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SYNTHESIS O F  5-OXO-5H-[IlBENZOPYRANO~4,3-blPYRIDINE DERIVATIVES 

* 
Kiyoshi Ukawa, Toshihiro Ishiguro . Yoshikazu Wada, and Akira Nohara 
Chemistry Laboratories, Central Research Division, Takeda Chemical 

Industries. Ltd., Yodogawaku, Osaka 532, Japan 

Abstract - 5 - O x o - 5 H - [ 1 ] b e n z o p y r a n o I 4 , 3 - b ] p y r i d i n ~ l  

were synthesized by the reaction of 4-0x0-4H-I-benzopyran-3-carbonitriles 

( 1 1  with malonamide in the presence of sodium methoxide. Compounds ( 1 1  

were also converted into carboxylic acids and tetrazole derivatives. 

The structures of ,& and their derivatives were confirmed by IR and NMR 

spectra and by X-ray crystallographic analysis. 

The discovery that disodium cromoglycate possesses prophylactic properties for 

bronchial asthma, prompted many laboratories to search for similar antiallergic 

compounds including chromones, xanthones. quinolones and many related ring 

I systems . 
Recently, we reported the synthesis and antiallergic activity of 5-0x0-5H- 

[1]benz0~~rano[2.3-b1~yridines~. In the course of the synthetic studies on these 

compounds, we found compounds possessing a ring system, 5-0x0-5H-[llbenzo- 

pyrano[4,3-b]pyridine3'4 by reacting 4-0x0-4H-I-benzopyran-3-carbonitriles ( I 1  

with malonamide. There are reports that the reaction of 1 with some active 

5 methylene compounds affords 5-oxo-5H-[lIbenzopyrano[2,3-blpyridines . However, 

there is no report on the synthesis of 5-0x0-5H-[l]benzopyrano[4,3-blpyridine 

derivatives by the reaction of 1 with malonamide. 
We now report the preparation of these derivatives and the confirmation of their 

structures. 

* 
Author to whom correspondence should be addressed. 



Preparation of the 2-hydroxy-5-~xo-5~-[llben~opy~ano[4,3-blpyridine-3-carboxamides 

When 6-isopropyl-4-0x0-4H-I -benzopyran-)-carbonitrile (12) was reacted with 

malonamide in the presence of sodium methoxide in methanol under reflux, 2- 
+ 

hydroxy-9-isopropyl-5-oxo-5H-[I]benzopyrano[4,3-b]pyridine-3-carboxamide (LC) was 

produced in 6 6 %  yield but an expected product, 2-hydroxy-7-isopropyl-5-0x0-5H- 

~Ilbenzo-~yrano~2,3-bl~~ridine-3-carboxamide (31, was not obtained. 

4a Similarly, the reaction of s,b,$ with malonamide afforded La , k.5 in 56-76% 
yields (Table I) 

Char t  I 

The mechanism of the reaction of I with malonamide in the presence of sodium 
7 

methoxide in methanol, can be depicted as shown in Chart I: the malonamide 

undergoes Michael addition to the Y-pyrone system with concomitant opening of the 

pyzone ring and the amide nitrogen attacks preferentially the carbonyl carbon to 

form a tricyclic imino intermediate which is subsequently followed by dehydration 

and hydrolysis to form 2. 
O n  the other hand, when 6-ethyl-4-oxo-4H-l-benzopyran-3-carbonit~ile~~b_b) reacted 

with malonamide in the presence of piperidine in methanol under reflux, 2.10- 

diethy1-8,L6-di0x0-8H,16~-[1]dibenzo~~can0[2,3-b1[2,3-£1~1 ,5]diazocine (41 was 

produced in 80% yield (Chart 2 ) .  

