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1.6-Naphthyridines (1). II.
2.3-Disubstituted Derivatives and some new Tricyclic Ring Systems.

Edward M. Hawes and Dennis K. J. Gorecki

College of Pharmacy, University of Saskatchewan, Saskatoon, Canada

Received September 4,1973

A number of new 2- and/or 3-substituted 1,6-naphthyridines were prepared via Friedlander re-
actions with 4-aminonicotinaldehyde and methylene compounds containing a-esters and a-ketones.

Methylene compounds with two reactive a-centres were also used. The facile conversion of the
1,6-naphthyridines into new tricyclic ring systems is reported.

In a previous paper (1), we reported that 2-amino-3-
substituted 1,6-naphthyridines could be readily prepared
through an application of the Friedlander method. Many
of these 1,6-naphthyridines synthesized either directly
from 4-aminonicotinaldehyde (1), or by subsequent re-
actions of the bicyclic products, have been shown to poss-
ess diuretic activity in rats (2). We now wish to describe
the extension of the Friedlinder method to other methyl-
ene compounds, and also the synthesis of various tricyclic
ring systems derived from 1,6-naphthyridines.

The investigation as to the versatility of the Friedlinder
synthesis was limited to base catalysis. The reagent methyl-
ene compounds used can be categorized (Scheme I) as
either esters (2-4), malonamides (5, 6), ketones and alde-
hydes (7-12), or bifunctional moieties where two products
are possible (13a-17b). The results are presented in Table
L
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7 R=CH,R,=H

8 R=CHy, R, =H

9 R=CHs, R, =CH,
10 R =2-FurylLR,=H
11 R = 3-Pyridyl, R, = H
12 R=H, R, = CH,

132 R = OH, R, = COCH,
136 R = CH,, R, = COOC,H,
18 R =C.Hy, R, = COOC,H,
16 R =CH,, R, = COCH,
18 R=H,R,=CHs

178 R=CH, R, =CH,

176 R=G,Hy, R, =H

An earlier paper from these laboratories reported the
preparation of some 3-substituted 1,6-naphthyridin-2(1H)-
ones (2). Similarly ethyl phenylacetate, ethyl p-nitro-
phenylacetate, and diethylmalonate when treated with 1
afforded the anticipated products (2-4). Malonamide and
N,N* .bis(methyl)malonamide also yielded 3-substituted
1,6-naphthyridin-2(1H)ones (5, 6), resulting from the eli-
mination of ammonia and methylamine, respectively.

Compounds 7-11 were readily obtained when 1 was
treated with the respective ketones and sodium hydroxide
as catalyst. 2-Methyl-1,6-naphthyridine (7) has been pre-
viously reported, a Skraup synthesis gave a 0.5% yicld
(3). Phenylacetaldehyde, the only aldehyde used in this
work, gave the anticipated product (12) with piperidine
as catalyst. The greater electrophilicity of the aldehydes
and ketones as compared to esters and previously reported
nitriles suggests that in this Friedlander mechanism Schift
base formation may be the initial step, in contrast to the
suggested reaction course for the synthesis of 2-amino-3-
substituted 1,6-naphthyridines from substituted acetoni-
triles (1). This is further substantiated by the fact that
piperidine was used as catalyst for all analogous reactions
with 2-aminonicotinaldehyde (4). The major difference
between this and 1 is the greater nucleophilicity of the
amino group in the former.

With polyfunctional reagents the nature of the product(s)
depend upon the relative electrophilic and nucleophilic
activities of the reactive centres. Firstly two methylene
compounds were used with two a-substituents, cither of
which could react with the amino function of 1. Ethyl
acetoacetate with piperidine yielded an almost equal mix-
ture of 3-acetyl-1,6-naphthyridin-2(1H)one (13a) and
ethyl 2-methyl-1,6-naphthyridine-3-carboxylate (13b), yet
with sodium hydroxide as catalyst only the latter was iso-
lated. It has been shown that 2-aminonicotinaldehyde in
an analogous reaction produces only ethyl 2-methyl-1,8-
naphthyridine-3-carboxylate (4). Thus competing reactions



