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STABLE 1H- AND 2H-ISOINDOLES 

WITH METHYL GROUPS AT THE CARBOCYCL~C SYSTEM 1) 

R i c h a r d  K r e h e r  a n d  K a r l  J o s e f  H e r d  

I n s t i t u t  fijr O r g a n i s c h e  C h e m i e ,  T e c h n i s c h e  H o c h s c h u l e  D a r m s t a d t  

P e t e r s e n s t r a n e  2 2 ,  0 - 6 1 0 0  D a r m s t a d t  

2 H - i s o i n d o l e  a r e  s t a b l e  a n d  i s o l a b l e  1 0 n - h e t a r e n e s ,  w h i c h  

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

k e y  s t e p  o f  t h e  r e a c t i o n  s e q u e n c e  i s  t h e  i n t r o d u c t i o n  o f  a  

c y c l i c  c a r b o n - n i t r o g e n  d o u b l e b o n d  v i a  e l i m i n a t i o n  o f  me - 
t h a n e s u l f i n i c  a c i d .  The s p e c t r o s c o p i c  p r o p e r t i e s  o f  t h e  t a u -  

t o m e r i c  2H- a n d l a - i s o i n d o l e s  i n  s o l u t i o n  a n d  t h e  c h e m i c a l  

r e a c t i v i t y  o f  t h e  o - q u i n o i d  s y s t e m  t o w a r d s  d i e n o p h i l e s  w i t h  

a n  a c t i v a t e d  CC-double bond  h a v e  b e e n  i n v e s t i g a t e d  a n d  e l u  - 

c i d a t e d .  

T h e  e x i s t a n c e  o f  2 H - i s o i n d o l e  w a s  p r o v e d  b y  KREHER a n d  SEUBERT 3 

v i a  i n d e p e n d e n t  s y n t h e s i s  a n d  c h e m i c a l  r e a c t i o n s  a n d  l a t e r  c o n  - 
f i r m e d  b y  BONNETT a n d  BROWN 4 '  v i a  i s o l a t i o n  o f  t h e  p a r e n t  c o m -  

p o u n d  a n d  s p e c t r o s c o p i c  c h a r a c t e r i z a t i o n  5 ) .  I n t e r e s t  i n  t h i s  

f i e l d  of  h e t e r o c y c l i c  c h e m i s t r y  h a s  c o n t i n u e d  i n  t h e  s y n t h e s i s  

o f  s u b s t i t u t e d  2 H - i s o i n d o l e s  w i t h  f u n c t i o n a l  g r o u p s  a t  t h e  f i v e  
6 1 o r  s i x  m e m b e r e d  r i n g  s y s t e m  . 

H a l o g e n  a t o m s  a t  t h e  c a r b o c y c l i c  m o i e t y  e x h i b i t  a  r e m a r k a b l e  e f -  

f e c t  o n  t h e  s t a b i l i t y  o f  t h a  o - q u i n o i d  s y s t e m  '-". I n  o r d e r  t o  

* 
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4,5,6,7-Tetramethyl-2H-isoindole and 4,7- and 5,6-dimethyl-



e v a l u a t e  w h e t h e r  e l e c t r o n i c  o r  s t e r i c  s t a b i l i z a t i o n  i s  t h e  d o m i -  

n a t i n g  e f f e c t ,  t h e  i s o l a t i o n  a n d  s t u d y  o f  4,7-  o r  5 . 6 - d i m e t h y l -  

a n d  4.5,6.7-tetramethyl-2H-isoindoles s e e m e d  t o  b e  o f  t h e o r e t i c a l  

a n d  p r a c t i c a l  v a l u e .  

T h e  s y n t h e s i s  f o l l o w e d  t h e  s a m e  g e n e r a l  r o u t e  w h i c h  w a s  s u c c e s s  - 
f u l  i n  t h e  s e r i e s  o f  t h e  d i -  o r  t e t r a - s u b s t i t u t e d  h a l o g e n - Z H - i s o -  

i n d o l e s  8 r 9 ) .  T h e  s t a r t i n g  c o m p o u n d s  a r e  o b t a i n e d  b y  c o n v e n i e n t  

m e t h o d s ]  h o w e v e r  t h e  p r e v i o u s l y  p u b l i s h e d  p r o c e d u r e s  m u s t  b e  m o d i -  

f i e d  i n  some o r d e r  t o  g a i n  a c c e p t a b l e  y i e l d s .  I n  a n  i n i t i a l  s t e p  

t h e  s y n t h e t i c  p r e c u r s o r s  (1, R" = CH3, Z = B r ,  C l 1  w e r e  c o n v e r t e d  

