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Abstract  The e l e o t r o p h i l i o  s u b s t i t u t i o n  of 3-methylindole 

with mes i ty l  oxide and acetone i n  t h e  presence of 

BP .at 0 h a s  been discussed.  
3 2 

I n  an e a r l i e r  paper1 we repor ted  t h e  s t r u c t u r e  (A of a new heterocycle  

(dimer 1 )  obta ined  by t h e  e l e e t r o p h i l i c  s u b s t i t u t i o n  of 3-methylindole 

( ska to l e )  wi th  mes i ty l  oxide i n  t h e  presence of BP .Bt20. Recent s t u d i e s  
3 

on t h e  e f f e c t s  of low power s e l e c t i v e  i r r a d i a t i o n  of t h e  gem-dimethyl and 

t h e  methylene protons on t h e  long-range ( 2 ~ C C H )  couplings of t h e  quaternary 

oarbons a t  37.61 and 61.60 ppm l e d  u s  t o  revise t h e  s t m c t u r e  of t h i s  

r eao t ion  product t o  (3. We a l s o  d i scuss  i n  t h i s  paper t h e  s t r u c t u r e s  of 

two new he te rocyc le s ,  deeignated dimers 2 and 3, which were formed by t h e  

e l e c t r o p h i l i o  a u b e t i t u t i o n  of ska tu le  wi th  acetone i n  t h e  presence of t he  

same Lewis ac id .  

Dimer 1 ,  C24H26N2 (M' 342.2068), mp 206'C (~etrol-benriene = 1:1) ,  y i e l d  20$. 

was obtained by t h e  dimeric aesocia t ion  of ekatole around one s i x  oarbon 

u n i t  der ived  from mesi ty l  oxide. The IH-NMR spectnun2 i n  CDC13 revealed 
, 

t h e  presence of e igh t  aromatic protons and one indola ,% ( 9 ~  m: One 

exchangeable with D 0 i n  t h e  reg ion  67.10-7.65). a p a i r  of non-equivalent 
2 

methylene pro tons  ( I H ,  d each at 62.80 and 3.05; ~=14.0115). two ska to l e  

methyls ( 3 H ,  e each at 62.45 and 2.38) and three  more methyls (3, a each 

3 at 4 2.20, 1.63 and I . ? I ) .  The l 3 c - ~ ~ 1 1  d a t a  have been given i n  Table I .  



l'able 1 20 MHz 'C-NI~R S ignals  of Dimer 1 i n  CDC13,  ppm 

C CB 
m2 

CEi 

147.59 121.35 28.51 

138.12 120.60 28.46 

In  o rde r  t o  s e t t l e  between t h e  two s t r u c t u r e s  (1) and (2) it w a s  necessary 

t o  oar- out low power s e l e c t i v e  i r r a d i a t i o n  of the  gem-dimethyl and 

methylene protons. It i s  apparent both from Sable 1 a s  well  a s  from s 

considerat ion of t h e  two possible s t r u c t u r e s  (1)  and (2) t h a t  the  peaks 
..-.+. 

of i n t e r e s t  i n  these experiments would be t h e  quaternary carbons a t  Q&Q 

and ppm and the  methylene carbon a t  60.80 ppm. The chemical s h i f t  
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at 61.60 ppm is obviously asoignable t o  t h e  carbon bonded t o  n i t rogen.  So 

two s e l e c t i v e  experiments were c a r r i e d  with i r r a d i a t i o n  at 79.542220 i.Be, 

mid-way between t h e  gem-methyls, and at 79.542333 MHz, mid-wey between t h e  

-CI12- p ro tons ,  us ing  a common power l e v e l  ( 8 Hz = 240 He). I f  s t r u o t u r e  (2) 
be co r rec t  t h e n  as a r e s u l t  of i r r a d i a t i o n  at 79.542220 MHE t h e  quaternary 

carbon at 61.60 ppm would show coupline t o  both t h e  lone  methyl and t h e  

-CH - protons  whereas t h e  carbon at 37.61 ppm would be coupled t o  only t h e  
2 