- - 

r  he confirmation of structure is described in the following section. 
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Chart 2 

From these facts, the formation of 2 seemed to be a specific reaction due to 
r" 

malonamide in the presence of a strong base such as sodium methoxide. 

synthesis of 5-oxo-5H-[1]benzo~vran0[4,3-b]pyridine derivatives 

TO ascertain whether or not 5-0x0-5H-[I]benzopyrano[4,3-blpyridine derivatives 

possess antiallergic activity, we attempted to convert; into carboxylic acids and 

tetrazol derivatives. 

Hydrolysis of 2_c with 50% H2S04-AcOH gave 9-isopropyl-2-hydoxy-5-oxo-5H-[Il-benzo- 

pyranoi4.3-blpyridine-3-carboxylic acid (LC) in 68% yield. Similarly, hydrolysis 

of 5,b.d gave corresponding hydroxy acids (5_a4a,b,d) in 74-77% yields. Further 

>b was converted to the ethyl 2-chloro-9-ethyl-5-0~0-5H-[lIbenzopyrano[4.3- 

blpyridine-3-carboxylate ( 6 )  in 54% yield by treatment with POCl3-PC15 and then - 
with ethanol 

Chart 3 



The compound (s) was converted to 2-chloro-9-isopropyl-5-oxo-5H-~IIbenzo- 

pyran0[4,3-blpyridine-3-carbonitrile (z) by treatment with POC13-PC15 at IZO'C in 

31% yield. Catalytic hydrogenation of 7 over 5% Pd-C in the presence of K2C03 gave 
N 

9-isopropyl-5-oxo-5H-[I]benzopyrano[4,3-b]pyridine-3-carbonitrile ( I  in 84% 

yield. By reacting 8 with NH c ~ - N ~ N )  in aMF 9-isopropyl-3-~IH-tetrazol-5-yl)-5- 
?. 4 

0x0-5H-[l]benzopyrano[4.3-b]pyridine(?) was synthesized in 71% yield. Hydrolysis 

of J! using 50% HZSO4-~co~ afforded 9-isopropyl-5-oxo-5H-[1]benzopyrano[4,3- 

blpyridine-3-carboxylic acid(?) in 64% yield. On the other hand, amination of 1 
with NH3/EtOH at 30'C gave 2-amino-9-isopropyl-5-oxo-5H-[llbenzopyran0[4,3- 

blpyridine-3-carbonitrile(!!) in 94% yield. Hydrolysis of using 50% H2S04 - 
AcOH gave 2-amino-9-isopropyl-5-o~o-5~-[llbenzopyrano~4,3-blpyridine-3-carboxylic 

acid(l_2) in 57% yield (Chart 3). 

The compound 5,9,1_0 and exhibited antiallergic activity in a reaginic PCA test 

3 in rats . 
Confirmation of 5-oxo-5H-[l]benzopyrano[4,3-blpyridine skeleton. 

TO clarify the structures of 5 and their derivatives that possess the skeleton of 
5-oxo-5H-~llbenzopyrano[4,3-blpyridine, we initially compared 5 derived from 22 
with its Structural isomer, ethyl 2-chloro-7-ethyl-5-0x0-SH-[l]benzopyrano[2,3- 

blpyridine-3-carboxylate ( 3 ) .  which was synthesized by the reaction of ethyl 7- 
ethyl-2-hydroxy-5-0~0-5H-~l lbenzopyrano[2,3-b]pyridine-3-carboxylate (13) 2b and - 
POC13-PC15 in 66% yield (Chart 4). The IR spectrum of 5 exhibited the presence of 
lactone carbonyl at 1730 cm-I; 14 exhibited the presence of y-pyrone carbonyl at 
1660 cm-I. 

