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I n d i a .  

Abs t rac t  -Th i s  r ev i ew  summarizes t h e  v e r s a t i l e  use o f  S c h i f f  basse, 

i rn ines end im in i um s a l t s  f o r  s y n t h e s i z i n g  a  g rea t  v a r i e t y  o f  h e t s r o -  

c y c l i c  compounds. A d d i t i o n  r e a c t i o n s  of S c h i f f  bases w i t h  a c i d  

anhydr ides ,  a c i d  c h l o r i d e s  and s s t e r s  have l e d  t o  the  s y n t h e s i s  o f  

p e n i c i l l i n s ,  p- lactams,  p y r r o l i d i n o n e s  and p i pe r i d i nones .  Csndenset ions 

o f  homophthel ic  anhydr ides  w i t h  Schi fP bases haws been t h e  key s teps  

f o r  s y n t h s s i z i n g  i soqu ino l i nones ,  p ro toba rbe r i nas ,  8-oxoberbines,  

bsnznphenen th r i d i nss  and i n d o l e  a l k a l o i d s .  Reactinns o f  p h t h a l i d e  

an ions  w i t h  i m i n i u n  s a l t s  have been u t i l i z e d  f o r  s y n t h e s i z i n g  p r o t o -  

berher ines ,  p h t h a l i d e  i s o q u i n o l i n e s  and r e l a t e d  a l ka lo i ds .  A d d i t i o n  

o f  l i t h i u m  me thy l  m e t h y l t h i o m e t h y l s u l f o x l d e  t o  Schilr  bases and a l e c t r o -  

r e d u c t i v e  a d d i t i o n  of a l k y l  h a l i d e s  t o  im in ium s a l t s  a r e  a l s o  d iscussed.  

+ Ded ica ted  t o  P ro fesso r  T s t e u j i  Karnetani on t h e  occasion o f  h i s  66 th  
b i r t h d a y  (1s t  August. 1983)  i n  a p p r e c i a t i o n  of h i s  con t i nued  a c t i v s  
i n t a r e s t  in H e t e r o c y c l i c  Chemistry. 
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The use o f  o r t h l  ha logeno s u b s t i t u t e d  S c h i f f  bases  f o r  t h e  s y n t h e s i s  

of p h e n a n t h r i d i n e s  b y  p h o t o c y c l i z a t i o n  i s  d i s c u s s e d  i n  a d d i t i g n  t o  

the use o f  p h o t o c h e m i c a l  method f o r  t h e  s y n t h e s i s  o f  bsnzoxazo les ,  

b e n r o t h i a z a l e s  and b s n z i m i d a z o l e s  f r o m  a p p r o p r i a t e l y  o r t h o  s u b s t i t u t e d  

s c h i f f  bases. The mass s p e c t r a l  f r a g m e n t a t i o n s  and UV s p e c t r a l  d a t a  

o f  s e v e r a l  new S c h i f f  basss  a r s  r e p o r t s d .  
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INTRODUCTION 

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

a l k a l o i d s .  P i c t s t - S p e n g l e r  r e a c t i o n s 1  and Pomerenz-Fr i t sch  r e a c t i o n s 2  a r e  

p r o m i n e n t  i n  s y n t h e t i c  i s o q u i n a l i n e  c h e m i s t r y .  Tha p a s t  few y e a r s  haws v i t n e s s e d  

i n t e n s i f y i n g  new and  i m a g i n a t i v e  a p p r o a c h e s  t o  t h e  p r e p a r a t i o n  o f  h e t e r o c y c l i c  

compounds by u s e  o f  t h e  imine  m o i e t y .  N o t a b l e  among t h e s e  a re  1 )  t h e  a d d i t i o n  

r e a c t i o n s  w i t h  a c i d  c h l o r i d e s ,  a c i d  a n h y d r i d e s  ( i n c l u d i n g  h o m o p h t h a l i c  anhydrides) ,  

e s t e r s ,  a r y l o x y a c e t i c  a c i d s ,  m e r c s p t o s c e t i c  a c i d ,  n i t r i l e  o x i d e  i n  t h e  s y n t h e s i s  

o f  f3 - l ec t sms ,  s y n t h s t i c  p e n i c i l l i n s ,  p y r r o l i d i n o n e s ,  p i p e r i d i n o n e s ,  a r a  

a n a l o g u e s  o f  t e t r a h y d r o c a n n e b i n o l s ,  d i h y d r o i s o q u i n o l i n o n e s ,  t s t r a h y d r o i s o q u i n o -  

l i n e s ,  8 - o x o b a r b i n e s ,  b s n z o p h e n a n t h r i d i n e s ,  t h i a z o l o i s o q u i n o l i n e s  and  o x e d i a z o -  

l i n e s ,  2 )  e l e c t r o r e d u c t i v e  a d d i t i o n  o f  a l k y l  h a l i d e s  t o  iminium s a l t s  f o r  t h s  

f o r m a t i o n  o f  a l k a l o i d s ,  3 )  a d d i t i o n  o f  a n i o n s  o f  me thy l  m e t h y l t h i ~ m s t h y l s u l P o x i d e  

i n  t h e  s y n t h e s i s  o f  p r o t o b e r b e r i n e s ,  4 )  a d d i t i o n  of p h t h a l i d e  a n i o n s  f o r  t h e  

s y n t h e s i s  oP p r o t o b e r b e r i n e s  a n d  p h t h a l i d e  i s o q u i n o l i n s s ,  5)  c y c l i z a t i o n  o f  



imine s a l t s  f r o m d - a m i n o  a c i d  d e c a r b o n y l a t i o n  t o  fo rm b e r b i n e s ,  6 )  benzyne  

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

such a s  p h e n a n t h r i d i n e s  and  b s n z o p h e n a n t h r i d i n e s ,  7 )  c y c l o a d d i t i o n  r e a c t i o n s  o f  

azometh ine  y l i d e s  w i t h  a l k e n e s  t o  g i v e  p y r r o l i d i n e s  and  8 )  p h o t o c h a m i c a l  

c y c l i z a t i o n s  i n  t h e  s y n t h e s i s  o f  p h a n a n t h r i d i n e s  and  e z o l e s .  

One of t h e  a a r l i s s t  r e v i e w s  o n  t h e  c h e m i s t r y  o f  S c h i f f  b a s e s  is  by Layer  i n  

19632a'  Complete  r e f e r e n c e s  t o  t h o  work o f  K e s s a r  on o r t h g h e l a  - a n i l s 3  a s  a l s o  

i t s  e x t e n s i o n s  by o t h e r  w o r k e r s  a r e  p r o v i d e d  by  hilli ids and c a s t l e 4  and Heacn 

4 and Swanson . In S a u l  P a t a i ' s  monumental work5 "The C h e m i s t r y  o f  F u n c t i o n a l  

Craups" much o f  t h e  r e c e n t  i m i n e  c h e m i s t r y  is d i s c u s s e d .  d u r  o b j e c t i v e  is  

mainly t o  h i g h l i g h t  some s u b s e q u e n t  ma jo r  c o n t r i b u t i o n s .  

1 .  A d d i t i o n  of Acid Anhydr ides ,  Acid C h l o r i d s s  and E s t e r s  t o  S c h i f f  B a s e s  

S c h i f f  b a s e s  can  r e a d i l y  be  a c y l a t e d  w i t h  a c i d  a n h y d r i d s s  and a c i d  c h l o r i d e s .  

c k e l e y 6  r e a c t e d  b a n z y l i d e n e a n i l i n e  ? _ w i t h  a c e t i c  a n h y d r i d e  and  o b t a i n e d  a 

p r o d u c t  which was a s s i g n e d  s t r u c t u r e  2. T h i s  s t r u c t u r e  was l a t e r  c o n f i r m e d  by 

8 snyder7  and B u r g s t z h l e r  . The  IR s p e c t r u m  of t h e  compound 2 i n  c h l o r o f o r m  

s o l u t i o n  showed s t r o n g  a b s o r p t i o n s  a t  1745cm-' ( e s t e r  c a r b o n y l )  and 1671cm-~  

9 ( d i s u b s t i t u t e d  a m i d e ) .  86hme s t u d i e d  t h a  r e a c t i o n s  o f  S c h i f f  b a s e s  w i t h  s i m p l e  

a c i d  c h l o r i d s  ( s u c h  a s  a c e t y l  c h l o r i d e  and  b e n z o y l  c h l o r i d e )  and c y a n o a c e t y l  

c h l o r i d e .  I n  t h e  l a t t e r  c a s e s  p - l a c t a m s  w e r s  r e a d i l y  o b t a i n e d  as i n d i c a t e d  below. 