Vol. 11

E. M. Hawes and D. K. J. Gorecki

152

(EH) 8¢°2

(*H) 256
(€H) 2¢'8
(EH) 80'8

(€H) 69°2

=0

£8°L

2L €98 116 (V062

062 9.8 T¥6  2€8 0621
6L 068 356  LT'6 S6FT
108 068 096 906 TTOL
€62 068 956 %06 0T'€l
86’2 8.8 €v'6 (4)20°6 86'¥1
L6’L 788 €56  ¥8'8 08'El
86'L 268 9¥6  ¥.'8 0% 0%
6L 828 0¥6 €98 9T'¥I
¥6'L 9.8 3F6 0S8 85T
G0'8 988 056  ¥.'8 OVEl
20'8 188 956 (4)SS6 92702
108 288 956 (4)SS6 0€¢CT
€L 0S8 ¥68 9S8 69°C1
10°g 8.8 8¢°6 (4)8S'8 6¥'SI
¥6'L 99°8 ST6 (4) 1€'8 2,8°C1T
SH ‘H SH ‘H N

(8) suojoxd 3ury yo
() HyS TeoTWAY)

9g'S
0g’s

SL'18 €2°¢1
12°0L SO°ST
v6'y
8S'S

YT'EL 00T
06'99 9621
657 SS'€9 68'V1
96'%
Ty
LTY
19°S
20°S

S8'18 65°€T
0T'SL 62°0C
TE'EL 6C VI
0618 €L°¢C1
gl 18 6S°CI

5 4
6S°€

06'8S 69°0¢
€6'9S 6¢'GC

98’y 19709 ¥8°CL

1€¢€ 0829 €L°S1

LS% 0%'SL 19T
H J N
punoyg
SasATeuy

698 2T°6 (D2T8 62°L1 V9 ¥8°SL T2 LT €€°9 S6°G2

S¥'S ¢8'18
8€°S L60L

Y0°'S 8€EL
9S'S L9'99

9c'v €8'€9
S8’y SS'18
SE'Y 9¢°SL
80V LV'EL

SY'S G818
8’y SS'18

eV'y 1T°6S
0L°€ YI'LS
65’V SS°09
LE'€ 6'¢9
0S'y 89°SL

H O

PoED

sourpuiAyyden-9' T PoImIlIsqnsI(I-€°g

INOTHOTD 25
I PIT-211

INTIHS D 9848
ONOTIH!TD 801-901
LOINYIHLYD ¥31-221
LOENTIHED S6¥6
L0tNBHC D 008 <
INOTHYI) SOT-%0T
ENSHED 0ST-6¥1
ONBH®!D $OT-€01T
INTTHS D raaxlial
INOTHYT) L6756
(@) 1965

NOmmeoaU CQMA
ZOENLHSD 00e<

EQINOIHID "99p ¥12-€13

mOmZoE.vﬁu cOmA
O%NC'HY™D 00€ <
BULIO | D, druwt
= \z ~
X | N

I 319V

) *pIEPUEIS [RUIIIUL SB SN, YIIM UOIIN|OS ULIOJOIO[YIOLD)}
-na( (1) "uonnjos pwE dndEoIoNPU], () "PaIOU SSTMIIY}O SSI[UN PIEPUEIS [RWIIUT SE SS( Y suonnjos spxopmsiAytawipouanaq (8) (¢) w1 (3) " 19-09 'd'w (¥) Wy (3)
996 = QEL ‘%0 = eS| ‘9 poylaur iy (p) "[OUBYI2 JO PEIISUI JUIA[OS SE Pasn sem Juadeal oy, (9) g poyleus Aq paredaig () "polOU ISIMIIYIO Ssafun ¥ poyjowt Aq paredaid (&)