The 'H and I3c-NMR spectra of 5 and 5 are shown in Table 11. In 'H-NMR spectra, 

the chemical shift of C-10 hydrcqen of 5 shifted lower field as compared with the 
C-6 hydrogen of 14. This is attributed to the effect of magnetic environment on - 
the "bay" side6 of 5. In the I3c-NM~ spectrum, the presence of y-pyrone carbonyl 

mu,- PCl, 

E l  - E l  q C b , E l  
13 14 

Chart I 
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c a r b o n  o f  f i a w a s  o b s e r v e d  i n  175.6 ppm, whereas  t h e  p r e s e n c e  o f  t h e  l a c t o n e  

c a r b o n y l  ca rbon  o f  6 was o b s e r v e d  i n  162.7 ppm. These c h e m i c a l  s h i f t s  a r e  i n  
,-d 

agreement  w i t h  t h o s e  o f  xan thone  d e r i v a t i v e s 7  and 5-0x0-5H-[llbenzopyrano[4,3- 

4 f b l p y r i d i n e  d e r i v a t i v e s  . T h e r e f o r e  t h e s e  s p e c t r a l  d a t a  d e m o n s t r a t e  t h a t  2 
p o s s e s s e s  t h e  5-0x0-5H-[l]benzopyrano[4,3-blpyridine s k e l e t o n .  F u r t h e r m o r e ,  we 

c a r r i e d  o u t  X-ray c r y s t a l l o g r a p h i c  a n a l y s i s  o f  d e r i v e d  from 3_c. The c r y s t a l  f o r  

X-ray c r y s t a l l o g r a p h i c  a n a l y s i s  was o b t a i n e d  a f t e r  r e c r y s t a l l i z a t i o n  from aquous 

e t h a n o l ,  and b e l o n g s  t o  t h e  o r t h o r h o m b i c  s p a c e  g r o u p  P 212121 .  The f i n a l  R va lue  

was 0.086 f o r  628 e f f e c t i v e  r e f l e c t i o n s .  The c r y s t a l  d a t a  f o r  10 a r e  shown i n  

T a b l e  111. 

A computer  g e n e r a t e d  drawing o f  t h e  s t r u c t u r e  o f  is shown i n  F ig .  I .  The X-ray 

c r y s t a l l o g r a p h i c  d a t a  showed unambiguously t h a t  2 p o s s e s s e s  t h e  s k e l e t o n  of 5- 

oxo-5H-~1lbenzopyranol4.3-blpyridine.  

Carbon l3c-~MI? P r o t o n  'H-NMR Carbon 13c-NMR P r o t o n  'H-NMR 

C-5 162.7(sIa) C-5 175.61s) 

C-11 159.2(s) C-10a * 1 6 2 . 5 ( ~ ) ~ )  

C-6.3 *155.6Mb) C-11 *159 .21s )~)  

C-2 *153.2(s) b )  C-2 **153.7(s) d )  

C-lob 151.4(s) C-9a * * 1 5 3 . 2 ( ~ ) ~ )  

C-10a 144.8(s) C-7 141.8(s) 

C-4 142.4(d) C4-H 9.1311H .s) C-4 141.6(d) C4-H 9.26tlH.s) 

C-9 141.3(s) C-8 135.9(d) C8-H 7.8011H.dd.J=2&8Hz) 

C-8 133.5(d) C -H 7.56(1H,dd.J=2&8Hz) C-6 124.6(d) C6-H 8.23(1Hrd.J=2Hz) 
8 

C-3 126.21s) C-3 123.7(s) 

C-10 123.8 id) C 10-H 8.40(1H ,d,J=Wz) C-5a 120.91s) 

C-7 116.91d) C7-H 7.36(1Hrd,J=8Hz) C-9 118.01d) Cg-H 7.6011H.d.J.8Hz) 

C-4a 115.31s) C-4a 114.51s) 

C-12 62.3lt) ClZ-H 4.53(2H,qrJ=7Hz) C-12 62.lltl C12-H 4.53tW ,q ,J=7H) 

C-14 28.llt) C14-H 2.8312H,qrJ=7Hz) C-14 28.0lt) C14-H 2.85(W ,q,J=7Hz) 

C-15 15.4(q) C15-H 1.31(3H,t.J=7Hz) C-15 15.llq) C15-H 1.3313H.t,J=7Hz) 

C-13 14.0(q) C13-H 1.45(3H.trJ=7Hz) C-13 14.01q) C -H 1.4613H.t.J=7Hz) 
13 

a )  A b b r e v i a t i o n s  g i v e n  i n  p a r e n t h e s e s  d e n o t e  s i g n a l  p a t t e r n s  o b s e r v e d  i n  

o f f - r e s o n a n c e  e x p e r i m e n t s .  

b ) - d )  Ass ignments  may b e  i n t e r c h a n g e a b l e .  



