-naphthyridin-4(1H)-one (5) gave 3,4-dibromo-1,7-naphthyridine
(6) (neat POBr3, 125°C, 3 h: 78%).5%

(0] Br
AN Br o X B
| | — =
N~ N~ i~
N
H
®) (6)

1,7-Naphthyridin-8(7H)-one (7, R =H) gave 8-chloro-1,7-naphthyridine
(8, R = H) (POCl;, reflux, 12 h: 58%;'5° POCls, reflux, 75 min: 72%);*
5-chloro-1,7-naphthyridin-8(7H)-one (7, R = Cl) likewise gave 5,8-dichloro-
1,7-naphthyridine (8, R = Cl) (POCls, reflux, 3 h: 67%).'%*

R R
XN POCl; XN
i —w
z — 7
N N
(0] Cl

™ 8

Also other examples,>-8%-266.355.1116
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By the Meissenheimer Reaction from N-Oxides

1,7-Naphthyridine 1-oxide (9) in refluxing phosphoryl chloride for 1 h gave a
mixture of 2-, 4-, and 3-chloro-1,7-naphthyridine (in a ratio of 19:12:1 by
gas chromatography) from which the first two (10, X =Cl, Y =Z = H) and
(10, X =Y = H, Z = CI) were isolated in low yield.225

z
Y
XYy poch XX
I — |l
NN 2 NN 2
1;1 NT X
o]
C) 10

17.2. REACTIONS OF HALOGENO-1,7-NAPHTHYRIDINES

The aminolysis of halogeno-1,7-naphthyridines is fairly well represented in the
literature, but other potential reactions have seldom been used. Reported reactions
are illustrated in the following examples.

Alcoholysis

4-Chloro-1,7-naphthyridine (11) gave 4-methoxy-1,7-naphthyridine (12)
(MeONa, MeOH, reflux, 8 h: 25%).2%

Also other examples.>>>443:1130

cl OMe
XYy Mo XX
I — |
N~ i~ N~ i~
N
11 (12)

Aminolysis

2-Chloro- (13, R = Cl) gave 2-hydrazino-1,7-naphthyridine (13, R = NHNH,)
(neat H,NNH,. H,0, 100°C, 1 h: 85%).%3*

| XN
N~ I~
N R

13)

4-Chloro-1,7-naphthyridine with 4-diethylamino-1-methylbutylamine gave 4-(4-
diethylamino-1-methylbutylamino)-1,7-naphthyridine (14) (neat reactants,
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160°C, 6 h: 73%);'” likewise, 4-chloro-7-methyl-1,7-naphthyridin-8(7H)-
one with the same amine gave 4-(4-diethylamino-1-methylbutylamino)-7-
methyl-1,7-naphthyridin-8(7H)-one (15) (reacants, Me,NCHO, reflux ?, 8 h:

38% ).1116
NHCHMeCH,CH,CH,NEt, NHCHMeCH,CH,CH,NEt,
IS
N~ =
N

(14) (15)

4-Chloro-1,7-naphthyridine gave 4-hydrazino-1,7-naphthyridine (H,NNH, -H,O,
EtOH, reflux, 3 h: 90%).4>-< 1297

Ethyl 5,8-difluoro-4-oxo0-1,4-dihydro-1,7-naphthyridine-3-carboxylate (16,
R =F) with an excess of morpholine gave ethyl 6-fluoro-8-morpholino-4-
0x0-1,4-dihydro-1,7-naphthyridine-3-carboxylate [16, R = N(CH,CH,),O]
(reactants, Me,NCHO, 60°C, 1 h: 83%)."'*

0
NG CO,Et
N

N

g H

(16)

8-Chloro-1,7-naphthyridine gave 8-hydrazino-1,7-naphthyridine (H,NNH,-H,O,
EtOH, reflux, 10 min: 99%).">

8-Bromo-1,7-naphthyridin-6-amine with hydrazine hydrate (17) gave 6,8-
dihydrazino-1,7-naphthyridine (18) (reactants, dioxane, reflux, 1 h: 65%;
note the additional transamination).'®’

H,NHN

HN I XXy  HNNH,-H0 IrXx
—_——
N~ = N~ =
N N
Br NHNH,
a7 18)

Also other examples,?6%443-503.1146

Note: Potassium amide in liquid ammonia can be used for aminolysis of
halogeno-1,7-naphthyridines, but it also induces fele-aminolysis.>* For exam-
ple, 2-chloro-1,7-naphthyridine gave a separable mixture of 1,7-naphthyridin-
2-amine and both the 4- and 8-isomers (KNH,, NH3, Et,O, —33°C, 4 h: 70%
yield of the mixture) from which each product was isolated in low yield;***
also analogous examples, 32808834
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Dehalogenation

Note: Reductive dehalogenation appears to have been avoided for fear of
concomitant nuclear reduction. Accordingly, the indirect route via hydrazino
derivatives has been used to make the parent 1,7-naphthyridine (see Section
16.1.1) and other products exemplified here.

3,4-Dibromo-1,7-naphthyridine (19) underwent hydrazinolysis to give a mixture
of 3-bromo-4-hydrazino- (20, R = Br) and 3,4-dihydrazino-1,7-naphthyridine
(20, R = NHNH,) (H,NNH, - H,0, EtOH, 20°C, 24 h: 70%). Oxidation of the
crude mixture then gave a separable mixture of 1,7-naphthyridine (21,
R = H) and its 3-bromo derivative (21, R = Br) CuSO,, AcOH, H,O, reflux,
15 min: 30% and 6%, respectively after separation).”®

Br NHNH,
XX P, B0 XN X R Cuso, XX R
I ] — =l
N_ A = N_ N = N_ A =
N N N
19) (20) 1)

Ring Fission

4-Chloro-6,8-dimethyl-1,7-naphthyridine (22) underwent ring fission by
hydrazine to give 2,6-dimethyl-4-(pyrazol-3-yl)-3-pyridinamine (23)
(H,NNH; - H,0, 150°C, sealed, 5 h: 65%), confirmed in structure by cycliza-
tion with triethyl orthoformate to 7,9-dimethyllpyrazolo[1,5-c]pyrido[4,3-¢]
pyrimidine (24) (reactants, EtOH, reflux, ~3 h: 60%).1098

Me | XX HNNH, om0 Me
[
N~ Yz
N
Me







CHAPTER 18

Oxy-1,7-Naphthyridines

This chapter summarizes what has been reported on the 1,7-naphthyridinones,
the alkoxy- or acyloxy-1,7-naphthyridines, and the 1,7-naphthyridine N-oxides.

18.1. 1,7-NAPHTHYRIDINONES

The IR spectra of 1,7-naphthyridin-8(7H)-one clearly point to its existence as
such rather than as 1,7-naphthyridin-8-o0l, at least in the solid state and in
nonhydroxylic solvents,'®* and (by analogy with related systems) it appears safe
to assume that the other isomeric 1,7-naphthyridinones will exist as their keto
tautomers. General studies that include the 1HNMR,639 UV,]73 and mass spec-
tra'>> of 1,7-naphthyridinones have appeared. The antibacterial activity of 8-
quinolinol, possibly related to its chelation of heavy metals, is evident to a lesser
degree in its aza analogs, including 1,7-naphthyridin-8(7H)-one.”-!!0-1040cf.76
Other activities are evident.®

18.1.1. Preparation of 1,7-Naphthyridinones

Most known tautomeric and nontautomeric 1,7-naphthyridinones have been
made by primary synthesis (see Chapter 15). Of the many potential indirect
preparative routes, only two appear to have been used, as indicated in the following
examples.

By C-Oxidation

Note: This example affords only a nontautomeric naphthyridinone.

1,7-Naphthyridine 7-methiodide (1) underwent oxidation to give 7-methyl-1,7-
naphthyridin-8(7H)-one (2) [substrate, H,O, 0°C; NaOH/H,O + K3Fe(CN)g
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168 Oxy-1,7-Naphthyridines

1214,cf. 153

in slowly, then 15 min: isolated as picrate]

X K3Fe(CN)g

1)

From 1,7-Naphthyridinamines

1,7-Naphthyridin-8-amine (3) underwent slow hydrolysis to give 1,7-naphthyr-
idin-8(7H)-one- (4) (70% H,SO,, reflux, 4 days: 81%).'*¢

XX H,S04 2 A
! — |
N~ 7 HN =
N N
NH, (0]

18.1.2. Reactions of 1,7-Naphthyridinones

The most important reaction of tautomeric 1,7-naphthyridinones, halogenolysis,
has been covered in Section 17.1. Only a few of the other possible reactions have
been reported, as illustrated by the following examples.

N-Alkylation
Ethyl 4-amino-2-oxo-1,2-dihydro- (5§, R = H) with ethyl bromoacetate gave ethyl

4-amino-1-ethoxycarbonylmethyl-2-oxo-1,2-dihydro-1,7-naphthyridine-
3-carboxylate (5, R = CH,CO,E) (reactants, K,CO;, AcEt, reflux, 18 h: 66%).”%

NH,
| NN CORE
N~
N"o
R

(E)]

Ethyl 6-chloro-8-morpholino-4-oxo-1,4-dihydro- (6, R =H) gave ethyl 5-
chloro-1-ethyl-8-morpholino-4-oxo-1,4-dihydro-1,7-naphthyridine-3-carbox-
ylate (6, R = Et) (substrate, K,CO3, Me,NCHO, 100°C, 30 min; then EtI in,
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100°C, 6h; then more K,CO; + Etl in, 100°C, 6h: 44%); analogs

likewise.!"%°
(0]
Cl | N CO,Et
N~
N
O(H,CH,C),N R
(6)
N-Dealkylation

Note: This reaction amounts to the conversion of a nontautomeric to a tautomeric
1,7-naphthyridinone.

1-Benzyl-5-hydroxy-3,4-dihydro- (7, R = CH,Ph) underwent reductive deben-
zylation to give 5-hydroxy-3,4-dihydro-1,7-naphthyridin-2(1H)-one (7,
R =H) (substrate, liquid NH;, —50°C, Na in during 30 min, —50°C,

30 min: 44%).2"?
OH
@(1
N~
ITI (6]
R

Q)]

Cyclization Reactions

7-Cyclohexyl-6-phenylimino-6,7-dihydro-1,7-naphthyridine-5,8-quinone
(8) with benzonitrile oxide or N-phenylbenzonitrileimide gave the spiro
derivatives 9(X = 0) and 9(X = NPh), respectively (reactants, Et;N, solvent:
70% and 91%, respectively; for fine detail, see original).””"

Ph
(@]
(6] X
PhN N PhN N
P = | b
H] lC() N H] 1C6 N
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18.2. ALKOXY- AND ACYLOXY-1,7-NAPHTHYRIDINES

Only a few such derivatives of 1,7-naphthyridine have been made. Available
information is listed briefly here.

Preparation of Alkoxy/Aryloxy Derivatives

Note: These derivatives have been made either by primary synthesis (see,
Chapter 15) or by alcoholysis of halogeno-1,7-naphthyridines (see Sec
tion 17.2).

Preparation of Acyloxy- and Arylsulfonyloxy-1,7-naphthyridines

6-Acetyl-1-benzyl-5-hydroxy-3,4,7,8-tetrahydro-1,7-naphthyridin-2(1H)-one
(10) underwent catalytic dehydrogenation and rearrangement to give 5-
acetoxy-3,4-dihydro-1,7-naphthyridin-2(1H)-one (11) (Pd/C, xylene, 135°C,
30 h: 45%)."*"?

OH OAc

=z PdK, A A
| — |
_N (-2H) NNPZ
Ac N" 7o N" 7o
CH,Ph CH,Ph
10 an

8-m-Nitrophenyl-1,7-naphthyridin-6-amine (12, R = NH,) underwent diazoti-
zation in the presence of trifluoromethanesulfonic acid to give 8-m-nitro-
phenyl-6-trifluoromethanesulfonyloxy-1,7-naphthyridine (12, R =0S0,
CF;) (reactants, Me,NCHO, NaNO, in slowly, 25°C, 3 h: 60%; analogs
likewise).'"®

R XN

|
N N =
N

C6H4N02-m
12)

Reactions of Alkoxy/Aryloxy Derivatives

Note: No reactions specific to the ether group appear to have been reported.
However, the otherwise reasonably stable proton pump inibitor, 4-(o-
methylbenzylamino)-3-butyryl-8-ethoxy-1,7-naphthyridine, is decomposed
by light.'?’
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Reactions of Arenesulfonyloxy-1,7-naphthyridines

Note: The arenolysis of such a derivative was covered in Section 16.2.1.

8-m-Nitrophenyl-6-trifluoromethanesulfonyloxy-1,7-naphthyridine (13) under-
went deacyloxylation to give 8-m-nitrophenyl-1,7-naphthyridine (14) {sub-
strate, Et3SiH, [1,1’-bis(diphenylphosphino)ferrocene]dichloropallasium(II),
Me,NCHO, 50°C, 3 h: more Pd complex in, 60°C, 1 h: 92%} or amidolysis to
give 6-(4-methylpiperazin-1-ylcarbonyl)-8-m-nitrophenyl-1,7-naphthyridine
(15) [substrate, MeN(CH,CH,),NH, bis(dibenzylideneacetone)palladium,
PPh;, Et;N, Me,NCHO, CO in, 80°C, 16 h: 61%].'®

F3C0,S0 | X Et;SiH - Pd complex | X
—_—
N~ Pz N~ P~z
N N
C6H4N02—m C6H4N02—m
13) 14)
MeN(CH,CH,),NH, CO MeN(H,CH,C),NOC i X
N~ =
N
C6H4N02—m

as)

18.3. 1,7-NAPHTHYRIDINE N-OXIDES

The very limited data on such compounds are summarized here.

Preparation of 1,7-Naphthyridine N-Oxides

Note: A few such oxides have been made by primary synthesis (see Chapter 15),
and the oxidation of unsubstituted 1,7-naphthyridine to its mono- and di-N-
oxides has been covered in Section 16.1.3.

Reactions of 1,7-Naphthyridine N-Oxides

Note: The conversion of such oxides to halogeno-1,7-naphthyridines by the
Meissenheimer reaction has been exemplified in Section 17.1.

Ethyl 4-oxo-1,4-dihydro-1,7-naphthyridine-3-carboxylate 6-oxide underwent
N-deoxygenation to give the 4-oxo0-1,4-dihydro-1,7-naphthyridine-3-
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carboxylic acid (17) (Fe powder, AcOH, pyridine, 20°C, 90 min: then NaOH,
H,O0, reflux, 1 h: ~80%).”

(0] (0]
| AN | CO,Et Fe, AcOH; then HO™ | A | CO.H
—_—
N~ N =~
O/ N N
H H

(16) a7



CHAPTER 19

Thio-1,7-naphthyridines

Thio-1,7-naphthyridines appear to be represented by only two thioethers, 4-oxo-
8-phenylthio- 1,4-dihydro-1,7-naphthyridine-3-carboxylic acid (1, R=H) and its
ethyl ester (1, R = Et) (see Section 15.3),'>” and a few peripheral sulfur-containing
1,7-naphthyridines (see Section 18.2).

)
N | CO,R
N
N
sph H
(03]

Accordingly, the whole area is almost a virgin field for research and the present
chapter has been inserted simply to emphasize this fact.
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CHAPTER 20

Nitro-, Amino-, and Related 1,
7-Naphthyridines

Information on such nitrogenous derivatives is not plentiful in the literature.
Available data are summarized (mainly by cross-references and examples) in the
sections that follow,

20.1. NITRO-1,7-NAPHTHYRIDINES

A review of nitronaphthyridines (in all six series) is particularly valuable for
comparative purposes.'>’?

Preparation of Nitro-1,7-naphthyridines

Note: These nitro compounds have been made by primary synthesis (see Chapter
15) and by nitration as exemplified here.

1,7-Naphthyridin-4(1H)-one (1, R = H) gave its 3-nitro derivative (1, R = NO,)
(70% HNOs3, reflux, 24 h: 21%:;"** 98% HNOs, reflux, 1 h: 74%).'°"7 Some-
what similarly, 1,7-naphthyridin-8(7H)-one (2, R=H) gave its S-nitro
derivative (2, R = NO,) (70% HNO3, 95% H,S0,, 95°C, 1 h: 42%).'**

(@]
| |R
N~

N

H

M

Reactions of Nitro-1,7-naphthyridines

Note: The only reported reaction of nitro-1,7-naphthyridines appears to be their
reduction to the corresponding naphthyridinamines.
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176 Nitro-, Amino-, and Related 1,7-Naphthyridines

3-Nitro-1,7-naphthyridin-4(1H)-one (1, R =NO,) gave 3-amino-1,7-naphthyr-
idin-4(1H)-one (1, R = NH,) (substrate, NaOH, H,O, Raney Ni, H,: 70% as
dihydrochloride;723 or substrate, MeOH, Raney Ni, H,, 20°C: 75% as
dihydrochloride).'®"’

20.2. AMINO-1,7-NAPHTHYRIDINES

This section includes the chemistry of all types of amino group attached to 1,7-
naphthyridine; aspects already covered are indicated by cross-references.

Preparation of Amino-1,7-naphthyridines

Note: These amino compounds have been made by primary synthesis (see
Chapter 15), by aminolysis of halogeno-1,7-naphthyridines (see Section
17.2), by reduction of nitro-1,7-naphthyridines, (see Section 20.1), or by
direct amination as illustrated in Section 16.1.3 and by further examples here.

5,8-Dichloro-1,7-naphthyridine (3, X = Cl) gave 5,8-dichloro-1,7-naphthyridin-
2-amine (4, X = Cl) (substrate, KNH,/NH3, 5 min; then KMnQOy, in slowly;
15 min: 52%); likewise the dibromo derivative (3, X = Br) gave 5,8-dibromo-
1,7-naphthyridin-2-amine (4, X = Br) (33%).%"°

X X
| AN AN KNH,, NH3; [O] | AN AN
—_—
Nz 7 N =~ 7
N N NH,
X X
3) @)

1,7-Naphthyridine 7-methiodide (5) underwent addition of ammonia and sub-
sequent oxidation to give a mixture from which were isolated the hydriodide
of 7-methyl-1,7-naphthyridin-8(7H)-imine (6, X =NH), 7-methyl-1,7-
naphthyridin-8(7H)-one, and two ring contraction products (substrate, liquid
NH;, —33°C; KMnO, in slowly; 20 min: each in <5% yield).372’°f' 460
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Reactions of Amino-1,7-naphthyridines

Note: The oxidative removal of hydrazino groups has been exemplified in
Section 16.1.1 as well as here, hydrolysis to naphthyridinones in Section
18.1.1, and transamination in Section 17.1 under “aminolysis.”

1,7-Naphthyridin-4-amine gave a charge transfer complex with tetracyanoqui-
nodimethane.*'®

8-Butyl-5-formylmethyl-1,7-naphthyridin-6-amine (7) underwent intramolecu-
lar cyclization to give 5-butyl-3H-pyrrolo[3,2-f][1,7]naphthyridine (8) (acidic
conditions: 72%:; no details).132

OHCH,C —
BN W AN AR
| _ |
N~ N~

N N
Bu Bu
@) 8)

2-Hydrazino-6-methoxy- 1,7-naphthyridine (9, R = NHNH,) underwent oxidative
deamination to give 6-methoxy-1,7-naphthyridine (9, R = H) (CuSO,4, AcOH,
H,0, 95°C, 1 h: 45%).%**

MeO X

|
N~ =
N

®

3-Amino-1,7-naphthyridin-4(1H)-one (10) underwent diazotization to give 4-
0x0-3,4-dihydro-1,7-naphthyridin-3-ylidendiazonium chloride hydrochloride
(11) (NaNO,, HCl, 0°C: 80%) and subsequent ring contraction on irradiation
to afford pyrrolo[2,3-c]pyridine-3-carboxylic acid (12) (AcOH, H,O, hv,
ZOOC, 3 h: 90%)'1097,C£ 723

) )
COH
N NH, o, N N >
\ | y "N |
_ HCl P _
N N Hal N
H H






CHAPTER 21

1,7-Naphthyridinecarboxylic Acids
and Related Derivatives

This chapter summarizes any published information on 1,7-naphthyridinecar-
boxylic acids, esters, amides, nitriles, aldehydes, ketones, and the like.

21.1. 1,7-NAPHTHYRIDINECARBOXYLIC ACIDS
21.1.1. Preparation of 1,7-Naphthyridinecarboxylic Acids

A few such acids have been made directly by primary synthesis (see Chapter 15)
but most, by indirect routes illustrated in the following examples.

By Hydrolysis of Esters

Ethyl 5-oxo-1,5-dihydro-1,7-naphthyridine-6-carboxylate (1, R =Et) gave
5-0x0-1,5-dihydro-1,7-naphthyridine-6-carboxylic acid (1, R =H) (M NaOH,
95°C, 1h: 93%);** similarly, ethyl 4-oxo-8-phenylthio-1,4-dihydro-1,
7-naphthyridine-3-carboxylate (2, R =Et) gave 4-oxo-8-phenylthio-1,4-
dihydro-1,7-naphthyridine-3-carboxylic acid (2, R=H) (5M NaOH, 20°C,
3 h: 30%)."7

0 )
RO,C N | N | CO.R
N~ N~
N N
H sph H

1) 2)

Ethyl  7-methyl-4,8-dioxo-1,4,7,8-tetrahydro-1,7-naphthyridine-3-carboxylate
(3, R=Et) gave 7-methyl-4,8-dioxo-1,4,7,8-tetrahydro-1,7-naphthyridine-
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180 1,7-Naphthyridinecarboxylic Acids and Related Derivatives

3-carboxylic acid (3, R = H) (2M HCI, reflux, 12 h: 79%).''1®

3,593,723,732
Also other examples.”*~%*7%7

By Hydrogenolysis of Benzyl Esters

Benzyl 7-methyl-8-oxo0-5-phenyl-7,8-dihydro-1,7-naphthyridine-6-carboxylate (4,
R = CO,CH,Ph) gave 7-methyl-8-oxo0-5-phenyl-7,8-dihydro-1,7-naphthyridine-
6-carboxylic acid (4, R = CO,H) (Pd/C, H,0, MeOH, H,, 20°C, 1 h: 89%).*

From Carboxamides

7-Methyl-8-o0xo0-5-phenyl-7,8-dihydro-1,7-naphthyridine-6-carboxamide
(4, R =CONH,) also afforded the foregoing acid (4, R =CO,H) (sub-
strate, HCI, NaNO, in slowly, 20°C, 15 h: 82%).>%*

By Oxidation of Carbaldehydes

7-Methyl-8-ox0-5-phenyl-7,8-dihydro-1,7-naphthyridine-6-carbaldehyde
(4, R =CHO) also gave the acid (4, R = CO,H) (substrate, NaOH, Bu'OH,
H,0; KMnOy in slowly; 20°C, 40 min: 91%).%*

21.1.2. Reactions of 1,7-Naphthyridinecarboxylic Acids

Of the many potential reactions of these acids, only two have been reported.
They are illustrated by the examples that follow.
Decarboxylation

7-Methyl-4,8-dioxo-1,4,7,8-tetrahydro-1,7-naphthyridine-3-carboxylic acid (5,
R =CO,H) gave 7-methyl-1,7-naphthyridine-4,8(1H,7H)-dione (5, R =H)
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(mineral oil, 290°C, 20 min: 80%).!'1¢

(©)]

4-Oxo0-1,4-dihydro-1,7-naphthyridine-3-carboxylic acid (6, R =CO,H) gave
1,7-naphthyridin-4(1[10-0ne (6, R =H) (quinoline, 200°C, 1 h; then 230°C,
15 min: ~78%).723<t-93

(¢}

(6)
Also other examples.732,744

Conversion to Amides

Note: This has been done directly and also indirectly via the uncharacterized 1,7-
naphthyrieinecarbonyl chlorides.
6,8-Dimethyl-4-oxo-1,4-dihydro-1,7-naphthyridine-3-carboxylic acid with 1-(4-ami-
nobutyl)-4-diphenylmethylpiperazine gave N-[4-(4-diphenylmethylpiperazin-1-
yl)butyl]-6,8-dimethyl-1,7-naphthyridin-4(1H)-one (7) (substrate, N, N-carbonyl-
diimidazole, Me;NCHO, 60°C, 5 h; then substrate in, 60°C, 1 h: 50%)."***
o

Me AN CONH(CH2)4N(CH2CH2)2NCHPh2

N
N
Me H
(@]
7-Methyl-8-0x0-5-p-tolyl-7,8-dihydro-1,7-naphthyridine-6-carboxylic acid was
converted into the corresponding 6-carbonyl chloride (SOCl,, Me,NCHO,
CH,Cl,, reflux, 3h), which then gave 7-methyl-N-(a-methylbenzyl)-8-oxo-
6-p-tolyl-7,8-dihydro-1,7-naphthyridine-6-carboxamide (8) (PhMeCHNH,,
Et;N, CICH,CH,CI, 20°C, 1 h: 67% overall); analogs likewise.”’®

C6H4Me-p
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21.2. 1,7-NAPHTHYRIDINECARBOXYLIC ESTERS

Virtually all known examples of such esters have been prepared by primary
synthesis (see Chapter 15), and their only reported reaction appears to be hydrolysis
(or hydrogenolysis) to the corresponding acids (see Section 21.1.1).

21.3. 1,7-NAPHTHYRIDINECARBOXAMIDES

Available data on these amides are summarized briefly in the following list.

Preparation of Amides

Note: Most amides have been made by primary synthesis (see Chapter 15) or
from 1,7-naphthyridinecarboxylic acids (see Section 21.1.2). In addition,
some have been made by hydrolysis of nitriles as illustrated here.

7-Methyl-8-ox0-5-phenyl-7,8-dihydro-1,7-naphthyridine-6-carbonitrile
(9, R=Me) gave the carboxamide (10, R=Me) (NaOH, H,0, EtOH, reflux,
40 min: 97%);°%? less effectively, the 7-isopropyl substrate (9, R=Pr') gave
the amide (10, R=Pr’) (KOH, Pr—OH, reflux, 90 min: 15%; perhaps [H,O]
was too low?).1397

21.4. 1,7-NAPHTHYRIDINECARBONITRILES

All such nitriles appear to have been made by primary synthesis (see Chapter 15)
or by the Reissert reaction (see Section 16.1.3); their only reported reaction
involves hydrolysis to amides (see Section 21.3).

21.5. 1,7-NAPHTHYRIDINECARBALDEHYDES AND KETONES

A few such derivatives have been made by primary synthesis (see Chapter 15
and reference a 1995 paper by Natsugari and colleagues®>); aldehydes have been
oxidized to carboxylic acids (see Section 21.1).



CHAPTER 22

Primary Syntheses of 1,8-Naphthyridines

Like the primary syntheses of other naphthyridines, the primary synthesis of 1,8-
naphthyridines may be done by cyclization of appropriate aliphatic substrates, with or
without auxiliary synthons, by cyclization of appropriately substituted pyridines with
or without synthons, or from other heterocyclic substrates by several processes.

Some reviews of 1,8-naphthyridine chemistry contain information on these
primary syntheses, 9-52:55:57.58:61.265.407.419.670.1357.1430.1432 (g bapers appear to
be mainly of historical interest,>%!!2325.28.35-38.62.63

22.1. FROM AN ALIPHATIC SUBSTRATE

Such syntheses are more suited to the preparation of hydro rather than aromatic 1,8-
naphthyridines and may require auxiliary synthons. A few typical examples follow.
Using a Substrate Alone

2,2,4-Trichloro-4,6-dicyanohexanoyl chloride (1) gave 3,7-dichloro-1,8-
naphthyridin-2(1H)-one (2) (HCI, Bu,O, 140°C: 78%).”"

% e XY
CCH,CH;CCH,CCLG(=0)CI \ |
N=--> CEN=--- (-2 HCD a” "NT N o
H
@ 2)

The carboxamidine (3) gave 2,2.4a,7,7a-pentamethyl-1,2,3,4,4a,5,6,7-octahy-
dro-1,8-naphthyridine (4) (HCI/CH,Cl,, 200°C, 80%).”"!

Me
_ _ HCI
Me,C=CHCH,CHMeCH,CH=CMe, " Memm
HN=C-NH, Me Me
3) (C)]

Also other examples.2 12,519,734,824,939,1080,1150,1325
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184 Primary Syntheses of 1,8-Naphthyridines

Using a Substrate and Synthon(s)

1-Amino-1,2,2-tricyanoethylene (malononitrile dimer) with 1-(1-acetyl-2-
dimethylaminovinyl)benzotriazole gave 4-amino-6-(benzotriazol-1-yl)-5-

methyl-2-o0xo0-1,2-dihydro-1,8-naphthyridine-3-carbonitrile (5) with loss of

dimethylamine (EtO: 75%).°**

X

|

N” 'N” 7o
H

®

N-(2-Benzoylethyl)-N,N-dimethylammonium chloride (2 mol) and cyanoaceta-

midinium chloride (made in sifu) gave 2,7-diphenyl-1,4,4a,5-tetrahydro-1,8-
naphthyridine-4a-carbonitrile (6) (HCI: 52%)."4*

22.2. FROM A SINGLE PYRIDINE SUBSTRATE

The intramolecular cyclization of a pyridine derivative to a 1,8-naphthyridine

can involve completion of the 1,2-, 1,8a-, 2,3-, 3,4, or 4,4a-bond. The following
examples are so grouped.

By Formation of the 1,2-Bond

5-Methyl-3-(m-tolylethynyl)-2-pyridinamine (7) gave 4-ethoxy-6-methyl-2-m-
tolyl-1,8-naphthyridine (8) (EtONa/EtOH: 90%; note the addition of
700

ethanol).
OEt
Me XN C=CCOC¢HsMe-m Me N X
| E10 |
~ —_— = Z
N NHZ N N C6H4Me—m
(7)

®)
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3-(2-Ethoxycarbonylvinyl)-2-pyridinamine (9) gave 1,8-naphthyridin-2(1H)-one
(10) (EtONa/EtOH: 72%),'***

O CH=CHCO,Et O~ X
| —
P Yz
NH, N N (6]
H
(&) 10)

477,588,1039,1
Also other examples,®>477-88.1039.1056

By Formation of the 1,8a-Bond

2,5-Bis(3-aminopropyl)pyridine (11) gave 2-(3-aminopropyl)-1,2,3,4-tetrahy-
dro-1,8-naphthyridine (12) (NaNH,/PhMe: 90%).>*>

H,N(H,C)3 AN NaNH, m
—_—
B )

N (CH,);NH, E N (CHp)3NH,
an a12)
2,6-Dichloro-3-[2-ethoxycarbonyl-3-(thiazol-2-ylamino)acryloyl]-5-fluoropyri-

dine (13) gave ethyl 7-chloro-6-fluoro-4-oxo-1-(thiazol-2-yl)-1,4-dihydro-
1,8-naphthyridine-3-carboxylate (14) (Bu’OK/dioxane: 63%).'*

COEL 0

F | SN COC= Clﬁ\I\H BUOK F | X |
P> ST N —
Cl N Cl N

— X

STSN
=
13) 14)

Also other examples.l’l 9,166,167,334,355,454,458,493,613,696,1122,1172,1216,1223,1234,1300,1346

By Formation of the 2,3-Bond

Note: Only fused 1,8-naphthyridines appear to have been made by this type of
synthesis.'*®

By Formation of the 3,4-Bond

Methyl 2-[N-phenyl-N-(pyrrolidin-1-ylacetyl)amino]-2-pyridinecarboxylate (15)
gave 4-hydroxy-1-phenyl-3-pyrrolidin-1-yl)-1,8-naphthyridin-2(1H)-one (16)
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(Bu’OK/MeOBu: ~85%).”""

CO,M N(CH
N LMe BUOK NN (CHp)3
| — |l
~
N N (6]

~
N~ ~ NPhCOCH,N(CH,)s \

15) (16)

2-[N-Ethyl-N-(2-ethoxycarbonylethyl)amino]-3-fluoro-6-p-tolylthiopyridine-3-

carbonitrile (17) gave ethyl 4-amino-1-ethyl-6-fluoro-7-p-tolylthio-1,2-
dihydro-1,8-naphthyridine-3-carboxylate (18) (NaH/PhMe: 91%)."'¢>

NH,
F N CN Nl F NN CO,Et
| — |
~ bz
p—MeH4C6 N NEtCHzCHZCOZEt p—MeH4C6 N 1}1
Et
18)

a7

311,123
Also other examples,'02!3-260-311.1236

By Formation of the 4,4a-Bond
6-(2-Acetyl-1-methylethylidene)amino-2-pyridinamine (19) gave 5,7-dimethyl-
1,8-naphthyridin-2-amine (20) (H;PO,, 100°C: 84%).'%*

Me
X A NN
| — |
= _ (-H,0) — —
H,N N N=CH,CH,COMe H,oN N N Me
(20)

(19)

2-(2-Carboxyethylamino)-6-methylpyridine (21) gave 7-methyl-3,4-dihydro-
1,8-naphthyridin-4(1H)-one (22) (P,Os/H;PO, or H,SOy, heat: ~50%).'3%

0
m P,05/H3PO, | A
-
Me” N7 > NHCH,CH,COH or Ha504 Me” N7 E
(22)

@n

2-(2,2-Diethoxycarbonylvinylamino)-6-fluoro-7-methylpyridine (23) gave ethyl
6-fluoro-7-methyl-4-oxo-1,4-dihydro- 1,8-naphthyridine-3-carboxylate ~ (24)
(Dowtherm, heat: 80%);1091 such a cyclization has also been done under
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different conditions to give ethyl l-cyclopropyl-4-oxo-7-phenylthio-
6-trifluoromethyl-1,4-dihydro-1,8-naphthyridine-3-carboxylate H,SO,/
Ac,O: 45%).1163

(0]
F SN R F N COEt
[ . 1T
Me N NHCH=C(CO,Et), Me N N
H

23) 24)

2-[2,2-Dicyano-1-(o-methoxyphenyl)vinylamino]-1-methylpiperidine (25) gave
the 4-amino-2-(p-methoxyphenyl)-8-methyl-5,6,7,8-tetrahydro-1,8-naphthyr-
idine-3-carbonitrile (26) (NaH/Me,NCHO: 85%).'""

NH,
CN
(l — (j\)ji
—_—
~
N7 NC(CgH4OMe-p) =C(CN),
|

1}1 N C6H4OMG-])
Me Me

25) (26)

7,31,102,103,154,179,687,701,702,720,835,841,847,863,1050,1060,1076,1117,1120,
Also other examples.
1235,1249,1284,1385,1388,1405

22.3. FROM A PYRIDINE SUBSTRATE AND SYNTHON(S)

Of the many possibilities within this type of synthesis, only nine are exemplified
in the literature: where one synthon supplies N1, C2, C2 + C3, C4a+ C8a,
NI +C2+4C3, C24+C3+C4, or N1 +C2+ C3+C4; or when two synthons
supply N1 and C2 or C2 and C3 + C4. The following examples illustrate each of
these primary synthetic routes.

Where the Synthon Supplies N1

2-Chloro-3-(2-ethoxycarbonylvinyl)pyridine (27) gave 1,8-naphthyridin-2(1H)-
one (28) (NH4/EtOH: 74%).'%4

X CH=CHCOEt NH, X
| — |l
Z Z
N Cl N N O
H

27 (28)

Also other examples.”>*
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Where the Synthon Supplies C2

3-(2-Nitrovinyl)-2-pyridinamine (29) gave 3-nitro-2-phenyl-1,8-naphthyridine
(30) (PhCHO, xylene: 75%).'*"®

CH=CHNO NO
N 2 PhCHO NN 2
| — |
~ ~ ~
N NH, N N Ph
29) 30)

2-Chloro-6-methyl-3-(sulfamoylacetyl)pyridine gave 1-ethyl-7-methyl-4-oxo-
1,4-dihydro-1,8-naphthyridine-3-sulfonamide (31) [HC(OEt);3, heat:
449%].'%%

Also other examples.'**?

Where the Synthon Supplies C2 + C3

Note: A great many such syntheses have been reported, most of them using 2-
amino-3-pyridinecarbaldehyde or related substrates.

2-Amino-5,6-diphenyl-3-pyridinecarbaldehyde (32) with a-benzoyltoluene
gave 2,3,6,7-tetraphenyl-1,8-naphthyridine (33) (EtOH, trace KOH:

90%).28+
Ph o CHO  pcyp,  Ph N Ph
| — |
= ~ ~
Ph N NH, Ph N N Ph
32) 33)

2-Amino-3-pyridinecarbonitrile (34) with m-chlorobenzyl cyanide gave 3-m-
chlorophenyl-1,8 naphthyridin-2-amine (35) (neat reactants, trace KOH/
H,0, microwave: 98%);77 the same substrate (34) with methyl cyanoacetate
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gave 2-o0xo-1,2-dihydro-1,8-maphthyridine-3-carbonitrile (36) (piperidine,
EtOH: 81%).%¢’

X CHO m-CICgH,CH,CN X CgH4Cl-m
oy
| “ | P —
N NH, N N NH,
\% SS
P
N N (6]
H
(36)

2-Benzylamino-3-pyridinecarboxylic acid (37) and acetic anhydride gave 4-
acetoxy- 1-benzyl-1,8-naphthyridin-2(1H)-one (38) (Ac,O/AcOH: 63%).'®°

OAc
AN COH Ac,0/AcOH X
| —_—
=
N NHCH,Ph N 1}1 O
CH,Ph
37 (38)

1 78,121,123,130,136,142,145,162,183,184,189,194,199,208,239,264,27

Also other examples.s’ 8,33,65,78,121,123,130,136,142,145,162,183,184,189,194,199,208,239,264,276,

278,283,306,312,384,468,482,531,579,582,607,618,622,650,653,658,659,666,674,707,709,712,727,753,

796,801,851,856,858,859,872,877,896,900,983,1005,1009,1041,1099,1100,1112,1139,1195,1196,1217,
1258,1274,1291,1328,1347,1400,1419,1425,1439,1440

Where the Synthon Supplies N1 + C2 4 C3

2 Bromo-3-pyridinecarbaldehyde (39) with 2-phenylacetamide gave 2-phenyl-
1,8-naphthyridin-2(1H)-one (40) (reactants, Cs,CO;3;, P- and Pd-catalysts:

91%).'""
(\/[CHO PhCH,CONH, | r X Ph
—_—
N/ Br (+Pa-catalyst) N/ N 0
H
39) (40)

Where the Synthon Supplies C2 + C3 4 C4

Note: This synthesis involves cyclocondensation of the 2-pyridinamine with a
1,5-dicarbonyl synthon or equivalent. Although the classical Skraup proce-
dures may be used,'’>**%7>3 yields are usually poor.



190 Primary Syntheses of 1,8-Naphthyridines

2,6-Pyridinediamine (41) with o-phenylmalondialdehyde gave 7-phenyl-1,8-
naphthyridin-2-amine (42) (85% H3P0,,95°C: 59%)>*® or with bis(trifluor-
oacetyl)methane gave 5,7-bis-(trifluoromethyl)-1,8-naphthyridin-2-amine
(44) (likewise: 67%).11%! Analog (43) was made similarly.33

OHCCH,CH,CHO Ph X

— ~

N~ °N7 "NH,
(42)

A (Me0),CH,CH,COEt X
—_—_—
L. L
HN" N7 TNH,

41) 43)

CFs

F3CCOCH,COCF; XN

| — —

F,c” N7 N7 ONH,
(44)

6-Methyl-2-pyridinamine (45, R=Me) with diethyl (1-ethoxyethylidene)malo-
nate gave ethyl 2,7-dimethyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carbox-
ylate (46) (Dowtherm, 240°C: 22%);**° 2-pyridinamine (45, R=H) with
diethyl malonate gave 4-hydroxy-1,8-naphthyridin-2(1H)-one (47) (neat
reactants, heat: 85%);693 and 2,6-pyridinediamine (45, R=NH,) with malic
acid gave 7-amino-1,8-naphthyridin-2(1H)-one (48) (H,SO,, heat: 85—
979%) 3896811018

O
CO,Et
EtOMeC = C(CO,Et), | N |
~
(R=Me) Me N N Me
H
(46)
OH
| N Et0,CCH,CO,Et NN
_—
z |
R” "N” "NH, R=H NN,
(45) H
(47)
HO,CCH,CH(OH)CO,H | XX
=

(R = NH,)



From a Pyridine Substrate and Synthon(s) 191

34,67,70,71,73,88,114,115,201,345,350,428,505,538,686,690,718,721,755,763,771,
Also other examples.
810,864,880,964,1059,1071,1073,1075,1156,1159,1218,1326,1333,1399, 1441

Where the Synthon Supplies N1 + C2 + C3 + C4

Note: As might be expected, this is a rare type of synthesis. During the
preparation of diethyl 2,6-dimethyl-3,5-pyridinedicarboxylate (49) from
ethyl acetoacetate and hexamethylene tetramine, triethyl 2,7,8a-trimethyl-
1,4,4a,5,8,8a-hexahydro-1,8-naphthyridine-3,6-dicarboxylate (51) was iso-
lated in 2% yield; it appears to have arisen from addition of the intermediate
(50) to the 2,3-bond of the main product (49)."'*

CO,Et
EtO,C CO,Et H,C~ .CO,Et EtO,C CO,Et
N
C
DO GRS (i
Me N Me HN” “Me Me N N Me
H H H

Me

(49) (50) (51)

Also other examples.®”'”

Where Two Synthons Supply N1 and C2

4,6-Dichloro-3-ethoxycarbonylacetyl-5-fluoropyridine (52) with triethyl ortho-
formate and subsequently cyclopropylamine gave 7-chloro-1-cyclopropyl-6-
fluoro-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylic acid (583) (~60%;

note hydrolysis of the ester group).*®’
(6]
F COCH,CO,Et F CO,H
| A (CH,),CHNH, | A |
= — > —
Cl N Cl and HC(OEt)3 Cl N N
(52) (53)

Where Two Synthons Supply C2 and C3 + C4

2-Pyridinamine (54) with benzaldehyde and subsequently pyruvic acid gave
2-phenyl-1,8-naphthyridine-4-carboxylic acid (55) (EtOH, heat: 7%).°®

COH
| X PhCHO and | NN
—_—T
7 AcCOH 7 —
N NH, N N Ph

(54) (55)
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22.4. FROM OTHER HETEROCYCLIC SUBSTRATES

1,8-Naphthyridines may be made from a variety of heteromono-, heterodi-, or
heterotricyclic substrates as illustrated by the following examples. Fused 1,8-
naphthyridine derivatives may also be so made. e.g.,>®’

Isoxazolo[4,3-c][1,8]naphthyridines as Substrates

8-Chloro-5-methyl-3,3a,4,5-tetrahydroisoxazolo[4,3-c][1,8]naphthyridine
(56) gave 6-chloro—3-hydroxymethyl-1-methyl-2,3-dihydro-1,8-naphthyri-
din-4(1H)-one (57) (Raney Ni: 88%; note the additional hydrolysis

of =NH to =0).
NI_O (0]
Cl X (1) Cl SN CH,OH
» — 1
N 1}1 N ITI
Me Me
(56) (57)

Oxazoles as Substrates

4-Methyl-2-(N-pent-4-enylacetamido)oxazole (58) gave 1-acetyl-7-methyl 1,2,3,4-
tetrahydro-1,8-naphthyridine (59) (diazabicycloundecene, PhH, 180°C: 39%; a
rational mechanism is suggested).”’*

B s B

PR — P
Me” "N~ " NAc(CH,);CH=CH, H,0) Me” N7 N
Ac

(58) (59)

Pyrans as Substrates

Ethyl 6-amino-4-p-chlorophenyl-5-cyano-2-methylpyran-3-carboxylate (60) with
2-cyanoacetamide gave ethyl 5-amino-6-cyano-2-methyl-7-oxo-7,8-dihydro-
1,8-naphthyridine-3-carboxylate (61) (piperidine, 130°C: 80%).°%

C6H4C1—p NHZ C()H4C1—p
NC CO,Et
NCE COqEt NCCH,CONH, 2 |
| N | _— ~
HN™ ~07\ Me o g N~ "Me

(60) (61)
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Pyrido[2,3-5][1,8]naphthyridines as Substrates

4,8-Dimethylpyrido[2,3-b][1,8]naphthyridine-2,6(1H,9H)-dione (62) under-
went oxidation to give 2-amino-5-methyl-7-o0x0-7,8-dihydro-1,8-naphthyr-
idine-3-carboxylic acid N-oxide, probably the 1-oxide (63) (MeCOsH:
~30%)."*

m MECOBH m -

N‘Me

O
(62) (63)

Pyrido[2,3-d][1,3]oxazines as Substrates

1-Phenyl-2H-pyrido[2,3-d][1,3]oxazine-2,4(1H)-dione (64) with diethyl malo-
nate gave ethyl 4—hydroxy-2-oxo-1—phenyl 1,2-dihydro-1,8-naphthyridine-3-
carboxylate (65) (reactants, NaH, 150°C: ~85%); 453497 the same substrate
(64) with ethyl nitroacetate gave 4-hydroxy 3-nitro-1-phenyl-1,8-naphthyr-
idin-2(1H)-one (66) (NaH/MeCONMe,, 100°C: 77%).'"*!

O OH
HyC(CO,ED,, AN CO,Et
— |l
/& P
N ITI (6]
Ph Ph
(64) (65)
OH
Et0,CCH,NO,, @(iNOZ
NaH | =
N IT] (6]
(66)

Also other examples.140’471’816’912’1127’1225

Pyrido[1,2-a]pyrimidines as Substrates

2-Benzyl-6-methyl-4H-pyrido[1,2-a]pyrimidin-4-one (67, R=CH,Ph) under-
went thermal rearrangement to give 2-benzyl-7-methyl-1,8-naphthyridin-
4(1H)-one (68, R=CH,Ph) (Dowtherm, 220°C: 42%;*® the homologous
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substrate (67, R=Ph) likewise gave 7-methyl-2-phenyl-1,8-naphthyridin-
4(1H)-one (68, R=Ph) (reflux: 76%).'**°

Me O (0]
Z N7 A0 X
e | |
N pZ
N R M N

e N R
H

(67) (68)

6-Amino-2-trifluoromethyl-4H-pyrido[1,2-a]pyrimidin-4-one (69) gave 7-amino-
2-trifluoromethyl-1,8-naphthyridin-4(1H)-one (70) (Ph,0, reflux: 90%).5%3

NH, O 0
= N\ . AQ A
| — | |
N —
N~ “CF; HN~ "N~ "N~ “CF
H
(69) (70)

524,565,569,909,971,1006,1082,1085,1185,1186,1269
Also other examples,>2#36%:369.9099

Pyrido[2,3-d]pyrimidines as Substrates

Pyrido[2,3-d] pyrimidine (71) with malononitrile gave 2-amino-1,8-naphthyr-
idine-3-carbonitrile (72, R=CN) (reactants, MeOH, 20°C: 75%) or with ethyl
cyanoacetate gave ethyl 2-amino-1,8-naphthyridine-3-carboxylate (72,
R=CO,Et) (likewise: 8%); other activated methylene synthons also gave
products but in very poor yield, even at appreciably increased tempera-
tures. '

XX RCHLN AN R
| 1 —_—
~ J} = =
N N, N N NH,
(71) (72)
1013,1054

Also other examples.

Pyrimido[1,2-alnaphthyridines as Substrates

Diethyl 4-hydroxy-6-nitro-10-ox0-7,10-dihydropyrimido-[1,2-a][1,8]naphthyri-
dine-3,9-dicarboxylate (73) underwent alkaline degradation and saponification
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to give 7-amino-6-nitro-4 oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylic
acid (74) (NaOH/EtOH: above 80%).”®

OH 0
0N A COaE " 0N CO,H
L o T
HN” N7 N HN" N7 N
\ H

0
CO,Et
(73) (74)
748

Also other examples.

Pyrrolo[2,3-b]pyridine as Substrates

Pyrrolo[2,3-b]pyridine (75) underwent pyrolysis in chloroform to give a separ-
able mixture of 1,8-naphthyridine (76, R=H) and 3-chloro-1,8-naphthyridine
(76, R=Cl) (vapor phase, 550°C: low yields).''*>

| X | CHCl3, 550°C X R
—_—
~
H
(75) (76)

Tetrazolo[2,4,5-ij][1,8]naphthyridines as Substrates

4,4,9,9-Tetramethyl-5,6,7,8-tetrahydro-4H,9H-tetrazolo[2,4,5-ij][ 1,8]naphthyri-
dine (77) lost nitrogen on irradiation to give 2,2,7,7-tetramethyl-1,2,3,5,6,7-
hexahydro-1,8-naphthyridine (78) (hv, C¢DsCD5: 100% by NMR).>**

MEmMe - MEmMe
Me (=Na)
N—N
) (78)

1,2,4-Triazines as Substrates

3-(Pent-4-ynylamino)-6-trifluoromethyl-1,2,4-triazine (79) underwent thermal
cyclization to give 3-trifluoromethyl-5,6,7,8-tetrahydro-1,8-naphthyridine
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(80) with loss of nitrogen and formation of the 4a,8a- and 5,6-bonds (Ph,0,
240°C: 67%."4*

N N . _CF, N - CF3
i e
HC=C(H,C);HN~ "N NT TN
H
(79) (80)

Also other examples.'**°



CHAPTER 23

1,8-Naphthyridine, Alkyl-1,
8-naphthyridines, and Aryl-1,
8-naphthyridines

The scope of this chapter with respect to 1,8-naphthyridines is analogous to that
of Chapter 2 in terms of 1,5-naphthyridines. Much more work has been done on the
1,8-naphthyridines than of any of the other naphthyridine systems; indeed, the word
“naphthyridine” was used originally to cover only the 1,8-system.' Its symmetry
and the contiguity of its nitrogen atoms in space have made 1,8-naphthyridine
especially attractive to theoretical chemists and for the construction of metallic and
other complexes; moreover, a variety of its derivatives have shown useful biological
activities. e.g.,356:357:397.1263.1422

The general chemistry of 1,8-naphthyridines, usually in association with those of

related systems, has been reviewed from time to time but not always in any
depth, 49-51:55.58.61.265.407.419.670,1260,1357.1430.1432

23.1. 1,8-NAPHTHYRIDINE AND HYDRO DERIVATIVES
23.1.1. Preparation of 1,8-Naphthyridine

The parent 1,8-naphthyridine was first made by catalytic dechlorination of 2,4-
dichloro-1,8-naphthyridine (no details);*** it is probably best made by a Skraup
procedure (33%)25 %or by a modified Friedlénder procedure (80%). 1441 Other routes
have been mentioned in Chapter 22.

The preparation of several unsubstituted hydro-1,8-naphthyridimes has been

described as follows.

1,2-Dihydro-1,8-naphthyridine (2) by catalytic hydrogenlysis of 2,4-dichloro-
1,8-naphthyridine (Pd/C, H,: ?%)*' or from 3-methyl-2-pyridinamine (1)

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
Copyright © 2008 John Wiley & Sons, Inc.

197
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with 2-bromoacetaldehyde diethyl acetal (250°C: ?%).®

AN Me BrCH,CH(OEt), X
—_—
P P

N~ ~cl N~ °N
H
6)) 2)

1,2,3,4-Tetrahydro-1,8-naphthyridine (3) by reduction of 1,8-naphthyridine
(B>Hg, 20°C: 44%;*'" or Pd/C, H,: 35%);*” or by cyclization of 3-(3-
aminopropyl)pyridine (4) (Na/PhMe: 30%).''*

A Na/PhMe X (CH2)3NHy
| —
~ ~

N N N

jas)

3 @

1,2,3,4,4a,5,6,7-Octahydro-1,8-naphthyridine (5) by oxidation of decahydro-1,8-
naphthyridine [N-bromosuccinimide: 55%; or Hg(OAc),: 18%]%27<"1988 op
by thermal bicyclization of 2,2-bis(3-aminopropyl)acetic acid (6) (dry
distillation: ?%).>

coH
A
<« HpN(CH;);C(CH,)3NH,
P H
N
H
) (6)

Decahydro-1,8-naphthyridine (7) by reduction of 1,3-naphthyridine (Na, EtOH:
70%:%*" or with an additional hydrogenation: 50%).*”"%* Also by a
reductive dehalogenation of 2,4-dichloro-1,8-naphthyridine (?%).64

(L

H H
Q)]

23.1.2. Properties of 1,8-naphthyridine

The bald physical properties of 1,8-naphthyridine may be found from its entry in
Table A4. More extensive information or studies, usually involving comparisons
with related systems and/or alkyl derivatives, are referenced here.

Aromaticity®’®

Dipole moment*®®



1,8-Naphthyridine and Hydro Derivatives 199

Electron spin resonance'?7%19%3

44,343,689,948,1124,1247
Infrared spectra™

. . 3
Ionlzatlon45,528,806,81 ,1176,1192

Mass spectra3 66.975

Nuclear magnetic resonance

13C Spectra913,1174,1176,1192

lH Spectra42,43,296,922

N spectra365

1 1128,11
>N spectra' 1251189

2
Nuclear quadrapole resonance spectra®®

Polaro graphy829, 1303

2 12,84 1081,1101,1126,1173,1241
Resonance energy, etc. 09,812,840,998,1081,1101,1126,1173,

. 1242
Tautomerism

: 5 3
Ultraviolet spectra4 ,759,807,820,1016,1181,1312,1426

X-ray structural studies®?9-832

23.1.3. 1,8-Naphthyridine Complexes

As mentioned earlier, 1,8-naphthyridine and its derivatives are admirably suited
to the preparation of metallic or other complexes. Although the details of such
complexes are beyond the scope of this book, selected papers in this area are listed
here according to the element or other entity involved.

3254
Ag 5,459

5
Au2 4
B67l
Ba255

Ca255
Cd256,26l,1369

C0256,26l,652,748,1369

Cr616,937,991,1238
Cu256,257,261,298,459,704,775,783,790,984,1369
F6256,314,348,935,955, 1362,1365,1369,1372

Hgl 149,1206,1209

La, etC.S12’662’1287’1355’1367
Mn256,261,652,934,1369
M0661,904,1358

Ni 128,256,261,315,652,739,1369

256,957
Pd—>
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Pr297,958

Pt280,cf. 319

Re675

Rh398,430,1 155,1156,1436
Ru279,287,399,638,898,940,1 125,1222,1370

S n678
S I.255
U341

321
Yb

256,261,652,13
7 236:261.652.1369

. < 424,506,606,665,927,11
Organic entities*?#200:006.665.927.1160

23.1.4. Reactions of 1,8-Naphthyridine

The nuclear reduction of 1,8-naphthyridine has been covered in Section 23.1.1.
Other reactions are illustrated by the following examples, but for deuteration, see a
1989 paper by Wozniak.>"!

C-Amination

1,8-Naphthyridine (8) gave 1,8-naphthyridin-2-amine (10) (KNH,/NHj3; then
KMnO,: 10%);425 the intermediate dihydro adduct (9) was clearly involved
on NMR evidence.?0>333

XX NaNH, Xr X o1 XX
| — ||l — |l
7 = NH; 7 7 7
N~ °N” TNH, N NH,
H
(t)] 9 (10)

N-Amination

1,8-Naphthyridine with O-mesitylenesulfonylhydroxylamine gave the quater-
nary product, l-amino-1, 8-naphthyridin-1-ium mesitylenesulfonate (11)
(reactants, CH,Cl,, 20°C: 72%), converted by benzoyl chloride into the
zwitterionic product (12) (neat reactants, 90°C: 60%).!003cf. 1004.1028

2,4,6-Me;C¢H,SO5~

XN BzCl NN
| — |l
~ + —= +
N [
[
NH, “NBz
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Halogenation

1,8-Naphthyridine hydrobromide gave a separable mixture of 3-bromo-
(13, R=H) and 3,6-dibrimo-1,8-naphthyridine (13, R=Br) (Br,, PhNO,,
175°C: ~30% each; excess of Br, gave 72% of the dibromo product).®®><"173

R N Br
| ~ ~
N N
a3

Cycloaddition

1,8-Naphthyridine with chloromethyl phenyl sulfone gave 5,6-bis(phenylsulfo-
nyl)-5,5a,5b,6-tetrahydro-4bH-azirino[ 1,2-a]cyclopropa[c][1,8]naphthyridine
(14) (reactants, KOH, Me,SO, 20°C: 66%).50><>

SO,Ph

N\

SO,Ph
(14)

N-Oxidation

1,8-Naphthyridine gave its 1-oxide (15) (PhCOsH, CHCls: 47%;"*'* or H,0,,
Na,WO,: 5%).'°"!

Quaternization

1,8-Naphthyridine gave its 1-methiodide (16) (Mel, AcMe, reflux: ~90%),"*'*
its 1,8-bismethofluorosulfonate (17) (neat FSO;Me, 100°C: 88%),'°°! or
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1,2-dihydroimidazo[1,2,3-ij][1,8]-naphthyridinediium dibromide (18) (BrCH,
CH,Br, reflux: 90%).1144

I 2 FSO5~ 2 Br-
AN XN XX
| A o |+/ + 2 |+/ + -
NN N N
Me Me Me L
16) a7) (18)

In contrast to the last example, 1,8-naphthyridine with excess o-bis(bromo-
methyl)benzene gave o-bis(1,8-naphthyridiniomethyl)benzene dibromide
(19) (0-CLL,CgH,, 140°C: 41%).8"7

A XX
| ~ + - | + 2 ~
NTON NTON
H,C CHy ,p.
19)

Also other examples, including miscellaneous information such as kinetic
59,377,906,961,993,1002,1137,1306
data.
Reissert Reactions

1,8-Naphthyridine with potassium cyanide and benzoyl chloride gave 1-benzoyl-
1,2-dihydro-1,8-naphthyridine-2-carbonitrile (20) (reactants, 20°C: 21%).'%%>

AN

(20)

1,8-Naphthyridine with benzoyl chloride and indole gave 1-benzoyl-2-(indol-3-yl) -
1,2-dihydro-1,8-naphthyridine (21) (20°C: 32%) or 1,8-dibenzoyl-2,7-bis
(indol-3-y1)-1,2,7,8-tetrahydro-1,8-naphthyridine (22) (90°C: 30%).50%¢t-791.842

AN 2 X

B |

T RN
Bz Bz Bz
(21) (22)
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23.2. ALKYL- AND ARYL-1,8-NAPHTHYRIDINES
23.2.1. Preparation of Alkyl- and Aryl-1,8-naphthyridines

Many alkyl or aryl-1,8-naphthyridines have been made by primary synthesis (see
Chapter 22). Other procedures involve the introduction of substituted or unsubstituted
alkyl or aryl groups into existing 1,8-naphthyridines or the interconversion of such
groups already in place. The following examples illustrate the methods used.

By Direct Alkylation/Arylation

1,8-Naphthyridine underwent self-arylation to give 2,2-bi-1,8-naphthyridine
(LiBu, dithiane; then O,: 69%).737

2-Methyl- gave 2,7-dimethyl-1,8-naphthyridine (MeLi, Et,0, —50°C: 84%).*7

Ethyl 7-chloro-1-cyclopropyl-6-fluoro-4-oxo-1,2,3,4-tetrahydro-1,8-naphthyri-
dine-3-carboxylate (23, R=H) gave its 5-methyl derivative (23, R =Me)
(Bu’Li: then Mel: 86%).''®

R (0}

F AN CO,Et
P
Cl N i
(23)

3-Nitro-1,8-naphthyridine (24, R = H) gave 3-nitro-4-phenylsulfonylmethyl-1,8-
naphthyridine (24, R = CH,SO,Ph) (CICH,SO,Ph, NaOH, Me,SO: 82%)."'%*

(24

194,409,1075,1102
Also other examples,3¢-194-409:1075.110

From Halogeno-1,8-naphthyridines

1-Butyl-4-chloro-3-nitro-1,8-naphthyridin-2(1H)-one (25, R =Cl) gave 1-butyl-
3-nitro-4-phenyl-1,8-naphthyridin-2(1H)-one (25, R=Ph) [PhB(OH),,
Pd(PPhs)4, Cs,CO5: 86%, analogs likewise].'®”

R
| X NO,
~
N ITI O
Bu
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2,7-Dichloro-1,8-naphthyridine with tert-butyl 2-ethynylpyrrole-1-carboxylate
gave 2,7-bis(1-tert-butoxycarbonylpyrrol-2-yl-ethynl)-1,8-naphthyridine (26)
[reactants, EtzN, Cul, Pd(PPh;),Cl,, THF: 784].!2%<f- 118

| |
Bu’OZC COzBut
(26)

Also other examples. 176,288,444,465,466,905,1158,1184

From 1,8-Naphthyridine N-Oxides

1,8-Naphthyridine 1-oxide (27) with o-methoxyphenyllithium gave 2-o0-
methoxyphenyl-1,8-naphthyridine (28) (reactants, Et,O: 13%).***

AN AN LiC¢H4OMe-o AN AN
—_——
I Pz 7 I 7 Pz
N

I;I N N C6H4OMC- 0
O

27) (28)
By Modification of Existing Alkyl Groups

Ethyl 1-(2-chloroethyl)-4-oxo-7-(pyrrolidin-1-yl)-1,4-dihydro-1,8-naphthyri-
dine-3-carboxylate (29) gave 4-oxe-7-(pyrrolidin-1-yl)-1-vinyl-1,4-dihydro-
1,8-naphthyridine 3-carboxylic acid (30) (NaOH: 69%); note the additional

hydrolysis of the ester group].'®*

0 0

N COEt N COH

I I — I I
s =
(HCONT "NT TN (HCUN" NN

CH,CH,Cl CH=CH,

(29) 30)

Ethyl 2,7-dimethyl- gave ethyl 2-methyl-7-[2-(5-nitrofuran-2-yl)vinyl]-4-oxo-
1,4-dihydro-1,8-naphthyridine-3-carboxylate (31) (5-nitrofuran-2-carbalde-
hyde, Ac,O/AcOH: 27%)**

(0]
| AN | CO,Et
1
HC=HC N N Me
H
0]
NO,
3D

Also other examples.667’926’938’1134’“63’1 182,1407
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Note: Other types of modification are exemplified in Section 23.2.2.
23.2.2. Reactions of Alkyl- and Aryl-1,8-naphthyridines

Only reactions specific to the alkyl substituent(s) are covered here; nuclear
reactions and those affecting aryl groups (e.g., nitration) will be found in appro-
priate chapters. Examples follow.

Halogenation of Alkyl Substituents

2,7 Dimethyl-1,8 naphthyridine (32, R = Me) with 2,4,6-trichloro-1,3,5-triazine
gave 2,7-bis(chloromethyl)- (32, R = CH,Cl) (CHCls: 33%)"°* or with N-
chlorosuccinimide and benzoyl peroxide gave either 2,7-bis(dichloromethyl)-
(32, R=CHCl,) (4 mol NCS, CCly: 97%) or 2,7-bis(trichloromethyl)-1,8-
naphthyridine (32, R =CCl;) (NCS 8 mol, CCl,: 89%).*

| XN
= =
R N N R
(32)

1-Ethyl-6-fluoro-7-methyl-4-oxo- (33, R =Me) gave 1-ethyl-6-fluoro-4-oxo-7-
trichloromethyl-1,4-dihydro-1,8-naphthyridine-3-carboxylic acid (33, R = CCly)
(neat SOCl,, 60°C: 90%).'*!

