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ANODIC DIMERIZATION OF 

1,2,3,4-TETRAHYDROCARBAZOLE 
1 

J 

Storrs.  Conn. 06268. U.S.A. 

The o x i d a t i o n  o f  1,2,3,4-tetrahydrocarbazole (J 

i n  CH3CN-H20 ( 9 : l )  con ta in ing  LiC104 (0.1N) a t  a  

g raph i t e  anode, i n  a  two-compartment c e l l ,  and a t  10.7 V 

(B. SCE) g i ves  a  dehydro-dimer i n  60.90% y i e l d .  The 

dimer has been i d e n t i f i e d  as t h e  1,9' dimer (2). 

For a  number of years,  we have been i n t e r e s t e d  i n  t h e  electrochemical  d imer i za t i on  

of pheno l ic  i s o q u i n o l i n e  a ~ k a l o i d s . ~  We have now turned our  a t t e n t i o n  t o  i n d o l e  de- 

r i v a t i v e s  which a re  s i m i l a r  t o  phenols i n  many ways. Both phenols and i ndo les  have 

s i m i l a r  e l e c t r o n i c  charac ters  and electrochemical  decomposi t ion p o t e n t i a l s ,  and bo th  

3  p l a y  r o l e s  i n  a l k a l o i d  b iosynthes is .  The d imer ic  a l k a l o i d s  i n  p a r t i c u l a r  a re  

formed by an o x i d a t i v e  coup l ing  r e a c t i o n  between two i n d o l e  con ta in ing  moie t ies .  

Tetrahydrocarbazole i t s e l f  has been p rev ious l y  ox id i zed  w i t h  Ni203 t o  t h e  4a-4a' 

dimer. 4 



The anodic oxidat ion of i w a s  ca r r i ed  ou t  a s  follows: 120 ml of CH3CN-H20 

(9 :1 ) ,  0.1N i n  LiC104 was pre-electrolyzed f o r  20 minutes under N 2  a t  t0.70V E. 
5 

SCE i n  a two compartment c e l l .  The e lect rodes  were graphi te  f e l t  and were separated 

by a Nafion ion exchange membrane6 Compound (250 mg) was added, and the  e l e c t r o l y s i s  

was allowed t o  proceed u n t i l  no more s t a r t i n g  mater ia l  was v i s i b l e  by tic (hexane- 

MeOH-EtOAC, 9:0.5:0.5). The time and cur ren t  required f o r  oxidation corresponded 

t o  the  loss  o f  le- per molecule. 

The react ion mixture was made s t rongly basic  with NaOH and evaporated t o  near 

dryness under vacuum. The res idue was pa r t i t ioned  between water and chloroform. 

The chloroform e x t r a c t  was dr ied over anhydrous Na2S04. Rotary evaporation of the  

solvent  yielded 244 mg (98%) of a l i g h t  brown o i l  homogeneous by t l c .  The o i l  was 

dissolved i n  2-3 ml of acetone and cooled t o  about -lo0. After about 6 hours, 150 

mg (60%) of a white c r y s t a l l i n e  product was obtained: m.p. 2 2 3 - 2 2 ~ ~ d ;  i r  (KBr) 

3100 cmwl (NH); nmr (CDC13) S 1.6-2.1 (m, 4H), 2.6-3.5 (m, 4H), 7.0-7.9 (m, 8H), 

8 .9  ( s ,  lH),  (CDCl3/DC1) 6 1.5-2.1 (m, 4H), 2.6-3.1 (m, 2H), 3.7 ( t ,  lH),  6.6-6.8 

(m, lH) ,  7.2-7.6 (m, 6H), 7.9-8.2 (m, 1H); mass spectrum m/e ( r e l .  abundance) 340 

(M+, l o o ) ,  312 ( l o ) ,  284 ( l o ) ,  270 (5 ) .  170 (18):  Analysis,  ca lcu la ted  f o r  C24H24N2: 

C ,  84.76; H ,  7.11; N ,  8.23. Found: C ,  84.49; H ,  6.98; N ,  7.99. 
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I .  13c Chemical S h i f t  Data f o r  1 , ? ,3 ,4-~e t rahydrocarbamle .~  

Carbon Chemical S h i f t  
b 

Table 11. 13c Chemical S h i f t  Data f o r  1,9'-Tetrahydrocarbazole Dimer.a 

Carbon Chemical S h i f t  
b 

%pectrum taken i n  CDC13. %70 MHz, referenced t o  cen te r  o f  CDC13 t r i p l e t  a t  
76.90 ppm downf ie ld  f rom TMS. 



The s t r u c t u r e  p roo f  o f 2  r e s t s  upon a n a l y t i c a l  and spectroscopic evidence. 

The mass spectrum conta ins  s p e c i f i c  peaks a t  mass/charge r a t i o s  o f  340 f o r  the  

molecu lar  i o n  and a t  312 and 284 corresponding t o  t h e  l o s s  of two CH2=CH2 u n i t s  

from r e t r o  D ie ls -A lder  reac t i ons  a t  p o s i t i o n s  2 and 3 and 2 '  and 3 '  of;. Thus, 

t he re  can be no s u b s t i t u t i o n  a t  these pos i t i ons .  The p ro ton  nmr spectrum (CDC13) 

of; i s  p r e d i c t a b l e  and shows one NH a t  6 8.9 (which can be exchanged by e q u i l i b r a t i o n  

w i t h  DC1) and a one p ro ton  t r i p l e t  (CDCl3/DC1) a t  6 3.7 corresponding t o  the  hydrogen 

a t  e i t h e r  p o s i t i o n  1 o r  4. Therefore, the  l i n k a g e  must be between t h e  n i t r o g e n  o f  

one molecule and e i t h e r  p o s i t i o n  1 o r  4 o f  the  o the r .  Since the ir spectrum of 2 

showed a hydrogen bonded NH a t  3100 cm-' ( i n  c o n t r a s t  t o  which does no t ) ,  the  

l i n k a g e  must be between p o s i t i o n s  1 and 9 '  which a l lows f o r  a f i v e  member i n t r a -  

molecu lar  hydrogen bonded r i n g .  The s t r u c t u r e  i s  a l s o  supported by 13c nmr data  

13 as  shown i n  Tables I and I 1  f o r  compounds L a n d  ~ r e s p e c t i v e l y . ~  The C spectrum, 

besides showing the dimer t o  be unsymmetrical, revea ls  a s t r i k i n g  chanqe i n  the  

chemical s h i f t  o f  C- l  i n  E. 2. A downf ie ld  s h i f t  of 39.8 ppm f o r  C-1 of 2 
( f rom 1) i s  a consequence o f  t h e  t e r t i a r y  bonded n i t r ogen .  
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o f  the  Nat iona l  I n s t i t u t e s  o f  Hea l th .  The authors a re  indebted t o  Dr. W. F. Ba i l ey  

o f  t h i s  Department and Yale U n i v e r s i t y  f o r  he lp  i n  measuring and i n t e r p r e t i n g  t h e  
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