¥
W (0)sy
19 ve
09 4
99 ¥Z
(P) 9t
(p) v 43
0S i 4
08 (D1
L8 (CIA
08 (D¥g
¢g (e
28 (2)(9) 8%
9¢ 8y
¥8 i 4
16 91
9L o1
|4 021
% (e)(ry)
PRIA  wiI]
uonoey

uo}ay
Ay Aoy
UOTIIR[AUIYJ
3UO0J9VB[AJIIY
2)eja0e
-[AozuaqIAyig

aje}

3080130 RIAYIY
Ipdy
-apel1aoRjAUayq
aurpuAdiA10y-¢
URINJIAIOY-Z
auouaydoidoig
suousydolsay
U013y
IprureuoTEW
-(1Ayow) Sig- N ‘N
IpIuRUOTE]y
Jjeu

-ofeuwr [AYIaYJ
syereoejAuayd
-onytu-d Ay
91ela08

-[Auayd [Ayiy

juadeayy

H SH®
€HD £HD
SH?) £HD
£HD0D €HD
SH®D00D  SH®D
SH*D00D €HD
€HDO0D HO
SHD H
H Kpusg-g
H 14mg-g
€D SH)
H SH
H £HD
€HDHNOD HO
HNOD HO
SH®J00D HO
YHOD'ON-4 HO
SHD HO

L3 d

qasl
B/l
9l
Sl

149
qeL

BElL

4
L

N M < wo ~ool

“oN

“pdur)



Apr. 1974

involving the aldol condensation of the anion of the methyl-
ene group and Schiff base formation are indicated in the
formation of 13a and 13b, respectively. The weak nucleo-
philicity of the 4-amino group of 1 is indicated since by
consideration of the ethyl acetoacetate reagent only 13b
would be expected to be the major product, even with pi-
peridine. As anticipated with reagents with widely dif-
ferent functional group activity, ethyl benzoylacetate
yielded 14 rather than 3-benzoyl-1,6-naphthyridin-2(1H)-
one. Secondly three ketone reagents with more than
one a-carbon atom capable of reacting with the aryl alde-
hyde were investigated. Acetylacetone and phenylacetone
gave 15 and 16, rather than 2-acetonyl and 2-benzyl-1,6-
naphthyridines, respectively. However, 17a and 17b were
obtained in almost equimolar amounts from methyl ethyl
ketone and piperidine. We have previously reported that
sodium hydroxide yielded 17a exclusively (2). The stab-
ilization of the anions can be explained by inductive effects
with the methyl and by hyperconjugation with the methy-
lene, the latter being predominant in strong base (5).

The Friedlander synthesis of 2-amino-3-substituted
1,6-naphthyridines has been further extended to. 3-carbox-
amides from N,N-disubstituted cyanoacetamides. Upon
treatment of 1 with piperidine as catalyst an unexpected
elimination cyclization afforded 3-cyano-1,6-naphthyridin-
2(1H)one (18). With sodium hydroxide, however, good
yields of the desired N,N-disubstituted carboxamides (19,
20) were obtained, with only trace amounts of 18.

COR,
X o X NNF SN
H
18 19 Ry = N(CH),

20 R=N O
—/

Some of the 1,6-naphthyridines either synthesized dir-
ectly by the Friedlinder method, or by subsequent con-
version to suitable compounds, are useful intermediates
for the synthesis of new tricyclic ring systems. Thus 2-
amino-1,6-naphthyridine (28) and its 3-carbamoyl deriva-
tive (21) readily prepared from 1 (1), and 2-chloro-3-cyano-
1,6-naphthyridine (24) synthesized by halogenation of 18
(2) served as examples. So as to demonstrate the potential
of the route four new ring systems are reported.

4-0x0-3,4-dihydropyrimido[4,5-6 ][1,6 Jnaphthyridine
(22) was formed from 21 and formamide upon heat-
ing under reflux for a few minutes. However, after an
hour the tetrahydro derivative (23) was isolated, and this
compound was also obtained from 22 by treatment with
the Leuckart reaction reagents ammonium formate and
formamide. These observations are analogous to those of
Campaigne and Randau with pyrimido[4,5-b ]quinoline
systems (0).
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CONH.
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By applying the condition of Santilli and coworkers
(7) ethyl 3-aminothieno[2,3-b ][1, 6 Jnaphthyridine-2-car-
boxylate (25) was readily obtained from ethyl mercap-
toacetate and 24. The latter was also converted to 3-
aminopyrazolo[3,4-b}[1,6 Inaphthyridine (27) upon treat-
ment with hydrazine. The intermediate 2-hydrazino com-
pound (26) was isolated and its structure indicated by in-
frared spectroscopy.

