
HETEROCYCLES, Vol. 38, NO. 7.1994 1573 

A SYNTHESIS OF 7 - SUBSTITUTED 1H - PYRANO [ 4 , 3  - b ] QUWOLINE 

DERIVATIVES 

Yutaka Amma,* Atsuko Sato, and Mieko Morone 

Tohoku College of Pharmacy, 4-4-1 Komatsushirna, Aoba-ku, Sendai 981, 

Japan 

Abstract- The reaction of 4-chloro-3-ethynyl-6-methyl-2H-pyran-2-one (2) 

with aniline derivatives having a electron - donating group at the 3-position 

in EtOH gives 7-substituted 1H-pyrano[4,3-blquinolin-1-one derivatives (3). 

It has been reported that 4-chloro-3~1-chlorovinyl)-6-methyl-2H-pyr-2-one (1) reacts with appropriate 

nucleophiles to give various heterocyclic compounds containing pyrone ring such as aminopyrone,' 

pyranopyraz~le,~ pyranoben~odiazepine,~ and pyranoquinoline.3 

In the preceding paper,3 we have shown that 4-chloro-3-ethynyl-6-methyl-W-pyran-2-one (2) formed 

by the reaction of 1 with a base is an active intermediate in these reactions, and that only the 

reaction of 1 and 2 with m-phenylenediamine gave a W-pyrano[4,3-blquinoline (3) but such ring 

formation was not noticed with o- and panalogs. These results apparently indicate that the electron- 

donating character of the 3-amino substituent is essential for the formation of the pyranoquinoline 

ring system. In order to explore this aspect we examined the reaction of 2 with various substituted 

anilines. 

A mixture of 2 and 2.1 molar eq. amount of m-anisidine in EtOH was heated under reflux for 4 h 

to give the pyranoquinoline (3a) in 8 0 %  and the acetylpyrone (4a) in 5 % yield. However, on 

addition of EbN as a scavenger of hydrogen chloride in this reaction, the yield of 3a markedly 

decrease (2.7 %) and Schiff base of 4a (5a) was formed as the main product. Treatment of the 

Schiff base (58) with dil. HCI gave the acetylpyrone (48) in 85 % yield. 'H-Nmr spectra of the 

pyranoquinoline (3a) showed three typical signals of a me&-coupled proton at 7.25 ppm, an ortho- 

and me&-coupled proton at 7.16 ppm, and an ortho-coupled proton at 8.06 ppm. Furthermore, the 
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irradiation of methyl proton at 3.16 ppm of 3a gives NOE (3%) on an ortho-coupled proton at 

8.06 ppm. These data are well consistent with the structure of 3a as 7-methoxy-3,10-dimethyl-1H- 

pyrano[4,3-blquinolin-1-one. 

" 

5 a 

Scheme 1 

Scheme 2 
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On the other hand, the reaction of 2 with 2.1 molar eq. amount of o- or p-anisidine, respectively, 

in the absence of Et3N gave acetylpyrones (4b,c); the corresponding pyranoquinolines were not 

obtained. These reactions in the presence of Et3N gave Schiff bases (5b,c), which gave acetylpyrones 

(4b,c) upon treatment with dil. HCI. The acetylpyrone (4c) was also obtained by hydrolyzing the 

3-ethynylpyrone (6) which was prepared from the reaction of 2 with panisidine at room temperature. 

Treatment of 2 with anilines having an electron-donating group, such as NMez, NH2, and OH, 

at the 3-position under the first mentioned conditions afforded pyranoquinolines (3b-d) in good yields. 

However, reactions of 2 with 3-ethylaniline, 3-halogenoanilines, and aniline gave only the corresponding 

acetylpyrones (4d-i). The structures of all products were determined by the spectral and analytical 

evidence. 

NU- 

Scheme 3 

A probable route of the ring formation of pyranoquinoline by the reaction of 2 with aniline derivatives 

may he postulated as shown in Scheme 4. Thus, 2 reacts with anilines to give first 4-anilino-3- 

ethynylpyrone (6');  6 was successfully isolated from the reaction of 2 with panisidine at room 

temperature. If a substituent at the 3-position of aniline has strong electron-donating effect, the ring 

formation occurs at the 6-position of the aniline to give pyranoquinoline (3). However, if it has 

little or no such effect, 6 ' was hydrolyzed to give acetylpyrones (4). Under basic conditions, 6 ' 
preferentially reacts with excess anilines to give Schiff bases (5). 
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EXPERIMENTAL 

All melting points are uncorrected. Ir spectra were taken with Hitachi Model 260-10 spectrophotometer. 