0
Fe CO,H

D8

RTONTON

Et

33)

Ethyl 6-ethoxy-7-(2-ethoxycarbonylvinyl)-(34) gave ethyl 7-(1,2-dibromo-2-
ethoxycarbonylethyl)-6-ethoxy-1-ethyl-4-oxo-1,4-dihydro-1,8-naphthyri-
dine-3-carboxylate by addition of bromine to the exocyclic double bond
(Bra/AcOH: 91%).1960

EtO CO,Et
~
EtO,CHC=HC” "N~ "N

(34)

35
Also other examples,'!'%9241064.11
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Oxidation of Alkyl Substituents

2,7-Dimethyl-1,8-naphthyridine (35, R=H) gave 1,8-naphthyridine-2,7-dicar-
baldehyde (36, R=H) (SeO,, dioxane: 59%);”33’Cf'724 likewise, 2,7-
dimethyl-4-octyloxy-1,8-naphthyridine (35, R=0CgH,;) gave 4-octyloxy-
1,8-naphthyridine-2,7-dicarbaldehyde (36, R = OCsH,;) (82%)."*"°

R R
XN Se0, XN
| — |
= = Pz =
Me N N Me OHC N N CHO
35) (36)

2-Styryl-1,8-naphthyridine gave 1,8-naphthyridine-2-carboxylic acid (CrOs,
AcOH, H,0: 50%).8™*

7-Methyl-1,8-naphthyridin-4(1H)-one (37) on nitration gave 6-nitro-5-oxo-5,8-
dihydro-1,8-naphthyridine-2-carboxylic acid (38) (HNO;, heat: ~55%).7%°

O O
AN HNO; B NO,
| | — |
b ~
Me N N HO,C N N
H H
(37 (3%)

350,395.483,1060,1084,1163,1441,1445,145
Also other examples,?70-392:483.1060.1084.116 5.1450

Acylation of Alkyl Substituents

5,7-Dimethyl-1,8-naphthyridin-2(1H)-one with butyllithium followed by benzo-
nitrile and then hydrochloric acid gave 5-methyl-7-phenacyl-1,8-naphthyr-
idin-2(1H)-one (39); in contrast, the same substrate treated similarly, but with
sodium amide/ammonia in place of butyllithium, gave the isomeric 7-methyl-
5-phenacyl-1,8-naphthyridin-2(1H)-one (40) (49%).""

Me CH,Bz
XN XN
L. P
BzH,C N N (6] Me N N (6]
H H
39) (40)

Also other examples.”*®
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Cyclizations Involving Alkyl Substituents
2-Styryl-1,8-naphthyridine (41) with diazomethane gave 2-(4-phenylpyrazolin-
3-yl)-1,8-naphthyridine (42) (55%); analogs likewise.' 3!

| NN

Z =
N N CH=CHPh

41) (42)

Also other examples.''%






CHAPTER 24

Halogeno-1,8-naphthyridines

Halogeno substituents at the 2-, 4-, 5-, and 7-positions of 1,8-naphthyridine will
be activated toward aminolysis and similar reactions; those at the 3- and 6-positions
will be only mildly so activated; and extranuclear halogeno substituents will
resemble at best that in benzyl chloride.

Accordingly, halogeno-1,8-naphthyridines have proved to be valuable interme-
diates.**” Moreover, such naphthyridines (with structures broadly based on that of
nalidixic acid and usually with fluoro substituents) have shown remarkable
antimicrobial and other bioactivities: for example, enoxacin (1),406’431’457’489’563’
7801091.1236.1316 o floxacin (2),451452:461484497 1o o foxacin, 330-541:579.765.1314

423,501,527,547,550,617,883
related compounds,*23-201-227-347.350.617.88

and

@ 2
The X-ray structures, UV spectra, and mass spectra of various halogeno-1,8-
naphthyridines have been studied.0%46-800-1313

24.1. PREPARATION OF HALOGENO-1,8-NAPHTHYRIDINES

This can be done in a variety of ways, including primary synthesis (see
Chapter 22) and the halogenation of alkyl groups (see Section 23.2.2), which have
been covered already. Other routes are illustrated by the following examples.

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
Copyright © 2008 John Wiley & Sons, Inc.
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By Direct Nuclear Halogenation

Note: Such halogenation of the parent 1,8-naphthyridine has been exemplified in
Section 23.1.2.
1,8-Naphthyridin-2(1H)-one (3, R = H) gave 3-chloro-1,8-naphthyridin-2(1H)-
one (3, R = Cl) (KClOs, HCI, 50°C: 78%).27*
XN R
L.

N~ 'N” ~o
H
3

7-Methyl-1,8-naphthyridin-4(1H)-one (4, R=H) gave its 3-iodo derivative
4, R=1) (I, K,CO3, Me,NCHO, H,0: 82%).””

(O]

In contrast to the last example, 7-methyl-2,3-dihydro-1,8-naphthyridin-4(1H)-
one (5, R=H) apparently gave its 7-bromo derivative (5, R=Br) (N-
bromosuccinimide, CHCls: ~80%).!3%3

3
Also other examples.®’®093:982

By Halogenolysis of 1,8-Naphthyridinones

Note: The chlorolysis of naphthyridinones or naphthyridinoles is usually done
with neat phosphoryl chloride to which may be added phosphorus pentachlor-
ide or dimethylformamide in difficult cases; corresponding bromolysis is
achieved by the use of phosphoryl bromide; and the chlorolysis of (extra-
nuclear) hydroxyalkyl-1,8-naphthyridines may be done with thionyl chloride
with or without added zinc chloride. Typical examples of these procedures are
given here.

1,8-Naphthyridin-2(1H)-one (6, R=H) gave 2-chloro-1,8-naphthyridine
(7, R =H) (neat POCl, reflux: 84%);"'® 2-m-chlorophenyl-1,8-naphthyridin-
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2(1H)-one (6, R = CcH4Cl-m) gave 2-chloro-3-m-chlorophenyl-1,8-naphthyr-
idine (7, R = C¢H4Cl-m) (POCl;, microwave hv, 2.5 min: 94%).”

AN AN R POCl; AN AN R
| — |
— b —
N~ N7 o N~ N7 a
H

(6) 7

3,6-Dinitro-1,8-naphthyridin-2(1H)-one gave 2-chloro-3,6-dinitro-1,8-naphthyr-
idine (8) (POCls, reflux, 8 h: 60%).'!®

O,N | N NO
— —
N~ "N “al
®

2,3-Dimethyl-1,8-naphthyridin-4(1H)-one gave 4-chloro-2,7-dimethyl-1,8-
naphthyridine (9) (POCls, 90-95°C, 30 min: 85%).'"**

Cl
AN
| P pZ
Me N N Me
)

Also other examples of nuclear chlorolysis using neat phosphoryl chloride.*"
79,85,88,89,101,153,239,418,471,533,543,551,600,686,690,701,718,720,728,743,763,764,771,850,856,

926,972,1091,1098,1186,1191,1221,1267,1293,1328,1384,1390,1401

1,8-Naphthyridine-2,7(1H, 8H)-dione gave 2,7-dichloro-1,8-naphthyridine (10)
(PCls, POCl;, reflux: 81%)389 2,4-dichloro-1,8-naphthyridine was made
similarly in comparable yield.>

XX
| b —
ClI” 'N” 'NT ~a
(10)

2-0Ox0-1,2-dihydro-1,8-naphthyridine-3-carbonitrile gave 2-chloro-1,8-
naphthyridine-3-carbonitrile (11) (PCls, POCls, reflux: 81%);*” 2-chloro-7-
ethoxy-5-phenyl-1,8-naphthyridine-3,6-dicarbonitrile (12) was made simi-

larly (85%).78
Ph
N CN NC X CN
| ~ ~ | ~ ~
N N Cl EtO N N Cl

an 12)
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Ethyl 1-(2-chloroethyl)-6-nitro-4,7-dioxo-1,4,7,8-tertahydro- gave ethyl 7-
chloro-1-(2-chloroethyl)-6-nitro-4-oxo- 1,4-dihydro-1,8-naphthyridine-3-car-
boxylate (13) [POCl;, Me,NCHO (i.e., a Vilsmeier reagent), 65°C:

82% ].1029
(0]
O,N AN CO,Et
D8
Cl N 1}1
CH,CH,CI
3)

1,8-naphthyridin-4(1H)-one gave 4-bromo-1,8-naphthyridine (14) (POBrs;,
145°C: ~75%);"'"%% also analogous cases. 627239

Br

14)

Ethyl 7-chloro-1-(2-hydroxyethyl)- (15, R =OH) gave ethyl 2-chloro-1-
(2-chloroethyl)-4-0x0-1,4-dihydro-1,8-naphthyridine-3-carboxylate
(15, R =Cl) (SOCl,, CHCl;, reflux: 70%);1049 the analogous product, ethyl
7-chloromethyl-1-ethyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylate
(16) was made somewhat similarly (SOCl,, ZnCl,, CHCIl; 25°C:

83 %) . 1248
o o
N CO,FEt N CO,FEt
Y Y
Cl N TTI CIH,C N T}I
CH,CH,R Et
15) (16)

From 1,8-Naphthyridinamines

Ethyl 6-amino-l-ethyl- (17, R =Et, X =NH,) gave ethyl 6-chloro-1-ethyl-7-
methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylate (17, R =Et,
X =Cl) (HNO,, 0°C; CuCl, 65°C: 64%);*®" an analogous substrate,(17,
R =H, X=NH,), likewise gave 1-ethyl-6-fluoro-7-methyl-4-oxo-1,4-dihy-
dro-1,8-naphthyridine-3-carboxylic acid (17, R =H, X =F) (NaNO,, HBF,,
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H,0, —5°C; then HCI reflux: 36%).2%°

(0]

X A COR
B8
Me N 1}1
Et
a7)

Also other examples.®”?

From 1,8-Naphthyridine N-Oxides

Note: At least in simple cases, the Meissenheimer reaction appears to be
unsatisfactory for the production of halogeno-1,8-haphthyridines. Thus 1,8-
naphthyridine 1-oxide with phosphoryl chloride gave a difficult-to-separate
mixture of 2-, 3-, and 4-chloro-1,8-naphthyridine (in ratio 36:7: 57);225
phosphoryl bromide and bromine/acetic acid both gave even worse mixtures
of brominated 1,8-naphthyridines.®'”#4%

From 1,8-Naphthyridinecarboxylic Acids
1-Ethyl-7-methyl-4-oxo0-1,4-dihydro-1,8-naphthyridine-3-carboxylic acid (18,

R =CO,H) gave 1-ethyl-3-iodo-7-methyl-1,8-naphthyridin-4(1H)-one (18,
R =1) [substrate, I,, Pb(OAc)4, hv: 62%]; analogs likewise. 2!

O
X R
D8
Me N 1}1
Et
(18)

By Interchange of Halogeno Substituents

Note: Such interchange has been confined to the conversion of chloro to fluoro
derivatives.

2,7-Dichloro- (19, X = Cl) gave 2,7-difluoro-1,8-naphthyridine (19, X =F) [KF,
0,S(CH,),, 180°C: 50%];218f- 821 hexachloro-gave hexafluoro-1,8-naphthyr-
idine (likewise, 200°C: 7%).”'8
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Ethyl 1-ethyl-4-oxo-1,4-dihydro-7-trichloromethyl- (20, X = CI) gave ethyl 1-
ethyl-4-oxo-1,4-trifluoromethyl- 1,8-naphthyridine-3-carboxylate (20, X =F)
(SbFs, 30°C: ~40%).'1%

Also other examples.'?*®

24.2. REACTIONS OF HALOGENO-1,8-NAPHTHYRIDINES

The interchange of halogeno substituents has been covered at the end of
Section 2.4.1. The many other important reactions of halogeno-1,8-naphthyridines
are illustrated in the following classified examples.

Hydrolysis

Note: This may be done under either acidic or alkaline conditions.
2-Chloro 1,8-naphthyridine (21) gave 1,8-naphthyridin-2(1H)-one (22) (1.25M
NaOH, reflux: 69%).'°%®

(L, - (Il
21 (22)

4-Bromo-1,8-naphthyridine gave 1,8-naphthyridin-4(1H)-one (HCI, reflux:
83%).%%%

3-Carboxymethyl-7-chloro-1,8-naphthyridin-2(1H)-one gave 3-carboxymethyl-
1,8-naphthyridine-2,7(1H, 8H)-dione (23) 6M NaOH, reflux: 94%).>"

CH,CO,H

Also other examples,?63-768:660

Alcoholysis/Phenolysis

2-Chloro- (24, R = H) gave 2-methoxy-1,8-naphthyridine (25, R = H) (MeONa/
MeOH, reflux: 71%);l 100 likewise, 2-chloro-3-nitro- (24, R =NO,) gave
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2-methoxy-3-nitro- (25, R=NO,) (66%)°** or 2-ethoxy-3-nitro-1,8-
naphthyridine (KOH/EtOH, 20°C: 47%)."3*°

AN R MeO™ N R
| — |l
~ = ~ ~
N N Cl N N OMe
24) (25)

4-Chloro-2,7-dimethyl- gave 2,7-dimethyl-4-octyloxy-1,8-naphthyridine [CgH 5
ONa (made in situ), Me,SO, 20°C: 70%].'37

4-Chloro-7-methyl-2-phenyl- gave 2-methyl-1,8-naphthyridine [PhONa (made
in situ), Me,NCHO, 80°C: 77%].**!

Also other examples.3!:74185:338.369.389.533,543,600.718.763.764.771,838.860,926.,1029,1052,
1076,1128,1364,1385,1406,1414,1445

Aminolysis/Hydrazolysis and Acylaminolysis

Note: This reaction has been used heavily to afford primary, secondary, and
tertiary amino-1,8-naphthyridines. A few simple typical examples are given
here.

4-Bromo-1,8-naphthyridine (26, R = Br) gave 1,8-naphthyridin-4-amine (26,
R =NH,) (NH3/PhOH, 170°C: 75%).°*® 2-chloro-3-nitro-1,8-naphthyridine
(27, R=Cl) gave 3-nitro-1,8-naphthyridin-2-amine (27, R =NH,) (NHs/
EtOH, 110°C: 70%)."3%°

R

| Ir X | N Xy NO2
~ ~ ~ ~

N~ °N N~ "N "R
(26) 27)

4-Chloro- (28, R = Cl) gave 4-methylamino-3-nitro-1-phenyl-1,8-naphthyridin-
2(1H)-one (28, R =NHMe) MeNH,/H,O + THE, 20°C: 97%);'"*' 2,7-
dichloro- (29, R=Cl) gave 2,7-bis(benzylamino)-1,8-naphthyridine (29,
R = NHCH,Ph) (neat PhCH,NH,, 150°C: 56%).%

R
N Xy V02 Ir X
| ~ | ~Z ~
N 1}1 (6} R© "N 'N” "R
Ph
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7-Chloro- gave 7-[bis(2-hydroxyethyl)amino]-1,8-naphthyridin-2(1H)-one (30)
(diethanolamine, 120°C: 88%).'%8!

| XN

~
(HOH,CH,C),N~ "N~ "N” ~0
H
(30)

2-Chloro- (31, R = Cl) gave 2-hydrazino-3-p-methoxyphenyl-1,8-naphthyridine
(neat H,NNH, - H,0, reflux,: 88%).1328

AN AN C6H4OMC-[)
| b —
R
(31

7-Chloro- (32, R=Cl) gave 7-(N-methylhydrazino)-4-oxo-1,4-dihydro-1,8-

naphthyridine-3-carboxylic acid (32, R=NMeNH,) (H,NNHMe/EtOH,
reflux: 83%).1129

O
N CO,H
B8
R N N
H
32)

3 335,3 386,3
Also other examples.74’77’78’8o’101’14 ,156,158,166,263,335,346,353,364,386,397,444,447,449,
454,467,471,479,486,494,508,509,548,551,553,570,608,609,610,613,615,617,657,701,715,730,765,771,

850,856,860,925,1029,1049,1097,1107,1128,1177,1216,1223,1283,1293,1304,1345,1381,1401,1412,
1438

Azidolysis

2-Chloro- (33, R =Cl) gave 2-azido-7-ethoxy-5-phenyl-1,8-naphthyridine (33,
R =Nj3), formulated as the tautomeric tetrazolo[1,5-a][1,8]naphthyridine
(33a) (NaN3, Me,NCHO, reflux: ~80%).”"®

Ph Ph
X X
| ~ ~ | ~
Et0” 'N° N 'R Et0” N 1}1 \171
N=N
33 (33a)

221,720,743,752,761,764,1384,1390,1391,1445
Also other examples.
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Cyanolysis

1-Ethyl-3-iodo-7-methyl-1,8-naphthyridin-4(1H)-one (34, R =1) gave 1-ethyl-
7-methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carbonitrile (34, R = CN)
[KCN, Cul, MeN(CH,),, reflux: 67%; note that the iodo substituent was
situated at an unactivated position].'?"?

Cyclizations

2,4-Dichloro-N,N-diethyl-1,8-naphthyridine-3-carboxamide (35) with N,N-
diethylisobutyrohydrazide gave 5-chloro-N,N-diethyl-9-isopropyl[1,2,4]tria-
zolo[4,3-a][1,8]naphthyridine-1-carboxamide (36) (Dowtherm A, 155°C:
55%).1423

cl Cl
AN AN CONEt, PrCONHNH, AN AN CONEt,
—_—
| = = A | =
N~ °N Cl N~ °N \171
)_ N
Pr
(35) (36)
1049

Also other examples.

Dehalogenation

Note: Dehalogenation may be done directly by hydrogenolysis under alkaline
conditions or indirectly via a hydrazino-type derivative.

4-Chloro-2,7-dimethyl- (37, R =Cl) gave 2,7-dimethyl-1,8-naphthyridine (37,
R = H) (Pd/CaCO5, KOH, MeOH, H,, 30°C: 92%)."'3?
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4-Chloro-7-methyl-1,8-naphthyridine (38, R = Cl) gave 2-methyl-1,8-naphthyr-
idine (38, R = H), either by hydrogenolysis (Pd/CaCOj3, Pd/C, KOH, MeOH,
H,: 87%) or by conversion into 4-hydrazino-7-methyl-1,8-naphthyridine (38,
R =NHNH,) (H,NNH,-H,0, EtOH: ~75%) and subsequent oxidation
(CuSO/H,0: ~50%).">

(3%)

Also other examples.65’129’ 185,343,628,690,980,1390

Conversion into Esters and the Like

2,7-Dichloro-1,8-naphthyridine (39, R = Cl) gave dibutyl 1,8-naphthyridine-2,7-
dicarboxylate (39, R = CO,Bu) [substrate, Pd(PPh;),Cl,, BuOH, Bu3N, CO,
120°C: 40%; analogs likewise];gz’d' 336 by an unrelated procedure, 2,7-
bis(trichloromethyl)-1,8-naphthyridine (39, R = CCl3) gave dimethyl 1,8-
naphthyridine-2,7-dicarboxylate (39, R =CO,Me) (H3;PO,, 170°C; then
MeOH, reflux: 80%).">

XX
| b ”
R” 'N” 'N° 'R
(39

Also other examples.'?'?

Phosphinolysis

2-Chloro- (40, R = CI) gave 2-(diphenylphosphino)-5,7-dimethyl-1,8-naphthyr-
idine (40, R = PPh,) (HPPh,, BuLi, hexane; substrate added: 55%).'>%°

Me
| AN
= =
Me N N R
(40)

Also other examples.””°

Thiolysis

Note: This process can be done directly with hydrosulfide ion or indirectly (via
an unisolated thiouronium intermediate) using thicurea.
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7-Bromo-2,3-dihydro-1,8-naphthyridin-4(1H)-one (41) gave 7-thioxo-2,3,7,8-
tetrahydro-1,8-naphthyridin-4(1H)-one (42) (NaSH/EtOH, 20°C: 91%)."*%

| — |
7
Br N N S N N
H H H
(41) (42)

2-Chloro-7-methyl-1,8-naphthyridine gave 7-methyl-1,8-naphthyridine-2(1H)-
thione (43) [(H,N),CS, MeOH, reflux; then KOH: 91%].>*°

l\\
e

Me” 'N° 'N° s
43)

Also other examples.'®!

Heteroarenolysis

2,7-Dichloro- gave 2,7-di(pyridin-2-yl)-1,8-naphthyridine [3-(Bu3Sn)-pyridine,
Pd(PPhs),, PhMe, reflux: 84%; analogs likewise].168






CHAPTER 25

Oxy-1,8-naphthyridines

This chapter includes the 1,8-naphthyridinones, alkoxy- and aryloxy-1,8-
naphthyridines, and 1,8-naphthyridine N-oxides. Much of the available material
in these areas was stimulated by a search for analogs of nalidixic acid (1) with
improved antimicrobial and other bioactivities. Some of the resulting compounds
(usually bearing halogeno substituents) have been mentioned at the beginning of

Chapter 24; others are included in numerous papers and reviews, mainly covering
Sl 151,159,171,192,212,219,227,228,235,238,242,248,294,295,313,342,347,370,373,380,
their bioactivities. ~ > > T o

405,438,581,592,596,799,868,915,1272,1296,1359,1382,1387,1413

O
N CO,H
B
Me N 1}1
Et
1)

25.1. 1,8-NAPHTHYRIDINONES AND THE LIKE

1,8-Naphthyridinones are usually tautomeric with corresponding naphthyridi-
nols, but they may be fixed (become nontautomeric) by N-alkylation. As in
related series, 1,8-naphthyridinones prefer to exist as oxo rather than hydroxy
derivatives 2!-391:826.881.1026

The mass spectra of such naphthyridinones have been studied.*®
25.1.1. Preparation of 1,8-Naphthyridinones and the Like

Two important routes to 1,8-naphthyridinones have been covered already: by
primary synthesis (Chapter 22) and the hydrolysis of halogeno-1,8-naphthyridines

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
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222 Oxy-1,8-naphthyridines

(Section 24.2). Other preparative methods are illustrated in the following typical
examples.

By Direct Oxidation

Note: The oxidation of nalidixic acid (1) to its 6-hydroxy derivative by
microorganisms has been reported.?'® Oxidative routes to nontautomeric
naphthyridinones have been described using chemical oxidants®*'?'* or aerial
oxidation with or without irradiation.>**%*

From Alkoxy- or Amino-1,8-naphthyridines

Ethyl 6-chloro-1-ethyl-7-methoxy-4-oxo-1,4-dihydro-1,8-naphthyridine-3-
carboxylate (2) gave 6-chloro-1-ethyl-4,7-dioxo-1,4,7,8-tetrahydro-1,8-
naphthyridine-3-carboxylic acid (3) (IM NaOH, 95°C: 95%; note the
additional saponification of the ester group).*®’

0 0
cl N COEL 0 O~ CO,H
B8 . [ ]
MeO” "N N 07 N7 N
Et Et

(2 3

3-(2,6-Dichlorophenyl)-7-(2-ethoxyethoxy)-1,8-naphthyridin-2-amine gave 7-
amino-6-(2,6-dichlorophenyl)-1,8-naphthyridin-2(1H)-one (4) (HCl/dioxane,
reflux: 81%).239

Cl

Ethyl 1-ethyl-7-phenyl-6-methoxy- (5, R = Me) gave ethyl 1-ethyl-7-phenyl-6-
hydroxy-4-oxo0-1,4-dihydro-1,8-naphthyridine-3-carboxylate (5, R =H)
(AICl3, CH,Cl,: 81%; note that the unactivated methoxy group would be
resistant to regular hydrolysis).'%" Also other examples.***7¢

0
RO CO,Et
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5,7-Dimethyl-1,8-naphthyridin-2-amine (6) gave 5,7-dimethyl-1,8-naphthyridin-
2(1H)-one (7) (NaNO,, H,SO4, H,0, 0°C: 86%);”*® 7-amino-1,8-naphthyridin-
2(1H)-one gave 1,8-naphthyridine-2,7(1H,8H)-dione (8) (H,SOy, solid NaNO,,
20°C: 87%).**°

Also other examples.
1392

75,77,158,505,533,643,681,687,690,718,721,743,761,763,856,972,1100,1226,

Me Me
= A
XX HNO, XX |
| — |
= = — [6) N N (6]
Me N N NH, Me N N o H H
H
®)
(6) @

From 1,8-Naphthyridinecarboxylic Acids

Irradiation of 1-ethyl-7-methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylic
acid in methanol with oxygen caused decarboxylation and oxidative hydroxyla-
tion to afford 1-ethyl-3-hydroxy-7-methyl-1,8-naphthyridin-4(1H)-one (9) in
isolable amount.'*'°

O
N OH
B8
Me N N
b
()]

From Trichloromethyl-1,8-naphthyridines

1-Ethyl-6-fluoro-4-oxo-7-trichloromethyl-1,4-dihydro- (10) has been reported
to afford 1-ethyl-6-fluoro-4,7-dioxo-1,4,7,8-tetrahydro-1,8-naphthyridine-3-
carboxylic acid (11) (NaOH/H,O, 100°C: 97%).'%!

(0} O
Feo COH NG CO,H
| | — |
CI3C N N (6] N N
| H |
Et Et
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By Reduction of 1,8-Naphthyridinecarboxylic Esters or the Like

Note: This process affords (extranuclear) hydroxyalkyl-1,8-naphthyridines.

Dimethyl 1,8-naphthyridine-2,7-dicarboxylate gave 2,7-bis(hydroxymethyl)-
1,8-naphthyridine (12) [NaB(OMe);H, THF, CH,Cl,, 25°C: 55%; or NaBHy,,
EtOH, 25°C: 19%].*"

| XN

~ ~
HOH,C~ "N~ "N~ “CH,0H
(12)

Carbaldehyde substrates may also be used.'**

25.1.2. Reactions of 1,8-Naphthyridinones and the Like

The halogenolysis of 1,8-naphthyridinones has been discussed in Section 24.1.
Other reactions are illustrated by the following classified examples.

O-Alkylation

Note: Such alkylation of 1,8-naphthyridinones is seldom reported and then only
in poor yield; in contrast, 1,8-naphthyridin-3/6-ols, which cannot undergo N-
alkylation, readily form their O-alkylated derivatives in good yield.

Ethyl 1-ethyl-6-hydroxy- (13, R = H) gave ethyl 6-benzyloxy-1-ethyl-7-methyl-
4-o0x0-1,4-dihydro-1,8-naphthyridine-3-carboxylate (13, R = CH,Ph)
(PhCH,CI, K,CO3, AcNMe,: 98%).'°

0
RO~ CO,Et
D8
Me” N7 N

Et
13)

7-Bromo-2-phenyl-1,8-naphthyridin-4(1H)-one gave 2-bromo-5-ethoxy-
7-phenyl-1,8-naphthyridine (14) (NaH, Me,SO; then Etl, 80°C: 32%).>¢?

OEt

TN

7 =
Br N N Ph

(14)

Also other examples,*04!8:813.1211
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N-Alkylation

Note: Alkylation of 1,8-naphthyridinones usually affords N-alkyl derivatives, at
least predominantly.

3-Iodo (15, R =H) gave l-ethyl-3-iodo-7-methyl-1,8-naphthyridin-4(1H)-one
(15, R = Et) (K,COs3, Etl, Me,NCHO: 84%).”%

\§

Me N

15)

1,8-Naphthyridin-2(1H)-one (16, R = H) gave 1-pentyl-1,8-naphthyridin-2(1H)-
one (16, R = CsH;,) (KOH, EtOH, H,0, CsH,;Br, 60°C: 51%).'**8

N

16)

7-Methyl- (17, R = H) gave 1-ethyl-7-methyl-4-oxo-1,4-dihydro-1,8-naphthyr-
idine-3-carbonitrile (17, R = Et) [K,COs, excess (EtO);PO, reflux: 66%].'4%>

0
| N | CN
~
Me” "NT N
R
an
Also other exan,lples.76,158,249,305,378,4]2,421,4(‘)(),740,107(‘),1 102,1112,1216,1233,1253,1352,
1393
Aminolysis

Note: The conversion of 1,8-naphthyridinones into amino-1,8-naphthyridines is
usually done via a halogeno intermediate, but direct aminolysis is possible
sometimes.

4-Hydroxy- (18, R = OH) gave 4-amino-2-phenyl-1,8-naphthyridin-2(1H)-one
(18, R = NH,) (neat AcONH,, 100°C: 90%).%*

(18)
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7-Chloro-2,3-dihydro-1,8-naphthyridin-4(1H)-one (19) gave 7-chloro-4-hydro-
xyamino-2,3-dihydro-1,8-naphthyridine (20) (or its hydroxyimino tautomer)
(H,NOH -HCl, pyridine, EtOH, reflux: 91%; analogs likewise). 40 1406

O NHOH
2 NH,0H N\
I —
— NS NS
Cl N N Cl
H
19) (20)

Thiation

Ethyl 7-methyl-4-oxo- (21, X = O) gave ethyl 7-methyl-4-thioxo-1,4-dihydro-
1,8-naphthyridine-3-carboxylate (21, X = S) (P,Ss, pyridine, reflux: 98%);
analogs likewise.'**° 1,8-Naphthyridine-2(1H)-thione similarly.***

X

CO,Et

21
Cyclization Reactions
4-Hydroxy-1-phenyl-1,8-naphthyridin-2(1H)-one underwent cycloaddition by
isobutene to give 8b-hydroxy-1,1-dimethyl-4-phenyl-1,2,2a,8b-tetrahydrocy-
clobuta[c][1,8]naphthyridin-3-(4H)-one (22) MeOH, hv: 95%); analogs
likewise.®*?

Me Me
HO.
N N
b
N N (6]
Ph
(22)

7-Methyl-2,3-dihydro-1,8-naphthyridin-4(1 H)-one with o-aminoacetophenone
underwent cyclocondensation to afford 3,7-dimethyl-5,6-dihydroquino[3,2-
¢][1,8]naphthyridine (23) (HCI/EtOH, 20°C: 61%).""""

304,979,142
Also other examples.*+27%-1427
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Complex Formation

Note: References to the formation of some typical complexes between
relatively simple 1,8-naphthyridinones and various metallic elements are

listed here.
(CaH40.583

Cd583
C0645,1281

Cr583
Cu440,583,645, 1264,1281
Fe440,583, 1264,1281
Hg583

Mg440,583
Mn440,583,645
Ni583,645,1264,1281
Pd91,326,583
Pt91,326
Rh394,396,523,584
U1264
Zn440,583,645,1281

25.2. ALKOXY- AND ARYLOXY-1,8-NAPHTHYRIDINES
Most available information on these ethers has been covered already.

Preparation

Note: Alkoxy/aryloxy-1,8-naphthyridines have been made by primary synthesis
(see Chapter 22), by alcoholysis/phenolysis of halogeno-1,8-naphthyridines
(see Section 24.2), by alkylation of 1,8-naphthyridinones (see Section 25.1.2),
and by two minor procedures illustrated here.

2,7-Diazido-3-phenyl-1,8-naphthyridine (24, R = N3) gave selectively 2-azido-
7-methoxy-3-phenyl-1,8-naphthyridine (24, R =0Me) (MeONa/MeOH,
reflux: 73%).%%°
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A substrate formulated as the benzylidene derivative (25) has been reported to
afford the epoxy derivative (26) (H,O,, HO™: 75%).1192

(0] (@) Ph
SN CHPh H,0, N
| — | 0
~ ~
Me N N Me N N
H H

(25) (26)

Reactions

Note: The hydrolysis of alkoxy-1,8-naphthyridines to 1,8-naphthyridinones has
been exemplified in Section 25.1.1. No other reactions appear to have been
reported.

25.3. 1,8-NAPHTHYRIDINE N-OXIDES

Despite a voluminous literature on 1,8-naphthyridines, their N-oxides have
seldom been investigated. The limited information is summarized here.

Preparation

Note: Virtually all these oxides have been made by oxidation of existing 1,8-
naphthyridines with peroxy acids, as illustrated in Section 23.1.4 and by the
following example.

2-Ethoxy-5,7-dimethyl-1,8-naphthyridine gave its 8-oxide (27) (MeCO;H:
~10% after purification).'%0%-<f- 76

Me
| AN
— ~
Me I;I N OEt
(0]
(27)

Reactions

Note: The Meissenheimer conversion of 1,8-naphthyridine N-oxides into halo-
geno-1,8-naphthyridines has been covered in Section 24.1; complexes of 1,8-
naphthyridine 1-oxide with Cr,55 5 Cu,496 and Sr,462 and the lanthanide
compounds** have been reported; and deoxygenation of an N-oxide is
exemplified here.
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2-Amino-8-hydroxy-5-methyl-7-oxo-7,8-dihydro- 1,8-naphthyridine-3-carboxylic
acid (28, R = OH) (a tautomer of the 8-oxide) underwent reduction to 2-amino-
5-methyl-7-ox0-7,8-dihydro-1,8-naphthyridine-3-carboxylic acid (28, R=H)
(TiCls, HCI, H,0, 20°C: ~75%).”*

Me






CHAPTER 26

Thio-1,8-naphthyridines

Little use has been made of 1,8-naphthyridinethiones, alkylthio-1,8-naphthyr-
idines, or their respective oxidation products. Available information is summarized
in the following brief sections.

26.1. 1,8-NAPHTHYRIDINETHIONES

A UV spectral study of 1,8-naphthyridine-2(1H)-thione and its 4(1H)-isomer
suggests that they exist as thiones rather than the thiol tautomers.””"
Preparation

Note: Reported preparative routes have been covered already: primary synthesis
(Chapter 22), by thiolysis of halogeno-1,8-naphthyridines (at the end of
Section 24.2), or by thiation of 1,8-naphthyridinones (Section 25.1.2).

Reactions

Note: Of the many possible reactions of 1,8-naphthyridinethiones, only three are
available for exemplification here.

1,8-Naphthyridine-2(1H)-thione (1) underwent S-alkylation to give 2-carboxy-
methylthio- 1,8-naphthyridine (2) (CICH,CO,Na, KOH, H,O: 84%).5

X CICH,CO,Na XN
| = | ~ =
N N S N N

H

1) 2

SCH,CO,H

Also other examples.**®
6-Amino-1-ethyl-4-oxo-7-thioxo-1,4,7,8-tetrahydro-1,8-naphthyridine-3-car-
boxylic acid (3) underwent cyclocondensation to give 5-ethyl-8-o0xo0-5,8-

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
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232 Thio-1,8-naphthyridines

dihydrothiazolo[5,4-b][1,8]naphthyridine-7-carboxylic acid (4) (HCO,H,
reflux: 94%), analogs likewise.'®!

o o

H H H

N~ COH N N Co,
[ e
sTONTON sTONTON
Ho g Et

3 (O]

7-Methyl-1,8-naphthyridine-2(1H)-thione formed complexes with Mo(II) and
Ru(ID).”°

26.2. ALKYLTHIO- AND ARYLTHIO-1,8-NAPHTHYRIDINES

Preparation

Note: Such thioethers have been made by primary synthesis (see Chapter 22) and
by alkylation of 1,8-naphthyridinethiones (see Section 26.1).

Reactions

Note: The only reported reaction of these thioethers appears to be their oxidation
to sulfoxides or sulfones, as illustrated here.

Ethyl 1-cyclopropyl-6-fluoro-4-oxo-7-p-tolylthio- (5) gave ethyl 1-cyclopropyl-6-
fluoro-4-oxo-7-p-tolylsulfinyl- (6, n = 1) or ethyl 1-cyclopropyl-4-oxo-7-p-
tolylsulfonyl-1,4-dihydro-1,8-naphthyridine-3-carboxylate (6, n =2) [m-
CIC¢H4CO3H (1 or 2 mol, respectively), CHClz: 90% or 89% respectively].1162

(6] o

F N CO,Et F N CO,Et

[O]
B8 o B8

p-MeH,CgS N~ N p-MeHyCg(0=),S N N

A

(©)] (6)

Also other elernplf:s.418’1 167

26.3. 1,8-NAPHTHYRIDINE SULFOXIDES AND SULFONES

Preparation

Note: Both sulfoxides and sulfones have been made only by oxidation of
corresponding thioethers (see Section 26.2).
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Reactions

Note: Only aminolysis has been reported, as illustrated here.

Ethyl 1-cyclopropyl-4-oxo-7-phenylsulfonyl-6-trifluoromethyl-1,4-dihydro-
1,8-naphthyridine-3-carboxylate (7) gave the crude ester (8, R = Et) (piper-
azine, MeCN, 20°C), characterized after saponification to 1-cyclopropyl-4-
oxo-7-(piperazin- 1-yl)-6-trifluoromethyl-1,4-dihydro- 1,8-naphthyridine-3-car-
boxylic acid (8, R = H) (NaOH, EtOH: 37% overall).' '’

(6] (6]
F;C N CO,Et - F;C AN CO,R
| | Piperazine | |
b —— ~
PhO,s” N~ N (\ N NN
L
) ®

. 5
Also analogous aminolyses.''®%!125

264. 1,8-NAPHTHYRIDINESULFONIC ACIDS AND THE LIKE

The only reported sulfonic acid appears to be an N-sulfo derivative of a hydro-
1,8-naphthyridine.
2,2,4a,7,7-Pentamethyl-1,2,3,4,4a,5,6,7-octahydro-1,8-naphthyridine (9, R = H)
underwent sulfonation to give the corresponding 1,8-naphthyridine-1-sulfonic
acid (9, R = SOs;H) (CISOsH, dioxane, 5-20°C: 61%).!237:f-990

Me

Me mMe

Me N 1}1 Me

R






CHAPTER 27

Nitro-, Amino-, and Related
1,8-Naphthyridines

This chapter covers 1,8-naphthyridines bearing nitrogenous substituents that are
joined directly or indirectly to the nucleus through their nitrogen atoms.

27.1. NITRO-1,8-NAPHTHYRIDINES

A review of such derivatives appeared in 2000,'?” it is especially useful for the
electronic effects of nitro groups on the reactivities of other substituents in the
molecule. Mass spectra have also been reviewed.*"

27.1.1. Preparation of Nitro-1,8-naphthyridines

Many of these nitro derivatives, both nuclear and extranuclear, have been
prepared by primary synthesis (see Chapter 22). Other preparative routes are
illustrated by the following classified examples.

By Direct Nitration

Note: Unsubstituted 1,8-naphthyridine resists nitration even under severe con-
ditions, but the presence of an electron-releasing amino or oxo substituent
enables more facile 3/6-nitration to occur. Even so, if a phenyl group is also
present, extranuclear nitration occurs first.

1,8-Naphthyridine gave 3-nitro-1,8-naphthyridine (1) (fuming HNO;, fuming
H,S0., 120°C, 20 h: 2% with 92% recovery of substrate).®®*

X NO,
| e e
1)

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
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236 Nitro-, Amino-, and Related 1,8-Naphthyridines

1,8-Naphthyridin-2(1H)-one under somewhat similar conditions gave 3,6-dini-
tro-1,8-naphthyridin-2(1H)-one (2) (100°C: 56%).50-1128

ON |\ o NO»
e
NN o
H
@

7-Amino-4-phenyl-1,8-naphthyridin-2(1H)-one (3, Q=R =H) gave a 3:2
mixture of 7-amino-4-m-nitrophenyl- (3, Q =NO,, R =H) and 7-amino-4-
p-nitrophenyl-1,8-naphthyridin-2(1H)-one (3, Q=H, R =NO,)[HNO;
(1 mol), H>,SO,, 100°C: 84%]; an excess of nitric acid under similar
conditions produced a 3 : 2 mixture of 7-amino-3,7-dinitro-4-m-nitrophenyl-
1,8-naphthyridin-2(1H)-one (4, Q =NO,, R=H) and its p-nitro isomer
(4, Q=H, R=NO0,) in 64% yield.”*

R R
Q Q
| NN O,N | N NO2
—_—
~ =
LN~ N7 N7 o LN~ N7 N7 o
H H
3) 4)

160,364,387,721,1029,1112,122
Also other examples.ﬁg’ 60.364.38 ? 6

By Oxidation of Nitroso-1,8-naphthyridines

Note: This good procedure is seldom used for lack of nitroso substrates.

4-Hydroxy-3-nitroso- (5, n = 1) gave 4-hydroxy-3-nitro-1,8-naphthyridin-2(1H)-
one (5, n = 2) (H,0,, F3CCO,H, 5°C: 53%).8%?

OH
X NOs
L
N” 'N" 7O
Ph
(5

From 1,8-Naphthyridinamines

Note: This indirect route via a dimethylsulfimido intermediate offers a pathway
to 2-, 4-, 5-, or 7-nitro derivatives.
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1,8-Naphthyridin-2-amine (6, R =NH,) gave 2-dimethylsulfimido-
(6, R =N:SMe,) [Me,S0O, (F5CS0,)0, —70°C: 33%] and thence by oxida-
tion, 2-nitro-1,8-naphthyridine (6, R = NO,) (m-CICcH,COsH, CH,Cl,, 0°C:
47%).%%

27.1.2. Reactions of Nitro-1,8-naphthyridines

Although nitro groups have a marked effect on the reactivity of other sub-
stituents on 1,8-naphthyridine,'*”* the only reported reaction of the nitro group
itself is reduction to an amino group, as illustrated by the following examples.

Using Catalytic Hydrogenation

3-Nitro- (7, R=NO,) gave 3-amino-6-phenyl-7-piperidino-1,8-naphthyridin-
2(1H)-one (7, R=NH,) (Pd/C, H,, AcOH, 20°C: 85%);"*** in a similar
way, 7-methyl-2-p-nitrophenyl- (8, R =Me) gave 2-p-aminophenyl-7-
methyl-1,8-naphthyridin-4(1H)-one (8, R = NH,) (60%).2%

Ph R

~
(H,C)sN” °N

Tz

Q)]

Using Iron/Acetic Acid or the Like

Ethyl 7-ethoxy-1-ethyl-6-nitro- (9, R =NO,) gave ethyl 6-amino-7-ethoxy-1-
ethyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylate (9, R =NH,) (Fe
powder, AcOH 85°C: 94%).'*!!

(0]
R X CO,Et
)
EtO N ITI
Et

Also other examples, 3643874741029



238 Nitro-, Amino-, and Related 1,8-Naphthyridines

Using Tin/Hydrochloric Acid

7-Amino-6-nitro- gave 6,7-diamino-1,8-naphthyridin-2(1H)-one (Sn, HCI, trace
Cu®", 110°C: ~85%).”!

Using Sodium Dithionite

6-Nitro- gave 6-amino-5-0xo-5,8-dihydro-1,8-naphthyridine-2-carboxylic acid
(Na,S,0,, NaOH, H,0, 100°C: ~45%).”*°

27.2. NITROSO-1,8-NAPHTHYRIDINES

Unlike nitration, C-nitrosation cannot be forced at elevated temperatures because
of the lability of nitrous acid. Thus nitrosation must be done at or below room
temperature, and this requires the substrate to have a free unactivated position as
well as at least two electron-releasing substituents. These criteria are met by 4-
hydroxy-1-phenyl-1,8-naphthyridin-2(1H)-one (10, R = H), which does yield its 3-
nitroso derivative (10, R = NO) (NaNO,, AcOH, H,0, 20°C: 96%).5

The foregoing nitroso compound (10, R = MO) may be oxidized to the corre-
sponding 3-nitro compound (10, R = NO,) (see Section 27.1.1) or (after aminolysis
of its hydroxy group) reduced to 3,4-diamino-1,8-naphthyridin-2(1H)-one (11)
(Na282934, H,O, 20°C: ~90%).**> N-Nitrosoperhydro-1,8-naphthyridines are
known.*’

OH NH,
N Xy R N Xy V2
P P
N~ °N” Yo N~ "N” Yo

| H

Ph

(10) [68))

27.3. AMINO-1,8-NAPHTHYRIDINES

Because of a perceived importance of amino substituents for biological activities
. i 359,422,478,526,1395,1410 L. .
in 1,8-naphthyridines, e.g., such derivatives have been widely
investigated, for example, with respect to their ionization,1043 NMR spectra,174
mass spectra,1227 fluorescence properties,m] tautomerism,®> and conversion into
cyanine-type dyes.”®®

27.3.1. Preparation of Amino-1,8-naphthyridines

Several methods of preparation have been covered already: by primary synthesis
(Chapter 22) and by aminolysis of halogeno-1,8-naphthyridines (Section 34.2),
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1,8-naphthyridinones (Section 25.2), or 1,8-naphthyridine sulfones (Section 26.3).
Other preparative routes are illustrated by the following examples.

By Amination

Note. The C-aminations illustrated here proceed by addition of the amine
across a double bond and subsequent dehydrogenation as indicated for the
parent 1,8-naphthyridine (Section 21.1.4) and in two expert reviews.>* 268
The N-aminations®> and C-azo coupling (mentioned here) proceed
differently.

3-Nitro-1,8-naphthyridine (12, R =H) gave 3-nitro-1,8-naphthyridin-4-amine
(13, R=H) (liquid ammonia; then KMnO, 45%);'**° 3 6-dinitro-
1,8-naphthyridine (12, R =NO,) likewise gave 3,6-dinitro-1,8-naphthyri-
din-4-amine (13, R = NO,) (50%).%>

NH,
R XX V02 o) R N X N2
| — |
= ~ = ~
N N
12) 13)

In a similar way, 3-nitro-1,8-naphthyridine gave 4-methylamino-3-nitro-1,8-
naphthyridine (14, R = H) (neat MeNH,; KMnO,: 90%);%®? and 3-nitro-1,8-
naphthyridin-2-amine gave 4-methylamino-3-nitro-1,8-naphthyridin-2-amine
(14, R = NH, (86%).0%>783:860

NHMe
X N0
| e e
R
(14

1,8-Naphthyridine methiodide gave 1-methyl-1,8-naphthyridin-2(1H)-imine
(liquid NH;; KMnO,: 10%).'%?

Also other such aminations 31180

4.5,7-Triamino-2-thioxo-1,2-dihydro- 1,8-naphthyridine-3-carbonitrile (15, R = H)
underwent azo coupling with benzenediazonium chloride to give its 6-phenylazo
derivative (15, R = N:NPh) (NaOH, EtOH: 86%).>%®

NH, NH,
Rl\ N
~
HN~ N7 N7 s

H
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From Acylamino-1,8-naphthyridines

2-Acetamido-7-ethoxy-4-phenyl-1,8-naphthyridine (16, R = Ac) gave 7-ethoxy-
4-phenyl-1,8-naphthyridin-2-amine (16, R =H) (EtONa/EtOH, reflux:

~90%).7'8
Ph
| X X
~ ~
EtO N N NHR
16)

2-Acetamido-5,8-dimethyl-5,6,7,8-tetrahydro-1,8-naphthyridine (17, R = Ac)
gave 5,8-dimethyl-5,6,7,8-tetrahydro-1,8-naphthyridin-2-amine (17, R = H)
(KOH, EtOH, H,0, N, reflux: 97%).%%°

Me
X
P
N N NHR
Me
a7

2-p-Acetamidophenyl- gave 2-p-aminophenyl-1,8-naphthyridine (5SM HCI,
reflux: 70%).

Also other examples. 158,472,650,720,741,743,764,972,1445

By a Curtius Reaction

1-Ethyl-7-methyl-4-ox0-1,4-dihydro-1,8-naphthyridine-3-carbohydrazide
(18, R = CONHNH,) underwent the Curtius reaction to afford 3-amino-1-
ethyl-7-methyl-1,8-naphthyridin-4(1H)-one (18, R = NH,) (HNO,, 8°C; then
H*: ~40% overall).''1

(6]
N R
T
Me N ITI
Et
18)

By Modification of Existing Amino-1,8-naphthyridines

Note: The examples presented here illustrate conversion of azido to amino
derivatives, alkylamino to amino derivatives, amino to hydrazino derivatives,
and hydrazino to azido derivatives.
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4-Azido-7-methyl-2-phenyl-1,8-naphthyridine (19, R =Nj3) gave 7-methyl-2-
phenyl-1,8-naphthyridin-4-amine (19, R =NH,) (Pd/C, MeOH, H,, 20°C:
22%).**' Also a better example.m45

a9

7-p-Methoxybenzylamino-1,8-naphthyridin-2-amine gave 1,8-naphthyridine-
2,7-diamine (HCI, reflux: 95%).'4*8

3-p-Chlorophenyl-1,8-naphthyridin-2-amine (20, R =H) gave 3-p-chlorophe-
nyl-2-hydrazino-1,8-naphthyridine (20, R = NH,) (H,NNH,-HCI, HOCH,.
CH,OH, reflux: 82%; a true transamination).653

AN AN C6H4C] -p
| — e
NHR
(20

2-Hydrazino- (21, R =NHNH,) gave 2-azido-5,7-dimethyl-1,8-naphthyridine
(21, R = N5 (HNO,, 0°C: 7%);’®* analogs likewise.”*"""!

Me
| AN
~ P
Me N N R
(21)

By Azo Coupling

2-0-Hydroxyphenyl- gave 2-(2-hydroxy-5-phenylazophenyl)-1,8-naphthyridine
(PhN,Cl1, HO: 67%; analogs likewise).1425

27.3.2. Reactions of Amino-1,8-naphthyridines

The conversion of amino- into halogeno-1,8-naphthyridines has been covered in
Section 24.1. Other reported reactions of amino-, hydrazino-, hydroxyamino-, and
azido-1,8-naphthyridines are illustrated in the following groups of examples.

Acylation

5,7-Dimethyl-1,8-naphthyridin-2-amine (22, R=H) gave 2-acetamido-5,7-
dimethyl-1,8-naphthyridine (22, R = Ac) (Ac,0, PhH, reflux: ~75%);'**



242 Nitro-, Amino-, and Related 1,8-Naphthyridines

the same substrate (22, R =H) with p-acetamidobenzenesulfonyl chloride
gave 2-p-acetamidobenzenesulfonamido-5,7-dimethyl-1,8-naphthyridine (22,
R = NHSO,C¢H,NHAc-p) (pyridine, 20°C: ~60%).%*

Me

(22)

2-p-Aminophenyl- (23, R=H) gave 2-p-acetamidophenyl-7-methyl-1,8-
naphthyridin-4(1H)-one (23, R = Ac) (Ac,0, reflux: 33%).

NHR

(23)

2-p-(Benzylideneamino)phenyl-1,8-naphthyridine (24, R = N:CHPh) underwent
oxidation to give 2-p-benzamidophenyl-1,8-naphthyridine (24, R = NHBz)
(m-ClCgH,CO;H: 86%).5%

| XX
— e
N” °'N
R
24

4-Hydroxyamino-7-methyl-1,2-dihydro-1,8-naphthyridine (25) with acetyl chlor-
ide gave 4-acetoxyamino-7-methyl-1,2-dihydro-1,8-naphthyridine (26, R = H)
(20°C: 57%) but with acetic anhydride gave 4-acetoxyamino-1-acetyl-7-
methyl-1,2-dihydro-1,8-naphthyridine (26, R = Ac) (80°C: 66%); analogs

likewise.!?2*
NHOH NHOAc

XX XX

P —
Me N~ °N Me N~ °N

H |
R

(25) (26)

3 33,5 3 5
Also other examples.7 ,79,98,205,207,239,533,594,649,718,761,956,972,1099,1269,1383,1415,144.
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Alkylation and Alkylidenation

1,2,3,4,4a,5,6,7-Octahydro-1,8-naphthyridine (27, R=H) gave its 1-methyl
derivative (27, R=Me) (Mel, PhH, reflux; then CaO and K,COxs:

75%).1080
(j\/j
N

N |
R
@)

7-Amino-1,8-naphthyridin-4(1H)-one with diethyl ethoxymethylenemalonate
gave 7-(2,2-diethoxycarbonylvinyl)amino-1,8-naphthyridin-4(1H)-one (28)
(160°C: 73%).7*°

X
0T

(EtO,C),C=HC+HN~ "N~ °N
- H

(28)

Ethyl 2-amino-6-cyano- with triethyl orthoformate gave ethyl 6-cyano-2-
(ethoxymethyleneamino)-5,8-dimethyl-7-ox0-7,8-dihydro- 1,8-naphthyridine-
3-carboxylate (29) (neat reactants, reflux: 73%).618

Me

NC_ o COE

P
0] N N N= CHOEt
29)

3-0-Chlorophenyl-2-hydrazino-1,8-naphthyridine with acetophenone gave
3-o-chlorophenyl-2-[(a-methylbenzylidene)hydrazino]-1,8-naphthyridine
(30) (Me,NCHO, microwave, 0.5 min: 94%); analogs likewise.”*

AN CeHyCl-0

| _ ,

7
N N NHN=CMePh

(30)

74,77,201,355,478,529,532,552,573,637,650,653,729,755,856,861,870,1142,
Also other examples.

1265,1308,1328,1340,1343,1348,1364,1418
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To Azo-1,8-naphthyridines

1,8-Naphthyridine-2,7-diamine with nitrosobenzene gave 2,7-bisphenylazo-1,8-
naphthyridine (31) (reactants, MeOH, KOH, H,O: 33%).49

Z pZ
PhN=N N N N=NPh

(€2V)

Complex Formation

Note: A review of some such metallic complexes has appeared.*® Complexes
with organic entities have been studied,gz’125’410’881’890 and some of the

metallic complexes are referenced here.
Cu329:382:494.891

3

Re 75
90,381,403,435,1305

Rp7VI81:403435,

421,499,1230,1420
Ru*?" 99, E

Conversion into Cyano-1,8-naphthyridines

Ethyl 6-amino- (32, R =NH,) gave ethyl 6-cyano-7-ethoxy-1-ethyl-4-oxo-1,4-
dihydro-1,8-naphthyridine-3-carboxylate (32, R =CN) (diazotization; then
CuSO,, KCN: 82%)."*!!

O
R A CO,Et
D8
EtO N ITI
Et
32)

Also other examples.*®’

Conversion into Isocyanato- or Ureido-1,8-naphthyridines

5,7-Dimethyl-1,8-naphthyridin-2-amine (33, R =NH,) gave 2-isocyanato-5,7-
dimethyl-1,8-naphthyridine (33, R =NCO) as a minor product (7%) via an
imidazo[ 1,2-a][1,8]naphthyridine intermediate.!'° The same substrate (33,
R = NH,) with butyl isocyanate afforded 2-N-butylureido-5,7-dimethyl-1,8-
naphthyridine (33, R = NHCONHBu) (PhMe, reflux: 72%).'*
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Me
AN
| ~= ~=
Me N N R
33)

Also other examples.”’

Cyclization Reactions

Note: Amino-1,8-naphthyridines and the like undergo a variety of cyclization
reactions; a few typical examples are given here.

2,4-Diamino- 1-phenyl-1,8-naphthyridin-2(1H)-one with triethyl orthoformate
gave 5S-phenyl[1H]imidazo[4,5-c][1,8]naphthyridin-4(5H)-one (34) (reac-
tants, 120°C: 82%).%”

XX

L

NT NT o
Ph
(34

2-Amino-1,8-naphthyridine-3-carboxamide with benzaldehyde gave 2-phenyl-
1,2-dihydropyrimido[4,5-b][1,8]naphthyridin-4(3H)-one (35) (AcOH, reflux:
65%).%"

| XN NH
N/ N/ Ng:\l:’h
(35
2-Hydrazino-3-p-methoxyphenyl-1,8-naphthyridine with a-benzoylstyrene gave
2-(3,5-diphenylpyrazolin-1-yl)-3-p-methoxyphenyl-1,8-naphthyridine (36)
(AcOH, microwave: 86%).735

X C¢H4OMe-p

(36)

282,358,525,601,692,730,836,850,866,894,1123,1191,1218,1293,1386
Also other examples.






CHAPTER 28

1,8-Naphthyridinecarboxylic Acids and
Related Derivatives

This chapter deals with the carboxylic acids, carbonyl halides, carboxylic esters,
carbonitriles, carbaldehydes, and ketone of 1,8-naphthyridine.

28.1. 1,8-NAPHTHYRIDINECARBOXYLIC ACIDS

The 1,8-naphthyridinecarboxylic acids are well represented in the literature,
mainly because the powerful antimicrobial nalidixic acid (1) was adopted as a lead

compound for a myriad of analogs,e.g.,'>*>*79
(6]
N CO,H
B8
Me N ITI
Et

28.1.1. Preparation of 1,8-Naphthyridinecarboxylic Acids

These carboxylic acids have been made by primary synthesis (see Chapter 22),
by oxidation of alkyl-1,8-naphthyridines (see Section 23.2.2), and by several
procedures illustrated in the following examples.

By Hydrolysis of 1,8-Naphthyridinecarboxylic Esters

Note: This hydrolysis may be done under acidic or alkaline conditions.

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
Copyright © 2008 John Wiley & Sons, Inc.

247
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Ethyl 7-(3-aminopyrrolidin-1-yl)-4-oxo-1-(thiazol-2-yl)-1,4-dihydro-1,8-naphthyri-
dine-3-carboxylate (2, R =Et) gave the corresponding 3-carboxylic acid (2,
R = H) (10% HCI, reflux: 89%).'%®

)
N COR
||
N NN
; N)\S
NH, [——]
2)

Ethyl 2,7-dimethyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylate (3, R = Et)
gave the corresponding 3-carboxylic acid (3, R=H) (NaOH, EtOH, H,O,
reflux: 89%).2%°

3

418,611,681,687,690,702,765,963,1029,1041,1091,1205,1223,1236,1380
Also other examples.

By Hydrolysis of 1,8-Naphthyridinecarbonitriles

Note: Vigorous acidic or alkaline conditions may be used for these hydrolyses.

1-Ethyl-7-methyl-4-0x0-1,4-dihydro-1,8-naphthyridine-3-carbonitrile
(4, R=CN) gave the corresponding 3-carboxylic acid (4, R =CO,H)
(9M H,S04, 130°C: 86%).'*"

@

2-Phenyl-1,8-naphthyridine-3-carbonitrile (5, R = CN) gave the corresponding
3-carboxylic acid (5, R=CO,H) (KOH, EtOH, H,O, reflux, 14 h:
70_76%).762,1 100
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By Oxidation of 1,8-Naphthyridinecarbaldehydes

1,8-Naphthyridine-2,7-dicarbaldehyde (6, R =H) gave 1,8-naphthyridine-2,7-
dicarboxylic acid (7, R = H) (80% HNO3;, reflux: 65%);3%>1133 gimilar oxida-
tion of 4-octyloxy-1,8-naphthyridine-2,7-dicarbaldehyde (6, R =OCgH;7)
failed with nitric acid but succeeded with sodium chlorite in affording 4-
octyloxy-1,8-naphthyridine-2,7-dicarboxylic acid (7, R =0CgH;;) (NaClO,,
BuOH, Me,C = CHMe, H,0: 77%)."37¢

R R
N X HNO; (R = H) or N X
_—
| N NaClO, (R = OCgH7) | ¥z Yz
oHC” "N~ "N~ “cHO HO,C” N7 °N7 “coH

(6) Q)

28.1.2. Reactions of 1,8-Naphthyridinecarboxylic Acids

1,8-Naphthyridinecarboxylic acids undergo the usual reactions, as illustrated in
the following examples.

Decarboxylation

Note: Such decarboxylation has been done by heating dry, by heating in a high-
boiling solvent, or by irradiation (in poor yield); the presence of cyanide ion
(e.g., in Cu, KCN/Me,SO) appears to facilitate decarboxylation.”'®

7-Amino-4-o0xo-1,4-dihydro-1,8-naphthyridine-2-carboxylic acid (8, R = CO,H)
gave %;gglenyl—1,8—naphthyridine (8, R=H) (substrate, Cu bronze, 260°C:
78%).

®

7-Amino-4-o0xo-1,4-dihydro-1,8-naphthyridine-2-carboxylic acid (9, R = CO,H)
gave 7-amino-1,8-naphthyridin-4(1H)-one (9, R =H) Dowtherm A, trace
copper chromite, reflux: 77%).”®

HN~ N7 N7 TR
H

®

3 3
Also other examples.ls ,251,344,681,687,702,1060,1257
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Esterification

Note: Esterification has been done directly or by the indirect route via an acid
chloride.

Nalidixic acid (10, R = H) gave ethyl 1-ethyl-7-methyl-4-oxo-1,4-dihydro-1,8-
naphthyridine-3-carboxylate (10, R = Et) (EtOH, H,SOy, reflux: 45%).'%7¢

10)

7-Chloro-1-ethyl-6-fluoro-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylic
acid (11, R =H) gave its ethyl ester (11, R = Et) (CICO,Et, Et;N, CHCl3;
then EtOH: 96%);*'® an analogous esterification used oxalyl chloride in the

first stage.
(0]
F N CO,R
e
l NT N
Et
amn

5
Also other examples.'38%-1430

Conversion into Acid Halides

Note: Such acyl halides are only seldom characterized and rarely even isolated.
1,8-Naphthyridine-2,7-dicarboxylic acid gave 1,8-naphthyridine-2,7-dicarbonyl
chloride (12, R = H) (SOCL,, reflux: 57%);'"** 4-octyloxy-1,8-naphthyridine-

2,7-dicarbonyl chloride (12, R =0CgH,7;) was made similarly but not
characterized.'3"®

Pz Pz
ClOC N N COC1
12)

Also other examples.”®
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Conversion into Carboxamides

Note: Although this transformation can be done directly, all reported examples
appear to have used the indirect route via an acid chloride.

5-(3-Aminopyrrolidin-1-yl)-6-fluoro-4-oxo-1-(thiazol-2-yl)-1,4-dihydro-1,8-
naphthyridine-3-carboxylic acid (13, R =OH) gave the corresponding 3-
carboxamide (13, R =NH,) via the unisolated acid chloride (13, R = Cl)
(CICO,Et, Et;N; then NH5/EtOH: 54%).3%?

)
F | N | COR
N NN
; NJ\S
NH, [—
13)
212,235,966

Also other examples.

Complex Formation

Note: Typical metallic complexes are those of 1,8-naphthyridine-2,7-dicar-
boxylic acid with Ni,**® Rh,**® and Ru;**® and of 2,7-bis[N, N-di(carbox-
ymethyl)aminomethyl]-1,8-naphthyridine (14) with Eu and Tb (for
luminescence analysis).”'*

| XN

~ ~
(HO,CH,C),NH,C~ "N~ "N~ “CH,N(CH,CO,H),
(14)

Degradation

Note: The oxidative degradation of a partly specified extranuclear carboxylated
tetrahydro- 1,8-naphthyridine has been studied by MS/NMR means. '’

28.2. 1,8-NAPHTHYRIDINECARBONYL HALIDES

The preparation of such chlorides from the corresponding carboxylic acids and
their conversion into esters or amides have been covered briefly in Section 28.1.2.
Other reported reactions are exemplified here.

