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2-Amino-3-substituted 1,6-Naphthyridines
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A new versatile method for the synthesis of 2-amino-3-
substituted 1,6-naphthyridines has been achieved through
an application of the Friedlander method. Derivatives
containing alkyl, aryl, heteroaryl, nitrile, carboxamide,
and carboxylic acid substituents in the 3-position were
directly prepared from 4-aminonicotinaldehyde.

The direct synthesis of naphthyridine systems sub-
stituted in only one of the fused pyridine rings is difficult
(1). The only approach from aminopyridines which is
applicable to most of the systems is the Skraup. Only
one step is required but it lacks versatility with respect
to the substituents which may be introduced. The alter-
native general approach is from o-disubstituted pyridines.
Many 1,8-naphthyridines were directly prepared from 2-
aminonicotinaldehyde, but the latter required a multistep
synthesis (2). This approach has not been reported for
I,6-naphthyridines and was investigated in the present
paper for 2-amino-3-substituted derivatives (I1I).

4-Aminonicotinaldehyde (I), the required intermediate
for the synthesis of III, was prepared in a 10% overall
yield on a large scale in six steps from the commercially
available 3-picoline 1-oxide by modification of the methods
of Armarego (3) and Wibberley (4). A direct sodium
metaperiodate oxidation of 4-aminonicotinic hydrazide,
rather than its isopropylidene derivative, consistently af-
forded the aldehyde in 50% yield, in contrast to the 26%
yield reported for the latter literature method (3), which
was carried out on a smaller scale. No special storage
conditions were required for I. The disadvantages so fre-
quently quoted for the Friedlander synthesis (5), namely
difficulty of bulk synthesis and storage of the o-amino
aromatic carbonyl compound were not apparent in this
work.
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Condensation of substituted acetonitriles (II) with I in
boiling alcohol with a base catalyst has proved to be a
versatile method for the synthesis of III as shown in
Table I. Three base catalysts were tried with each cyano-

methylene compound. Piperidine (Procedure A) was
successful only with those most readily forming carbanions,
namely cyanoacetamide, N-monosubstituted cyanoacet-
amides, malononitrile, cyanoacetic acid and the most
strongly activated arylacetonitriles. Sodium hydroxide
(Procedure B) was necessary for all the remaining aryl-
acetonitriles and the related 1-cyclohexenylacetonitrile.
Acetonitrile and two other alkyl cyanides required sodium
methoxide (Procedure C). Yields were greater than 50%,
except in the case of butyronitrile. No product was
isolated with methoxyacetonitrile.

The experimental data indicates that the rate of re-
action is related to the activity of the methylene group
of the substituted acetonitrile. Thus it appears that the

addition of the anion of the methylene group to the
aldehyde precedes the addition of primary amine to nitrile.
This is contrary to the observations of other authors (5a,b)
as to the mechanism of the Friedlinder synthesis of
quinoline.

The synthesis of 2-amino-1,6-naphthyridine has been
previously reported (6). A Chichibabin reaction on the
parent naphthyridine gave a product with identical melting
point and spectra to the product obtained by the Fried-
lander method. This proof of structure is worthy of note
in view of the controversy over the amination product of
1,5-naphthyridine (7). Only one other 2-amino-1,6-naph-
thyridine is reported in the literature and the authors were
unable to confirm its structure (8).

The nmr characteristics of the ring protons of III are
particularly useful for structural determinations. Most
were soluble in deuteriodimethylsulfoxide solutions in
which the spectral patterns of the Hs, H,, and Hg protons
are grossly similar to each other. The chemical shifts are
in the range 8 9.04-8.80 for the 5 proton, 6 8.54-8.42 for
the 7 proton and § 7.48-7.36 for the 8 proton. The
inductive character of the 3-substituent has a far greater
effect at the o-position, thus the 4 proton is in the range
6 8.70-7.90.

was identical for all compounds examined (J; 3 6 Hz).