Ms spectra were measured on E O L  JMS-DX303LMA-DA5000 instrument. 'H-Nmr spectra were 

recorded on E O L  JNM-GSX400 and JNM-PMX60sr spectrometers. Chemical shifts are reported in 

parts per million ( 6 )  downfield from tetramethylsilane as an internal standard. 

Reaction of 2 with anil ines ; General procedure : A mixture of 2 (lg, 5.9mmol) and 

anilines (12 mmol) in EtOH (70 ml) was heated under reflux for 4 h. The precipitate was collected 

by filtration, washed with water, and then recrystallized. The filtrate was concentrated, and the residue 

was diluted with CHCI3 (60ml). The solution was washed with water and dried over anhydrous 

NazS0.1. The solvent was removed in vacuo, and the residue was purified by column chromatography 

on silica gel with CHCb. 

7-~ethox~-3,10-dimeth~l-~1-~~rano[4,3-b]uinolin-1-one (3a) : Yield of 80%, mp 196- 

197 'C (EtOH), ir (KBr) : 1725, 1680, 1620 cm-l, 'H-nmr (CDCb) 62.31 (s, 3H, 3-Cm), 3.16 (s, 3H, 

lO-Ca) ,  3.97 (s, 3H, O C h ) ,  6.42 (s, lH, 4-H), 7.16 (dd, lH,  8-H, J =  9.0 and 2.5 Hz), 7.25 (d, lH, 6- 

H, J =  2.5 Hz), 8.06 (d, lH, 9-H, J =  9.0 Hz), ms (m/z) : 225 (M+) Anal. C a d  for ClsH13N03 : C, 70.59 

;H,5 .10;N,5 .49.  ~ound:C,70.75;H,5.07;N,5.50. 
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3,10-Dimethyl-7-dimethylamino-W-pyrano[4,3-b]quinolin-l-one (3b) : Yield of 78 %, mp 

228-229 "C (EtOH), ir (KBr) : 1725,1680,1620 cm', 'H-nmr (CDCb-CF3COOD) 6 2.43 (s, 3H, 3-Cm), 

3.23 (s, 3H, 10-C&), 3.30 (s, 6H, N(Cm)z), 6.70 (s, lH, 4-H), 6.89 (d, lH, 6-H, J =  2.4 Hz), 7.30 (dd, 

lH, 8-H, J =  9.0 and 2.4 Hz), 8.21 (d, lH, 9-H, J =  9.0 Hz), ms ( d z )  : 268 (Mf). And. Calcd for 

C16H16Nz02 : C, 71.64 ; H, 5.97 ; N, 10.45. Found : C, 71.75 ; H, 6.13 ; N, 10.25. 

7-Amino-3,l0-dimethyl-W-pyrano[4,3-b]quinolin-l-onc (3c) : Yield of 82%, mp 299°C 

(decomp., EtOH), ir (KBr) : 1715, 1670, 1635 cm.', 'H-nmr (DMSO-d6) 6 2.49 (s, 3H, 3-C&), 3.27 (s, 

3H, 10-CH3), 6.33 (br s, 2H, NHz), 6.40 (s, lH, 4-H), 6.91 (d, 1H, 6-H, J =  2.0 Hz), 7.02 (dd, lH, 8-H, 

J =  9.0 and 2.0 Hz), 8.03 (d, lH, 9-H, J =  9.0 Hz), ms ( d z )  : 240 (M+) And. Calcd for CI~HIZNZOZ : 

C, 70.00 ; H, 5.00 ; N, 11.67. Found : C, 69.96 ; H, 4.95 ; N, 11.58. 