Crude 2-methyl-1,8-naphthyridine-3-carbonyl chloride (15, R = Cl) gave 2-methyl-
1,8-naphthyridine-2-carbohydrazide (15, R = NHNH,) (H,NNH,-H,0, EtOH,
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reflux: crude or 2-methyl-1,8-naphthyridine-3-carbonyl azide (15, R =Nj)
(NaNs, dioxane, 0°C: 43%)."®

| X COR
— —
N N Me
s)

Although 1,8-naphthyridine-2,7-dicarbonyl chloride reacted with glycol to give
di(2-hydroxyethyl)-1,8-naphthyridine-2,7-dicarboxylate (16) (excess HOCH,.
CH,OH, 100°C: 83%),1090 efforts to form a macrocyclic link between the

carbonyl groups with a long-chain o,w-dihydroxy synthon proved unsuccess-
£y 1090.1133

CH,CH,0H HOH,CH,C
(16)

28.3. 1,8-NAPHTHYRIDINECARBOXYLIC ESTERS
28.3.1. Preparation of 1,8-Naphthyridinecarboxylic Esters

Most such esters have been made by primary synthesis (see Chapter 22) and
some by esterification of corresponding carboxylic acids (see Section 28.1.2) or
from halogeno-1,8-naphthyridines (see Section 24.2). A few extranuclear esters
have been prepared by passenger alkylations. For example, by S-ethoxycarbonyla-
tion as in Chapter 26.

28.3.2. Reactions of 1,8-Naphthyridinecarboxylic Esters

These esters have been reduced to hydroxymethyl-1,8-naphthyridines (see
Section 25.1.1) and hydrolyzed to 1,8-naphthyridinecarboxylic acids (see Section
28.1.1). Other reactions are illustrated by the following examples.

Dealkoxycarbonylation

Note: This has been done indirectly as a one-pot process by hydrolysis and
decarboxylation; alternatively, the procedure may be performed in two
distinct stages.
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Methyl 6-bromo-2-oxo0-1,2,3,4-tetrahydro-1,8-naphthyridine-3-carboxylate (17,
R =CO,Me) gave 6-bromo-3,4-dihydro-1,8-naphthyridin-2(1H)-one (17,
R = H) (NaOH, MeOH, H,O0, reflux; then HCI to pH 7, reflux: 88%).'**

Br N R
L.
N N 6]
H
an

6-Ethoxycarbonyl-5-0x0-5,8-dihydro-1,8-naphthyridine-2-carboxylic acid (18,
R =Et) underwent saponification to 4-oxo-1,4-dihydro-1,8-naphthyridine-
5,7-dicarboxylic acid (18, R=H) (5M KOH, 100°C: crude solid), which
was then decarboxylated to give 1,8-naphthyridin-4(1H)-one (19) (quinoline,
reflux: ~50% overall).1186

O
N COR  ,gem N
—_—
D8 T
HO,C N N N N
H H
(18) (19)

Conversion into Carboxamides or the Like

Note: This partial aminolysis of esters has been used extensively.

Ethyl 1-ethyl-4-hydroxy-7-methyl-2-oxo-1,2-dihydro-1,8-naphthyridine-3-carbox-
ylate (20, R = OEt) gave the corresponding 3-carboxamide (20, R = NH,)
(NH4/EtOH, 100°C, sealed: 49%).°"

OH

(20)

Ethyl 6-amino-7-chloro-1-ethyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylate
(21, Q=Cl, R=Et) gave 6-amino-1-ethyl-N-methyl-7-methylamino-4-oxo-
1,4-dihydro-1,8-naphthyridine-3-carboxamide (21, Q =R = NHMe) (MeNH,/
EtOH, 60°C: 95%; note the additional aminolysis of the chloro substituent).1029

O
H,oN N COR
B8
Q N ITI
Et
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Ethyl 2-phenyl-1,8-naphthyridine-3-carboxylate (22, R = OEt) gave 2-phenyl-
1,8-naphthyridine-3-carbohydrazide (22, R = NHNH,) (H,NNH, - H,O, EtOH,
reflux: 95%).859

N COR
| = =
N N Ph
(22)

Ethyl 1-ethyl-7-methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylate (23,
R = OEt) gave N-amidino-1-ethyl-7-methyl-4-oxo-1,4-dihydro-1,8-naphthyri-
dine-3-carboxamide [23, R = NHC(=NH)NH,] [HN=C(NH,),/EtOH, 20°C:
80% as hydrochloride].®*

(0]
X COR
B8
N N
b
(23)

76,305,362,618,622,632,651,728,740,1116,1416
Also other examples.

28.4. 1,8-NAPHTHYRIDINECARBOXAMIDES

Although 1,8-naphthyridinecarboxamides have shown several interesting bioac-
tivities,”***®” most of the described amides are in fact 1,8-naphthyridinecarbohy-
drazides.

28.4.1. Preparation of 1,8-Naphthyridinecarboxamides

Such carboxamides and the like have been made by primary synthesis (see
Chapter 22), from 1,8-naphthyridinecarbonyl halides (see Sections 28.1.2 and
28.2), from 1,8-naphthyridinecarboxylic esters (see Section 28.3.2), or by the
methods illustrated in the following examples.

By Controlled Hydrolysis of 1,8-Naphthyridinecarbonitriles

2-Phenyl-1,8-naphthyridine-3-carbonitrile (24, R =CN) gave 2-phenyl-1,8-
naphthyridinecarboxamide (24, R = CONH,) (KOH, H,0, EtOH, reflux, 4
h: 51%; longer reflux gave the carboxylic acid).'"”

| N Xy R
— —

N~ "N "Ph
249
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From Trichloromethyl-1,8-naphthyridines

4-Oxo-7-trichloromethyl-1,4-dihydro-1,8-naphthyridine-3-carboxylic acid (25)
gave 7-(N-methylcarbamoyl)-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylic
acid (26) (MeNH,/EtOH, 90°C, sealed: 70%); also many analogs by slightly
modified procedures.'*'?

(0] O
N CO,H N CO,H
(] D8
Cl3C N N MeHNOC N N
H H
25) (26)

28.4.2. Reactions of 1,8-Naphthyridinecarboxamides

For the conversion of hydrazides into amines by the Curtius reaction, see Sec-
tion 27.3; other reported reactions are illustrated in the following examples.

N-Alkylidenation

Note: All available examples of this procedure appear to use hydrazides rather
than amides as substrates.

2-0Oxo0-1,2-dihydro-1,8-naphthyridine-3-carbohydrazide gave N-benzylidene-2-
oxo-1,2-dihydro-1,8-naphthyridine-3-carbohydrazide (27) (PhCHO, trace
AcOH, MeOH, reflux: 78%; analogs likewise).632

1
4
| X CONHNTCHPh
—
N~ 'N” To
H
@7

2-Methyl-1,8-naphthyridine-3-carbohydrazide gave 2-methyl-N'-methylbenzyli-
dene-1,8-naphthyridine-3-carbohydrazide (28) (AcPh, trace AcOH, EtOH,
reflux: 86%; analogs 1ikewise).871

o CONHN=CMePh

| — e
N” 'N° "Me
(28)

76,450,513,622,624,633,651,663,664,694,740,756,852,853,855,1341
Also many other examples,’®40:313:622:624.633.651.663.664.694.740,756.852.853.855. 1341,

1354
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Conversion into 1,8-Naphthyridinecarbonitriles

1-Ethyl-4-hydroxy-7-methyl-2-oxo-1,2-dihydro-1,8-naphthyridine-3-carboxamide
(29) gave 4-chloro-1-ethyl-7-methyl-2-oxo-1,2-dihydro-1,8-naphthyridine-3-

carbonitrile (30) (POCls, reflux: 55%; note chlorolysis as well as dehy-
612

dration).

OH Cl

NN CONH: oy, NN

| — |

~= ~

Me™ "N N 0 Me™ "N N (¢}

Et Et
29) 30)

Conversion into N-Carbamoyl-1,8-naphthyridinecarbohydrazides

2-Phenyl-1,8-naphthyridine-3-carbohydrazide gave N'-[N-phenyl(thiocarbamoyl)]-
2-phenyl-1,8-naphthyridine-3-carbohydrazide (31) (PhNCS, EtOH, reflux:

85%).8%°
1
£
| N X CONHNH:CSNHPh
~ ~
N N Ph
(1)
475,631

Also related examples.

Cyclization Reactions

Note: Of the many cyclizations based on 1,8-naphthyridinecarbohydrazides,
only a few random examples appear here.

2-Methyl-1,8-naphthyridine-3-carbohydrazide (32) gave 2-methyl-3-(5-thioxo-
4,5-dihydro-1,3,4-oxadiazol-2-yl)-1,8-naphthyridine (33) (CS,, KOH, H,O,
EtOH, reflux: 75%).%°!

N—NH

|
N CONHNH: g o NN o )\
| —
~ ~ ~ ~
N N7 TMe NN TMe
32 (33

2-Trifluoromethyl-1,8-naphthyridine-3-carbohydrazide (34) with benzoyls-
tyrene gave 3-(3,5-diphenyl-3-pyrazolin-1-yl)carbonyl-2-trifluoromethyl-1,
8-naphthyridine (35) (BzCH=CHPh, trace TsOH, AcOH, reflux: 70%).'>>¢
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i
C
X~ CONHNH, XN ~ NN
L LA
N N CF N N
’ CF; Ph Fh

(34) (35)

: s 337,1353
Also a variety of other cyclizations,'!38:1239:1280.1337.1353.1421

28.5. 1,8-NAPHTHYRIDINECARBONITRILES

Most of the information on these nitriles has been covered already

Preparation

Note: 1,8-Naphthyridinecarbonitriles have been made by primary synthesis (see
Chapter 22), by cyanolysis of halogeno-1,8-naphthyridines (see Section
24.2), from 1,8-naphthyridinamines (see Section 27.3.2), or by dehydration
of 1,8-naphthyridinecarboxamides (see Section 28.4.2).

Reactions

Note: 1,8-Naphthyridinecarbonitriles have been hydrolyzed to the corresponding
carboxylic acids (see Section 28.1.1) or carboxamides (see Section 28.4.1). They
may also be converted into the corresponding carbaldehydes as illustrated here.

Ethyl 7-chloro-6-cyano-1-ethyl- (36, R =CN) gave ethyl 7-chloro-1-ethyl-6-
formyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylate (36, R = CHO)
(HCI gas, SnCl,, Et,0; substrate in, 20°C, 48 h: 25%).'*"!

o
R A\ COEt
D8
a” NTON
Et
(36)

28.6. 1,8-NAPHTHYRIDINECARBALDEHYDES
AND RELATED KETONES

28.6.1. Preparation of the Carbaldehydes and Ketones

One or both of these carbonyl entities has (have) been made by primary
synthesis (see Chapter 22), by oxidation of alkyl-1,8-naphthyridines (see Section
23.2.2), or by the procedures illustrated in the following examples.
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By C-Formylation

4-Hydroxy-1,8-naphthyridin-2(1H)-one (37, R=H) gave 4-hydroxy-2-oxo-1,
2-dihydro-1,8-naphthyridine-3-carbaldehyde (37, R =CHO) (POCl;,
Me,NCHO: 2%)."**!

OH

(37)

1,7-Dimethyl-2,3-dihydro-1,8-naphthyridin-4(1H)-one (38) gave its 3-hydroxy-
methylene derivative (39) (EtO,CH, NaOEt, PhH, 20°C: 81%) that underwent
oxidation in refluxing benzene to afford 1,7-dimethyl-4-oxo-1,4-dihydro-1,8-
naphthyridine-3-carbaldehyde (40) as the main product (~45%).'%**

(0} (0} (0}
AN HCO,H, EtONa AN CHOH H AN CHO
| — | — |
~ ~ ~
Me N ITI Me N ITI Me N ITI
Me Me Me
(38) 39) (40)

From Trimethylsilyl Analogs

Ethyl 7-chloro-1-cyclopropyl-6-fluoro-4-oxo-5-trimethylsilyl- (41, R=SiMe3)
gave ethyl 7-chloro-1-cyclopropyl-6-fluoro-5-formyl-4-oxo-1,4-dihydro-1,8-
naphthyridine-3-carboxylate (41, R=CHO) (POCl;, Me,NCHO, 0-Cl,C¢Hy,
90°C: 24%).!17?

R (6]
F N CO,Et
)
Cl N l
41)

Ketones from Aldehydes

Methyl 1-ethyl-2-formyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylate (42)
gave T7-acetyl-1-ethyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylic acid
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(43) (CH,N; then HCI, reflux: 74%).!13

o 0
AN CO,Me CH,N,; then H* X CoH

L] — N L

oHC” ONTON Act NO N

L Et

42) “@3)

28.6.2. Reactions of the Carbaldehydes and Ketones

These carbonyl derivatives undergo the usual reactions associated with such
compounds. The equilibrium of 1,8-naphthyridine-4-carbaldehyde with its hydrate
has been studied.””

Anil, Oxime, and Hydrazone Formation

Ethyl 1-ethyl-7-formyl-4-oxo-1,4-dihydro- gave ethyl 1-ethyl-4-oxo-7-phenyli-
minomethyl-1,8-naphthyridine-3-carboxylate (44) (PhNH,, EtOH, reflux:
34%; also many analogs).'%

(0]

N CO,Et

D8
PhN=HC N ITI
Et

(44)

1-Ethyl-6-fluoro-7-formyl- gave 1-ethyl-6-fluoro-7-(hydroxyimino)methyl-4-
oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylic acid (45) (H,NOH-HCI,
pyridine, EtOH, reflux: 86%).%°

O
NG CO,H
D8
HON=HC N ITI
Et
(45)

3-Acetyl-2-methyl-1,8-naphthyridine gave 3-[1-(benzoylhydrazono)ethyl]-1,8-
naphthyridine (46) (BzZHNNH,: ?%).7'°

b
X CMe —:— NNHBz
| ~ ~
Me

(46)
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Alkylidenation (of Ketones)

3-Acetyl-2-methyl-1,8-naphthyridine gave 3-p-hydroxycinnamoyl-2-methyl-
1,8-naphthyridine (47) (substrate, HOC¢H4,CHO-p, ground together, 10
min: 88%); many analogs likewise.’*

1
C(=0)CH=CHC4H,0H-p

XX
| ~ ~
Me
47)
657,1283

Also other examples.

Cyclization Reactions

2-Acetylstyryl-1,8-naphthyridine (48) gave 2-(3-methyl-1,5-diphenyl-2-pyrazo-
lin-4-y1)-1,8-naphthyridine (49) (PhNHNH,, AcOH, reflux: 65%).”>

X
| Me
N N ﬁ —CO
PhHC
(48) 49)
Reduction

Ethyl 7-chloro-1-cyclopropyl-6-fluoro-5-formyl- (50, R=CHO) underwent reduc-
tion to ethyl 7-chloro-1-cyclopropyl-6-fluoro-5-hydroxymethyl-4-oxo-1,4-
dihydro-1,8-naphthyridine-3-carboxylate (50, R = CH,OH) (NaBH,4, MeOH,
0°C: 47%).!17?

R (6]
F AN CO,Et
)
Cl N N



CHAPTER 29

The 2,6-Naphthyridines

Compared with the four naphthyridine systems already reviewed, there is so
little information available on 2,6-naphthyridine (1) and its derivatives that a seven-
chapter treatment is quite unwarranted.

N X
I ~ =N
@

29.1. PRIMARY SYNTHESES OF 2,6-NAPHTHYRIDINES

Primary syntheses of 2,6-naphthyridines have been achieved by cyclization of
appropriately substituted pyridine substrates, by cyclocondensation of pyridine
substrates with synthons that provide one or more ring atoms, and from other
heterocyclic substrates in several ways.

29.1.1. 2,6-Naphthyridines by Cyclization of Pyridine Derivatives

Such a synthesis is possible by completion of any one or five bonds of the final
naphthyridine. All such possibilities have been attempted, as illustrated in the
following examples.

By Completion of the 1,2-Bond

Ethyl 3-cyanomethyl-4-pyridinecarboxylate (2) gave 3-hydroxy-2,6-naphthyri-
din-1(2H)-one (3) (H,SO4, 80°C, 15 min: ~50%; presumably via an inter-
mediate amide); also analogs.710

N CH,CN H,80, NI OH
| — |l
= = NH
CO,Et
(6]
2) 3

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
Copyright © 2008 John Wiley & Sons, Inc.
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By Completion of the 1,8a-Bond

Note: Only an unsuccessful attempt at this procedure has been reported.*®

By Completion of the 2,3-Bond

2,6-Dimethyl-3-phenylethynyl-4-pyridinecarboxamide (4) gave 5,7-dimethyl-3-
phenyl-2,6-naphthyridin-1(2H)-one (5) (EtONa/EtOH, reflux: 73%).'%%

Me Me
/I\iic =CPh BO- /l\ij?/ Ph
| = I % NH
Me CONH, Me
(6]
)

@

3-(2-Dimethylaminovinyl)-4-pyridinecarbonitrile (6) gave 2,6-naphthyridin-
1(2H)-one (7) (HBr/AcOH, ~50°C: 66%; presumably via an amidic inter-
mediate).1115

N CH=CHPh HBr/AcOH N X

I — |
= P NH
CN

(6]
(6) W)

3-Cyanomethyl-2-pyridinecarbonitrile (8) gave 1-bromo-2,6-naphthyridin-3-
amine (9) (HBr gas/Et,0, —5°C: 80%)."

N CH,CN
I

HBI/Et,O N XYY X

— AN
CN “

(6] )

3
Also other examples.l 3,147,441,621,669,677,710

By Completion of the 3,4-Bond

Note: For an example of this synthesis, see Section 29.7.

By Completion of the 4,4a-Bond

4-[1-(Prop-1-enylimino)ethyl]pyridine (10) underwent pyrolysis to give a mix-
ture of isomers in which 1,4-dimethyl-3,4-dihydro-2,6-naphthyridine (11)
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appeared to have been the major component.**

Me
N A N
I = I ~=N
CMe=NCH=CHMe
Me
(10) 11)

29.1.2. 2,6-Naphthyridines by Cyclocondensation
of a Pyridine Derivative with a Synthon

Of the possiblities for such a cyclocondensation, only three types are represented
in the 2,6-naphthyridine literature, although other types have been used e.g., > to
make fused analogs. Classified examples follow.

Where the Synthon Supplies C1

3-[2-Ethoxycarbonyl-2-(phosphoranylideneamino)vinyl]pyridine (12) with phe-
nyl isocyanate gave a mixture of two isomers from which ethyl 1-amino-2,6-
naphthyridine-3-carboxylate (13) was isolated (PhMe, 20°C; then 180°C,
sealed: 22%); analogs likewise.**?

CH=C(CO,Et)N=PPh, CO,Et

N PhNCO N X
| — | P
= = & N
NHPh
12) a3)

Where the Synthon Supplies N2

3-Phenylethynylpyridine-2-carbaldehyde (14) gave 3-phenyl-2,6-naphthyridine
(15) (NH5/EtOH, 80°C, sealed: 83%); analogs likewise.®!

e N N
l_ L oN
CHO .
14) (15)

3-Acetonyl- (16, R=H) or 3-(diacetylmethyl)-2-pyridinecarbaldehyde (16,
R=Ac) with aqueous ammonium acetate gave 3-methyl-2,6-naphthyridin-
1(2H)-one
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(17) (reflux: ~70%).'072

N CHRCOMe AcONH, N X Me
I Pz I N _NH'
CO,H

(16) an
Also other examples.”?’

Where the Synthon Supplies C3

Treatment of 3-Acetoxy-5-acetoxymethyl-2-methyl-4-pyridinecarbonitrile (18)
with ethyl magnesium bromide is reported to give 3-ethyl-8-hydroxy-3,7-
dimethyl-3,4-dihydro-2,6-naphthyridin-1(2H)-one (19) (20%, after separation
from another product).**°

N CH,0Ac EtMgBr
l =
Me CN
OAc
18)

29.1.3. 2,6-Naphthyridines from Other Heterocyclic Substrates

Several heterocyclic systems other than pyridine have been used as substrates for
the primary synthesis of 2,6-naphthyridines. The procedures are illustrated in the
following examples.

1,6-Diazacyclodeca-3,8-diones as Substrates

1,6-Diisopropyl-1,6-diazacyclodeca-3,8-diyne (20) gave 2,6-diisopropyl-4-
methoxy-1,2,3,5,6,7-hexahydro—Z,6-naphthyridine (21) (MeOH, 140°C,
sealed: 45%); also related syntheses.684’“' 580

OMe
H,  H b
- LmCe=C-C _ MeOH "™~N =
Pr’—N\ lN—Pr’ —— _ N
C-C=Cc-C TPr
H, H,

(20) 21
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Pyrano [4,3-c]pyridines as Substrates

6-Methyl-3,7-diphenyl- 1 H-pyrano[4,3-c]pyridine-1,5(6H)-dione (22) gave 2,6-
dimethyl-3,7-diphenyl-2,6-naphthyridine-1,5(2H,6H)-dione  (23) (MeNH,/
MeOH, 20°C: 86%),”'* the structure of which was checked by X-ray
analysis.”®®

(22)

Pyrroles as Substrates

3,4-Dibenzoyl-1-methyl-2,4-diphenylpyrrole ~with benzylamine has been
reported to afford a separable mixture of hexaphenyl-2,6- and hexaphenyl-
2,7-naphthyridine (KOH, EtOH, reflux: 29% and 41%, respectively) by “‘an
obscure pathway.” The original paper should be consulted for details of this
and other such syntheses.''*?

1,2,4-Triazines as Substrates

Ethyl 1,2,4-triazine-3-carboxylate (25) underwent a Diels—Alder reaction with
tert-butyl 4-(pyrrolidin-1-yl)-1,2,3 4-tetrahydropyridine-1-carboxylate (24)
to give ethyl 6-fert-butoxycarbonyl-5,6,7,8-tetrahydro-2,6-naphthyridine-1-
carboxylate (26) as a minor product (CHCl3, 20°C: 8%).!

1, 1,
BquC\N N Né\ BquC\N N
AL — B
N\ ~
N(CHy)s he

CO,Et CO,Et
(24) (25) (26)

29.2. 2,-NAPHTHYRIDINE AND ALKYL-2,6-NAPHTHYRIDINES

Despite a general paucity of information on 2,6-naphthyridines, the system has
been included in several reviews; 0 >237:98:61:265.436,1357,1430,1432 4-methyl-2,6-
naphthyridine has been found to occur naturally in several Antirrhina spe-
cies,”??*1-2%7 and physical properties of the parent heterocycle (1) have been quite
extensively studied, usually for comparison with those of the other unsubstituted
naphthyridines (see Section 29.2.2).
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29.2.1. Preparation of 2,6-Naphthyridine

2,6-Naphthyridine (28) is best made by hydrogenolysis of 1-chloro-2,6-
naphthyridine (27) (Pd/C, QcONa, H,, MeOH: 71%)''"> or by oxidation of 1,
3-dihydrazino-2,6-naphthyridine (29) (CuSO4, AcOH, H,O, 100°C: 53%);'8¢:57"-
1997 it has also been made from 3-hydroxy-2,6-naphthyridin-1(2H)-one (Zn dust,
170°C: poor yield).®”’

N PUCH:, NI o NI NHNH,
| — |l ~ |l
= N AcONa = N = N
Cl NHNH,
(27) (28) (29)

Efforts to prepare the parent naphthyridine by direct hydrogenolysis of 1,3-
dichloro-2,6-naphthyridine (30) gave only 1,3-dichloro-5,6,7,8-tetrahydro-2,6-
naphthyridine (31, R=Cl) (PtO,, H,: ?%),677 and reductive deoxygenation of 1,4-
dihydro-2,6-naphthyridin-3(2H)-one (32) gave 1,2,3,4-tetrahydro-2,6-naphthyri-
dine (31, R=H) (LiAlH,, dioxane, reflux: 15%).°®°

Cl R

N AN AN PtO, Hy HN AN LiAlH, HN AN
| —_— -~ |
~=N _N N
o
Cl R
(30) 31 32)

29.2.2. Properties of 2,6-Naphthyridine

Papers that report studies of the various physical properties of 2,6-naphthyridine
are referenced here.

Aromaticity®’®

Electron density calculations!'26-1173:1174.1241

Electron spin resonance spectra'?’®-1%%3

Ionization813,ll76,ll92

Nuclear magnetic resonance spectra®>!!741176.1192.1319

829,1329

Polarography

Ultraviolet spectra820’840’878’1 181,1250,1312,1426

X-ray structure' >



Halogeno-2,6-naphthyridines 267

29.3. HALOGENO-2,6-NAPHTHYRIDINES

Halogeno-2,6-naphthyridines have good (but largely unused) potential as inter-
mediates for metatheses, especially when the halogeno substituent occupies the
activated 2-, 3-, 5-, or 7-position.

29.3.1. Preparation of Halogeno-2,6-naphthyridines

Some such derivatives have been made by primary synthesis (see Section 29.1).
Other preparative routes are illustrated in the following examples.

By Halogenolysis of 2,6-Naphthyridinones

2,6-Naphthyridin-1(2H)-one (33) with a phosphoryl halide gave 1-bromo- (34,
R =Br) (POBr3, 135°C: 71%)439 or 1-chloro-2,6-naphthyridine (34, R = Cl)
(POCl,, reflux: 77%).'11°

N POBr; or POCl3 N X
B —
I 7 NH I ~ =N
(6] R
33) 34)

1,4-Dihydro-2,6-naphthyridin-3(2H)-one gave 3-chloro-1,4-dihydro-2,6-
naphthyridine (35) (POCls, PCls, 210°C, sealed: 42%)."*"

N Cl
I/ N

(35)

Also other examples.677,1072
From 2,6-Naphthyridinamines

2,6-Naphthyridin-3-amine (36, R =NH,) gave 3-chloro-2,6-naphthyridine
(36, R = Cl) (HNO,, —5°C; then CuCl, 20°C: 17%).'°"
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1-Bromo-4-methyl-2,6-naphthyridin-3-amine (37, R = Me) underwent diazoti-
zation in fuming hydrobromic acid to give 1,3-dibromo-4-methyl-2,6-
naphthyridine (38, R = Me) (—5°C, then 20°C: 47%),'"” but similar treat-
ment of 1-bromo-2,6-naphthyridin-3-amine (37, R = H) afforded a separable
mixture of 1,3-dibromo- (38, R =H) and 1,3,4-tribromo-2,6-naphthyridine
(38, R = Br) (22% each).'®®

R R
N XX NH, HNO,, HBr NI Br
| — |
/ ~ N / s N
Br Br
37 (38)

29.3.2. Reactions of Halogeno-2,6-naphthyridines

The relatively few reported reactions of halogeno-2,6-naphthyridines are illu-
strated by the following examples.

Aminolysis

1-Chloro-2,6-naphthyridine (39, R =Cl) gave 2,6-naphthyridin-1-amine (39,
R =NH,) (NH3/PhOH, 175°C: 58%, identical to that obtained in 56% yield
by amination of 2,6-naphthyridine);"''> the analogous hydrazinolysis of
1-chloro-3-methyl-2,6-naphthyridine (40, R =CIl) gave I-hydrazino-3-
methyl-2,6-naphthyridine (40, R = NHNH,) under quite mild conditions
(H,NNH, - H,O/EtOH, reflux, 10 min: 60%).'%"?

N X N X Me
l ~ 2N l ~ 2N
R R
(39) (40)

1,3-Dibromo- (41, R =Br) gave 1,3-dihydrazino-2,6-naphthyridine (41,
R = NHNH,) (H,NNH, H,0, dioxane, 20°C: 100%);'3¢1%7 1 3-dichloro-
2,6-naphthyridine reacted similarly (?%).%””

N R
I/ N
R
41)

Also other examples.**
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Alcoholysis
3-Chloro- (42, R = Cl) gave 3-ethoxy-1,4-dihydro-2,6-naphthyridine (42, R = OEt)
(EtONa/EtOH, reflux: 85%)."°%

N™ I R
' = N
(42)

1,3-Dibromo- (43, R = Br) gave selectively 3-bromo-1-methoxy-2,6-naphthyr-
idine (43, R = OMe) (NaOH, MeOH, 20°C: 80%).'%"

Hydrolysis

1,3-Dibromo-2,6-naphthyridine (43, R = Br) underwent direct hydrolysis to give
selectively 3-bromo-2,6-naphthyridin-1(2H)-one (44) (3M H,SO,, reflux:

5 1 %). 1007
N Br
l = NH
0
44)
Dehalogenation

Note: Both direct and indirect dehalogenations have been exemplified in Section
29.2.1.

In addition, 2,6-naphthyridin-3-amine was obtained by direct hydrogenolysis of
its 1-bromo derivative (Pd/C, KOH, H,, EtOH: ?%).'%

294. OXY-2,6-NAPHTHYRIDINES

Almost every reported aspect of 3,6-naphthyridinones, alkoxy-2,6-naphthyri-
dines, and 2,6-naphthyridine N-oxides has been covered already.
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2,6-Naphthyridinones—Preparation

These have been made either by primary synthesis (see Section 29.1) or by
hydrolysis of halogeno-2,6-naphthyridines (see Section 29.3.2).

2,6-Naphthyridinones—Reactions

The halogenolysis of these naphthyridinones has been discussed in Section
29.3.1

Alkoxy-2,6-naphthyridines—Preparation

These ethers have been made by primary synthesis (see Section 29.1) or by
alcoholysis of halogeno-2,6-naphthyridines (see Section 29.3.2).

Alkoxy-2,6-naphthyridines—Reactions

Only hydrogenolysis appears to have been reported; 3-ethoxy-1,4-dihydro- (45)
gave 1,2,3,4-tetrahydro-2,6-naphthyridine (46) (NaBH,, EtOH, 0°C, then
20°C: ?%)."°%

N AN OEt NaBH,4 N AN
| | — |
= N % NH
45) (46)

2,6-Naphthyridine N-Oxides: Preparation

Several such oxides have been made by primary synthesis; for example, 3-
phenylethynyl-4-pyridinecarbaldehyde oxime (47) gave 3-phenyl-2,6-
naphthyridine 2-oxide (48) (K,COs, EtOH, reflux: 80%).%*!

N C=CPh XX Ph
l = l ~ 2N
CH=NOH \O
47) (48)

29.5. THIO-2,6-NAPHTHYRIDINES

All types of thio-2,6-naphthyridine (see Chapter 5) seem to have escaped
mention in the literature.
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29.6. NITRO-, AMINO-, AND RELATED 2,6-NAPHTHYRIDINES

There appear to be no nitro- or nitroso-2,6-naphthyridines known, " *3*1273 pyt

amino- and hydrazino-2,6-naphthyridines have a modest representation in the
literature.

29.6.1. Preparation of Amino-2,6-naphthyridines

Most such amines have been made by primary synthesis (see Section 29.1) or
by aminolysis of halogeno-2,6-naphthyridines (see Section 29.3.2). In addition,
some have been made by direct C-amination,”* as illustrated in the following
examples.

2,6-Naphthyridine (49, R =H) gave 2,6-naphthyridin-1-amine (49, R =NH,)
(KNH,/NH;: 54%)_1 115,cf. 54

N X
l A~ =N
R
49

1-Chloro-2,6-naphthyridine (50) gave a separable mixture of 2,6-naphthyridin-1-
amine (51, R=H) and 2,6-naphthyridine-1,5-diamine (51, R = NH,) (KNH,/
NH3;, trace FeCl;, —33°C: 20% and 17%, respectively).439

R
N X KNH,/NH; NI
| |l
= _N = N
Cl NH,
(50) (51)

2,6-Naphthyridin-3-amine (52, R =H) gave 1-morpholino-2,6-naphthyridin-3-
amine [52, R =N(CH,CH,),0] [(LiN(CH,CH,),O (made in situ), THF,
—70°C; then —20°C: 91%]; analogs likewise.'?3

NN
l/ N
R
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29.6.2. Reactions of Amino-2,6-naphthyridines

The conversion of amino- into halogeno-2,6-naphthyridines has been covered in
Section 29.3.1. Other reported reactions are illustrated in the following examples.

Acylation

1-Bromo-4-methyl-2,6-naphthyridin-3-amine (53, R =H) gave 3-acetamido-1-
bromo-4-methyl-2,6-naphthyridine (53, R = Ac) (Ac,0, pyridine: ?%).'*"

Me

N - NHR
I

~ 2N

Br
(53)

Also other examples.®¢

Dehydrazination

Note: This process has been used to make unsubstituted 2,6-naphthyridine (see
Section 29.2.1). Other examples follow.

1-Hydrazino-3-methyl- (54, R = NHNH,) gave 3-methyl-2,6-naphthyridine (54,
R = H) (CuSO,, AcOH, H,0, 95°C: ~50%)."%">

NP Me
l ~ 2N

R

(54)

29.7. 2,6-NAPHTHYRIDINECARBOXYLIC ACIDS
AND RELATED DERIVATIVES

A few such compounds have been made by primary syntheses, covered in
Section 29.1; for example, N-(ethoxycarbonylmethyl)-3-(p-fluorobenzoyl)-N-
methyl-4-pyridinecarboxamide (55) underwent cyclization to ethyl 4-p-fluorophe-
nyl-2-methyl-1-oxo0-1,2-dihydro-2,6-naphthyridine-3-carboxylate (56, R = Et)
(substrate, diazabicycloundecene, PhMe, reflux: 38%).1199 This ester underwent
saponification to 4-p-fluorophenyl-2-methyl-1-oxo-1,2-dihydro-2,6-naphthyridine-
3-carboxylic acid (56, R =H) (NaOH, EtOH, H,O, THF, reflux: 95%) and
subsequent conversion (via the unisolated carbonyl chloride) into N-[3,5-bis
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(trifluoromethyl)benzyl]-4-p-fluorophenyl-2,N-dimethyl-1-oxo-1,2-dihydro-2,6-
naphthyridine-3-carboxamide (57) [SoCl,, Me,NCHO, PhH, reflux; then
HNMeCH,C¢H5(CF3), —3,5 added, THF, 20°C: 54%].'!%°

?6H4F-P
N CO

l_
C(=0)NMeCH,CO,Et

(5%)

C6H4F—p

NN\ CONMECH,CeHy(CF3)2-3.5

l o N.
Me

(6]
(57)

Other reactions of such carboxylic derivatives appear to be of marginal chemical
interest. e.g.,491






CHAPTER 30

The 2,7-Naphthyridines

Although a substantial number of papers are devoted, at least in part, to 2,
7-naphthyridines, the spread of information is quite unbalanced in favor of primary
syntheses. Accordingly, the 2,7-naphthyridine system will be covered in a
single chapter. Several reviews of naphthyridine chemistry include material on
the 2,7-system,*9-20-33:61:265.407.456.1357.1430.1432 e original system name, copyrin/

- 13,3940 ¢ o .
copyrine,' > 349 is still used occasionally.

30.1. PRIMARY SYNTHESES OF 2,7-NAPHTHYRIDINES

Such syntheses may be classified into four main categories: from nonhetero-
cyclic precursors; from single pyridine substrates, from pyridine substrates with
ancillary synthons, and from other heterocyclic substrates.

30.1.1. 2,7-Naphthyridines from Nonheterocyclic Precursors

Of the many possibilities within this category, only a few distinct types have
proved successful, as illustrated by the following examples.

Using Two Precursor Molecules

Heptane-2,4,6-trione (1) and malondiamidine (2) gave 3,6-dimethyl-2,7-
naphthyridine-1,8-diamine (3) (NaOH, H,0, 100°C: 9%).”*°

Me—C—C-C—C-C-Me
0O H, 0O H, O
1)

H,
HN= IC -C— (|: =NH
NH, NH,
(2)

Also other examples.*?®!3%°

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
Copyright © 2008 John Wiley & Sons, Inc.
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Using Three Precursor Molecules

2-Benzoyl-N-ethyl-1-methylthiovinylamine (4) with 2-cyano-N-methylaceta-
mide (2 mol) gave 1-amino-2,7-dimethyl-3,8-dioxo-6-phenyl-2,3,7,8-tetrahy-
dro-2,7-naphthyridine-4-carbonitrile (5) (reactants, Pr'ONa, Pr'OH, reflux:
75%; analogs likevvise).699

NHEt 2 x NCCH,CONHMe
PhC(=O)CH=C\ -
SMe

@ ©)]

The (uncharacterized) intermediate (6) with ammonium ion (2 mol) gave 2,7-
naphthyridine-4-carbaldehyde (7) (NH,CI, H,0, reflux: 67%).5%°

CHO
CH NMez 2 x NH,4Cl R
Me,N— CH C C CH—NM - = ,a~ RN
) eZ N \/ LN

Me,N=HC= C=CH- CH=NMe,

(6) Q)

Using Seven Precursor Molecules

tert-Butanol (8) with a Vilsmeier salt (6 mol) and (subsequently) ammonium
acetate (2 mol) gave 2,7-naphthyridine-4-carbaldehyde (9), for details and
proposed mechanism, see original).’®>

CHO
(.j " 2 x AcONH, N A~ N
®) )

In a rather similar way, 2-methylpropene (10) (made in situ from tert-butanol),
acetyl chloride, and aluminum chloride (followed by ammonia treatment) gave
1,3,6,8-tetramethyl-2,7-naphthyridine (11) (24%; homologs likewise).*%!178

Me X N Me
H:C. __CH, 4 x AcCl; AICI3; 2 x NH; |
\|C|: N~ N
CH
2 Me Me

(10) a1n
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30.1.2. 2,7-Naphthyridines by Cyclization of Pyridine Substrates

This may be done by completion of any one of five bonds, but only two such
cyclizations have been successful, as illustrated in the following examples.

By Completion of the 1,2-Bond

1-Amino-4-cyanomethyl-6-diethylamino-3,5-pyridinedicarbonitrile (12) gave
1,8-diamino-3-diethylamino-7-methoxy-2,7-naphthyridine-4-carbonitrile
(14) via the unisolated iminoester (13) (MeONa/MeOH, reflux: 81%);
analogs likewise.®®®

CN CN CN
EtLN N CH,CN Et,N X CH,C(=NH)OMe Et,N X OMe
| MeO™ | |
N -~ — N -~ — N _ =N
CN CN <
NH, NH, NH, NH,
12) (13) 14)

2-Amino-6-oxo-1-phenyl-4-(N-phenylcarbamoylmethyl)-1,6-dihydro-3-pyridi-
necarbonitrile (15) underwent thermal cyclization to 1-amino-6-hydroxy-8-
imino-2,7-dipthenyl-2,3,7,8-tetrahydro-2,7-naphthyridin-3(2H)-one (16)
(EtsN, Me,NCHO, reflux: 60%); also somewhat similar cyclizations.802

) X~ CH2CONHPh
N~
Ph” CN
NH,
a5) (16)

Also other examples, in both the unfused and fused systems.3’*%

By Completion of the 2,3-Bond

4-Styrylpyridine-3-carboxamide (17) underwent cyclization to 3-phenyl-3,4-
dihydro-2,7-naphthyridin-1(2H)-one (18) (P,Os/H3PO,, heat: 90%), easily
dehydrogenated to 3-phenyl-2,7-naphthyridin-1(2H)-one (Pd/C, p-cymene,
reflux: 91%).'88<-999

N CH=CHPh P,05/H:PO, X Ph

N — i
= =
CONH,

17) (18)
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4-Ethoxalylmethylpyridine-3-carbonitrile (19) underwent cyclization to ethyl 1-
oxo-1,2-dihydro-2,7-naphthyridine-3-carboxylate (20) (an Amberlite resin,
H,0, EtOH, reflux: 10%).”%¢

- CH2COCOsE N COREL
I |
N~ NP2 NH
CN
0
19) (20)

Also other examples including some fused systems??:2!1:253:410.598.621.786.

1239,1270,1315

By Completion of the 4,4a-Bond

Note: An attempt to use this route failed.*®

30.1.3. 2,7-Naphthyridines by Cyclocondensation of Pyridine
Substrates with Synthons

In this potentially wide category of primary syntheses, the few reported types are
classified according to the ring atom(s) supplied to the naphthyridine by the synthon.

Where the Synthon Supplies Cl

4-[2-Ethoxycarbonyl-2-(triphenylphosphoranylideneamino)vinyl]pyridine (21)
and phenyl isocyanate gave ethyl 1-anilino-2,7-naphthyridine-3-carboxylate
(22) (PhMe, 150°C: 59%) analogs likewise).***

H= =
X C C(CO,Et)N=PPh; PANCO X CO,Et
| — |l
N =~ N ~2N
NHPh
(21 (22)

Where the Synthon Supplies N2

Ethyl 2,6-dimethyl-4-phenylethynyl-3-pyridinecarboxylate (23) with ethanolic
ammonia gave 6,8-dimethyl-3-phenyl-2,7-naphthyridin-1(2H)-one (24)
(120°C, sealed: 85%).'%%

M C=CPh
¢ X NH3/EtOH

| -
CO,Et
Me

(23) (24)
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Methyl 5-acetyl-4-methoxycarbonylmethyl-3-pyridinecarboxylate (25) gave
methyl 8-methyl-6-0x0-6,7-dihydro-2,7-naphthyridine-4-carboxylate (26)
(neat reactants, 150°C: 75%)206 or the 5,6,7,8-tetrahydro derivative, jasmi-
nine [NH,Cl, E;N, Ti(OPr)),, MeOH, 20°C; then NaBH,: 25%];* an
alkaloid isolated®”’ from several species of Oleaceae.

COzMB COzMe
N CHCOMe oo N N0
| _—
Noo-XNH
C(=0)Me
Me
(25) (26)

Also other examples.'''?

Where the Synthon Supplies N2 + C3

3.4-Dibenzoyl-2,5,6-triphenylpyridine (27) with benzylamine gave a mixture of
hexaphenyl-2,7-naphthyridine (28) and the 2,6-isomer (KOH, EtOH, reflux:
~35% and ~25%, respectively, after separation); also analogous syntheses.''**

Ph
Ph AN C(=0)Ph PhCH,NH,
I - .
C(=0)Ph
Ph
(27)
240,413

Also other examples.

Where the Synthon Supplies C3 + C4

N-Benzyl-4-chloropyridine-3-carboxamide (29) with malononitrile gave 3-
amino-2-benzyl-1-oxo-1,2-dihydro-2,7-naphthyridine-4-carbonitrile (30)
(K>CO3, Me,NCHO, reflux: 75%).!2*°

3 .
Also other examples.301’360’929’1001’1187’14 3,cf. 120

XY H,C(CN),
| - -
INPZ
CONHCH,Ph

29) (30)
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Where the Synthon Supplies N2 + C3 + C4

1-Methyl-4-methylthio-2-0x0-6-phenyl-1,2-dihydro-3-pyridinecarbonitrile (31)
with 2-cyano-N-methylacetamide gave 1-amino-2,7-dimethyl-3,8-dioxo-6-
phenyl-2,3,7,8-tetrahydro-2,7-naphthyridine-4-carbonitrile  (32) (Pr'ONa/
PrOH, reflux: 70%; analogs likewise).''®?

31 (32)

30.1.4. 2,7-Naphthyridines from Other Heterocyclic Substrates

Heterocyclic substrates other than pyridine derivatives have been used to prepare
2,7-naphthyridines (and fused analogs e.g.,'**?). but many such syntheses are more
of interest than utility.

From Isoquinolines

Several 2,7-naphthyridine derivatives have been isolated as byproducts during
the alkaline treatment of polysubstituted isoquinolinecarbonitriles.”*

From Isoquino[2,1-5][2,7naphthyridines

2,3-Dimethoxy-8H-isoquino[2,1-b][1,7]naphthyridin-8-one  (33) underwent
reductive cleavage to 3-(3,4-dimethoxy-6-vinylphenyl)-2,7-naphthyridin-
1(2H)-one (34) (NaOH, Me,NCHO, 105°C: 55%).*0<" 124

OMe OMe
OMe OMe

I
NP2 NH CH=CH,

(34)

From Oxazoles

N-(But-3-enyl)-4-methyloxazole-5-carboxanilide (35) underwent thermal dehy-
dration to give 8-methyl-2-phenyl-3,4-dihydro-2,7-naphthyridin-1(2H)-one
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(36) (xylene, 140°C, 5 days: 32%).'3*°

0 A X
. o N \
_ B = .
W)\C(: O)NPhCH,CH,CH=CH, Ph

Me Me O
35) (36)

From Pyrans

4-[Bis(dimethyliminio)methylene]-2,6-diphenyl-4 H-pyran diperchlorate (37)
with methanolic ammonium hydroxide gave 3,6-diphenyl-2,7-naphthyridine
(38) (reflux: 60%).'%

Ph (6] Ph Ph Ph

NH4OH XN
| — X
2ClOs N

+ P C N +
Me,N=HC CH=NMe,
37 (38)

Also other essentially similar examples.’®>!%*

From Pyrano[3,4-c]pyridines

Methyl 1-methyl-3-o0x0-3,4-dihydro-1H-pyranol[3,4-c]pyridine-5-carboxylate
(39) with methanolic ammonia gave 5-(1-hydroxyethyl)-2,7-naphthyridine-
1,3(2H,7H)-dione (40) (20°C: 78%).>%°

N CH(OH)Me

MSOZC

39) (40)

3-Phenyl-1H-pyrano[3,4-c]pyridin-1-one (41) gave 2-(2-hydroxyethyl)-3-phenyl-
2,7-naphthyridin-1(2H)-one (42) (H,NCH,CH,OH, MeOH, reflux: 82%).”2

HOCH,CH,NH,

. : N
HOH,CH,C

(41) 42)

Also other e><amples.291’713’916’989’1279
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From Pyrano[4,3-b]pyridines

4-(2-Dimethylaminovinyl)-5-oxo-2,7-diphenyl-SH-pyrano[4,3-b]pyridine-3-car-
bonitrile (43) with propylamine gave 8-oxo-1-phenacyl-3-phenyl-7-propyl-
2,7-naphthyridine-4-carbonitrile (44) (PrNH,, pyridine, reflux: 58%).°%

CH,C(=0)Ph

C2))

From Pyrazines

6-[N-Benzyl-N-(but-3-ynyl)aminomethyl]-5-chloro-3-methoxy-1-phenylpyra-
zin-2(1H)-one (45) underwent an intramolecular Diels—Alder reaction to
afford 2-benzyl-8-chloro-6-methoxy-1,2,3,4-tetrahydro-2,7-naphthyridine
(46) (PhBr, reflux: 78%).5%

(0]
Ph . -~ _OMe OMe
7 - | B ——
_ x_N (~PhNCO) N
HC= CHZCHZCI\IIHC PhH,C
CH,Ph Cl Cl
45) (46)

Also annelated 2,7-naphthyridine derivatives.'***

From Pyrrolo[3,4-c]pyridines

2-Methoxycarbonylmethyl-1H-pyrrolo[3,4-c]pyridine-1,3(2H)-dione (47) has
been reported to undergo ring expansion to afford methyl 4-hydroxy-1-oxo-
1,2-dihydro-2,7-naphthyridine-3-carboxylate (48) (MeONa/MeOH, 100°C:
~T0%). 13t 49
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30.2. 2,7-NAPHTHYRIDINE AND ALKYL-2,7-
NAPHTHYRIDINES

The parent 2,7-naphthyridine and some of its simple alkyl derivatives have
found a natural place in many comparative studies on physical aspects of
aza- and diazanaphthalenes (see Section 30.2.2). Moreover, the natural occur-
rence of the system as several alkaloids (see, e.g., the synthesis of jasminine,
Section 30.1.3) and its use in analytical procedures e.g., > have stimulated
interest in the system.

30.2.1. Preparation of 2,7-Naphthyridine

Unsubstituted 2,7-naphthyridine (50) is probably best made by oxidation of 2,7-
naphthyridine-4-carbaldehyde to 2,7-naphthyridine-4-carboxylic acid (49)
(KMnOy, AcMe, 20°C: 88%) and subsequent thermal decarboxylation (Cu powder,
gentle heat: 78%);%° earlier syntheses involved direct hydrogenolysis of 1,3,6,8-
tetrachloro-2,7 naphthyridine (51; R = Cl) (Pd/C, H,, MeOH, AcOK: 71%)"'374<"-22
or indirect dechlorination of 1-chloro-2,7-haphthyridine (51, R = H) by hydrazi-
nolysis and subsequent oxidation (H,NNH, - H,O, EtOH, 100°C; then CuSOy, H,0:
76% overall);'*” also homologs.'®®

CO,H
NN A AN R N R
| — - I
N~ 2N N~ 2N N~ 2N
R Cl
(49) (50) (51)

Simple alkyl-2,7-naphthyridines have been made by similar procedures; for
example, 1-chloro-3-methyl-2,7-naphthyridine gave 3-methyl-2,7-naphthyridine
(58%) via the 1-hydrazino intermediate.'?”°

30.2.2. Properties of 2,7-Naphthyridine

The following physical aspects of 2,7-naphthyridine and/or its simple alkyl
derivatives have been included in comparative studies on naphthyridines and related
azanaphthalenes.

Aromaticity®’®

Electron density calculations®*:1126:1174.1241

Electron spin resonance spectra'?’*1%83

Infrared spectra'®>!
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Tonization®!>!17¢

Nuclear magnetic resonance spectra
829,1229

1174,1176,1192,1288,1319

Polarography
Ultraviolet spectra®20-878:1173.1181.1299,1310.1426

X-ray structure’”®
30.2.3. Reactions of 2,7-Naphthyridine

Several reactions of 2,7-naphthyridine or its simple alkyl derivatives have been
reported, as illustrated in the following examples.

Nuclear Reduction

2,7 Naphthyridine gave its 1,2,3,4 tetrahydro derivative (52) (Pd/CaCO3, MeOH,
H,, 2 atm: 53% as its oxalate salt).571

(52)

In contrast, 3-methyl-2,7-naphthyridine gave a 5:1 mixture of its 5,6,7,8- (53,
R =H) and 1,2,3,4-tetrahydro (54, R =H) derivatives, separable after N-
acylation to 2-benzoyl-6-methyl-1,2,3,4- tetrahydro- (53, R=Bz) and 2-
benzoyl-3-methyl-1,2,3,4-tetrahydro-2,7-naphthyridine (54, R =Bz) (Pd/
CaCO;, MeOH, H,: 95% of mixture; then BzCl/pyridine).'**

X Me Me

|
N | _N N N.
R R

(53) (54)

\ 7/

N-Oxidation

2,7-Naphthyridine gave its 2-oxide (55) (m-ClIC¢H4CO3H, 1 mol, CHCl;, 20°C:
72%) or its 2,7-dioxide (56) (m-CICcH4COs;H, 2mol, CHCl;, reflux:
20%).1212

(55) (56)
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Amination

2,7-Naphthyridine underwent C-anination to 2,7-naphthyridin-1-amine (KNH,/
NH;, 20°C, sealed: 22%).!374<t-173

Halogenation

2,7-Naphthyridine gave a separable mixture of 4-bromo- and 4,5-dibromo-2,
7-naphthyridine (Br,, CCly, pyridine, reflux: 48% and 8%, after
separation).'?74<- 173

Quaternization

2,7-Naphthyridine gave 2,7-dimethyl-2,7-naphthyridinediium bis(fluorosulfo-
nate) (57) (neat FSOs;Me, exothermic: 92%);1061 attempts to isolate the
corresponding diiodide failed.'%*?

X X 2 FSO3~
|+ +
/N = ~N.
Me M

(5]

(57)

2,7-Naphthyridine underwent quaternization by 1-chloro-2,4-dinitrobenzene in
methanol or acetone under reflux to afford 2-(2,4 dinitrophenyl)-2,7-naphthyr-
idinium chloride (58) accompanied by either 2-(2,4-dinitrophenyl)-1-meth-
oxy- (59, R=0Me) (10%) or 1-acetonyl-2-(2,4-dinitrophenyl)-1,2-dihydro-
2,7-naphthyridine (59, R = CH,Ac) (25%), according to the solvent used.’®

cr
NN NO, AN NO,
I . —
R
NO, NO,
(58) (59)

Also other examples.??%%

30.3. HALOGENQO-2,7-NAPHTHYRIDINES

The literature contains some basic information on the preparation and reactions
of halogeno-2,7-naphthyridines. In this system, halogeno substituents are active at
the 1-, 3-, 6-, and 8-positions but inactive at the 4- and 5-positions. The effect of
fluoro substituents on the ultraviolet spectra of 2,7-naphthyridines has been
investigated.'*'* Reviews have appeared.'2°¢-!3¢?
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30.3.1. Preparation of Halogeno-2,7-naphthyridines

Some halogeno-2,7-naphthyridines have been made by primary synthesis
(see Section 30.1); other preparative routes are illustrated in the following
examples.

By Direct Halogenation
Note: Halogenation of the parent heterocycle has been exemplified in Section
30.2.3, and a brief review is available.'*%°

1,3,6,8-Tetrachloro- (60, R = H) gave hexachloro-2,7-naphthyridine (60, R = CI)
(substrate, AICls, Cl,, 220°C, sealed: 81%).”'®

R R

Cl X Cl

|
N~ N

Ccl
(60)

From 2,7-Naphthyridinones

2,7-Naphthyridin-1(2H)-one (61) gave 1-bromo- (62, X = Br) (POBr;, 140°C:
60%)%** or 1-chloro-2,7-naphthyridine (62, X = Cl) (POCls, 130°C, sealed:

80%).1279
| - X POBr; or POCI, | - X
-
N = NH N ~2N
(6] X

(61) (62)

3,6-Dihydroxy-2,7-naphthyridine-1,8(2H,7H)-dione (63) gave 1,3,6,8-tetra-
chloro-2,7-naphthyridine (64) (POCl;, 180°C, sealed: 82%).'374<"-22

HO yZ X OH POCI; Cl N Cl
| T
HN NH N -~ 2N
(6] (6] Cl Cl
(63) (64)

Also other examples.'®%127°
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By Halogen Interchange

1,3,6,8-Tetrachloro- (65, R = Cl) gave 1,3,6,8-tetrafluoro-2,7-naphthyridine (65,
R =F) (KF, 240°C: 64%)_821,913

Xl\ X
N AN
X X
(65)

Hexachloro- (66) gave 4,5-dichloro-1,3,6,8-tetrafluoro- (67) (KF, 260°C: 65%)
that underwent further interchange of its inactive chloro substituents to give a
separable mixture of 4-chloro-1,3,5,6,8-pentafluoro- (68, R = CI) and hexa-

fluoro-2,7-naphthyridine (68, R = F) (KF, CsF, 200°C, 7 days: 35% and 33%,
918

respectively).
Cl Cl Cl Cl F R
Cl - F o F F o F
| —_— I - |
N~ 2N N ~2N N ~=2N
Cl Cl F F F F
(66) (67) (68)

30.3.2. Reactions of Halogeno-2,7-naphthyridines

Of the many possible reactions of halogeno-2,7-naphthyridines, only alcoholy-
sis, aminolysis, and dehalogenation have been reported. ¢

Alcoholysis
1-Chloro- (69, R = Cl) gave 1-methoxy-3-methyl-2,7-naphthyridine (59, R = OMe)
(MeONa/MeOH, 100°C: 2%).'+!

N \Me

_N

Zz—
\

R
(69)

1,3,6,8-Tetrachloro- (70, R = Cl) underwent alcoholysis of its more active
chloro substituents to give 3,6-dichloro-1,8-dimethoxy-2,7-naphthyridine
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(70, R = OMe) (K,CO;3, MeOH, 20°C; or K,CO3, MeOH, H,O0, reflux: ~80%).>

cl |\ -
N AN
R R
(70)

Aminolysis

Note: Examples of such hydrazinolyses have been given in Section 30.2.2; other
aminolyses are exemplified here.

1-Chloro- gave 1-(2-diethylaminoethylamino)-3-methyl-2,7-naphthyridine (71)
(neat ELNCH,CH,NH,, 150°C: 2%).'4%!

| X Me

N~ N
NHCH,CH,NEt,
(1)

1-Chloro- (72, R=Cl) gave 1-hydrazino-3-phenyl-2,7-naphthyridine (72,
R = NHNH,) (H,NNH,-H,0, EtOH, reflux: 90%)."'*®

N \Ph

Dehalogenation

Note: Some examples have been given in Section 30.2.2; others are given here.

1-Chloro 3-methyl- (73, R = Cl) underwent hydrogenolysis to give 3-methyl-
2,7-naphthyridine (73, R = H) (Pd/CaCOs, MeOH, H,: ~45%);'*! see also
Section 30.2,2 for a better indirect method.

\\Me

|
N~ N
R
73)

Hydrogenolysis of 1-chloro-3-phenyl-2,7-naphthyridine (74, R =Cl) proved
unsatisfactory, but conversion into the 1-hydrazino analog (74, R = NHNH,
and subsequent oxidation gave 3-phenyl-2,7-naphthyridine (74, R =H)
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(H,NNH, - H,O/EtOH, reflux: 90%; then CuSO,, H,0, reflux: 55%).!88

l AN Ph
N~ N

R

74

Also other examples.'?%°

30.4. OXY-2,7-NAPHTHYRIDINES

The few reported aspects of the various types of oxy-2,7-naphthyridine are
summarized in the following paragraphs.

2,7-Naphthyridinones—Preparation

The only reported route to such naphthyridinones is by primary synthesis (see
Section 30.1), but a few do occur naturally as alkaloids in several Oleaceae
species: jasminine, methyl 8-methyl-6-0x0-5,6,7,8-tetrahydro-2,7-naphthyri-
dine-4-carboxylate (75, R = CO,Me);’"” jasminidine, 1-methyl-1,4-dihydro-
2,7-naphthyridin-3(2H)-one (75, R =H);’'® dihydrojasminine, methyl 8-
methyl-6-0x0-2,4a,5,6,7,8-hexahydro-2,7-naphthyridine-4-carboxylate
(76);°®® and austrodimerine, formulated as methyl 2-[1-(5-methoxycarbonyl-
4-methylpyridin-3-yl)ethyl]-8-methyl-6-oxo-1,2,4a,5,6,7,8,8a-octahydro-2,7-
naphthyridine-4-carboxylate (77).°*® In addition, 4-phenyl-2,7-naphthyridin-
1(2H)-one (lophocladine A) was isolated from a red alga, Lophocladia
species.''*> Also other products.'?*

R CO,Me CO,Me
| X 0 74 0 = 0
N~ N HN__~ NH N NH
MeHC
Me Me | NN Me
=
Me
COzMe
(75) (76) (77)

2,7-Naphthyridinones—Reactions

The halogenolysis of tautomeric 2,7-naphthyridinones has been covered in
Section 30.3.1.



290 The 2,7-Naphthyridines

Alkylation is exemplified by the conversion of 3-methyl-2,7-naphthyridin-1(2H)-
one (28, R =H) into a separable mixture of 2,3-dimethyl-2,7-naphthyridin-
1(2H)-one (78, R=Me) and 1-methoxy-3-methyl-2,7-naphthyridin (79)
(CH,N,, MeOH: ?%).143!1

| PO Me | X Me
N~ PJ\]{ N~z N
(6] OMe
(78) (79)

540

Intramolecular cyclization®* and an analytical use*®* have also been reported.

Alkoxy-2,7-naphthyridines

These have been made by alcoholysis of halogeno substrates (see Section 30.3.2)
and by alkylation of 2,7-naphthyridinones (see earlier in this section).

2,7-Naphthyridine N-Oxides

Simple examples have been made by primary synthesis (see Section 30.1.2;
specifically, a 1999 paper by Numata, and colleagues®') and by oxidation
with peroxyacids (see Section 30.2.3).

30.5. THIO-2,7-NAPHTHYRIDINES

These 2,7-naphthyridines appear to be completely missing from the literature as
of 2005.

30.6. NITRO-, AMINO-, AND RELATED 2,7-NAPHTHYRIDINES

Most of the available information on these compounds has been covered already
as indicated in the following paragraphs.*'*”’

Nitro and Nitroso-2,7-naphthyridines

Apart from an extranuclear nitro compound made by a primary synthesis,'**° no

simple examples appear to have been reported.

Amino-2,7-naphthyridines: Preparation

All known examples of such amines have been made by primary synthesis (see
Section 30.1), by direct amination (see Section 30.2.3), or by aminolysis of
halogeno substrates (see Sections 30.2.1 and 30.3.2). 4-Phenyl-2,7-naphthyr-
idin-1-amine (lophocladine B) was isolated from a red alga.'**”
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A possible example of direct C-imination has been described; a substrate,
formulated as 1-amino-8-imino-2,7-diphenyl-5,8-dihydro-2,7-naphthyridine-
3,6(2H,7H)-dione (80), was reported to condense with N,N-dimethyl-p-
nitrosoaniline to give 1-amino-5-p-dimethylaminophenylimino-8-imino-2,
7-diphenyl-5,8-dihydro-2,7-naphthyridine-3,6(2H,7H)-dione (81) (reactants,
trace piperidine, EtOH, reflux: 55%);*** an isomeric azo compound might

have been expected.

NC6H4OMC-]7
0 p 0 ) p ()
N N. N N
Ph” N Ph Ph” N Ph
NH NH, NH NH,
(80) 81)

Amino-2,7-naphthyridines: Reactions

The removal of hydrazino groups by oxidation has been exemplified in Sec
tion 30.2.1. Cyclizations have been reported.'®

30.7. 2,7-NAPHTHYRIDINECARBOXYLIC ACIDS AND
RELATED DERIVATIVES

This potentially large family of 2,7-naphthyridines is not well represented in the
literature despite the fact that several esters have been isolated from plant material.

30.7.1. 2,7-Naphthyridinecarboxylic Acids

Preparation

A few such acids have been made by primary synthesis (see Section 30.1) or
by oxidation of corresponding carbaldehydes (see Section 30.2.1); other
preparative routes are exemplified here.

Ethyl 4-p-fluorophenyl-2-methyl-1-oxo-1,2-dihydro-2,7-naphthyridine-3-car-
boxylate (82, R = Et) underwent saponification to afford the corresponding
carboxylic acid (82, R = H) (NaPH, H,O, THF, reflux: 63%);1199 also other

examples.575’916
C6H4F—p
| AN CO,R
N~ N.
Me
(6]

(82)
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Reactions

The decarboxylation of such carboxylic acids has been exemplified in Section
30.2.1. Another, less simple, case is given here.

