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Abstract - Photocyclization of 3-chlorobenza[b]thiophene-2- 

carboxanillde afforded 1-benzothiophene[2,3-c]quinolinn6-one, 

which upon desulfurizat~on gave 4-phenylcarbostyril (3a). In - 
this way, 4-phenyl-6-~ubstituted~carbostyrils (3b), - (3c), - 
(3d) and (3f) and 8-substituted analogues (6a), (s) and ( 6 c )  - - - - 
were also obtained. This approach to 4-phenylcarbostyrils was 

applied to a synthesis of 4-phenylisocarbostyril (12)  through 
photocyclization of 2-benzoylamino-3-chlorobenzo[b]thiophene. 

Photocyclization of a,B-unsaturated anilides giving 4-subst~tuted 3,4-dihydro 

carbostyrils was reported by Ogatal and and this reaction was ex- 

tended to the synthesis of a wlde range of hardly accessrble heterocycles by 

substituting a heterocylic ring such as pyridlne, pyrimidme, pyrazine, imida- 

4 zole for phenyl of the anilides . Most of these reaction proceeded in moderate 

yield. However, photocyclization of the cinnam~c acid anilide resulted in fail- 

ure'''. Photocyclization of anilides of the appropriate heteroaromatic acids 6 

possessing a styrene moiety, such as benzo[b]thlophene can be applied to a syn- 

thesis of 4-phenylcarbostyrils, if X can be removed after cyclization. 

(Scheme 1). By this method, 4-phenylcarbostyrils can be easily obtained. Upon 

considerat~on of this design for 4-phenylcarbostyrils, sulfur was picked as one 

of most suitable atom for X ,  since sulfur is easily removable7 after cycliia- 

tion. From these paints of view, we Investigated the synthesis of 4-phenylcarbo- 

styrils by an application of photocyclization of 3-chlorobenzo[b]thiophene-2- 

carboxanilides. These results were described in this paper. 



Scheme 1 

8 .  
Irradiation of 3chlorobenro[b]thiophene-2-carboxanilide (la) In acetone, pre- 

pared by condensation of 3-chlorobenzo[b]thiaphene-2-carbonyl chloride9 with 

aniline in benzene in the presence of triethylamine, afforded l-benzothiophene- 

[ Z ,  3-c] qu~nolin-6-one (2a) - 8,10,11212 m 70 % yleld. Desulfurlzation of t_a with 

Raney Ni gave 4-phenylcarbostyril (3a)13 - in 65 V, yield. This approach to Z_a was 

applied to the preparation of 4-phenyl-6-substituted-carbo5tyrils. The amidc 

( E ) ,  (E), (9 and (lej - were prepared as in the formation of La. On irradia- 

tion of these amides (lb-le) - - the corresponding 2-substituted l-benzothiophene- 

[2,3-clquinolin-6-ones (s), (c), (E) and (2e) - were obtained. Desulfurization 

of (2b), - (5) and (Ld) gave 6 - m e t h a x y - 4 - p h c n y l c a r b o s t y r i l  ( 2 1 ,  6-methyl-4- 

X X 

a :  X=OCH3 ; b: X=CH3 ; E :  X=COOC2H5 - - 
Scheme 2 
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phenylcarbostyril (El and ethyl 4-phenylcarbostyril-6-carboxylate (3d) in good 

yield, respectively. In the case of Z e ,  reduction of acetyl group occurred - 
during desulfurizatian affording 6-(a-hydroxy)ethy1-4-pheny1carbostyril (3f) in - 
15 % yield. Furthermore, in a similar fashion, photocyclization of the anilides 

(s), (4b) and (4c) was also examined to yield the corresp~nding 4-substituted - - 
l-benzothiophene[Z,3-clquinolin-6-ones (Sa), (5b) and (5c), respectively. De- - w - 
sulfurization of (5a-5c) afforded the corresponding 4-phenyl-8-substituted-car- - - 
bostyrils ( 6 a ) ,  (5) and (6c), respectively. Physical character and yields of - - 
these products are listed in the Table 1. Thus, photocyclization of benzo[b]- 

thiophene-2-carboxanilides followed by desulfurization of the photo-products 

was shown to be a unique method for the approach to a variety of 4-phenylcarba- 

styrils with varying yields. (Scheme 2). 

Finally, this synthetic design of carbostyrils was applied to the synthesis of 

4-phenylisocarbostyril. Condensation of 2-amino-3-chlorobenzo[blthiophen (7), - 
14 derived from 3-chlorabenzo[b]thiophene (8) (8 ---r 9 --t !), and benzoyl - 

chloride yielded the amide (101, which was subjected to photocyclization in - 
benzene. The photo-product ( E ;  25 % ) ,  mp ,290 "C, was treated with Raney Ni 

in ethanol under reflux to give 4-phenylisocarbostyril (12)15 in 80 % yield. - 
Thus, the ease of synthesis of the amides and the photo-products makes this 

approach to 4-phenylcarbostyrils and 4-phenylisocarbostyril an attractive syn- 

thetic design. 

Scheme 3 



Table 1. Synthesis of 4-phenylcarbostyrils ( 3  and 6 )  through desulfurization 
of l-benzath~ophene[2,3-c]quinolin-6-ones ( Z  and 5 )  

4-Phenylcarbostyril 

Yield mp 'C NMR Spectra: ppm 

la 2 70 ,290 65 265-266 (CD30D) 6.57 (s, lH), 7.40-8.0 (m, 9H) - 
(EtOH) (benzene) 

lb - 2b 35 ,290 2 70 255-256 (CD30D) 3.70 ( 5 ,  3H), 6.53 (5, lH), 6.83-8.23 - 
(EtOH) (benzene) (m, 8H) 

Ic 2c 40 ,290 3c 99 241-242 (CD30D) 2.33 (5, 3H), 6.67 (s, IH), 7.15-8.15 - - - 
(EtOH) (benzene) (m, 8H) 

Id 98 ,290 99 294-295 (CDC1,-d,-acetone) 1.30 (t, J=8 Hz, 3iD, 4.27 (q,: - - " . . 
(EtOH) / (EtOH) J=8 Hz, 2H), 6.45 (s, IH), 7.17-8.33 (m, 8H) 

le 2e 80 ,290 3f 15 224-225 (CDTOD) 1.42 (d, 5-6 Hz, 3H), 4.82 (q, J=6 Hz, 1H) - - - 
(EtOH) (MeOH) 6.5; (s, lH), 7.37-8.03 (m, 8H) 

35 ,290 g 55 186-188 (CDC13) 3.98 (s, 3H), 6.57 ( 5 ,  lH), 6.83-7.77 

(Etw (benzene) (m, 8H) 

4b 5b 90 ,290 6b 80 222-223 (CDC13) 2.58 (s, 3H), 6.58 (s, lH), 7.18-7.72 - - - 
(EtOH) (benzene) (m, 8H) 

4c 5 f  75 224-225 6c 80 139-140 (CDC13) 1.45 (t, J=7 Hz, 3H), 4.45 (q, J=7 Hz, ZH), .- - 
(EtOH) (benzene- 6.60 ( 5 ,  lH), 6.90-8.42 (m, 8H) 
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