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Abstract  - The e l e c t m p h i l i c  e u b a t i t u t i o n  of 2-methylindole 

with acetone i n  t h e  praaenoe of BP Xt20 h a s  been disouseed 
3. 

and t h e  a p p l i c a t i o n  of t h e  HUMCOH (COSY) 2D NMA spectroecopy 

i n  s e t t l i n g  t h e  s t r u c t u r e  of t h e  product.  

The e l e c t r o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  of indale.  with var ious  carbonyl 

compounds i n  t h e  preaence of t h e  Lewis acid .  BPj.dt U ,  have been investigated 2 

i n  o u r  laboratory2-'. Of s p e c i a l  i n t e r e s t  h a s  been t h e  r e a c t i o n  of i n d ~ l e ~ ' ~  and 

3-metbylindole7 wirh t h e  very simple ketone, acetone.  I n  t h i a  paper we discuss  

t h e  s t r u c t u r e  o f  dimer 1 ,  which wae formed by t h e  e l e c t r o p h i l i c  substitution of 

2-methylindole wi th  acetone i n  t h e  preaenoe o f  t h e  same Lewis ac id .  

Dimer 1 ,  C24H26N2 (M' 342) ,  mp 1 1 5 ~ ~  ( e t h a n o l ) ,  wae ob ta ined  i n  20; y i e l d  by t h e  

dimeric  a s s o c i a t i o n  o f  t h e  i n d o l e  moiety amund two acetone u n i t e .  The 400 Mdr. 

' H - ~ 1 . 1 ~  epectmm revea led  t h e  presence of f o u r  methyl s i n g l e t e  a t  6 2.44, 1  .35, 

1.15 and 0.8 (pl, e a c h ) .  T h e  appearance of only one downfield methyl s i g n e l  was 

extremely i m p o r t a n t  a s  it c l e a r l y  po in ted  t o  t h e  f a c t  t h a t  of t h e  two indo le  

participating i n  t h e  r e a c t i o n  a d l y  one  had r e t a i n e d  its i x d o l i c  charac te r  

whi le  t h e  o t h e r  had been reduced t o  a n  indo l ine  aystem. I n  conformity with 

t h i a  view only one i n d o l e  >@ e i g n a l  was d i s c e r n i b l e  a t  67.80.  k'he i l l - d e f i n e d  

s i g n a l  a t  S3.35 i n t e g r a t i n g  f o r  one p ro ton  uae due t o  t h e  i n d o l i n e  1 E .  The 

resonances a t  5 2.45 ( d ,  wirh f i n e r  e p l i t t i x . ,  J = 12.0 and 2.0 t i n )  and 5 2.22 

( d .  J  = 12.0 H u )  &owed t h e  presence of a  non-equivalent methylene p a i r .  The one 

p ro ton  s i g n a l  a t  5.78 (J 3 -1.0 Hs) w a s  assigned to an o l e f i n i r  p r o t o n ,  ' h i p  

emall  coupl ing of 2.0 Hu c l e a r l y  p a i n t e d  t o  t h e  absence o f  any p ro ton  bear ing 

carban a e  i t s  immediate neiehbour. A c a r e f u l  a n a l ~ n i s  of t h e  lli-N~.in spectmm 



i nd i ca r rd  t h a t  t h e  long-rang-e c o u p l i n g  of 2.0 liz uae  due t o  o o u ~ l i n g  o f  t h e  

o l e f i n i c  p m t o n  w i t h  t h e  methylene  p r o t o n  at  b 2.45. Uight  p r o t o n s  were p r e s e n t  

i n  t h e  a roma t i c  r e g i o n  57 .59 -6 .65 ,  [ t he  C5'-!! a p p e a r e d  a t  5 1 .59  ( 1 ~ .  d ,  wi th  

f i n e r  s p l i t t i n g ,  J = 8 . 0  and 1 . 3  11s); t h e  C -H at S 6.75 i t ,  w i t h  f i n e r  I' - 
s p l i t t i n g ;  J = 8 . 0  and 1 . 3  t i n ) ;  and t h e  C -H a t  5 6 . 6 5  i d ,  w i t h  f i n e r  s p l i t t i n e ,  5  - 
J = 8 . 0  and 1 .3  h r ) ;  t h e  remain ing  f i v e  a m m a t i c  p r o t o n s  r e s o n a t e d  as a  m u l t i -  

p l e t  i n  t h e  r e g i o n  & 7.27-1.231. The 13~-lyidd d a t a  have  been  g i v e n  i n  T a b l e  1 .  