7-Hydroxy-3,10-dimethyl-1H-pyrano[4,3-b]quinolin-l-one (3d) : Yield of 72%, mp 288- 

289 "C (decomp., EtOH), ir (KBr) : 1740, 1670, 1620 cm-', 'H-nmr (CDCb-CF3COOD) 6 2.48 (s, 3H, 

3-CH3), 3.39 (s, 3H, 10-C&), 6.75 (s, lH, 4-H), 7.44 (dd, lH, 8-H, J =  9.0 and 2.4 Hz), 7.72 (d, lH, 

6-H, J =  2.4 Hz), 8.36 (d, lH, 9-H, J =  9.0 Hz), ms ( d z )  : 241 (M+). And. Calcd for C I ~ H I I N O ~  : C, 

69.71 ; H, 4.56 ; N, 5.81. Found : C, 69.45 ; H, 4.59 ; N, 5.67. 

3-Acetyl-4-(3-mcthoxyanilino)-6-methyl-Wpyran-2-one (4a) : Yield of 5 %, mp 170-171°C 

(MeOH or EtzO), ir (KBr) : 1710, 1655, 1600 cm-', 'H-nmr (CDCb) 62.15 (s, 3H, C&), 2.69 (s, 3H, 

COCH3), 3.85 (s, 3H, OC&), 5.94 (s, lH, 5-H), 6.73-7.57 (m, 4H, Ar-H), 13.02 (br s, lH, NH), ms 

( d z )  : 273 (Mt). And. Calcd for C1sHlsN04 : C, 65.93 ; H, 5.49 ; N, 5.13. Found : C, 65.69 ; H, 5.50 ; 

N, 5.13. 

3-Acetyl-4-(2-methoxyanilino)-6-methyl-Wpyran-2-one (4b) : Yield of 72.5 %, mp 147-148 

"C (EtzO), ir (KBr) : 1730, 1660, 1595 cm-I, 'H-nmr (CDCb) 62.17 (s, 3H, Cm),. 2.71 (s, 3H, COC&), 

3.88 (s, 3H, OC&), 5.84 (s, lH, 5-H), 6.85-7.50 (m, 4H, Ar-H), 12.95 (br s, lH, NH), ms (mh) : 273 

(M+). And. Calcd for C I S H I ~ N O ~  : C, 65.93 ; H, 5.49 ; N, 5.13. Found : C, 65.85 ; H, 5.59 ; N, 5.35. 

3-Acctyl-4-(4-methoxyanilino)-6-methyl-Wpyran-2-one (4c) : Yield of 76 %, mp 154.155 



1578 HETEROCYCLES, Vol. 38, No. 7,1994 

"C (EhO), ir (KBr) : 1710, 1660, 1610 cm-I, 'H-nmr (CDCb) 6 2.13 (s, 3H, Cm),  2.68 (s, 3H, COCH3), 

3.87 (s, 3H, OCH3), 5.81 (s, lH, 5-H), 6.85-7.35 (m, 4H, Ar-H), 12.87 (br s, lH, NH), ms (m/z) : 273 

(Mt). And. Calcd for C1sHisN04 : C, 65.93 ; H, 5.49 ; N, 5.13. Found : C, 66.29 ; H, 5.56 ; N, 5.08. 

3-A~etyl-4-(3-ethylanilino)-6-methyl-W-pyran-2-one (4d) : Yield of 74.6 %, mp 121-122°C 

(petroleum ether), ir (KBr) : 1710, 1655, 1600 ax', 'H-nmr (CDCb) 6 1.26 (t, 3H, C H z - a 3 ,  J =  7.6 Hz), 

2.14 (s, 3H, Cm),  2.69 (s, 3H, COCH3), 2.71 (q, 2H, a z - C H 3 ,  J =  7.6 Hz), 5.88 (s, lH ,  5-H), 6.89- 

7.55 (m, 4H, A-H),  13.06 (br s, lH ,  NH), ms (m/z) : 271 (MI) And. Calcd for C16H17N03 : C, 70.85 ; 

H, 6.27 ; N, 5.17. Found : C, 71.05 ; H, 6.32 ; N, 4.99. 