i _COOCH, NHp
CN H,
N A < z X
| U B | N\ COOC,Hg
e
S Nl x N s
24 25
jNH,NH,
NHy
cN =
D (i Y S ) (g
— ./
X N7 NHNH XA SNTTN
28 27

Various workers have reported the synthesis of anthy-
ridines or pyrimido[1,2¢][1,8 naphthyridines from
1,8-naphthyridines and diethyl ethoxymethylenemalonate
(8). 2-Amino-1,6-naphthyridine (28) upon treatment with
this reagent yielded the acrylate (29). When treated in re-
fluxing Dowtherm-A 29 cyclized at the bridgehead nitro-
gen rather than at C; to yield the pyrimido[{1,2¢]{1, 6]-
naphthyridine (30).

N |\ €,H,0CH = C(COOC,H,), N/l A
A ™ X NP NHCH= CIC00CHy)y
28 29
N l AN
~ WXy
0NF
COOC,H,g
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EXPERIMENTAL

Infrared spectra were recorded as potassium bromide pellets
on a Unicam SP-200 G spectrometer.. Nmr spectra were deter-
mined on a Varian T-60 spectrometer, with DDS as the internal
standard for deuteriodimethylsulfoxide and trifluoroacetic acid
solutions, and TMS for deuteriochloroform. All melting points
are uncorrected. Elemental analysis were determined by Dr.
Strauss, Oxford, England.

2.3-Disubstituted 1,6-Naphthyirdines (Table I).

Piperidine was initially tried with all reagents, but if no prod-
ucts or mixtures were isolated, the reaction was reinvestigated
with sodium hydroxide.

Procedure A.

A mixture of 0.336 g. (0.003 mole) of 4-aminonicotinaldehyde
(1), the appropriate reagent (0.006 mole) and 0.075 g. (0.00075
mole) of piperidine in 5 ml. of absolute ethanol were heated
under reflux on a steam bath. The naphthyridines were obtained
in the recorded yield by direct filtration or on evaporation, tritura-
tion with a suitable solvent and filtration. The products were puri-
fied by crystallization from a suitable solvent.

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 hydro-
xide was used instead of piperidine.

2-Amino-N,N-disubstituted 1,6-Naphthyridine-3-carboxamides.
Procedure A.

N,N-Dimethylcyanoacetamide or 4-cyanoacetylmorpholine
when treated with piperidine as above for 1 hour yielded 3-cyano-
1,6-naphthyridine-2(1H)one (18). The product was identical (m.p.,
ir, nmr) with an authentic sample.

Procedure B.

N,N-Dimethylcyanoacetamide upon treatment with sodium hy-
droxide as above for 3 hours gave 0.408 g. (63% yield) of 2-amino-
N,N-dimethyl-1,6-naphthyridine-3-carboxamide (19). Recrystalli-
zation from ethanol gave white prisms, m.p. 207-210°; ir 3440
and 3280 (N-H stretching), 3200 (N-H bonded), 1620 (C=0) and
1610 em-! (N-H bending); nmr (DMSO-d¢) & 8.96 (5,1, Cs-H),
8.48 (d, 1,/ 8=6.0 Hz, C;-H),8.16 (s, 1,C4-H), 7.38 (4,1, /g 5
=6.0 Hz, Cg H) 6.98 (s, 2, exchanges with deuterium oxide, NH2)
and 3.0 ppm (s, 6, [CH3],).

Anal. Cgled. for Cy1H1,N40: C,61.11; H, 5.69; N, 25.90.
Found: C, 61.23; H,5.60; N, 25.82.