C6H5CH NC6H5 RCOCl C  H - H NCOR - 6 5 $ - ,  
51 c6n5 
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- 
I n  t h e  case o f  e s t e r s  c o n t a i n i n g  a c t i v e  methylene (o r  methine)  group t h e  r e a c t i o n  

proceeds as shoun: 

1.1 S y n t h s t i c  P e n i c i l l i n s  - A c y l a t i o n  of 6 -Am inopen i c i l l an i c  Ac id  (6-APAL 

The above a c y l a t i o n  r s a c t i o n s  have baen v a l l  e x p l o i t e d  i n  t h e  syntheses o f  

he te rocyc les .  I n  1'367, ~ e u s e r "  found i t  advantageous t o  i s o l a t s  and p u r i f y  

6-APA, t h e  b a s i c  i n t e r m e d i a t e  f o r  t h e  p r o d u c t i o n  o f  sem isyn the t i c  p e n i c i l l i n s .  

as i t s  S c h i f f  bases. La te r  ~ e u s e r "  r e p o r t e d  t h a t  i t  uas  p o s s i b l e  t o  a c y l a t a  t h e  

S c h i f f  basee d i r e c t l y  t o  fo rm t h e  d e s i r e d  p e n i c i l l i n  d e r i v a t i v e s  w i t h o u t  t h e  

n e c e s s i t y  o f  g e n e r a t i n g  t h e  f r e e  amino a c i d  f o r  use as s t a r t i n g  m a t e r i a l .  Thus 

Heuser & Q 1 . d i r ~ c t e d  t h e i r  s t u d i e s  towards  t he  a c y l a t i o n  of t h e  S c h i f f  bases o f  

6-APA s a l t s  and ea te r s .  The synthesis o f  p e n i c i l l i n  U ( 3 d )  and i t s  m e t h y l  e s t e r  

(2) ware i n v e s t i g a t e d  u t i l i z i n g  compounds 2 and 36 a s  aube t ra te  f o r  a c y l a t i o n .  

Upon a d d i t i o n  o f  phenoxyacety l  c h l o r i d e  t o  a c o l d  s o l u t i o n  o f  5 i n  CDC13, 

PRR and I R  d a t e  showed t h e  d isappearance o f  t h e  -CH-N- doub ls  bond w i t h o u t  t h e  

f o r m a t i o n  o f  en aldehyde. Free 6-APA was n o t  formed i n  t h e  r e a c t i o n  under 

anhydrous c o n d i t i o n s  b u t  was r e a d i l y  p r e c i p i t a t e d  upon a d d i t i o n  o f  water  t o  t h e  

r e a c t i o n  m i x t u r e .  A f t e r  t h e  a d d i t i o n  o f  approx imate ly  one e q u i v a l e n t  o f  a c i d  

c h l o r i d e .  t h e  a d d i t i o n  of  a  sodium 2-ethy lhexanoate s o l u t i o n  i n  anhydrous me thy l  

i s o b u t y l  ke tone  d i d  n o t  produce t h e  sodium s a l t  o f  p e n i c i l l i n  V (36). 



3 d  Fi1 - C6H50CH2CONH , R2 - H - 
38 R1 - C6H50CH2CONH , R2 - CH, 

3 f  R1 - C6H5CHCONH , Fi2 - H - 
I 
N"2 

Houevsr, a f t e r  h y d r o l y s i s  of t h e  i n t e r m e d i a t e  v i t h  w a t e r ,  sod ium s a l t  o f  

U (x) c r y s t a l l i z e d  r e a d i l y .  N-Carboxy-D-phenylglycine a n h y d r i d e  (NCA) h a s  b e e n  

used t o  p r e p a r e  e m p i c i l l i n s  (3P) f rom 6-APA". The b e n z y l i d e n e  (Je) and  a n i s y l i -  

dsne (Jc) S c h i f f  b a s e  s a l t s  o f  6-APA b o t h  r e a c t e d  w i t h  NCR, g i v i n g  i n t e r m s d i e t e  

SchiPf b a s e s  t h a t  c o u l d  b e  h y d r o l y e e d  t o  a m p i c i l l i n  (3P)l3. The r e a c t i o n s  

i n v o l v e d  a r e  d e p i c t e d  be lou :  

A p r o b a b l e  mechanism f o r  t h e  a d d i t i o n  o f  NCA t o  S c h i f f  b a s e s  is shown be low:  
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T h u s ,  t h e s s  p r o c e d u r e s  o f f s r  a g e n e r a l  m t h o d  f o r  p r e p a r i n g  s s m i s y n t h e t i c  

p e n i c i l l i n s  f rom an i n t e r m e d i a t e  S c h i f f  b a s e  o f  6-APd. 

1 .2  S y n t h e s i s  o f  6 -Lac tams  

p -Lactams a s  a c l a s s  had been of  l i m i t e d  i n t e r e s t  u n t i l  t h e  d i s c o v e r y  t h a t  

1 4  
p e n i c i l l i n s p o s s e e s  t h i s  h e t e r o c y c l i c  r i n g  s y s t e m  as a ksy  f e a t u r e  . F u r t h e r  

i n t e r e s t  was a r o u s e d  by t h e  f i n d i n g  t h a t  t h e  s t r u c t u r e  o f  t h e  a n t i b i o t i c  

1 5  
c e p h a l o s p o r i n  C a l s o  c o n t a i n s  t h e d  -amino-f3 -1actam moiety  . L a t e r  i t  was 

r e p o r t e d 1 '  t h a t  t h e  ma jo r  a l k a l o i d  o f  Pachysandra  t e r m i n a l i s  i s  a s t e r o i d a l  

a l k a l o i d  c a r r y i n g  a f3-lactam r i n g .  Thus  i t  is  a p p a r e n t  t h a t  @ - l a c t a m s  are n o t  

q u i t e  a s  uncommon i n  n a t u r e  as was o n c e  c o n s i d e r e d .  

I n  t h s  c o u r s e  o f  h i e  s t u d i e s  on t h e  c h e m i s t r y  o f  k s t e n e s ,  5 t a u d i n g s r l 7  

d i s c o v e r e d  t h a t  t h e s e  compounds,in p a r t i c u l a r  k e t o - k e t e n e s ,  r e a c t  u i t h  i m i n e s  t o  

p r o d u c e  f - l a c t a m s .  The f i r s t  known l a c t a m , l  ,3,3,4-tetraphenyl-2-azatidinons P - 
r e  

uas p r e p a r e d  f rom d i p h e n y l  k e t s n e  and b e n z y l i d e n s a n i l i n e  . ~ o s e ' ~  Found t h a t  



t h e  r e a c t i o n  of S c h i f f  b a s e  4 v i t h  a z i d o a c e t y l  c h l o r i d e  (5 )  i n  t h e  p r e s e n c e  o f  

t r i e t h y l a m i n e  i n  benzene  a f f o r d e d  two dias tereomer icd -az ido - f - l ac tams  & and  I. 
The s t e r e o c h e m i s t r y  oP t h e s e  i s o m e r s  was deduced  f rom t h e  magn i tude  o f  t h e  

v i c i n e l  c o u p l i n g  c o n e t a n t s  o f  t h e  p r o t o n s  a t  C-3 and C-4 (2-5.6Hz f o r  cis and  