2-[2-(indol-3-yl)ethyl]-1-0x0-5-vinyl-1,2-dihydro-2,7-naphthyridine-3-car-
boxylic acid (83) suffered loss of CO, and intramolecular cyclization to give
the natural product, angustine (84) (HCl, AcOH, reflux: 24%; presumably,

aerial oxidation is involved).916
H,C=HC o ¢ HN H,C=HC HN
A NI He XY
| - - |
N~ N o-CH: (€02, [0]) N~ N
o )
(83) (84)

30.7.2. 2,7-Naphthyridinecarboxylic Esters

Preparation

A number of these esters have been prepared by primary synthesis (see Section
30.1). In addition, several such esters have been isolated from diverse plant
species: neozeylanicine, methyl 1-methyl-2,7-naphthyridine-4-carboxylate
(85), from Strychnos cocculoides®® and Neoneuclea zeylanica;597 methyl 5-
methyl-2,7-naphthyridine 4-carboxylate (86), from S. cocculoides;’** 4-meth-
oxycarbonyl-7-methyl-2,4a,5,6,7,7a-hexahydro-1H-cyclopentapyridin-6-yl 1-
methyl-1,2-dihydro-2,7-naphthyridine-4-carboxylate (87), from Scaevola

racemigera;931 and three others skin to the last and from the same source.””!
Me
NH
4
.0
CO,Me CO,Me ocC
COzMC
N~ _N N~ _N N~ NH
Me Me Me
(85) (86) (87)

Reactions

The saponification of these esters has been covered in Section 30.7.1. No other
reactions appear to have been reported.
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30.7.3. 2,7-Naphthyridinecarboxamides and Carbonitriles

Such derivatives have been made by primary synthesis (see Section 30.1), but no
other information has been reported.

30.7.4. 2,7-Naphthyridinecarbaldehydes and Ketones

Preparation

These carbonyl entities have been made by primary synthesis (see Section 30.1)
or by oxidation (see Section 30.2.1).

Reactions

The oxidation of an aldehyde to a carboxylic acid has been exemplified in
Section 30.2.1.
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APPENDIX

Tables of Simple Naphthyridines

These six tables are reasonably comprehensive lists of 1,5- (Table A1), 1,6- (Table
A2), 1,7- (Table A3), 1,8- (Table A4), 2,6- (Table AS), and 2,7-naphthyridines (Table
A6) described before 2007. For each compund are recorded (1) melting and/or boiling
point(s); (2) an indication of any reported spectra or other physical properties; (3) any
reported salts or simple derivatives, especially when the parent compund was
characterized poorly or not at all; and (4) direct references to the original literature.

To keep the tables within manageable length, the following categories of
naphthyridine derivatives have been excluded on the grounds that they are not simple:

All fused or nucleus-reduced derivatives

Those with a cyclic substituent other than an unsubstituted cycloalkyl, morpho-
lino, phenyl, or piperidino group

Those bearing a substituent with more than six carbon atoms except for an
unsubstituted benzoyl, benzyl, benzylidene, phenethyl, phenylethynyl, or styryl
group

Those with two or more independent functional groups on any one substituent,
such as a trifluoromethyl group

The following conventions and abbreviations have been used in the tables:

Melting Point. This term covers not only a regular melting point or melting
range but also such variations as ‘“‘decomposing at” or “melting with
decomposition at.” The symbol > before the melting point indicates that
the substance melts or decomposes above that temperature or that it does not
melt or decompose below that temperature. Where two different melting
points/ranges are reported in the literature, they appear in the tables as, for
example, “102-103 or 104—107;” when more than two melting points/ranges
are reported, they appear in the tables as, for example, “208 — 231.”

Boiling Point. Boiling points/ranges are distinguished from melting points/
ranges by the presence of a pressure in millimeters of mercury (mmHg)
after the temperature(s): for example, 83-85/2.5.

The Naphthyridines: The Chemistry of Heterocyclic Compounds, Volume 63, by D.J. Brown
Copyright © 2008 John Wiley & Sons, Inc.

337



338

Appendix

Abbreviations for Physical Data

anal
biol
crude
dip
ESR
fl sp
IR
liq
MS
Np
NMR
NQR
Pk,
pol
solid
st

th
Uuv
x1 st

Analytical data (usually assumed)

Only bioactivity reported

Compound not purified

Dipole moment

Electron spin resonance data

Fluorescence spectral data

Infrared spectral data

Liquid at 20°C (no boiling point given)
Mass spectral data

Refractive index

Nuclear magnetic resonance data (any nucleus)
Nuclear quadrupole resonance data
Ionization data

Polarographic data

Solid at 20°C (no melting point given)
Fine structure (e.g., tautomerism) discussed
Theoretical calculations reported (any area)
Ultraviolet/visible spectral data

Crystal structure (X-ray data) reported

Abbreviations for Salts, Associated Anions, and Solvates

AcOH
EtOH
HBr, etc.
Hzo
HSO,
H,SO,4
I, etc.
Mel
NH,
Na, etc.
pic
TsOH

Acetate salt

Ethanolate

Appropriate hydrohalide salt
Hydrate

Sulfate anion

Sulfate salt

Appropriate halide anion
Quaternary methiodide
Ammonium salt
Appropriate alkali metal salt
Picrate salt or anion
p-Toluenesulfonate salt

Abbreviations for Derivatives

dnp

Et, acetal, etc
HoNN=
HON=
MeCH=, etc
PhNHN=
PhN=

sc

tsc

2,4-Dinitrophenylhydrazone
Appropriate dialkyl acetal
Hydrazone

Oxime

Appropriate alkylidene derivative
Phenylhydrazone

Anil (Schiff base)
Semicarbazone
Thiosemicarbazone
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Other Notes. The use of “cf” before a reference usually indicates apparently in-
consistent or doubtfully relevant information therein. An added query mark (?)
indicates some doubt associated with a datum or reference. A dash (—) in the data
column indicates that no physical data were gleaned from the given reference(s).

TABLE A.1. ALPHABETICAL LIST OF SIMPLE 1,5-NAPHTHYRIDINES
1,5-Naphthyridine Melting Point (°C) etc. Reference(s)
2-Acetamido-1,5-naphthyridine 190-192 or 210, NMR 811, 1443
4-Acetamido-1,5-naphthyridine 119-120 814
2-Acetamido-1,5-naphthyridine 1,5-dioxide 230-231 787
4-Acetamido-1,5-naphthyridine 1,5-dioxide 253-254, IR, NMR 814
2-Acetoxymethyl-1,5-naphthyridine 1,5-dioxide — 290
1-Allyl-7-ethoxy-4-oxo-1,4-dihydro-1, 199-200, NMR 1398
S-naphthyridine-3-carboxylic acid
1-Allyl-4-oxo0-1,4-dihydro-1,5-naphthyridine- 205 1398
3-carboxylic acid
4-Allylthio-1,5-naphthyridine 40-42, pK, 814
3-Amino-2-ethoxy-1,5-naphthyridine 114-117, IR, NMR 827
4-Amino-2-ethoxy-1,5-naphthyridine 137-138, IR, NMR 827
3-Amino-1-ethyl-1,5-naphthyridin-2(1H)-one 205-207, IR, NMR 827
4-Amino-1-ethyl-1,5-naphthyridin-2(1H)-one 196-198, IR, NMR 827
2-Amino-1,5-naphthyridine-3-carboxamide NMR 1302
1-Amino-1,5-naphthyridinium mesitylenesulfonate ~ 193-195 1028
2-Amino-1,5-naphthyridin-4(1H)-one 320 1023
3-Amino-1,5-naphthyridin-4(1H)-one 268; HCl: — 722
4-Amino-3-nitro-1,5-naphthyridin-2(1H)-one 340-341 818-1273
4-Anilino-2-chloro-1,5-naphthyridine 146 1023
2-Anilino-6-methyl-1,5-naphthyridine 202-203 1051
4-Anilino-1,5-naphthyridin-2-amine 152 1023
4-Anilino-1,5-naphthyridin-2(1H)-one 251 1023
3-Benzyl-4-hydroxy-1,8-naphthyridin-2(1H)-one 300; O/N-acetyl: 210 760
4-Benzylsulfonyl-1,5-naphthyridine 179-180 814
4-Benzylsulfonyl-1,5-naphthyridine 1-oxide 212-213, MS 814
4-Benzylthio-1,5-naphthyridine 127-128, pK, 814
4-Benzylthio-1,5-naphthyridine 1-oxide 167-168 814
2,4-Bis(benzylamino)-1,5-naphthyridine 147; HBr: 216 1023
2,4-Bis(methylamino)-3-nitro-1,5-naphthyridine 182-183, NMR 1443
3-Bromo-8-chloro-1,5-naphthyridine 183, NMR 1377
7-Bromo-6-chloro-4-oxo-1,4-dihydro-1, — 273
S-naphthyridine-2-carboxylic acid
3-Bromo-2-ethoxy-1,5-naphthyridine 96-97 or 134-135, NMR 827, 837
3-Bromo-1-ethyl-1,5-naphthyridin-2(1H)-one 134-135, IR, NMR 827
7-Bromo-1-ethyl-4-oxo-1,4-dihydro-1, 303-304 1398
S-naphthyridine-3-carboxylic acid
3-Bromo-8-methoxy-1,5-naphthyridine 167-169, NMR 1377
2-Bromomethyl-1,5-naphthyridine 1,5-dioxide — 290
6-Bromo-7-methyl-1,4-oxo-1,4-dihydro-1,5- —_ 273
naphthyridine-2-carboxylic acid
2-Bromo-1,5-naphthyridin-4-amine 199-201, NMR, UV, 822
3-Bromo-1,5-naphthyridin-2-amine 184-186, NMR 822
3-Bromo-1,5-naphthyridin-4-amine MS 374, 546
6-Bromo-1,5-naphthyridin-2-amine — 246
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TABLE A.l. (Continued)

1,5-Naphthyridine Melting Point (°C) etc. Reference(s)
2-Bromo-1,5-naphthyridine 115-116, IR, NMR 259, 439, 811
6-d-2-Bromo-1,5-naphthyridine — 439

3-Bromo-1,5-naphthyridine

2,6-d»-3-Bromo-1,5-naphthyridine
4-Bromo-1,5-naphthyridine
3-Bromo-1,5-naphthyridine 1,5-dioxide
2-Bromo-1,5-naphthyridine 5-oxide
3-Bromo-1,5-naphthyridine 1-oxide
3-Bromo-1,5-naphthyridine 5-oxide
3-Bromo-1,5-naphthyridin-2(1H)-one
3-Bromo-1,5-naphthyridin-4(1H)-one
7-Bromo-1,5-naphthyridin-4(1H)-one
6-Bromo-4-oxo-1,4-dihydro-1,5-naphthyridine-
2-carboxylic acid
7-Bromo-4-oxo-1,4-dihydro-1,5-naphthyridine-
3-carboxylic acid
2-Butoxy-8-chloro-6-methyl-1,5-naphthyridine
2-Butoxy-8-chloro-1,5-naphthyridine
2-Butoxy-1-ethyl-4-oxo-1,4-dihydro-1,
5-naphthyridine-3-carboxylic acid
6-Butoxy-2-methyl-1,5-naphthyridin-4-amine
2-Butoxy-6-methyl-1,5-naphthyridine
6-Butoxy-2-methyl-1,5-naphthyridin-4(1H)-one
2-Butoxy-6-methyl-8-phenoxy-1,5-naphthyridine
2-Butoxy-1,5-naphthyridine
6-Butoxy-1,5-naphthyridin-4(1H)-one
6-Butoxy-4-oxo-1,4-dihydro-1,5-naphthyridine-
3-carboxylic acid
2-Butoxy-8-phenoxy-1,5-naphthyridine
4-Carboxymethyl-1,5-naphthyridine 1-oxide
2-Chloro-6,8-dimethyl-1,5-naphthyridine
6-Chloro-1-ethyl-4-oxo-1,4-dihydro-1,
5-naphthyridine-3-carboxylic acid
7-Chloro-1-ethyl-4-oxo-1,4-dihydro-1,
5-naphthyridine-3-carboxylic acid
2-Chloro-6-hydrazino-1,5-naphthyridine
4-Chloro-2-hydrazino-1,5-naphthyridine
7-Chloro-4-hydroxy-1,5-naphthyridin-2-(1H)-one
7-Chloro-4-hydroxy-3-nitro-1,5-naphthyridin-
2(1H)-one
4-Chloro-6-methoxy-2-methyl-1,5-naphthyridine
2-Chloro-6-methoxy-1,5-naphthyridine
4-Chloro-2-methoxy-1,5-naphthyridine
2-Chloro-6-methyl-1,5-naphthyridine

4-Chloro-1-methyl-1,5-naphthyridin-2(1H)-one

6-Chloro-7-methyl-4-oxo-1,4-dihydro-
1,5-naphthyridine-2-carboxylic acid

4-Chloro-1,5-naphthyridin-2-amine

105 to 108, IR, NMR;

pic: 107-108

102-103, IR; pic; 168-169

287

154-155
174-175, NMR
161-163, NMR
295-297 or 325
318, MS

>360, NMR

>295, NMR

62
40
188-189

149

37; HyO: 56
246

66-68
296-298/360
170

246

liq, anal
127-128
129

261-263

304-306

178-180

162

337-338, UV
252-254

108
130-134, NMR, UV

113-114 or 114-115, NMR

177-178 or 181-182;

130-135/2, 5(7), NMR;

Mel: 176
152-153, NMR, UV

184

149, 150, 173, 811

439

811

811

811

317

317

822, 1037
546, 1037
1377

273

1377

1036
1036
1398

1036
1036, 1051
1036
1036
1036
1036
1036

1036
814
87
1398

1398

234

1023
1373
1273

1036

234

1151, 1373

87, 94, 268,
1051

1373
273

1023
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TABLE A.l. (Continued)
1,5-Naphthyridine Melting Point (°C) etc. Reference(s)
2-Chloro-1,5-naphthyridine 109 to 116, NMR, UV 87, 225, 232,
234, 262,
1047, 1371
3-Chloro-1,5-naphthyridine 91 225, 232
4-Chloro-1,5-naphthyridine 102-103, NMR 101, 225, 232,
262, 1371
2-Chloro-1,5-naphthyridine-3-carboxamide NMR 1302
2-Chloro-1,5-naphthyridine 5-oxide — 271
4-Chloro-1,5-naphthyridine 1-oxide 171-172, NMR 814
4-Chloro-1,5-naphthyridin-2(1H)-one 263, NMR 1023, 1151,
1373
7-Chloro-1,5-naphthyridin-4(1H)-one >360 1373
2-Chloro-3-nitro-1,5-naphthyridin-4-amine 252-254, IR, MS, NMR 492, 818,
1273
2-Chloro-3-nitro-1,5-naphthyridine 205 or 208-210, NMR 818, 827,
1273
4-Chloro-3-nitro-1,5-naphthyridine 162-165 48, 1273
6-Chloro-4-oxo-1,4-dihydro-1,5-naphthyridine- — 273
2-carboxylic acid
7-Chloro-4-oxo0-1,4-dihydro-1,5-naphthyridine- >320 1373
3-carboxylic acid
2-Chloro-6-phenyl-1,5-naphthyridine 131-132, IR, NMR 619
2,4-Dianilino-1,5-naphthyridine 153; HCI: 253 1023
2,6-Dianilino-1,5-naphthyridine 278 1047
3-Diazonio-1,5-naphthyridin-4(1H)-one chloride 196 722
2,3-Dibromo-1,5-naphthyridine 203, NMR 822
2,4-Dibromo-1,5-naphthyridine 126-127, NMR 822
2,6-Dibromo-1,5-naphthyridine — 259
2,7-Dibromo-1,5-naphthyridine 192-193, NMR 317
3,7-Dibromo-1,5-naphthyridine 239-240 or 240-241, NMR 149, 150, 173
4,7-Dibromo-1,5-naphthyridine 190-192, NMR 1179
2,7-Dibromo-1,5-naphthyridine 5-oxide 175-176, NMR 317
3,7-Dibromo-1,5-naphthyridine 1-oxide 207-208, NMR 317
6,7-Dibromo-4-oxo-1,4-dihydro-1, — 273
S-naphthyridine-2-carboxylic acid
3,8-Dichloro-6-methoxy-1,5-naphthyridine 140-141, NMR, UV 1373
2,3-Dichloro-1,5-naphthyridine 193-195, MS, NMR 818
2,4-Dichloro-1,5-naphthyridine 130 to 140, NMR 233, 1023,
1151
2,6-Dichloro-1,5-naphthyridine 190 to 260, IR, NMR, UV 233, 234, 389,

2,8-Dichloro-1,5-naphthyridine
3,7-Dichloro-1,5-naphthyridine
3,8-Dichloro-1,5-naphthyridine
4,8-Dichloro-1,5-naphthyridine
4-Diethoxyphosphinyl-6-methoxy-2-phenyl-1,
5-naphthyridine
4,8-Dimethoxy-1,5-naphthyridine
7-Dimethylamino-1-ethyl-4-oxo-1,4-dihydro-
1,5-naphthyridine-3-carboxylic acid
4-Dimethylaminomethyl-1,5-naphthyridin-
3(5H)-one

153-156
150-152
176-177 or 177-178
274-276 or 278-279

214-216, NMR, xI st
325-327

3HCI: 170-171, NMR

787, 971, 1047
233
232
233
233, 301
521

301, 777, 978
1398

932
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TABLE A.1. (Continued)
1,5-Naphthyridine Melting Point (°C) etc. Reference(s)
2,3-Dimethyl-1,5-naphthyridine — 522
2,4-Dimethyl-1,5-naphthyridine 40; HC1Oy4: 189; pic: 190 87, 1297
2,6-Dimethyl-1,5-naphthyridine 139-140, IR, NMR, UV; 1169
1-Mel: 265-267, IR, NMR,
UV; 1,5-(MeClOy),: >300,
IR, NMR, UV
2,8-Dimethyl-1,5-naphthyridine NMR 268
4,8-Dimethyl-1,5-naphthyridine 112-113, IR, MS, NMR 880
1,5-Dimethyl-1,5-naphthyridine-2,6(1H,5H)-dione 220-222, UV 155
1,5-Dimethyl-1,5-naphthyridine-4,8(1H,5H)-dione 273-275, NMR; 301, 782, 978
F3CCO,H: x1 st
3,7-Dimethyl-1,5-naphthyridine-4,8(1H,5H)-dione >300, NMR 301, 978
1,6-Dimethyl-1,5-naphthyridin-2(1H)-one 136; pic: 189-190; 1051
5-Mel: 213-215
6,8-Dimethyl-1,5-naphthyridin-2(1H)-one 272-275, IR, NMR 1044
1,6-Dimethyl-1,5-naphthyridin-2(1H)-one 5-oxide 246 1051
2-Dimethylsulfimido-1,5-naphthyridine 109-110, NMR 692
4,6-Dioxo-1,4,5,6-tetrahydro-1,5-naphthyridine- >350 233
3-carboxylic acid
4,8-Dioxo-1,4,5,8-tetrahydro-1,5-naphthyridine- >320 233, 301
3-carboxylic acid
2,4-Diphenoxy-1,5-naphthyridine 170 1023
2,3-Diphenyl-1,5-naphthyridine MS, NMR 137, 522
4-Ethoxycarbonylmethyl-1,5-naphthyridine 92-93 814
6-oxide
7-Ethoxy-1-ethyl-4-oxo-1,4-dihydro-1, 286-287 1398
5-naphthyridine-3-carboxylic acid
2-Ethoxy-4-methylamino-3-nitro-1,5-naphthyridine ~ 103—-105, NMR 1443
2-Ethoxy-1,5-naphthyridin-3-amine 115-117 or 200-202 827, 837
2-Ethoxy-1,5-naphthyridine 44-45, NMR; pic: 827
169-173
4-Ethoxy-1,5-naphthyridine 39-41; HCI: 229; 202
pic: 195

2-Ethoxy-3-nitro-1,5-naphthyridin-4-amine

2-Ethoxy-3-nitro-1,5-naphthyridine

6-Ethoxy-4-oxo0-1,4-dihydro-1,5-naphthyridine-
3-carboxylic acid

4-Ethoxy-6-phenyl-8-phenylsulfonyl-1,
S-naphthyridine

Ethyl 4-amino-1,5-naphthyridine-3-carboxylate

Ethyl 4-amino-2-oxo-1,2-dihydro-1,
5-naphthyridine-3-carboxylate

Ethyl 4-anilino-1,5-naphthyridine-3-carboxylate

Ethyl 7-bromo-1-ethyl-4-oxo-1,4-dihydro-
1,5-naphthyridine-3-carboxylate

Ethyl 7-bromo-4-oxo-1,4-dihydro-1,
5-naphthyridine-3-carboxylate

Ethyl 6-butoxy-4-oxo-1,4-dihydro-1,
5-naphthyridine-3-carboxylate

Ethyl 4-butylamino-1,5-naphthyridine-
3-carboxylate

137-138, MS, NMR
134-136, IR, MS, NMR
260-268, NMR

243-245, MS, NMR

216-218, IR

222-224

318-320

268

biol

492, 818, 1273
492,827,837,1273
1015

554

433
725

433
1398

1377, 1398

1036

433
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TABLE A.l. (Continued)

343

1,5-Naphthyridine Melting Point (°C) etc. Reference(s)

Ethyl 6-chloro-1-ethyl-4-oxo-1,4-dihydro- 239-241 1398
1,5-naphthyridine-3-carboxylate

Ethyl 7-chloro-1-ethyl-4-oxo-1,4-dihydro- 189-190 1398
1,5-naphthyridine-3-carboxylate

Ethyl 2-chloro-1,5-naphthyridine-3-carboxylate NMR 1302

Ethyl 4-chloro-1,5-naphthyridin-3-carboxylate — 433

Ethyl 6-chloro-4-oxo-1,4-dihydro-1, 306-307 1398
5-naphthyridine-3-carboxylate

Ethyl 7-chloro-4-oxo-1,4-dihydro-1, 309-311 1373, 1398
5-naphthyridine-3-carboxylate

Ethyl 1,5-dimethyl-4,8-dioxo-1,4,5, 282-283, NMR 301
8-tetrahydro-1,5-naphthyridine-3-carboxylate

3-Ethyl-1,5-dimethyl-1,5-naphthyridine-2, 261-262, UV 155
6(1H,5H)-dione

Ethyl 6,7-dimethyl-4-o0xo0-1,4-dihydro-1, 280-283 1398
5-naphthyridine-3-carboxylate

1-Ethyl-6,7-dimethyl-4-oxo-1,4-dihydro-1, 321-322 1398
S-naphthyridine-3-carboxylic acid

Ethyl 4,6-dioxo-1,4,5,6-tetrahydro-1, 293-295 233
S-naphthyridine-3-carboxylate

Ethyl 4,8-dioxo-1,5,8-tetrahydro-1, >300 233
S-naphthyridine-3-carboxylate

Ethyl 7-ethoxy-1-ethyl-4-oxo-1, 160-161 1398
4-dihydro-1,5-naphthyridine-3-carboxylate

Ethyl 7-ethoxy-4-oxo-1,4-dihydro-1, 334-335 1398
5-naphthyridine-3-carboxylate

Ethyl 1-ethyl-6,7-dimethyl-4-oxo-1, 161-162 1398
4-dihydro-1,5-naphthyridine-3-carboxylate

Ethyl 1-ethyl-7-methoxy-4-oxo-1, 160-161 1398
4-dihydro-1,5-naphthyridine-3-carboxylate

Ethyl 1-ethyl-7-methyl-4-oxo-1,4-dihydro- 165-166, NMR 1398
1,5-naphthyridine-3-carboxylate

1-Ethyl-7-ethylthio-4-oxo-1,4-dihydro-1, 238-239 1398
5-naphthyridine-3-carboxylate

1-Ethyl-7-hydroxy-4-oxo-1,4-dihydro-1, >340, NMR 1398
5-naphthyridine-3-carboxylic acid

1-Ethyl-7-isobutoxy-4-oxo-1,4-dihydro-1, 204-205, NMR 1398
5-naphthyridine-3-carboxylic acid

1-Ethyl-7-isopropylthio-4-oxo-1,4-dihydro-1, 199-200 1398
5-naphthyridine-3-carboxylic acid

Ethyl 6-methoxy-1,5-naphthyridine- 128-130, IR, MS, NMR 588
4-carboxylate 1-oxide

Ethyl 6-methoxy-4-oxo-1,4-dihydro-1, 224-226 1036
5-naphthyridine-2-carboxylate

Ethyl 6-methoxy-4-oxo-1,4-dihydro-1, 268 1036
S-naphthyridine-3-carboxylate

Ethyl 7-methoxy-4-oxo-1,4-dihydro-1, 294-297 1398
S-naphthyridine-3-carboxylate

Ethyl 8-methoxy-4-oxo-1,4-dihydro-1, 215, NMR 301

5-naphthyridine-3-carboxylate
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TABLE A.1. (Continued)

1,5-Naphthyridine Melting Point (°C) etc. Reference(s)

1-Ethyl-6-methoxy-4-oxo-1,4-dihydro-1, 273, NMR 1398
5-naphthyridine-3-carboxylic acid

1-Ethyl-7-methoxy-4-oxo-1,4-dihydro-1, 298, NMR 1398
5-naphthyridine-3-carboxylic acid

Ethyl 5-methyl-4,8-dioxo-1,4,5,8-tetrahydro- 262-264, NMR 301
1,5-naphthyridine-3-carboxylate

3-Ethyl-1-methyl-1,5-naphthyridin-2(1H)-one 107-108, IR, UV 155

Ethyl 7-methyl-4-oxo-1,4-dihydro-1, 300-303, NMR 1398
5-naphthyridine-3-carboxylate

1-Ethyl-7-methyl-4-oxo-1,4-dihydro-1, 302-303, NMR 1398
5-naphthyridine-3-carboxylic acid

1-Ethyl-7-methylthio-4-oxo-1,4-dihydro-1, 259-260, NMR 1398
S-naphthyridine-3-carboxylic acid

3-Ethyl-1,5-naphthyridine 162-170/40 or 181-182/56; 155

IR, UV
1-Ethyl-1,5-naphthyridin-4(1H)-one 151-152 814

Ethyl 4-oxo-1,4-dihydro-1,5-naphthyridine-
3-carboxylate
1-Ethyl-4-oxo0-7-piperidino-1,4-dihydro-1,
S-naphthyridine-3-carboxylic acid
1-Ethyl-4-0x0-7-propoxy- 1,4-dihydro-1,
S-naphthyridine-3-carboxylic acid
4-Hydrazino-1,5-naphthyridine
4-Hydrazino-1,5-naphthyridine 1-oxide
2-Hydroxymethyl-1,5-naphthyridine 1,5-dioxide
1-Hydroxy-1,5-naphthyridin-4(1H)-one
4-Hydroxy-1,5-naphthyridin-2(1H)-one
1-Hydroxy-1,5-naphthyridin-2(1H)-one 5-oxide
4-Hydroxy-3-nitro-1,5-naphthyridin-2(1H)-one
2-lodo-1,5-naphthyridine
4-lodo-1,5-naphthyridine
4-Isopropylamino-1,5-naphthyridine 1-oxide
2-Isopropyl-6-methoxy-1,5-naphthyridine-
4-carbonitrile 1-oxide
2-Methoxy-6,8-diphenyl-1,5-naphthyridine
6-Methoxy-2-methyl-1,5-naphthyridin-4-amine
2-Methoxy-6-methyl-1,5-naphthyridine

2-Methoxy-6-methyl-1,5-naphthyridine 1/5-oxide
6-Methoxy-2-methyl-1,5-naphthyridin-4(1H)one
2-Methoxy-6-methyl-8-phenoxy-1,5-naphthyridine
2-Methoxy-1,5-naphthyridine
4-Methoxy-1,5-naphthyridine

6-Methoxy-1,5-naphthyridine-4-carbonitrile
6-Methoxy-1,5-naphthyridine2,3(1H,5H)-dione
4-Methoxy-1,5-naphthyridine 1-oxide
6-Methoxy-1,5-naphthyridine-2(1H)-thione
6-Methoxy-1,5-naphthyridin-2(1H)-one
6-Methoxy-1,5-naphthyridin-4(1H)-one

251-253 or 268, NMR
296-297
212-213, NMR

170-171, pK,

173, MS

189-191

>360, MS

286

>350, biol

101-103, MS, NMR
97-98, MS, NMR
150-151

160-161, IR, MS, NMR

155-156, MS, NMR

172

50 to 54, IR, MS, NMR;
pic: 190

154

294-296

114

38, UV

47-49 or 60-63, pK,, UV,
pic: 176-178; Cu(Il): biol
180-183, IR, MS, NMR
240, NMR, UV

92-93

244-246, NMR, UV

270

101, 116, 1245

1398

1398

814

814

290

814
1023, 1151, 1253
787

312, 1273
692

692

814

588

455
1036
619, 1036, 1051

1051
1036
1036
234

202, 814

588
234
814
271
234
1036
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TABLE A.1. (Continued)
1,5-Naphthyridine Melting Point (°C) etc. Reference(s)
1-Methoxy-1,5-naphthyridin-2(1H)-one 5-oxide 239-240, NMR 787
6-Methoxy-4-oxo-1,4-dihydro-1,5-naphthyridine- 270 1036
2-carboxylic acid
6-Methoxy-4-oxo-1,4-dihydro-1,5-naphthyridine- >310 1036
3-carboxylic acid
2-Methoxy-6-phenyl-1,5-naphthyridine 114-115, IR, NMR 619
2-Methoxy-6-phenyl-8-phenylsulfonyl-1, 245-246, MS, NMR 521, 554
5-naphthyridine
4-Methylamino-3-nitro-1,5-naphthyridin-2-amine 222-223, NMR 1443
2-Methylamino-3-nitro-1,5-naphthyridine 165-167, IR, MS, NMR 854
4-Methylamino-3-nitro-1,5-naphthyridine 208-210, NMR 1443
4-Methylamino-3-nitro-1,5-naphthyridin- 275-277, NMR 1443
2(1H)-one
4-Methyl-6,7-diphenyl-1,5-naphthyridine — 522

2-Methyl-1,5-naphthyridine

3-Methyl-1,5-naphthyridine
4-Methyl-1,5-naphthyridine
2-Methyl-1,5-naphthyridine 1,5-dioxide
4-Methyl-1,5-naphthyridine 1-oxide
1-Methyl-1,5-naphthyridin-2(1H)-imine

1-Methyl-1,5-naphthyridin-2(1H)-one

2-Methyl-1,5-naphthyridin-4(1H)-one
3-Methyl-1,5-naphthyridin-2(1H)-one
4-Methyl-1,5-naphthyridin-2(1H)-one
6-Methyl-1,5-naphthyridin-2(1H)-one
2-Methyl-6-phenoxy-1,5-naphthyridin
3-Methyl-4-phenyl-1,5-naphthyridine
4-Methylsulfonyl-1,5-naphthyridine
1-(Methylthiomethyl)-1,5-naphthyridin-2(1H)-one
4-Methylthio-1,5-naphthyridine
4-Morpholinomethyl-1,5-naphthyridin-3(5H)-one
1,5-Naphthyridin-2-amine

1,5-Naphthyridin-3-amine
1,5-Naphthyridin-4-amine
1,5-Naphthyridin-2-amine 1,5-dioxide

1,8-Naphthyridin-4-amine 1-oxide
1,5-Naphthyridine

60 to 65, IR, NMR, UV,
HCI: 240-245; pic: 161

73-75, IR, NMR, UV

30-32, IR, NMR, UV

180181

128-129

HI: 270-287, IR, NMR;
pic: 244-246

104-105, IR, UV,
5-Mel: 216

254-256, IR, NMR

261-262, UV

261-262, IR, NMR

261-262, NMR

101-103

184185

152-153

87-88

3HCI: 181-182, NMR

196 to 205, IR, MS,
NMR, pK,, UV; HCIO,:
315; pic: 270 to 277

143-144 or 144-145, IR,
MS, pK,, UV

196 to 204, IR, MS, NMR,
pK,, UV; pic: 238-239

280-282, NMR; HCl:—

178-180, IR

55(?), 70 to 75, ESR, IR,
MS, NMR, NQR, pol,
pK,, Raman, st, th, UV,

x1 st; HC1O,4: 217; 2HCI:

200; (CO,H),:

87, 155, 268, 269,
828, 964, 1297

155, 269, 964

155, 269, 964

797

814

1093

155

163, 1000

155, 865

828

268, 1051

1051

879

814

412

814

932

87,148, 173,174,
331,425,692,
787,811,837,
1047,1227,1371

181, 331, 811,
837, 1227

164, 331, 643,
811, 837,
1227, 1371

787

814
xI st; 1-Mel:

254-255,
NMR, pK,;
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1,5-Naphthyridine Melting Point (°C) etc. Reference(s)

pic: 207-208; 14, 17, 32,

2MeHSO,4: 200 42-45, 47, 87,
113, 155, 183,
209, 230, 302,
331, 365, 425,
522, 676, 703,
705, 766, 791,
798, 806, 807,
812, 813, 929,
837, 840, 846,
873, 882, 906,
910, 923, 961,
969, 970, 973,
975, 993, 995,
997, 998, 1002,
1016, 1024, 1027,
1047, 1079, 1083,
1093, 1094, 1113,
1114, 1119, 1126,
1140, 1231, 1241,
1297, 1303, 1306,
1312, 1319, 1321,
1333, 1344, 1371,

1426, 1446

2-d-1,5-Naphthyridine — 629
2,6-d»-1,5-Naphthyridine MS, NMR 302
1,5-Naphthyridine-4-carbaldehyde IR, UV 953
1,5-Naphthyridine-2-carbaldehyde 1,5-dioxide H,0: 230-231, IR; 797

PhNHH=: 243; sc: 283,

tsc: 263
1,5-Naphthyridine-4-carbaldehyde 1-oxide 200-201, NMR 814
1,5-Naphthyridine-3-carboxamide 257 155
1,5-Naphthyridine-2-carboxamide 5-oxide — 330
1,5-Naphthyridine-2-carboxylic acid 248-249 575, 797
1,5-Naphthyridine-3-carboxylic acid 279, UV 155
1,5-Naphthyridine-4-carboxylic acid 168-169, IR, NMR 814
1,5-Naphthyridine-2-carboxylic acid 1,5-dioxide 177-178 797
1,5-Naphthyridine-2,3-diamine 260-265, NMR 822, 827
1,5-Naphthyridine-2,4-diamine 225, NMR 822
1,5-Naphthyridine-2,6-diamine —_ 246
1,5-Naphthyridine-4,8-diamine 255-257, NMR 301
1,5-Naphthyridine-2,6(1 H,5H)-dione >350 or 360, NMR 234, 1047
1,5-Naphthyridine-2,8(1H,5H)-dione >360 233
1,5-Naphthyridine-4,8(1H,5H)-dione >300 233
1,5-Naphthyridine 1,5-dioxide 298-301, NMR 233, 349, 971,

1047, 1212

1,5-Naphthyridine-2,6(1 H,5H)-dithione — 271
1,5-Naphthyridine-4,8(1H,5H)-dithione >300 301
1,5-Naphthyridine 1-oxide 125-127 or 127-128, NMR 232, 1047, 1212

2-d-1,5-Naphthyridine 1-oxide — 225
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1,5-Naphthyridine Melting Point (°C) etc. Reference(s)
1,5-Naphthyridine-2(1H)-thione — 271
1,5-Naphthyridine-4(1H)-thione 252-254 814
1,5-Naphthyridine-2(1H)-thione 5-oxide — 271
1,5-Naphthyridinium-1-benzimidate 153-155, MS, UV 1003

1,5-Naphthyridin-2(1H)-one

1,5-Naphthyridin-3(5H)-one
1,5-Naphthyridin-4(1H)-one

1,5-Naphthyridin-2(1H)-one 5-oxide
2-Nitroamino-1,5-naphthyridine
3-Nitro-1,5-naphthyridin-2-amine
3-Nitro-1,5-naphthyridin-4-amine
2-Nitro-1,5-naphthyridine
3-Nitro-1,5-naphthyridine
2-d-3-Nitro-1,5-naphthyridine
3-Nitro-1,5-naphthyridine-2,4-diamine
3-Nitro-1,5-naphthyridin-2(1H)-one
3-Nitro-1,5-naphthyridin-4(1H)-one

2-Oxo-1,2-dihydro-1,5-naphthyridine-
3-carbonitrile
2-Oxo0-1,2-dihydro-1,5-naphthyridine-
3-carboxamide
4-0x0-1,4-dihydro-1,5-naphthyridine-
2/3-carboxylic acid(?)
4-0x0-1,4-dihydro-1,5-naphthyridine-
3-carboxylic acid
4-0x0-1,4-dihydro-1,5-naphthyridine-6,
7-dicarboxylic acid
4-Phenoxy-1,5-naphthyridine
2-Phenyl-1,5-naphthyridine
3-Phenyl-1,5-naphthyridine-2(1H)-one
2-Piperidino-6-methyl-1,5-naphthyridine

4-Piperidinomethyl-1,5-naphthyridin-3(5H)-one

2-Styryl-1,5-naphthyridine

2,3,6-Tribromo-1,5-naphthyridine
2,4,6-Tribromo-1,5-naphthyridine
2,4,7-Trichloro-1,5-naphthyridine

254 to 261, IR, MS, NMR

280, NMR
>300 or 340, IR, MS,
pK,, UV

308

204-206

254-255, MS

228-229

189-190, IR, MS, NMR
183-184, NMR, pK,, UV
183-184

267-269, IR, MS, NMR
272-274; Aq—

325 to >360

NMR

NMR

140, biol

>300 or >315, IR
180

93-94, 140-150/0.005
82-84, biol, NMR
solid, NMR

62-64; pic: 199-200
3HCI: 171-172, NMR
120-121, UV

194-195

163, 317, 787,

811, 1000, 1023,

1037, 1044, 1047,

1051, 1151, 1253

181, 932

17, 101, 110, 116,

887, 1026, 1027,

1035, 1040, 1047,

1253, 1245

271, 787

811

818, 1273

818, 1273

192, 1273

42, 48, 1273

818, 1273

492, 818, 1273

837, 1273, 1443

48, 722, 1037
1073

1302

1302

17, 101, 107, 116
116, 1232, 1245
17

101
1033
117
1051
932
155
259
259
1373
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TABLE A.2. ALPHABETICAL LIST OF SIMPLE 1,6-NAPHTHYRIDINES

1,6-Naphthyridine Melting Point (°C) etc. Reference(s)

2-Acetamido-1,6-naphthyridine-3-carbonitrile >300 247

2-Acetamido-1,6-naphthyridine-3-carboxamide >300 247

5-(1-Acetoxyethyl)-1,6-naphthyridin-2(1H)-one 182-185, NMR 490

4-Acetoxy-1,6,7-trimethyl-1,6-naphthyridine- 208-210, IR, NMR 950
2,5(1H,6H)-dione

8-Acetyl-2-chloro-3-fluoro-7-methyl-6-phenyl-1, 119-120, NMR 183
6-naphthyridin-5(6H)-one

8-Acetyl-2-chloro-3-fluoro-7-methyl-6-propyl-1, 110-112, NMR 183
6-naphthyridin-5(6H)-one

3-Acetyl-1,6-dibenzyl-4,7-dimethyl-1, 117, IR, NMR, UV 1014
6-naphthyridine-(2,5(1H,6H)-dione

3-Acetyl-1,6-diisopropyl-4,7-dimethyl-1, 173-174, IR, NMR 636
6-naphthyridine-2,5(1H,6H)-dione

8-Acetyl-7-(2-dimethylaminovinyl)-6-propyl-1, 129, NMR 183
6-naphthyridin-5(6H)-one

3-Acetyl-4,7-dimethyl-1,6-dipropyl-1, 136-137, IR, NMR 636
6-naphthyridine-2,5(1H,6H)-dione

3-Acetyl-7-ethyl-4,8-dimethyl-1,6-dipropyl-1, lig(?), IR, NMR 636
6-naphthyridine-2,5(1H,6H)-dione

3-Acetyl-4-hydroxy-1,6,7-trimethyl-1, 147-148, IR, NMR 950
6-naphthyridine-2,5(1 H,6H)-dione

3-Acetyl-2-methyl-1,6-naphthyridine 106-108, NMR 1068

8-Acetyl-7-methyl-1,6-naphthyridin- >250, NMR 183
5(6H)-one

8-Acetyl-7-methyl-6-phenyl-1,6-naphthyridin-5 91-92, NMR 183
(6H)-one

8-Acetyl-7-methyl-6-propyl-1,6-naphthyridin-5 59-61, NMR 183
(6H)-one

3-Acetyl-1,6-naphthyridin-2(1H)-one >300, NMR 1068

5-Acetyl-1,6-naphthyridin-2(1H)-one >300, NMR 490

3-Acetyl-1,4,6,7-tetramethyl-1,6-naphthyridin- 239-240, IR, NMR 636
2,5(1H,6H)-dione

7-Amino-6-benzyl-5-0xo0-5,6-dihydro-1, 228, IR, NMR 1220
6-naphthyridine-8-carbonitrile

5-Amino-7-bromo-2,4-dimethyl-1, >300, IR, MS, NMR, UV 895
6-naphthyridine-8-carbonitrile

7-Amino-5-bromo-2,4-dimethyl-1,6-naphthyridine- ~ 300, NMR 913, 994
8-carbonitrile

5-Amino-7-bromo-2,4-diphenyl-1,6-naphthyridine- >300, IR, MS, NMR, UV 895
8-carbonitrile

7-Amino-5-bromo-2,4-diphenyl-1,6-naphthyridine- ~ crude, NMR 913
8-carbonitrile

5-Amino-7-bromo-2-methyl-1,6-naphthyridine- >300, IR, NMR 913
8-carbonitrile

7-Amino-5-bromo-2-methyl-1,6-naphthyridine- >300, IR, MS, NMR
8-carbonitrile

5-Amino-7-bromo-4-methyl-2-phenyl-1, >300, IR, NMR 913
6-naphthyridine-8-carbonitrile

7-Amino-5-bromo-4-methyl-2-phenyl-1, crude, NMR 913

6-naphthyridine-8-carbonitrile
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TABLE A.2. (Continued)

1,6-Naphthyridine Melting Point (°C) etc. Reference(s)

5-Amino-7-bromo-2-phenyl-1,6-naphthyridine- >300, IR, MS, NMR, UV 895
8-carbonitrile

7-Amino-5-bromo-2-phenyl-1,6-naphthyridine- >300, IR, NMR 913
8-carbonitrile

5-Amino-7-chloro-2,4-dimethyl-1,6-naphthyridine- >300, IR, MS, NMR, UV 895
8-carbonitrile

5-Amino-7-chloro-2,4-diphenyl-1,6-naphthyridine- >300, IR, MS, NMR, UV 895
8-carbonitrile

5-Amino-7-chloro-2-phenyl-1,6-naphthyridine- >300, IR, MS, NMR, UV 895
8-carbonitrile

2-Amino-8-chloro-3-phenyl-1,6-naphthyridin- 318-321, NMR 564
7(6H)-one

2-Amino-N,N-dimethyl-1,6-naphthyridine- 207-210, IR, NMR 1068
3-carboxamide

5-Amino-2,4-dimethyl-7-0x0-6,7-dihydro-1, >300, IR, MS 673
6-naphthyridine-8-carbonitrile

5-Amino-3,4-dimethyl-7-0x0-6,7-dihydro-1, >300, IR 673
6-naphthyridine-8-carbonitrile

5-(2-Aminoethyl)-7-methyl-1,6-naphthyridin- — 383
5(6H)-one

2-Amino-N-ethyl-1,6-naphthyridine-3-carboxamide =~ 210-212, NMR 974

5-Amino-7-hydrazino-2,4-dimethyl-1, >300, IR, MS, NMR, UV 895
6-naphthyridine-8-carbonitrile

5-Amino-7-hydrazino-2,4-diphenyl-1, 265, IR, MS, UV 895
6-naphthyridine-8-carbonitrile

5-Amino-7-hydrazino-2-phenyl-1,6-naphthyridine- ~ >300, IR, MS, NMR, UV 895
8-carbonitrile

5-Amino-7-methoxy-2,4-dimethyl-1, 250 or 273, IR, MS, 895, 994
6-naphthyridine-8-carbonitrile NMR, UV

7-Amino-5-methoxy-2,4-dimethyl-1, 250 or 258, IR, MS, 895, 994
6-naphthyridine-8-carbonitrile NMR, UV

5-Amino-7-methoxy-2-phenyl-1,6-naphthyridine- 280, IR, MS, NMR, UV 895
8-carbonitrile

7-Amino-5-methoxy-2-phenyl-1,6-naphthyridine- 240-241, IR, MS, 895
8-carbonitrile NMR, UV

2-Amino-N-methyl-1,6-naphthyridine- 264-266, NMR 247, 974
8-carboxamide

3-Amino-5-methyl-1,6-naphthyridin-2(1H)-one 283-285, NMR 1166

6-Amino-7-methyl-1,6-naphthyridin-5(6H)-one 193-194, IR, NMR, 383, 1072

UV; PhCH=:—

8-Amino-6-methyl-1,6-naphthyridin-5(6H)-one crude, NMR 105, 1116

5-Amino-4-methyl-7-0x0-6,7-dihydro-1, >300, IR, MS 673
6-naphthyridine-8-carbonitrile

2-Amino-1,6-naphthyridine-3-carbohydrazide 268-269 247

2-Amino-1,6-naphthyridine-3-carbonitrile >360, NMR 247, 974

2-Amino-1,6-naphthyridine-3-carbothioamide 294-297 247

2-Amino-1,6-naphthyridine-3-carboxamide 294-295, NMR 247, 974

2-Amino-1,6-naphthyridine-3-carboxamidrazone 240-242 247

2-Amino-1,6-naphthyridine-3-carboxylic acid 340-345, NMR 247, 974

3-Amino-1,6-naphthyridin-4(1H)-one 2HCI: anal 726
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1,6-Naphthyridine Melting Point (°C) etc. Reference(s)

7-Amino-5-oxo-6-phenethyl-5,6-dihydro-1, 244, IR, NMR 1220
6-naphthyridine-8-carbonitrile

7-Amino-5-0x0-6-phenyl-5,6-dihydro-1, 285, IR, NMR 1220
6-naphthyridine-8-carbonitrile

2-Amino-3-phenyl-1,6-naphthyridin-7(6H)-one 270-276, NMR 564

6-Amino-7-phenyl-1,6-naphthyridin-5(6H)-one 188-191, UV 1072

7-Anilino-1-ethyl-4-oxo-1,4-dihydro-1, 276-279 1408
6-naphthyridine-3-carboxylic acid

8-Benzoyl-7-benzyl-2-chloro-3-fluoro-6-phenyl-1, 157-158, NMR, x1 st 183
6-naphthyridin-5(6H)-one

8-Benzoyl-7-benzyl-5-chloro-1,6-naphthyridine 158-159, NMR 183

8-Benzoyl-6-benzyl-4-(2-dimethylaminovinyl)- 238-239, MS, NMR 987
5-oxo0-2-phenyl-5,6-dihydro-1,6-naphthyridine-
3-carbonitrile

8-Benzoyl-7-benzyl-1,6-naphthyridin-5(6H)-one >250, NMR 183

8-Benzoyl-7-benzyl-6-propyl-1,6-naphthyridin- 167-168, NMR 183
5(6H)-one

8-Benzoyl-6,7-dibenzyl-2-chloro-3-fluoro-1, 160-161, NMR 183
6-naphthyridin-5(6H)-one

8-Benzoyl-6,7-dibenzyl-3-fluoro-2-methoxy-1, 163-164, NMR 183
6-naphthyridin-5(6H)-one

8-Benzoyl-6,7-dibenzyl-3-fluoro-2-piperidino-1, 100-101, NMR 183
6-naphthyridin-5(6H)-one

8-Benzoyl-6,7-dibenzyl-1,6-naphthyridin-5(6H)-one  134-135, NMR 183

3-Benzoyl-1,6-diisopropyl-7-methyl-4-phenyl-1, 221-222, IR, NMR, xI st 636
6-naphthyridine-2,5(1H,6H)-dione

8-Benzoyl-7-(2-dimethylaminovinyl)-6-propyl-1, 160, NMR 183
6-naphthyridin-5(6H)-one

7-Benzoyl-8-hydroxy-1,6-naphthyridin-5(6H)-one 222, IR, NMR, UV 1221

8-Benzoyl-7-methyl-1,6-naphthyridin-5(6H)-one >250 183

8-Benzoyl-7-methyl-6-propyl-1,6-naphthyridin- 156-157, NMR 183
5(6H)-one

5-Benzylamino-7-methyl-1,6-naphthyridine 144-145, NMR 1072

Benzyl 1-benzyl-7-chloro-4-oxo-1,4-dihydro-1, 186-187, IR, NMR 1284

6-naphthyridine-3-carboxylate

6-Benzyl-2-chloro-4,7-dimethyl-1,6-naphthyridin- 126-127, IR, NMR, UV 1014
5(6H)-one

6-Benzyl-4,7-dimethyl-1,6-naphthyridine-2, 283-285, IR, NMR, UV 1014
5(1H,6H)-dione

6-Benzyl-4,7-dimethyl-1,6-naphthyridin-5(6H)-one 111-112, IR, NMR, UV 1014

1-Benzyl-2-imino-6,7-dimethyl-5-oxo0-1,2,5, >250, NMR 641
6-tetrahydro-1,6-naphthyridine-3-carboxamide

1-Benzyl-2-imino-7-methyl-5-0x0-6-phenethyl- 184-185, IR, NMR, UV 683
1,2,5,6-tetrahydro-1,6-naphthyridine-3-carbonitrile

6-Benzyl-2-imino-7-methyl-5-oxo-1-phenethyl- 267-269, IR, NMR, UV 683
1,2,5,6-tetrahydro-1,6-naphthyridine-3-carbonitrile

6-Benzyl-7-methyl-1,6-naphthyridin-5(6H)-one — 383

5-Benzyl-1,6-naphthyridine — 943

2-Benzyl-1,6-naphthyridine-4-carboxylic acid 245, NMR 1219

6-Benzyl-1,6-naphthyridin-5(6H)-one 122-123, IR, NMR, UV 1014
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1,6-Naphthyridine Melting Point (°C) etc. Reference(s)
7-Bromo-1-(2-bromoethyl)-4-oxo-1,4-dihydro-1, 242-244 1408
6-naphthyridine-3-carboxylic acid
3-Bromo-4-chloro-1,6-naphthyridine 123-125, NMR 844
3-Bromo-5-ethyl-1,6-naphthyridin-2-amine 194-195, NMR 590
3-Bromo-5-ethyll,6-naphthyridin-2(1H)-one 215-216, NMR 590
7-Bromo-1-ethyl-4-oxo-1,4-dihydro-1,6-naphthyri 256-258 1408
dine-3-carboxylic acid
7-Bromo-1-(2-hydroxyethyl)-4-oxo-1,4-dihydro-1, 248-256 1408
6-naphthyridine-3-carboxylic acid
3-Bromo-5-isobutyl-1,6-naphthyridin-2-amine 203-204, NMR 590
3-Bromo-5-isobutyl-1,6-naphthyridin-2(1H)-one 222-224, NMR 590
7-Bromo-1-(2-methoxyethyl)-4-oxo-1,4-dihydro-1, =~ 236-239 1408
6-naphthyridine-3-carboxylic acid
3-Bromo-5-methyl-1,6-naphthyridin-2-amine 208-210, NMR 928
3-Bromo-5-methyl-1,6-naphthyridin-2(1H)-one 245-247, NMR 928
5-Bromo-7-methyl-1,6-naphthyridin-2(1H)-one 276-278, IR, NMR 716
3-Bromo-1,6-naphthyridin-4-amine MS 374, 546
8-Bromo-1,6-naphthyridin-2-amine HBr: anal 310
2-Bromo-1,6-naphthyridine — 390
3-Bromo-1,6-naphthyridine 124-125 or 125-126, NMR 173, 844
4-Bromo-1,6-naphthyridine 92-93, NMR 289, 390
5-Bromo-1,6-naphthyridine 112-113, NMR 339
8-Bromo-1,6-naphthyridine 82-84 or 84-86, NMR 173, 336, 390,
1042
8-Bromo-1,6-naphthyridine-2-carboxylic acid —_ 244, 577, 1411
3-Bromo-1,6-naphthyridin-4(1H)-one 300-301, MS, NMR 546, 844
4-Bromo-1,6-naphthyridin-2(1H)-one — 391
5-Bromo-1,6-naphthyridin-2(1H)-one 278-280, NMR 490
7-Bromo-4-oxo-1-vinyl-1,4-dihydro-1, 204-210 1408
6-naphthyridine-3-carboxylic acid
3-Bromo-5-phenyl-1,6-naphthyridin-2-amine 218-221, NMR 928
3-Bromo-5-phenyl-1,6-naphthyridin-2(1H)-one >300, NMR 928
3-Bromo-5-propyl-1,6-naphthyridin-2-amine 178-180, NMR 590
3-Bromo-5-propyl-1,6-naphthyridin-2(1H)-one 218-219, NMR 590
7-Butyl-1,6-naphthyridine — 544
7-Butyl-8-phenylseleno-1,6-naphthyridine — 119
7-Butyl-8-phenylthio-1,6-naphthyridine — 119
7-Butylthio-1-ethyl-4-oxo-1,4-dihydro-1, 169-171 1408
6-naphthyridine-3-carboxylic acid
7-tert-Butylthio-1-ethyl-4-oxo-1,4-dihydro-1, 210-212 1408
6-naphthyridine-3-carboxylic acid
7-Chloro-1-cyclohexyl-8-fluoro-4-oxo-1, 131-132, MS, NMR 1175
4-dihydro-1,6-naphthyridine-3-carboxylic acid
4-Chloro-5,7-dimethyl-1,6-naphthyridine 125 1255
5-Chloro-8-(2-ethoxycarbonylvinyl)-1, 129-131, IR, NMR 1042
6-naphthyridine
7-Chloro-1-ethyl-4-oxo-1,4-dihydro-1, 260-262, IR 1284
6-naphthyridine-3-carboxylic acid
5-Chloro-8-hydroxy-1,6-naphthyridine- 288-289 108

7-carboxamide
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1,6-Naphthyridine Melting Point (°C) etc. Reference(s)
5-Chloro-8-iodo-1,6-naphthyridine 127-129, NMR 1042
3-Chloro-4-methoxy-7-methyl-1,6-naphthyridine 158-159, NMR 950
8-Chloro-5-methoxy-1,6-naphthyridine 80-82, NMR 299
2-Chloro-5-methyl-1,6-naphthyridine 98-100, NMR 490
5-Chloro-7-methyl-1,6-naphthyridine 112-113, IR, NMR 1072, 1251, 1285
8-Chloro-6-methyl-1,6-nnaphthyridin-5(6H)-one 199-200 299
2-Chloro-1,6-naphthyridine 88-89, NMR 232, 1282
3-Chloro-1,6-naphthyridine 101-102 or 103, NMR 232, 844
4-Chloro-1,6-naphthyridine 90, NMR 45, 232, 289, 1067
5-Chloro-1,6-naphthyridine 104-105 or 106-107, 299, 1251, 1282,
NMR, UV 1285
2-Chloro-1,6-naphthyridine-3-carbonitrile >300 247
8-Chloro-1,6-naphthyridine-2-carboxylic acid — 244, 577
4-Chloro-1,6-naphthyridine 6-oxide crude, 152-154, NMR 1069
5-Chloro-1,6-naphthyridin-8-ol 215 108
3-Chloro-1,6-naphthyridin-4(1H)-one 299-301 844
2-Chloro-3-nitro-1,6-naphthyridin-4-amine >330, IR, MS, NMR 492, 819, 1273
2-Chloro-3-nitro-1,6-naphthyridine 142-143, IR, MS, NMR 819, 1273
4-Chloro-3-nitro-1,6-naphthyridine 139-141 48, 1273
4-Chloro-8-nitro-1,6-naphthyridine 182-183 48, 1273
7-Chloro-3-phenyl-1,6-naphthyridin-2-amine 206-208, NMR 564
5-Chloro-1-phenyl-1,6-naphthyridin-2(1H)-one NMR 1449
3-(Cyclohex-1-enyl)-1,6-naphthyridin-2-amine 235-237, NMR 974
1-Cyclopropyl-8-methyl-4-oxo-7-piperidino-1, 182-184, NMR 648
4-dihydro-1,6-naphthyridine-3-carboxylic acid
2,4-Diamino-5,7-dioxo-1,5,6,7-tetrahydro-1, >270 or >300, IR, NMR 1070, 1096
6-naphthyridine-3-carbonitrile
2,5-Diamino-7-morpholino-4-phenyl-1, 251-253, IR, NMR 784
6-naphthyridine-3,8-dicarbonitrile
2,5-Diamino-4-phenyl-7-piperidino-1, 225-227, IR, NMR 784
6-naphthyridine-3,8-dicarbonitrile
3-Diazonio-1,6-naphthyridin-4-olate 150-151 726
1,6-Dibenzyl-4,7-dimethyl-1,6-naphthyridine- 143-145, IR, NMR, UV 950, 1014
2,5(1H,6H)-dione
1,6-Dibenzyl-4-hydroxy-7-methyl-1, 165-166, IR, NMR 950
6-naphthyridine-2,5(1H,6H)-dione
1,6-Dibenzyl-2-imino-7-methyl-5-oxo0-1,3,5, >200, IR, NMR, UV 683
6-tetrahydro-1,6-naphthyridine-3-carbonitrile
1,6-Dibenzyl-2-imino-7-methyl-5-oxo0-1,2,5, 209-211, IR; K: 683
6-tetrahydro-1,6-naphthyridine-3-carboxylic acid  260-262, IR, NMR
2,4-Dibromo-1,6-naphthyridine — 391
3,4-Dibromo-1,6-naphthyridine 140-141, NMR 844
3,8-Dibromo-1,6-naphthyridine 187-189, NMR 173
4,8-Dibromo-1,6-naphthyridine — 390
2,3-Dichloro-4-methoxy-7-methyl-1, 181, IR, NMR 950
6-naphthyridine
2,5-Dichloro-1,6-naphthyridine 173-174 or 175-176, NMR 1069, 1282
2,8-Dichloro-1,6-naphthyridine 93-94, NMR 1282
3,4-Dichloro-1,6-naphthyridine 122-123, NMR 844
3,5-Dichloro-1,6-naphthyridine 98-99, NMR 1069
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1,6-Naphthyridine Melting Point (°C) etc. Reference(s)

4,5-Dichloro-1,6-naphthyridine 134-135, NMR 1069

5,8-Dichloro-1,6-naphthyridine 113-114, NMR 299

7,8-Dichloro-3-phenyl-1,6-naphthyridin-2-amine 271-274, NMR 564

3-Diethoxyphosphinylmethyl-1,6-naphthyridin- — 924
2(1H)-one

6-(2-Diethylaminoethyl)-7-methyl-1, 2HCI: 224, UV 1072
6-naphthyridin-5(6H)-one

N,N-Diethyl-8-hydroxy-5-oxo-5,6-dihydro-1, 194 1444
6-naphthyridine-7-carboxamide

4-Dimethylamino-1,6-naphthyridine 207-209, NMR 1067

2-Dimethylamino-1,6-naphthyridine- 164-168 247
3-carbonitrile

2-Dimethylamino-1,6-naphthyridine- 214-217 247
3-carboxamide

2,4-Dimethyl-5,7-dioxo-1,5,6,7-tetrahydro-1, 295 or 300 673, 757
6-naphthyridine-8-carboxamide

3,4-Dimethyl-5,7-dioxo-1,5,6,7-tetrahydro-1, 315, IR 673
6-naphthyridine-8-carboxamide

2,3-Dimethyl-1,6-naphthyridine 112-114, NMR 247, 1068

5,7-Dimethyl-1,6-naphthyridine 54, 190/10, IR 1251, 1255, 1297

1,6-Dimethyl-1,6-naphthyridine-2, 205-207, NMR 1069
5(1H,6H)-dione

2,4-Dimethyl-1,6-naphthyridine-5,7(1H,6H)-dione 245, IR 673

5,7-Dimethyl-1,6-naphthyridine 6-oxide 127-132, UV; pic: 194-196 1244

1,5-Dimethyl-1,6-naphthyridin-2(1H)-one 203-205, NMR 1166

1,7-Dimethyl-1,6-naphthyridin-5(1H)-one(?) HCI: anal, fl sp 884

5,7-Dimethyl-1,6-naphthyridin-2(1H)-one 263-264, IR, NMR 1044

5,7-Dimethyl-1,6-naphthyridin-4(1H)-one 240 1255

6,7-Dimethyl-1,6-naphthyridin-5(6H)-one 127-128, UV; HCI: 235 383, 1072

5,7-Dimethyl-4-oxo-1,4-dihydro-1, 247 1253
6-naphthyridine-3-carboxylic acid

2,4-Dimethyl-7-phenyl-1,6-naphthyridin- 244-245 or 250, 1055, 1078
5(6H)-one IR, MS, NMR

2-Dimethylsulfimido-1,6-naphthyridine 129-131 692

5,7-Dioxo-4-phenyl-1,5,6,7-tetrahydro-1, 250, IR 757
6-naphthyridine-8-carboxamide

8-(2-Ethoxycarbonylvinyl)-5-methoxy-1, 101-104, IR, NMR 1042
6-naphthyridine

8-(2-Ethoxycarbonylvinyl)-1,6-naphthyridine 90-92, IR, NMR 1042

7-Ethoxy-1-ethyl-4-oxo-1,4-dihydro-1, 248-250 1408
6-naphthyridine-3-carboxylic acid

4-Ethoxy-1,6-naphthyridine 65-66, NMR 1067

2-Ethoxy-3-nitro-1,6-naphthyridin-4-amine

2-Ethoxy-3-nitro-1,6-naphthyridine

Ethyl 5-amino-7-benzylseleno-8-cyano-
2-methyl-1,6-naphthyridine-3-carboxylate

Ethyl 6-amino-2-methyl-5-oxo-5,
6-dihydro-1,6-naphthyridine-3-carboxylate

2-Ethylamino- 1,6-naphthyridine-3-carbonitrile

2-Ethylamino-1,6-naphthyridine-3-carboxamide

202-203, IR, MS, NMR
157-159, MS, NMR
259-260, IR, NMR

191, IR, NMR, UV

162-164
227-229

492, 819, 1273
492, 819, 1273
959

1105

247
247
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1,6-Naphthyridine Melting Point (°C) etc. Reference(s)

Ethyl 4-amino-2-oxo-1,2-dihydro-1, H,0: 270-271, IR 725
6-naphthyridin-3-carboxylate

Ethyl 6-anilino-2-methyl-5-o0xo0-5,6-dihydro-1, 194-195, IR, NMR, UV 1105
6-naphthyridine-3-carboxylate

Ethyl 1-benzyl-7-chloro-4-oxo-1, 215-217, IR, NMR 1284
4-dihydro-1,6-naphthyridine-3-carboxylate

Ethyl 1-benzyl-2-imino-6,7-dimethyl- 186-188, NMR 641
5-ox0-1,2,5,6-tetrahydro-1,6-naphthyridine-
3-carboxylate

Ethyl 1-benzyl-2-imino-7-methyl-5-oxo- 136-137, IR, NMR, UV 683
6-phenethyl-1,2,5,6-tetrahydro-1,6-naphthyridine-
3-carboxylate