Similarly 4-cyanoacetylmorpholine for 2 hours gave 0.503 g.
(65% yield)of 2-amino-3-N-morpholinocarbonyl-1,6-naphthyridine
(20). Recrystallization from ethanol gave white needies, m.p.
203-205° dec., ir 3350 and 3330 (N-H stretching), 3125 (N-H
bonded), 1670 (C=0) and 1620 cm~! (N-H bending); nmr (DMSO-
dg) 8 897 (s, 1, Cs-H), 847 (d, 1, J75=6.0Hz, C,-H), 814
(5,1, C4-H),7.37(d, 1, /3,7 = 6.0 Hz, Cg-H), 6.98 (s, 2, exchanges
with deuterium oxide, NH;) and 3.60 ppm (s, 8 morpholine-H).

Anal. Caled. for C;3H14N40,: C,60.47; H,5.43; N, 21.71.
Found: C, 60.28; H,5.33; N, 21.50.

Conversion of 1,6-Naphthyridines to Tricyclic Ring Systems.
4-0x0-3,4-dihydropyrimido[4,5-b]{1,6 Inaphthyridine (22).

A mixture of 2-amino-1,6-naphthyridine-3-carboxamide (21)
(0.002 mole, 0.376 g.) and formamide (4 ml.) was heated under
reflux for 10 minutes. The resulting precipitate was filtered and
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washed with water to give 0.30 g. (75% yield) of 22. Recrystal-
lization from dimethylsulfoxide gave cream flakes, m.p. > 300°, ir
3040 (N-H stretching), 2920-2600 (N-H bonded) and 1705 cm~!
(C=0); nmr(TFAA)5 10.22(s, 1,C,-H or Cg-H),10.12 (s, 2, Co-H
or Cg-H), 9.67 (s, 1, C5s-H), 9.06 (d, 1, Jg 9 = 7.0 Hz, Cg-H) and
8.70 ppm (d, 1,Jg 9 = 7.0 Hz, Co-H).

Anal. Caled. for C;oHgN4O: C, 60.61; H, 3.03; N, 28.28.
Found: C, 60.42; H, 2.98; N, 28.06.

4-0x0-3,4,5,10-tetrahydropyrimido[4,5-b][1,6 Inaphthyridine
(23).

a) Treatment of 21 as above but with a 1 hour reflux gave
0.28 g. (70% yield) of 23. Recrystallization from water gave tan
needles, m.p. > 300°; ir 3425 and 3125 (N-H) and 1660 cm-1
(C=0); nmr (TFAA) 5 8.70 (s, 1, C5-H or C¢-H), 8.37 (s, 1,
Cz-H or Cg-H), 8.27 (d, 1, Jg 9 = 7.0 Hz, Cg-H), 720 (d, 1, Jg 5
7.0 Hz, Cg-H) and 4.22 ppm (s, 2, C5-Hj).

Anal. Caled. for CygHgN40O-H,0: C, 55.05; H, 4.59; N,
25.69. Found: C,54.80; H,4.78; N, 25.60.

b) A mixture of 22(0.0005 mole, 0.099 g.), formamide (3 ml.)
and ammonium formate (0.30 g.) was heated under reflux for 1
hour. The reaction mixture was cooled and the precipitate fornmred
filtered and washed with water to yield 0.06 g. (60% yield) of the
reduced pyrimidonaphthyridine (23) identical (ir) with the above
sample.

Ethyl 3-Aminothieno[2,3-61[1,6 Inaphthyridine-2-carboxylate
(25).

A mixture of 2-chloro-3-cyano-1,6-naphthyridine (24) (0.002
mole, 0.308 g.), ethyl mercaptoacetate (0.002 mole, 0.240 g.),
anhydrous sodium carbonate (0.002 mole, 0.220 g.) .and absolute
ethanol (15 ml.) was heated under reflux for 3 hours. The reaction
mixture was cooled and the resulting precipitate collected by fil-
tration to yield 0.32 g. (59% yield) of 25. Recrystallization from
ethanol gave bright orange flakes, m.p. 260-262° dec., ir 3400 and
3280 (N-H stretching), 3190 (N-H bonded), 1685 (C=0), 1625
(N-H bending), 1275 and 1110 em-! (C-O); nmr (TFAA) &6 10.13
(s, 1, Cs-H), 9.80 (s, 1, C4-H), 8.99 (d, 1, J7 8 = 7.0 Hz, C7-H),
8.78 (d,1,Jg 7 = 7.0 Hz, Cq-H), 458(q,2 CH2)and150ppm
(t, 3, CH3).