2.0-2.8 f o r  trans). The r e l a t i v e  p r o p o r t i o n s  o f  a n d  trans i s o m e r s  were  found  

t o  depend  on t h e  s e q u e n c e  o f  a d d i t i o n  o f  r e a c t a n t s 2 ' .  When a m e t h y l e n s  c h l o r i d e  

s o l u t i o n  o f  a z i d o a c e t y l  c h l o r i d e  was added  d r o p w i s e  t o  a  s o l u t i o n  o f  b e n z y l i d e n e -  

a n i l i n e  and  t r i e t h y l a m i n e  i n  t h e  same s o l v e n t  a t  o r  below room t e m p e r a t u r e  t h e  

p r o d u c t  r a t i o  was 3: l  o f  cis t o  trans. Howsver, when t r i e t h y l a m i n e  was added  t o  

a  s o l u t i o n  if t h e  S c h i f f  b a s e  and  a c i d  c h l o r i d e ,  t h e  r e l a t i v e  p r o p o r t i o n  o f  & 

and was r e v e r s e d  and uas f o u n d  t o  b e  a b o u t  1 : 3 .  T h i s  i n d i c a t e s  t h a t  a 

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

by c h a n g i n g  t h e  s e q u e n c e  of  a d d i t i o n  o f  r e a c t a n t s .  

mechanism f o r  t h e  f o r m a t i o n  o f  (3 -1ac tams  

I n i t i a l l y ,  Sheehan  and   e en'' have  s u g g e s t e d  t h e  f o r m a t i o n  o f  a  k e t e n e  From 

t h e  a c i d  c h l o r i d e  which r e a c t s  w i t h  t h e  S c h i f f  b a s e  t o  form t h e  l a c t a m .  

t r a n s  o n l y  - 
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L a t e r ,  BGhme g g? s u g g e s t e d  t h e  Format ion o f  a sa l t  t o  b e  t h e  i n t e r m e d i a t e  

which u n d e r g o e s  d ~ h y d r o h a l o ~ e n a t i o n  i n  t h e  p resence  o f  t r i e t h y l e m i n e .  

The a d d i t i o n  o f  a c i d  c h l o r i d e s  t o  S c h i f f  b a s e s  i a  c a l l e d  t h e  "Acid c h l o r i d e i m i n e "  

r e a c t i o n .  I n  a s e r i e s  o f  p u b l i ~ a t i o n s ' ~ * ~ ~  Bose end  c o v o r k e r s  examined ,  i n  d e t a i l ,  

b o t h  t h e  mechanism e n d  s t e r e o c h e m i s t r y  of "Acid c h l o r i d e - i m i n e "  r s a c t i o n s .  Con- 

t r a r y  t o  t h e  o b s e r v a t i o n s  o f  Sheehan  and  RyanZ1, Bose end  c o w o r k e r s  o b s e r v e d  t h e  

f o r m a t i o n  o f  b o t h  trans end d i a s t e r e o m e r s  in  t h e  "Acid c h l o r i d e - i m i n e "  r e -  

a c t i o n s .  T h i s  s u g g e s t s  t h e  p o s s i b i l i t y  o f  t h e  f o l l o w i n g  i n t e r m e d i a t e :  

Acid c h l o r i d s s  p o s s e s s i n g  a N,O,S o r  C1 ( u i t h  i t s  l o n e  p a i r  o f  e l s c t r o n s )  a t  

thed.-posi t ion form s f i v e m e m b e r e d  i n t e r m e d i a t e  w h e r e  t h e  l o n e  p a i r  o f  e l e c t r o n s  

o n  t h e  s u b s t i t u e n t  X p a r t i a l l y  n s u t r a l i z e  t h s  deve loped  p o s i t i v s  c h a r g e  o n  t h e  

c a r b o n  n e x t  t o  t h e  n i t r o g e n .  The  five-membered i n t e r m e d i a t e  p o s s e s s a s  t h e  r i g h t  

geomet ry  w h e r e i n  t h e  p r o s p e c t i v e  C-3 and  C-4 of t h e  p - l s c t a m  a r e  c l o s s  enough t o  

fo rm t h e  bond (Scheme 1 ) .  I n t e r e s t i n g l y ,  i f  t h e  h e t o r o a t o m  (N,o ,S  o r  C1) is  

SCHEME 1 ( c o n t .  n e x t  p a g e )  

- 5 9 3 -  



p r e s m t  a t  t he  f - p o s i t i o n  of t h e  a c i d  c h l o r i d e  o n l y  t r a c e s  o f  t r a n s  l ac tam i s  - P -  
produced. The p o s s i b l e  6-membered i n t e r m e d i a t e  does n o t  i n c o r p o r a t e  t h e  r i g h t  

placsment of t h e  p r o s p a c t i v s  C-3 and C-4 (Scheme 2). 

L 

Scheme 2 

Traces oP t h e  observed p - l ac tem (trans) may have been formed via t h e  ke tene i n t m r -  

mediate. These obse rva t i ons  exempl i f y  t h e  m u l t i p l i c i t y  of t h e  Pas to r s  i n v o l v e d  i n  

determin ing  t h e  dominant mechanism. 

The s y n t h e s i s  o f  f3- lac tams c o u l d  a l s o  be ach isved w i t h  t h e  use o f  mixed 

anhydr ides i n  t h e  p l a c e  o f  a c i d  ch lo r i des16 .  V a r i e t i e s  o f  mixed anhydr ides  as 

i nd i ca ted  i n  Scheme 3 p r o v i d s d  t h e  lec tams i n  good y i e l d .  8- 
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CHZ2 CHR' 2-CH - CHR' 

I + t 2  - I 
c 

I 
COOR N R  I 

N R ~  

O 

R Z R1 R2 P r o d u c t  

H OP h  p-lleOC6H4 CHPh2 Only cis 
COCF3 N3 p-fleOC6H4 P-HOOCC6H4 Only trans 
COOEt N3 Ph P  h  - c i s  and trans 
COOiBu N3 P  h  Ph - c i s  and  trans 

Scheme 3  

I m i n e s  i n  which  C=N moie ty  is  p a r t  o f  s r i n g  s y s t e m , s . 3 , 4 - d i h y d r o i s o q u i n o -  

l i n e  t l - r e a c t  w i t h  a z i d o a c e t y l  c h l o r i d e  t o  g i v e  f u s e d  d - a z i d o - p  - l a c t a m  9 i n  good 

y i e l d .  T h e p - l a c t a m  9 c o u l d  b e  c a t a l y t i c a l l y  r educed  t o  arninolactam end  

s u b s e q u e n t l y  a c y l a t e d .  

1 .3  At tempted  A d d i t i o n  o f  C h l o r o a c e t Y l  C h l o r i d e  t o  S c h i f f  B a s e s  

I n  a n  a t t e m p t  t o  s y n t h e s i s  k l a c t e m s  by t h s  a d d i t i o n  of c h l o r o a c e t y l  

c h l o r i d e  t o  S c h i f f  b a s e s ,  K r i s h n e  h r t h y  &f3 r e a c t e d  e s ~ ~ r e l  4 - b e n ~ e l e m i n o -  

3-methyl-5-styrylisoxazoles (lo) w i t h  c h l o r o a c e t y l  c h l o r i d e .  Unexpec ted ly  i n  

a l l  c a s e s  s t u d i e d  t h e  a u t h o r s  were  a b l e  t o  i s o l a t e  o n l y  t h e  amide 11 end  n o t  

t h e  p - l a c t a m  12. 



A p l a u s i b l e  mechanism i n v o l v i n g  a n c h i m e r i c  a s s i s t a n c e  from t h e  o l e f i n i c  bond of  

t h e  s t y r y l  moiety has been proposed .  However, no mention oP t h e  p o s s i b i l i t y  of  

t h e  h y d r o l y s i s  o f  t h e  S c h i f P  b a s e s  fo l lowed by a c y l a t i o n  h a s  been made. 