by c y c l i z a t i o n  w i t h  m e t h a n e s u l p h o n a m i d e  u n d e r  b a s i c  c o n d i t i o n s  i n -  

t o  t h e  k e y  s u b s t a n c e s  (Z, R"  = C H 3 1  w i t h  a  l e a v i n g  g r o u p  a t  t h e  

h e t e r o a t o m .  An e f f e c t i v e  a n d  p r a c t i c a l  m e t h o d  c o n s i s t s  i n  t h e  r e  - 
a c t i o n  o f  t h e  t w o  c o m p o n e n t s  i n  r e l a t i v e l y  c o n c e n t r a t e d  h o m o g e n e o u s  

medium.  T h e  y i e l d  o f  t h e  s u b s t i t u t e d  i s o i n d o l i n e s  (2, - R" = CH31 i s  

d e p e n d e n t  o n  t h e  r e a c t i v i t y  o f  t h e  b i f u n c t i o n a l  c o m p o u n d s  (1, R" = 

C H  I w i t h  h a l o g e n - m e t h y l  g r o u p s  [ Z  = B r ,  C l l .  3  

T h e  c r i t i c a l  s t e p  i s  t h e  b a s e  i n d u c e d  e l i m i n a t i o n  o f  m e t h a n e s u l  - 

f i n i c  a c i d  i n t r o d u c i n g  t h e  c y c l i c  C N - d o u b l e  b o n d  i n t o  t h e  h e t e r o -  

c y c l i c  s y s t e m .  A g a i n ,  t h e  s t a n d a r d  c o n d i t i o n s  'O,") m u s t  b e  mo - 
d i f i e d  t o  a c h i e v e  s a t i s f y i n g  r e s u l t s .  T h e  e l i m i n a t i o n  r e a c t i o n  

c a n  b e  a c c o m p l i s h e d  b y  t r e a t m e n t  w i t h  s o d i u m  h y d r i d e  i n  d i m e t h y l -  

s u l f o x i d e .  A f t e r  h y d r o l y s i s  t h e  r e a c t i o n  p r o d u c t s  a r e  i s o l a t e d  by 

f i l t r a t i o n  [ y i e l d  6 5  - 9 5  % I  u n d e r  n i t r o g e n  a t m o s p h e r e  a n d  p u r i -  

f i e d  b y  s u b l i m a t i o n  ( y i e l d  30 - 50 % I .  T h i s  r e a c t i o n  s e q u e n c e  r e -  

p r e s e n t s  a n  e f f i c i e n t  a n d  g e n e r a l  m e t h o d  f o r  t h e  p r e p a r a t i o n  o f  

s u b s t i t u t e d  2 H - i s o i n d o l e s  ( 3 ,  R" = CH31 w i t h  m e t h y l  g r o u p s  a t  t h e  

c a r b o c y c l i c  m o i e t y .  

T h e  s p e c t r o s c o p i c  d a t a  a r e  o f  c o n s i d e r a b l e  i n t e r e s t  a n d  s i g n i f i  - 

c a n c e  f o r  t h e  s t r u c t u r e  o f  i s o l a t e d  1 0 a - h e t a r e n e s  ( 3 .  R" = C H 3 1  . 
T h e  p r o p e r t i e s  a r e  q u i t e  d i f f e r e n t  f r o m  t h o s e  o f  t h e  c o r r e s p o n  - 
d i n g  h a l o g e n  s u b s t i t u t e d  2 H - i s o i n d o l e s  [ 3 i ? ,  Rn = C 1 ,  B r l  w h i c h  

, e x i s t  e x c l u s i v e l y  i n  t h e  o - q u i n o i d  s t r u c t u r e  [?;?, Rn = C1, B r ) .  

C o n t r a r y  t o  t h i s ,  m e t h y l  s u b s t i t u t e d  2 H - i s o i n d o l e s  (?;?, R n =  CH31 
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T a b l e  1 : 4,5,6,7-Tetramethyl-isoindole ( 3 g l  a n d  4.7- a n d  5.6-Di - 
m e t h y l - i s o i n d o l e s  ( 3 b )  and ( 2 ~ 1 .  

7  
= C H 3 :  

0 ( 3 ~ 1 ,  R4 = R 5 = R 6 = R  mp N l l ~  c ( s u b l .  105  O C / O . O I  t o r r  I 

y i e l d  9 6 %  ( 5 0 % )  . - U V  ( C H ~ C ~ ~ ) :  A m a x  = 255  ( l g  E = 3 . 7 7 1 ,  295  

( 3 . 4 4 1 ,  309 ( 3 . 5 7 1 ,  322 ( 3 . 6 2 1 ,  334 nm ( 3 . 5 0 1 .  