Ethyl 6-benzyl-2-imino-7-methyl-5-oxo-1- 144-146, IR, NMR, UV 683
phenethyl-1,3,5,6-tetrahydro-1,6-naphthyridine-
3-carboxylate

Ethyl 7-benzylseleno-8-cyano-2-methyl-5-oxo-5, 207-209, IR, NMR 959
6-dihydro-1,6-naphthyridine-3-carboxylate

Ethyl 7-bromo-1-ethyl-4-oxo-1, 178-179 1408
4-dihydro-1,6-naphthyridine-3-carboxylate

Ethyl 7-bromo-4-oxo-1-propyl-1, 178-180 1408
4-dihydro-1,6-naphthyridine-3-carboxylate

Ethyl 7-chloro-1-cyclopropyl-8-fluoro-4-oxo-1, 165-166, MS, NMR 1175
4-dihydro-1,6-naphthyridine-3-carboxylate

Ethyl 7-chloro-1-cyclopropyl-8-methyl- 200-202, NMR 648
4-0x0-1,4-dihydro-1,6-naphthyridine-3-carboxylate

Ethyl 5-chloro-1-ethyl-4-oxo-1, 195-197, IR, NMR 1284
4-dihydro-1,6-naphthyridine-3-carboxylate

Ethyl 7-chloro-1-ethyl-4-oxo-1, 188-189, IR, NMR 1284
4-dihydro-1,6-naphthyridine-3-carboxylate

Ethyl 5-chloro-1(2-hydroxyethyl)-4-oxo-1, 230-232, IR 1284
4-dihydro-1,6-naphthyridine-3-carboxylate

Ethyl 7-chloro-1-(2-hydroxyethyl)-4-oxo-1, 188-189, IR 1284
4-dihydro-1,6-naphthyridine-3-carboxylate

Ethyl 3-cyano-7-hydroxy-4,5-dioxo-1,4,5, >300, IR, NMR 698
6-tetrahydro-1,6-naphthyridine-8-carboxylate

Ethyl-1-cyclopropyl-8-methyl-4-oxo- 170-172, NMR 648
7-piperidino-1,4-dihydro-1,6-naphthyridine-
3-carboxylate

Ethyl 1,6-dibenzyl-2-imino-7-methyl- 193-195, IR, NMR, UV 683
5-0x0-1,2,5,6-tetrahydro- 1,6-naphthyridine-
3-carboxylate

Ethyl 6-(2-dimethylaminoethyl)-2-methyl- 120-121, IR, NMR, UV 1105
5-0x0-5,6-dihydro-1,6-naphthyridine-
3-carboxylate

Ethyl 6-(3-dimethylaminopropyl)-2-methyl- 74-75, IR, NMR, UV 1105
5-0x0-5,6-dihydro-1,6-naphthyridine-3-carboxylate

Ethyl 1,2-dimethyl-4-oxo-1,4-dihydro-1, IR, NMR 952
6-naphthyridine-3-carboxylate

Ethyl 5,7-dimethyl-4-oxo-1,4-dihydro-1, 307-308 1255

6-naphthyridine-3-carboxylate
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Ethyl 2,4-dimethyl-5-oxo-7-phenyl-5, 176, IR, MS, NMR 1078
6-dihydro-1,6-naphthyridine-8-carboxylate

1-Ethyl-4,7-dioxo-1,4,6,7-tetrahydro-1, >310 1408
6-naphthyridine-3-carboxylic acid

1-Ethyl-7-ethylthio-4-oxo-1,4-dihydro-1, 210-211 1408
6-naphthyridine-3-carboxylic acid

Ethyl 6-(2-hydroxyethyl)-2-methyl-5-oxo-5, 143-144, IR, NMR, UV 1105
6-dihydro-1,6-naphthyridine-3-carboxylate

Ethyl 8-hydroxy-6-methyl-5-o0xo-5, 95, IR, NMR, UV 639, 654
6-dihydro-1,6-naphthyridine-7-carboxylate

Ethyl 6-[1-(hydroxymethyl)propyl]-2-methyl- DL: 125-126, IR, 1105
5-0x0-5,6-dihydro-1,6-naphthyridine- NMR, UV; D: 110-112,
3-carboxylate IR, NMR, UV

Ethyl 4-hydroxy-2-oxo-1,2-dihydro-1, — 391
6-naphthyridine-3-carboxylate

Ethyl 8-hydroxy-5-o0xo0-5,6-dihydro-1, 209, IR, NMR, UV 639, 1221
6-naphthyridine-7-carboxylate

Ethyl 2-imino-6,7-dimethyl-5-oxo-1- 168-170, NMR 641
phenethyl-1,2,5,6-tetrahydro-1,6-naphthyridine-
3-carboxylate

Ethyl 2-imino-7-methyl-4-oxo-1, 137-140, IR, NMR, UV 683
6-diphenethyl-1,2,5,6-tetrahydro-1,
6-naphthyridine-3-carboxylate

1-Ethyl-7-isopropylthio-4-oxo-1,4-dihydro-1, 205-207 1408
6-naphthyridine-3-carboxylic acid

1-Ethyl-7-methoxy-4-oxo-1,4-dihydro-1, 247-248 1408
6-naphthyridine-3-carboxylic acid

Ethyl 2-methyl-6-methylamino-5-o0xo-5, 146-147, IR, NMR, UV 1105
6-dihydro-1,6-naphthyridine-3-carboxylate

Ethyl 2-methyl-1,6-naphthyridine- 94-95, NMR 1068
3-carboxylate

Ethyl 2-methyl-5-ox0-5,6-dihydro-1, 260, IR, NMR, UV, xl st 1105, 1147
6-naphthyridine-3-carboxylate

1-Ethyl-2-methyl-4-oxo-1,4-dihydro-1, — 952
6-naphthyridine-3-carboxylic acid

Ethyl 2-methyl-5-0x0-6-phenethyl-5, 103-104, IR, NMR, UV 1105
6-dihydro-1,6-naphthyridine-3-carboxylate

Ethyl 2-methyl-5-0x0-4-phenyl-5, 235-236, IR, NMR, UV 1105
6-dihydro-1,6-naphthyridine-3-carboxylate

Ethyl 2-methyl-5-0x0-6-phenyl-5, 160-161, IR, NMR, UV 1105
6-dihydro-1,6-naphthyridine-3-carboxylate

1-Ethyl-7-methylthio-4-oxo-1,4-dihydro-1, 0.5H,0: 230-231 1408
6-naphthyridine-3-carboxylic acid

1-Ethyl-7-morpholino-4-oxo-1,4-dihydro-1, >290 1408
6-naphthyridine-3-carboxylic acid

3-Ethyl-1,6-naphthyridin-2-amine 233-234, NMR 974

2-Ethyl-1,6-naphthyridine 51-54, NMR 1068

5-Ethyl-1,6-naphthyridin-2(1H)-one 186-188 1166

7-Ethyl-1,6-naphthyridin-5(6H)-one 197-198, IR, MS, NMR 131

5-Ethyl-1,6-naphthyridin-2(1H)-one-6-oxide 262-264, NMR 490
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Ethyl 8-nitro-4-oxo-1,4-dihydro-1, 273-274 48
6-naphthyridine-3-carboxylate

Ethyl 2-ox0-1,2-dihydro-1,6-naphthyridine- 212-213, NMR 1068
3-carboxylate

Ethyl 4-oxo-1,4-dihydro-1,6-naphthyridine- 292-293, NMR 48, 113, 1067
3-carboxylate

1-Ethyl-4-oxo-7-phenylthio-1,4-dihydro-1, 235-238 1408
6-naphthyridine-3-carboxylic acid

1-Ethyl-4-oxo0-7-propoxy-1,4-dihydro-1, 161-163 1408
6-naphthyridine-3-carboxylic acid

1-Ethyl-4-ox0-7-thioxo-1,4,6,7-tetrahydro-1, >310 1408
6-naphthyridine-3-carboxylic acid

Ethyl 2-phenyl-1,6-naphthyridine-3-carboxylate 122-124, NMR 1068

Ethyl 2,4,5-triamino-3-cyano-7-0xo0-6, 290-292, IR 1070
7-dihydro-1,6-naphthyridin-8-carboxylate

2-(N'-Ethylureido)-3-phenyl-1, 181-182, NMR
6-naphthyridin-7-amine

2-Hexyl-8-iodo-1,6-naphthyridine lig, IR, NMR 119, 147

7-Hexyl-1,6-naphthyridine 85/3, NMR 147, 621

7-Hexyl-1,6-naphthyridine 6-oxide 97-98, NMR 621

7-Hexyl-8-phenylseleno-1,6-naphthyridine lig, IR, NMR 119, 147

7-Hexyl-8-phenylthio-1,6-naphthyridine lig, NMR 119

2-Hydrazino-5-methyl-1,6-naphthyridine 2HCI: 250-253, NMR 490

5-Hydrazino-7-methyl-1,6-naphthyridine 195 1285

4-Hydrazino-1,6-naphthyridine 270, NMR 45, 1067

5-Hydrazino-1,6-naphthyridine 210 1285

5-Hydroxy-2,7-dioxo-3-phenylhydrazono- 210, IR, NMR 1360
4-styryl-1,2,3,7-tetrahydro-1,6-naphthyridine-
8-carbonitrile (or tautomer)

6-(2-Hydroxyethyl)-7-methyl-1,6-naphthyridin- — 383
5(6H)-one

5-(1-Hydroxyethyl)-1,6-naphthyridin-2(1H)-one 213-215, NMR 490

6-(2-Hydroxyethyl)-7-phenyl-1,6-naphthyridin- 113-115, IR, NMR 902
5(6H)-one

5-Hydroxy-4-methyl-2,7-dioxo-3-phenylhydrazono- 240, IR, NMR 1360
1,2,3,7-tetrahydro-1,6-naphthyridin3-8-carbonitrile
(or tautomer)

5-Hydroxymethyl-1,6-naphthyridin-2(1H)-one 292-295, NMR 490

6-Hydroxy-7-methyl-1,6-naphthyridin-5(6H)-one 161-162, IR, NMR, UV 383, 1072

1-Hydroxy-1,6-naphthyridin-2(1H)-one

4-Hydroxy-1,6-naphthyridin-2(1H)-one

8-Hydroxy-1,6-naphthyridin-5(6H)-one

4-Hydroxy-3-nitro-1,6-naphthyridin-2(1H)-one

6-Hydroxy-7-phenyl-1,6-naphthyridin-5(6H)-one

4-Hydroxy-1,6,7-trimethyl-1,6-naphthyridine-
2,5(1H,6H)-dione

2-Imino-6,7-dimethyl-5-oxo-1-phenethyl-
1,2,5,6-tetrahydro-1,6-naphthyridine-
3-carboxamide

350-352 or

>350, IR, NMR(?)
MS

>310; pic: 230
>370

204-205

191-192, IR, NMR

>250, NMR

215(7), 1282

391, 1253
12, 108
312, 1273
1072

950

641
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1,6-Naphthyridine Melting Point (°C) etc. Reference(s)
2-Imino-5-oxo-1,6-diphenethyl-1,2,5, 183-185, IR, NMR, UV 683
6-tetrahydro-1,6-naphthyridine-3-carbonitrile
8-lodo-5-methoxy-1,6-naphthyridine 120-121, NMR 1042
8-Iodo-1,6-naphthyridin-5(6H)-one 274-2717, IR, NMR 1042
8-lodo-7-phenyl-1,6-naphthyridine 163-164, IR, NMR 119, 147
Isobutyl 8-hydroxy-6-methyl-5-oxo-5, lig, anal, IR, NMR, UV 639, 654
6-dihydro-1,6-naphthyridine-7-carboxylate
Isopropyl 1-benzyl-2-imino-6, 185-186, NMR 641
7-dimethyl-5-0x0-1,2,5,6-tetrahydro-1,
6-naphthyridine-3-carboxylate
Isopropyl 8-hydroxy-6-methyl-5-oxo0-5, 124, IR, NMR, UV 654
6-dihydro-1,6-naphthyridine-7-carboxylate
Isopropyl 8-hydroxy-5-o0xo-5,6-dihydro-1, 180, IR, NMR, UV 639, 1221
6-naphthyridine-7-carboxylate
Isopropyl 2-imino-6,7-dimethyl-5-oxo- 178-179, NMR 641
1-phenethyl-1,2,5,6-tetrahydro-1,
6-naphthyridine-3-carboxylate
7-Isopropyl-1,6-naphthyridin-5(6H)-one 190-192, IR, MS, NMR 131
2-Methoxy-5-methyl-1,6-naphthyridine 74-77, NMR 490
5-Methoxy-7-methyl-1,6-naphthyridine 0.5H,0: 58-59, NMR 1072
2-Methoxy-1,6-naphthyridine 65-67, IR, NMR 1818
4-Methoxy-1,6-naphthyridine 115-116, NMR 1067
7-Methoxy-1,6-naphthyridine IR 836
2-Methoxy-1,6-naphthyridine-3-carbonitrile 186-189 247
2-Methoxy-1,6-naphthyridine-5-carbonitrile 193, IR, NMR 1318
2-Methoxy-1,6-naphthyridine-5-carboxamide 236, IR, NMR 1318
2-Methoxy-1,6-naphthyridine-6-oxide 193, IR, NMR 1318
Methyl 8-acetoxy-5-chloro-1,6-naphthyridine- 171 108
7-carboxylate
Methyl 8-acetoxy-1,6-naphthyridine-7-carboxylate 131-132 85
Methyl 8-acetoxy-5-o0x0-5,6-dihydro-1, 224 or 226 85, 109
6-naphthyridine-7-carboxylate
2-Methylamino-1,6-naphthyridine-3-carbonitrile 269-272 247
2-Methylamino-1,6-naphthyridine-3-carboxamide 229-231 247
Methyl 2-amino-1,6-naphthyridine-3-carboxylate 210-212 247
2-Methylamino-1,6-naphthyridine- >300 247
3-carboxylic acid
Methyl 1-benzyl-2-imino-6,7-dimethyl- 207-209, NMR 641
5-0x0-1,2,5,6-tetrahydro-1,6-naphthyridine-
3-carboxylate
Methyl 1-benzyl-2-imino-7-methyl-5-oxo- 195-197, IR, NMR, UV 683
6-phenethyl-1,2,5,6-tetrahydro-1,
6-naphthyridine-3-carboxylate
Methyl 6-benzyl-2-imino-7-methyl-5-oxo- 162-164, IR, NMR, UV 683
1-phenethyl-1,2,5,6-tetrahydro-1,
6-naphthyridine-3-carboxylate
Methyl 5-chloro-8-hydroxy-1, 226 or 227 6, 1048
6-naphthyridine-7-carboxylate
Methyl 5-chloro-8-methoxy-1, 101 85

6-naphthyridine-7-carboxylate
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Methyl 1,6-dibenzyl-2-imino-7-methyl-5-oxo-1, 186-188, IR, NMR, UV 683
2,5,6-tetrahydro-1,6-naphthyridine-3-carboxylate
4-Methyl-5,7-dioxo-1,5,6,7-tetrahydro-1, 198 or 310, IR 673, 757
6-naphthyridine-8-carboxamide
Methyl 8-hydroxy-6-methyl-5-oxo-5, 120, IR, NMR, UV 639, 654
6-dihydro-1,6-naphthyridine-7-carboxylate
Methyl 8-hydroxy-5-oxo-5,6-dihydro-1, 203 to 220, IR, 6, 12, 85, 109,
6-naphthyridine-7-carboxylate NMR, UV; pic: 639, 646, 773,
220; HCI: 163-165 1048, 1221
Methyl 2-imino-6,7-dimethyl-5-oxo- 175-177, NMR 641
1-phenethyl-1,2,5,6-tetrahydro-1,
6-naphthyridin-3-carboxylate
Methyl 2-imino-7-methyl-5-oxo-1, 183-184, IR, NMR, UV 683
6-diphenethyl-1,2,5,6-tetrahydro-1,
6-naphthyridine-3-carboxylate
3-Methyl-1,6-naphthyridin-2-amine 265-267, NMR 247, 974
5-Methyl-1,6-naphthyridin-2-amine 218-221, NMR 490
2-Methyl-1,6-naphthyridine 59-61, NMR 269, 964, 1068
3-Methyl-1,6-naphthyridine 59-61, NMR 269, 964
4-Methyl-1,6-naphthyridine 60-63 or 68-69, 269, 880, 964

5-Methyl-1,6-naphthyridine
7-Methyl-1,6-naphthyridine
4-Methyl-1,6-naphthyridine-2-carboxylic acid
4-Methyl-1,6-naphthyridine-5,7(1H,6H)-dione
5-Methyl-1,6-naphthyridine-2,3(1H,6H)-dione
5-Methyl-1,6-naphthyridine 6-oxide
7-Methyl-1,6-naphthyridine 6-oxide (?)
8-Methyl-1,6-naphthyridine 6-oxide

5-Methyl-1,6-naphthyridine-2(1H)-thione
6-Methyl-1,6-naphthyridin-5(6H)-imine

1-Methyl-1,6-naphthyridin-4(1H)-one
3-Methyl-1,6-naphthyridin-2(1H)-one

5-Methyl-1,6-naphthyridin-2(1H)-one
6-Methyl-1,6-naphthyridin-5(6H)-one

7-Methyl-1,6-naphthyridin-2(1H)-one
7-Methyl-1,6-naphthyridin-5(6H)-one

5-Methyl-1,6-naphthyridin-2(1H)-one
6-oxide
6-Methyl-8-nitro-1,6-naphthyridin-5(6H)-one

NMR, pic: 180-183
71-74 or 74-75,

IR, UV; pic: 200-201
86-87, IR, UV,

pic: 180-181

250

>300, NMR
145-147, MS, NMR
158-159, UV;

pic: 216-219
187-188, UV;

pic: 170-172
225-228, NMR

HI: 270-282, NMR;
pic: 224-225
208-209, NMR
>300 or 302-303,
IR, NMR

235-237 or 238-240,
NMR

95 to 99, IR, NMR;
2-Mel: 251-252
244-245, IR, NMR
244-246, IR, NMR,
UV; HCI: 258-260
244-245, NMR

191-192 or 200-201,
NMR

340, 943, 1251,
1285, 1297
1251, 1285, 1297

244, 577
673
1166
1202
1244

1244

490
372

1067
716, 865

1166

299, 372, 876,
1069, 1214

716

383, 1072, 1285,
1447

490

1116, 1171, 1273
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TABLE A.2. (Continued)
1,6-Naphthyridine Melting Point (°C) etc. Reference(s)
6-Methyl-5-0x0-5,6-dihdyro-1, 217 412
6-naphthyridine-8-carbaldehyde
5-Methyl-2-oxo-1,2-dihydro-1, >300 1166
6-naphthyridine-3-carbohydrazide
5-Methyl-2-oxo0-1,2-dihydro-1,6-naphthyridine- 278-280, NMR 1166
3-carbonitrile
5-Methyl-2-oxo-1,2-dihydro-1,6-naphthyridine- >300 1166
3-carboxamide
6-Methyl-5-0x0-5,6-dihdyro-1,6-naphthyridine- 276-278, NMR 105
8-carboxamide
N-Methyl-2-oxo-1,2-dihydro-1,6-naphthyridine- >300, NMR 1068
3-carboxamide
5-Methyl-2-oxo0-1,2-dihydro-1,6-naphthyridine- 255-257 1166
3-carboxylic acid
6-Methyl-5-0x0-5,6-dihydro-1,6-naphthyridine- 240-241, IR, NMR 976
8-carboxylic acid
2-Methyl-3-phenyl-1,6-naphthyridine 112-114, NMR 1068
3-Methyl-2-phenyl-1,6-naphthyridine 140-142, NMR 1068
3-Methyl-4-phenyl-1,6-naphthyridine 196-197 879
1-Methyl-5-phenyl-1,6-naphthyridin-2(1H)-one 190-192, NMR 490
6-Methyl-2-phenyl-1,6-naphthyridin-5(6H)-one 154-155, IR, NMR 1033
1-(Methylthiomethyl)-1,6-naphthyridin-2(1H)-one — 412
1,6-Naphthyridin-2-amine 236 to 245, MS, 173, 174, 215,
NMR, pK,, th, UV 247, 331, 425,
643, 692, 819,
974, 1227
1,6-Naphthyridin-3-amine 223-224, NMR, pK,, UV 289, 331, 830, 849
1,6-Naphthyridin-4-amine 250 or 254, MS, NMR, 289, 331, 830,
pK,, UV 849, 1229
1,6-Naphthyridin-5-amine 204-206, NMR, pK,, UV 331
1,6-Naphthyridin-8-amine 135-137, NMR, pK,, UV 331
1,6-Naphthyridine 25 to 36, ESR, IR, MS, 42-45, 134, 165,
NMR, pKj,, pol, Raman, 173, 215, 299,
th, UV; 6-Mel: 302, 331, 365,
154-156, NMR, UV; 372, 621, 676,
pic: 202-204 or 219-220 791, 806, 813,
829, 840, 873,
878, 880, 923,
943, 968, 975,
998, 1002, 1053,
1083, 1124, 1126,
1140, 1170, 1173,
1181, 1189, 1192,
1214, 1228, 1251,
1282, 1297, 1303,
1312, 1319, 1375,
1426, 1441
5-d-1,6-Naphthyridine — 302
3,5-d,-1,6-Naphthyridine lig, NMR 1069
dg-Naphthyridine UV etc. 1198
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TABLE A2. (Continued)

1,6-Naphthyridine Melting Point (°C) etc. Reference(s)
1,6-Naphthyridine-2-carbonitrile 154-155, IR, NMR 1318
1,6-Naphthyridine-5-carbonitrile 142-143 or 143-145, IR, 1318, 1375
NMR, UV
1,6-Naphthyridine-2-carbonitrile 1,6-dioxide 260, IR, NMR 224, 1317
1,6-Naphthyridine-5-carbonitrile 1,6-dioxide 257, IR, NMR 224, 1317
1,6-Naphthyridine-2-carbonitrile 1-oxide 235-236, IR, NMR 224, 1317
1,6-Naphthyridine-5-carbonitrile 6-oxide 95-96, IR, NMR 224, 1317
1,6-Naphthyridine-2-carboxylic acid — 244, 577
1,6-Naphthyridine-3-carboxylic acid — 575
1,6-Naphthyridine-5-carboxylic acid 204-205 340
1,6-Naphthyridin-2,4-diamine MS 391, 492
1,6-Naphthyridine-2,5-dicarbonitrile 150-152, IR, NMR 1318
1,6-Naphthyridine-2,5-dicarbonitrile 248, IR, NMR 224, 1317

1,6-dioxide
1,6-Naphthyridine 1,6-dioxide

1,6-Naphthyridine 1-oxide

1,6-Naphthyridine 6-oxide

1,6-Naphthyridin-8-ol

1,6-Naphthyridin-2(1H)-one

1,6-Naphthyridin-4(1H)-one
1,6-Naphthyridin-5(6H)-one

1,6-Naphthyridin-2(1H)-one 6-oxide
3-Nitro-1,6-naphthyridin-2-amine
3-Nitro-1,6-naphthyridin-4-amine
2-Nitro-1,6-naphthyridine
3-Nitro-1,6-naphthyridine
4-d-3-Nitro-1,6-naphthyridine
8-Nitro-1,6-naphthyridine
3-Nitro-1,6-naphthyridine-2,4-diamine
3-Nitro-1,6-naphthyridin-2(1H)-one
3-Nitro-1,6-naphthyridin-4(1H)-one
8-Nitro-1,6-naphthyridin-4(1H)-one
8-Nitro-4-oxo-1,4-dihydro-1,6-naphthyridine-
3-carboxylic acid
2-Oxo-1,2-dihydro-1,6-naphthyridine-3-carbonitrile
2-Oxo0-1,2-dihydro-1,6-naphthyridine-3-carboxamide
4-0x0-1,4-dihydro-1,6-naphthyridine-3-carboxylic
acid
5-Oxo0-5,6-dihydro-1,6-naphthyridine-2,
8-dicarbonitrile
4-Phenoxy-1,6-naphthyridine

278 or 285, IR, NMR, UV

158-160 or 235-237,
IR, NMR, UV; 6-Mel: UV
150 to 158, IR, NMR,

UV; pic: 185-186

162, biol, IR, pK,,

UV; 6-MeCl: pK,, UV

285 to 304, IR, MS,
NMR, UV

297-305, MS, NMR

241 to 244, IR, NMR

325 ot 350-352(7), NMR(?)

262, IR, MS, NMR
298-299

121-123, IR, MS, NMR
159 to 164, NMR, pK,, UV
162-163 or 163-164, NMR
144-145, NMR, pK,, UV

330, IR, MS, NMR

>330, IR, MS, NMR

286
256-257
283-284

>300, NMR
>300, NMR
278, NMR
>300, IR, NMR

86-87, NMR

1011, 1053, 1212
1282

215, 1053, 1212
1282

135, 215, 621,
1011, 1053, 1212
1244, 1282

110, 1019, 1026,
1035, 1040, 1048
215, 477, 819
1044, 1166, 1253
1282, 1318

45, 726, 1067
1253

339, 1055, 1282
1285, 1318, 1447
215(7), 216

819, 1273

514, 819, 1273
692, 1273

42, 48, 656, 1273
819, 1273

42, 48, 1273
819, 1273

819, 1273

726, 1273

48, 1273

48

247, 1068, 1166
1068

726, 1067

1378

1067
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TABLE A.2. (Continued)
1,6-Naphthyridine Melting Point (°C) etc. Reference(s)
Phenyl 8-hydroxy-5-oxo-5,6-dihydro-1, NMR 639
6-naphthyridine-7-carboxylate
3-Phenyl-1,6-naphthyridin-2-amine 215-217, NMR 247, 974
2-Phenyl-1,6-naphthyridine 95-97 or 97-98, 1033, 1068
NMR, 6-Mel: 238-240
3-Phenyl-1,6-naphthyridine 104-105, NMR 1068
7-Phenyl-1,6-naphthyridine 135-137 or 138-139, IR, 147, 621
NMR
3-Phenyl-1,6-naphthyridine-5-carbaldehyde 160, NMR 903
2-Phenyl-1,6-naphthyridine-3-carbonitrile 202-203 247
2-Phenyl-1,6-naphthyridine-3-carboxamide 239-240 247
2-Phenyl-1,6-naphthyridine-4-carboxylic acid >260, NMR 1219
3-Phenyl-1,6-naphthyridine-4-carboxylic acid >260, NMR 1219
3-Phenyl-1,6-naphthyridine-2,7-diamine 200-201, NMR 564
4-Phenyl-1,6-naphthyridine-5,7(1H,6H)-dione 239, IR 757
7-Phenyl-1,6-naphthyridine 6-oxide 196-199, NMR 621
3-Phenyl-1,6-naphthyridin-2(1H)-one >300, NMR 1068
5-Phenyl-1,6-naphthyridin-2(1H)-one 261-263 1166
7-Phenyl-1,6-naphthyridin-5(6H)-one 228-229 or 1070, 1077
229-230, IR
7-Phenyl-8-phenylseleno-1,6-naphthyridine 122-124, IR, NMR 147
4-Piperidino-1,6-naphthyridine solid, anal, NMR; 1067
pic: 216-218
2-Propylamino-1,6-naphthyridine-3-carbonitrile 182-184 247
2-Propylamino-1,6-naphthyridine-3-carboxamide 179-182 247
Propyl 8-hydroxy-6-methyl-oxo-5, 90, IR, NMR, UV 639, 654
6-dihydro-1,6-naphthyridine-7-carboxylate
5-Propyl-1,6-naphthyridin-2(1H)-one MeSO;H: 201-203 1166
3,4,8-Tribromo-1,6-naphthyridine 177-179, NMR 1067
2,4,5-Trimethyl-7-oxo-1-phenyl-1,7-dihydro-1,6- 296-297, IR, MS, 742
naphthyridine-8-carbonitrile NMR, UV
TABLE A.3. ALPHABETICAL LIST OF SIMPLE 1,7-NAPHTHYRIDINES
1,7-Naphthyridine Melting Point (°C) etc. Reference(s)
3-Acetyl-2-methyl-1,7-naphthyridine 112-113 126
5-Allyl-8-piperidino-1,7-naphthyridin-6-amine solid, anal, IR, NMR 1335
2-Amino-1,7-naphthyridine-3-carbonitrile NMR 1302
2-Amino-1,7-naphthyridine-3-carboxamide NMR 1302
2-Amino-1,7-naphthyridin-4(1H)-one 2HCI: anal 723, 1017
6-Benzoyl-1,7-naphthyridine-4,8(1H,7H)-dione 170, IR, NMR, UV 639, 1221
8-Benzyl-1,7-naphthyridine — 943
3-Bromo-4-chloro-1,7-naphthyridine 136-137, NMR 844
4-Bromo-3-chloro-1,7-naphthyridine crude, NMR 844
3-Bromo-1,7-naphthyridine-4-amine MS 374, 546
5-Bromo-1,7-naphthyridin-8-amine 220-221, IR, MS, NMR 546, 1046
8-Bromo-1,7-naphthyridin-6-amine 181 or 187, NMR 187, 198
2-Bromo-1,7-naphthyridine — 266
3-Bromo-1,7-naphthyridine 92-93, IR, NMR, UV 985
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TABLE A3. (Continued)

Appendix

1,7-Naphthyridine

Melting Point (°C) etc.

Reference(s)

5-Bromo-1,7-naphthyridine
8-Bromo-1,7-naphthyridine
3-Bromo-1,7-naphthyridin-4(1H)-one
4-Bromo-1,7-naphthyridin-2(1H)-one
5-Bromo-1,7-naphthyridin-8(7H)-one
5-(But-2-enyl)-8-morpholino-1,
7-naphthyridin-6-amine
8-Butyl-5-(3-methylbut-2-enyl)-1,
7-naphthyridin-6-amine
4-Chloro-6,8-dimethyl-1,7-naphthyridine
6-Chloro-1-ethyl-8-morpholino-4-oxo-1,

69 to 76

87-88, NMR
298-300, MS, NMR
MS

333-335, IR, NMR
lig, IR, NMR

lig, IR, NMR

114-115
278-281

4-dihydro-1,7-naphthyridine-3-carboxylic acid

3-Chloro-4-hydrazino-1,7-naphthyridine
2-Chloro-6-methoxy-1,7-naphthyridine

4-Chloro-7-methyl-1,7-naphthyridin-8(7H)-one
6-Chloro-5-methyl-3-phenyl-1,7-naphthyridine

5-Chloro-1,7-naphthyridin-8-amine
2-Chloro-1,7-naphthyridine
8-d-2-Chloro-1,7-naphthyridine
6,8-d,-2-Chloro-1,7-naphthyridine
3-Chloro-1,7-naphthyridine
4-Chloro-1,7-naphthyridine
5-Chloro-1,7-naphthyridine
8-Chloro-1,7-naphthyridine
8-d-5-Chloro-1,7-naphthyridine
3-Chloro-1,7-naphthyridin-4(1H)-one

4-Chloro-1,7-naphthyridin-2(1H)-one
5-Chloro-1,7-naphthyridin-8(7H)-one
6-Chloro-1,7-naphthyridin-2(1H)-one
8-Chloro-5-nitro-1,7-naphthyridine
6-Cyclohexyl-1,7-naphthyridin-8(7H)-one
3-Diazo-1,7-naphthyridin-4(1H)-one
5,8-Dibromo-1,7-naphthyridin-2-amine
2,4-Dibromo-1,7-naphthyridine
3,4-Dibromo-1,7-naphthyridine
3,5-Dibromo-1,7-naphthyridine
5,8-Dibromo-1,7-naphthyridine
5,8-Dichloro-1,7-naphthyridin-2-amine
2,4-Dichloro-1,7-naphthyridine
3,4-Dichloro-1,7-naphthyridine
5,8-Dichloro-1,7-naphthyridine

2-Diethylamino-3-phenyl-1,7-naphthyridin-4-amine
N,N-Diethyl-5-hydroxy-8-oxo-7,8-dihydro-1,

7-naphthyridine-6-carboxamide
6,8-Dihydrazino-1,7-naphthyridine
2,3-Dimethyl-1,7-naphthyridine
4,8-Dimethyl-1,7-naphthyridine
6,8-Dimethyl-1,7-naphthyridin-2(1H)-one
6,8-Dimethyl-1,7-naphthyridin-4(1H)-one

200

185-190, UV
172-173, NMR
136, MS, NMR
216-217, IR, NMR
NMR

88-89, NMR

121-122, IR, NMR
75-76, NMR

87-88 or 91-92, IR, UV
crude

303-305, NMR;

HCI: 271-272, NMR
345-347, IR, NMR
304-306, IR, NMR
139-140, NMR

>250, NMR

124; HCl:—

222-224, NMR
134-135, NMR

149-151 or 154-155, NMR
132-133, NMR
261-263, IR, NMR
122-123 or 125-127, NMR
136-137, NMR

134, IR, NMR

189

147-149

103, NMR

95-96, NMR
245-251, IR, NMR
>300

173, 1046, 1374
834

546, 844

546

546, 1046

1335

1335

1098
1130

225

234
1116
903
1046
225, 266
834

834
225, 808
93, 225, 1251
1046
42, 155
1046
225, 844

266

1046

477
1046, 1273
1451

723

819

266

844

173, 985
819, 1046
819

266

225, 844
819, 1046
1141
1444

187

1103
1033
1044
1098
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TABLE A.3. (Continued)

1,7-Naphthyridine Melting Point (°C) etc. Reference(s)

2,4-Dimethyl-6-phenyl-1,7-naphthyridin-8(7H)-one ~ 241-243, IR, NMR 1055

6,8-Diphenyl-1,7-naphthyridin-5-amine 170-171, IR, MS, NMR 1146

2,3-Diphenyl-1,7-naphthyridine 122, NMR 1103

6,8-Diphenyl-1,7-naphthyridin-5(1 H)-one 188-189, IR, MS, NMR 1146

6-Ethoxy-1,7-naphthyridin-8-amine 123-124, NMR 710

8-Ethoxy-1,7-naphthyridin-6-amine 152-153, NMR 710

Ethyl 4-amino-1-(ethoxycarbonylmethyl)- 228-230, IR 725
2-o0x0-1,2-dihydro-1,7-naphthyridine-3-carboxylate

Ethyl 4-amino-2-oxo-1,2-dihydro-1, 270-271, IR 725
7-naphthyridine-3-carboxylate

Ethyl 8-anilino-1,7-naphthyridine-6-carboxylate 104-105, IR, MS, NMR 442

Ethyl 6-chloro-1-ethyl-8-morpholino- 191, IR, NMR, UV 1130
4-ox0-1,4-dihydro-1,7-naphthyridine-3-carboxylate

Ethyl 4-chloro-6-fluoro-8-morpholino-1, 134-136, IR, NMR 1130
7-naphthyridine-3-carboxylate

Ethyl 6-chloro-8-morpholino-4-oxo-1, 169-173, IR, NMR 1130
4-dihydro-1,7-naphthyridine-3-carboxylate

Ethyl 1,8-dichloro-4-oxo-1,4-dihydro-1, 298-302, IR, NMR 445, 1130
7-naphthyridine-3-carboxylate

Ethyl 6,8-difluoro-4-oxo-1,4-dihydro-1, 274-275, IR, NMR 503, 1130
7-naphthyridine-3-carboxylate

Ethyl 4-ethoxy-6-fluoro-8-morpholino-1, 110, IR, NMR, UV 1130
7-naphthyridine-3-carboxylate

Ethyl 1-ethyl-6-fluoro-8-morpholino- 135-138, NMR 1130
4-0x0-1,4-dihydro-1,7-naphthyridine-3-carboxylate

Ethyl 7-ethyl-5-hydroxy-8-oxo-7, NMR 639
8-dihydro-1,7-naphthyridine-6-carboxylate

1-Ethyl-6-fluoro-8-morpholino-4-oxo-1, 257-265 1130
4-dihydro-1,7-naphthyridine-3-carboxylic acid

Ethyl 6-fluoro-8-morpholino-4-oxo-1, 169-171, IR, NMR 1130
4-dihydro-1,7-naphthyridine-3-carboxylate

Ethyl 5-hydroxy-7-methyl-8-oxo0-7, 148, IR, NMR, UV 654
8-dihydro-1,7-naphthyridine-6-carboxylate

Ethyl 4-hydroxy-2-oxo-1,2-dihydro-1, — 266
7-naphthyridine-3-carboxylate

Ethyl 5-hydroxy-8-oxo-7,8-dihydro-1, 198, IR, NMR, UV 639, 1221
7-naphthyridine-6-carboxylate

Ethyl 7-methyl-4,8-dioxo-1, 283-285, NMR 1116
4,7,8-tetrahydro-1,7-naphthyridine-3-carboxylate

6-Ethyl-1,7-naphthyridin-8(7H)-one 188-189, NMR 1451

Ethyl 5-oxo-1,5-dihydro-1, 154-157 744
7-naphthyridine-6-carboxylate

Ethyl 4-oxo0-1,4-dihydro-1,7-naphthyridine- crude, 272 93
3-carboxylate 7-oxide

Ethyl 4-oxo-8-phenylthio-1,4-dihydro-1, 105-106, NMR 157
7-naphthyridine-3-carboxylate

6-Hexyl-1,7-naphthyridine 78/3, NMR 621

6-Hexyl-1,7-naphthyridine 7-oxide 86-88, NMR 621

2-Hydrazino-6-methoxy-1,7-naphthyridine 170-172 234

4-Hydrazino-1,7-naphthyridine 200-215(?) or 234 45, 1292
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TABLE A3. (Continued)

1,7-Naphthyridine Melting Point (°C) etc. Reference(s)
8-Hydrazino-1,7-naphthyridine 98-99, UV 155
4-Hydrazino-1,7-naphthyridin-2(1H)-one — 266
4-Hydroxy-1,7-naphthyridin-2(1H)-one MS 1253
5-Hydroxy-1,7-naphthyridin-2(1H)-one >300, IR, NMR 1271
8-Hydroxy-1,7-naphthyridin-6(7H)-one 229-231 or 275, biol 100, 110, 747
4-Hydroxy-3-nitro-1,7-naphthyridin-2(1H)-one 344 312, 1273
6-Isopropoxy-1,7-naphthyridin-8-amine 84-85, NMR 710
Isopropyl 5-hydroxy-8-oxo-7,8-dihydro-1, 190, IR, NMR, UV 639, 1221
7-naphthyridine-6-carboxylate
6-Isopropyl-1,7-naphthyridin-8(7H)-one 245-246, NMR 1451
7-Isopropyl-8-oxo-5-phenyl-7,8-dihydro-1, 241-243, IR 1397
7-naphthyridine-6-carbonitrile
7-Isopropyl-8-oxo-5-phenyl-7,8-dihydro-1, 0.5H,0: 306-310, IR 1397
7-naphthyridine-6-carboxamide
6-Methoxy-2,4-diphenyl-1,7-naphthyridine 165-166, MS, NMR 455
6-Methoxy-1,7-naphthyridin-8-amine 125-126, NMR 710
8-Methoxy-1,7-naphthyridin-6-amine 172-173, NMR 710
2-Methoxy-1,7-naphthyridine 52-54, NMR 225
4-Methoxy-1,7-naphthyridine 92-94, NMR 225
6-Methoxy-1,7-naphthyridine 45-46, NMR, UV 234
5-Methoxy-1,7-naphthyridin-2(1H)-one 274-276, IR, NMR 1271
6-Methoxy-1,7-naphthyridin-2(1H)-one 250-254, NMR, UV 234
7-Methyl-4,8-dioxo-1,4,7,8-tetrahydro-1, crude, >259 1116
7-naphthyridine-3-carboxylic acid
5-Methyl-6,8-diphenyl-1,7-naphthyridine 171-172, IR, MS, NMR 1146
Methyl 7-ethyl-5-hydroxy-8-oxo-7, NMR 639
8-dihydro-1,7-naphthyridine-6-carboxylate
Methyl 5-hydroxy-7-methyl-8-oxo0-7, 129, IR, NMR, UV 654

8-dihydro-1,7-naphthyridine-6-carboxylate
Methyl 5-hydroxy-8-oxo-7,8-dihydro-1,

7-naphthyridine-6-carboxylate
2-Methyl-1,7-naphthyridine
3-Methyl-1,7-naphthyridine
8-Methyl-1,7-naphthyridine
7-Methyl-1,7-naphthyridine-4,8(1H,7H)-dione
7-Methyl-1,7-naphthyridin-8(7H)-imine

3-Methyl-1,7-naphthyridin-2(1H)-one
6-Methyl-1,7-naphthyridin-8(7H)-one
7-Methyl-1,7-naphthyridin-8(7H)-one

7-Methyl-8-oxo-5-phenyl-7,8-dihydro-1,
7-naphthyridine-6-carbaldehyde
7-Methyl-8-oxo-5-phenyl-7,8-dihydro-1,
7-naphthyridine-5-carbonitrile
7-Methyl-8-o0xo-5-phenyl-7,8-dihydro-1,
7-naphthyridin-6-carboxamide
7-Methyl-8-o0xo-5-phenyl-7,8-dihydro-1,
7-naphthyridin-6-carboxylic acid
5-Methyl-3-phenyl-1,7-naphthyridine

190-205 or 204,
IR, NMR, UV
52, NMR

62, NMR

>285, NMR

HI: 235-270, NMR;
pic: 231-233

253-254

233-234, NMR
119-121, NMR;

pic: anal; 7-Mel: NMR
212-215, NMR

274-276, NMR
>310, NMR
230-233, NMR;

HCI: 180-185
135-138, MS, NMR

85, 639, 773, 1221
1103
1103

943

1116

372

865

1451

372, 1214
593

593

593

593

903
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TABLE A.3. (Continued)
1,7-Naphthyridine Melting Point (°C) etc. Reference(s)
1-(Methylthiomethyl)-1,7-naphthyridin-2(1H)-one — 412
2-Morpholino-3-phenyl-1,7-naphthyridin-4-amine 243, IR, NMR 1141
1,7-Naphthyridin-2-amine 235-238 266, 275, 425,

834, 1046

1,7-Naphthyridin-3-amine — 332, 808

1,7-Naphthyridin-4-amine 258-259
1,7-Naphthyridin-6-amine 174-175
1,7-Naphthyridin-8-amine 165 to 169
1,7-Naphthyridine 57 to 65, ESR, IR,
MS, NMR, pK,,

pol, th, UV; 2-Mel:
NMR; pic: 205-206

8-d-1,7-Naphthyridine —
1,7-Naphthyridine-2-carbaldehyde HON=: 245-246
1,7-Naphthyridine-2-carboxylic acid —
1,7-Naphthyridine-3-carboxylic acid —

1,7-Naphthyridine-2,6(1 H,6 H)-dione 350, NMR, UV
1,7-Naphthyridine 1,7-dioxide 273-275, NMR
1,7-Naphthyridine 1-oxide 190-192, NMR
1,7-Naphthyridine 7-oxide 142-145 or 150-151, NMR
1,7-Naphthyridin-2(1H)-one 291-292, IR, MS
1,7-Naphthyridin-4(1H)-one 297-298, MS
1,7-Naphthyridin-5(1H)-one 245
1,7-Naphthyridin-8(7H)-one 233 to 242, biol, IR,
NMR, pK,, UV
5-Nitro-1,7-1,7-Naphthyridin-8-amine 247-248
3-Nitro-1,7-naphthyridin-4(1H)-one 309-310 or 311-312
5-Nitro-1,7-naphthyridin-8(7H)-one >350, IR, NMR
3-Nitro-2-phenyl-1,7-naphthyridine 120-121

2-Oxa-1,2-dihydro-1,7-naphthyridine-3-carbonitrile =~ NMR
4-0Oxo-1,4-dihydro-1,7-naphthyridine-3-carboxylic ~ crude

acid
5-Oxo-1,5-dihydro-1,7-naphthyridine-6-carboxylic 234
acid
4-Ox0-8-phenylthio-1,4-dihydro-1, 194-196, NMR
7-naphthyridine-3-carboxylic acid
2-Phenyl-1,7-naphthyridine 113-115
3-Phenyl-1,7-naphthyridine 88, NMR
6-Phenyl-1,7-naphthyridine 116-117, NMR

3-Phenyl-1,7-naphthyridine-5-carbaldehyde 148, MS, NMR

332, 425, 808, 834
187

173, 275, 425,
834, 1046, 1374
42-45, 155, 165,
173, 187, 225,
302, 372, 425,
621, 676, 806,
813, 829, 840,
878, 923, 943,
965, 998, 1083,
1126, 1140, 1173,
1181, 1192, 1214,
1251, 1297, 1312,
1319, 1329, 1426
302

126

197, 575

575

234

225, 1212

225, 1212

621, 1212

100, 163, 266,
1253

45, 93, 723, 1253
744

99, 155, 339, 834,
1026, 1035, 1040,
1046, 1049, 1055
1273

723, 1017, 1273
1046, 1273

126, 1273

1302

93, 723

744
157

100, 1033, 1103
1103

621
903
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TABLE A.3. (Continued)

1,7-Naphthyridine Melting Point (°C) etc. Reference(s)

6-Phenyl-1,7-naphthyridine 7-oxide 212-214, NMR 621

3-Phenyl-1,7-naphthyridin-2(1H)-one solid, NMR 117

6-Phenyl-1,7-naphthyridin-8(7H)-one 239-240, NMR 1451

Propyl 7-ethyl-5-hydroxy-8-oxo-7, NMR 639
8-dihydro-1,7-naphthyridine-6-carboxylate

Propyl 5-hydroxy-7-methyl-8-oxo-7, 147, IR, NMR, UV 654
8-dihydro-1,7-naphthyridine-6-carboxylate

TABLE A.4. ALPHABETICAL LIST OF SIMPLE 1,8-NAPHTHYRIDINES

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

2-Acetamido-4-acetoxy-3-benzyl-1, 325, IR, NMR 1269
8-naphthyridin-2(1H)-one

7-Acetamido-4-acetoxy-3-butyl-1, 292, IR, NMR 1269
8-naphthyridin-2(1H)-one

7-Acetamido-4-acetoxy-3-ethyl-1, 301, IR, NMR 1269
8-naphthyridin-2(1H)-one

7-Acetamido-4-acetoxy-3-methyl-1, 308, IR, NMR 1269
8-naphthyridin-2(1H)-one

7-Acetamido-4-acetoxy-3-phenyl-1, 324, IR, NMR 1269
8-naphthyridin-2(1H)-one

2-Acetamido-7-aminoethyl-1,8-naphthyridine 169-172, IR, 472

NMR; HCI: 264-266

6-Acetamido-4-amino- 1-ethyl-2-oxo-1, 304-306 612
2-dihydro-1,8-naphthyridine-3-carboxylic acid

2-Acetamido-7-azido-3-methyl-1,8-naphthyridine 289-291 743

2-Acetamido-7-azido-4-methyl-1,8-naphthyridine 310, IR 761

2-Acetamido-7-azido-5-methyl-1,8-naphthyridine >320, IR 761

2-Acetamido-7-azido-6-methyl-1,8-naphthyridine >300, IR 764

2-Acetamido-5-azido-1,8-naphthyridine 210-215 720

2-Acetamido-7-azido-1,8-naphthyridine 304-305, IR 764

2-Acetamido-7-azido-3-phenyl-1,8-naphthyridine 230-233, IR 972

2-Acetamido-7-azido-4-phenyl-1,8-naphthyridine 286-288 718

2-Acetamido-7-azido-5-phenyl-1,8-naphthyridine 268-270 718

2-Acetamido-7-azido-6-phenyl-1,8-naphthyridine 269-271, IR 972

2-Acetamido-3-bromo-5-methoxy-7-phenyl-1, 209-210, IR, MS, NMR 472
8-naphthyridine

2-Acetamido-7-bromomethyl-1,8-naphthyridine 178-180, IR, MS, NMR 112, 472

2-Acetamido-7-chloro-5-chloromethyl-1, 210-212 79
8-naphthyridine

2-Acetamido-7-chloromethyl-1,8-naphthyridine 189-191, MS, NMR 472

2-Acetamido-7-chloro-3-methyl-1,8-naphthyridine 252-254 743

2-Acetamido-7-chloro-4-methyl-1,8-naphthyridine 260-261 761

2-Acetamido-7-chloro-5-methyl-1,8-naphthyridine 240 or 245-247 153, 1052

7-Acetamido-4-chloromethyl-1, >320 79
8-naphthyridin-2(1H)-one

2-Acetamido-7-chloro-5-morpholinomethyl-1, 254-256, NMR 89
8-naphthyridine

2-Acetamido-5-chloro-1,8-naphthyridine 244-246 or 265-266 101, 720
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TABLE A4. (Continued)
1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
2-Acetamido-7-chloro-1,8-naphthyridine 251-253 702
2-Acetamido-7-chloro-3-phenyl-1,8-naphthyridine 183-186 972
2-Acetamido-7-chloro-4-phenyl-1,8-naphthyridine 247-248 718
2-Acetamido-7-chloro-5-phenyl-1,8-naphthyridine 267-269 741
2-Acetamido-7-chloro-6-phenyl-1,8-naphthyridine 270-272 972
2-Acetamido-7-chloro-5-piperidinomethyl-1, 231-233 79
8-naphthyridine
2-Acetamido-5,7-dichloro-1,8-naphthyridine 218-220 or 228-230, NMR 533, 1226
2-Acetamido-5,7-dimethyl-1,8-naphthyridine 297 or 300; HBr: 67, 980, 1034
252-254; 8-PhCH,Cl:
185-190
2-Acetamido-5,7-dimethyl-1,8-naphthyridine- 246, IR, NMR 1099
3-carboxamide
+-Acetamido-7-hydroxymethyl-1,8-naphthyridine 240 1445
6-Acetamido-4-hydroxy-1,8-naphthyridin-2(1H)-one 325 114
7-Acetamido-4-hydroxy-1,8-naphthyridin-2(1H)-one >320 533
2-Acetamido-5-methyl-1,8-naphthyridine 197 to 262; TsOMe: 153, 680, 980
200-202
2-Acetamido-7-methyl-1,8-naphthyridine 280, IR, NMR 1445
7-Acetamido-3-methyl-1,8-naphthyridin-2(1H)-one ~ >320 764
7-Acetamido-3-methyl-1,8-naphthyridin-4(1H)-one ~ 322-325 1076
7-Acetamido-4-methyl-1,8-naphthyridin-2(1H)-one ~ >285 or >310 73, 1052
7-Acetamido-5-methyl-1,8-naphthyridin-2(1H)-one ~ >320, IR 761
7-Acetamido-6-methyl-1,8-naphthyridin-2(1H)-one ~ 282-285 743
2-Acetamido-5-methyl-7-phenoxy-1,8-naphthyridine 205 1052
2-Acetamido-7-methyl-5-phenyl-1,8-naphthyridine ~ 207-208; 8-MeCl; 771, 1052
235-236; 8-Mel;
244-245
7-Acetamido-5-morpholinomethyl-1, 270-2272, NMR 89
8-naphthyridin-2(1H)-one
7-Acetamido-1,8-naphthyridin-2-amine 261-263, NMR, xl1 st 82
7-Acetamido-1,8-naphthyridine-2-carbaldehyde 215, IR, NMR 1445
2-Acetamido-1,8-naphthyridine-3-carboxamide >300 or >350, IR, NMR 278, 1099
7-Acetamido-1,8-naphthyridin-2(1H)-one >320 702
7-Acetamido-1,8-naphthyridin-4(1H)-one 310-315 or 325-327 101, 720, 1076
7-Acetamido-3-nitro-1,8-naphthyridin-2(1H)-one 300-301, NMR 1401
2-Acetamido-7-phenyl-1,8-naphthyridine- 237-238, IR 1112
3-carbonitrile
2-Acetamido-7-phenyl-1,8-naphthyridine- >350, IR, NMR 1099
3-carboxamide
7-Acetamido-2-phenyl-1,8-naphthyridin-4(1H)-one ~ 267-269 or >320, 263, 1136
NMR, UV
7-Acetamido-3-phenyl-1,8-naphthyridin-2(1H)-one 310, IR 972
7-Acetamido-4-phenyl-1,8-naphthyridin-2(1H)-one ~ >345 73
7-Acetamido-5-phenyl-1,8-naphthyridin-2(1H)-one ~ >340 718
7-Acetamido-6-phenyl-1,8-naphthyridin-2(1H)-one ~ 280-282, IR 972
7-Acetamido-4-piperidinomethyl-1,8-naphthyridin- ~ 304-306 79
2(1H)-one
2-Acetamido-7-piperidino-5-piperidinomethyl-1, 315-317 79

8-naphthyridine
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TABLE A4. (Continued)

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

4-Acetoxy-3-allyl-6-methoxy-1-phenyl-1, 164-166 607
8-naphthyridin-2(1H)-one

4-Acetoxy-3-allyl-1-phenyl-1, 195-196 607
8-naphthyridin-2(1H)-one

4-Acetoxy-1-benzyl-1,8-naphthyridin-2(1H)-one 133-134, IR, NMR 160

1-(3-Acetoxypropyl)-3-methyl-1, solid (?), NMR 1298
8-naphthyridin-2(1H)-one

6-Acetyl-4-amino-7-methyl-5-phenyl- 310-312, IR, MS, NMR 1409
2-thioxo-1,2-dihydro-1,8-naphthyridine-
3-carbonitrile

1-Acetyl-3-benzoyl-4-hydroxy-1, 206-211, IR, NMR 912
8-naphthyridin-2(1H)-one

3-Acetyl-1-benzoyl-4-hydroxy-1, 211-214, IR, NMR 912
8-naphthyridin-2(1H)-one

1-Acetyl-3-benzylidene-7-methyl-2, 112-115, NMR 1102
3-dihydro-1,8-naphthyridin-4(1H)-one (?)