1.4 S y n t h e s i s  of P v r r o l i d i n o n e s  

I n  1969, Neal C a s t a g n o l i  ~ r ? ~  w i t h  h i s  i n t e r e s t  i n  examining e t r v c t u r a l  

parametera  a s s o c i a t e d  w i t h  p e r i p h e r a l  and c e n t r a l  nervous  eystem a c t i v i t i e s  o f  

t h e  tobacco  a l k a l o i d  n i c o t i n s  z, l e d  t o  a  c o n s i d e r a t i o n  o f  p o t e n t i a l l y  ver -  

s a t i l e  s y n t h e t i c  r o u t e s  t o  s u b s t i t u t e d  2 - e r y l p y r r o l i d i n o n e e .  As a p a r t  o f  t h e  

13 - 
programme, he f i r s t  s t u d i e d  t h e  c o n d e n s a t i o n  oP benzyl idenemethylamine  w i t h  

s u c c i n i c  anhydr ids -an  a c y l a t i o n  r e a c t i o n  whish h a s  a l r e a d y  been mentioned. Frac-  

t i o n a l  c r y s t a l l i z a t i o n  of  t h e  r e a c t i o n  p r o d u c t  y i e l d e d  two d i a s t e r e o m e r i c  p y r r o -  

l i d i n o n a s  E ~ a n d  l5; t h e  trans i s o n s r  4 b e i n g f o r m e d  a s  t h e  m e j o r ~ p r o d u c t .  The 
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c o u p l i n g  c o n s t a n t  J q V 5  ( ~ H z ,  trans i eomer  14 and 9Hz, i somer  l5) e r e  i n  e g r e e -  

msn t  u i t h  t h s  v a l u e e  e x p e c t e d  on t h e  b a s i s  o f  d i h e d r a l  a n g l e 8  H4-5 ( 1 4 , 1 2 0 ~ ;  

1 5 ,  0') .  - 
The i n t a r m e d i a t e  h a s  h e n  s u g g e s t e d  f o r  s u c h  r e a c t i o n s  i n v o l v i n g  S c h i f ?  b a s e  

2 5 
and  a n h y d r i d e z 4 .  E v i d e n c e  f o r  s u c h  a n  i n t e r m s d i s t s  had a l s o  b e e n  a d v a n c e d  . 

E l e c t r o n  d o n a t i n g  s u b s t i t u n n t e  o n  t h e  b e n z e n e  r i n g  w h i c h  s t a b i l i z e  t h e  p o s i t i v e  

c h e r g e  o n  t h e  n i t r o g e n  ( s t r u c t u r e  2) seem t o  f a v o u r  t h e  a d d i t i o n  r e a c t i o n .  

On t h e e e  l i n e s ,  t h e  c o n d e n s a t i o n  o f  N-3-pyridylidenemethylamine and  s u c c i n i c  

a n h y d r i d e  g a v s  ~ - l - m e t h y l - 5 - ( 3 - p y r i d y 1 ) - 2 - p y r r o l i d i n o n e 2 6 ( ~ ) ,  t h e  geomet ry  
I 

b e i n g  conPi rmed  by a  c o u p l i n g  c o n s t a n t  o f  5Hz f o r  t h e  C-5 m e t h i n e  d o u b l e t z k .  The  

p y r o l i d i n o n e  h a s  been  f u r t h e r  c o n v e r t e d  i n t o  3 - m e t h y l n i c o t i n B  E. 

1 . 5  9 n t h e s i e  o f  P i ~ e r i d i n o n e s  

Then Cuahman and ~ a s t e g n o l l i ~ ~  t u r n e d  t h e i r  a t t e n t i o n  t o  e n  e x t e n s i o n  o f  t h i s  

c o n c e p t  f o r  t h e  s y n t h e s i s  o f  p i p e r i d i n o n e s  which they  i n c o r p o r a t e d  i n t o  i n t e r e s t i n g  

n i t r o g e n  a n a l o g u e s  o f  t h e  t e t r a h y d r o c e n n a b i n o l s ( T ~ C ) ~  a n d  2. R number o f  THC 



n i t r o g e n  a n a l o g u e s  had bean  r e p o r t e d  ear l ier ,  t h e  a y n t h e m i s  o f  most  o f  t h e  s n a -  

logues  b e i n g  b a a e d  o n  t h e  e a r l y  work o f  hdansZ8 end    odd^'. T h e s e  a u t h o r s  con- 

densed e t h y l  5-methylcyclohexanone-2-carboxylate ( Z l )  w i t h  o l i v e t o 1  (% t o  g i v e  

t h e  b e n z o p y r o n e  ( 2 3 ) .  T r e a t m e n t  o f  ( 2 3 )  w i t h  methylmagnesium i o d i d e  y i e l d e d  t h e  
3 u n n a t u r a l  end l e e s  p h y s i o l o g i c a l l y  a c t i v e d  -THC 2. 

B y  c o n d e n s a t i o n  o f  a p p r o p r i a t e l y  s u b s t i t u t e d  p i p e r i d i n o n e a  w i t h  o l i v e t o l  (22) 

under s i m i l a r  c o n d i t i o n s ,  f o l l o u e d  by r e a c t i o n  w i t h  msthylmagneaium i o d i d e  a z a  

a n a l o g u e s  25 a n d  26 have  b e s n  p r e p a r e d  30,31,32. 
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Sines t h e  u n n a t u r a l   isomer 3 i s  f o u n d  t o  b e  l e s s  p o t e n t  i n  a n i m a l s  and men 

t h a n  t h e  trans i s o m e r s  2 a n d  20 ,  a n y  s y n t h e t i c  method d e v i s e d  t o  p r e p a r e  n i t r o g e n  

a n a l o g u e s  o f  T H C  m u s t  p r o v i d e  i n t e g r i t y  o f  t h e  trans r i n g  f u s i o n  a n d  a ' n a t u r a l '  

l o c a t i o n  o f  t h e  o l a f i n i c  d o u b l e  bond .  A d d i t i o n a l l y  s u c h  s y n t h e t i c  r o u t e s  s h o u l d  

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

These o b j e c t i v e s  were a c h i e v e d  b y  Cushman and ~ a s t a g n o l i ~ '  i n  t h e  s y n t h e s i s  

of  a n d  28. 



I n  t h e  p r e s e n t  r s v i e v  t h e  scheme o f  s y n t h e s i s  o f  t h e s e  two compounds i s  not  

d i s c u s s e d  but  o n l y  t h a t  o f  t h e  key i n t e r m e d i a t e  p i p e r i d i n o n e s  which is r e l e v e n t .  

Condensat ion o f  s u b s t i t u t e d  o-an~sylidene-msthylamine w i t h  g l u t d r i c  anhydr ide  i n  

r e f l u x i n g  x y l e n a  y i e l d e d  a d i a s t s r e o m e r i c  mixture  o f  2 and 50 which c o u l d  be 

separated  by f r a c t i o n a l  c r y s t a l l i z a t i o n .  
0 
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Aga in  t h e  ma jor  p r o d u c t  was t he  trans isomsr %whose c o n P i g u r a t i o n  was 

i n d i c a t e d  by a c o u p l i n g  cons tan t  of 2.5Hz between H5.and H6. The & isomer 

(minor p r o d u c t )  e x h i b i t e d  a c o u p l i n g  cons tan t  o f  5Hz Por t h e  same pro tons .  

A d d i t i o n a l l y  t h e  me thy l  a s t e r s  o f  2 and 30 were prepared  and t h e i r  PRR s p e c t r a  

s tud ied .  A mo lecu la r  mods1 o f  t h e  m e t h y l  e s t e r  o f  t h e  cis a c i d  50 would i n d i c a t e  

t h e  e s t e r  m e t h y l  t o  l i e  i n  t h e  s h i e l d i n g  r e g i o n  oP t h e  a roma t i c  r i n g .  T h i s  i s  

borne o u t  by an u p f i e l d  s h i f t  (6 3.56) f o r  t h i s  methy l  group. The a s t e r  methy l  

o f  t h s  trans compound shows an a b s o r p t i o n  s l i g h t l y  downPield a t  68.75. 