Table 111. Crystal data for compound(&) 

Crystal Data 

Formula C16H13N04 

Formula Weight 283.3 

Crystal System Orthorhombic 

Cell Dimension a=13.067(2)A 

b=14.825(2)i 

c=6.879(2)i 

Cell Volume 1850.2(3)i3 

Number of Formulas 

in the Unit Cell 4 

Calculated Density 1.41~.cm-~ 

Space Group P212121 

Fig. I ORTEP drawing of the structure 

for I_O 

Numbering for 10 is tentative. - 

EXPERIMENTAL 

All melting points were determined on a micro melting point apparatus (Yanagimoto) 

and are uncorrected. The following instruments were used to obtain physical data : 

NMR Spectra, a Varian T-60 and a Varian XL-100 spectrometer; IR spectra, a Hitachi 

215 grating infrared spectrometer. In the NMR spectra, chemical shifts are given 

on the 6 (ppm) scale with tetramethylsilane as an internal standard and coupling 

Constants ( J )  are given in Hz. The following abbreviations are used: s=singlet, 

bs=broad singlet, d=doublet, dd=double doublet, t=tr iplet, q=quartet, m=multiplet. 

2-Hydroxy-9-isopropyl-5-oxo-5H-[I]benzopyrano[4,3-b]pyridine-3-carboxamide (22); 

General Procedure for 2-5. 
A mixture of malonamide (1.02 g), 28% CH30Na-MeOH solution (4.0 ml) and methanol 

(30 ml) was heated at 40°C for 10 min. To the solution, & (0.213 g) was added and 
the mixture was heated under reflux for 30 min. The deposited crystals were 
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collected and washed with methanol to afford yellow crystals. Recrystallization from 

nu jol acetic acid gave yellow prisms(2~1, mp >300°C, Yield 0.31 g (66%). IR Vmax cm-I : 

3320, 3150, 1730, 1665. NMR(DMSO-d6) 6: 1.33(6H. d, J=7 Hz), 3.IO(IH.quintet. J=7 

Hz), 7.56(1H, d. J=8 Hz), 7.86(1H, dd, J=8 &2 Hz), 8.05, 8.95(2xlH, br), 8.75(1H, 

d. J=2 Hz) 9.03(IH.s). 

9-Hydrogen(~a1, g-ethyl(Z_b), and 7,9-dimethyl(2_d) were prepared employing the same 

procedure. Yield and mp are listed in Table I. 

2 . 1 0 - D i e t h y l - 8 . 1 6 - d i o x o - 8 H H L 6 H - [ I l d i b ~ l  . 
A mixture of 5 (0.199 g), malonamide (0.130 g), piperidine (0.2 mll, and ethanol 
(30 ml) was refluxed for 30 mi". The deposited crystals were filtered and washed 

with ethanol to afford yellow crystals. Recrystallization from DMF gave yellow 

needles (.I), mp 279-280°C, Yield 0.32 q (80 $1. Anal. Calcd. for CZ4HZON2O4: 

nUjO1cm-i : 1665, C.71.98; H.5.03: N.7.00. Found: C.72.15; H.5.22; N.7.24. IRvmax 

1655, 1615. NMR (CF3COOD) 6 : 1.43 (6H. t.J.7 Hz), 3.00(4H, q,J=7 Hz), 7.86(2H. 

d,J=8 Hz), 8.10(2H, dd,J=8 & 2 Hz), 8.31(2H, d,J=2 Hz), 9.98, 10.03(2xlR.s1. 