1-Acetyl-3-butyl-4-hydroxy-1, 237-238, IR, NMR 140
8-naphthyridin-2(1H)-one

1-Acetyl-3-butyryl-4-hydroxy-1, 182-186, IR, NMR 912
8-naphthyridin-2(1H)-one

6-Acetyl-2-ethoxy-7-methyl-4-phenyl-1, 180-182, IR, MS, NMR 896
8-naphthyridine-3-carbonitrile

3-(2-Acetylethyl)-1-ethyl-7-methyl-1, 142, IR, MS, NMR 905
8-naphthyridin-4(1H)-one

7-Acetyl-1-ethyl-6-fluoro-4-oxo-1,4-dihydro-1, 224-226, IR, NMR 1163
8-naphthyridine-3-carboxylic acid

3-(2-Acetylethyl)-4-hydroxy-1-phenyl-1, 182-184 607
8-naphthyridin-2(1H)-one

3-Acetyl-1-ethyl-7-methyl-1,8-naphthyridin- 185-186, IR, MS, NMR 905
4(1H)-one

7-Acetyl-1-ethyl-4-oxo-1,4-dihydro-1, 283-285, IR, NMR 1163
8-naphthyridine-3-carboxylic acid

1-Acetyl-3-hexanoyl-4-hydroxy-1, 179-182, IR, NMR 912
8-naphthyridin-2(1H)-one

3-Acetyl-1-hexanoyl-4-hydroxy-1, — 162
8-naphthyridin-2(1H)-one

1-Acetyl-4-hydroxy-3-methyl-1, 209-211, IR, NMR 140
8-naphthyridin-2(1H)-one

1-Acetyl-4-hydroxy-3-methylsulfonyl-1, 197-199, IR, NMR 912
8-naphthyridin-2(1H)-one

1-Acetyl-4-hydroxy-2-oxo-1,2-dihydro-1, 213-214, NMR 1225
8-naphthyridine-3-carbonitrile

1-Acetyl-4-hydroxy-3-phenyl-1,8-naphthyridin- 220-222, IR, NMR 140
2(1H)-one

3-Acetyl-2-methyl-1,8-naphthyridine 146-147, IR, NMR 307, 658, 674,

707, 1112, 1440

3-Acetyl-7-methyl-1,8-naphthyridin-4(1H)-one >300, UV 292, 1076

3-Acetyl-2-methyl-7-phenyl-1,8-naphthyridine 146-147, IR 1112

3-Acetyl-2-methyl-1-phenyl-1,8-naphthyridin- 142-143, NMR 183

4(1H)-one
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1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

3-(2-Acetylvinyl)-1-ethyl-7-methyl-1, 184-186, IR, NMR 905
8-naphthyridin-4(1H)-one

1-Allyl-7-allyloxy-1,8-naphthyridin-2(1H)-one ~235/1.25 1380

3-Allyl-4,6-dihydroxy-1-phenyl-1, 241-243 607
8-naphthyridin-2(1H)-one

1-Allyl-4-hydroxy-3-nitro-1, 115-118 1127
8-naphthyridin-2(1H)-one

3-Allyl-4-hydroxy-1-phenyl-1, 251-252 607
8-naphthyridin-2(1H)-one

1-Allyl-7-methyl-1,8-naphthyridin-4(1H)-one 37-40, 245/1.25 1380

1-Allyl-7-methyl-4-oxo-1,4-dihydro-1, 207-208 154
8-naphthyridine-3-carboxylic acid

4-Allyloxy-3-butyl-1-phenyl-1, 138-140 607
8-naphthyridin-2(1H)-one

4-Allyloxy-6-methoxy-1-phenyl-1, 157-158 607
8-naphthyridin-2(1H)-one

4-Allyloxy-7-methyl-1,8-naphthyridine 105-110 1308

2-Allyloxy-1,8-naphthyridine — 427

4-Allyloxy-1-phenyl-1,8-naphthyridin-2(1H)-one 176-177 607

7-Amino-3-benzyl-4-hydroxy-1,8-naphthyridin- 320, IR, NMR 1269
2(1H)-one

7-Amino-N-tert-butyl-2-[(tert-butylcarbamoyl) 270-272, IR, NMR 482
methyl]-1,8-naphthyridine-3-carboxamide

2-Amino-N-butyl-5,7-dimethyl-1,8-naphthyridine- 205-207 276
3-carboxamide

7-Amino-3-butyl-4-hydroxy-1,8-naphthyridin- 301, IR, NMR 1269
2(1H)-one

2-Amino-N-butyl-1,8-naphthyridine-3-carboxamide ~ 173-174 278

4-Amino-1-butyl-3-nitro-1,8-naphthyridin-2(1H)-one 221-225, NMR 471

2-Amino-N-butyl-7-phenyl-1,8-naphthyridine- 280-282 1400
3-carboxamide

7-Amino-4-carboxymethyl-1,8-naphthyridin- >320, IR 681
2(1H)-one

6-Amino-1-(2-chloroethyl)-7-methoxy-4-oxo-1, >300, MS, NMR 1029
4-dihydro-1,8-naphthyridine-3-carboxylic acid

6-Amino-7-chloro-1-ethyl-4-oxo-1,4-dihydro-1, >300 1029
8-naphthyridine-3-carboxylic acid

7-Amino-4-chloromethyl-1,8-naphthyridin-2(1H)-one >320, UV 1136

7-Amino-3-chloro-1,8-naphthyridin-2(1H)-one 300, IR 715

2-Amino-6-cyano-5,8-dimethyl-7-oxo-7, 352, IR, NMR 618
8-dihydro-1,8-naphthyridine-3-carbohydrazide

7-(3-Aminocyclohex-1-enyl)-1-cyclopropyl- HCI: IR, MS, NMR 1158
6-fluoro-4-oxo-1,4-dihydro-1,8-naphthyridine-
3-carboxylic acid

7-(3-Aminocyclopent-1-enyl)-1-cyclopropyl- HCI: IR, MS, NMR 1158
6-fluoro-4-oxo-1,4-dihydro-1,8-naphthyridine-
3-carboxylic acid

7-(1-Aminocyclopropyl)-1-cyclopropyl-6- 220-222, IR, NMR 1201

fluoro-4-oxo-1,4-dihydro-1,8-naphthyridine-
3-carboxylic acid



370 Appendix

TABLE A4. (Continued)

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

4-Amino-1,N-diethyl-2-oxo-1,2-dihydro-1, 196-198 612
8-naphthyridine-3-carboxamide

2-Amino-5,7-dimethyl-1,8-naphthyridine- 298-300 276
3-carboguanide

2-Amino-5,7-dimethyl-1,8-naphthyridine- 255-257 276
3-carbohydrazide

2-Amino-5,7-dimethyl-1,8-naphthyridine- 294-295 276
3-carbonitrile

2-Amino-N,N-dimethyl-1,8-naphthyridine- 228-230 278
3-carboxamide

2-Amino-5,7-dimethyl-1,8-naphthyridine- 262 or 283-285, 276, 1099
3-carboxamide IR; HCI: 290-292

2-Amino-5,7-dimethyl-1,8-naphthyridine- 258-260 276
3-carboxylic acid

3-Amino-1,7-dimethyl-1,8-naphthyridin-4(1H)-one ~ 155-157, NMR 1116

6-Amino-5,7-dimethyl-1,8-naphthyridin- HCI: 225, IR, NMR 1039
2(1H)-one

7-Amino-1,4-dimethyl-1,8-naphthyridin-2(1H)-one ~ 225-227 1392

7-Amino-2,3-dimethyl-1,8-naphthyridin-4(1H)-one ~ >320, UV 1136

2-Amino-5,7-dimethyl-4-oxo-1,4-dihydro-1, 420 1301
8-naphthyridine-3-carboxamide

2-Amino-5,7-dimethyl-N-pentyl-1,8-naphthyridine- ~ 176-177 276
3-carboxamide

2-Amino-N,N-dimethyl-7-phenyl-1,8-naphthyridine- 222-225 1400
3-carboxamide

2-Amino-5,7-dimethyl-N-propyl-1,8-naphthyridine- ~ 210-212 276

3-carboxamide

7-Amino-3,6-dinitro-1,8-naphthyridin-2(1H)-one >320, IR 721

7-Amino-3,6-dinitro-4-phenyl-1,8-naphthyridin- >320, IR, NMR 749, 1273
2(1H)-one

7-Amino-4-ethoxycarbonylmethyl-1, >320, IR 681
8-naphthyridin-2(1H)-one

7-Amino-2-ethoxy-4-phenyl-1,8-naphthyridine- 268-270, IR, MS, NMR 78, 896
3-carbonitrile

2-Amino-7-ethoxy-5-phenyl-1,8-naphthyridine-3, 293-295, IR, MS, NMR 896
6-dicarbonitrile

2-Amino-N-ethyl-5,7-dimethyl-1,8-naphthyridine- 221-222 276
3-carboxamide

1-(2-Aminoethyl)-5,7-dimethyl-1,8-naphthyridin- HCI: 253-254 338
2(1H)-one

4-Amino-1-ethyl-3,6-dinitro-1,8-naphthyridin- 260-262, IR, MS, NMR 692, 1273
2(1H)-one

6-Amino-1-ethyl-4,7-dioxo-1,4,7,8-tetrahydro-1, >300 1211
8-naphthyridine-3-carboxylic acid

6-Amino-1-ethyl-7-ethylamino-4-oxo-1, >300 1029
4-dihydro-1,8-naphthyridine-3-carboxylic acid

7-Amino-1-ethyl-6-fluoro-4-oxo-1,4-dihydro-1, >300, NMR 387, 568
8-naphthyridine-3-carboxylic acid

7-Amino-3-ethyl-4-hydroxy-1,8-naphthyridin- 308, NMR 1269

2(1H)-one
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TABLE A4. (Continued)

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

6-Amino-1-ethyl-7-methylamino-4-oxo-1, >300 1029
4-dihydro-1,8-naphthyridine-3-carboxylic acid

6-Amino-1-ethyl-N-methyl-7-methylamino- 300 1029
4-o0x0-1,4-dihydro-1,8-naphthyridine-3-carboxamide

3-Amino-1-ethyl-7-methyl-1,8-naphthyridin- 133-135, NMR 1116
4(1H)-one

7-Amino-1-ethyl-4-methyl-1,8-naphthyridin- 146-148 1392
2(1H)-one

4-Amino-1-ethyl-7-methyl-2-oxo-1,2-dihydro-1, >300 612
8-naphthyridine-3-carbonitrile

4-Amino-1-ethyl-7-methyl-2-oxo-1,2-dihydro-1, 263-266 612
8-naphthyridine-3-carboxamide

6-Amine-1-ethyl-7-methyl-4-oxo-1,4-dihydro-1, 298-300, IR, NMR 395
8-naphthyridine-3-carboxylic acid

2-Amino-N-ethyl-1,8-naphthyridine-3-carboxamide ~ 218-220 278

7-Amino-4-ethyl-1,8-naphthyridine-2(1H)-thione 272-274 1380

7-Amino-1-ethyl-1,8-naphthyridin-2(1H)-one 154-156, NMR 1392

4-Amino-1-ethyl-3-nitro-1,8-naphthyridin-2(1H)-one 285-286 692, 1273

4-Amino-1-ethyl-2-oxo-1,2-dihydro-1, 275-277 612
8-naphthyridine-3-carbohydrazide

4-Amino-1-ethyl-2-oxo-1,2-dihydro-1, 231-232 612
8-naphthyridine-3-carboxamide

4-Amino-1-ethyl-1-oxo-1,2-dihydro-1, 245-248 612
8-naphthyridine-3-carboxylic acid

6-Amino-1-ethyl-4-oxo-7-thioxo-1,4,7, >300 1031
8-tetrahydro-1,8-naphthyridine-3-carboxylic acid

2-Amino-N-ethyl-7-phenyl-1,8-naphthyridine- 302-305 1400
3-carboxamide

2-Amino-4-(4-hydroxybutyl)-1,8-naphthyridine- 245, NMR 500
3-carbonitrile

7-Amino-1-(2-hydroxyethyl)-4-oxo-1, >300 1029
4-dihydro-1,8-naphthyridine-3-carboxylic acid

7-Amino-4-hydroxy-3-methyl-1, 305, IR, NMR 1269
8-naphthyridin-2(1H)-one

2-Amino-8-hydroxy-5-methyl-7-oxo-7, >320 748
8-dihydro-1,8-naphthyridine-3-carboxylic acid

6-Amino-4-hydroxy-1,8-naphthyridin-2(1H)-one 325 114

7-Amino-4-hydroxy-1,8-naphthyridin-2(1H)-one >320, NMR 533

2-Amino-8-hydroxy-7-oxo-7,8-dihdyro-1, >320, IR 741
8-naphthyridine-3-carboxylic acid

2-Amino-8-hydroxy-7-oxo-5-phenyl-7, 300, IR 741
8-dihydro-1,8-naphthyridine-3-carboxylic acid

7-Amino-4-hydroxy-3-phenyl-1, 306, IR, NMR 1269
8-naphthyridin-2(1H)-one

2-Amino-4-(4-iodobutyl)-1, 235, NMR 500
8-naphthyridine-3-carbonitrile

7-Amino-2-methoxy-4,6-diphenyl-1, 291-293, IR, MS, NMR 896
8-naphthyridine-3-carbonitrile

3-Amino-2-methoxy-7-morpholino-6-phenyl-1, 130-132, NMR 1304

8-naphthyridine
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TABLE A4. (Continued)
1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
3-Amino-2-methoxy-6-phenyl-7-piperidino-1, 182-184, NMR 1304
8-naphthyridine
2-Amino-N’-methyl-1,8-naphthyridine- 199-201 278
3-carbohydrazide
2-Amino-N-methyl-1,8-naphthyridine- 222-223 278
3-carboxamide
7-Amino-4-methyl-1,8-naphthyridine-2(1H)-thione ~ 275, NMR 1380
2-Amino-1-methyl-1,8-naphthyridin- 269, NMR 1380, 1392
2(1H)-one
7-Amino-2-methyl-1,8-naphthyridin-4(1H)-one 268-270 or >320, 701, 1136
IR, NMR, UV
7-Amino-3-methyl-1,8-naphthyridin-2(1H)-one >340 or >350, IR 34, 681, 687
7-Amino-4-methyl-1,8-naphthyridin-2(1H)-one 301 to >360, IR, 73, 153, 681, 689,
NMR, UV 690, 748, 759,
771, 1052, 1136,
1333
7-Amino-5-methyl-1,8-naphthyridin-2(1H)-one >320, IR 761
7-Amino-6-methyl-1,8-naphthyridin-2(1H)-one >320, IR 743
2-Amino-5-methyl-7-oxo-7,8-dihydro-1, >320 748
8-naphthyridine-3-carboxylic acid
7-Amino-3-methyl-2-oxo-1,2-dihydro-1, >360 687
8-naphthyridine-4-carboxylic acid
2-Amino-5-methyl-4-phenyl-7-thioxo-7, 237, IR, NMR 1399
8-dihydro-1,8-naphthyridine-3,6-dicarbonitrile
3-Amino-7-morpholino-6-phenyl-1, 204-206, NMR 1304
8-naphthyridin-2(1H)-one
7-Amino-1,8-naphthyridine-2-carbaldehyde MS, NMR 1445
2-Amino-1,8-naphthyridine-3-carboguanide >300 278
2-Amino-1,8-naphthyridine-3-carbohydrazide >300 278
2-Amino-1,8-naphthyridine-3-carbonitrile 200 to 265, IR, 278, 307, 658,
NMR, UV 674, 709, 1030,
1052, 1100
2-Amino-1,8-naphthyridine-3-carbothioamide 265-268 278
2-Amino-1,8-naphthyridine-3-carboxamide 287-288, IR, NMR; 278, 359, 658,
HCI: 289-290, biol 674, 1100
2-Amino-1,8-naphthyridine-3-carboxamidrazone 218-220 278
2-Amino-1,8-naphthyridine-3-carboxanilide >300 1347
2-Amino-1,8-naphthyridine-3-carboxylic acid >300 or 336-339, IR 278, 1100
7-Amino-1,8-naphthyridin-2(1H)-one >350 to 365, 389, 681, 687,
IR, NMR; H,SO4:— 690, 702, 741,
1018
7-Amino-1,8-naphthyridin-4(1H)-one 300-302 101, 720, 758,
1388
7-Amino-3-nitro-1,8-naphthyridin-2(1H)-one >320, IR 721, 1273, 1401
7-Amino-6-nitro-1,8-naphthyridin-2(1H)-one >320, IR 721
7-Amino-6-nitro-1,8-naphthyridin-4(1H)-one >320 758, 1273
7-Amino-6-nitro-4-oxo-1,4-dihydro-1, 284-285 758
8-naphthyridine-3-carboxylic acid
4-Amino-3-nitro-1-phenyl-1,8-naphthyridin- >300, IR, NMR 1191, 1273

2(1H)-one
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TABLE A4. (Continued)

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

7-Amino-6-nitro-3-phenyl-1,8-naphthyridin- >320, NMR 1226
2(1H)-one

7-Amino-6-nitro-4-phenyl-1,8-naphthyridin- >320, IR, NMR 749
2(1H)-one

4-Amino-3-nitroso-1-phenyl-1,8-naphthyridin- 287-290, IR, MS, NMR 892
2(1H)-one

4-Amino-2-o0xo-1,2-dihydro-1,8-naphthyridine- 297-300 612
3-carboxylic acid

6-Amino-5-0xo0-5,8-dihydro-1,8-naphthyridine- >360 726
2-carboxylic acid

7-Amino-2-oxo-1,2-dihydro-1,8-naphthyridine- >360, IR 686, 690
4-carboxylic acid

7-Amino-4-oxo-1,4-dihydro-1,8-naphthyridine- 290-291 758
2-carboxylic acid

7-Amino-4-oxo-1,4-dihydro-1,8-naphthyridin- 307-310 720
3-carboxylic acid

4-Amino-2-oxo-5-phenyl-1,2-dihydro-1, >320, IR, NMR 746
8-naphthyridine-3-carbonitrile

7-Amino-4-oxo-1-vinyl-1,4-dihydro-1, >300, NMR 1029
8-naphthyridine-3-carboxylic acid

2-Amino-7-phenyl-1,8-naphthyridine-3-carboguanide 270-272 1400

2-Amino-1-phenyl-1,8-naphthyridine- 255-257 1400
3-carbohydrazide

2-Amino-4-phenyl-1,8-naphthyridine-3-carbonitrile ~ 293-295, IR 1400

2-Amino-7-phenyl-1,8-naphthyridine-3-carbonitrile =~ 272-274, IR 1112

2-Amino-4-phenyl-1,8-naphthyridine-3-carboxamide 336-337, IR 1400

2-Amino-7-phenyl-1,8-naphthyridine-3-carboxamide 315, IR 1112

2-Amino-7-phenyl-1,8-naphthyridine- 338-342, IR; 1100
3-carboxylic acid HCI: 332-334

3-Amino-7-phenyl-1,8-naphthyridin-2(1H)-one 177-178, IR 1112

4-Amino-1-phenyl-1,8-naphthyridin-2(1H)-one 246-250, IR, NMR 892

7-Amino-2-phenyl-1,8-naphthyridin-4(1H)-one

7-Amino-3-phenyl-1,8-naphthyridin-2(1H)-one
7-Amino-4-phenyl-1,8-naphthyridin-2(1H)-one

7-Amino-5-phenyl-1,8-naphthyridin-2(1H)-one
7-Amino-6-phenyl-1,8-naphthyridin-2(1H)-one
3-Amino-6-phenyl-7-piperidino-1,
8-naphthyridin-2(1H)-one
2-Amino-7-phenyl-N-propyl-1,8-naphthyridine-
3-carboxamide
7-Amino-4-piperidinomethyl-1,8-naphthyridin-
2(1H)-one
3-Amino-7-piperidino-1,8-naphthyridin-2(1H)-one
2-Amino-N-propyl-1,8-naphthyridine-3-carboxamide
7-Amino-2-propyl-1,8-naphthyridin-4(1 H)-one
7-Amino-3-propyl-1,8-naphthyridin-2(1H)-one
2-Amino-5,7,N,N-tetramethyl-1,8-naphthyridine-
3-carboxamide

160-162, IR, MS,
NMR, UV
>310, IR
>345 or >350, IR,
UV; HCI: 350; pic: 245
>330, IR
306-308
165-167, NMR

282-284
310

183-184, NMR
165-166
270-271, UV
>320, UV
308-310

221, 472, 1136

755, 972

73, 686, 718, 741,
791, 1136

741

972

1304

1400
79

1401
278
1136
1136
276
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TABLE A4. (Continued)

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

2-Amino-5,7-N-trimethyl-1,8-naphthyridine- 262-264 276
3-carboxamide

2-Anilino-3,6-dinitro-1,8-naphthyridine 300-303, IR, MS, NMR 860, 1273

2-Anilino-4-methylamino-3,6-dinitro-1, 254-256, IR, MS, NMR 860

8-naphthyridine
2-Anilino-4-methylamino-3-nitro-1,

8-naphthyridine
7-Anilino-5-methyl-1,8-naphthyridin-2-amine
2-Anilino-7-methyl-5-phenyl-1,8-naphthyridine
2-Anilino-1,8-naphthyridine
2-Anilino-3-nitro-1,8-naphthyridine
2-Azido-4-chloro-5,7-dimethyl-3-phenyl-1,

8-naphthyridine
2-Azido-7-chloro-3-methyl-1,8-naphthyridine
2-Azido-7-chloro-4-methyl-1,8-naphthyridine
2-Azido-7-chloro-5-methyl-1,8-naphthyridine
2-Azido-7-chloro-6-methyl-1,8-naphthyridine
2-Azido-7-chloro-1,8-naphthyridine
2-Azido-7-chloro-3-phenyl-1,8-naphthyridine
2-Azido-7-chloro-4-phenyl-1,8-naphthyridine
2-Azido-7-chloro-5-phenyl-1,8-naphthyridine
2-Azido-7-chloro-6-phenyl-1,8-naphthyridine

2-Azido-4-chloro-3,5,7-trimethyl-1,8-naphthyridine

2-Azido-5,7-dimethyl-1,8-naphthyridine
2-Azido-7-ethoxy-3-methyl-1,8-naphthyridine
2-Azido-7-ethoxy-4-methyl-1,8-naphthyridine
2-Azido-7-ethoxy-5-methyl-1,8-naphthyridine
2-Azido-7-ethoxy-6-methyl-1,8-naphthyridine
2-Azido-7-ethoxy-1,8-naphthyridine
2-Azido-7-ethoxy-3-phenyl-1,8-naphthyridine
2-Azido-7-ethoxy-4-phenyl-1,8-naphthyridine
2-Azido-7-ethoxy-5-phenyl-1,8-naphthyridine
2-Azido-7-ethoxy-6-phenyl-1,8-naphthyridine
2-Azido-7-methoxy-3-phenyl-1,8-naphthyridine
7-Azido-3-methyl-1,8-naphthyridin-2-amine
7-Azido-4-methyl-1,8-naphthyridin-2-amine
7-Azido-5-methyl-1,8-naphthyridin-2-amine
7-Azido-6-methyl-1,8-naphthyridin-2-amine
2-Azido-5-methyl-1,8-naphthyridine
2-Azido-6-methyl-1,8-naphthyridine
4-Azido-7-methyl-1,8-naphthyridine
7-Azido-1-methyl-1,8-naphthyridin-2(1H)-one
7-Azido-4-methyl-1,8-naphthyridin-2(1H)-one
7-Azido-5-methyl-1,8-naphthyridin-2(1H)-one
7-Azido-6-methyl-1,8-naphthyridin-2(1H)-one
2-Azido-7-methyl-5-phenyl-1,8-naphthyridine
4-Azido-7-methyl-2-phenyl-1,8-naphthyridine
7-Azido-1,8-naphthyridin-2-amine
2-Azido-1,8-naphthyridine
7-Azido-1,8-naphthyridin-2(1H)-one

225-227, IR, NMR

269-270

286287

173-174, IR, NMR
255

248-249, IR
242-245
247-248
246-248, IR
260-265
220-222, IR
255-257
208-210
255-257

248

240, NMR
188-189, IR
182-183, IR
221-222, IR
235-237, IR
170-171
206-208, IR
194-195
170-172
185-188, IR
217-220, IR
>300, IR
>300, IR

320, IR
295-300, IR
246-248, NMR
233-235, NMR
133-135, NMR
159-160, NMR
>240, IR

240, IR

250, IR
260-261
167-169, IR
270 or 275, IR, NMR
256-258, IR, NMR, UV
>320, IR

682, 785, 1273

1052
1052

427

682, 1273
1301

743
761
761
743
764
972
718
718
972
1301
680, 763
743
761
761
743
764
972
718
718
972
285
743
761
761
743
680
680
1391
1384
761
761
743
771
1390
764, 1445
680, 1100
764
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TABLE A4. (Continued)
1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
7-Azido-3-phenyl-1,8-naphthyridin-2-amine 257-260, IR 972
7-Azido-4-phenyl-1,8-naphthyridin-2-amine 293-295 718
7-Azido-5-phenyl-1,8-naphthyridin-2-amine 285-288 718
7-Azido-6-phenyl-1,8-naphthyridin-2-amine 300-303, IR 972
2-Azido-3-phenyl-1,8-naphthyridine 208-210, IR, MS, NMR 680, 752
2-Azido-4-phenyl-1,8-naphthyridine 245-248 680
2-Azido-5-phenyl-1,8-naphthyridine 200-202, NMR 680
4-Azido-3-phenyl-1,8-naphthyridin-2(1H)-one 218-220, IR 972
7-Azido-4-phenyl-1,8-naphthyridin-2(1H)-one 212-214, IR 718
7-Azido-5-phenyl-1,8-naphthyridin-2(1H)-one 200, IR; K: IR 718
7-Azido-6-phenyl-1,8-naphthyridin-2(1H)-one 249-251, IR
3-Benzoyl-2-benzyl-7-chloro-6-fluoro-1-phenyl-1, 132-133, NMR 183
8-naphthyridin-4(1H)-one
1-Benzoyl-3-butyryl-4-hydroxy-1, 158-160, IR, NMR 912
8-naphthyridin-2(1H)-one
3-Benzoyl-1,2-dibenzyl-7-chloro-6-fluoro-1, 153-154, NMR 183
8-naphthyridin-4(1H)-one
1-Benzoyl-2-diethylamino-3-methyl-1, 141, NMR 816
8-naphthyridin-4(1H)-one
1-Benzoyl-3-hexanoyl-4-hydroxy-1, 107-110, IR, NMR 912
8-naphthyridin-2(1H)-one
3-Benzoyl-1-hexanoyl-4-hydroxy-1, — 162
8-naphthyridin-2(1H)-one
1-Benzoyl-4-hydroxy-3-methyl-1, 192-195, IR, NMR 140
8-naphthyridin-2(1H)-one
1-Benzoyl-4-hydroxy-3-phenyl-1, 228-229, IR, NMR
8-naphthyridin-2(1H)-one
3-Benzoyl-2-methyl-1,8-naphthyridine 143, IR, NMR 658,674,872,
1258,1439,1440
3-Benzoyl-2-phenyl-1,8-naphthyridine 162, IR, NMR 658,674,872,
1258,1439,1440
3-Benzoyl-7-phenyl-1,8-naphthyridine 203-204, IR 1112
2-Benzylamino-5,7-dimethyl-1,8-naphthyridine 184-185 763
2-Benzylamino-7-methyl-1,8-naphthyridine solid, IR, NMR, UV 1230
7-Benzylamino-1,8-naphthyridin-2-amine 300, IR, NMR 1445
2-Benzylamino-1,8-naphthyridine — 427
4-Benzylamino-3-nitro-1-phenyl-1, 192-194 1191
8-naphthyridin-2(1H)-one
1-Benzyl-7-benzyloxy-1,8-naphthyridin- 114-115, NMR 1380
2(1H)-one
1-Benzyl-3-butyl-4-hydroxyl-1, 147-149 607
8-naphthyridin-2(1H)-one
6-Benzyl-2-ethoxy-7-methyl-4-phenyl-1, 184-185, IR, MS, NMR 896
8-naphthyridine-3-carbonitrile
3-Benzyl-1-ethyl-7-methyl-1,8-naphthyridin- 147-149, IR, NMR 1102
4(1H)-one
1-Benzyl-3-hydroxy-7-methyl-1,8-naphthyridin- 233-235, IR, NMR 1394

4(1H)-one
3-Benzyl-4-hydroxy-7-methyl-1,8-naphthyridin-
2(1H)-one

265 or 266, IR, NMR

810, 1269, 1301
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TABLE A4. (Continued)

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

3-Benzylidene-7-methyl-2,3-dihydro-1, 150, NMR 1102
8-naphthyridin-4(1H)-one (?)

3-Benzyl-2-methyl-1,8-naphthyridine 123-125, IR, NMR 213

1-Benzyl-7-methyl-1,8-naphthyridin-4(1H)-one 120-123 or 154-155, NMR 305, 1380

2-Benzyl-7-methyl-1,8-naphthyridin-4(1H)-one 246-250, NMR 263

3-Benzyl-7-methyl-1,8-naphthyridin-4(1H)-one 253, NMR 1102

1-Benzyl-7-methyl-4-oxo-1,4-dihydro-1, 170-173, IR, NMR 1394
8-naphthyridine-3-carbaldehyde

1-Benzyl-4-methyl-2-oxo-1,2-dihydro-1, crude 500
8-naphthyridine-3-carboxylic acid

1-Benzyl-7-methyl-4-oxo-1,4-dihydro-1, 235-237, NMR 305
8-naphthyridine-3-carboxylic acid

2-Benzyl-5,7-dimethyl-1,8-naphthyridine 235 763

6-Benzyloxy-1-ethyl-7-formylmethyl-4-oxo-1, Ety-acetal: 201-202 1060
4-dihdyro-1,8-naphthyridine-3-carboxylic acid

2,7-Bis(acetamido)-1,8-naphthyridine 238-240, NMR, x1 st 82

2,7-Bis(benzylamino)-1,8-naphthyridine solid, IR, NMR 83

2,7-Bis(benzylamino)-4-phenyl-1,8-naphthyridine 157-159, NMR 1381

2,7-Bis(bromomethyl)-1,8-naphthyridine — 112

2,7-Bis[(tert-butylimino)methyl]-1,8-naphthyridine ~ 127-128, IR, MS, NMR 642

2,7-Bis(chloromethyl)-1,8-naphthyridine 156-158, NMR, UV 473, 714, 794

2,7-Bis(diethylaminomethyl)-1,8-naphthyridine lig, NMR 185

2,7-Bis(2,2-dimethylpropionamide)-1, 181-183, IR, MS, NMR 123
8-naphthyridine-3-carbonitrile

2,7-Bis(2,2-dimethylpropionamido)-1, 204, IR, MS, NMR 123
8-naphthyridine-3-carboxamide

2,7-Bis(hydroxymethyl)-1,8-naphthyridine 143-145, IR, MS, NMR 473

2,4-Bismethylamino-3,6-dinitro-1,8-naphthyridine 268-270, IR, MS, NMR 860, 1273

4,5-Bismethylamino-3,6-dinitro-1,8-naphthyridine 261-263, IR, MS, NMR 860

2,4-Bismethylamino-3-nitro-1,8-naphthyridine 191-192, IR, NMR 682, 785, 1273

2,7-Bis(trimethylsilylethynyl)-1,8-naphthyridine 278-279, IR, MS, NMR 466, 505

2-Bromo-3-bromomethyl-1,8-naphthyridine — 924

6-Bromo-3-butyl-4-hydroxy-1-phenyl-1, 188-190 607
8-naphthyridin-2(1H)-one

2-Bromo-3-chloro-1,8-naphthyridine — 272

2-Bromo-5-ethoxy-7-phenyl-1,8-naphthyridine 182-184, NMR 263

2-Bromomethyl 1-benzyl-4-methyl-2-oxo-1, 251-253, NMR 500
2-dihydro-1,8-naphthyridine-3-carboxylate

3-Bromo-4-hydroxy-1,8-naphthyridin-2(1H)-one 120, IR 693

6-Bromo-4-hydroxy-1-phenyl-1, 314-317 607
8-naphthyridin-2(1H)-one

3-Bromo-5-methoxy-7-phenyl-1,8-naphthyridin- 241-242, IR, MS, NMR 472
2-amine

3-Bromo-7-methyl-1,8-naphthyridine 213-215, then >350; UV 95, 97

4-Bromomethyl-1,8-naphthyridin-2(1H)-one 147, IR, NMR 1050

7-Bromomethyl-1,8-naphthyridin-2(1H)-one 199-200, IR, MS, NMR 472

3-Bromo-1,8-naphthyridin-4-amine — 346

6-Bromo-1,8-naphthyridin-2-amine 210-212, MS 300, 546

2-Bromo-1,8-naphthyridine 152-153, IR, MS, NMR 303, 390, 647

2-d-2-Bromo-1,8-naphthyridine — 830, 838
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1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
3-Bromo-1,8-naphthyridine 155 to 166, MS 173, 269, 272,
303, 985
2-d-Bromo-1,8-naphthyridine — 830

4-Bromo-1,8-naphthyridine

3-Bromo-1,8-naphthyridine 1-oxide
3-Bromo-1,8-naphthyridin-2(1H)-one
3-Bromo-1,8-naphthyridin-4(1H)-one
6-Bromo-1,8-naphthyridin-2(1H)-one
7-Bromo-1,8-naphthyridin-4(1H)-one
7-Bromo-2-phenyl-1,8-naphthyridin-4(1H)-one
Butyl 4-amino-1-ethyl-2-oxo-1,
2-dihydro-1,8-naphthyridine-3-carboxylate
sec-Butyl 4-amino-1-ethyl-2-oxo-1,
2-dihydro-1,8-naphthyridine-3-carboxylate
7-sec-Butylcarbamoyl-1-ethyl-4-oxo-1,
4-dihydro-1,8-naphthyridine-3-carboxylic acid
1-Butyl-4-carbamoylmethylene-7-methyl-1,
4-dihydro-1,8-naphthyridine
1-Butyl-4-chloro-3-nitro-1,8-naphthyridin-
2(1H)-one
3-Butyl-4,6-dihydroxy-1-phenyl-1,
8-naphthyridin-2(1H)-one
3-Butyl-1-(2-dimethylaminoethyl)-4-hydroxy-1,
8-naphthyridin-2(1H)-one
3-Butyl-2,7-dimethyl-1,8-naphthyridin-4(1H)-one
3-Butyl-4-ethoxy-1-phenyl-1,8-naphthyridin-
2(1H)-one
5-Butyl-1-ethyl-6-hydroxy-7-methyl-1,
8-naphthyridin-4(1H)-one
5-Butyl-7-ethyl-1,8-naphthyridine-3-carboxamide
3-Butyl-1-hexyl-4-hydroxy-1,8-naphthyridin-
2(1H)-one
7-(N-Butylhydrazino)- 1-ethyl-4-oxo-1,4-dihydro-1,
8-naphthyridine-3-carboxylic acid
3-Butyl-4-hydroxy-6,7-dimethyl-1-phenyl-1,
8-naphthyridin-2(1H)-one
3-Butyl-4-hydroxy-6-methoxy-1-phenyl-1,
8-naphthyridin-2(1H)-one
3-Butyl-4-hydroxy-7-methyl-1,8-naphthyridin-
2(1H)-one
3-Butyl-4-hydroxy-7-methyl-1-phenyl-1,
8-naphthyridin-2(1H)-one
3-Butyl-4-hydroxy-1,8-naphthyridin-2(1H)-one
1-Butyl-4-hydroxy-3-nitro-1,8-naphthyridin-
2(1H)-one
N-Butyl-4-hydroxy-2-oxo-1-phenyl-1,
2-dihydro-1,8-naphthyridin-3-carboxamide
3-Butyl-4-hydroxy-1-phenyl-1,8-naphthyridin-
2(1H)-one

72-73 or 78-79,

IR, MS, NMR, UV
174-176, NMR
304-306, MS, NMR
MS

237-238, NMR
117-120

157-159

267-269

>170, UV

crude

299-300

81-84

227-228
171-172

170-172, UV

>275, IR, NMR
125-126

199-200

239-240

181-182

262, IR, NMR

281-283

222-223
106-109, NMR

181-184, IR, NMR

236-237, NMR;
Na: 245-262

303, 628, 1186
317

317, 546
346, 546
390

304

221

612

612
1012
176

471

607

607

976
607

949

1326
607

1129

607

607

1269

607

607
471

453

607
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1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

1-Butyl-4-methylamino-3-nitro-1, 233-235, NMR 471
8-naphthyridin-2(1H)-one

1-Butyl-7-(N-methylhydrazino)-4-oxo-1, 201-203 1129
4-dihydro-1,8-naphthyridine-3-carboxylic acid

3-Butyl-2-methyl-1,8-naphthyridine 99-101, NMR 121

Butyl 7-methyl-4-oxo-1,4-dihydro-1, 234-237 1249
8-naphthyridine-3-carboxylate

2-Butyl-1,8-naphthyridine lig, IR, NMR 145

2-sec-Butyl-1,8-naphthyridine lig, IR, NMR 145

2-tert-Butyl-1,8-naphthyridine anal, NMR 1013

7-(N-Butyl-N-nitrosoamino)-1-ethyl-4-oxo-1, 219-221 1129
4-dihydro-1,8-naphthyridine-3-carboxylic acid

1-Butyl-4-phenyl-1,8-naphthyridin-2(1H)-one 96-97, IR, NMR 160

3-Butyl-1-phenyl-1,8-naphthyridin-2(1H)-one 198-200 607

4-Carbamoylmethyl-7-methyl-1,8-naphthyridine 190-192, UV 176

1-(1-Carboxyethyl)-7-methyl-1,8-naphthyridin- 239-240, NMR 1380
4(1H)-one

1-(2-Carboxyethyl)-7-methyl-1,8-naphthyridin- 217-218 1380
4(1H)-one

1-Carboxymethyl-7-methyl-1,8-naphthyridin- 289-290 1380
4(1H)-one

3-Carboxymethyl-7-methyl-1,8-naphthyridin- 315, NMR 305
4(1H)-one

2-Carboxymethyl-1,8-naphthyridine- Na, : >300, IR, NMR 1041
3-carboxylic acid

4-Carboxymethyl-1,8-naphthyridine-2, >320, IR 681
7(1H, 8H)-dione

3-Carboxymethyl-1,8-naphthyridin-2(1H)-one crude 130

1-(1-Carboxypropyl)-7-methyl-1, 216-219 1380
8-naphthyridin-4(1H)-one

1-(3-Carboxypropyl)-7-methyl-1, 190-193 1380
8-naphthyridin-4(1H)-one

2-(4-Chlorobutyl)-1,8-naphthyridine lig, NMR 145

7-Chloro-1-cyclopropyl-6-fluoro-4-oxo-1, 210-212, IR, NMR 487
4-dihydro-1,8-naphthyridine-3-carboxylic acid

7-Chloro-1-(2-dimethylaminoethyl)-5-methyl-1, 110-111 338
8-naphthyridin-2(1H)-one

3-Chloro-7-dimethylamino-1,8-naphthyridin- 252-253, IR, NMR 715
2(1H)-one

2-Chloro-5,7-dimethyl-1,8-naphthyridine 146-147, UV 67, 69, 88, 759,

763
3-Chloro-2,4-dimethyl-1,8-naphthyridine 158-160, IR, NMR 1145

4-Chloro-2,7-dimethyl-1,8-naphthyridine
4-Chloro-3,7-dimethyl-1,8-naphthyridine
4-Chloro-5,7-dimethyl-1,8-naphthyridine
3-Chloro-2,7-dimethyl-1,8-naphthyridin-4(1H)-one

7-Chloro-3,6-dinitro-1,8-naphthyridin-4-amine
2-Chloro-3,6-dinitro-1,8-naphthyridine
7-d-2-Chloro-3,6-dinitro-1,8-naphthyridine

84 to 87, NMR
134-135, NMR, UV
155-156, NMR
>300 or >320, IR,
NMR, UV

>330, NMR
204-206, NMR

1085, 1133, 1186
1076

1098

909, 1085

1180, 1273
1128, 1273
1128
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1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
2-Chloro-7-ethoxy-3-methyl-1,8-naphthyridine 132-134 743
2-Chloro-7-ethoxy-4-methyl-1,8-naphthyridine 122-124 761
2-Chloro-7-ethoxy-6-methyl-1,8-naphthyridine 119-120 743
2-Chloro-7-ethoxy-1,8-naphthyridine 153-154 764
2-Chloro-7-ethoxy-3-phenyl-1,8-naphthyridine 183-186 972
2-Chloro-7-ethoxy-5-phenyl-1,8-naphthyridine 129-130 718
2-Chloro-7-ethoxy-6-phenyl-1,8-naphthyridine 156-158 972
2-Chloro-7-ethoxy-5-phenyl-1,8-naphthyridine-3, 238-239, IR, NMR 78
6-dicarbonitrile
6-Chloro-1-ethyl-4,7-dioxo-1,4,7,8-tetrahydro-1, >300, IR 387
8-naphthyridine-3-carboxylic acid
7-Chloro-1-ethyl-6-fluoro-4-oxo-1,4-dihydro-1, 264-266 or 387, 1091
8-naphthyridine-3-carboxylic acid 265-267, IR, NMR
6-Chloro-1-ethyl-7-methoxy-4-oxo-1,4-dihydro-1, 271-275, IR 387
8-naphthyridine-3-carboxylic acid
4-Chloro-1-ethyl-7-methyl-2-oxo-1,2-dihydro-1, 215-217 612
8-naphthyridine-3-carbonitrile
7-Chloro-1-ethyl-1,8-naphthyridin-2(1H)-one NMR 1401
7-Chloro-1-ethyl-6-nitro-4-oxo-1,4-dihydro-1, 235-240 364
8-naphthyridine-3-carboxylic acid
7-Chloro-1-ethyl-4-oxo-1,4-dihydro-1, 249-250 1284
8-naphthyridine-3-carboxylic acid
4-Chloro-2-hydrazino-3,5-dimethyl-7-phenyl-1, 204; PhCH=: 197; 1301
8-naphthyridine N'-Ac: 276
4-Chloro-2-hydrazino-5,7-dimethyl-3-phenyl-1, 191; PhCH=: 142; 1301
8-naphthyridine N'-Ac: 208
4-Chloro-2-hydrazino-3,5,7-trimethyl-1, 181; PhCH=: 1301
8-naphthyridine 173-174; N'-Ac: 255
2-Chloro-4-isobutylamino-N,N-dimethyl-1, 187-188, IR, NMR 80
8-naphthyridine-3-carboxamide
4-Chloro-2-isobutylamino-N,N-dimethyl-1, 95-96, IR, NMR 80
8-naphthyridine-3-carboxamide
7-Chloro-3-methyl-1,8-naphthyridin-2-amine 245-246 743
7-Chloro-4-methyl-1,8-naphthyridin-2-amine 273-275 761
7-Chloro-5-methyl-1,8-naphthyridin-2-amine 257-259 761, 1052
7-Chloro-6-methyl-1,8-naphthyridin-2-amine 234-236 743
2-Chloro-5-methyl-1,8-naphthyridine 130-131 680
2-Chloro-6-methyl-1,8-naphthyridine 206-207 680
2-Chloro-7-methyl-1,8-naphthyridine 215-216 153
4-Chloro-7-methyl-1,8-naphthyridine 116-118 or 121-122, NMR 153, 1186
7-Chloro-1-methyl-1,8-naphthyridin-2(1H)-one 162-164, NMR 1384
7-Chloro-3-methyl-1,8-naphthyridin-2(1H)-one 256-257 743
7-Chloro-4-methyl-1,8-naphthyridin-2(1H)-one 226-229 761
7-Chloro-5-methyl-1,8-naphthyridin-2(1H)-one 268-270 761
7-Chloro-6-methyl-1,8-naphthyridin-2(1H)-one 254-256 743
2-Chloro-7-methyl-5-phenyl-1,8-naphthyridine 161 or 164 771, 1052
4-Chloro-7-methyl-2-phenyl-1,8-naphthyridine 102-104 1390
4-Chloro-7-methyl-2-propyl-1,8-naphthyridine pic: 156-158 1085
5-Chloro-7-morpholino-1,8-naphthyridin-2-amine 208-210, NMR 1226
5-Chloro-7-morpholino-1,8-naphthyridin-2(1H)-one  265-267, NMR 1226
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1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
5-Chloro-7-morpholino-3-nitro-1, >320, NMR 1226
8-naphthyridin-2-amine
5-Chloro-7-morpholino-nitro-1, >320, NMR 1226
8-naphthyridin-2(1H)-one
5-Chloro-7-morpholino-6-nitro-1, 285-287, NMR 1226
8-naphthyridin-2(1H)-one
2-Chloro-7-morpholino-3-nitro-6-phenyl-1, 158-160 1304
8-naphthyridine
2-Chloro-7-morpholino-6-phenyl-1, 205-207, NMR 1304
8-naphthyridine
2-Chloro-1,8-naphthyridin-3-amine 213-215, IR, NMR 647
3-Chloro-1,8-naphthyridin-4-amine 346
5-Chloro-1,8-naphthyridin-2-amine 173-175, NMR 158
6-Chloro-1,8-naphthyridin-2-amine 208-209 300
7-Chloro-1,8-naphthyridin-2-amine 170 or 183-184, xI st 764, 800, 1445
2-Chloro-1,8-naphthyridine 135 to 142, IR, NMR, UV 225, 647, 680,
1100
7-d-2-Chloro-1,8-naphthyridine 138-139 830
3-Chloro-1,8-naphthyridine 143 to 157, IR, NMR 225, 269, 272,
1145, 1441
2-d-3-Chloro-1,8-naphthyridine 830
4-Chloro-1,8-naphthyridine 49 to 64, NMR 225, 830, 1441
2-Chloro-1,8-naphthyridine-3-carbonitrile 273 or >300, IR, 278, 367, 384
MS, NMR
3-Chloro-1,8-naphthyridin-2(1H)-one 272
3-Chloro-1,8-naphthyridin-4(1H)-one — 346
4-Chloro-1,8-naphthyridin-2(1H)-one 185, IR 386, 693
5-Chloro-1,8-naphthyridin-2(1H)-one 234-235, NMR 158
6-Chloro-1,8-naphthyridin-2(1H)-one 307-309, IR, NMR 477
7-Chloro-1,8-naphthyridin-2(1H)-one 246-253 or 255-257, 4717, 764
IR, NMR
2-Chloro-3-nitro-1,8-naphthyridin-4-amine >350, MS 492, 1273
2-Chloro-3-nitro-1,8-naphthyridine 267-268 or >280, 647, 1273, 1320
IR, MS, NMR
4-Chloro-3-nitro-1,8-naphthyridine 169-170 346, 1273
7-Chloro-3-nitro-1,8-naphthyridin-2(1H)-one 290, NMR 1273, 1401
7-Chloro-6-nitro-1,8-naphthyridin-2(1H)-one 240-242, NMR 1273, 1401
4-Chloro-3-nitro-1-phenyl-1,8-naphthyridin- 228-232, IR, NMR 1191, 1273
2(1H)-one
2-Chloro-3-nitro-6-phenyl-7-piperidino-1, 162-164, NMR 1304
8-naphthyridine
2-Chloro-3-nitro-7-piperidino-1,8-naphthyridine 170-171, NMR 1401
2-Chloro-6-nitro-7-piperidino-1,8-naphthyridine 146-147, NMR 1401
7-Chloro-3-phenyl-1,8-naphthyridin-2-amine 265-267 972
7-Chloro-4-phenyl-1,8-naphthyridin-2-amine 214-215 718
7-Chloro-5-phenyl-1,8-naphthyridin-2-amine 263-265 741
7-Chloro-6-phenyl-1,8-naphthyridin-2-amine 237-239 972
2-Chloro-3-phenyl-1,8-naphthyridine 193 or 204-205, 680, 850
IR, MS, NMR
2-Chloro-4-phenyl-1,8-naphthyridine 145-147 680
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1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

2-Chloro-5-phenyl-1,8-naphthyridine 178-180 680

7-Chloro-2-phenyl-1,8-naphthyridin-4(1H)-one 293-295, NMR 221

7-Chloro-3-phenyl-1,8-naphthyridin-2(1H)-one 208-210 972

7-Chloro-4-phenyl-1,8-naphthyridin-2(1H)-one 220-222 718

7-Chloro-5-phenyl-1,8-naphthyridin-2(1H)-one 245-247 741

7-Chloro-6-phenyl-1,8-naphthyridin-2(1H)-one 248-250 or 256-258, NMR 972, 1226

2-Chloro-6-phenyl-7-piperidino-1,8-naphthyridine 170-172, NMR 1304

2-Chloro-7-piperidino-5-piperidinomethyl- 158-160 79
1,8-naphthyridine

4-Chloro-2,3,5,7-tetramethyl-1,8-naphthyridine 136-137 1085

4-Chloro-2,3,7-trimethyl-1,8-naphthyridine 177-179 1085

4-Chloro-2,5,7-trimethyl-1,8-naphthyridine 118-119 1085

6-Cyano-7-ethoxy-2-methyl-5-phenyl-1, 294-295, IR, MS, NMR 896
8-naphthyridine-3-carboxamide

6-Cyano-1-ethyl-7-methoxy-4-oxo-1,4-dihydro-1, 281-284 387
8-naphthyridine-3-carboxylic acid

3-(2-Cyanovinyl)-1-ethyl-7-methyl-1, 204, IR, NMR 905
8-naphthyridin-4(1H)-one

4-Cyclohexylamino-7-methyl-2-phenyl-1, 235-237, NMR 221
8-naphthyridine

2-Cyclohexylamino-1,8-naphthyridine — 427

7-Cyclohexylamino-5-phenyl-1,8-naphthyridin- 119-122 1381
2-amine

7-Cyclohexylamino-2-phenyl-1, 156-159, NMR 263
8-naphthyridin-4(1H)-one

3-Cyclohexyl-4-hydroxy-1-phenyl-1, 292-294 607
8-naphthyridin-2(1H)-one

7-(N'-Cyclopentylidene-N-methylhydrazino)- 249-251 1129
1-ethyl-4-oxo-1,4-dihydro-1,8-naphthyridine-
3-carboxylic acid

N-Cyclopentyl-7-methyl-1-(2-morpholinoethyl)- 208-210 305
4-ox0-1,4-dihydro-1,8-naphthyridine-
3-carboxamide

N-Cyclopentyl-7-methyl-4-oxo-1,4-dihydro- 280-283, NMR 305
1,8-naphthyridine-3-carboxamide

1-Cyclopropyl-6-fluoro-4,7-dioxo-1,4,7, >300, IR, NMR 1162
8-tetrahydro-1,8-naphthyridine-3-
carboxylic acid

1-Cyclopropyl-6-fluoro-4-oxo-7-piperidino-1,4- 260-261, IR, NMR 1162
dihydro-1,8-naphthyridine-3-carboxylic acid

1-Cyclopropyl-6-fluoro-4-oxo-7-vinyl-1,4- solid, IR, MS, NMR 1158
dihydro-1,8-naphthyridine-3-carboxylic acid

1,3-Diacetyl-4-hydroxy-1,8-naphthyridin-2(1H)-one  170-171, NMR 1225

2,4-Diamino-5-bromo-7-methyl-1,8-naphthyridine- ~ >250 189
3-carbonitrile (?)

2,7-Diamino-1,8-naphthyridine-3-carboxamide 203-206, IR, MS, NMR 123, 531

3,7-Diamino-1,8-naphthyridin-2(1H)-one >320 721

6,7-Diamino-1,8-naphthyridin-2(1H)-one >320 721

5,6-Diamino-7-0x0-6-phenylazo-7-thioxo-1,2,7,8 300, IR 538

-tetrahydro-1,8-naphthyridine-3-carbonitrile
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1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
4,5-Diamino-7-o0x0-2-thioxo-1,2,7,8-tetrahydro- 180, IR, NMR 538
1,8-naphthyridine-3-carbonitrile
3,4-Diamino-1-phenyl-1,8-naphthyridin-2(1H)-one  crude 892
2,5-Diazido-7-methyl-1,8-naphthyridine 154-156, IR 701
2,7-Diazido-3-methyl-1,8-naphthyridine ~170 686, 743
2,7-Diazido-4-methyl-1,8-naphthyridine 200-205, anal 34, 761
2,7-Diazido-1,8-naphthyridine 190-200, IR 686, 764
2,7-Diazido-3-phenyl-1,8-naphthyridine 230-233, IR 972
2,7-Diazido-4-phenyl-1,8-naphthyridine 200-202 or 203, IR 70, 74, 718
6-Diazonio-5-0x0-5,8-dihydro-1,8- 187-188 726
naphthyridine-2-carboxylate
1,3-Dibenzoyl-4-hydroxy-1,8-naphthyridin- 268-270, IR, NMR 912
2(1H)-one
2,6-Dibromo-4-hydroxy-1,8-naphthyridin- 95, IR 693
2(1H)-one
3,6-Dibromo-1,8-naphthyridin-2-amine MS 546
2,3-Dibromo-1,8-naphthyridine MS 272, 303
2,4-Dibromo-1,8-naphthyridine 134-135, MS 303, 386, 628
2,6-Dibromo-1,8-naphthyridine — 390
2,7-Dibromo-1,8-naphthyridine MS 303
3,4-Dibromo-1,8-naphthyridine MS 303, 346
3,6-Dibromo-1,8-naphthyridine >300 173, 985
3,6-Dibromo-1,8-naphthyridine 1-oxide 273-275, NMR 317
2,4-Dibromo-3-nitro-1,8-naphthyridine 233-234 1273
Dibutyl 1,8-naphthyridine-2,7-dicarboxylate lig, IR, MS, NMR, UV 92, 536
2,4-Dichloro-5,7-dimethyl-1,8-naphthyridine 148 1301
3,4-Dichloro-2,7-dimethyl-1,8-naphthyridine 168-170 1085
2,4-Dichloro-3,5-dimethyl-7-phenyl-1,8- 168 1301
naphthyridine
2,4-Dichloro-5,7-dimethyl-3-phenyl-1,8- 156 1301
naphthyridine
6,7-Dichloro-1-ethyl-4-oxo-1,4-dihydro-1,8- 262-267 or 270-273, IR 364, 387
naphthyridine-3-carboxylic acid
2,5-Dichloro-7-methyl-1,8-naphthyridine 178-180, NMR 701, 1186
2,7-Dichloro-3-methyl-1,8-naphthyridine 250 686
2,7-Dichloro-4-methyl-1,8-naphthyridine 193-194, IR, UV 34, 74, 88, 689,
759
2,7-Dichloro-3-methyl-6-phenyl-1,8-naphthyridine 210-212, NMR 1226
5,7-Dichloro-1,8-naphthyridin-2-amine 245-247, NMR 533
2,3-Dichloro-1,8-naphthyridine —_ 272
2,4-Dichloro-1,8-naphthyridine 125-126 33, 386
2,5-Dichloro-1,8-naphthyridine 131-132, NMR 1186

2,7-Dichloro-1,8-naphthyridine

3,4-Dichloro-1,8-naphthyridine
2,4-Dichloro-1,8-naphthyridine-3-carbonitrile
2,7-Dichloro-1,8-naphthyridine-4-carboxylic acid
3,7-Dichloro-1,8-naphthyridin-2(1H)-one
5,7-Dichloro-1,8-naphthyridin-2(1H)-one
2,4-Dichloro-3-nitro-1,8-naphthyridine

258 or 259, NMR

212

287

310-315, IR, NMR
>320, NMR
188-189

389, 690, 1222,
1257

346

31

690

715

533

1273
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2,7-Dichloro-3-nitro-1,8-naphthyridine 201-203, NMR 1273, 1401

2,7-Dichloro-3-phenyl-1,8-naphthyridine 218-220 972

2,7-Dichloro-4-phenyl-1,8-naphthyridine 158 70,73

2,4-Dichloro-3,5,7-trimethyl-1,8-naphthyridine 132 1301

2,4-Diethoxy-5,7-dimethyl-3-phenyl-1,8- 196 1301
naphthyridine

2,7-Diethoxy-4-methyl-1,8-naphthyridine 72-73 74

2,5-Diethoxy-7-phenyl-1,8-naphthyridine 176-178, NMR 263

2,7-Diethoxy-N-phenyl-1,8-naphthyridine 87-88 74

6-(2-Diethylaminoethyl)-5,7-dimethyl-1,8- HCI: 226-228 338
naphthyridin-2(1H)-one

7-Diethylamino- 1-ethyl-6-nitro-4-oxo-1,4- 150 364
dihydro-1,8-naphthyridine-3-carboxylic acid

Diethyl 8-ethyl-5-oxo0-5,8-dihydro-1,8- 181-183, NMR 1135
naphthyridine-2,6-dicarboxylate

5,7-Diethyl-1-methyl-4-phenyl-1,8- 68-69, NMR 1196
naphthyridin-2(1H)-one

5,8-Diethyl-1,8-naphthyridin-2-amine 187-189 338

5,7-Diethyl-1,8-naphthyridin-2(1H)-one 159-161 338

1,7-Diethyl-4-oxo-1,4-dihydro-1,8-naphthyridine- 174-176 154
3-carboxylic acid

1,7-Diethyl-4-phenyl-1,8-naphthyridin-2(1H)-one 85-86 1196

2,7-Diethynyl-1,8-naphthyridine 140, IR, MS, NMR 466, 505

2,7-Difluoro-1,8-naphthyridine
2,7-Dihydrazino-4-methyl-1,8-naphthyridine
2,7-Dihydrazino-1,8-naphthyridine
2,7-Dihydrazino-4-phenyl-1,8-naphthyridine

2,7-Diisovaleramido- 1,8-naphthyridine-3-
carbonitrile
2,4-Dimethoxy-5,7-dimethyl-1,8-naphthyridine
2,4-Dimethoxy-5,7-dimethyl-3-phenyl-1,8-
naphthyridine
2,7-Dimethoxy-4-methyl-1,8-naphthyridine
5,7-Dimethoxy-1-methyl-1,8-naphthyridin-2
(1H)-one
2,4-Dimethoxy-1,8-naphthyridine
2,7-Dimethoxy-1,8-naphthyridine
2,7-Dimethoxy-3-nitro-6-phenyl-1,8-naphthyridine
2,7-Dimethoxy-6-phenyl-1,8-naphthyridin-3-
amine
2,7-Dimethoxy-3-phenyl-1,8-naphthyridine
2,7-Dimethoxy-4-phenyl-1,8-naphthyridine
2,4-Dimethoxy-3,5,7-trimethyl-1,8-naphthyridine
1-(4-Dimethylaminobutyl)-5,7-dimethyl-1,8-
naphthyridin-2(1H)-one
1-(2-Dimethylaminoethyl)-5,7-diethyl-1,8-
naphthyridin-2(1H)-one
1-(2-Dimethylaminoethyl)-5,7-dimethyl-1,8-
naphthyridin-2(1H)-one

215-217, IR, NMR, pol, th
2HCI: anal; 2PhCH=: 263

2HCI: 253-254; 2(p-

O,NC¢H,CH=): 327-328

NMR

174
179

102-103
137-138

145-146; 8-Mel: 212
73, NMR

210-212

226-228, NMR

113-115, NMR
156

108

2HBr: 222-225
59-60

HCI: 231-233

821, 918, 1313
34

702

70, 74

531

1301
1301

74
64

31

1222
1226
1226

1226
74
1301
338
338

338
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TABLE A4. (Continued)

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

1-(2-Dimethylaminoethyl)-7-ethyl-1, HCI: 146-149 338
8-naphthyridin-2(1H)-one

1-(2-Dimethylaminoethyl)-7-isobutyl-1, HCI: 189-191 338
8-naphthyridin-2(14)-one

1-(Dimethylaminoethyl)-7-isopropyl-1, HCI: 209-211 338
8-naphthyridin-2(1H)-one

1-(2-Dimethylaminoethyl)-7-methoxy- 98-101 338
5-methyl-1,8-naphthyridin-2(1H)-one

1-(2-Dimethylaminoethyl)-5-methyl-1, HCI: 229-231 338
8-naphthyridin-2(1H)-one

1-(2-Dimethylaminoethyl)-6-methyl-1, HCI: 207-210 338
8-naphthyridin-2(1H)-one

1-(2-Dimethylaminoethyl)-7-methyl-1, HCI: 201-204 338
8-naphthyridin-2(1H)-one

1-(2-Dimethylaminoethyl)-1,8-naphthyridin- HCI: 202-203 338
2(1H)-one

1-(2-Dimethylaminoethyl)-5,6,7-trimethyl- HCI: 180-185 338
1,8-naphthyridin-2(1H)-one

4-Dimethylamino-7-methyl-2-phenyl-1, 147-149, NMR 221
8-naphthyridine

1-(2-Dimethylamino-2-methylpropyl)-6, 109-111 338
7-dimethyl-1,8-naphthyridin-2(1H)-one

2-Dimethylamino-1,8-naphthyridine-3-carbonitrile 172-174 278

2-Dimethylamino-1,8-naphthyridine-3-carboxamide ~ 235-237 278

7-Dimethylamino-2-phenyl-1,8-naphthyridin- 257-260, NMR 263
4(1H)-one

1-(3-Dimethylaminopropyl)-6,7-dimethyl-1, HCl: 232-234 338
8-naphthyridin-2(1H)-one

5,7-Dimethyl-1-(2-methylaminiethyl)-1, HCI: 106-109 338
8-naphthyridin-2(1H)-one

5,7-Dimethyl-1,8-naphthyridin-2-amine 215 to 220, IR, pK,, UV 67, 69, 88, 98,

689, 759, 763,
980, 1043

2,3-Dimethyl-1,8-naphthyridine
2,4-Dimethyl-1,8-naphthyridine
2,5-Dimethyl-1,8-naphthyridine

2,6-Dimethyl-1,8-naphthyridine

2,7-Dimethyl-1,8-naphthyridine

3,5-Dimethyl-1,8-naphthyridine
3,6-Dimethyl-1,8-naphthyridine

135 to 142, IR, NMR,
pK,, UV

84-85 or 85-86, NMR;
HCI: 240; pic: 204-206

85-87, NMR

84-86 or 161-163,
NMR; 8-Etl: 145;
8-Mel: 211

193-194 or
194-195, IR,
NMR, pK,, UV;
Etl: 209-210; Mel:
234-235

86-87, NMR

191-192 or
192-193, IR,
NMR; pic: 210-211

278, 983, 1013

67, 88, 177, 269,
964, 1297

269, 964

269, 667, 964

185, 269, 287,
348, 473, 642,
667, 678, 714,
961, 964, 1133,
1306

269, 964

269, 939, 964
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TABLE A4. (Continued)
1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
4,5-Dimethyl-1,8-naphthyridine 152-154, NMR 269, 880, 964
Dimethyl-1,8-naphthyridine-2,7-dicarboxylate 215-217, IR, MS, NMR 473
1,4-Dimethyl-1,8-naphthyridine-2,7(1H,8 H)-dione 288-290 1392
1,7-Dimethyl-1,8-naphthyridin-4(1H)-one 140-142, NMR 1380
2,3-Dimethyl-1,8-naphthyridin-4(1H)-one 120, IR 1073
2,7-Dimethyl-1,8-naphthyridin-4(1H)-one 320-323 or >320 1076, 1085, 1133
3,7-Dimethyl-1,8-naphthyridin-4(1H)-one 280 1076
4,7-Dimethyl-1,8-naphthyridin-2(1H)-one 232-233, NMR 1333
5,7-Dimethyl-1,8-naphthyridin-2(1H)-one 251 or 253-254, 67, 69, 88, 759,
NMR, UV; H,SO,: 763, 938
225-230
5,7-Dimethyl-1,8-naphthyridin-4(1H)-one 198-199, NMR 1098
5,7-Dimethyl-1,8-naphthyridin-2(1H)-one 8-oxide 250, NMR 1008
1,7-Dimethyl-4-oxo-1,4-dihydro-1,8- 233-235, IR, 1394
naphthyridine-3-carbaldehyde NMR; PhNHN=:
260-263, NMR
1,7-Dimethyl-4-oxo-1,4-dihydro-1, 243-244 1116
8-naphthyridine-3-carbohydrazide
5,7-Dimethyl-2-oxo-1,2-dihydro-1, 299-300 or 302-305, IR 276, 1099
8-naphthyridine-3-carbonitrile
5,7-Dimethyl-2-oxo0-1,2-dihydro-1, 325-330 276
8-naphthyridine-3-carboxamide
2,7-Dimethyl-4-oxo0-1,4-dihydro-1, 288 249
8-naphthyridine-3-carboxylic acid
2,7-Dimethyl-3-phenoxy-1,8-naphthyridin-4 >300, IR, NMR, UV 909
(1H)-one
5,7-Dimethyl-3-phenyl-1,8-naphthyridin-2-amine 214-215 276
5,7-Dimethyl-2-phenyl-1,8-naphthyridine-3- 170-172 276
carbonitrile
1,7-Dimethyl-4-phenyl-1,8-naphthyridin-2(1H)-one ~ 117-118, NMR 1196
5,7-Dimethyl-3-phenylsulfonyl-1,8-naphthyridin- 271-273 276
2-amine
2,7-Dimethyl-3-propyl-1,8-naphthyridin-4 255-257 976
(1H)-one
2-Dimethylsulfimido-1,8-naphthyridine 152-154, NMR 692
5,7-Dimethyl-1-(2-trimethylammonioethyl)- 219-220 338
1,8-naphthyridin-2(1H)-one iodide
3,6-Dinitro-1,8-naphthyridin-2-amine >350, IR, NMR 860, 1180, 1273

3,6-Dinitro-1,8-naphthyridin-4-amine
3,6-Dinitro-1,8-naphthyridine
3,6-Dinitro-1,8-naphthyridine-2,4-diamine
3,6-Dinitro-1,8-naphthyridine-2,5-diamine
3,6-Dinitro-1,8-naphthyridine-2,5(1H,8H)-dione
3,6-Dinitro-1,8-naphthyridine-2,7(1H,8 H)-dione
3,6-Dinitro-1,8-naphthyridin-2(1H)-one

3,6-Dinitro-4-phenyl-1,8-naphthyridine-2,
7(1H,8H)-dione

2,7-Dioxo-1,2,7,8-tetrahydro-1,8-naphthyridine-
4-carboxylic acid

315-317, IR, MS, NMR
309-310, IR, MS, NMR
>350, NMR

crude, NMR

>320, IR; NH,: >320, IR
>320, IR

302-310, NMR

305-310, IR

>360

692, 1273
692, 1273
1180, 1273
1180
758, 1273
721, 1273
682, 860
1273
1273

1128,

690
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TABLE A4. (Continued)

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

4,7-Dioxo-1,4,7,8-tetrahydro-1,8-naphthyridine- >320 758
2-carboxylic acid

4,7-Dioxo-1,4,7,8-tetrahydro-1,8-naphthyridine- >300 or >320, NMR 758, 1029
3-carboxylic acid

2,7-Diphenylazo-1,8-naphthyridine 286-287, NMR 494, 1222

2,6-Diphenyl-1,8-naphthyridine 207-208, IR 1112

2,7-Diphenyl-1,8-naphthyridine 207-208, IR 409, 1112

2,7-Diphenyl-1,8-naphthyridine-3-carbonitrile >340 1400

2,7-Dipiperidino-1,8-naphthyridin-3-amine 103-105, NMR 1401

2,7-Divaleramido-1,8-naphthyridine-3-carbonitrile 211, IR, MS, NMR 123, 531

1-(1-Ethoxycarbonylethyl)-7-methyl-1, 80-82 1380
8-naphthyridin-4(1H)-one

3-(2-Ethoxycarbonylethyl)-7-methyl-1, 192, IR, NMR, UV 1185
8-naphthyridin-4(1H)-one

2-(2-Ethoxycarbonylethyl)-1,8-naphthyridine 55-56 or 61-63, IR, NMR 121, 145

3-Ethoxycarbonylmethyl-2-methyl-1, 101-102, NMR 121
8-naphthyridine

1-Ethoxycarbonylmethyl-7-methyl-1, 151-152 1380
8-naphthyridin-4(1H)-one

3-Ethoxycarbonylmethyl-7-methyl-1, 212 or 228-230, IR, 305, 1185
8-naphthyridin-4(1H)-one NMR, UV

4-Ethoxycarbonylmethyl-1,8-naphthyridine-2, 205, IR 681
7(1H,8H)-dione

1-Ethoxycarbonylmethyl-3-phenyl-1, 126, IR, MS, NMR 740
8-naphthyridin-2(1H)-one

6-Ethoxycarbonyl-5-0x0-5,8-dihydro-1, >279, NMR 1186
8-naphthyridine-2-carboxylic acid

1-(1-Ethoxycarbonylpropyl)-7-methyl-1, 250/1.5 1380
8-naphthyridin-4(1H)-one

1-(3-Ethoxycarbonylpropyl)-7-methyl-1, 53-56, 200/4 1380
8-naphthyridin-4(1H)-one

2-(3-Ethoxycarbonylpropyl)-1,8-naphthyridine 45-47, IR, NMR 145

4-Ethoxy-5,7-dimethyl-1,8-naphthyridin-2-amine 228-230, IR, NMR 1071

2-Ethoxy-5,7-dimethyl-1,8-naphthyridine 105 or 108, NMR, UV 96, 763

4-Ethoxy-3,7-dimethyl-1,8-naphthyridine 75-77, NMR, UV 1076

2-Ethoxy-5,7-dimethyl-1,8-naphthyridine 105 769
1,8-dioxide

2-Ethoxy-5,7-dimethyl-1,8-naphthyridine 8-oxide 134-135, NMR 1008

2-Ethoxy-6,7-dimethyl-4-phenyl-1, 221-222, IR, MS, NMR 896
8-naphthyridine-3-carbonitrile

2-Ethoxy-3,6-dinitro-1,8-naphthyridin-4-amine 239-240, NMR 1180, 1273

7-Ethoxy-3,6-dinitro- 1,8-naphthyridin-4-amine 243-244, NMR 1180, 1273

2-Ethoxy-3,6-dinitro-1,8-naphthyridine 160-161, NMR 1128, 1273

7-d-2-Ethoxy-3,7-dinitro-1,8-naphthyridine — 1128

2-Ethoxy-7-ethyl-4-phenyl-1,8-naphthyridine- 192-193, IR, MS, NMR 896
3-carbonitrile

5-Ethoxy-1-ethyl-7-phenyl-1,8-naphthyridin- 149-150, NMR 263
2(1H)-one

7-Ethoxy-1-ethyl-2-phenyl-1,8-naphthyridin- 158-159, NMR 263

4(1H)-one
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TABLE A4. (Continued)
1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
6-Ethoxy-4-hydroxy-1,8-naphthyridin- 325 114
2(1H)-one
2-Ethoxy-6-methyl-4,7-diphenyl-1,8-naphthyridine ~ 159-160, IR, MS, NMR 896
-3-carbonitrile
7-Ethoxy-3-methyl-1,8-naphthyridin-2-amine 170-175 743
7-Ethoxy-4-methyl-1,8-naphthyridin-2-amine 171-173 761
7-Ethoxy-5-methyl-1,8-naphthyridin-2-amine 202-204 761
7-Ethoxy-6-methyl-1,8-naphthyridin-2-amine 155-157 743
4-Ethoxy-7-methyl-1,8-naphthyridine 102-103, NMR 1380
7-Ethoxy-3-methyl-1,8-naphthyridin-2(1H)-one 163-165 743
7-Ethoxy-4-methyl-1,8-naphthyridin-2(1H)-one 190-192 761
7-Ethoxy-5-methyl-1,8-naphthyridin-2(1H)-one 173-175 761
7-Ethoxy-6-methyl-1,8-naphthyridin-2(1H)-one 184-185 743
4-Ethoxy-5-methyl-7-phenyl-1,8-naphthyridin- 227-228, IR 1071
2-amine
2-Ethoxy-7-methyl-4-phenyl-1,8-naphthyridine- 244-246, IR, MS, NMR 896
3-carbonitrile
7-Ethoxy-1,8-naphthyridine-2-amine 177-179 764
2-Ethoxy-1,8-naphthyridine — 427
3-d-2-Ethoxy-1,8-naphthyridine 99-101 838
7-Ethoxy-1,8-naphthyridin-2(1H)-one 189-190 764
7-Ethoxy-1,8-naphthyridin-4(1H)-one — 304
2-Ethoxy-3-nitro-1,8-naphthyridin-2-amine 230-231, IR, MS, NMR 492, 1273, 1320
2-Ethoxy-3-nitro-1,8-naphthyridine 130-131, MS, NMR 492, 1273
7-Ethoxy-4-oxo-1,4-dihydro-1,8-naphthyridine- 225-230 102
3-carboxylic acid
2-Ethoxy-7-oxo-4-phenyl-7,8-dihydro-1, 283-285, IR, MS, NMR 896
8-naphthyridine-3-carbonitrile
2-Ethoxy-7-oxo-4-phenyl-7,8-dihydro-1, >300, IR, MS, NMR 896
8-naphthyridine-3,6-dicarbonitrile
7-Ethoxy-3-phenyl-1,8-naphthyridin-2-amine 196-198 972
7-Ethoxy-4-phenyl-1,8-naphthyridin-2-amine 196-197 718
7-Ethoxy-5-phenyl-1,8-naphthyridin-2-amine 204-205 718
7-Ethoxy-6-phenyl-1,8-naphthyridin-2-amine 124-126 972
7-Ethoxy-2-phenyl-1,8-naphthyridin-4(1H)-one 223-225, NMR 221
7-Ethoxy-3-phenyl-1,8-naphthyridin-2(1H)-one 180-182 972
7-Ethoxy-4-phenyl-1,8-naphthyridin-2(1H)-one 191-193 718
7-Ethoxy-5-phenyl-1,8-naphthyridin-2(1H)-one 181-183 718
7-Ethoxy-6-phenyl-1,8-naphthyridin-2(1H)-one 228-230 972
2-Ethoxy-4-phenyl-7-styryl-1,8-naphthyridine- 233-235, IR, MS, NMR 896
3-carbonitrile
Ethyl 7-acetamido-1-(2-chloroethyl)-4-oxo-1, 111-113, NMR 1029
4-dihydro-1,8-naphthyridine-
3-carboxylate
Ethyl 7-acetamido-2-chloro-1, >300, NMR 482, 600
8-naphthyridine-3-carboxylate
Ethyl 4-acetamido-1-ethyl-2-oxo-1, 148-150 612
2-dihydro-1,8-naphthyridine-3-carboxylate
Ethyl 7-acetamido-1-(2-hydroxyethyl)-4-oxo-1, 263-265 1029

4-dihydro-1,8-naphthyridine-3-carboxylate



388 Appendix

TABLE A4. (Continued)

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

Ethyl 7-acetamido-2-oxo-1,2-dihydro-1, >350, NMR 482
8-naphthyridine-3-carboxylate

Ethyl 7-acetamido-4-oxo-1,4-dihydro-1, >320 720
8-naphthyridine-3-carboxylate

Ethyl 7-acetoxymethyl-1-ethyl-4-oxo-1, 132-133, NMR 1248
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-acetoxymethyl-1-(2-fluoroethyl)- 162-163 1248
4-ox0-1,4-dihydro-1,8-naphthyridine-3-
carboxylate

Ethyl 1-acetyl-4-hydroxy-2-oxo-1, 157-159, NMR 1225
2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 6-(2-acetylvinyl)-1-ethyl-7-methyl- 146, IR, MS, NMR 905
4-ox0-1,4-dihydro-1,8-naphthyridine-
3-carboxylate

Ethyl 1-allyl-4-amino-2-oxo-1,2-dihydro-1, 161-164 612
8-naphthyridine

Ethyl 1-allyl-4-chloro-7-methyl-2-oxo-1, 80-82 612
2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-allyl-4-hydroxy-7-methyl-2-oxo-1, 113-115 or 122-125 612, 1127
2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 6-amino-7-chloro-1-(2-chloroethyl)- >250 1029
4-ox0-1,4-dihydro-1,8-naphthyridine-
3-carboxylate

Ethyl 6-amino-1-(2-chloroethyl)-7-methylamino crude, 156-160 1029
-4-o0x0-1,4-dihydro-1,8-naphthyridine-
3-carboxylate

Ethyl 6-amino-7-chloro-1-ethyl-4-oxo-1, 289-291, NMR 364
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-amino-6-chloro-1-ethyl-4-oxo-1, 206-208 364
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 2-amino-6-cyano-5,8-dimethyl-7-o0xo-7, 262-264, IR, MS, NMR 618
8-dihydro-1,8,-naphthyridine-3-
carboxylate

Ethyl 2-amino-6-cyano-7-ethoxy- 293-295, IR, MS, NMR 896
5-phenyl-1,8-naphthyridine-3-carboxylate

Ethyl 4-amino-1-cyclohexyl-2-oxo-1, 172-175 612
2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 2-amino-5,7-dimethyl-1,8-naphthyridine- 268-270 276
3-carboxylate

Ethyl 2-amino-5,7-dimethyl-4-oxo-1, 366 1301
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 4-amino-5,7-dimethyl-2-oxo-1, 288-290 612
2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-amino-2-ethoxycarbonylmethyl-1, 180-183, IR, MS, NMR 482
8-naphthyridine-3-carboxylate

Ethyl 4-amino-1-ethoxycarbonylmethyl- 164-166, IR 725
2-o0x0-1,2-dihydro-1,8-naphthyridine-
3-carboxylate

Ethyl 6-amino-7-ethoxy-1-ethyl-4-oxo-1, 249-253, IR 1211

4-dihydro-1,8-naphthyridine-3-carboxylate
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389

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

Ethyl 4-amino-1-ethyl-7-ethylamino-5 195-197 612
-methyl-2-oxo-1,2-dihydro-1,
8-naphthyridine-3-carboxylate

Ethyl 6-amino-1-ethyl-7-methoxy-4-oxo-1, 250-252, IR, NMR 387
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 4-amino-1-ethyl-7-methyl-2-oxo-1, 196-198 612
2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-amino-1-ethyl-6-nitro-4-oxo-1, 262-264 364
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 4-amino-1-ethyl-2-oxo-1, 210-212 612
2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 4-amino-1-(2-hydroxyethyl)- 168-170 612
7-methyl-2-oxo-1,2-dihydro-1,8-naphthyridine-
3-carboxylate

Ethyl 4-amino-1-isobutyl-2-oxo-1, 157-160 612
2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-amino-2-methyl-1,8-naphthyridine- 240-243, IR, NMR 482
3-carboxylate

Ethyl 4-amino-1-methyl-2-oxo-1, 203-206 612
2-dihydro-1,8-naphthyridine-4-carboxylate

Ethyl 7-amino-3-methyl-2-oxo-1, 320, IR 686, 687
2-dihydro-1,8-naphthyridine-4-carboxylate

Ethyl 7-amino-3-methyl-4-oxo-1, crude 115

4-dihydro-1,8-naphthyridine-2-carboxylate

Ethyl 2-amino-1,8-naphthyridine-3-carboxylate

4-Ethylamino-3-nitro-1-phenyl-1,
8-naphthyridin-2(1H)-one

Ethyl 4-amino-2-oxo-1,2-dihydro-1,
8-naphthyridine-3-carboxylate

Ethyl 7-amino-2-oxo-1,2-dihydro-1,
8-naphthyridine-3-carboxylate

Ethyl 7-amino-2-oxo-1,2-dihydro-1,
8-naphthyridine-4-carboxylate

Ethyl 7-amino-4-oxo-1,4-dihydro-1,
8-naphthyridine-3-carboxylate

Ethyl 4-amino-2-oxo-1-propyl-1,
2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 6-benzoyl-5-dimethylamino-
7-methylthio-4-ox0-1,4-dihydro-1,
8-naphthyridine-3-carboxylate

Ethyl 2-(N'-benzoylhydrazino)-1,
8-naphthyridine-3-carboxylate

Ethyl 1-benzoyl-4-hydroxy-2-oxo-1,
2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-benzyl-7-chloro-4-oxo-,1,
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-benzyl-4-methyl-2-oxo-1,
2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-benzyl-7-methyl-4-oxo-1,
4-dihydro-1,8-naphthyridine-3-carboxylate

187-189, IR, UV
189-193

264-267 or 269-271, IR

>320 or >350, NMR

320, IR

292-295

165-168

158-161, NMR

220, IR, MS, NMR

188-190, IR, NMR

128-130, NMR

125-127, NMR

140-141, NMR

358, 1030, 1054
1191

612, 725

482, 702

687, 690

720

612

841

728

912

1284

500

305
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1,8-Naphthyridine

Melting Point (°C) etc.