1.6 Reac t ions  o f  Schi fP Bases w i t h  E s t e r s  

E s t e r s  o f  p h s n y l a c e t i c  a c i d  r e a c t  v i t h  b e n z y l i d e n e a n i l i n e  t o  g i v e  t h s  s imp l s  

a d d i t i o n  p r o d u c t s  as shown 

However, when a  good l e a v i n g  group i a  p r e s e n t  i n  t h e  a l c o h o l i c  p a r t  o f  t h e  e s t e r ,  

t h e  adduct  e l i m i n a t e s  t h e  a l c o h o l  ( o r  t o  fo rm t h e  aze t i d i none  r i n g  

3 4 (Scheme 4) . 

H&Q--~ 

o -Jx- + 
Scheme 4  

'"02 

T h i s  i s  a conven ien t  method t o  syn thes i ze  azs t id in -2 -ones  from imines  and a 

c a r b o x y l i c  a c i d  whose a c i d  c h l o r i d e  i s  d i f f i c u l t  t o  p repare .  



1.7 R e a c t i o n  of 3 . 4 - D i h y d r o i s o q u i n o l i n s  u i t h  A c e t v l e n e d i c a r b o x y l i c  ~ s t s r  

H u i e g s n  and  ~ e r b i g ~ '  s t u d i e d  t h e  r e a c t i o n  o f  3 . 4 - d i h y d r o i s o q u i n o l i n e ( ~ )  

u i t h  a c e t y l e n e d i c a r b o x y l i c  e s t e r  (32) and  found  t h a t  t h e  p r o d u c t  depended  on t h e  

r e a c t i o n  c o n d i t i o n .  Whsn e q u i m o l a r  q u a n t i t i e s  o f  3 , 4 - d i h y d r o i s o q u i n o l i n s  (31) 
and a c e t y l e n e d i c a r b o x y l i c  ester (32) were  mixed i n  d r y  e t h e r ,  an e x o t h e r m a l  

r e a c t i o n  o c c u r r e d w i t h  t h s  f o r m a t i o n  o f  53. A p o s a i b l e  mechanism h a s  a l s o  b e e n  

s u g g e s t e d  (Scheme 5) .  

On t h e  o t h e r  hand  when one  e q u i v a l e n t  o f  t h e  a c e t y l e n e d i c a r b o x y l i c  e s t e r ( 3 2 )  

i n  a c r y l o n i t r i l e  was added d r o p w i s s  o v e r  a l o n g  p e r i u d  t o  two e q u i v a l e n t s  of 

3 , 4 - d i h y d r o i s o q u i n o l i n e  ( 3 l )  i n  t h e  same s o l v e n t ,  a d i m s r i c  p r o d u c t  (34) was 

SCHEME 6 (Cant .  n e x t  p a g e )  
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34 - 

obtained which is formed by 

Scheme 6 

the addition of a second mole lcule of dihydl 

line (2) tcl the dipolar intermediate (Scheme 6). Additionally, when the dimeric 

product 34 was stirred with acetyl chloride or hydrochloric acid in benzene the 

tetra ester 33 and 3.4-dihydroislquinoline were formed in good yield. 

  air^^ in a similar reaction, observed the formation of 1 :2 edduct (56) when 
1-methyl-6,7-dimethoxy-3,4-dihydroieoquinnline (35) was treated with acetylenedi- 

carbovylic estar (3'2) in dry ether. 

Interestingly, when methanol uas used as solvent (in the place of dry ethsr) the 

product obtainsd was ths lactam z. This could only be formed by the enamine form 

of the dihydroieoquinoline (Scheme 7). 



Scheme 7 

However, when 1-phenyl-6,7-dimethoxy-3,O-dihydroisoquinoline (2) and 

d i m e t h y l  a c s t y l e n e d i c a r b o x y l a t e  (32) we88 r e a c t e d  i n  m e t h a n o l  u n d e r  s i m i l a r  

c o n d i t i o n s  an u n e x p e c t e d  r e a c t i o n  t o o k  p l a c e  w i t h  t h s  f o r m a t i o n  oP t h e  lactone 4d7. 
The a u t h o r s  e x p l a i n  t h a  p r o d u c t  as b e i n g  Formed a f t e r  a p r i m a r y  a d d i t i o n . o P . u a t e r  

a c r o s s  t h e  k s t i m i n e  F o l l o u ~ d  by r e a c t i o n  w i t h  a c e t y l e n s d i c a r b o x y l i c  e s t e r .  I t  is 

i n t e r s s t i n g  t o  n o t e  t h a t  1 -methy l  e n d  1 - p h e n y l - s u b s t i t u t e d  3 . 4 - d i h y d r o i s o q u i n o h s s  

r e a c t  d i f f e r e n t l y  w i t h  d i m e t h y l  a c e t y l e n s d i c a r b o x y l a t e  u n d e r  similar r e a c t i o n  

c o n d i t i o n s ,  
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1.8 A d d i t i o n  o f  A r y l o x v a c e t i c  A c i d s  t o  Iminoth ioe thers  

1 - f l s t h y l t h i o - 3 , 4 - d i h y d r o i s a q u i n o l i n e  on a n n e l e t i o n  w i t h  a r y l o x y e c e t i c  

a c i d s  42 i n  t h e  p r e s e n c e  o f  PDC1&t3N i n  CHZC12 a f f o r d e d  P - m e t h y l t h i o -  f -  
30 l a c t a n s  2 . 

R = P h s n y l ,  
2 ,4 -Dich loropheny l ,  

R = p-Naphthyl  

I t  s h o u l d  ba mentioned h a r e  t h a t  t h e  s i m p l e  3 , 4 - d i h y d r o i s o q u i n o l i n e  d i d  n o t  

undergo a  s i m i l a r  r e a c t i o n  w i t h  p h e n o x y a c e t y l  c h l o r i d e .  



1.9 A d d i t i o n  o f  n e r c a ~ t o a c s t i c  Ac id  t o  I-~ethyl-3.4-dihydroisoquinolin~ 

I n  e d i f f e r e n t  k i n d  o f  a d d i t i o n  r e a c t i o n ,  Nair et?' had r e p o r t e d  t h e  

f o r m a t i o n  o f  t h i a z o l o i s o q u i n o l i n s  (45) f rom t h e  a d d i t i o n  o f  1-methyl-3 ,4-dihydro-  

i s o q u i n o l i n s  (e) w i t h  m e r c a p t o a c e t i c  a c i d .  

I n  t h i s  C a s e ,  t h e  a u t h o r s  c o u l d  n o t  d i s t i n g u i s h  be tween  t h e  c y c l i c  k e t i m i n e  and  

t h e  c o r r e s p o n d i n g  enamine  (46) a s  t h e  r e a c t i n g  s p r r c i e s  s i n c e  b o t h  f o r m s  c o u l d  

t h e  same add i  :t. However, t h e  r e a c t i o n  c a n  e a s i l y  be  v i s i  

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

na ted  i m i n e .  The  enemine  form is l a s s  l i k e l y  t o  b e  i m p l i c a t e d .  

1.10 A d d i t i o n  o f  N i t r i l e  Oxide t o  S c h i f f  B a s e s  

K r i s h n s  Rur thy  & &40 s t u d i e d  t h e  a d d i t i o n  o f  b e n z o n i t r i l e  o x i d e  t o  a sys tem 

c o n t a i n i n g  b o t h  C-C and  C-N bonde and  o b s e r v e d  t h e  a d d i t i o n s  p r e f e r e n t i a l l y  t a k i n g  

p l a c e  a t  C-N bond. T h e s e  a u t h o r s  s t u d i e d  t h e  r e a c t i o n e  o f  s e v e r a l  S c h i f f  b a s e s  

d e r i v e d  f rom s u b s t i t u t e d  a n i l i n e s  a n d  f o u n d  s i m i l a r  p r o d u c t s  i n a l l  cases (5chema  8). 

