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Abstract ----- 3-Cyano-, 3-alkoxycarbonyl-, and 3-formyl-5-oxo-
5H-[1]benzopyrano[2,3-blpyridine derivatives were prepared by
reactions of 2-amino-4-oxo0-4H-1-benzopyran-3-carboxaldehydes 1

with acetylene derivatives (methods A-C) or with reactive methylene
compounds (methods D-E) and also by catalytic hydrogenation of
2~chloro-5-ox0-54-[ 1]benzopyranol[ 2,3-b]pyridine-3-carbonitriles

12 {method F).

It has been reported that reactions of 2-aminc-4-oxo-4H-1-benzopyran-3-carboxaldehyde Lg or
4-oxo-4H-1-benzopyran-3-carbonitriles with some reactive methylene compounds afford 2,3-di-

1,2} However, there is no

substituted-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine derivatives.
report on the synthesis of 3-substituted-5-oxo-5H-[1]benzopyrano[2,3-b]lpyridines which carry
no substituent at the 2-position. In this paper, the synthesis (methods A-F) of 3-cyano-,
3-alkoxycarbonyl- and 3-formyl-5-oxo-5H-[1]benzopyrano[2,3-b]pyridine derivatives is de-

scribed.

I Reaction of 2-amino-4-cxp-4H-1-benzopyran-3-carboxaldehydes ] with acetylene derivatives

(methods A-C)

5-0x0-5H-[1]benzopyrano[2,3-b]pyridine-3-carbonitriles 2a-1 were prepared by the follow-
ing two methods : Method A is the reaction of Z2-amino-4-oxo-4H-1-benzopyran-3-carboxaidehydes
1a-1 with cyancacetylene 1n DMF at 100°C for 1h and then at 140°C for 10h.: Method B is the
reaction of Tc.d with &-chloroacrylonitrile in the presence of triethylamine in DMF at 120°C
for 14h. In the case of method B, the intermediary adduct 3 was obtained. The adduct 3
afforded 2¢ in 65% yield on treatment with triethylamine in DMF at 120°C for 10h.

Ethyl 5-oxo-5H-[1]benzopyranc[2,3-b]pyridine-3-carboxylates ba-d were prepared by the

methed C : A mixture of Lg,E,j, ethyl propiolate and triethylamine was heated in DMF at 90°C
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for 40 min to afford the intermediate,aminoacrylates 4,(a, mp 201-203°C, 39%, b, mp 201-203°
C, 52%, ¢, mp 228-230°C({dec), 29%) which on treatment with triethylamine in DMF at 130°C for

2.5n afforded %a.b.d. In some cases, the compound 5 could be directly obtained from 1 with-

®
cut iselation of the aminoacrylate 4 a3 examplified by the case of ¢ (chary 1),
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II Reaction of Z-amino-4-oxo-24H-1-benzopyran-3-carboxaldehydes 1 with reactive methylene

compounds {methods D-E}

When 2-amino-4-oxo0-4H-1-benzopyran-3-carboxaldehydes 13-%,& were treated with cyano-
acetyl chloride or methyl malonyl chloride generated in situ by the reaction of cyancacetic
acid or malonic acid monomethyl ester with PC151n CH2
(11benzopyrano[2,3-b]pyridine-3-carbonitriles 2a-d,g or methyl 7-ethyl-5-0x0-5H-1]benzo-

C]Z, in DMF at 60°C for 3h, 5-oxo-5H-

pyrano[2,3-blpyridine-3-carboxylate 6 were prepared, respectively {(chart 2, methed D). To
investigate the reaction mechanism, the following experiments were carried out. The reaction
of 15 with cyanoacetyl chloride in CH2C12 at reflux for 2h gave the acylamino derivatives 7
(mp 170-175°C, 40%) which on treatment with pyridine at 80°C for 3h afforded the 3-cyano-Z-
hydroxy compound 8a (mp>»>300°C, 55%). Treatment of ic with cyancacetyl chloride in diethyl-
formamide or N-formylmorpholine at 65°C for Zh also gave 2¢ in 22 and 32% yield, respectively
. However, when the reaction was carried out in formamide 2¢c was not obtained. A plausible

mechanism to account for the above mentioned discrepancy can be depicted as shown in chart 3.

cocl O N
0 NH2 <:CN
R CHO R, R CN
0 R1>N—CHu 0
L Ry= CHy, Bt G 2
a R= H a @ R= H
b R= CHy b : R= CH,
[ R= Lt (ol R= Lt
d R= 1-Pr method D 4 . R= 1-Pr
3 R= C1 g R= Cl
< cocl
lc
~A o Et COZCH3
coct 0
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method D 6
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g
O~ NHECH N By Onyp Ny OH
Et CHO Et CN
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z B2
Chart 2
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R1= H or substituted

