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A thermal  react ion of indolylmagnesium bromide (1) with 1- 

cyano-4,5-dimethoxybenzocyclobutene (2)  gave a mixture of 

6-cyano-5a ,6,11 , l la-tetrahydro-8 ,9-dimethoxy-5H-benzo[b]- 

ca rbaso le  (3a) and 6-cyano-5a ,6,11 ,lla-tetrahydro-9-hydroxy- 

8-methaxy-5~-benso[b]carbazole (4). Compound (3a) was 

eas i ly  converted to 6-cyano-8,9-dimethoxy-5H-bemo[b]- 

ca rbaso le  (6) by dehydrogenation on 30 % Pd-C. 

3 
S ince  Finkels te in  ~ a v a , '  and Arnold d e s c r i b e d  a benzocyclobutene der ivat ive  

which underwent many in te res t ingreac t ions  , we a l s o  examined th is  der ivat ive  and 

desc r ibed  in s e v e r a l  the  syntheses  of isoquinnline alkaloids.  A s  a n  

extension of th i s  method;we now wish t o  r e p o r t  an  intermolecular cycloaddition 

of  indolylmagnesium bromide (1) t o  1-cyano-4,5-dimethoxybenzocyclobutene (2). 

If the indole r e a c t s  with 2 by the  following pathway, we could get  a cycloaddition 

product.  



T h e r e f o r e ,  a t  f i r s t ,  a react ion of indole with 2 in refluxing dichlbrobenzene 

was i r i e d ,  but th i s  a f fo rded  only 5,6-dicyano-2,3,8,9-tetramethoxyd1benzo [a , e l -  

cyclodct+ne (5);6's;bsequently, indolylmagnesium bromide (1) instead of indole was 
. . 

use$ t o  enhance the nucledphilicity of indole.  . 
A fus ion of 1 and 2 in dichlorobenzene a t  160' f o r  10 min gave a mixture of 6- 

cyano-5 ,6,11,1la-t~trahydro-8,9-dimethoiy-5~-benzo[b]carbaaole (3a ) ,  mp 169 - 

170° [ v  3430 (NH) and 2250 cm-I (cN)] as a major product in 83 % yield 

and 6-cyano-5a,6,il,Ila-tetrahydro-9-hydroxy-8-methoxy-5H-benz[b]carbaaole 

CHC13 3550 (OH) and 2250 cm-I (CN)] in 5 9 y ie ld ,  both of which were  (4) [ v  

eas i ly  sepa ra ted 'by  chromatography on s i l i ca  gel .  The fo rmer  r eac t ion  mixture ,  



without pur i f ica t ion,  was  t r e a t e d  with a n  e x c e s s  of diazomethane,  followed by 

dehydrogenation on 30 % Pd-C in refluxlng xylene f o r  2 h to afford 6-cyano- 

8,9-dimethoxy-5H-benzo[b]carbazole (5 ) ,  mp 290' [v  CHC13 max 3460 (NH) and 2210 

-1 
cm (CN); m/e 302 (M+); 6 ( C D C ~ ~  + DMSO-d6) 4.02 (3H, s ,-OCZ3),  4.08 (3H, 

s ,  O C E ~ ) ,  7.20 - 8.60 (6H, including NH in indole r ing  and seven  aromat ic  protons  

consis t ing  of t h r e e  s h a r p  s ing le t s  and unresolved multiplet], in 6 0  '$ yield.  

The  s t r u c t u r e  of 3a was confirmed by mass  and nmr spect roscopy [m/e 306 

(M'), 189, 146 and 117; 6 ( C D C ~ ~ )  2.96 (213, d ,  - J 5.4 Hz ,  Cll - Hz),  3.0 - 3.2 

(IH, b r o a d  s ,  NH,  - exchange with D 2 0 ) ,  3.80 (3H, s, 0CG3) ,  3.88 (3H, s ,  0 c G 3 ) ,  

4 . 0 8 ( l H , i , d , J  5 . 4 a n d  4 . 6 H z , C  I la  - ~ ) , 4 . 7 4 ( l ~ , d , d , J 1 0 . 8 a n d 4 . 6 H z ,  

Cja - H) ,  6.59 ( lH ,  s, C10 - H), 7 .00 ( lH ,  s ,  C7 - H). 6.38 - 7.12 (4H,  m, aroma- 

t i c  protons)] .  T h e  proton a t  C -position was obscured by two methoxy re sonances .  6 

It was a l s o  c h a r a c t e r i z e d  not only by the s p e c t r a l  da ta  of acetylation product (7) 

CHC13 2230 (CN) and 1642 cm-' (C=O); (5 ( C D C ~ ~ )  2.52 (3H,  s ,  COCE3),  6.84 
[ V  max 

( l ~ ,  s ,  C10 - H)] but by convers ion t o  compound (6) by d i r ec t  dehydrogenation of 3a .  

The s t r u c t u r e  (4) was a l s o  confirmed by the s p e c t r a l  da ta  of acetylation product 

(8) [v :!:'3 2250 (cN), 1760 and 1650 cm-' (C=O); m/e 376 (M'); 6 ( C D C I ~ )  2.32 

and 2.54 (each 3H,  s ,  COCH_~) ,  6.95 and 7.0 (each l H ,  s ,  C - H and C10 - H). 
7 

The  position of  the hydroxy g roup  of 4 was determined by the fact  that the chemical 

s h i f t  of C -proton in 8 r e s o n a t e s  f u r t h e r  downfield than that  of 4. 
10 

The -other poss ib le  s t r u c t u r e  (3b) from th i s  r eac t lon  was ru led  Out not ,only 
. ,  . > .  

by the f a c t  tha t  the methylene protons  did not couple with the benzylid methine 

proton but with the  lowest  methine proton ass igned to C -H, but a l s o  by consider-  
5a 

ing the following reac t ion  mechanism. 



MgBr 

The  configuration of 3a was determined to be  =by t h e  coupling cons tan t s  

desc r ibed  above.  

I t  is supposed that  th is  r eac t ion  would p roceed  =a two s t e p  cycloaddit ion for 

the  fo l lowing-reasons:  these  types  of reaction; a r e  a lways  more  e f fec t ive  with 

local ized sys t ems  and they a r e  regioselec t ive .  4,5,6 

S i n c e  the  s t r u c t u r e  of 6 is c losely  r e l a t ed  to olivacine (9) and e l l ip t ic ine  ( lo ) ,  

the  indole a lkaloids  having an anti tumor a c t i ~ i t y , ~  the syn thes i s  of t h e s e  types  

of a lkaloids  by th i s  method i s  under  investigation. 
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