When t h e  r e a c t i o n  was pe r fo rmed  u s i n g  two moles  o f  b e n z o n i t r i l e  o x i d e ,  t h e  

a d d i t i o n  o c c u r r e d  only t o  t h e  C-N bond i n d i c a t i n g  t h a t  t h e  o l e f i n i c  bond is  i n e r t  

even u n d e r  t h e s e  c o n d i t i o n s .  T h a t  t h e  b m z o n i t r i l e  o x i d e  a d d i t i o n  h a s  t a k e n  p l a c e  

t o  C-N i n  p r e f e r e n c e  t o  C-C, is  i n  F e e p i n g  w i t h  t h e  e a r l i e r  o b s e r v a t i o n 4 ' .  The  

2 
produc t  i n  t h e s e  r s a c t i o n e  wa. a l w a y s  A - 1 , 2 , 4 - o x a d i a z o l i n e s  which is  i n  

42 
agreement  w i t h  t h e  f i n d i n g s  o f  C l a p p  and  S r i v a s t a v a  . 
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A r  = phany l ,  p-methoxyphenyl, p -To l y l ,  p -ch lo ropheny l  

p-d imethylaminophenyl ,  m-methoxy- p-hydroxyphenyl,  

p-hydroxyphenyl  and m-hydroxyphenyl 

Scheme 8 

2. Reac t ions  o f  S c h i f f  Bass8 u i t h  Homophthal ic Anhydr ides 

(1.3-Isochromanedione.) 

2.1 Syn thes i s  o f  I eoqu ino l i nones  

I n  a p r e l i m i n a r y  r e p o r t  p resen ted  a t  t h e  5 th  I n t e r n a t i o n a l  Congress o f  

H e t e r o c y c l i c  Chemis t ry  a t  L j u b l j a n a  i n  J u l y  1975, Haimova Gal. e labo ra ted  a 

n o v e l  and h i g h l y  s t e r e o s e l e c t i v e  s y n t h e s i s  o f  3,4-dihydro-1 ( 2 H ) - i s ~ ~ u i n o l i n o n e s  

from homophtha l i c  anhydr ides  and azomsthines. The d e t a i l s  o f  t h i s  work wers 

l a t s r  p u b l i s h e d  i n  1 9 ~ 7 ~ ~ .  When homophtha l i c  anhydr ides 1 e-c- wsra t r e a t e d  u i t h  

S c h i f f  bases % o r  a t  room tempera tu re  (+)-trans-3-aryl-4-carboxy-3,4- 

d i h y d r o i e o q u i n o l i n o n e s  2 a-d were ob ta i ned  i n  7@ yimld. In a t y p i c a l  s x p e r i -  

ment, t o  a m i x t u r e  o f  1 mmole o f  homophtha l i c  anhydr ide and 1 mmole o f  azommthine, 

2ml  o f  d r y  d i c h l o r o e t h e n e  uae added. The m i x t u r e  uaa r e f l u x e d  f o r  10 m in  t o  

ach i sve  homogeniety and t h e  r e s u l t i n g  s o l u t i o n  was a l l o w e d  t o  s tand  a t  room 

temperature.  The s o l i d  p r o d u c t  uaa f i l t e r e d  o f f  and t h e  mother  l i q u o r  vorked up 

f o r  more compound. 



The r e l a t i v e  c o n f i g u r a t i o n s  o f  4-carboxy-3,4-dihydroisoquinolinones 49 

v s r e  e s t a b l i s h e d  by c h e m i c a l  c o r r e l a t i o n s  w i t h  t h e i r  r e s p e c t i u a  methy l  s s t e r s .  The 

t r a n s  c o n f i g u r a t i o n s  o f  4-methoxycarbonyl-3,4-dihydroisoquinolinonas (50 8-d) u e r e  - 
determined by d i r e c t  compar i son  v i t h  a u t h e n t i c  samples44  as w e l l  as by comparing 

t h e i r  PnR s p e c t r a .  The d i a s t e r a o m e r i c  i s a q u i n o l i n o n e s  o f  t h e  t y p s  50 and t h s i r  c& 
~~ ~ 

isomers  i e ; e ' & t a i n e d i i t h o u t  c o n f i g u r a t i o n a l  c h a n g s s  via t h e  o x i d a t i o n  of  trans 
44 

and c& t s t r a h y d r o i s o q u i n o l i n e s  oP t h e  t y p s  2 u i t h  Kmn04 i n  a c e t o n e  . I t  was 

found t h a t  t h e  methyl  ~ r o t o n s  o f  t h e  ms thoxycarbonyl  g r o u p s  i n  compounds of  t h e  

t y p e  2 r e s o n a t e  i n  t h e  trans i somers  a t  l o u e r  f i e l d s  t h a n  i n  t h e  cis i s o m e r s  

probably because  of  t h e  g r e a t e r  s c r e e n i n g  e f f e c t  of t h e  p h e n y l  g r o u p s  i n  t h e  

l a t t e r  (trans-6 3.68-3.78; c i s - 6 3 . 3 7 - 3 . 4 8 ) .  
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The p r e f e r r e d  con format ion  of a l l  compounds o f  t ype  2 and soma compounds o f  

t y p e  2 wsre e s t a b l i s h e d  from t h e i r  PllR spec t ra .  Compounds 9 2 - g  and 25-5 

u i t h  a l k y l  o r  a r y l  s u b s t i t u t e d  n i t r o g e n  have l o "  v i c i n a l  c o u p l i n g  cons tan t s  

(J3,4=1.15Hz). Compounds w i t h  u n s u b s t i t u t e d  n i t r o g e n  possess h i g h  sp in - sp in  

c o u p l i n g  cons tan t s  (J3,4=6.5-6.8Hz f o r  t r a n s  50 d). The tendency towards  p l a n a r i t y  

a r i s i n g  f r om t h e  c o n j u g a t i o n  between t h e  amide f u n c t i o n  and phony1 group renders  

t h e  con formers  u i t h  C-3 carbon atoms o u t  o f  t h s  average p l ane  o f  t h e  r i n g  most 

p robab l s  (2 and 52). <-g" @ 
o R Ar o 

'H 

The low 33,4 va l ves  observed f o r  t h e  N-subs t i tu ted  compounds a r e  i n  agreament 

w i t h  con format ion  51. The pseudo a x i a l  o r i e n t a t i o n  o f  t h e  s u b s t i t u e n t s  a t  C-3 - 
and C-4 i s  more f avou rab le  because o f  t h e  d imin ished r e p u l s i v e  i n t e r a c t i o n s  

between t h e  n i t r o g e n  s u b s t i t u e n t  and t h e  a r y l  group. The 1 va lues  f o r  com- 
394 

pounds u n s u b s t i t u t e d  a t  t he  n i t r o g s n  suppo r t  con format ion  52 w i t h  pseudo - 
e q u a t o r i a l  s u b s t i t u e n t s  a t  C-3 and C-4. 

Independent ly ,  Cushman st? s t u d i e d  t h e  condensat ion  of a  v a r i e t y  o f  

a l d i m i n e s  and k e t i m i n a s  w i t h  homophtha l i c  anhydride a s  e  gene ra l  method o f  syn- 

t h e s i s  o f  s u b s t i t u t e d  4-carboxy-3,4-dihydro-1 (H) - i soqu ino l inones .  U n l i k e  i n  t h e  



c a s e  of Haimova & d3 and i n  c o n f o r m i t y  u i t h  t h e i r  e a r l i e r  uo rkZ5 ,  Cushman & &. 
o b t a i n e d  b o t h  d i a e t e r e o m e r s  as r e a c t i o n  p r o d u c t s .  A t y p i c a l  s x p e r i m e n t  is  

d e t a i l e d  b e l o u :  

a d d i t i o n  of h o m o p h t h a l i c  a n h y d r i d e  t o  a  s o l u t i o n  of o -methoxybenzy l idene-  

methylamine i n  c h l o r o f o r m  a t  room t e m p e r a t u r e  r e s u l t e d  i n  a r a p i d  e x o t h e r m i c  

r e a c t i o n .  The r e s u l t i n g  m i x t u r e  (1:2)  o f  trans and  cis- N-methyl->(o-methoxy- 

phenyl)-4-cerboxy-3,4-dihydro-l(2H)-ieoquinolinonas a and  u a s  i s o l a t e d  by 

f i l t r a t i o n  a f t e r  1 0  min i n  96% y i e l d  a n d  c o u l d  b e  s s p a r a t s d  by f r a c t i o n a l  

c r y s t a l l i z a t i o n  i n t o  minor  (3 =$Hz) and  majo r  (J3,4=6Hz) d i a s t e r s o m e r s .  On 
3 9 4  