Reference(s)

Ethyl 6-benzyloxy-7-(2-dimethylaminovinyl)-
1-ethyl-4-oxo-1,4-dihydro-1,8-naphthyridine-
3-carboxylate

Ethyl 6-benzyloxy-1-ethyl-7-methyl-4-oxo-1,
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 6-bromo-1-ethyl-7-methyl-4-oxo-1,
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl-7-bromomethyl-4-oxo-1,4-dihydro-1,
8-naphthyridine-3-carboxylate

Ethyl 7-(2-bromovinyl)-6-ethoxy-1-ethyl-
4-ox0-1,4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-(2-bromovinyl)-1-ethyl-6-hydroxy-
4-ox0-1,4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-tert-butyl-7-chloro-6-fluoro-5-methyl-
4-0x0-1,4-dihydro-1,8-naphthyridine-
3-carboxylate

Ethyl 1-tert-butyl-7-chloro-6-fluoro-4-oxo-1,
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-(2-carboxyvinyl)-6-ethoxy-1-ethyl-4-oxo-1,
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-(2-carboxyvinyl)-6-ethoxy-4-oxo-1,
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-chloro-1-(2-chloroethyl)-6-nitro-4-oxo-1,
4-dihydro-1,8-naphthyridine-
3-carboxylate

Ethyl 7-chloro-1-(2-chloroethyl)-4-oxo-1,
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-chloro-6-cyano-1-ethyl-4-oxo-1,4-dihydro-1,
8-naphthyridine-3-carboxylate

Ethyl 7-chloro-1-cyclopropyl-5-ethyl-6-fluoro-
4-0x0-1,4-dihydro-1,8-naphthyridine-
3-carboxylate

Ethyl 7-chloro-1-cyclopropyl-6-fluoro-
5-formyl-4-oxo-1,4-dihydro-1,8-naphthyridine-
3-carboxylate

Ethyl 7-chloro-1-cyclopropyl-6-fluoro-
5-methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3
-carboxylate

Ethyl 7-chloro-1-cyclopropyl-6-fluoro-4-oxo-1,
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-chloro-1-cyclopropyl-6-fluoro-4-oxo-
5-phenyl-1,4-dihydro-1,8-naphthyridine-
3-carboxylate

Ethyl 7-chloro-1-cyclopropyl-6-fluoro-
4-ox0-5-trimethylsilyl-1,4-dihydro-1,
8-naphthyridine-3-carboxylate

Ethyl 6-chloro-7-diethylamino-1-ethyl-4-oxo-1,
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 4-chloro-7-diethylamino-6-nitro-1,
8-naphthyridine-3-carboxylate

158

192

168, IR, MS, NMR
213-215, NMR
142-144

235-238

178, NMR

158-160
285-286, NMR
>300

130-132

148-149, IR, NMR
243 or 252-256, IR

158, NMR

158-163, NMR

solid, IR, MS, NMR

174-176, IR, NMR

253, NMR

185-189, NMR

109-110

74-75

1060

1060

905

1064

1060

1060

454

493

1060

1060

1029

1049

387, 1211

452

1172

1159

1159, 1172

454

1172

364

364



Appendix

TABLE A4. (Continued)

391

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

Ethyl 4-chloro-1,7-dimethyl-2-oxo-1, 180-184 612
2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-chloro-1-ethyl-6-fluoro-2-methyl- anal, MS, NMR
4-0x0-1,4-dihydro-1,8-naphthyridine-
3-carboxylate

Ethyl 7-chloro-1-ethyl-6-fluoro-4-oxo-1, 191-194 418
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-chloro-1-ethyl-6-formyl-4-oxo-1, 172-173, IR 1211
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 6-chloro-1-ethyl-7-methoxy-4-oxo-1, 156-157, IR, NMR 387
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-(2-chloroethyl)-7-methylamino-6-n-tro- 239-242 1029
4-ox0-1,4-dihydro-1,8-naphthyridine-
3-carboxylate

Ethyl 4-chloro-1-ethyl-7-methyl-2-oxo-1, 143-144 612
2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 6-chloro-1-ethyl-7-morpholino-4-oxo-1, 194-195 364
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-(2-chloroethyl)-6-nitro-4,7-dioxo-1,4,7, 275-285, NMR 1029
8-tetrahydro-1,8-naphthyridine-3-carboxylate

Ethyl 4-chloro-1-ethyl-2-oxo-1, 134-136 612
2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-chloro-1-ethyl-4-oxo-1, 164-165, NMR 1284
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 6-chloro-1-ethyl-4-oxo-7-piperidino-1, 169-171 364
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-chloro-6-fluoro-4-oxo-1-phenyl-1, 219-220 613
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-chloro-6-fluoro-4-oxo-1-vinyl-1, 150-151 418
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-chloro-1-(2-hydroxyethyl)-4-oxo-1, 197-198 1284
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-chloromethyl-1-ethyl-4-oxo-1, 135-137, NMR 1248
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-chloromethyl-1-(2-fluoroethyl)- 139-140 1248
4-0x0-1,4-dihydro-1,8-naphthyridine-3-
carboxylate

Ethyl 4-chloro-1-methyl-2-oxo-1, 132-135 612
2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 4-chloro-7-methyl-2-oxo-1, 160-163 612
2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 2-chloro-1,8-naphthyridine-3-carboxylate 125, IR, MS, NMR 728

Ethyl 7-chloro-6-nitro-4-oxo-1, 195-197 364
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-chloro-4-oxo-1,4-dihydro-1, 287-288, IR, NMR 1284
8-naphthyridine-3-carboxylate

Ethyl 6-cyano-2-(2-dimethylaminovinyl)- 250-251, IR, MS, NMR 900
7-ethoxy-5-phenyl-1,8-naphthyridine-3-carboxylate

Ethyl 6-cyano-7-ethoxy-2,5-diphenyl-1, 243-245, IR, MS, NMR 896

8-naphthyridine-3-carboxylate
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TABLE A4. (Continued)

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

Ethyl 6-cyano-7-ethoxy-1-ethyl-4-oxo-1,4- 175-180, IR 1211
dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 6-cyano-7-ethoxy-2-methyl-5- 224-225, IR, MS, NMR 896, 900
phenyl-1,8-naphthyridine-3-carboxylate

Ethyl 6-cyano-7-ethoxy-2-oxo-5-phenyl-1, 290-291, IR, MS, NMR 896
2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 6-cyano-1-ethyl-7-methoxy-4-oxo-1,4- 221-223, IR, NMR 387
dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 6-(2-cyanovinyl)-1-ethyl-7-methyl-4-oxo-1, 214, IR, MS, NMR 905
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-cyclohexylamino-1-ethyl-6-nitro-4-oxo-1, 215-216 364
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-cyclopropyl-6-fluoro-4,7-dioxo-1,4,7, 257-259, IR, NMR 1162
8-tetrahydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-cyclopropyl-6-fluoro-7-( solid, IR, MS, NMR 1158
3-hydroxycyclopent-1-enyl)-4-oxo-1,
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-cyclopropyl-6-fluoro-7- 151-152, IR, MS, NMR 1158
(1-methoxyvinyl)-4-oxo-1,4-dihydro-1,
8-naphthyridine-3-carboxylate

Ethyl 1-cyclopropyl-6-fluoro-4-oxo-7- 183-184, IR, MS, NMR 1158
(3-oxocyclopent-1-enyl)-1,4-dihydro-1,
8-naphthyridine-3-carboxylate

Ethyl 1-cyclopropyl-6-fluoro-4-oxo- 158-161, IR, NMR 1162
7-piperidino-1,4-dihydro-1,8-naphthyridine-
3-carboxylate

Ethyl 1-cyclopropyl-6-fluoro-4-oxo-7-vinyl-1, solid, IR, MS, NMR 1158
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 6-diazonio-1-ethyl-7-methoxy-4-oxo- 148-149, IR 387
1,4-dihydro-1,8-naphthyridine-3-carboxylate
tetrafluoroborate

Ethyl 6,7-dichloro-1-ethyl-4-oxo-1,4- 225-227, NMR 364
dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 4-diethylamino-1-ethyl-7-methyl- 82-85 612
2-0x0-1,2-dihydro-1,8-naphthyridine-
3-carboxylate

Ethyl 7-diethylamino-1-ethyl-6-nitro-4-oxo- 126-128 364
1,4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-diethylamino-6-nitro-4-oxo-1,4- 254-256 364
dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-dimethylamino-1-ethyl-6-nitro- 186-188 364
4-0x0-1,4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-(2-dimethylaminovinyl)-1-ethyl- 175-176, IR, NMR 1163
6-fluoro-4-oxo-1,4-dihydro-1,8-naphthyridine-
3-carboxylate

1-Ethyl-3,7-dimethyl-1,8-naphthyridin-4(1H)-one 112-113, NMR, UV 1076

1-Ethyl-5,7-dimethyl-1,8-naphthyridin-2(1H)-one 90-92 338

3-Ethyl-2,7-dimethyl-1,8-naphthyridin-4(1H)-one 268-270, IR, NMR 976

Ethyl 2,7-dimethyl-4-oxo-1,4-dihydro- 223, NMR 249

1,8-naphthyridine-3-carboxylate
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TABLE A4. (Continued)

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

Ethyl 5,7-dimethyl-4-oxo-1,4-dihydro- 232-234 1076
1,8-naphthyridine-3-carboxylate

1-Ethyl-2,7-dimethyl-4-oxo-1,4-dihydro- 201-203 249
1,8-naphthyridine-3-carboxylic acid

1-Ethyl-5,7-dimethyl-4-phenyl-1,8- 148-149, NMR 1196
naphthyridine-2(1H)-thione

1-Ethyl-5,7-dimethyl-4-phenyl-1,8- 113-114, NMR 1196
naphthyridin-2(1H)-one

7-Ethyl-1,5-dimethyl-4-phenyl-1,8- 88-89, NMR 1196
naphthyridin-2(1H)-one

1-Ethyl-3,6-dinitro-1,8-naphthyridine-4,7 282-284, NMR 364
(1H,8H)-dione

1-Ethyl-3,6-dinitro-1,8-naphthyridin-2(1H)-one 168-170, IR, MS, NMR 692, 1273

Ethyl 2,7-dioxo-1,2,7,8-tetrahydro-1,8- 264-265 690
naphthyridine-4-carboxylate

Ethyl 2-ethoxycarbonylmethyl-1,8- 79-80, NMR 1419
naphthyridine-3-carboxylate

Ethyl 6-ethoxy-1-ethyl-7-formyl-4-oxo-1,4- 169-170 1060
dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-ethoxy-1-ethyl-6-formyl-4-oxo-1,4- 199-202, IR, NMR 1211
dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-ethoxy-1-ethyl-6-hydroxymethyl- 200-202, NMR 1211
4-0x0-1,4-dihydro-1,8-naphthyridine-3-
carboxylate

Ethyl 4-ethoxy-1-ethyl-7-methyl-2-oxo- 77-79 612
1,2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 6-ethoxy-1-ethyl-7-methyl-4-oxo- 163-164 1060
1,4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 7-ethoxy-1-ethyl-6-nitro-4-oxo-1, 184-185 1211
4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-ethoxy-6-formyl-4,7-dioxo-1,4,7,8- 232-235 1211
tetrahydro-1,8-naphthyridine-3-carboxylate

Ethyl 6-ethoxy-7-methyl-4-oxo-1,4- 279-282 1060
dihydro-1,8-naphthyridine-3-carboxylate

1-Ethyl-7-ethylcarbamoyl-4-oxo-1,4-dihydro- 276-278 1012
1,8-naphthyridine-3-carboxylic acid

Ethyl 1-ethyl-6,7-dimethyl-4-oxo-1,4- 181-183, IR, MS, NMR 905
dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-ethyl-4-ethylamino-7-methyl-2- 132-136 612
oxo-1,2-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-ethyl-7-ethylsulfonyl-6-morpholino- 169-172, IR, NMR 1256
4-0x0-1,4-dihydro-1,8-naphthyridine-3-
carboxylate

Ethyl 1-ethyl-7-ethylsulfonyl-4-oxo-6- 95-98, IR, NMR 1256
piperidino-1,4-dihydro-1,8-naphthyridine-
3-carboxylate

Ethyl 1-ethyl-7-ethylthio-6-fluoro-4-oxo- 135-137 1120
1,4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-ethyl-6-fluoro-7-formyl-4-oxo- crude, 170-175, NMR 1163

1,4-dihydro-1,8-naphthyridine-3-carboxylate
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TABLE A4. (Continued)
1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
Ethyl 1-ethyl-6-fluoro-7-methyl-4-oxo-1, 146-147, IR, NMR 1091
4-dihydro-1,8-naphthyridine-3-carboxylate
Ethyl 1-ethyl-7-fluoromethyl-4-oxo-1,4- 137-139, NMR 1148
dihydro-1,8-naphthyridine-3-carboxylate
Ethyl 1-ethyl-6-fluoro-7-morpholino-4-oxo- 169-171, IR, NMR 1256
1,4-dihydro-1,8-naphthyridine-3-carboxylate
Ethyl 1-ethyl-6-fluoro-4-oxo-7-piperidino-1,4- 175-176, IR, NMR 1256
dihydro-1,8-naphthyridine-3-carboxylate
Ethyl 1-ethyl-6-fluoro-4-oxo-7-vinyl-1,4- solid, IR, MS, NMR 1158
dihydro-1,8-naphthyridine-3-carboxylate
Ethyl 1-ethyl-7-formyl-6-hydroxy-4-oxo-1, 243-245 1060
4-dihydro-1,8-naphthyridine-3-carboxylate
Ethyl 1-ethyl-7-formyl-4-oxo-1,4- 158-159; HON=: 1066
dihydro-1,8-naphthyridine-3-carboxylate 222-224; PhN=:
169-170; sc:
273-275; tsc:
264-266;
PhNHN=: 283-285
1-Ethyl-7-(N-ethylhydrazino)-4-oxo- 1,4-dihydro- 223-225 1129
1,8-naphthyridine-3-carboxylate
Ethyl 1-ethyl-4-hydroxy-7-methyl-2-oxo-1,2- 147-151 612
dihydro-1,8-naphthyridine-3-carboxylate
Ethyl 1-ethyl-6-hydroxy-7-methyl-4-oxo-1,4- 184-185, NMR 1060
dihydro-1,8-naphthyridine-3-carboxylate
Ethyl 1-ethyl-7-hydroxymethyl-4-oxo-1,4- 171-172 1248
dihydro-1,8-naphthyridine-3-carboxylate
Ethyl 1-ethyl-4-hydroxy-2-oxo-1,2- 122125 or 124-125 612, 1127
dihydro-1,8-naphthyridine-3-carboxylate
Ethyl 1-ethyl-6-(2-methoxycarbonylvinyl)-7- 140-142, IR, MS, NMR 905
methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-
3-carboxylate
Ethyl 1-ethyl-7-methoxy-6-nitro-4-oxo-1,4- 224-227, IR, MS 387
dihydro-1,8-naphthyridine-3-carboxylate
Ethyl 1-ethyl-7-methoxy-4-oxo-1,4- 142-143, IR 387
dihydro-1,8-naphthyridine-3-carboxylate
Ethyl 1-ethyl-7-methyliminomethyl-4-oxo- 177-178 1066

1,4-dihydro-1,8-naphthyridine-3-
carboxylate

Ethyl 1-ethyl-7-methyl-4-oxo-1,4-
dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-ethyl-7-methyl-4-oxo0-6-phenyl-
1,4-dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-ethyl-7-methyl-4-thioxo-1,4-
dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-ethyl-7-morpholino-6-nitro-4-oxo-1,4-
dihydro-1,8-naphthyridine-3-carboxylate

Ethyl 1-ethyl-6-nitro-4,7-dioxo-1,4,7,8-tetrahydro-
1,8-naphthyridine-3-carboxylate

Ethyl 8-ethyl-6-nitro-5-oxo0-5,8-dihydro-
1,8-naphthyridine-2-carboxylate

118 to 122, biol

144-145, IR, MS, NMR

121-122

193-195

239-241, NMR

205-207, IR

154, 1276, 1380

905

1380

364

364

364
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1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
Ethyl 1-ethyl-6-nitro-4-oxo-7-piperidino-1,4- 173-175 364
dihydro-1,8-naphthyridine-3-carboxylate
1-Ethyl-7-(N-ethyl-N-nitrosoamino)-4-oxo-1,4- 242-243 1129
dihydro-1,8-naphthyridine-3-carboxylic acid
Ethyl 7-ethyl-4-oxo-1,4-dihydro-1,8- 249-250 1076
naphthyridine-3-carboxylate
Ethyl 7-ethylsulfonyl-6-fluoro-1-(2-fluoroethyl)- 176-178 418
4-ox0-1,4-dihydro-1,8-naphthyridine-3-
carboxylate
Ethyl 7-ethylthio-6-fluoro-1-(2-fluoroethyl)- 174-175 418
4-0x0-1,4-dihydro-1,8-naphthyridine-3-
carboxylate
Ethyl 7-ethylthio-6-fluoro-4-oxo-1,4- 280-284 1120
dihydro-1,8-naphthyridine-3-carboxylate
1-Ethyl-6-fluoro-4,7-dioxo-1,4,7,8-tetrahydro- >300, IR, NMR 387, 1091
1,8-naphthyridine-3-carboxylic acid
Ethyl 1-(2-fluoroethyl)-7-fluoromethyl-4-oxo- 136-138, NMR 1248
1,4-dihydro-1,8-naphthyridine-3-
carboxylate
Ethyl 1-(2-fluoroethyl)-7-hydroxymethyl-4-oxo- 153-154, NMR 1248
1,4-dihydro-1,8-naphthyridine-3-carboxylate
1-Ethyl-6-fluoro-7-formyl-4-oxo-1,4-dihydro- crude, NMR; HON=: 395
1,8-naphthyridine-3-carboxylic acid 258-262, NMR
Ethyl 6-fluoro-7-methyl-4-oxo-1,4- 293-296, NMR 1091
dihydro-1,8-naphthyridine-3-carboxylate
1-Ethyl-6-fluoro-7-methyl-4-oxo-1,4-dihydro- 248-252 or 395, 1091
1,8-naphthyridine-3-carboxylic acid 252-254, IR, NMR
1-Ethyl-7-fluoromethyl-4-oxo-1,4-dihydro- 224-227, NMR 1248
1,8-naphthyridine-3-carboxylic acid
1-Ethyl-6-fluoro-7-morpholino-4-oxo- 261-263 387
1,4-dihydro-1,8-naphthyridine-3-
carboxylic acid
1-Ethyl-6-fluoro-4-oxo-7-piperidino- 211-213 387
1,4-dihydro-1,8-naphthyridine-3-carboxylic acid
1-Ethyl-7-formyl-4-oxo-1,4-dihydro-1,8- 266-268; HON=: 1066
naphthyridine-3-carboxylic acid 246-248; MeN=:
223-225; PhN=:
>300; tsc:
276-278; PANHN=:
285-287
3-Ethyl-4-hydroxy-5,7-dimethyl-1,8- 276 1301
naphthyridin-2(1H)-one
Ethyl 4-hydroxy-1,7-dimethyl-2-oxo-1,2-dihydro- 143145 or 145-151 612, 1127
1,8-naphthyridine-3-carboxylate
Ethyl 4-hydroxy-5,7-dimethyl-2-oxo-1,2- 330 1301
dihydro-1,8-naphthyridine-3-carboxylate
1-Ethyl-4-hydroxy-3,7-diphenyl-1,8- 216-218, IR 1112
naphthyridin-2(1H)-one
1-Ethyl-3-hydroxy-7-methyl-1,8-naphthyridin- 128-130, IR, MS, NMR 1010

4(1H)-one
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TABLE A4. (Continued)

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

1-Ethyl-4-hydroxy-7-methyl-1,8-naphthyridin- 205-206 344
2(1H)-one

Ethyl 4-hydroxy-1-methyl-2-oxo-1,2- 158-160 or 163-166, 612, 1127
dihydro-1,8-naphthyridine-3-carboxylate IR, NMR

Ethyl 4-hydroxy-7-methyl-2-oxo-1,2- 190-193 612
dihydro-1,8-naphthyridine-3-carboxylate

1-Ethyl-6-hydroxy-7-methyl-4-oxo-1,4-dihydro- 325-332 219
1,8-naphthyridine-3-carboxylic acid

1-Ethyl-7-hydroxymethyl-4-oxo-1,4-dihydro- 246-247 or 253-256 151, 154, 192,

1,8-naphthyridine-3-carboxylic acid
Ethyl 4-hydroxy-5-methyl-2-oxo-7-phenyl-
1,2-dihydro-1,8-naphthyridine-3-carboxylate
Ethyl 1-hydroxy-2-oxo-1,2-dihydro-1,8-
naphthyridine-3-carboxylate
Ethyl 4-hydroxy-2-oxo-1-phenyl-1,2-
dihydro-1,8-naphthyridine-3-carboxylate
1-Ethyl-4-hydroxy-7-phenyl-1,8-naphthyridin-
2(1H)-one
3-Ethyl-4-hydroxy-1-phenyl-1,8-naphthyridin-
2(1H)-one
1-Ethyl-3-iodo-7-methyl-1,8-naphthyridin-
4(1H)-one
1-Ethyl-7-isopropylcarbamoyl-4-oxo-1,4-
dihydro-1,8-naphthyridine-3-
carboxylic acid
1-Ethyl-7-(N'-isopropylidene-N-
methylhydrazino)-4-oxo-1,4-dihydro-1,
8-naphthyridine-3-carboxylic acid
1-Ethyl-3-(2-methoxycarbonylvinyl)-7-
methyl-1,8-naphthyridin-4(1H)-one
1-Ethyl-7-methylcarbamoyl-4-oxo-1,4-
dihydro-1,8-naphthyridine-3-carboxylic acid
Ethyl 3-methyl-2,7-dioxo-1,3,7,8-
tetrahydro-1,8-naphthyridine-4-carboxylate
1-Ethyl-7-(N-methylhydrazino)-4-oxo-1,4-
dihydro-1,8-naphthyridin-3-carboxylic acid
1-Ethyl-7-[N-methyl-N'-(1-methylpropylidene)
hydrazine]-4-oxo-1,4-dihydro-1,8-
naphthyridine-3-carboxylic acid
2-Ethyl-3-methyl-1,8-naphthyridine
3-Ethyl-2-methyl-1,8-naphthyridine
Ethyl 2-methyl-1,8-naphthyridine-3-
carboxylate
1-Ethyl-4-methyl-1,8-naphthyridine-2,7-
(1H,8H)-dione
1-Ethyl-7-methyl-1,8-naphthyridin-4-(1H)-one

2-Ethyl-7-methyl-1,8-naphthyridin-4-(1H)-one
3-Ethyl-7-methyl-1,8-naphthyridin-4(1H)-one
7-Ethyl-2-methyl-1,8-naphthyridin-4(1H)-one

236

168-170, IR

247-252, IR, NMR

260-261

314-315

204-205, IR, NMR

293-295

227-230

202, IR, NMR

303-305

244

268-271

169-172

93-94, NMR
93-94, NMR

85-86 or 90-91, IR, NMR

228-230

214-215
215-216
242-243

219, 295, 1277
1301

1112

453, 497

1112

607

905, 1213

1012

1129

905

1012

687

1129

1129

1013

1013

658, 1054, 1112,
1440

1392

344, 518, 1267,
1393

1076

1076

1076
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TABLE A4. (Continued)

397

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
1-Ethyl-7-methyl-6-nitro-4-oxo-1,4-dihydro- 248-250, IR, NMR 395
1,8-naphthyridine-3-carboxylic acid
1-Ethyl-7-(N-methyl-N-nitrosoamino)-4-oxo- 251-252 1129
1,4-dihydro-1,8-naphthyridine-3-
carboxylic acid
1-Ethyl-7-methyl-4-oxo-1,4-dihydro- HCI: >260, IR, NMR 635
1,8-naphthyridine-3-carboguanide
1-Ethyl-7-methyl-4-oxo-1,4-dihydro- 192-193, NMR 1116
1,8-naphthyridine-3-carbohydrazide
1-Ethyl-7-methyl-4-oxo-1,4-dihydro- 221-223 or 225-226, 1213, 1405
1,8-naphthyridine-3-carbonitrile IR, NMR
1-Ethyl-7-methyl-4-oxo-1,4-dihydro- 214-215 212
1,8-naphthyridine-3-carboxanilide
Ethyl 2-methyl-4-oxo-1,4-dihydro- — 162
1,8-naphthyridine-3-carboxylate
Ethyl 4-methyl-2-oxo-1,2-dihydro-1,8- 226-229, NMR 500
naphthyridine-3-carboxylate
Ethyl 7-methyl-4-oxo-1,4-dihydro-1,8- 259 to 277, IR, MS, 179, 286, 350,
naphthyridine-3-carboxylate NMR 1076, 1186,
1235
1-Ethyl-7-methyl-4-oxo-1,4-dihydro-1,8- 225 to 230, boil, 151, 154, 171,
naphthyridine-3-carboxylic acid (nalidixic acid) IR, NMR, pK,, 179, 191, 192,
UV, xl st 227, 228, 294,
295, 311, 342,
350, 373, 528,
799, 883, 1012,
1213, 1359
1-Ethyl 7-methyl-4-oxo-1,4-dihydro-1,8- 228, IR, NMR, UV 1045
naphthyridine-3-sulfonamide
Ethyl 2-methyl-7-phenyl-1,8-naphthyridine-3- 130-131, IR 1112
carboxylate
1-Ethyl-7-methyl-2-phenyl-1,8-naphthyridin- 125-126, NMR 221
4(1H)-one
1-Ethyl-7-methyl-3-phenyl-1,8-naphthyridin- 155, IR, NMR 905
4(1H)-one
1-Ethyl-7-methyl-4-phenyl-1,8-naphthyridin- 109, NMR 1196
2(1H)-one
1-Ethyl-7-methyl-3-styryl-1,8-naphthyridin- 145, NMR 905
4(1H)-one
Ethyl 7-methyl-4-thioxo-1,4-dihydro- 208, NMR 1380
1,8-naphthyridine-3-carboxylate
1-Ethyl-7-methyl-4-thioxo-1,4-dihydro- 249-251, NMR 1380
1,8-naphthyridine-3-carboxylic acid
1-Ethyl-7-methyl-3-vinyl-1,8-naphthyridin- 130-132, IR, NMR 905
4(1H)-one
1-Ethyl-7-morpholino-4-oxo-1,4-dihydro- 288-290 1284
1,8-naphthyridine-3-carboxylic acid
7-Ethyl-1,8-naphthyridin-2-amine 169-172 338
2-Ethyl-1,8-naphthyridine 78-79, IR, NMR 145
4-Ethyl-1,8-naphthyridine liquid NMR 1441
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TABLE A.4. (Continued)

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

1-Ethyl-1,8-naphthyridine-2,7(1 H,8 H)-dione 202-204 1392

7-Ethyl-1,8-naphthyridin-2(1H)-one 133-134 338

1-Ethyl-6-nitro-4,7-dioxo-1,4,7,8-tetrahydro- 275-277, NMR 364
1,8-naphthyridine-3-carboxylic acid

1-Ethyl-3-nitro-1,8-naphthyridin-2(1H)-one 166-168, or 285-286, 692, 1273

1-Ethyl-3-nitro-1,8-naphthyridin-4(1H)-one

8-Ethyl-6-nitro-5-0x0-5,8-dihydro-1,8-
naphthyridine-2-carboxylic acid

1-Ethyl-7-(N-nitroso-N-propylamino)-4-oxo-
1,4-dihydro-1,8-naphthyridine-3-carboxylic acid

Ethyl 2-oxo-1,2-dihydro-1,8-naphthyridine-3-
carboxylate

Ethyl 4-oxo-1,4-dihydro-1,8-naphthyridine-
3-carboxylate

Ethyl 7-oxo-7,8-dihydro-1,8-naphthyridine-
2-carboxylate

1-Ethyl-2-ox0-1,2-dihydro-1,8-naphthyridin-
3-carboxylic acid

8-Ethyl-5-0x0-5,8-dihydro-1,8-naphthyridine-
2,6-dicarboxylic acid

1-Ethyl-2-ox0-7-phenyl-1,2-dihydro-1,8-
naphthyridine-3-carbonitrile

Ethyl 4-oxo-2-phenyl-1,4-dihydro-1,8-
naphthyridine-3-carboxylate

1-Ethyl-2-0x0-7-phenyl-1,2-dihydro-1,8-
naphthyridine-3-carboxylic acid

1-Ethyl-4-oxo0-7-piperidino-1,4-dihydro-1,8-
naphthyridine-3-carboxylic acid

1-Ethyl-4-0x0-7-propylcarbamoyl-1,4-dihydro-
1,8-naphthyridin-3-carboxylic acid

Ethyl 4-oxo0-2-propyl-1,4-dihydro-1,8-
naphthyridine-3-carboxylate

1-Ethyl-4-0x0-7-(N-propylhydrazino)-1,4-
dihydro-1,8-naphthyridine-3-carboxylic acid

3-Ethyl-2-phenyl-1,8-naphthyridine

7-Ethyl-5-phenyl-1,8-naphthyridine-3-
carboxamide

Ethyl 2-phenyl-1,8-naphthyridine-3-carboxylate

1-Ethyl-3-phenyl-1,8-naphthyridin-2(1H)-one
N-(1-Ethylpropyl)-7-methyl-1
-(2-morpholinoethyl)-4-oxo-1,4-
dihydro-1,8-naphthyridine-3-carboxamide
N-(1-Ethylpropyl)-7-methyl-4-oxo-1,
4-dihydro-1,8-naphthyridine-3-carboxamide
Ethyl 5,6,7-trichloro-1-ethyl-4-oxo-1,4-
dihydro-1,8-naphthyridine-3-carboxylate
3-Ethyl-2,5,7-trimethyl-1,8-naphthyridin-4(1H)-one

IR, MS, NMR
207-209 or 213-215,

IR, MS, NMR
274-276, NMR
223-224

200-202 or 205-207,
IR, NMR

207-208, IR, MS, NMR

191-192, IR

274-276, IR

248-249, IR

260-262

143-145

200-201

125-126, NMR
>275, IR, NMR

104, IR, MS, NMR

95-96, IR

140-142

213-215, NMR

165-167, NMR

236-239

364, 692, 1273
364

1129

658, 674, 1112,

1440

350

473

1112

151

1112

162

1112

1284

1012

162

1129

1013, 1030
1326

658, 674, 859,
1440

1112

305

305

364

976
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TABLE A4. (Continued)
1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
6-Fluoro-4,7-dioxo-1-vinyl-1,4,7, 256-259, IR, NMR 387, 418
8-tetrahydro-1,8-naphthyridine-3-carboxylic acid
1-(2-Fluoroethyl)-7-fluoromethyl-4-oxo- 195-197 1248
1,4-dihydro-1,8-naphthyridine-3-carboxylic acid
2-Fluoro-5-methyl-1,8-naphthyridine — 893
7-Fluoro-2-phenyl-1,8-naphthyridin-4(1H)-one >300, NMR 221
Hexachloro-1,8-naphthyridine 271-273 918
Hexafluoro-1,8-naphthyridine 165-166, IR, NMR, th 918, 1313
3-Hexyl-4-hydroxy-7-methyl-1,8-naphthyridin- 240 or 242 810, 1301
2(1H)-one
1-Hydrazinocarbonylmethyl-3-phenyl-1,8- 148, IR, MS, NMR; 740
naphthyridin-2(1H)-one MeCH: 285, IR, MS,
NMR
2-Hydrazino-5,7-dimethyl-1,8-naphthyridine 242-243; PhCH=: 763
244-245; PhMeC=:
245-246
4-Hydrazino-5,7-dimethyl-1,8-naphthyridine NMR 954
2-Hydrazino-3,6-dinitro-1,8-naphthyridine crude, 138-145 692
4-Hydrazino-7-methyl-1,8-naphthyridine 208-210, NMR 153, 954
2-Hydrazino-7-methyl-5-phenyl-1,8-naphthyridine PhCH=: 253-254 771
4-Hydrazino-7-methyl-2-phenyl-1,8-naphthyridine NMR; PhCH=:— 221, 1308
2-Hydrazino-1,8-naphthyridine 182-183, IR, UV; 1100
PhCH=: 218-220,
IR, UV
4-Hydrazino-1,8-naphthyridin-2(1H)-one — 386
2-Hydrazino-3-phenyl-1,8-naphthyridine 174, IR, MS, NMR; 850
PhCH=: 208;
PhMeC=: 123, IR, MS,
NMR
3-(4-Hydroxybutyl)-1-methyl-1,8-naphthyridin- solid, NMR 1298
2(1H)-one
1-Hydroxy-5,7-dimethyl-1,8-naphthyridin-2 250 769
(1H)-one
3-Hydroxy-1,7-dimethyl-1,8-naphthyridin-4 237-241, IR, NMR 1394
(1H)-one
4-Hydroxy-1,3-dimethyl-1,8-naphthyridin-2 238-240, IR, MS, 565
(1H)-one NMR, UV
4-Hydroxy-3,7-dimethyl-1,8-naphthyridin-2(1H)-one 280, IR, NMR 1267
4-Hydroxy-5,7-dimethyl-1,8-naphthyridin-2(1H)-one 370 1301
4-Hydroxy-1,7-dimethyl-3-nitro-1,8-naphthyridin- 159-161, IR, NMR 1127
2(1H)-one
4-Hydroxy-3,5-dimethyl-7-phenyl-1,8- 231 1301
naphthyridin-2(1H)-one
4-Hydroxy-5,7-dimethyl-3-phenyl-1,8- 280 1301
naphthyridin-2(1H)-one
4-Hydroxy-6,7-dimethyl-3-phenyl-1,8- 290 1301
naphthyridin-2(1H)-one
4-Hydroxy-1,3-diphenyl-1,8-naphthyridin-2 248-249
(1H)-one
4-Hydroxy-3,7-diphenyl-1,8-naphthyridin-2(1H)-one  326-327, IR 1112
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TABLE A4. (Continued)

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

1-(2-Hydroxyethyl)-4-oxo-7-piperidino-1,4- >300 1284
dihydro-1,8-naphthyridine-3-carboxylic acid

4-Hydroxy-3-(3-hydroxybutyl)-1-phenyl-1,8- 234-235 607
naphthyridin-2(1H)-one

4-Hydroxy-3-iodo-1,8-naphthyridin-2(1H)-one 220-222, IR 693

4-Hydroxy-6-methoxy-1-phenyl-1,8- 285-287 607
naphthyridin-2(1H)-one

4-Hydroxy-3-(3-methylbut-2-enyl)-1- Na: 250-260 607
phenyl-1,8-naphthyridin-2(1H)-one

4-Hydroxy-5-methyl-2,7-diphenyl-1,8- 266 1301
naphthyridin-2(1H)-one

7-Hydroxymethyl-1,8-naphthyridin-2-amine 240, IR, NMR 1445

2-Hydroxymethyl-1,8-naphthyridine 99-100, IR, NMR 473

4-Hydroxy-1-methyl-1,8-naphthyridin-2(1H)-one 308-310, NMR 1127

4-Hydroxy-6-methyl-1,8-naphthyridin-2(1H)-one 300 114

4-Hydroxy-7-methyl-1,8-naphthyridin-2(1H)-one 260, IR, NMR 1269

4-Hydroxy-1-methyl-3-nitro-1,8-naphthyridin-2 156-158 1127
(1H)-one

4-Hydroxy-N-methyl-2-oxo-1-phenyl-1,2- >300 453
dihydro-1,8-naphthyridine-3-carboxamide

4-Hydroxy-7-methyl-3-pentyl-1,8- 260 or 261 810, 1301
naphthyridin-2(1H)-one

4-Hydroxy-3-methyl-1-phenyl-1,8- >320 607
naphthyridin-2(1H)-one

4-Hydroxy-3-methyl-7-phenyl-1,8- 288-290, IR 1112
naphthyridin-2(1H)-one

4-Hydroxy-5-methyl-7-phenyl-1,8- 350 1301

naphthyridin-2(1H)-one
4-Hydroxy-7-methyl-3-phenyl-1,8-
naphthyridin-2(1H)-one
4-Hydroxy-1,8-naphthyridin-2(1H)-one
4-Hydroxy-3-nitro-1,8-naphthyridin-2(1H)-one
4-Hydroxy-3-nitro-1-phenyl-1,8-naphthyridin-
2(1H)-one
4-Hydroxy-3-nitro-7-phenyl-1,8-naphthyridin-
2(1H)-one
4-Hydroxy-3-nitroso-1-phenyl-1,8-
naphthyridin-2(1H)-one
4-Hydroxy-2-oxo-1,2-dihydro-1,8-naphthyridine-
3-carbaldehyde
4-Hydroxy-2-oxo-1,2-dihydro-1,8-naphthyridine-
3-carbonitrile
4-Hydroxy-2-oxo-1,2-dihydro-1,8-naphthyridine-
3-carboxamide
1-Hydroxy-2-oxo-1,2-dihydro-1,8-naphthyridine-
3-carboxylic acid
4-Hydroxy-2-oxo-1-phenyl-1,2-dihydro-1,8-
naphthyridine-3-carboxanilide
4-Hydroxy-3-pentyl-1-phenyl-1,8-naphthyridin-2
(1H)-one

311 to 317, IR
292-294, IR, MS, NMR
288-289, NMR
296-298, IR, NMR
245-246, IR

205-210, IR, MS, NMR
222; HON=: 210

solid, NMR

315

>315, IR

>300

226-228

810, 1269, 1301
33, 693, 1253
312, 682, 1273
892, 1191, 1273
1112, 1273

892

1281

912

31

1112

453

607
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TABLE A4. (Continued)

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

4-Hydroxy-1-phenyl-1,8-naphthyridin-2(1H)-one 300 or 309-310, IR, 453, 603, 607

NMR, UV

4-Hydroxy-3-phenyl-1,8-naphthyridin-2(1H)-one 306-308, IR, NMR 796

4-Hydroxy-7-phenyl-1,8-naphthyridin-2(1H)-one 360, IR 1112

3-(2-Hydroxypropyl)-1-methyl-1,8- solid, NMR 1298
naphthyridin-2(1H)-one

3-(2-Hydroxypropyl)-1,8-naphthyridin-2(1H)-one crude, NMR 1298

4-Hydroxy-3,5,7-trimethyl-1,8-naphthyridin-2 325 1301
(1H)-one

4-Hydroxy-3,6,7-trimethyl-1,8-naphthyridin-2 318 1301
(1H)-one

3-Iodo-7-methyl-1,8-naphthyridin-4(1H)-one >260, IR, NMR 905

1-Isobutyl-7-methyl-1,8-naphthyridin-4(1H)-one 84-86 1380

7-Isobutyl-1,8-naphthyridin-2-amine 125-127 338

2-Isobutyl-1,8-naphthyridine 56-57, IR, NMR 145

7-Isobutyl-1,8-naphthyridin-2(1H)-one 135-137 338

2-Isobutyramido-5-isobutyroxy-7-phenyl-1,8- crude, NMR 472

naphthyridine

2-Isobutyramido-5-methoxy-7-phenyl-1,8- 194-195, IR, MS, NMR 472
naphthyridine

7-Isobutyramido-2-phenyl-1,8-naphthyridin- 266-267, IR, MS, NMR 472
4(1H)-one

2-Isocyanato-5,7-dimethyl-1,8-naphthyridine 256-258, IR, MS, NMR 1190

1-Isopentyl-3-methyl-1,8-naphthyridin-2(1H)-one solid (?), NMR

4-Isopropylamino-3-nitro-1-phenyl-1,8- 259-261 1191
naphthyridin-2(1H)-one

7-(N'-Isopropylidene-N-methylhydrazino)-1- 178-180 1129
propyl-4-oxo-1,4-dihydro-1,8-naphthyridine-
3-carboxylic acid

1-Isopropyl-7-methyl-4-phenyl-1,8- 137-139, NMR 1196
naphthyridin-2(1H)-one

7-Isopropyl-1,8-naphthyridin-2-amine 158-160 338

2-Isopropyl-1,8-naphthyridine 65-66, NMR 1018

7-Isopropyl-1,8-naphthyridin-2(1H)-one 131-133 338

2-Methoxy-4,5-bismethylamino-3,6-dinitro- 245-247, IR, MS, NMR 860
1,8-naphthyridine

2-(4-Methoxycarbonylbutyl)-1,8-naphthyridine anal, NMR 264

2-Methoxy-5,7-dimethyl-1,8-naphthyridine 65; pic: 188-189 67, 88

4-Methoxy-2,7-dimethyl-1,8-naphthyridine 130 or 148-149, IR, NMR 185, 1445

2-Methoxy-3,6-dinitro-1,8-naphthyridine 172-173, IR, MS, NMR 860, 1273

2-Methoxy-4,6-diphenyl-1,8-naphthyridine- 227-229, IR, MS, NMR 896
3-carbonitrile

2-Methoxy-4,7-diphenyl-1,8-naphthyridine- 235-237, IR, MS, NMR 896

3-carbonitrile

2-Methoxy-4-methylamino-3-nitro-1,8-naphthyridine

4-Methoxy-7-methyl-1,8-naphthyridine

7-Methoxy-1-methyl-1,8-naphthyridin-2(1H)-one
7-Methoxy-5-methyl-1,8-naphthyridin-2(1H)-one
2-Methoxy-7-methyl-5-phenyl-1,8-naphthyridine
4-Methoxy-7-methyl-2-phenyl-1,8-naphthyridine

240-242, IR, NMR
111-113, NMR
114-116, NMR
214-216

124-125

101-102, NMR

682, 785, 1273
1380

1380

338

771

221
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TABLE A4. (Continued)

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)

2-Methoxy-6-methyl-4-phenyl-1,8-naphthyridine- 239-241, IR, MS, NMR 896
3-carbonitrile

5-Methoxy-1-methyl-7-phenyl-1,8-naphthyridin- 192-194, NMR 221

2(1H)-one

2-Methoxy-7-morpholino-3-nitro-6-phenyl-1, 190-192, NMR 1304
8-naphthyridine

2-Methoxy-7-morpholino-6-phenyl-1,8- 128-130, NMR 1304
naphthyridine

7-Methoxy-1,8-naphthyridin-2-amine 150-151, IR, NMR 1257

2-Methoxy-1,8-naphthyridine 53-55 or 61-62, IR, 225, 1100

NMR, UV
4-Methoxy-1,8-naphthyridine lig, anal, NMR; pic: 225
183-185

2-Methoxy-1,8-naphthyridine-3-carbonitrile 193-195 278

4-Methoxy-1,8-naphthyridine-2,7-dicarbaldehyde 210, IR, NMR 1445

7-Methoxy-1,8-naphthyridin-2(1H)-one 171-172, IR, NMR 1257

2-Methoxy-3-nitro-1,8-naphthyridine 166-167, IR, NMR 682, 1273

2-Methoxy-3-nitro-6-phenyl-7-piperidino- 148-150, NMR 1304
1,8-naphthyridine

2-Methoxy-7-phenethyl-4-phenyl-1,8- 214-216, IR, MS, NMR 896
naphthyridine-3-carbonitrile

5-Methoxy-7-phenyl-1,8-naphthyridin-2-amine 247-248, IR, MS, NMR 472

7-Methoxy-5-phenyl-1,8-naphthyridin-2-amine 203-205, NMR 1226

7-Methoxy-6-phenyl-1,8-naphthyridin-2-amine 187-189, NMR 1226

7-Methoxy-2-phenyl-1,8-naphthyridin-4(1H)-one 244-246, NMR 221

7-Methoxy-5-phenyl-1,8-naphthyridin-2(1H)-one 220-222, NMR 1226

7-Methoxy-6-phenyl-1,8-naphthyridin-2(1H)-one 294-296, NMR 1226

2-Methoxy-6-phenyl-7-piperidino-1,8-naphthyridine ~ 168—-170, NMR 1304

2-Methoxy-7-piperidino-5-piperidinomethyl-1,8- 140-141 79

naphthyridine

Methyl 7-acetamido-4-oxo-1,4-dihydro-1,8- 260-261 758
naphthyridine-2-carboxylate

Methyl 1-acetyl-4-hydroxy-2-oxo-1,2- 173-175, NMR 1225
dihydro-1,8-naphthyridine-3-carboxylate

Methyl 2-amino-5,7-dimethyl-1,8-naphthyridine- 230-232, NMR 276
3-carboxylate

4-Methylamino-3,6-dinitro-1,8-naphthyridin- >280, IR, MS, NMR 860
2-amine

2-Methylamino-3,6-dinitro-1,8-naphthyridine 234-236, IR, MS, NMR 860, 1273

2-Methylamino-3,6-dinitro-1,8-naphthyridin- >280, IR, MS, NMR 860
4(1H)-one

4-Methylamino-3,6-dinitro-1,8-naphthyridin- >290, IR, MS, NMR 860
2(1H)-one

2-Methylamino-1,8-naphthyridine-3-carbonitrile 238-239 278

2-Methylamino-1,8-naphthyridine-3-carboxamide 257-258 278

Methyl 2-amino-1,8-naphthyridine-3-carboxylate 191-192 278

4-Methylamino-3-nitro-1,8-naphthyridin-2-amine 266-268, IR, NMR 682, 785, 1273

2-Methylamino-3-nitro-1,8-naphthyridine 199-200, IR, MS, NMR 682, 1273

4-Methylamino-3-nitro-1,8-naphthyridine
2-d-4-Methylamino-3-nitro-1,8-naphthyridine

223-225, IR, NMR

682, 785, 1273
682



Appendix

TABLE A4. (Continued)

403

1,8-Naphthyridine

Melting Point (°C) etc.

Reference(s)

2-Methylamino-3-nitro-1,8-naphthyridin-4(1H)-one

4-Methylamino-3-nitro-1,8-naphthyridin-2(1H)-one

4-Methylamino-3-nitro-1-phenyl-1,8-
naphthyridin-2(1H)-one

Methyl 2-amino-7-phenyl-1,8-naphthyridine-3-
carboxylate

Methyl 1-benzoyl-4-hydroxy-2-oxo-1,2-
dihydro-1,8-naphthyridine-3-carboxylate

Methyl 7-(2-dimethylaminovinyl)-1-ethyl-4-
oxo0-1,4-dihydro-1,8-naphthyridine-3-carboxylate

3-Methyl-2,7-dioxo-1,2,7,8-tetrahydro-1,8-
naphthyridine-4-carboxylic acid

7-Methyl-2,3-diphenyl-1,8-naphthyridin-2(1H)-one

Methyl 1-ethyl-7-methyl-4-oxo-1,4-
dihydro-1,8-naphthyridine-3-carboxylate

7-(N-Methylhydrazino)-4-oxo-1,4-dihydro-
1,8-naphthyridine-3-carboxylic acid

7-(N-Methylhydrazino)-4-oxo-1-propyl-1,
4-dihydro-1,8-naphthyridine-3-carboxylic acid

Methyl 4-hydroxy-2-oxo-1,2-dihydro-
1,8-naphthyridine-3-carboxylate

Methyl 2-methoxycarbonylmethyl-
1,8-naphthyridine-3-carboxylate

1-Methyl-7-(N-methylhydrazino)-4-oxo-1,
4-dihydro-1,8-naphthyridine-3-
carboxylic acid

Methyl 3-methyl-4-oxo-1,4-dihydro-1,8-
naphthyridine-3-carboxylate

2-Methyl-5-methylthio-1,8-naphthyridine

5-Methyl-1,8-naphthyridin-2-amine

6-Methyl-1,8-naphthyridin-2-amine
7-Methyl-1,8-naphthyridin-2-amine
7-Methyl-1,8-naphthyridin-4-amine
2-Methyl-1,8-naphthyridine

3-Methyl-1,8-naphthyridine

4-Methyl-1,8-naphthyridine

2-Methyl-1,8-naphthyridine-3-carbohydrazide
2-Methyl-1,8-naphthyridine-3-carbonylazide
2-Methyl-1,8-naphthyridine-3-carbonyl chloride

320-322, IR, NMR
>290, IR, NMR
>300, IR, NMR
242-244

209-212, IR, NMR
182, NMR

340

290-292
154

>290

232-233

236

146-148, IR, NMR

>290

270-272

135-138, NMR
198 to 213, MS

197-198; pic: 254-256

217-218, IR, MS, NMR

211-212

97 to 115, IR, NMR,
UV; 1-Mel: 165-167

117-118 or 119-129,
NMR, pK,; Mel:—

56-57, ~135/0.1,
NMR, pKj,; pic:
~204; HC1O,4: 180181

202; PhMeC=: 241
120, IR, NMR
crude

682, 1273
682, 785, 1273
1191

1400
912
1407
687

1082
1407

1129
1129
33

1041

1129

1249

263

153, 680, 980,
1227

300, 680

153, 1071, 1227

153

153, 177, 287,
302, 348, 667,
873, 880, 961,
964, 1013,
1100, 1112,
1441

302, 873, 880,
961, 964, 1306,
1441

66, 67, 153, 177,
302, 873, 880,
961, 964, 1297,
1306, 1441

738, 871

738

738
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TABLE A.4. (Continued)
1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
2-Methyl-1,8-naphthyridine-3-carboxanilide 215 or 280 706, 727, 1258,
1439
Methyl 1,8-naphthyridine-2-carboxylate 146-150, IR, MS, NMR 473
2-Methyl-1,8-naphthyridine-3-carboxylic acid 185, IR 738
1-Methyl-1,8-naphthyridine-2,7(1H,8 H)-dione 277-279 1380
3-Methyl-1,8-naphthyridine-4,7(1H,8 H)-dione 320 or 350-355, IR 687, 1071
4-Methyl-1,8-naphthyridine-2,7(1H,8H)-dione >320 to >350, IR, UV 34, 88, 681, 687,
689, 690, 759
7-Methyl-1,8-naphthyridine-2,5(1H,8 H)-dione >320, NMR 701, 1186
7-Methyl-1,8-naphthyridine-2(1H)-thione solid, IR, NMR 520
1-Methyl-1,8-naphthyridin-2(1H)-one 94-96, IR, NMR, UV 1100, 1214
3-Methyl-1,8-naphthyridin-2(1H)-one 231-232 or 234-236, 477, 865
IR, NMR
5-Methyl-1,8-naphthyridin-2(1H)-one 245-247 680, 1005
6-Methyl-1,8-naphthyridin-2(1H)-one 245-246 or 254-255, 4717, 680
IR, NMR
7-Methyl-1,8-naphthyridin-2(1H)-one 176-177 or 180-182, 153, 477

7-Methyl-1,8-naphthyridin-4(1H)-one

4-Methyl-5-nitro-1,8-naphthyridine-2,7
(1H,8H)-dione
7-Methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-
3-carbaldehyde
7-Methyl4-oxo-1,4-dihydro-1,3-naphthyridine-
3-carboguanide
7-Methyl-4-oxo0-1,4-dihydro-1,8-naphthyridine-
3-carbonitrile
Methyl 2-oxo-1,2-dihdyro-1,8-naphthyridine-
3-carboxylate
7-Methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-
3-carboxylic acid
Methyl 2-oxo-7-phenyl-1,2-dihydro-1,8-
naphthyridine-3-carboxylate
7-Methyl-4-oxo-1,propyl-1,4-dihydro-1,8-
naphthyridine-3-carboxylic acid
5-Methyl-7-pentyl-1,8-naphthyridin-2(1H)-one
7-Methyl-5-pentyl-1,8-naphthyridin-2(1H)-one
5-Methyl-7-phenoxy-1,8-naphthyridin-2-amine
2-Methyl-5-phenoxy-7-phenyl-1,8-naphthyridine
2-Methyl-7-phenoxy-4-phenyl-1,8-naphthyridine
2-Methyl-5-(N'-phenylhydrazino)-1,8-naphthyridine
5-Methyl-7-phenyl-1,8-naphthyridin-2-amine

7-Methyl-2-phenyl-1,8-naphthyridin-4-amine
7-Methyl-5-phenyl-1,8-naphthyridin-2-amine
2-Methyl-3-phenyl-1,8-naphthyridine
2-Methyl-7-phenyl-1,8-naphthyridine

IR, NMR
231 to 240, IR, NMR

>300, IR, NMR
HCI: >260, IR, NMR

>275 or >300, IR,
NMR, UV
219-220

274 to 286, IR
220-222
209-210

171-173, NMR
158-161, NMR
216-217
154-155, NMR
156-157
161-162, NMR
247-248 or 253-255,
NMR, UV
268-270, NMR
247-248; pic: 284
128-129, IR
112-113 or
113-114, IR, NMR

153, 726, 1076,
1098, 186,
1235, 1383

69

1394

635

292, 1076, 1407
278

102, 153, 179
1400

154

938

938

1052

221

1052

1097

980, 1071
221

771, 1052

1112, 1440
221, 1112, 1390
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TABLE A4. (Continued)
1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
3-Methyl-2-phenyl-1,8-naphthyridine 113-114, NMR 1013, 1030
3-Methyl-4-phenyl-1,8-naphthyridine 190-191 879
7-Methyl-5-phenyl-1,8-naphthyridine-3-carboxamide >275, IR, NMR 1326
1-Methyl-7-phenyl-1,8-naphthyridine- 303-305, NMR 221

2,5(1H,8H)-dione
7-Methyl-2-phenyl-1,8-naphthyridine-4(1H)-thione ~ 204-205, NMR 221
1-Methyl-3-phenyl-1,8-naphthyridin-2(1H)-one solid, NMR 1298
1-Methyl-4-phenyl-1,8-naphthyridin-2(1H)-one 133-135, NMR 1196
5-Methyl-7-phenyl-1,8-naphthyridin-2(1H)-one solid, IR, NMR; HCI: 505

7-Methyl-2-phenyl-1,8-naphthyridin-4(1H)-one
7-Methyl-3-phenyl-1,8-naphthyridin-4(1H)-one

7-Methyl-5-phenyl-1,8-naphthyridin-2(1H)-one
2-Methyl-4-phenyl-7-piperidino-1,8-naphthyridine
7-Methyl-4-phenyl-1-propyl-1,8-naphthyridin-2
(1H)-one
2-Methyl-3-phenylsulfonyl-1,8-naphthyridine
5-Methyl-7-piperidino-1,8-naphthyridin-2-amine
7-Methyl-2-piperidino-1,8-naphthyridin-4(1H)-one
7-Methyl-1-propyl-1,8-naphthyridin-4(1H)-one
7-Methyl-2-propyl-1,8-naphthyridin-4(1H)-one
1-Methylthiomethyl-1,8-naphthyridin-2(1H)-one
2-Methylthio-1,8-naphthyridine
7-Methyl-4-thioxo-1,4-dihydro-1,8-
naphthyridine-3-carboxylic acid
2-Morpholino-1,8-naphthyridine
7-Morpholino-3-nitro-6-phenyl-1,8-naphthyridin-
2(1H)-one
7-Morpholino-5-phenyl-1,8-naphthyridin-2-amine
7-Morpholino-6-phenyl-1,8-naphthyridin-2-amine
7-Morpholino-2-phenyl-1,8-naphthyridin-2(1H)-one
7-Morpholino-6-phenyl-1,8-naphthyridin-2(1H)-one
1,8-Naphthyridin-2-amine

1,8-Naphthyridin-3-amine

1,8-Naphthyridin-4-amine
1,8-Naphthyridine

x1 st
266-267 or 273-275,
IR, NMR
>260 or 315-317, 1R,
NMR
250 or 252-253
131-132; pic: 220-221
92-93, NMR

171-173

221-222

210-212

72-74

215-217 or 220-222

275-280

288-290, NMR

280-283

174-176, NMR

258-261, NMR

220-222, NMR

135 to 144, IR, NMR,
UV, pic: 267-269;
HClOy4: 177-178,
IR, NMR, UV

141-142 or 142-144,
IR, MS, NMR
185-187, IR, NMR, UV
95-97 or 98-99, ESR,
IR, MS, Np, NMR,
NQR, pK,, pol,
Raman, th, x1 st,
UV, pic: 207-208;
Mel: 180-181; HCIOy,:
214-215, IR; also others

221, 1082, 1390
905, 1076

771, 1052
1052
1196

278

1052
1076
1380

976, 1085
412

427

1380

427
1226

1381

1226

263

1226

173, 174, 275,
278, 300, 425,
427, 643, 647,
680, 830, 1100,
1218

346, 647, 830

628, 830

30, 4245, 173,
177, 250, 287,
302, 365, 386,
488, 616, 665,
671, 676, 806,
807, 809, 813,
829, 832, 840,
873, 880, 906,
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TABLE A.4. (Continued)

Appendix

1,8-Naphthyridine

Melting Point (°C) etc.