Also, in this solvent the coupling constant

EXPERIMENTAL

Infrared spectra were recorded as potassium bromide pellets



Vol. 9

Notes

704

7€'8 68'¢ cS6 (Woce 66'€T  03'S
8¢’L TV'8 S6'8 0672 gLl ¥9'S
VL SY'8 S6'8 86°L T¥L1 1T
182 TV'8 968  L6L W91 %€
9¢’. TV'8 368 Y6l 9¢'€l 13¢
8¢, T¥V'8 36’8 V6L 2881 €6'%
0L 9v'8 L68 10'8 gT'sz 8E'¥
8b’. S¥'8 96'8 208 6,70 00V
092 2€8 068 (D268
Sz'8 768 196 CDLT6 692¢ ¥S'€
g¢L 158 006 v$'8 SO'ET  L29
€L TS'8 006 ¥S'8 89vC V8L
oYL ¥S'8 ¥0°6 €98 1192 38'S
Sy'L Y¥'8 €68 £€S'g L2 98%
8¢'L %58 006 0L'g 2008 OV¥
8H LH °H YH N H

(f) suoyoud Buu jo punoj

(9) W1ysS TeoTway))

6508 ¥IVI
¥9'9L L8L1
0L LSLT
€869 L¥9l
96'SS  00¥I
98'sL  00°61
66'69 €¢'ST
SE'€9 SO'IT
%c’e9  16°CE
€009 97°¢T
SE€'C9  6EVC
Y219  06'SC
6C6S GlL'LC
0g'LS LL°6G
J N
sasAjeuy

s0°s

€SS

8Ty

c6'¢

ge'e

86V

0s'y

9L'¢

sse
€9
43
69°S
S6'Y
o'y

H
‘Po1®D

1808

09°9L

650

88’59

c0'9S

209,

L3°0L

91°€9

€5°€9

08°6S

2Lc9
1119
1¥°6S
VLS

mZm——.—ONU

mZm:‘—m—U

mZ,mo:*QuU

m7=Uo:\-:U

mZ.—mo:.—v~U

ng:.mv—u

ch:.mmuU

NOVZO ~:¢~U

LOENCH®D
YNH®D
NOmZo~mm~U
OmZ-Em ~U
OQZN—E~ ~U
Och:.—c—U
0PN®H®D

enuLIo

.8

08

9

0L

98

89

€9

V8

44
06

SL

PAY
S9
08
.8

%

PIRIA

¥e

41

S0
144

144

()
awf,
uonoEdY

soutpuAyydeN-9‘ T painjnsqns-g-ournuty-g

1 414Vl

<«

<

< < o <

2INpaoo1y

@) v2T128

:

181621

)
jort
1

(23 X444

=

802902

[
j==]

QO0C

261561

L1g-SvIe

Nz
S

061-881

(3)022-292

o~
Q
z
=
2 l
Q
9

(9°P) "99p STE-0VE

(@) 09e < ND—
/N
£8T-I181 O  NPHD®HDHNOD—
—/
(2) 921-5¥2T YUSH¥DIN®HI*HOHNOD~
SZ1Z-S012 EHOCHOHNOD—
(4) 992-%92 EHOHNOD—
(q) "29p $62-¥63 THNOD—
(e)D, “d'W kil



705

Notes

June 1972

‘uorN[Os PO JLINJNSOLIANI(] ([) "UONN[OS PIE O1}30E
-oonpia], (3) "plepuels [eurdul se aeUO)Ns-G-auejuad efis-g-[AYIdWIpP-Z ‘g WNIPOS Y114 SUOHN{OS apixoymsiAypautipouaina(] () “191em woly pozi[eIs&1oay (1) ",0¥3-6€ "d'w (9)
1T (Y) (,06709 'd"q) woidy-suszuaq woiy pozifjeIshi00y (3) "foueing wolg pazieisAay () ‘sasnyy sISA[eUE A10J9BJSHIES )M 15153 [AY32 uE 2aed Ing sisA[euUE 1321100 A3
jou pip pry (3) "uonendnaday (p) (,06-09 d'q) woIS1| woly pazIfeIsA1ay (9) "[ouEyId woly pazijfelsiiay (q) "par0U ISIMIFYJO SSIUN IUIZUI] WOI} pazifjeisAnay (&)