Anal. Caled. for C;3H;1N30,S: C,57.14; H,4.03; N, 15.38;
S,11.72. Found: C,56.85; H,4.23; N,15.12; §,11.31.

3-Aminopyrazolo[3,4-b ][1,6 Inaphthyridine (27).

To a stirred solution of 24 (0.0025 mole, 0.473 g.) in absolute
ethanol (50 ml.) was added dropwise anhydrous hydrazine (0.75
ml.) and the resulting suspension was heated under reflux for 12
hours. . The reaction mixture was cooled and filtered to.yield 0.41
g. (88% yield) of 27. Recrystallization from water gave orange
needles; m.p. >300°; ir 3375 and 3300 (N-H stretching) and 1635
em-1 (N-H bending); nmr (TFAA) § 9.81 (s, 1, C4-H or Cs-H),
9.76 (s, 1, C4-H or Cs-H), 8.89 (d,1,J, 3 = 6.5 Hz, C;-H) and
8.30 ppm (d, 1,Jg 7 = 6.5 Hz, Cs-H).

Anal. Caled. for CoHeNs: C, 58.38; H, 3.78; N, 37.84.
Found: C, 58.21; H, 3.61; N, 37.60.
242,2-Diethoxycarbonylvinylamino)-1,6-naphthyridine (29).

A stirred 1~° ure of 2-amino-1,6-naphthyridine (28) (0.003
mole, 0.435 g.  iethyl ethoxymethylenemalonate (0.003 mole,
0.648 g.) and ausolute ethanol (10 ml.) was heated under reflux
for 12 hours. The solvent was evaporated off and the oily residue
treated with water to yield 0.485 g. (51% yield) of 29. Recry-
stallization from petroleum ether (60-80°) gave white needles, m.p.
124-125°; ir 3280 (N-H stretching), 3150 (N-H bonded), 1700
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(C=0) and 1260 cm~1 (C-0); nmr (DMSO-dg) 6 10.79 (broad d,
1,J = 12.5 Hz, exchanges with deuterium oxide, N-H-CH=), 9.23
(s,1,Cs-H),9.10(d, 1, ] =125 Hz, NH-CH=),8.69 (d,1,J/4 3 =
6.0 Hz, C4-H), 8.52 (d, 1,14,3 =95 Hz, C4-H),7.72(d, 1,J3 7 =
6.0 Hz, Cg-H), 7.66 (d, 1, J34 = 9.5 Hz, C3-H), 4.30 (m, 4,
{COOCH,CH3],) and 1.32 ppm (t, 6, [COOCH,; CH31,).

Anal. Caled. for C1gH;7N304: C,60.95; H,5.40; N, 13.33.
Found: C,61.35; H,5.41; N,13.91.

Ethyl 10-Oxo-10H-pyrimido[1,2-a]1{1,6 Inaphthyridine-9-carbox-
ylate (30).

The acrylate (29) (0.001 mole, 0.315 g.) and Dowtherm-A (3.0
g.) were heated under reflux for 10 minutes. The reaction mixture
was cooled and an excess of petroleum ether (40-60°) was added
to precipitate 0.148 g. (55% yield) of 30. Recrystallization from
petroleum ether (40-60°) gave yellow flakes, m.p. 135-137°; ir
1750 (ester C=0), 1685 (ring C=0), 1265 and 1105 cm~1(C-0);
nmr (DMSO-dg) & 9.41 (d,1,J,; = 6.0 Hz, C,-H),9.29 (s, 1,
C4-H), 8.81 (d,1,J1,2 = 6.0 Hz, Cy-H), 8.72 (s, 1, Cg-H), 8.40 (d,
1,J5,6 = 9.5 Hz, C5-H), 7.55(d,1,J¢,5 = 9.5 Hz, C¢-H), 4.33 (q,
2,CH,)and 1.34 ppm (t, 3, CH3).

Anal. Caled. for Cy4H;1N3O3: C, 62.45; H,4.09; N,15.61.
Found: C,62.10; H,4.23; N, 15.54.
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