3-Acetyl-4-(3-fluoroanilino)-6-methyl-W-pya-2-one (4c) : Yield of 62.6 %, mp 172-173°C 

(EtzO), ir (KBr) : 1720, 1655, 1610 cm-I, 'H-nmr(CDCb) 82.18 (s, 3H, Cm), 2.69 (s, 3H, C O C b ) ,  

5.89 (s, lH, 5-H), 6.80-7.66 (m, 4H, Ar-H), 13.24 (br s, lH, NH), ms (m/z) : 261 (M+). Anal. Calcd for 

C I ~ H I Z N O ~ F  : C, 64.37 ; H, 4.60 ; N, 5.36. Found : C, 64.51 ; H, 4.54 ;.N, 5.13. 

3-Acetyl-4-(3-chloroanilino)-6-methyl-2H-pyan-2-one (4f) : Yield of 71 %, mp 203-204 "C 

(EtzO), ir (KBr) : 1720, 1655, 1610 cm-', 'H-nmr (CDCb) 62.19 (s, 3H, Cm),  2.70 (s, 3H, COCH3), 

5.87 (s, lH ,  5-H), 6.99-7.50 (m, 4H, Ar-H), 13.23 (br s, lH ,  NH), ms (m/z) : 277 (Mt). And. Calcd for 

C I ~ H I Z N ~ ~ C I  : C, 60.54 ; H, 4.32 ; N, 5.05. Found : C, 60.73 ; H, 4.30 ; N, 4.96. 

3-Acetyl-4-(3-bromoanilino)-6-methyl-W-pyran-2-one (4g) : Yield of 66 %, mp 211-212°C 

(EtzO), ir (KBr) : 1720, 1655, 1610 cm-I, 'H-nmr (CDCb) 62.19 (s, 3H, Cm), 2.69 (s, 3H, COCm),  

5.89 (s, lH, 5-H), 7.07-7.69 (m, 4H, Ar-H), 13.11 (br s, lH ,  NH), ms (m/z) : 321 (Mi). And. Calcd for 

C I ~ H I Z N ~ ~ B T  : C, 52.19 ; H, 3.73 ; N, 4.35. Found : C, 52.06 ; H, 3.63 ; N,4.30. 

3-Acetyl-4-(3-iodoanilino)-6-methyl-W-pyran-Z-one (4h) : Yield of 55 %, mp 186-187 "C 

(MeOH), ir(KBr) : 1720, 165.5, 1610 cm-I, 'H-nmr (CDCh) 6 2.19 (s, 3H, Cm), 2.69 (s, 3H, COCH3), 

5.87 (s. IH, 5-H), 7.17-7.88 (m, 4H, Ar-H), 13.06 (br s, lH ,  NH), ms (m/z) : 369 (Mt). And. Calcd for 

C I ~ H I Z N O ~ I  : C, 45.54 ; H, 3.25 ; N, 3.80. Found : C, 45.83 ; H, 3.24 ; N, 3.78. 
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3-Acetyl-4-anilino-6-methyl-W-pyran-2-one (4i) : Yield of 64 %, mp 155 "C (EhO), ir (KBr) : 

1715, 1655, 1600 cm-1, 'H-nmr (CDCb) 62.15 (s, 3H, CHJ), 2.70 (s, 3H, COCHJ), 5.88 (s, lH ,  5-H), 

7.10-7.57 (m, 5H, Ar-H), 13.13 (br s, lH, NH), ms (dz) : 243 (M+) And. Calcd for C14H13N03 : C, 

69.14; H, 5.35 ; N, 5.76. Found : C, 68.91 ; H, 5.45 ; N, 5.63. 

Preparation of Schiff bases (5a-c) ; General  procedure : A mixture of 2 ( 1  g, 5.9mmol), 

anilines (12 mmol), and Et3N (1.2 g, 12 mmol) in EtOH (70 mi) was heated under reflux for 4 h. The 

reaction mixture was concentrated, and the residue was diluted with CHCb (60ml). The solution 

was washed with water, and dried over anhydrous NazS04. The solvent was removed in vacuo, 

and the residue was purified by column chromatography on silica gel with CHC13. 