9c'2 02’8 698 (1)s8L L0%C 2€9 €169 8Z¥Z 9€9 9£69 ENFIHOTD g z 0] ) 744 %44 EHO*HO—
95’2 028 898 (D¥8L 9€9Z S9°S 1629 2¥9¢ 99S T6'L9 EN®H6D ¢S 4 D (1) 292-59% EHD—
sg’L SY'8 088 20'8 ENLHED €S 4 ) (y) "29p 6€£2-8€C H
28 81'8 298 (DeLL 6781 %99 80°GL 2981 199 L9WL ENSTHY'D 65 4 q L£TSET Q
H
N
<yl 8%'8 206 91’8 ¥e1Z 0S%v ¥C¥L ¥S1Z T9P SBEL YNTIHO 1D [+19 ¥ d (9) 822°9.2 6
S
6€'. 9¥'8 006 ST'g 0¥'81l 98¢ 8¥'€9 0581 96'€ ¥¥E9 SENSH®'D 8. € d (9) 91-¢91 / \
0
8¢ LV'8 €06 e£r'g 5961 2T% S289 1661 22¥% ST89  OFNCHT'D 82 € q "09p $81-¢81 A/ \N\
V'L 9V'8 S6'8 108 se'sT 26V €6'6L O0SST 08F 0262 ENETHBYD LS € q 132612 '
84 LH SH YH N H 0] N H D enuLIo g % (1y) ampa0oig (®) D, “dW t|
(f) suojoid 3uu jo punoj B 2iLde] PIPIA auuL],
(9) YIS [eorwiay) sashjeuy uoyaEsy

(panunuod) 1 Y14VL



7006 Notes

on a Unicam SP 200G spectrometer. Nmr spectra were obtained
with a Varian T-60 spectrometer with DSS as the internal standard.
Melting points were determined on a Gallenkamp block and are
uncorrected. Elemental analysis were determined by Dr. Strauss,
Oxford, England.

Cyanomethylene Compounds (11).

Most of the starting materials used in this work were obtained
from commercial sources. N-Methyl-, N-ethyl-, N{2-diethylamino-
ethyl)- and N{2-morpholinoethyl)cyanoacetamides were prepared
by the method of Osdene et al. (9).

4-Aminonicotinaldehyde (I).

A mixture of 25 g. of 4-aminonicotinic acid hydrazide (3,4),
409 ml. of water and 81 ml. of ammonia (d. 0.90) were slowly
added with vigorous stirring to a cooled solution of 45 g. of
sodium metaperiodate in 620 ml. of water and 409 ml. of am-
monia (d. 0.90). The reaction was allowed to proceed for 20
minutes, then stopped by the addition of 46.5 g. of barium
acetate in 195 ml. of water and the resulting precipitate filtered
off. The filtrate was adjusted to pH 7.0-8.0 and saturated with
sodium chloride, then extracted several times with chloroform
and dried (sodium sulfate). Evaporation under reduced pressure
and one crystallization from benzene-ligroin (b.p. 60-90°) yielded
10 g. (50%) of 4-aminonicotinaldehyde, m.p. 110-112° (lit. (3)
m.p. 113-114°).

2-Amino-3-substituted 1,6-naphthyridines (11I).
Procedure A.

A mixture of 0.366 g. (0.003 mole) of 4-aminonicotinaldehyde,
the appropriate cyanomethylene derivative (0.006 mole) and 0.075
g (0.00075 mole) of piperidine in 5 mi. of absolute ethanol were
heated under reflux on a steam bath. The naphthyridines were
obtained in the recorded yield by direct filtration or on evapora-
tion, trituration with a suitable solvent and filtration. The prod-
ucts were purified by crystallization from the recorded solvent
(see Table ).

Procedure B.

The conditions and work-up is as described for Procedure A,
except that 0.4 ml. (0.001 mole) of 10% aqueous sodium hydr-
oxide was used instead of piperidine.
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Procedure C.

A mixture of 0.366 g. (0.003 mole) of 4-aminonicotinaldehyde,
5 ml. of the appropriate alkyl cyanide and 0.324 g. (0.006 mole)
of sodium methoxide in 0.2 ml. of methanol were heated under
reflux. The reaction mixture was cooled and the product which
separated was collected by filtration and washed with water to
yield the naphthyridine in the recorded yield. The products were
purified by crystallization from the stated solvent (see Table I).

The procedures, reaction times, yields, and melting points of
all the title compounds (II1) are listed in Table I. The infrared
spectra show bands at 3480-3260 (NH free), 3220-3100 (NH
bonded) and 1670-1615 (NH bending) em”l.
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