0 
(2:'. R4 = R  ' = CH3 a n d  R5 = R  = H : mp 74-77  C  ( d e c a m p . )  ( s u b l .  

5 0  O c / 0 . 0 1  t o r r ) ,  y i e l d  7 5 %  ( 5 0 % )  . - U V  (CH2Cl21:  A m a x  = 281  

( i g  E = 3 . 2 5 ) ,  292  ( s h ,  3 . 4 1 ) .  308  (sh, 3 . 7 1 1 ,  3 2 1  ( 3 . 8 4 1 .  334  nm 

( 3 . 7 4 1 .  

0 
( 2 ~ 1 ,  R5 = R  -- = CH3 a n d  R~ = R  = H : mp 100-103  C  (decomp .1  

( s u b l .  75 O ~ / O . O 1  t o r r ) ,  y i e l d  9 5 %  ( 3 0 % )  . - U V  ( C R ~ C ~ ~ I  : A m a x  = 

250  ( l o g  s = 3 . 7 6 ) .  2 8 1  ( 3 . 3 3 ) .  294  ( 3 . 2 9 1 ,  3 1 3  ( 3 . 3 7 1 ,  324  ( 3 . 4 0 ) .  

337  nm ( s h ,  3 . 2 6 1 .  



i s o m e r i z e  t o  a  s i g n i f i c a n t  e x t e n t  i n t o  t h e  t a u t o m e r i c  1 H - i s o i n d o l e  
i 

fo rm 1 ,  ..- R" = C H 3 1  i n  d e p e n d e n c e  o f  t h e  s o l v e n t .  The c o n c e n t r a  - 

t i o n  o f  t h e  t a u t o m e r s  can  be  e s t i m a t e d  by r e l e v a n t  s i g n a l s  i n  t h e  

l ~ - ~ ~ R - s ~ e c t r a .  

The 4,5,6,7-tetramethyl-2H-isoindole (3,2 .-- 31 . was f o u n d  t o  be  t h e  

s t a b l e  t a u t o m e r i c  f o r m  i n  p o l a r  s o l v e n t s  ( d i m e t h y l s u l f o x i d e ,  a c e -  

t o n e l :  i n  d i o x a n e  t h e  o - q u i n o i d  s t r u c t u r e  i s  a l s o  p r e f e r r e d  t o  a  

r e m a r k a b l e  e x t e n t .  The e q u i l i b r i u m  i s  d i s p l a c e d  t o w a r d s  t h e  1  H - 

i s o i n d o l e  f o r m  [3 ,1  --. 31 . w i t h  d e c r e a s i n g  p o l a r i t y  of t h e  s o l v e n t .  

I n  b e n z e n e  an e q u i l i b r i u m  c o n c e n t r a t i o n  r a t i o  (3$?  9 / 3,1 81 o f  - - -  
64 : 36 i s  o b s e r v e d ,  w h i l e  i n  c h l o r o f o r m  n e a r l y  an  i n v e r s e  r a t i o  

i s  m e a s u r e d .  T h i s  r e s u l t  i s  s u p p o r t e d  by t h e  100  MHz s p e c t r u m  i n  

c h l o r o f o r m  a t  t e m p e r a t u r e s  f r o m  0  t o  -30  O C .  

F o r  t h e  4 . 7 - d i m e t h y l  compound t h e  p r e d o m i n a n c e  of t h e  Z H - i s o i n d o l e  

s t r u c t u r e  ( Z r g  $1 i s  a l s o  e s t a b l i s h e d  i n  p o l a r  s o l v e n t s  [ a c e t o n e ,  

d i o x a n e ,  a c e t o n i t r i l e l  b u t  i n n a n p o l a r s o l v e n t s  l i k e  b e n z e n e  t o o  . 
The f o r m a t i o n  o f  t h e  t a u t o m e r i c  1 H - i s o i n d o l e  f o r m  ( 3 , 1  e l  c a n  be  .-. 

d e t e c t e d  i n  t e t r a c h l o r o m e t h a n e  a n d  c h l o r o f o r m :  t h e  amount l c a . 1 5 % 1  

t o  b e  p r e s e n t  a t  e q u i l i b r i u m  i s  r e l a t i v e l y  s m a l l  compared w i t h  t h e  

t e t r a m e t h y l  compound [a ,a  e l .  I n  t h e  c a s e  o f  t h e  5 , 6 - d i m e t h y l  de  - 
r i v a t i v e  t h e  1 H - i s o i n d o l e  f o r m  [3;? G I  a p p e a r s  t o  h a v e  p r e f e r e n c e  

i n n o n p o l a r s o l v e n t s .  The c o n c e n t r a t i o n  o f  t h e  t a u t o m e r i c  f o r m s  

c o u l d  o n l y  be  e s t i m a t e d , , a s  i n  s o l u t i o n  ( b e n z e n e ,  c h l o r o f o r m 1  de -  

c o m p o s i t i o n  o c c u r r e d  r a p i d l y .  