2-Hydroxy-9-isopropy1-5-oxo-5H-[I]ben~0pyrano[4,3-b]pyridine-3-carbox~lic 

Acid(Lc). General Procedure for 52-$. 

A mixture of 2c (0.15 g) and 50% H2S04-AcOH (1:I) solution (7 mll was heated with - 
stirring at 120°C for 6 h. The reaction mixture was diluted with water and the 

deposited white solids were collected. Recrystallization from acetic acid gave 

max cm : 1735, colorless prisms(~1, mp 294-296'C, Yield 0.102 g (68 $ 1 .  IR v "'jol -I 

1710, 1620. NMRIDMSO-d61 6 : 1.30(6H, d.J.7 Hz), 3.06 (In. quintet, J=7 Hz), 

7.50(1R.d, J=8 Hz), 7.83(1H.ddr J=8 h 2 Bz), 8.66 (1H.d. J=2 Hz), 8.80 (IH, s ) .  

9-Hydrogen(S_al, 9-ethyl(5_bl and 7.9-dimethyl compound(5~) were prepared employing 

the same procedure. Yield and mp are listed in Table I. 



Table I. 2-Hydroxy-5-oxo-5H-~Ilbenzopyrano~4,3-blpyridine-3-carboxamides (2) 
and 2-hydroxy-5-oxo-5H-[l]ben~opyrano~4,3-blpyridine-3-crboxylic acids (5) 

,% 

He- Yield Formula Analysis ( $ 1  
Compd. mp crystn. Calcd. Found 

(OC) solvent ( % )  c H N c H N 

22 ' 300 AcOH 68 C13H8N204 60.94 3.15 10.93 60.62 3.47 11.05 

2: ' 300 AcOH 76 C15H12N204 63.38 4.26 9.86 63.27 4.40 9.71 

22 ' 300 AcOH 66 C16H14N204 64.42 4.73 9.39 64.26 4.65 9.29 

22 ' 300 ACOH 56 C15H12N204 63.38 4.26 9.86 63.33 4.35 9.68 

5a ' 300 AcOH 75 C13H7N05 ,- 60.71 2.74 5.45 60.42 2.66 5.75 

5_b ' 300 AcOH 74 Cl5Hl1NO5 63.16 3.89 4.91 63.11 3.85 5.16 

5_c 294-296 AcOH 68 C16H13N05 64.21 4.38 4.68 63.85 4.45 4.46 

5d ' 300 OMF - 77 Cl5Hl1NO5 63.16 3.89 4.91 62.87 3.90 5.29 

Ethyl 2-Chloro-9-ethyl-5-oxo-5H-[llbenzopyrano~4,3-bl~~ridine-3-carboxylate(~) 

A mixture of SJ(0.27 g), PC15(0.15 g) and POC13(I0 ml) was heated with stirring at 

llO°C for 16 h. After POC13 was removed in vacuo, the residue was dissolved in 

ethanol (3 ml) and heated at 60°C for 10 min. The precipitated colorless solid was 

filtered and purified by chromatography on silica gel (25 g). From the fraction 

eluted with CHC13 a white solid was obtained, which was recrystallized from 

iS0Pro~~l ether-CHC13 to give colorless needles (6-1, mp 136-138'C, yield 0.170 g 

(54 % ) .  Anal. Calcd. for C17H14C1N04: C,61.54; H, 4.25; N,4.22. Found: C.61.25; 

H.4.15; N,4.56. IRV cm-I: 1742, 1730. NMR data were shown in Table 11. 