N-(3-Methoxyphenyl)-l-[4-(3-methoxyanilino)-6-methyl-2-oxo-~-pyran-3-yl]ethylidene- 

amine (5a) : Yield of 65 %, mp 128-1299: (EhO), ir(KBr) : 1710, 1660, 1605 cm-1, IH-nmr 

(CDCb) 62.16 (s, 3H, CHJ), 2.46 (s, 3H, N=C-CHJ), 3.84 (s, 6H, O C H ~ X ~ ) ,  6.03 (s, lH, CH=), 6.39- 

7.53 (m, 8H, Ar-H), 14.34 (hr s, lH ,  NH), ms (m/z) : 378 (Mt). And. Calcd for CZZHZZNZO~ : C, 69.84 ; 

H, 5.82 ; N, 7.41. Found : C, 69.68 ; H, 6.06 ; N, 7.12. 

N-(2-Methoxyphenyl)-l-[4-(2-methoxyanilino)-6-metbyl-2-oxo-~-pyran-3-y1]ethylidene- 

amine (5b) : Yield of 78 %, mp 155-156 "C (EtOH), ir (KBr) : 1700, 1660, 1600 cm-1, 1H-nmr 

(CDCb) 6 2 . 1 4  (s, 3H, Cffi), 2.41 (s, 3H, N=C-C&), 3.76 and 3.83(s, 6H, OC-x2), 5.91 (s, 1H, 

CH=), 6.75-7.49 (m, 8H, Ar-H), 14.06 (br s, lH ,  NH), ms (m/z) : 378 (Mt). Anal. Calcd for CzzHzzNzQ 

:C,69.84;H,5 .82;N,7 .41.  ~ound':C,69.74;H,5.96;N,7.15. 

N-(4-Methoxyphenyl)-l-[4-(4-mcthoxyanilino)-6-methyl-2-oxo-~-pyran-3-yl]ethylidene- 

amine ( 5 ~ )  : Yield of 57 %, mp 98-99 "C (EtzO -petroleum ether, 1 : 3 vlv), ir (KBr) : 1700, 1660, 

1600 cm-', 'H-nmr (CDCb) 6 2.10 (s, 3H, CHJ), 2.45 (s, 3H, N=C-CHJ), 3.79 and 3.81 (s, 6H, OCH? x 

2), 5.90 (s, 1H, CH=), 6.64-7.37 (m, 8H, Ar-H), 14.45 (hr s, lH, NH), ms (mk) : 378 (M+) h d .  Calcd 

for Cz2HzzNz04 : C, 69.84 ; H, 5.82 ; N, 7.41. Found : C, 69.72 ; H, 5.84 ; N, 7.19. 

Hydrolysis o f  Schif f  base (5) with dil. HCI ; General  procedure : A mixture of 5 

(0.5 g, 1.3 mmol) and 10 % aqueous HCI (1 ml) in EtOH (10 ml) was heated at 60 "C for 30 min. 



1580 HETEROCYCLES, Vol. 38, NO. 7,1894 

The reaction mixture was concentrated, and the residue was diluted with CHC13 (60 ml). The solution 

was washed with water, and dried over anhydrous NazS04. The solvent was removed in vacuo, and 

the residue was purified by column chramatography on silica gel with CHCb to give acetylpyrone 

(4). Yields of 4% 4b, and 4c were 85%, 92%, and 91%, respectively. 

3-Ethynyl-4-(4-methoxyanilino)-6-methyl--pyran-2-one (6) : A mixture of 2 (1 g, 5.9 

mmol) and panisidine (0.8 g, 6.5 mmol) in EtOH (70 ml) was stirred for 1 h at 0 "C. The resulting 

mixture was warmed to roam temperature, and then the solvent was removed in vacuo at ambient 

temperature. The residue was purified by column chromatography on silica gel with CHC13, and 

recrystallized from Etz0 to give 0.52 g (34.4 %) of 6 ; mp 139-140 "C, ir (KBr) : 2100, 1720, 1650 

cml ,  'H-nmr(CDCb) 62.16 (s, 3H, Cm), 3.66 (s, lH, C d H ) ,  3.87 (s, 3H, O C b ) ,  5.78 (s, lH, 5-H), 

6.88-7.34 (m, 5H, NH and Ar-H), ms (mh) : 255 (Mt). Anal. Calcd for C I S H I ~ N ~ ~  : C,70.59; H, 5.10 ; N, 

5.49. Found : C, 70.68 ; H, 5.08 ; N, 5.46. Hydrolysis of 6 by the same procedure described above 

gave acetylpyrone (4c) in 87 % yield. 
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