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

minor d i a s t e r e o m e r .  P u r e  m e t h y l  e s t e r s  2 end  54b u e r e  p r e p a r e d  by t r e a t m e n t  

o f  t h e  minor  and  majo r  d i a s t e r e o m e r s  a n d  % w i t h  d i a r o m e t h a n e .  H e a t i n g  

a i t h s r  compound a t  1 6 5 ' ~  f o r  3 h  i n  t h e  a b s e n c e  o f  s o l v e n t  y i e l d e d  a 97:3 m i x t u r e  

o f  e s t e r  o f  minor  and majo r  d i a s t e r e o m e r  r e s p e c t i v e l y  as e v i d e n c e d  by i n t e g r a t i o n  

o f  t h e  m s t h o x y c a r b o n y l  p r o t o n s  i n  t h e  PmR s p s c t r a  o f  t h e  r e s u l t i n g  m i x t u r e .  The  

obse rved  c o u p l i n g  c o n s t a n t s  f o r  t h e  trans ( 3  =?Hz)  and  & ( J 3 , 4 = 6 ~ z )  i s o m s r s  
3 , 4  

53a and and and  54b a r e  i n  c l o s e  a g r e e m e n t  u i t h  t h o s e  r e p o r t e d  f o r  r e l a t e d  - 
p y r r o l i d i n o n e s  24s25126 end p i p e r i d o n e s 2 7 .  S i n t i l a r l y ,  t h e  r e a c t i o n  o f  b e n z y l i d e n e -  

methylamina u i t h  h o m o p h t h a l i c  a n h y d r i d e  f o r  5  m i "  i n  r e f l u x i n g  p-xylene a f f o r d e d  

o n l y  t h e  trans (3 -1Hz) i s o m e r  % u h e r e a e  i s o l a t i o n  o f  t h e  i s o m e r  was 
3 , 4  

f avoured  i f  t h e  r e a c t i o n  was c o n d u c t e d  a t  7 ' ~  i n  b e n z e n e  f o r  1 5  min. T h i s  s t u d y  

is  indeed  an e x c e l l s n t  example  o f  e r e a c t i o h  v h e r e  t h e  p r o d u c t  f o r m a t i o n  is 

dependent  on k i n e t i c  o r  thermodynamic c o n t r o l .  



HETEROCYCLES, Vol 22. No 3, 1984 

2.2 S y n t h e s i s  o f  P r o t o b e r b e r i n e s  u n d e r  Vl lsmeisr-Haack C o n d i t i o n  

Uns o f  t h e  e a r l i s s t  e x a m p l e s  i n  t h e  use o r  i m i n e s  f o r  t h e  p r e p a r a t i o n  of 

p r o t o b e r b e r i n e  d e r i v a t i v e s  i s  t h a t  o f  P r o f e s s o r  Kamstani  i n  1974~'. I s o q u i n o l i n e s  

and  3,4-dihydroieoquinolln0~ u n d e r  Vilemsier-Haack c o n d i t i o n s  y i e l d e d  p r o t o b e r -  

b e r i n e  d e r i v a t i v e s  w h e r e a s  t e t r a h y d r o i s o q u i n o l i n s s  ( u h i c h  do  n o t  c o n t a i n  t h e  

i m i n e  m o i e t y )  do n o t  r e a c t  a t  a l l .  Thus  p a p a v e r i n e  (55) y i e l d e d  t h e  p r o t o b e r -  

b e r i n e  (56) when t r e a t e d  w i t h  d ime thy l fo rmamide  and p h o s p h o r o u s  o x y c h l o r i d e .  The 

5 . 4 - d i h y d r o i s o q u i n o l i n e  (57) u n d e r  s i m i l a r  c o n d i t i o n s  gave  E. 
A p r o b a b l e  mechanism f o r  t h e  f o r m a t i o n  o f  p r o t o b e r b e r i n e  is g i v e n  i n  

Scheme 9. 



Scheme 9 
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2.3 8-Oxoberb inss - Haimova's Uork 

When c y c l i c  i m i n e s  such  as 6,7-dimethoxy-3,4-dihydroisoquinoline 59 were  

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

t h s  p r e s s n c e  o f  t r i e t h y l e m i n e  13-cerboxy-Baxoberb ines  and 9 v e r e  0 b t a i n e 8 ~ .  

The 8 -oxoberb ines  o f  t h e  t y p e  2 were enalysed a s  t h e i r  m e t h y l  e s t e r s  61. The 

P l l i  s p e c t r a  o f  compounds and i n d i c a t e  t h a t  t h e  pr .3 tons a t  C-13 and C-14 a r e  

o f  c o n f i g u r a t i o n  (;113,14=4.5Hz), w i t h  t h e  q u i n o l i r i d i n e  r i n g  b e i n g  trans fused. 

The C o r r e l a t i o n  o f  PmR s p e c t r a  w i t h  t h e  r e l a t i v e  c o n f i g u r a t i o n  o f  1 3 - m e t h y l t e t r a -  

h y d r o p r o t o b e r b e r i n e s  has been w e l l  e s t e b l i s h e d  

As an i n t e r e s t i n g  v a r i a t i o n  Haimova & observed  t h a t  l a c t i m  e t h e r  and 

i m i d o y l  c h l o r i d e s  can ba condensed w i t h  homophtha l i c  a n h y d r i d e s  f o r  t h e  s y n t h e s i s  

o f  8 -oxoberb inss  and r e l a t e d  i s o q u i n o l i n e s .  R e f l u x i n g  t h e  homophtha l i c  a n h y d r i d e  

47b w i t h  t h e  l a c t i m  e t h e r  62 i n  an i n e r t  s o l v a n t  l e d  t o  t h e  f o r m a t i o n  o f  - 
8-oxoberb ine  E. 



2 . 4  S y n t h e s i s  o f  2 ,3 .10 .11-Oxygenated  1 3 - ~ e t h y l t e t r a h y d r o p r o t o b e r b e r i n a s  - 
Cushman 's  Work 

C o n d e n s a t i o n  o f  n o r h y d r a s t i n i n e  w i t h  t h e  h o m o p h t h a l i c  a n h y d r i d e  i n  

c h l o r o f o r m  a t  room t e m p e r a t u r e  p r o c e e d e d  e x o t h e r m a l l y  t o  y i e l d  a m i x t u r e  o f  trans 
and 2,3-msthylenedioxy-8-oxo-l0,1l-dimethoxy-13-carboxytstrahydroprotober- 

b a r i n a s  65 and 66 f r u m  w h i c h  t h e  m a j o r  i s o m e r  ( J 1 3 , 1 4 = 6 H ~ )  c r y s t a l l i z s d  i n  90% 

y i e l d 4 5 s 4 9 * 5 0 .  H e a t i n g  t h i s  p r o d u c t  i n  r e f l u x i n g  a c e t i c  a c i d  r e s u l t e d  i n  e p i m s r i -  

z a t i o n  t o  t h e  t h e r m o d y n a m i c a l l y  more  s t a b l e  d i a s t e r e o m e r  ( 3 1 3 , , 4 = 4 H ~ ) .  By a n a l o g y  

w i t h  r e l a t e d  p r o t o b e r b e r i n e s ,  t h e  PNR s p e c t r u m  o f  t h e  trans i s o m e r  ( w i t h  t h e  

q u i n o l i z i d i n a  r i n g  % f u s e d  a n d  h e n c e  t h e r m o d y n a m i c a l l y  less s t a b l e )  is e x p s c t e d  