-CH2- p ro tons .  I n  case of s t r u c t u r e  (1) t h e  reverse  s i t u a t i o n  would be 

met with. It was observed t h a t  t h e  methylene carbon s igna l  at 60.80 s p l i t  

i n t o  a complex pa t t a rn .  The l a t t e r  occurred since t h e  two protons were a t  

d i f f e r e n t  d i s t ances  from t h e  i r r a d i a t i n g  frequency and consequently t h e i r  

reduoed coupling cons t an t s  had d i f f e r e n t  values. Resolut ion enhancement 

and p l o t  expansion t o  1.0~e/mm revealed t h a t  t he  peak at 37.61 ppm w a s  a 

t r i p l e t  with a r e s idud .  coupling constant  of  1. 1 . I5  Hz. This  w a s  due t o  

t h e  methylene protons on t h e  adjacent  oarbon. I n  t h e  abeence of thicl 

i r r a d i a t i o n  t h e  'JCCH f o r  t h e  -Cli2- pro tons  Bnd t h e  quaternary carbon 

bear ing  t h e  gem-dimethyle would be c 3.5 He. This  would not be normally 

observed beoauee of i ts  coupling t o  t h e  s i x  methyl pro tons  bu t  i r r a d i a t i o n  

at 79.542220 >Be completely el iminated t h e  l a t t e r  o m p l i n g  l eav ing  t h e  

p a r t i a l l y  col lapsed t r i p l e t .  l'he quaternary carbon at 61.60 ppm disp layed 

a m u l t i p l e t  due t o  couplings t o  t h e  adjacent  methyl and methylene protons.  

These changes i n  t he  s p e c t r a l  c h a r s c t e r i s t i c s ,  as explained e a r l i e r ,  

confirmed s t r u c t u r e  ( 2 )  f o r  dimor 1 .  This was f u r t h e r  corroborated from 
Cx 

t h e  changes obeerved due t o  i r r a d i a t i o n  at 79,542333 Nib, mid-way between 

t h e  methylene protons.  Resolution enhancement and p l o t  expansion t o  

1 .O He/mm showed t h e  peak at 61.60 ppm i m  coupled only t o  t h e  a t tached 

methyl. Since t h i s  methyl is  at 79.5422275 Miiu its 'JCCH t o  t h e  quaternarg 

carbon co l l apsed  t o  an unresolvably s m a l l  value. This  would be expected 

from S t ~ ~ t ~ r e  ( 2 ) .  On t h e  o the r  hand t h e  gem-dimethyls at 79.542232 and - 
79.542207 MU5 a r e  over  100 He aww from t h e  i r r a d i a t i n g  frequency and t h e i r  

r e s idua l  coupling t o  t h e  carbon at 37.61 ppm c l e a r l y  s p l i t  it i n t o  a 

m u l t i p l e t .  I n  case of s t r u c t u r e  (1)  t h e  s i t u a t i o n  would have been reversed.  - 



The d i f f e rence  i n  t h e  csrbon chemical s h i f t s  of t h e  C-3 end 0-3" methyls 

oould a l s o  be explained on t h e  b a s i s  of s t r u c t u r e  ( 2 ) .  Construct ion of - 
the molecular  model revea led  t h a t  t h e  0-3 methyl undergoes s t e r i c  compre- 

ss ion  with one of t h e  gem-methyls m d  t h i s  accounts f o r  i t s  s h i f t  t o  7.79 

ppm while t h e  C-3' methyl showed t h e  normal value of 9.40 ppm ( s k a t o l e  

4 
methyl appears  at 9.55 ppm) . 
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  of ska to l e  (3 )  with acetone i n  t h e  presence - 
of BF3.Et U l e d  t o  t h e  formation of two i n t e r e s t i n g  s t r u c t u r a l  isomers i n  

2 

4:l r a t i o .  The compounds could not be separa ted  by column o r  t h i n  l a y e r  

chromatography. Attempts t o  s epa ra t e  them by gas l i q u i d  chromatography 

1 r e su l t ed  i n  extensive decomposition. Both t h e  H- and 13~-~l.IEi s p e c t r a  

c l e a r l y  ahowed two e e t e  of signds wi th  i n t e g r a t i o n  r a t i o  of,411 f o r  two 

v e r y  s i m i l a r  compounds. I n  case of t h e  809 isomer (dimer 2) t h e  two non- 

equivelent  methjilene protons appeared a t  63.02 and 2.78 (1H. d each; 

~ = 1 4 . 0 ~ 5 )  and t h e  two methyls  at 6 1.84 and 1.69 (pi. s each). I n  case  of 

the 20% isomer (dimer 3) t h e  non-equivalent methylene pro tons  appeared et 

63 .05  and 2.67 (18,  d eaoh; ~ = 1 4 . 0 ~ = )  and two methyls at 61 .55  and 1.28 

( 3 ~ ,  e eaoh) . The t h i r d  methyl appeared at 62.30 ( 3 H .  8) .  I n  case of 

bath t h e  isomers t h e  aromatic  protons merged i n  t h e  r e g i o n  67.55-7.05. 