T w o  structures (L) o r  ( 2  could  be p r ~ p ~ ~ e d  f o r  dimer 1 .  A s i m i l a r  compound hrid 

been  r e p o r t e d  by l io land  e t  a ly from t h e  r e a c t i o n  o f  2-methyl indole  w i t h  a c e t o n e  

u s i n s  e t h a n o l i c  hydroc! i lor lc  a c i d .  ( i n  t h e  b a a i a  of t h e  'ii NI4H s i g n a l s  i n  C D C l  3 

f o r  t h e  f o u r  met!~yl p e a k s  a t  9 .19 ,  8 . 0 3 .  3 . b 6  and 7 . 5 7 7 .  h e  pmpooed  t h e  two 

a l t e r n a t i v e  s t r i i c t u r e a  (2 and  (2) f u r  hie compound. The id en tit.^ of N o l a n d ' s  

p roduc t  ( z  Sc!wltuS s compoundlo) w i th  dimer 1  wae e s t a b l i e h e d  by d i r e o t  o o m ~ a r i -  

s o n  o f  a n  a,uLlientic n imple  r e c e i v e d  froin P m i e s s o r  Noland. The a u t h o r s  ware a b l e  

t o  u n a m b i ~ i o u s l y  s e t t l e  t h e  s t r u c t u r e  o f  dimer 1  as ( 1 )  from a homonuclear  
d 

c o r r e l a t i o n  twu dirnen;iional exper iment  ( I i i i i l C D i i  CUSY) 1  Impor t an t  c o r r e l a -  

t i o n s  cou ld  be  made  or' which ( b )  and (c) were n o t  p e r c e p t i b l e  i n  t h e  400 Mtis 

1. ri-?J:.ld spectrum. 

( a )  The p r o t o n  at 6 2.45 coupled  t o  t h e  o l e f i u i c  p r o t o n  a t  & 5.78. T h i s  would b e  

e x p e c t e d  from bo th  structures (l) and (2). 

( b )  T h e  two methyls  at  t h e  h i g h e s z  f i e l d  ( s 0 . 8 0  aud 1 .15)  i n  t h e  CUYY spec t rum 
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showed a weak c m s s - c o r r e l a t i o n  and t h e r e f o r e  have  been  c o r r e c t l y  a s s i g n e d  t o  

t h e  gem-mathyla st C-4. 

( c )  T h e  methyl  at 5 0 . 8 0  eiruwed a l o n g  r ange  coup l ing  t o  one  o f  t h e  -M - p m t o n s .  2 

v i a ,  the one a t  5 2.45. which P a i l s  c l o s e  t o  t h e  i n d o l e  methyl .  The gem-methyl 

t h e r e f o r e  must be a d j a c e n t  t o  t h e  -!Xi - group i n  o r d e r  t o  e x h i b i t  t h i s  4-bond 
2 

coup l ing ,  t y p i c a l  of a n  a x i d  methyl  and a n  a x i a l  p ro ton .  Th i s  t y p e  o f  coup l ing  

would no t  be obaerved i f  ( 2 )  h a d  been t h e  s t r u c t u r e  of  t h e  compound. Hence. t h e  - 
s t r u c t u r e  of t h e  dimer 1  could be unesu ivvoa l ly  s e t t l e d  as ( 1 ) .  - 
C o n s t r u c t i o n  of t h e  3 r e i d i n g  model r e v e a l e d  t h b t  t!ie axial p m t o n  at 5 2.45 

coupled  t o  t h e  o l r f i n i c  p m t o n  at  55.78. It was f u r t h e r  e v i d e n t  t h a t  t h e  methyl  

at  C-16 and tne hydrogen at C-11 were c i s  t o  each o t h e r .  