Reference(s)

2,7-d»-1,8-Naphthyridine
1,8-Naphthyridine-2-carbaldehyde

1,8-Naphthyridine-4-carbaldehyde
1,8-Naphthyridine-2-carboxylic acid

1,8-Naphthyridine-2,7-diamine

1,8-Naphthyridine-3,4-diamine
1,8-Naphthyridine-2,7-dicarbaldehyde

1,8-Naphthyridine-2,7-dicarbonyl
chloride
1,8-Naphthyridine-2,7-dicarboxylic acid
1,8-Naphthyridine-2,5(1H,8H)-dione
1,8-Naphthyridine-2,7(1H,8 H)-dione

1,8-Naphthyridine 1-oxide
1,8-Naphthyridine-2(1H)-thione

1,8-Naphthyridine-4(1H)-thione
1,8-Naphthyridin-2(1H)-one

7-d-1,8-Naphthyridin-2(1H)-one
1,8-Naphthyridin-4(1H)-one

MS
143-145, IR, NMR,
UV; dnp: 310-312
IR, UV; H,0: 129-130
175, IR; HCL.H,0:
229-230, NMR
222-223 or 270-273,
NMR
224 to 227, IR,
NMR, UV; dnp: >360
196-198, IR, MS, NMR

242, IR, MS, NMR

355-357 or >360, NMR

320 or 321-323, IR,
NMR

98 or 132-133, IR,
NMR

253-254, st

st

192 to 203, IR, MS,
NMR, UV

239 or 241-242,
IR, MS, NMR,
st, UV; HCL.H,0:
243-245

922, 923, 957,
961, 975, 991,
998, 1002,
1016, 1061,
1079, 1083,
1093, 1100,
1101, 1124,
1126, 1137,
1145, 1173,
1174, 1176,
1181, 1189,
1192, 1214,
1228, 1214,
1247, 1297,
1303, 1306,
1312, 1313,
1319, 1329,
1355, 1426,
1441
302
724, 953

953
874

494, 1438, 1445

346
642, 724, 1133

1133

1133

758, 1076, 1186

389, 687, 690,
702, 1222

225, 1011, 1212

427, 591, 862

591

427, 473, 4717,
643, 647, 680,
865, 1005,
1008, 1044,
1100, 1253

1128

16, 591, 628,
1186, 1253,
1441
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TABLE A.4. (Continued)
1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
2-Nitroamino-1,8-naphthyridine 210-211, IR, MS, NMR 860
6-Nitro-4,7-dioxo-1,4,7,8-tetrahydro-1,8- >320 758
naphthyridine-2-carboxylic acid
6-Nitro-4,7-dioxo-1,4,7,8-tetrahydro-1,8- >320, IR 758
naphthyridine-3-carboxylic acid
3-Nitro-2,7-dipiperidino-1,8-naphthyridine 131-133, NMR 1273, 1401
3-Nitro-1,8-naphthyridin-2-amine 276-277, NMR 1320
3-Nitro-1,8-naphthyridin-4-amine >350 346, 1273, 1320
6-Nitro-1,8-naphthyridin-2-amine 337-339 300, 1273
2-Nitro-1,8-naphthyridine 250-251, MS, NMR 692, 1273
3-Nitro-1,8-naphthyridine 247-248, IR, MS, NMR 346, 647, 682,
1273, 1320
2-d-3-Nitro-1,8-naphthyridine 247-248 1273, 1320
3-Nitro-1,8-naphthyridine-2,4-diamine >350, IR, MS, NMR 492, 1273, 1320
3-Nitro-1,8-naphthyridine-2,5(1H,8 H)-dione >320, NMR 758, 1273
3-Nitro-1,8-naphthyridine-2,7(1H,8 H)-dione >320 721, 1273

3-Nitro-1,8-naphthyridin-2(1H)-one

3-Nitro-1,8-naphthyridin-4(1H)-one

6-Nitro-5-o0xo0-5,8-dihydro-1,8-naphthyridine-
2-carboxylic acid

3-Nitro-7-phenyl-1,8-naphthyridin-2(1H)-one

3-Nitro-7-piperidino-1,8-naphthyridin-
2(1H)-one

6-Nitro-7-piperidino- 1,8-naphthyridin-2(1 H)-one

3-Nitro-7-piperidino-5-piperidinomethyl-
1,8-naphthyridin-2(1H)-one

2-Oxo-1,2-dihydro-1,8-naphthyridine-3
-carbohydrazide

2-Oxo-1,2-dihydro-1,8-naphthyridine-3-
carbonitrile
2-Oxo-1,2-dihydro-1,8-naphthyridine-3-
carboxamide
2-Oxo-1,2-dihydro-1,8-naphthyridine-3-
carboxanilide
2-Oxo-1,2-dihydro-1,8-naphthyridine-3-
carboxylic acid
4-0xo0-1,4-dihydro-1,8-naphthyridine-3-
carboxylic acid
7-Ox0-7,8-dihydro-1,8-naphthyridine-2,4-
dicarbaldehyde
4-Oxo0-1,4-dihydro-1,8-naphthyridine-2,3-
dicarboxylic acid

2-Oxo0-4-phenyl-1,2-dihydro-1,8-naphthyridine-

3-carbonitrile

2-Oxo-7-phenyl-1,2-dihydro-1,8-naphthyridine-

3-carbonitrile

2-Oxo-7-phenyl-1,2-dihydro-1,8-naphthyridine-

3-carboxamide

>265 or 324-328, IR,
NMR

>320

314-315

274-278, IR
276-277, NMR

268-270, NMR
233

>300, IR, MS,
NMR; PhCH=:
>300, IR, MS

>300, IR, MS, NMR

>300

>300

358-360, IR

304

222-223, IR, NMR

304

328-330, IR

278-280, IR

304-305 or 307-308, IR

647, 860, 1112,
1273

346, 682, 1273

726, 1273

1112, 1273
1401

1401
79

278, 632

278, 367, 384
278

728

1100, 1112
16

1084

16

1400

1112

1112, 1400
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TABLE A4. (Continued)
1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
2-Oxo-7-phenyl-1,2-dihydro-1,8- 339, IR 1112
naphthyridine-3-carboxylic acid
2-Pentyl-1,8-naphthyridine 45-47, NMR 121
1-Pentyl-1,8-naphthyridin-2(1H)-one solid, NMR 1298
2-Phenethyl-1,8-naphthyridine 83-84, IR, NMR 145
2-Phenethyl-1,8-naphthyridine-4-carboxylic acid 145 71
2-Phenoxy-1,8-naphthyridine — 427
7-Phenoxy-2-phenyl-1,8-naphthyridin-4(1H)-one 245-247, NMR 221
3-Phenyl-1,8-naphthyridin-2-amine 252 to 264, NMR 278, 658, 674,
680, 1112
4-Phenyl-1,8-naphthyridin-2-amine 207-209 680
5-Phenyl-1,8-naphthyridin-2-amine 248-250 680
6-Phenyl-1,8-naphthyridin-2-amine H;PO,: 264-266 300
7-Phenyl-1,8-naphthyridin-2-amine 225 or 229-230, IR, 1071, 1100

2-Phenyl-1,8-naphthyridine

3-Phenyl-1,8-naphthyridine
2-Phenyl-1,8-naphthyridine-3-carbohydrazide

2-Phenyl-1,8-naphthyridine-3-carbonitrile
2-Phenyl-1,8-naphthyridine-3-carboxamide
2-Phenyl-1,8-naphthyridine-3-carboxanilide

2-Phenyl-1,8-naphthyridine-3-carboxylic acid
2-Phenyl-1,8-naphthyridine-4-carboxylic acid
3-Phenyl-1,8-naphthyridine-2,7(1 H,8 H)-dione
3-Phenyl-1,8-naphthyridine-4,7(1H,8 H)-dione
4-Phenyl-1,8-naphthyridine-2,7(1H,8H)-dione
7-Phenyl-1,8-naphthyridin-2,5(1H,8 H)-dione
2-Phenyl-1,8-naphthyridin-4(1H)-one
3-Phenyl-1,8-naphthyridin-2(1H)-one

4-Phenyl-1,8-naphthyridin-2(1H)-one

5-Phenyl-1,8-naphthyridin-2(1H)-one
7-Phenyl-1,8-naphthyridin-2(1H)-one
2-Phenyl-7-piperidino-1,8-naphthyridin-4(1H)-one
2-Phenyl-3-propyl-1,8-naphthyridine
1-Phenyl-3-(prop-2-ynyl)-4-(prop-2-ynyloxy)-
1,8-naphthyridin-2(1H)-one
2-Phenyl-7-styryl-1,8-naphthyridine
3-Phenylsulfonyl-1,8-naphthyridin-2-amine
3-Phenylsulfonyl-1,8-naphthyridin-2(1H)-one
2-Phenylthio-1,8-naphthyridine
2-Piperidino-1,8-naphthyridine
7-Piperidino-5-piperidinomethyl-1,8-
naphthyridin-2-amine

NMR, UV
97 to 118, IR, NMR, UV

126-127, IR
206, IR, MS,

NMR; PhCH=:—
224-225, IR
233-234
279 or 280, IR,

MS, NMR
259-260, IR
145
293-295
>360
271 or 272-273
>300, NMR
225-227, NMR
242-244 or 252-254,

IR, NMR
150 to 260, NMR;

HCI: 211-216; pic: 183
278-280
244-245, IR, UV
247-249, NMR
95-96, NMR
173-175

196-198, IR
235-237
294-296

215-217

68, 278, 306, 409,
659, 707, 1013,
1030, 1054,
1100

1112, 1440

450, 859

278, 1100
278, 1100
7217, 859, 1258

762

68

972

1076

70, 73, 771
221

221

117, 680, 1112

7, 18, 680, 1196

680
1100
263
1013
607

1112
278
278
427
427
79
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TABLE A.4. (Continued)

409

1,8-Naphthyridine Melting Point (°C) etc. Reference(s)
7-Piperidino-5-piperidinomethyl-1,8- 178-180 79
naphthyridin-2(1H)-one
7-Propoxy-1-propyl-1,8-naphthyridin-2(1H)-one 4647, NMR 1380
2-Propyl-1,8-naphthyridine 80-81, IR, NMR 145
2-Styryl-1,8-naphthyridine 133 874
2-Styryl-1,8-naphthyridine-4-carboxylic acid 186 71
2,3,5,7-Tetramethyl-1,8-naphthyridine 144-146 276
2,3,5,7-Tetramethyl-1,8-naphthyridin-4(1H)-one 261-262 1085
2,3,6,7-Tetraphenyl-1,8-naphthyridine 301-302, IR, NMR 284
4.5,7-Triamino-6-benzylidene-2-thioxo- 220-222, IR, NMR 1075
2,6-dihydro-1,8-naphthyridine-3-carbonitrile (?)
4.5,7-Triamino-6-phenylazo-2-thioxo-1,2- >300, IR 538
dihydro-1,8-naphthyridine-3-carbonitrile
4,5,7-Triamino-2-thioxo-1,2-dihydro-1,8- 260, IR, NMR 538
naphthyridine-3-carbonitrile
2,3,4-Tribromo-1,8-naphthyridine MS 303, 386
5,6,7-Trichloro-1-ethyl-4-oxo-1,2-dihydro- 252-254 364
1,8-naphthyridine-3-carboxylic acid
2,3,7-Trichloro-1,8-naphthyridine 258, IR, NMR 715
5,6,7-Trimethyl-1,8-naphthyridin-2-amine liq 338
2,4,5-Trimethyl-1,8-naphthyridine 160-163; pic: 134-135 269, 864
2,4,6-Trimethyl-1,8-naphthyridine 146-147, NMR 269
2,4,7-Trimethyl-1,8-naphthyridine 98-99, NMR 269, 964
2,3,7-Trimethyl-1,8-naphthyridin-4(1H)-one 300 976, 1085
2,5,7-Trimethyl-1,8-naphthyridin-4(1H)-one 285-290 1085
5,6,7-Trimethyl-1,8-naphthyridin-2(1H)-one crude 338
1,5,7-Trimethyl-4-phenyl-1,8-naphthyridin-2 126-127, NMR 345
(1H)-one
3-Trimethylsilylmethyl-1,8-naphthyridine 93-95, NMR 1441
TABLE A.5. ALPHABETICAL LIST OF SIMPLE 2,6-NAPHTHYRIDINES
2,6-Naphthyridine Melting Point (°C) etc. Reference(s)
3-Acetamido-1-bromo-4-methyl-2,6-naphthyridine 147-148 1007
3-Acetamido-1-bromo-2,6-naphythyridine 243, NMR, UV 186, 1007
3-Acetamido-2,6-naphythyridine 245-246, NMR 186
4-Allyl-1-morpholino-2,6-naphythyridin-3-amine 149-150, IR, NMR 133
4-Allyl-1-piperidino-,6-naphythyridin-3-amine 118-119, IR, NMR 133
7-Amino-5-bromo-3-methyl-2,6-naphythyridin- — 441
4(6H)-one
3-Bromo-1-methoxy-4-methyl-2,6-naphythyridine 145-146, UV 1007
3-Bromo-1-methoxy-2,6-naphythyridine 129-130, NMR 1007
1-Bromo-4-methyl-2,6-naphythyridin-3-amine 197-198, NMR, UV 1007
3-Bromo-4-methyl-2,6-naphythyridin-1(2H)-one 296, UV 1007
1-Bromo-2,6-naphythyridin-3-amine 199-200, NMR, UV 186, 1007
1-Bromo-2,6-naphythyridine 94-95, NMR 439
5-d-1-Bromo-2,6-naphythyridine — 439
3-Bromo-2,6-naphythyridin-1(2H)-one 296-298 1007
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TABLE A.5. (Continued)

Appendix

2,6-Naphthyridine

Melting Point (°C) etc.

Reference(s)

4-(But-2-enyl)-1-morpholino-2,6-naphythyridin-

3-amine

4-(But-2-enyl)-1-phenyl-2,6-naphythyridin-3-amine
1-Butylamino-2,6-naphythyridin-3-amine
1-tert-Butylamino-2,6-naphythyridin-3-amine
1-Chloro-2,6-naphythyridine
5-d-1-Chloro-2,6-naphythyridine
3-Chloro-2,6-naphythyridine
2,6-Dibenzyl-3,7-diphenyl-2,6-naphythyridine-1,

5(2H,6H)-dione

1,3-Dibromo-4-methyl-2,6-naphythyridine
1,4-Dibromo-2,6-naphthyridin-3-amine
1,3-Dibromo-2,6-naphthyridine
1,5-Dibutyl-2,6-naphthyridin-3-amine
1,3-Dichloro-2,6-naphthyridine
2,6-Diethyl-3,7-diphenyl-2,6-naphthyridine-1,

5(2H,6H)-dione

1,3-Dihydrazino-4-methyl-2,6-naphthyridine
1,3-Dihydrazino-2,6-naphthyridine
2,6-Dimethyl-3,7-diphenyl-2,6-
naphthyridine-1,5(2H,6H)-dione
5,7-Dimethyl-3-phenyl-2,6-naphthyridin-

1(2H)-one

1-Ethoxy-2,6-naphthyridin-3-amine
3-Ethoxy-2,6-naphthyridin-1-amine
Ethyl 1-anilino-2,6-naphthyridine-4-

carboxylate

Hexaphenyl-2,6-naphthyridine
3-Hexyl-2,6-naphthyridine
3-Hexyl-2,6-naphthyridine 2-oxide
3-Hydroxy-2,6-naphthyridin-1(2H)-one
1-Isopropoxy-2,6-naphthyridin-3-amine
3-Isopropoxy-2,6-naphthyridin-1-amine
1-Isopropylamino-2,6-naphthyridin-3-amine
1-Methoxy-4-methyl-2,6-naphthyridin-3-amine
1-Methoxy-2,6-naphthyridin-3-amine
3-Methoxy-2,6-naphthyridin-1-amine
1-Methylamino-2,6-naphthyridin-3-amine
4-(3-Methylbut-2-enyl)- 1-morpholino-
2,6-naphthyridin-3-amine
4-(3-Methylbut-2-enyl)-1-phenyl-2,6-
naphthyridin-3-amine (?)
4-Methyl-2,6-naphthyridin-3-amine
4-Methyl-2,6-naphthyridine

1-Morpholino-2,6-naphthyridin-3-amine
1-Morpholino-4-(prop-1-enyl)-2,6-

naphthyridin-3-amine

2,6-Naphthyridin-1-amine
2,6-Naphthyridin-3-amine

lig, IR, NMR

117-118, IR, NMR
lig, IR, NMR
lig, IR, NMR
92-93, NMR

149-150, NMR, UV

297-298 fl sp, NMR, UV

150-151, NMR, UV
212-213, NMR, UV
132-133, NMR, UV
lig, IR, NMR

116

286-287, fl sp, NMR, UV

197-198

214-216 or >300

>300, fl sp, NMR,
x1 st, UV

253-255, IR, NMR

159-160, NMR, UV
134-135, NMR
181-182, IR, MS, NMR

287-288, NMR
79/3, NMR
84-85, NMR
229-230
137-138, NMR
177-178, NMR
lig, IR, NMR
195-197, UV
140, NMR

122, NMR
167-168, IR, NMR
lig, IR, NMR

153-154, IR, NMR

197-198, NMR, UV
79 or 94-95, IR, NMR,
UV; pic: 186-187
191-192, IR, NMR

lig, IR, NMR

243-244, NMR
153-154, NMR, UV

133

133
133
133
439, 1115
439
1007
914

1007
1007

186, 1007
133

677

914

1007
186, 677, 1007
788, 914

1055

186, 710, 1007
710
442

1132
621
621
677
710
710
133
1007
710
710
133
133

133

1007
226, 241, 1007

133
133

1115
186, 1007
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TABLE A.5. (Continued)
2,6-Naphthyridine Melting Point (°C) etc. Reference(s)
2,6-Naphthyridine 114-115 or 118-119, 186, 193, 621,
ESR, IR, NMR, pK,, 669, 676, 677,
pol, th, UV, xI st; pic: 798, 813, 840,
206 or 222-224; 878, 995, 1007,
di-pic: 207-209 1079, 1083,
1115, 1126,
1173, 1174,
1176, 1181,
1192, 1241,
1250, 1312,
1319, 1329,
1426
2,6-Naphthyridine-1,5-diamine >300, NMR; pic: >300 439
2,6-Naphthyridine 2-oxide 198-201 621
2,6-Naphthyridin-1(2H)-one 235-237 or 248-251, 1055, 1115
IR, NMR
1,3,4,5,8-Pentaphenyl-2,6-naphthyridine 262, NMR 1132
3-Phenyl-2,6-naphthyridine 76-80, NMR 147, 621
3-Phenyl-2,6-naphthyridine 2-oxide 196-199, NMR 621
1-Phenyl-4-(prop-1-enyl)-2,6-naphthyridin- 102-103, IR, NMR 133
3-amine
1-Piperidino-2,6-naphthyridin-3-amine 123-124, IR, NMR 133
1-Piperidino-4-(prop- 1-enyl)-2,6-naphthyridin- 89-90, IR, NMR 133
3-amine
1,4,5,8-Tetraphenyl-2,6-naphthyridine 285-286, NMR 1132
1,3,4-Tribromo-2,6-naphthyridine 160-162, NMR, UV 186, 1007
TABLE A.6. ALPHABETICAL LIST OF SIMPLE 2,7-NAPHTHYRIDINES
2,7-Naphthyridine Melting Point (°C) etc. Reference(s)
2-Allyl-5-(1-hydroxyethyl)-2,7-naphthyridine- 205-206, NMR 206
1,3(2H,7H)-dione
3-Amino-2-benzyl-1-oxo-1,2-dihydro-2,7- 247, IR, NMR 1220
naphthyridine-4-carbonitrile
1-Amino-2,7-dimethyl-3,8-dioxo-6-phenyl- >380 699, 1183
2,3,7,8-tetrahydro-2,7-naphthyridine-
4-carbonitrile
1-Amino-6-hydroxy-8-imino-2,7-diphenyl- 278, IR 802
4-phenylazo-7,8-dihydro-2,7-naphthyridin-
3(2H)-one
8-Benzylamino-3,6-diphenyl-2,7- 240-241, MS, NMR, UV 1239
naphthyridin-1(2H)-one
2-Benzyl-8-benzylamino-3,6-diphenyl-2,7- 184-185, MS, NMR, UV 1239
naphthyridin-1(2H)-imine
2-Benzyl-5-(1-hydroxyethyl)-2,7- NMR 206

naphthyridine-1,3(2H,7H)-dione
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TABLE A.6. (Continued)

2,7-Naphthyridine Melting Point (°C) etc. Reference(s)

7-Benzyl-4-(3-methoxycarbonylpropyl)-2,7- 228-231, IR, NMR 410
naphthyridine-1,3(2H,7H)-dione

7-Benzyl-8-oxo-1-phenacyl-3-phenyl-7,8- 277-278, IR, NMR 987
dihydro-2,7-naphthyridine-4-carbonitrile

1-Bromo-2,7-naphthyridine 128-129, NMR 838

4-Bromo-2,7-naphthyridine anal, NMR 1374

8-Butylamino-3,6-diphenyl-2,7-naphthyridin- 199-200, MS, UV 1239
1(2H)-one

7-Butyl-8-imino-3,6-diphenyl-2,7-naphthyridin- 264-265, MS, NMR, UV 1239

1(2H)-one
1-Chloro-3-methyl-2,7-naphthyridine
1-Chloro-2,7-naphthyridine
4-Chloro-1,3,5,6,8-pentafluoro-2,7-naphthyridine
1-Chloro-3-phenyl-2,7-naphthyridine
1,8-Diamino-3-(N-butyl-N-ethylamino)-6-
ethoxy-2,7-naphthyridine-4-carbonitrile
1,8-Diamino-3-diethylamino-6-ethoxy-2,7-
naphthyridine-4-carbonitrile
1,8-Diamino-3-diethylamino-6-methoxy-2,7-
naphthyridine-4-carbonitrile
1,8-Diamino-3,6-dimethoxy-2,7-naphthyridine-
4-carbonitrile
1,8-Diamino-6-ethoxy-3-morpholino-2,7-
naphthyridine-4-carbonitrile
1,8-Diamino-6-ethoxy-3-piperidino-2,7-
naphthyridine-4-carbonitrile
1,8-Diamino-6-methoxy-3-morpholino-2,7-
naphthyridine-4-carbonitrile
1,8-Diamino-6-methoxy-3-piperidino-2,7-
naphthyridine-4-carbonitrile
4,5-Dibromo-2,7-naphthyridine
4,5-Dichloro-1,3,6,8-tetrafluoro-2,7-naphthyridine
3,6-Dihydroxy-2,7-naphthyridine-1,8(2H,7H)-dione
1,6-Dimethyl-3,8-dioxo-7-phenyl-2,3,7,8-
tetrahydro-2,7-naphthyridine-4-carbonitrile
3,6-Dimethyl-2,7-naphthyridine-1,8-diamine
2,3-Dimethyl-2,7-naphthyridin-1(2H)-one
3,7-Dimethyl-2,7-naphthyridin-1(7H)-one
6,8-Dimethyl-3-phenyl-2,7-naphthyridin-1(2H)-one
3,6-Diphenyl-1,8-dipiperidino-2,7-naphthyridine
3,6-Diphenyl-2,7-naphthyridine
3,6-Diphenyl-2,7-naphthyridine-1,8(2H,7H)-dione
3,6-Diphenyl-8-piperidino-2,7-naphthyridin-
1(2H)-one
Ethyl 1,6-dimethyl-3,8-dioxo-7-phenyl-2,3,7,8-
tetrahydro-2,7-naphthyridine-4-carboxylate
Ethyl 1-oxo-1,2-dihydro-2,7-naphthyridine-3-
carboxylate
7-Ethyl-3-phenyl-2,7-naphthyridin-1(2H)-one
1-Ethyl-3,6,8-trimethyl-2,7-naphthyridine

105-106, IR, UV
117-118, IR, NMR, UV
41-43, IR

128-130

148, NMR

145, NMR
167, NMR
258-260, NMR
157, NMR
143, NMR
243, NMR
129, NMR

anal, NMR
102-104, IR, NMR

>350, IR, MS, NMR, UV

220, NMR

138

HCI: MS, NMR, UV
252-253, IR, NMR
195-196, NMR, UV
162-163, IR, MS, NMR
296-297 or 307-308, UV
237-238, MS, NMR

284-286

229-230 or 232-234,
IR, NMR

36-37, MS, NMR

1251, 1279, 1431
838, 1251, 1279
918
189
668

668

668

1074

668

668

668

668

1374

918

1309

742

736

1431
360, 1315, 1431
1055
1239
1065

190, 1239
1239

742

253, 986, 989

598
585, 1168
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TABLE A.6. (Continued)
2,7-Naphthyridine Melting Point (°C) etc. Reference(s)
3-Ethyl-1,6,8-trimethyl-2,7-naphthyridine MS, NMR 1168
Hexachloro-2,7-naphthyridine 145-147, IR 918
Hexafluoro-2,7-naphthyridine 61-63, IR, NMR 918
Hexaphenyl-2,7-naphthyridine 321-322, NMR 1132
3-Hexyl-2,7-naphthyridine 90/3, NMR 621
3-Hexyl-2,7-naphthyridine 2-oxide 74-75, NMR 621
1-Hydrazino-3-methyl-2,7-naphthyridine 208-211 1279
1-Hydrazino-2,7-naphthyridine crude 1279
1-Hydrazino-3-phenyl-2,7-naphthyridine crude, 214-216 188
6-Hydroxy-1,8-dioxo-2,7-diphenyl-6- — 456
phenylazo-1,2,7,8-tetrahydro-2,7-
naphthyridine-4-carbonitrile
6-Hydroxy-1,8-dioxo-2,7-diphenyl-1,2,7,8- — 456
tetrahydro-2,7-naphthyridine-4-carbonitrile
5-(1-Hydroxyethyl)-2,7-naphthyridine- >300, NMR 206
1,3(2H,7H)-dione
2-(2-Hydroxyethyl)-3-phenyl-2,7- 227-229, IR, NMR 902
naphthyridin-1(2H)-one
4-Hydroxy-2,7-naphthyridin-1(2H)-one >240; pic: 195 13
1-Isopropyl-3,6,8-trimethyl-2,7-naphthyridine lig, MS, NMR 585, 1168
3-Isopropyl-1,6,8-trimethyl-2,7-naphthyridine MS, NMR 1168
1-Methoxy-3-methyl-2,7-naphthyridine 93-94, IR, NMR, UV 1148, 1431
2-Methyl-3,6-diphenyl-2,7-naphthyridinediium 308-309, UV 1065
diperchlorate
Methyl 5-ethyl-1-oxo0-1,2-dihydro-2,7- 200-201, IR, NMR, UV 172
naphthyridine-3-carboxylate
Methyl 1-methyl-2,7-naphthyridine-4- IR, MS, NMR, UV 502, 597
carboxylate (neozeylanicine)
Methyl 5-methyl-2,7-naphthyridine-4-carboxylate — 502
Methyl 8-methyl-6-0x0-6,7-dihydro-2,7- >300, NMR 206

naphthyridine-4-carboxylate
3-Methyl-2,7-naphthyridine

5-Methyl-2,7-naphthyridine-4-carbaldehyde
3-Methyl-2,7-naphthyridin-1(2H)-one

2-Methyl-1-o0xo0-1,2-dihydro-2,7-naphthyridine-
4-carbaldehyde

2-Methyl-8-ox0-7,8-dihydro-2,7-naphthyridin-
2-ium-6-carboxylate

7-Methyl-3-phenyl-2,7-naphthyridin-1(2H)-one

8-Morpholino-2,3,6-triphenyl-2,7-
naphthyridin-1(2H)-one

2,7-Naphthyridin-1-amine

2,7-Naphthyridine

36-38, IR; pic: 220-221

181-182, IR, MS, NMR

256-258 or 271-272,
IR, UV

254-256

265, fl sp, UV; HCI: 270

280-285, NMR, UV

227-238, NMR
92-94 or 96, ESR,
IR, MS, NMR, pK,,
th, xI st; pic: 240;
2Mel: pK,

1251, 1279, 1297,
1361, 1431

595

1148, 1279

413

253

598
1239

1374

621, 630, 676,
776, 813, 840,
1007, 1079,
1083, 1126,
1173, 1174,
1176, 1181,
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TABLE A.6. (Continued)

Appendix

2,7-Naphthyridine Melting Point (°C) etc. Reference(s)
1192, 1251,
1279, 1297,
1299, 1312,
1313, 1319,
1329, 1374,
1426
2,7-Naphthyridine-4-carbaldehyde 215-216, IR, MS, NMR 595, 825
2,7-Naphthyridine-3-carboxylic acid — 676
2,7-Naphthyridine-4-carboxylic acid 289 630
2,7-Naphthyridine 2,7-dioxide >300, NMR 1212
2,7-Naphthyridine 2-oxide 213-215 or 228-229, 621, 1212

2,7-Naphthyridin-1(2H)-one

8-Nitromethyl-3,6-diphenyl-2,7-naphthyridin-
1(2H)-one
1-Oxo0-1,2-dihydro-2,7-naphthyridine-3-
carboxylic acid
8-Oxo-1-phenacyl-3-phenyl-7-propyl-7,8-
dihydro-2,7-naphthyridine-4-carbonitrile
1,3,4,5,8-Pentafluoro-2,7-naphthyridine
4-Phenyl-2,7-naphthyridin-1-amine
3-Phenyl-2,7-naphthyridine

3-Phenyl-2,7-naphthyridine 2-oxide
3-Phenyl-2,7-naphthyridin-1(2H)-one
4-Phenyl-2,7-naphthyridin-1(2H)-one
1,3,6,8-Tetrabutyl-2,7-naphthyridine
1,3,6,8-Tetrachloro-2,7-naphthyridine
2,3,6,8-Tetraethyl-2,7-naphthyridine
1,3,6,8-Tetrafluoro-2,7-naphthyridine
1,3,6,8-Tetraisopropyl-2,7-naphthyridine
1,3,6,8-Tetramethyl-2,7-naphthyridine
4,5-d,-1,3,6,8-Tetramethyl-2,7-naphthyridine
1,4,5,6-Tetraphenyl-2,7-naphthyridine
1,3,6,8-Tetrapropyl-2,7-naphthyridine
1,3,6-Triethyl-8-methyl-2,7-naphthyridine
1,3,8-Triethyl-6-methyl-2,7-naphthyridine
1,3,6-Triisopropyl-8-methyl-2,7-naphthyridine
1,3,8-Triisopropyl-6-methyl-2,7-naphthyridine
1,3,6-Trimethyl-8-propyl-2,7-naphthyridine

NMR

255 to 265, IR, NMR,
Uuv

288-289, UV

330
258-260, NMR

221-222, NMR

NMR

126-128, IR, NMR,
UV; pic: 210-211

203-205, NMR

237-238 or 239-340, IR

211-213, NMR

140/0.1, MS, NMR

157-160

80/0.1, MS, NMR

58-59, IR, NMR

lig, MS, NMR

62, IR, MS, NMR

MS, NMR

solid, MS, NMR

110/0.06, MS, NMR

MS, NMR

MS, NMR

MS, NMR

MS, NMR

50, MS, NMR

339, 1055, 1279

1239

253

987

1132
1435
188, 621

621

15, 188
1435
1178
32, 1374
1178
821, 918
1178
388, 585, 1178
388
1132
1178
1168
1168
1168
1168
585




Acylamino-1,5-naphthyridines, from
amino-1,5-naphthyridines, 59

Acylamino-1,6-naphthyridines, from
amino-1,6-naphthyridines, 132

Acylamino-1,8-naphthyridines, hydrolysis, 240

Acylamino-2,6-naphthyridines, from
amino-2,6-naphthyridines, 272
C-Acyl-1,5-naphthyridines, see
1,5-Naphthyridine ketones
C-Acyl-1,6-naphthyridines, see
1,6-Naphthyridine ketones
Acyloxy-1,5-naphthyridines, 46
Acyloxy-1,6-naphthyridines, 120
rearrangement, 121
Acyloxy-1,7-naphthyridines, 170
aminolysis, 171
deacyloxylation 170
preparation, 170
reactions, 171
Alkoxy-1,5-naphthyridines, 48
aminolysis, 48
from halogeno-1,5-naphthyridines, 31
from 1,5-naphthyridinones, 46
to 1,5-naphthyridinones, 45, 49
rearrangement, 48, 49
Alkoxy-1,6-naphthyridines, 120
from halogeno-1,6-naphthyridines, 108
from 1,6-naphthyridinones, 118
to 1,6-naphthyridinones, 117
preparation, 121
reactions, 121
Alkoxy-1,7-naphthyridines, 170
from halogeno-1,7-naphthyridines, 163
preparation, 170
reactions, 170
Alkoxy-1,8-naphthyridines, 227
from azido-1,8-naphthyridines, 227
from halogeno-1,8-naphthyridines, 214
hydrolysis, 222
from 1,8-naphthyridinones, 224
preparation, 227
reactions, 228

Index

Alkoxy-2,6-naphthyridines, 270
from halogeno-2,6-naphthyridines,
268
preparation, 270
reactions, 270
reduction, 270
Alkoxy-2,7-naphthyridines, 290
from halogeno-2,7-naphthyridines,
286
from 2,7-naphthyridinones, 290
Alkyl-1,5-naphthyridines, 13, 18
acylation, 22
by C-alkylation, 20
amination, 22
halogenation, 22
from halogeno-1,5-naphthyridines, 38
by interconversion, 21
oxidation, 23
preparation, 20
by quaternization, 21
reactions, 22
by rearrangement, 21
Alkyl-1,6-naphthyridines, 97
by C-alkylation, 94, 98
by N-alkylation, 98
alkylidenation, 99
cyclocondensations, 100
dealkylation, 100
by Grignard addition, 99
from halogeno-1,6-naphthyridines, 99
oxidation, 101
preparation, 97
reactions, 99
reduction, 102
Alkyl-1,7-naphthyridines, 157
by C-alkylation, 158
by N-alkylation, 158
N-dealkylation, 158
from methanesulfonyloxy-1,7-naphthyridines,
158
preparation, 157
reactions, 158
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Alkyl-1,8-naphthyridines, 203

acylation, 206

by alkylation, 203

cyclizations, 207

halogenation, 205

from halogeno-1,8-naphthyridines, 203

from 1,8-naphthyridine N-oxides, 204

oxidation, 206

preparation, 203

reactions, 205
Alkyl-2,6-naphthyridines, 265
Alkyl-2,7-naphthyrinines, 283

preparation, 283
Alkylsulfinyl-1,8-naphthyridines, 232

from alkylthio-1,8-naphthyridines, 232
Alkylsulfonyl-1,5-naphthyridines, 54

from alkylthio-1,5-naphthyridines, 54
Alkylsulfonyl-1,8-naphthyridines, 232

aminolysis, 233

from alkylthio-1,8-naphthyridines, 232
Alkylthio-1,5-naphthyridines, 54

from halogeno-1,5-naphthyridines, 40

from 1,5-naphthyridinethiones, 53

oxidation, 54

preparation, 54

reactions, 54
Alkylthio-1,6-naphthyridines, 125
Alkylthio-1,8-naphthyridines, 232

from 1,8-naphthyridinethiones, 231

oxidation, 232

preparation, 232

reactions, 232
Amino-1,5-naphthyridines, 55, 57

acylation, 59

by amination, 58

bioactivities, 57

complexation, 60

cyclizations, 58

to dimethylsulfimido-1,5-naphthyridines, 56

from halogeno-1,5-naphthyridines, 31

ionization, 57

from 1,5-naphthyridinones, 49

to 1,5-naphthyridinones, 44

from nitro-1,5-naphthyridines, 57

preparation, 58

reactions, 58
Amino-1,6-naphthyridines, 129

acylation, 132

alkylation, 131

by amination, 95, 130

carbamoylation, 133

by Curtius or Hofmann reactions, 130

cyclizations, 133

diazotization, 133

Index

from halogeno-1,6-naphthyridines, 110

to halogeno-1,6-naphthyridines, 108

hydrolysis, 116

ionization, 129

from nitro-1,6-naphthyridines, 128

preparation, 130

reactions, 131

reviews, 130

spectra, 129

by transamination, 131
Amino-1,7-naphthyridines, 176

by amination, 176

cyclizations, 177

deamination, 177

from halogeno-1,7-naphthyridines, 163

hydrolysis, 168

from nitro-1,7-naphthyridines, 175

preparation, 176

reactions, 177

transamination, 177
Amino-1,8-naphthyridines, 238

from acylamino-1,8-naphthyridines, 240

acylation, 241

alkylation, 243

alkylidenation, 243

from alkylsulfonyl-1,8-naphthyridines, 233

by amination, 239

azo coupling, 241

to azo-1,8-naphthyridines, 244

complex formation, 244

by a Curtius, reaction, 238

cyclizations, 245

from halogeno-1,8-naphthyridines, 215

to halogeno-1,8-naphthyridines, 212

to 1,8-naphthyridinecarbonitriles, 244

from nitro-1,8-naphthyridines, 237

to nitro-1,8-naphthyridines, 236

from nitroso-1,8-naphthyridines, 238

preparation, 238

properties, 238

reactions, 241

by transamination, 240

to ureido-1,8-naphthyridines, 244
Amino-2,6-naphthyridines, 271

acylation, 272

by amination, 271

dehydrazination, 272

from halogeno-2,6-naphthyridines, 268

preparation, 271

reactipns, 272
Amino-2,7-naphthyridines, 290

by amination, 285, 291

dehydrazination, 283

from halogeno-2,7-naphthyridines, 288



Index

preparation, 290
reactions, 291
Apalcillin, 45
Arenesulfonyloxy-1,7-naphthyridines, see
Acyloxy-1,7-naphthyridines
Aryl-1,5-naphthyridines, 13, 19
preparation, 20
reactions, 22
Aryl-1,6-naphthyridines, 97
preparation, 97
reactions, 99
Aryl-1,7-naphthyridines, see Alkyl-1,7-naphthyridines
Aryl-1,8-naphthyridines, see Alkyl-1,8-
naphthyridines
Aryloxy-1,6-naphthyridines, see
Alkoxy-1,6-naphthyridines
Aryloxy-1,7-naphthyridines, see
Alkoxy-1,7-naphthyridines
Arylthio-1,7-naphthyridines, 155
Austrodimerine, 289
Azido-1,8-naphthyridines, from
halogeno-1,8-naphthyridines, 216

Bis (1,5-naphthyridinyl) sulfides, 54
preparation, 54
Bromonaphthyridines, see
Halogenonaphthyridines

Chloronaphthyridines, see
Halogenonaphthyridines
Copyrine, xi

Dihydrojasminine, 289
Dimethylsulfimido-1,5-naphthyridines, from
amino-1,5-naphthyridines, 56
to nitro-1,5-naphthyridines, 56
Dimethylsulfimido-1,8-naphthyridines, from
amino-1,8-naphthyridines, 236
to nitro-1,8-naphthyridines, 236

Enoxacin, 209

Fluoronaphthyridines, see
Halogenonaphthyridines

Halogeno-1,5-naphthyridines, 25
alcoholysis, 31
alkanelysis, 38
alkanethiolysis, 38
aminolysis, 34
bioactivities, 25
dehalogenation, 39
by halogenation, 25
hydrolysis, 40
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from 1,5-naphthyridine N-oxides, 29

from 1,5-naphthyridinones, 26, 31

phenolysis, 31

positional activation, 25

preparation, 25

reactions, 31

transhalogenation, 31
Halogeno-1,6-naphthyridines, 103

alcoholysis, 108

aminolysis, 110

from amino-1,6-naphthyridines, 108

cyclocondensations, 114

dehalogenation, 111

by halogenation, 96, 103

hydrolysis, 113

MS patterns, 103

from naphthyridine N-oxides, 107

from naphthyridinones, 104

phenolysis, 110

preparation, 103

reactions, 108

thiolysis, 113
Halogeno-1,7-naphthyridines, 158

alcoholysis, 163

aminolysis, 163

dehalogenation, 165

by halogenation, 161

from 1,7-naphthyridine N-oxides, 163

from 1,7-naphthyridinones, 162

positional activation, 161

preparation, 161

reactions, 163

ring fission, 165
Halogeno-1,8-naphthyridines, 209

alcoholysis, 215

alkanelysis, 203

from alkyl-1,8-naphthyridines, 205

aminolysis, 215

azidolysis, 216

bioactivities, 209

cyanolysis, 221

cyclizations, 217

dehalogenation, 217

by halogenation, 210

heteroarenolysis, 219

hydrolysis, 214

from 1,8-naphthyridinamines, 212

from 1,8-naphthyridinecarboxylic acids, 213

from 1,8-naphthyridine N-oxides, 213

from 1,8-naphthyridinones, 210

phosphinolysis, 218

preparation, 209

reactions, 214

thiolysis, 218
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Halogeno-2,6-naphthyridines, 267
alcoholysis, 269
aminolysis, 268
dehalogenation, 266, 269
hydrolysis, 269
from 2,6-naphthyridinamines, 267
from 2,6-naphthyridinones, 266
preparation, 267
reactions, 268
Halogeno-2,7-naphthyridines, 285
alcoholysis, 287
aminolysis, 288
dehalogenation, 283, 289
by halogenation, 285, 286
from 2,7-naphthyridinones, 286
positional activation, 285
preparation, 286
reactions, 287
transhalogenation, 287
Hydrazinonaphthyridines, see
Aminonaphthyridines
Hydro-1,5-naphthyridines, preparation, 14
Hydro-1,6-naphthyridines, preparation, 92
Hydro-1,8-naphthyridines, preparation, 197
Hydroxy-1,5-naphthyridines (extranuclear), 43
from 1,5-naphthyridinecarboxylic esters, 45
Hydroxy-1,6-naphthyridines (extranuclear), 115
halogenolysis, 107
oxidation, 120
Hydroxy-1,8-naphthyridines (extranuclear),
from 1,8-naphthyridinecarboxylic
acids, 224

Iodonaphthyridines, see Halogenonaphthyridines
Isonaphthyridine, xi

Jasminidine, 289
Jasminine, 283, 289

Lophocladine A, 289

Medorinone, 115

Methyl 5-methyl-2,7-naphthyridine, natural
occurrence, 292

4-Methyl-2,6-naphthyridine, natural occurrence,
265

Nalidixic acid, 221
1,5 Naphthyridine, 13
C-Alkylation, 16
N-Alkylation, 16

amination, 15
complexes, 14
crystal structure, 14

cycloaddition, 17
deuteration, 18
electron density, 15
ESR, 15
halogenation, 18, 26
ionization, 15
IR/Raman, 15

MS, 15

NMR, 15
N-oxidation, 18
phosphorescence, 15
polarography, 15
preparation, 13
properties, 14
reactions, 16
reduction, 14
Reissert reactions, 19
resonance energy, 16
trimethylsilylation, 19

1,6-Naphthyridine, 91

C-alkylation, 94
N-alkylation, 94
amination, 95
cycloaddition, 95
deuteration, 95
electron density, 93
halogenation, 96
ionization, 93
IR/Raman, 93

MS, 93

NMR, 93
N-oxidation, 96
polarography, 93
preparation, 91
properties, 93
reactions, 94
reduction, 92
Reissert reactions, 96
UV, 93

1,7-Naphthyridine, 153

amination, 155
C-arylation, 155
cycloaddition, 156
electron density, 154
ESR, 154
halogenation, 156
ionization, 155

IR, 153

NMR, 155
N-oxidation, 156
polarography, 155
preparation, 153
properties, 154
quaternization, 157



reactions, 155
Reissert reactions, 157
1,8-Naphthyridine, 197
amination, 200
aromaticity, 198
complexes, 197, 200
cycloadditions, 201
halogenation, 201
MS, 199
NMR, 199
NQR, 199
N-oxidation, 201
preparation, 197
properties, 198
reactions, 200
reduction, 197
Reissert reactions, 202
tautomerism, 199
UV, 199
X-ray analysis, 199
2,6-Naphthyridine, 265
aromaticity, 266
ESR, 266
ionization, 266
NMR, 266
polarography, 266
preparation, 266
UV, 266
X-ray analysis, 266
2,7-Naphthyridine, 283
amination, 285
aromaticity, 283
electron density, 283
ESR, 283
halogenation, 285
ionization, 284
NMR, 284
N-oxidation, 284
polarography, 284
preparation, 283
properties, 283
quaternization, 285
reactions, 284
reduction, 284
X-ray analysis, 284

1,5-Naphthyridinecarbaldehydes, 65

hydration, 65
oxidation, 61

to traditional derivatives, 66
1,6-Naphthyridinecarbaldehydes, 141

preparation, 141
reactions, 141

1,7-Naphthyridinecarbaldehydes, 182

oxidation, 180

Index
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1,8-Naphthyridinecarbaldehydes, 257
to anils, 259
cyclizations, 260
by C-formylation, 258
to hydrazones, 260
from 1,3-naphthyridinecarbonitriles, 257
to 1,8-naphthyridine ketones, 258
oxidation, 249
by oxidation, 206
to oximes, 259
preparation, 258
reactions, 259
reduction, 260
from trimethylsilyl-1,8-naphthyridines, 258
2,7-Naphthyridinecarbaldehydes, 293
from alky1-2,7-naphthyridines, 283
oxidation, 283
preparation, 293
reactions, 293
1,8-Naphthyridinecarbohydrazides, to
amino-1,8-naphthyridines, 240
1,5-Naphthyridinecarbonitriles, 65
1,6-Naphthyridinecarbonitriles, 141
aminolysis, 140
by cyanation, 141
hydrolysis, 136, 140
preparation, 141
thiolysis, 140
1,7-Naphthyridinecarbonitriles, 182
hydrolysis, 182
reactions, 182
by Reissert reactions, 117
1,8-Naphthyridinecarbonitriles, 257
from halogeno-1,8-naphthyridines, 217
hydrolysis, 251, 254
to 1,8-naphthyridinecarbaldehydes, 257
preparation, 257
reactions, 257
2,7-Naphthyridinecarbonitriles, 293
1,7-Naphthyridinecarbonyl halides, 182
to 1,7-naphthyridinecarboxamides, 181
from 1,7-naphthyridinecarboxylic acids,
181
1,8-Naphthyridinecarbonyl halides, 251
to 1,8-naphthyridinecarboxamides, 251
from 1,8-naphthyridinecarboxylic acids,
250
from 1,8-naphthyridinecarboxylic esters,
250
1,6-Naphthyridinecarbothioamides, from 1,6-
naphthyridinecarbonitriles, 140
1,5-Naphthyridinecarboxamides, 65
from 1,5-naphthyridinecarboxylic acids,
64
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1,6-Naphthyridinecarboxamides, 139

N-alkylation, 140

intramolecular cyclization, 140

from 1,6-naphthyridinecarbonitriles, 140

from 1,6-naphthyridinecarboxylic acids, 138

from 1,6-naphthyridinecarboxylic esters, 140

preparation, 140

reactions, 140

transamination (of amide group), 140
1,7-Naphthyridinecarboxamides, 182

hydrolysis, 180

from 1,7-naphthyridinecarbonitriles, 182

from 1,7-naphthyridinecarboxylic acids, 181

preparation, 182

from Reissert reactions, 157
1,8-Naphthyridinecarboxamides, 254

N-alkylidenation, 255

N-carbamoylation, 256

cyclizations, 256

from 1,8-naphthyridinecarbonitriles, 254

from 1,8-naphthyridinecarbonyl halides, 251

from 1,8-naphthyridinecarboxylic esters, 253

preparation, 254

reactions, 255

from trichloromethyl-1,8-naphthyridines, 255
2,6-Naphthyridinecarboxamides, 272

from 2,6-naphthyridinecarboxylic acids, 272
2,7-Naphthyridinecarboxamides, 293
1,6-Naphthyridinecarboxamidines, from

1,6-naphthyridinecarbonitriles, 140

1,5-Naphthyridihecarboxylic acids, 60

from alkyl-1,5-naphtnyridines, 23

decarboxylation, 63

esterification, 63

from 1,5-naphthyridinecarbaldehydes, 61

to 1,5-naphthyridinecarboxamides, 64

from 1,5-naphthyridinecarboxylic esters, 61

preparation, 61

reactions, 63
1,6-Naphthyridinecarboxylic acids, 135

from alkyl-1,6-naphthyridines, 100

decarboxylation, 137

esterification, 138

from 1,6-naphthyridinecarbonitriles, 136

to 1,6-naphthyridinecarboxamides, 135

from 1,6-naphthyridinecarboxylic esters, 135

preparation, 135

reactions, 133

1,7-Naphthyridinecarboxylic acids, 179

decarboxylation, 180

from 1,7-naphthyridinecarbaldehydes, 180

to 1,7-naphthyridinecarbonyl halides, 181

from 1,7-naphthyridinecarboxamides, 180

to 1,7-naphthyridinecarboxamides, 181

Index

from 1,7-naphthyridinecarboxylic esters, 129,
130

preparation, 180

reactions, 180
1,8-Naphthyridinecarboxylic acids, 247

from alkyl-1,8-naphthyridines, 206

complex formation, 251

decarboxylation, 249

degradation, 251

esterification, 250

from 1,8-naphthyridinecarbaldehydes, 249

from 1,8-naphthyridinecarbonitriles, 248

to 1,8-naphthyridinecarbonyl halides, 250

to 1,8-naphthyridinecarboxamides, 251

from 1,8-naphthyridinecarboxylie esters, 247

to 1,8-naphthyridinones, 223

preparation, 247

reactions, 249

2,6-Naphthyridinecarboxylic acids, 272

to 2,6-naphthyridinecarboxamides, 272
from 2,6-naphthyridinecarboxylic asters, 272

2,7-Naphthyridinecarboxylic acids, 291

decarboxylation, 283, 292

from 2,7-naphthyridinecarbaldehydes, 283
from 2,7-naphthyridinecarboxylie esters, 291
preparation, 291

reactions, 293

1,5-Naphthyridinecarboxylic esters, 64

hydrolysis, 61

from 1,5 naphthyridinecarboxylic acids, 63
preparation, 64, 65

reactions, 65

reduction, 45

by Reissert reactions, 19

1,6-Naphthyridinecarboxylic esters, 139

cyclizations, 139

hydrolysis, 135

to 1,6-naphthyridinecarboxamides, 139
preparation, 139

reactions, 139

by Reissert reactions, 96

1,7-Naphthyridinecarboxylic esters, 182

hydrcgenolysis, 180

hydrolysis, 179
1,8-Naphthyridinecarboxylic esters, 252

from halogeno-1,8-naphthyridines, 218

hydrolysis, 247

hydrolysis and decarboxylation, 252

from 1,8-naphthyridinecarbonyl halides, 250

to 1,8-naphthyridinecarboxamides, 253

from 1,8-naphthyridinecarboxylic acids,
250

preparation, 252

reactions, 252



2,6-Naphthyridinecarboxylic esters, 272
hydrolysis, 272
2,7-Naphthyridinecarboxylic esters, 292
hydrolysis, 291
natural occurrence, 292
preparation, 292
reactions, 292
1,5-Naphthyridine ketones, 66
from alkyl-1,5-naphthyridines, 22
reactions, 66
1,6-Naphthyridine ketones, 141
deacylation, 141
1,8-Naphthyridine ketones, 259. See also
1,8-Naphthyrininecarbaldehydes
alkylidenation, 260
from alkyl-1,8-naphthyridines, 248
from 1,8-naphthyridinecarbaldehydes,
260
2,7-Naphthyridine ketones, 293
1,5-Naphthyridine N-oxides, 42
complexation, 51
deoxygenation, 51
to halogeno-1,5-naphthyridines, 29
preparation, 18, 50
reactions, 51
1,6-Naphthyridine N-oxides, 121
cyanation, 123
deoxygenation, 123
Meissenheimer reaction, 107
by oxidation, 91, 122
preparation, 96, 121
quaternization, 122
reactions, 122
rearrangement, 117
1,7-Naphthyridine N-oxides, 171
deoxygenation, 171
to halogeno-1,7-naphthyridines, 163
by oxidation, 156
preparation, 171
reactions, 171
1,8-Naphthyridine N-oxides, 228
to alkyl-1,8-naphthyridines, 204
complex formation, 228
deoxygenation, 228
to halogeno-1,8-naphthyridines, 213
by oxidation, 201, 228
preparation, 228
reactions, 228
2,6-Naphthyridine N-oxides, 270
primary synthesis, 270
2,7-Naphthyridine N-oxides, 290
by oxidation, 284
1,5-Naphthyridines, from aliphatics, 1
from benzo[b]-1,5-naphthyridines, 10
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from 1,3-dioxolanes, 11
by primary syntheses, 1
from pyridines, 2
from pyridines with synthon(s), 5
reviews, 13
from 1,2,4-triazines, 11
1,6-Naphthyridines, from aliphatics, 67
from benzol[de] [1,6]naphthyridines, 89
from benzo-1,4-thiazines, 88
from cyclopenta[b]pyridines, 85
by primary syntheses, 67
from pyrano[4,3-b]pyridines, 86
from pyrans, 85
from pyridines, 69
from pyridines with synthon(s), 75, 83
from pyrido[1,2-c]pyrimidines, 86
from pyrimidines, 87
from pyrrolo[3,4-b]pyridines, 87
reviews, 91
from thiazolo[2,3-f] [1,6]naphthyridines,
88
from 1,3,5-triazines, 88
from 1,2,3-triazoles, 88
1,7-Naphthyridines, from aliphatics, 143
from cyclopenta[b]pyridihes, 151
from diazabicycloundecanes, 150
from a Maillard reaction, 143
by primary syntheses, 143
from pyranol[3,4-b]pyridines, 151
from pyrazines, 151
from pyridines, 143
from pyridines with synthon(s), 147
from pyrrolo[3,4-b]pyridines, 151
reviews, 143,153
1,8-Naphthyridines, from aliphatics, 183
bioactivities, 183
from isoxazolo[4,3-c] [1,8]naphthyridijes,
192
from oxazoles, 192
primary synthesis, 183
from pyrans, 192
from pyrazolo[2,4,5-ij] [1,8]naphthyridines,
195
from pyridines, 184
from pyridines with synthon(s), 187
from pyrido[2,3-b] [1,8]naphthyridines,
193
from pyrido[2,3-d] [1,3]oxazines, 193
from pyrido[1,2-a]pyrimidines, 193
from pyrido[2,3-d]pyrimidines, 194
from pyrrolo[2,3-b] pyridines, 195
from tetrazolo[2,4,5-ij] [1,8]naphthyridines,
195
from 1,2,4-triazines, 195
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2,6-Naphthyridines, 261
from diazacyclodeca-3,8-diynes, 264
primary syntheses, 261
from pyrano[4,3-c]pyridines, 265
from pyridines, 261
from pyridines with synthon(s), 264
from pyrroles, 265
reviews, 265
from 1,2,4-triazines, 265
2,7-Naphthyridines, 275
from isoquino([2,1-b] [2,7]naphthyridines, 280
from nonheterocyclics, 275
from oxazoles, 280
primary syntheses, 275
from pyrano[3,4-c]pyridines, 281
from pyrano[4,3-b]pyridines, 282
from pyrans, 281
from pyrazines, 282
from pyridines, 277
from pyridines with synthon(s), 278
from pyrrolo[3,4-c]pyridines, 282
1,5-Naphthyridine sulfones, see
Alkylsulfonyl-1,5-naphthyridines
1,8-Naphthyridine sulfones, see
Alkylsulfonyl-1,8-naphthyridines
1,8-Naphthyridinesulfonic acids, 233
by sulfonation, 233
1,8-Naphthyridinesulfoxides, see
alkylsulfinyl-1, 8-naphthyridines
1,5-Naphthyridinethiones, 53
S-alkylation, 53
from halogeno-1,5-naphthyridines, 41
preparation, 53
reactions, 53
1,6-Naphthyridinethiones, 125
S-alkylation, 125
cyclocondensations, 126
from halogeno-1,6-naphthyridines, 113
preparation, 125
reactions, 125
1,8-Naphthyridinethiones, 231
S-alkylation, 231
complex formation, 232
cyclocondensations, 232
from halogeno-1,8-naphthyridines, 218
preparation, 231
reactions, 231
tautomerism, 231
1,5-Naphthyridinols, see 1,5-Naphthyridinones,
Naphthyridinomycin, 43
1,5-Naphthyridinones, 43
from alkoxy-1,5-naphthyridines, 45
N-alkylation, 46
O-alkylation, 46

Index

aminolysis, 47
arylation, 46
complex formation, 44
deoxygenation, 48
halogenolysis, 26
from halogeno-1,5-naphthyridines, 40
MS, 44
from 1,8-naphthyridinamines, 44
from 1,5-naphthyridinecarboxylic esters, 45
by oxylation, 44
preparation, 44
reactions, 46
1,6-Naphthyridinones, 115
from alkoxy-1,6-naphthyridines, 117
to alkoxy-1,6-naphthyridines, 118
alkylation, 118, 119
from alkyl-1,6-naphthyridinium salts, 117
aminolysis, 119
from amino-1,6-naphthyridines, 116
cyclization, 120
deoxygenation, 117
halogenolysis, 104
from halogeno-1,6-naphthyridines, 113
from 1,6-naphthyridine N-oxides, 117
properties, 115
1,7-Naphthyridinones, 167
N-alkylation, 168
bioactivities, 167
cyclizations, 169
halogenolysis, 162
from 1,7-naphthyridinamines, 168
by oxidation, 168
preparation, 167
reactions, 168
tautomerism, 167
1,8-Naphthyridinones, 221
from alkoxy-1,8-naphthyridines, 222
N-alkylation, 225
O-alkylation, 224
aminolysis, 225
complex formation, 227
cyclizations, 226
halogenolysis, 210
from halogeno-1,8-naphthyridines 214
from 1,8 naphthyridinecarboxylic acids, 223
by oxidation, 222
preparation, 221
reactions, 224
thiation, 226
from trichloromethyl-1,8-naphthyridines, 223
2,6-Naphthyridinones, 270
halogenolysis, 267
from halogeno-2,6-naphthyridines, 268
preparation, 270
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2,7-Naphthyridinones, 289
alkylation, 290
halogenolysis, 286
natural occurrence, 289
preparation, 289
reactions, 289
1,5-Naphthyridinones (nontautomeric), 49
preparation, 49
reactions, 50
1,6-Naphthyridinones (nontautomeric), from
1,6-naphthyridinones, 118
1,7-Naphthyridinones (nontautomeric),
N-dealkylation, 169
preparation, 168
1,8-Naphthyridinones (nontautomeric), from
1,8-naphthyridinones, 225
2,7-Naphthyridinones (nontautomeric), from
2,7-naphthyridinones, 290
Neozoeylanicine, 292
Nitro-1,5 naphthyridines, 55
from dimethylsulfimido-1,5-naphthyridines, 56
halogenolysis, 56
MS, 55
by nitration, 55
preparation, 55
reactions, 56
reduction, 56
Nitro-1,6-naphthyridines, 127
from dimethylsulfimido-1,6-naphthyridines,
127
by nitration, 127
preparation, 127
reactions, 128
rearrangement, 129
reduction, 128
review, 127
Nitro-1,7-naphthyridines, 175
by nitration, 175
preparation, 175
reactions, 175
reduction, 176
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Nitro-1,8-naphthyridines, 235

from dimethylsulfimido-1,8-naphthyridines,

236

by nitration, 235

from nitroso-1,8-naphthyridines, 236

preparation, 235

reactions, 237

reduction, 237

review, 235
Nitro -2,6-naphthyridines, 271
Nitro-2,7-naphthyridines, 290
Nitroso-1,8-naphthyridines, 238

by nitrosation, 238

oxidation, 236, 238

reduction, 238

Oxy-1,5-naphthyridines, 43
Oxy-1,6-naphthyridines, 114
Oxy-1,7-naphthyridines, 167
Oxy-1,8-naphthyridines, 221
bioactivities, 221
Oxy-2,6-naphthyridines, 269
Oxy-2,7-naphthyridines, 289
natural products, 289

Phosphino-1,8-naphthyridines, from
halogeno-1,8-naphthyridines,
218

Thio-1,5-naphthyridines, 53
Thio-1,6-naphthyridines, 125
Thio-1,7-naphthyridines, 173
Thio-1,8-naphthyridines, 231
Thio-2,6-naphthyridines, 270
Thio-2,7-naphthyridines, 290
Tocufloxacin, 209
Trovafloxacin, 209

Ureido-1,6-naphthyridines, from
amino-1,6-naphthyridines, 133
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