2-Chloro-9-isopropyl-5-oxo-SH-[llben~o~yrano[4,3-blpyridine-3-carbonitrile(~) 

A mixture of 2_c (1.5 g) , PC15 (2.3 g) and POC13 (30 ml) was heated at 120°C for 17 

h. After POC13 was removed in vacuo, the residue was extracted with CHC13. The 

CHC13 layer was washed well with H20 and dried over Na2SO4. Evaporation of CHC13 

gave a residue. which was submitted to chromatography on silica gel (40 g). From 

the fraction eluted with CHC13 a white solid was obtained, which was recrystal- 

lized from CH3CN to give colorless needles (l), mp 175-177°C, yield 0.472 g (31 % )  . 
Anal. Calcd. for CI6HllC1N2O2 : C.64.32; H.3.71; N,9.37 Found: C,64.09; H,3.53; 

N.9.64 IR vi:pl cm-l: 2220, 1730, 1580. NMR (CIK13)6 : 1.36(6H, d,J=7 Hz), 

3.13(IH. quintet, J=7 Hz), 7.43(lH,d, J=9 Hz), 7.70(1H,dd, J=9 & 2 Hz), 8.43(1H, d, 

J-2 Hz), 8.96(IH.s). 
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9-Iso~ropyl-5-oxo-SH-[l]benzopvrano[4,3-b]pyridine-3-carbonitrile(~) 

A solution of zl0.298 g) in THF (30 ml) was hydrogenated with Hz in the presence of 

5 % Pd-C (30 mgl and K2C03 (0.100 g) at room temperature. The catalyst was then 

filtered and the filtrate was evaporated. The residue was dissolved in CHC13 and 

chromatographed on silica gel (30 g). From the fraction eluted with CHC13 a white 

solid was obtained, which was recrystallized from isopropyl ether to give 

colorless needlesI,EJ, mp 186-188°C, yield 0.222 g I84 % ) .  Anal. Calcd. for 

CI6HI2N2O2 : C,72.71; H, 4.58; N.10.60. Found: C, 72.84; H, 4.43; N,10.48 IR"i:pl 
-1 cm : 2220, 1730, 1585. NMR(CDC13) 6 : 1.36 (6H, d, J=7 Hz), 3.13 (In. quintet, 

J17 Hz). 7.40 (LH, d, J=8 Hz), 7.66(LH. dd, J=8 & 2 Ha), 8.53 (IH, d, J=2 Hz), 8.95 

(IH, d, J=2 Hz), 9.28 IIH, d, J=2 Hz). 

9-Iso~ropyl-3-(IH-tetrazol-5-yl)-5-oxa-5H-[llbenzopyrano4,3-bl~idine (91 
A mixture of J! (0.150 g), NH4C1 (0.075 g), NaN3 (0.075 gl, and DMF I15 ml) was 

heated with stirring at 120°C for 2 h. The reaction mixture was evaporated to 

dryness. 10% HC1 solution was added to the residue and the deposited solid was 

collected. Recrystallization from ethanol gave colorless prisms (9). mp 236-238'C 
(dec.) . yield 0.123 g (71%) Anal. Calcd. for CI6HI3N5O2: C, 62.53; H, 4.26; N, 

22.79. Found: C, 62.62; H, 4.38; N, 22.38. "'jol cm-l: 1730, 1680, 1605. IR "max 

NMR (DMSO-d6) 6 : 1.33 l6H, d, J=7 Hz), 3.13 IIH. quintet, J=7 Hz), 7.46 IIH, d, 

J=8 Hz), 7.73 (IH, dd, 5.8 & 2 Hz), 8.46 (IH, d, J=2 Hz), 9.18 (In, d, J=2 Hz), 9.76 

(LH, d, J=2 Hz). 