FIG.1 HOMONUCLEAR CORRELATION PLOT(COSY1 



EXPL+IUPldN'I'XL 

i k l t i n g  were r e o o r d e d  i n  d o f l e r  b l o c k  a p p a r a t u s  a n d  a r e  u n c o r r e c t e d .  The 

uv s p e c t r a  ( i n  9576 a l d e h y d e  f r e e  e t h a n o l )  were r e c o r d e d  i n  a V a r i a n  634 s p e c t r a -  

p h o t o m e t e r ,  t h e  I H  s p e c t r a  ( U r )  i n  a P e r k i n - J l m e r  782  e p e o t m p h o t o m e t e r ,  t h e  

400 Mtitl. 1 ~ - ~ ~ < ~  ( t e t r a m e t h y l e i l a n e  b e i n g  u s e d  as t h e  i n t e r n a l  s t a n d a r d ) ,  t h e  

1 3 ~ - ~ i i l ~  s p e c t r a  ( i n  CDCl ) i n  a V a r i a n  .a-400 s p e c t r o m e t e r  a n d  t h e  m a s s  s p e c t r a  
3  

i n  a 7 0  e . v . - H i t a c h i  HPIU 6L m a s s  s p e c t r o g r a p h .  

l e a l a t i o n  o f  d i m e r  1  

To a s o l u t i o n  of  2 - m e t h y l i n d o l e  ( 1  g)  i n  d r y  m e t h y l e n e  c h l o r i d e  ( 2 0  ml)  a t  O ° C  

a c e t o n e  ( 5  ml) wae added  a n d  t h e n  b o r o n  t r i f l u o r i d e  e t h e r a t e  ( 1 . 2  m l )  waa drap-  

w i s e  a d d e d  w i t h  s t i r r i n g  ( 1 0  h ) .  T h e  r e a o t i o n  m i x t u r e  waa decomposed o v e r  i c e  

c h i p e ,  f o l l o w e d  by e x t r a c t i o n  w i t h  m e t h y l e n e  c h l o r i d e .  The e x t r a c t  u a a  washed 

w i t h  2% NaHC03. w a t e r  a n d  d r i e d .  The c o n c e n t r a t e  w a s  chromatographed  o v e r  

Brookmann a l u m i n a  ( g r a d e - b a s i c )  w i t h  a o l v e n t a  o f  i n c r e a s i n g  p o l a r i t y .  The d imer  1 

was o b t a i n e d  i n  t h e  b e n a e n e : e t h y l  a c e t a t e  ( 1 ;  1 )  e l u a t e  o n  c a r e f u l  c h r o m a t o g r a p h i c  

r e e o l u t i o n .  Dimer 1.  mp 175OC ( e t h a n o l ) ,  w a s  o b z a i n e d  i n  2076 y i e l d ,  Amax(dtOH) : 

212, 228 ,  256,  282.5 a n d  291 nm ( l o g &  = 4 .41 ,  4 . 4 4 ,  4 . 0 7 .  3.96 a n d  3.91 r e e p e c -  

t i v a l y ) ,  AmaX(Pt~E+5076 HC104) t 211, 266 i n d  318 nm (log€ = 4 . 1 1 ,  4 . 1 0  a n d  3.68 

r e s p e c t i v e l y ) ;  (Kl3r) : 3?80, 3340, 1605. 1480 ,  1460 ,  740 m - l ;  m/u : 3 4 2 ( u f ) ,  max 

327,  287, 223. 149 ( 1 0 0 s ) .  104 .  

un a u t h e n t i o  s a m p l e  of 2-(2-methyl-3-indolyl)-3.4.4a.9a-tetrahydm-4,4,9a- 

t r i m e t h y l  c a r b a m l e  wae o b t a i n e d  from P r o f e s s o r  W . 3 .  Noland.  The i d e n t i t y  o f  

t h i s  compound w i t h  d i m r r  1  w a s  established from t h e  e u p e r i m p o s a b l e  Iii s p e c t r u m  

a n d  co-TLC e x p e r i m e n t .  Ef = 0 .54  [ s o l v e n t  e y s t e m ,  benaene:  e t h y l  a o e t a t e  i 1: 1 )  

a n d  a d s o r b i n g  m a t e r i a l .  s i l i c a  d e l  (llIH. p r o d u c t  No.27335, a a t c h  N o .  L5864411)l. 
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