R Ry R,= CN or CO,CH,

Chart 3

5-Oxo-5H-[1]benzopyrano[2,3-b]pyridine-3-carboxaldehydes 9a-¢ were synthesized by the
method E (chart 4} : 9a-¢ were yielded by heating a mixture of la,c.d and maTonaldehyde bis-
{dimethylacetal) in boron trifluoride etherate containing formic acid at 60°C for 2h together
with a small amount of the deformylated compounds 1pg§)-gﬁ). The oximes 11 (a: mp 250-252°C,
93%, b: mp 247-249°C, 95%) which were obtained by treatment of 9b.c with hydroxylamine
hydrochloride, were treated with POC]3 in DMF at room temperature for Q.5h to give the
nitriles 2 (¢. 55%, d, 86%).
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Chart 4
il Catalytic hydrogenation of 2-chloro-5-oxo0-5H-[1]benzopyrano[2,3-b]pyridine-3-

carbonitriles (method F)

2-Hydroxy-5-ox0-5H-[1]benzopyrano[2,3-b]pyridine-3-carbonitriles §9,25) were converted

to the 2-chloro compounds 12 (3, mp 233-234°C, 76%, b, mp 242-243°C, 74%) by the treatment

with POC?3—PC15 at 120°C for 2h. Catalytic hydrogenation of 12a,b over 5% Pd-C in the

presence of K2C03

LI =2

a: R= Et

b: R= 1-Pr

1o

in DMF at room temperature gave 2¢

-d (chart 5, methed F).

POCL, Cl pdsc, H,
—_—
N ’E::B:T;][*:l\
Lg method F 2
a: R= Et ci: R= Et

b: R= i-Pr

Chart 5
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3-Substituted-5-oxo-5H-[1]benzopyrano[2,3-b]pyridines which were synthesized by the

above mentioned processes (methods A-F), are shown in Table .

Table f

3-Substituted-5-oxo-5H-[1]benzopyranc[2,3-b]pyridines

OngeN
R
Rl 0 z
compd R Ry mp  °C recrystn yield(%) method
solvent

2a M ol 220-225 EtOH 32 A
39 D

%P 7-Me CN 240-242 AcOEL 30 A
44 D

2¢ 7-Et CN 183-185 CH4CN 28 A
33 B

49 D

75 F

2d 7-1-Pr CN 203-205 EtOH 36 A
; 35 B
52 D

72 F

2e 7-tuBu N 247-248 CH3CN 38 A
2f 7,9—Me2 CN 2b4-257 CH3CN a7 A
ds| -0 CN 286-288 DHF 30 A
” 2 D
2h 7-3-Pr0 CN 259-261 CHC13~EH3CN 23 A
[ D

) §-MeO  CN > 300 ONF 33 A
5a H COZEt 139-140 Me(H 49 C
%P T-Et C02Et 140-142 EtOH 62 C
ﬁs 7-C1 COZEt 176-177 EtOH 46 [
5d 6,7—< COEEt 186-188 Me2C0 53 C
3 7-Et COZME 156-157 Ma0OH 36 D
93 H CHO 220-222 CH3CN 10 E
b 7-Et CHO 175-178 CH3CN k1l E
9c 7-1-Pr CHO 211-213 1-Pry0 18 £

The starting materials, Z-amino-4-oxo-4H-1-benzopyran-3-carboxaldehydes {Ta-j), were
synthesized from 4-0x0-4H-1-benznpyran-3-carb0n1'trﬂesﬁ)by the modified method of the

reference 1}, i.e. in the presence of morphaline in DMF-H,0 at 60°C for 2h (Table II).
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Table 11

Conversian of 4-oxo-4H-1-benzopyran-3-carbonitriles inte 2-amino-4-

oxo-4H-1-benzopyran-3-carboxaldehydes ']_'

0 NH2
CHG
R 0
1
~ recrystn
compd R mp  °C solvent yield(%)
18 H 252-255 (dec) AcOH 70
248-250 {dec) EtOH 591)
b 6-Me ?282-784 (dec) AcOH 69
c 6-Et 246-249 {dec) acetone Al
1d 6-i-Pr 206-208 AcOH 65
Te 6-t-Bu 240-242 AcOH 64
1f 6.8-Me,  250-263 (dec) AcOH 6
1g 6-C1 308-310 (dec) AcOH 67
Th B-1-Pr0  218-219 ciely &0
1 8-Mel) 235-238 CHE, €8
1 5.6-€  258-260 AcOH 62
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