The f a c t  t h a t  t h e  'H-NX da ta  could exp la in  h a l f  of t h e  t o t a l  number of 

protons i n  t h e  moleoule i n  each case poin ted  t o  t h e i r  symmetrical na ture .  

This could be f u r t h e r  Eorroborated from t h e i r  1 3 ~ - ~ ~  d a t a  (Tables  2 and 3 ) .  

Table 2 20 Ime 13~-1i1"lii Speet- of Dimar 2 ,  ppm 

C OH rn2 CH3 

137.21 120.00 60.05 28.80 

131.49 118.75 27.86 

130.12 118.21 7.35 

99 .90 109.53 

60.50 

36 .OO 
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Table 3 20 mr, l 3 ~ - l i h l ~  Spectlvm of Dimer 3. m m  

C cn 
=2 

137.52 119.91 59.92 

Two s e t s  of f o u r t e e n  resolved l i n e s  were obtained f o r  both t h e  dimere. 'The 

off-resonance decoupled spectrum showed the presence of  th ree  methyls, one 

methylene, f o u r  methines and s i x  non-protonated carbons i n  eaoh case.  The 

spire carbon appeared a t  36.00 and 36.04 i n  oase of dimers 2 and 3 respec- 

t i v e l y .  The s h i f t s  i n  the  C - 3  methyls compared t o  skato le  ( 3 )  i n  both - 
t hese  compounds was due t o  t h e  s t e r i c  compression imposed by one of t h e  

gem-methyls which is i n  close proximity. 

The s t r u c t u r e s  of t h e  80s (dimer 2) and t h e  203 spec ie s  (dimer 3) could be 

1 
d is t inguished a s  ( 4 )  and (5) respect ive ly  from comparison of t h e  El-NNR - 
d a t a  of t h e  gem-dimethyl protons of t h e s e  oompollnde with those  of dimer 1 

(2 )  m d  compounds ( 6 ) 5  and ( 7 ) 5  (l'able 4 ) .  The l a t t e r  two compounds had .... - - 
been e a r l i e r  obtained5 d u r i n ~  t h e  e l e c t m p h i l i c  s u b s t i t u t i o n  of indole 

with acetone i n  t h e  presence of BF .Et20. 
3 

Table 4 Cornmarison of the  Chemicsl S h i f t  Values f o r  t h e  Gem-dimethy& 

Protons  

C0m~0und 6 Cornmound 7 Dimer 2 (80$L Dimer 3 (2061 Dimer I 

The g rea t  s i m i l a r i t y  of t h e  gem-dimethyl Bhifte of the 80s  specie-  with 

those Of compounds (6 )  and (7)  confirmed Che s t r u c t u r e  of t h e  former a s  - - 
(4 )  with s i m i l a r  environments f o r  the  gem-dimethyls, while t h e  s i m i l a r i t y  
VU 

of t h e  2076 spec ie s  with dimer 1 conf imed  i t e  s t r u c t u r e  a s  ( 5 ) .  The C-3 
CK 



and 12-3" methyl carbons i n  dimer 1 appeared at 7.79 and 9.40 ppm while i n  

the 80;; spec ie s  (4 )  both t h e  methyls moved upto 7.35 ppm. Comparing t h e  
.v-. 

'x-NMK s p e c t r a  we found t h a t  i n  dimer 1 t h e  C-3 and C-3" methyls a r e  at  

62.38 and 2.45 while both appeared at 61.90 i n  t h e  80% spec ie s  (4) .  The 

methyl carbon a i n  (2) appeared at 7.79 ppm. This h a s  s h i f t e d  u p f i e l d  t o  - - 
7.35 ppm i n  t h e  80k speoies  while t h e  pro tons  have a l s o  s h i f t e d  up f i e ld  

by -bout t he  same amounts, 0.48 t o  0.55 ppm. Both of t h o s e  s h i f t s  a r e  

cons is ten t  with t h e  methyl being h e l d  over t h e  f ace  of t h e  indole aromatic 

system which is t h e  case i n  (4) and not  i n  ( 5 ) .  - 
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The me l t i ng  p o i n t s  were recorded i n  a  Kof le r  b lock  appara tue  and a r e  

uncor rec ted .  The W s p o c t r a  ( 95s  aldehyde f r ee  e thano l )  were recorded i n  

a Varian-634 speotrophotometer ,  t h e  I H  spec t r a  ( a r )  i n  a Beckman Il? 20 