9-Isopropyl-5-oxo-5H-[l]benzopyrano[4,3-b]pyridine-3-carbo~ylic Acid [yl 

A mixture of & (0.250 g) and 50% H2S04-AcOH (1:l) solution (10 ml) was heated with 
Stirring at 120°C for 15 h. The reaction mixture was diluted with water and a white 

solid was obtained. Recrystallization from ethanol gave colorless prisms (101. mp 

260-262°C. yield 0.170 g (64%). Anal. Calcd. for Cl6HI3NO4: C. 67.84; H. 4.63; 

max cm : 1725, 1700. NMR N, 4.95. Found: C, 67.59; H, 4.60; N, 5.09. lnvnujol -' 
(OMSO-d61 6 : 1.30 (6H, d, J=6 Hz), 3.13 ILH, quintet, J=6 HZ), 7.46 (IH, d, J=8 

Hz), 7.76 ILH, dd, J=8 6 2 Hz), 8.46 (In, d, J=2 Hz), 8.96 (IH, d, J=2 Hz), 9.56 

(In. d, J=2 Hz). 



2-Amino-9-isopropyl-5-oxo-5H-[Ilbenzopyrano[4,3-blpyridine-3-carbonitrile ( E )  
A solution of 5% NH3-EtOH (10 ml) was added to a solution of (0.340 g) in 

CHC13(25 ml) and the mixture was stirred at 30°C for 3 h. After the solvent was 

removed in vacuo, the residue was extracted with CHC13. The CHCl layer was washed 3 

with water and dried over Na2S04 Evaporation of CHC13 gave a residue which was 

Submitted to chromatography on silica gel (30 g ) .  From the fraction eluted with 

CHC13 a white solid was obtained which was recrystallized from CH3CN to give 

colorless prisms (12). mp 273-275OC. yield 0.30 g (94%). Anal. Calcd. for 

C16H13N302: C. 68.80; H, 4.69; N, 15.05. Found: C, 68.84; H, 4.63; N, 14.76. 

IR "::ao1 cm-I : 3300, 3200, 1718, 1620. NMR (CDC13-CF3COOD)6 : 1.36 (6H, d, 517 

Hz), 3.31 (IH, quintet, J=7 Hz), 7.60 (IH, d, J=9 Hz), 7.95 (In, dd, J=9 6 2 Hz), 

8.43 (IH, d, J=2 Hz), 9.13 (IH, s ) .  

2-Amino-9-isopropyl-5-oxo-5H-[l]benzopyrano[4,3-b]pyridine-3-carboxylic Acid (12) 
Amixture of 5 (0.217 g )  and 50% H2S04-AcOH (1:I) solution (10 ml) was heated with 

stirring at 120°C for 4 h. The reaction mixture was poured into water and the 

deposited solid was collected and recrystallized from OMF to give colorless prisms 

(E), mp 260-264OC (dec.) . yield 0.13L g 157%). Anal. Calcd. for C16H14N204: C, 

64.42; H, 4.73; N, 9.39. Found: C, 64.14; H, 4.57; N, 9.48. IR ~1::~' cm-I: 

3400, 3300, 1725, 1650. NMR (OMSO-d ) 6 : 1.30 (6H, d, 517 Hz), 3.10 (IH, quintet, 6 

J=7 Hz), 7.41 (In, d, J=8 Hz). 7.70 O H ,  dd, J=8 6 2 Hz), 8.36 (IH, d, J=2 Hz), 8.86 

Ethyl 2-Chloro-7-ethyl-5-oxo-SH-[Ilbenzopyrano[2.3-blpyridine-3-carbo~y1ate (14) 
A mixture of 13 (0.278 g) , PC15 (0.17 g) and POC13 (10 ml) was heated at 1 10°C for - 
15 h. After the POC13 was removed in vacuo, the residue was dissolved in ethanol (3 

ml) and heated at 60°C for 10 min. The resulting deposited solid was collected by 

filtration. Recrystallization from ethanol gave colorless needles ( e ) ,  mp 161- 

162'C. yield 0.215 g (66%). Anal. Calcd. for CL7H14C1N04: C, 61.54; H, 4.25; N, 

4.22. Found: C, 61.24; H, 4.08; N, 4.29. IR wnujo1 max cm-l: 1745, 1660. NMR data 

were shown in Table 11. 
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