S p e c t r o s c o p i c  e v i d e n c e  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  t h e  p o s i t i o n s  

of t h e  m e t h y l  g r o u p s  h a v e  a  s i g n i f i c a n t  i n f l u e n c e  upon t h e  s t a b i -  

l i t y  o f  t h e  t a u t o m e r i c  f o r m s .  The o - q u i n o i d  s t r u c t u r e  (a,?,) seems 

t o  be  f a v o r e d  by s u b s t i t u e n t s  i n  t h e  4 . 7 - p o s i t i o n  a d j a c e n t  t o  t h e  

f u s e d  p y r r o l e  s y s t e m .  Methy l  g r o u p s  i n  t h e  5 . 6 - p o s i t i o n  p r o b a b l y  

c o n t r i b u t e  i n d u c t i v e l y  t o  t h e  s t a b i l i z a t i o n  o f  t h e  1 H - i s o i n d o l e  

s t r u c t u r e  w i t h  t h e  b e n z e n o i d  m o i e t y .  ... 

The 2 H - i s o i n d o l e  s t r u c t u r e  [3,21 i s  t h e  most  r e a c t i v e  f o r m  t o w a r d s  - - -  
d i e n o p h i l e s .  R e a c t i o n s  w i t h  d i m e t h y l  a c e t y l e n e d i c a r b o x y l a t e  l e a d  

t o  t h e  f o r m a t i o n  o f  d i f f e r e n t  l : 2 - a d d u c t s  ( 4 )  o r  ( 5 1 .  - The 4 , 5 , 6 , 7 -  
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tetramethyl- and the 4.7-dimethyl-2H-isoindole [ZA1 $1  and [3,? b) 
exhibit similar chemical behavior. The initial step seems to be a 

1.3-cycloaddition, followed by a Michael addition of the cyclic 

imino group to the activated triple bond of the dienophile. This 

subsequent reaction takes a different course in the case of 5.6 - 
dimethyl-2H-isoindole ~ 1 .  The reaction sequence is also indu- 

ced by a 1,3-cycloaddition, but completed by an isomerization pro- 

cess t o  a tricyclic l:2-adduct with the structure of a substituted 
3a.9b-dihydrobenzo[g)indole (51. It seems conclusive that the iso- 

merization is blocked by the bulky substituents in the 4.7-posi- 
9 tion. The behavior of 5.6-dibromo-2H-isoindole (2, R ~ ' ~  = Brl , 

leading to a corresponding adduct with an analogous structure, is 

consistent with this interpretation. 

Table 2 : l:2-Adducts (41 and (51 - of 4,5,6,7-tetramethyl-2H-iso - 

indole 13,z -.- $1 and 4.7-dimethyl- or 5.6-dimethyl-2H-isoindole 

[zA1 bl and (?A? gl with dimethyl acetylenedicarboxylate 

($5). mp 208 OC (methanol), yield 14% .- In-NMR (CDC1 ) .  r = 4.48 
3 '  

(s.2H.N-CH), 5.04 (s,lH.CR), 6.12 (s,3H,0CH3), 6.21 ( S , ~ H . O C H ~ ) ,  

6.39 (s,3H,0CH3), 7.72 (s,6H,CH3), 7.87 (s,6H,CH3). 

(4b), rnp 176 OC (methanol), yield 17% .- 'H-NMR (CDC13): T = 4.44 

(~,ZH,N-CH), 4.99 (s,lH,CH). 6.11 (s,3H.OCH3), 6.20 (s,6H,0CH3), 

6.38 (s,3H,0CH3), '7.66 (s,6H,CH3). 

0 ( z g ) ,  mp 215-217 C (methanol), yield 18% .- '8-NMR (CDC1 ) .  r = 2.32, 
3 .  

(s,IH,CH), 4.62 (s,lH,CH), 6.17 (s,3H,0CH3), 6.21 (s,3H.OCH3), 6.24 

The experimental results can be summarized under two aspects. The 

1H-isoindole form (2;iI seems to be stabilized by the inductive 
effect of methyl groups lRn = CH31 at the carbocyclic system. In 

a diverse manner halogen atoms [R" = C1, Brl cause stabilization 

of the 0-quinoid 2H-isoindole structure 13,21, --. decreasing the elec- 

tron dansity in the heterocyclic 10"-system. Steric effects must 

also be operative because of the pronounced reactivity and dimini- 

shed stability of the 5.6-disubstituted 2H-isoindoles IZ:?). 
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