1  spec t rophotometer ,  t h e  80 MElz H-N1L-i and t h e  20 lGin 13~-~i~.1?i s p e c t r a  ( i n  

CDC13, t e t r a m e t h y l  s i l a n e  be ing  used  a s  i n t e r n a l  s tandard)  i n  a Varian 

BT-BOA epeotrometar .  

I s o l a t i o n  of dimer 1  

l o  a s o l u t i o n  of e k a t o l e  ( 1  g) i n  d ry  methylene oh lo r i de  (40  ml) a t  25'C 

m e s i t y l  oxide ( 5  ml) w a s  added fo l lowed by dropwise a d d i t i o n  of boron 

t r i f l u o r i d e  e t h e r a t e  (1 .2  ml) with s t i r r i n g  (10 h) .  *he r e a c t i o n  mixture  

was decomposed over  i c e  chipe fol lowed by e x t r a c t i o n  wi th  methylene c h l o r i d e ,  

waohed with '2$ NaHCO water  and d r i ed .  The concen t r a t ed  e x t r a c t  w a s  
3 '  

chromatographed ove r  Brockmann alumina (e rade  - b a s i c )  wi th  s o l v e n t s  of 

inorehoing  p o l a r i t y .  l'he dimer w a s  ob ta ined  i n  t h e  p e t r o l  I benzene ( 1 I 1)  

e l u a t e  on c a r e f u l  chromatographic r e s o l u t i o n .  Dimer 1 ,  mp 206'C ( p e t r o l  : 

benzene = I l l )  w a s  ob t a ined  i n  20$ y i e l d ,  hmax ( B ~ O H )  I 227, 285 and 293 nm 

( l o g  E 4.32,  3.69 and 3.68 r e s p e c t i v e l y )  .Ama, (BtOIi c 509 ~ ~ 1 0 ~ )  I 204. 

224, 269 and 290 nm ( 1 0 6 ~  3.97, 3.96, 3.55 and 3.54 r e s p e ~ t i v e l y ) ; Y ~ , ~ ( l ~ ~ r ) :  

3460, 2980, 1620, 1455, 1350 and 745 cm-'; m / ~  342.2068 (M'. c a i c u l a t e d  f o r  

C24H26N2 2 342.2095), 327, 212, 172 (100s)  and 130. 

I s o l a t i o n  of dimers  2  and 3  

l o  a s o l u t i o n  of s k a t o l e  ( 1  g) i n  d ry  methylene c h l o r i d e  (40 ml) a t  25OC 

acetone (10  ml) w a s  added fol lowed by dropwise a d d i t i o n  of BF3.at20 ( 1  .2 m l )  

with s t i r r i n g  (11  h ) .  The r e a c t i o n  mixture  was decomposed over  i c e  ch ipe  

fo l lowed by e x t r a c t i o n  with methylene chloride,washed with 2h NeLIC03 s o l u t i o n .  

wate r  and d r i ed .  l'he concen t r a t ed  e x t r a c t  was chromatographed over  Hrockmann 

alumina (g r ade  - b a s i c ) .  The two s t r u c t u r a l  isomers ( 4 )  and (5) were ..,-. 
obta ined  i n  t h e  p e t r o l  e l u a t e .  Dimers 2  and 3  were ob t a ined  i n  2036 y i e l d ;  

,,jmax(i3t01i) I 234. 288 and 295 nm ( l o g E  4.83, 4.23 end 4.21 r e s p e c t i v e l y ) ;  

A,,(aton + 50id ~ ~ 1 0 ~ )  ; 207, 288 and 299.5 nm ( l o g  f 4.39. 4.36 and 3.93 



respec t ive ly)  ; \jmax(KBr) ; 2980, 1600, 1460, 1350 and 740 cm-' ; m/z 382.2412 

(;.it, c a l cu la t ed  f o r  C 27H30N2 : 382.2409). 367, 342, 327, 3 1 1  211, 196, 112 

(100,;). 156 and 130. 
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