t o  d i s p l a y  a l a r g e r  c o u p l i n g  c o n s t a n t  b e t w e e n  p r o t o n s  H13 a n d  H q 4  t h a n  t h e  

c o r r e s p o n d i n g  & ieamwr 4 7 1 5 1 - 5 3 ( ~ i t h  t h e  q u i n o l i z i d i n a  r i h g  trans f u s e d  a n d  

hence t h e r r n n d y n a m i c a l l y  more  s t a b l e ) .  T h e  k i n e t i c  p r o d u c t  was  t h e r e f o r e  a s s i g n e d  

tho  trans r e l a t i v e  C o n P i g u r a t i o n  65 w h i l e  t h e  t h e r m o d y n a m i c  p r o d u c t  was a s s i g n e d  

t h e  c o n f i g u r a t i o n  66. The r e l a t i v e  c o n f i g u r a t i o n s  h a v e  a l s l  been c o r r e l a t e d  

w i t h  t h e  PI'IR s p e c t r a  o f  t h e  m e t h y l  e s t e r s  o f  65 a n d  66. E x a m i n a t i o n  o f  D r e i d i n g  

models r e v e a l s  t h a t  i n  c o n t r a s t  t o  t h e  trans i s o m e r  e, t h e  p s e u d o a x i a l  methoxy-  

c a r b o n y l  p r o t o n s  o f  t h e  % d i a s t e r e o m e r  fi can r o t a t e  o v e r  t h e  a r o m a t i c  r i n g s  A 

and 0 .  T h e  a p p e a r a n c e  o f  t h e  m e t h o x y c a r b o n y l  ~ r n t o n  s i g n a l  i n  t h e  PfiR s p e c t r u m  
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of  9 a t 6  3 .40  w h i c h  i s  O.4ppm u p f i e l d  r e l a t i u s  t o  t h a t  o f  t h e  trans i s o m e r  &, 
p r o v i d e s  f u r t h e r  e v i d e n c e  i n  s u p p o r t  o f  t h e  r e l a t i v e  c o n f i g u r a t i o n s  as  a s s i g n e d .  

6 5  R = H ( m a j o r )  - 
6 5 a  R = CH - 3 

66 R = H ( m i n o r )  - 
66a n = C H ~  - 

2 . 5  S y n t h e s i s  o f  2.3 .9 .104Jxyqenated  1 3 - ~ s t h y l t s t r a h y d r o p r o t o b e r b 0 r i n ~ s  

T h e  9 , lO-d ims thoxy  s u b s t i t u t i o n  p a t t e r n  of r i n g  D o f  p r o t o b e r b e r i n e s  p r e s e n t s  

a c h a l l e n g e  s i n c e  i t  is  n o t  r e a d i l y  a c c e s s i b l e  by Nann ich  c y c l i z a t i o n  o f  sn 

a p p r o p r i a t e l y  s u b s t i t u t e d  b e n z y l i s o q u i n o l i n e .  However, 3 , G o x y g e n a t e d  homoph- 

t h a l i c  a n h y d r i d e s  r a q u i r e d  f o r  t h e  p r e p a r a t i o n  of 9 .10 -oxygena t ed  8 - o x o b e r b i n e s  

a re  e a s i l y  a c c e s s i b l e .  Hence Lushman & & . u t i l i z e d  t h e  g e n e r a l  me thod  o f  cnn-  

d e n s a t i o n  of  d i h y d r o i s o r ~ u i n o l i n e s  v i t h  d i o x y g e n a t e d  h o m o p h t h a l i c  a n h y d r i d e s  f o r  

t h e  s y n t h e s e s  o f  s e v e r a l  2 , 3 , 9 , 1 0 - o x y g e n a t e d  13-msthyltetrahydroprotoberb~rines. 

N o t a b l e  among t h e s e  a re  t h e  s y n t h e s e s  o f  o p t i c a l l y  a c t i v s  ( + ) - t h a l i c t r i c a v i n e  

( z )~ '  a n d  ( + ) - t h a l i c t r i f o l i n e  (6~)~'. I n c i d e n t a l l y ,  Cushman ' s  is  t h e  f i r s t  - 
57 s y n t h e s i s  o f  ( + ) - t h e l i c t r i f o l i n e ,  a l l  p r e v i o u s  a t t e m p t s  h a v i n g  f a i l s d  . 



The f i r s t  s u c c e s s f u l  s y n t h e s i s  u t i l i z i n g  t h i s  g e n e r a l  method o f  c o n d e n s a t i o n  

o f  d i l ? y d r o i s o q u i n 9 l i n w s  and d i o x y q a n a t e d  h o m o p h t h a l i c  a n h y d r i d e s  is t h e  t o t a l  

s y n t h e s i s  of  ( 2 ) - c o r y d a l i n e  ( 6 9 ) 5 4  a 9 , l O - s u b s t i t u t e d  p r ~ t o b e r b e r i n e ~ f r o m  t h e  
7 

Schema 1 0  

- 6 1 6 -  
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a d d i t i o n  p r o d u c t  o f  6,7-dimsthoxy-3,4-dihydroisoquinoline (59) and t h e  homoph- 

t h a l i c  a n h y d r i d e  70. The thermodynamical ly more s t a b l e  isomer was c o n v e r t e d  

i n t o  ( 2 ) - c o r y d a l i n e  as i n d i c a t e d  i n  Schsme 10. 

On e x a c t l y  s i m i l a r  l i n e s  Lushman & &.55 s y n t h e s i s e d  ( 2 ) - t h a l i c t r i c e v i n e  &), 

ber lambine  (11) and (+)-canadins (12) from a common i n t e r m e d i a t e  (73). Condensa- 

tim oP n o r h y d r a s t i n i n e  (64) w i t h  t h e  homophthal ic  a n h y d r i d e  (70) proceeded  axo- 

t h e r m a l l y  i n  c h l o r ~ f o r m  t o  a f f o r d  a  m i x t u r e  o f  2 and trans isomer which was 

c o n v e r t e d  t o  t h e  thermodynamical ly more s t a b l e  d i a s t s r e o m e r  73 on h e a t i n g  i n  

a c e t i c  a c i d .  The $.& d i a e t e r e o m e r  was conver ted  i n t o  ( 2 ) - t h a l i c t r i c a v i n e  (67 ) ,  

ber lambine  ( 7 l )  and (+)-canedine (72) a s  shown in.Scheme 11. 

Schema 1 1  - 
- 6 1 7 -  



F u r t h e r ,  Cushman & d9 c o n v e r t e d  t h e  (+)-13-carboxy-8-o;otetrahydroproto- 

b s r b a r i n e  ( 7 3 )  i n t o  a c r y s t a l l i n e  s a l t  w i t h  ( - ) - s t r y c h n i n e .  Upon r e c r y s t a l l i z a t i o n  

Prom a c e t o n e  p u r e  (+ ) - i somer  c o u l d  b e  s e p a r a t e d .  The f r e e  a c i d  ( + ) - 7 3  y i e l d e d  an 

o p t i c a l l y  impure  l a c t a m  when h e a t e d  t o  2 4 0 - 2 4 4 ' ~  f o r  5 min. L i t h i u m  a lumin ium 

h y d r i d e  r e d u c t i o n  of 2 gave  (+)-canadine (72) as w e l l  a s  impure  ( + ) - c a n a d i n 9  

whose a b s o l u t e  c o n f i g u r a t i o n  is  knownalreadyS6.  T h i s  e s t a b l i s h e d  t h e  a b s o l u t e  

c o n f i g u r a t i o n  of t h e  a c i d  (+)-73. S u b s e q u e n t l y ,  a c i d  was c o n v e r t e d  i n t o  

( + ) - t h a l i c t r i c a v i n e  (€7) by a s t a b l i s h s d  methods (Scheme 1 0 )  u i t h o u t  a f f e c t i n g  any 

of t h e  a s y m m s t r i c  c e n t r e s .  The a b s o l u t e  c o n f i g u r a t i o n  oP ( + ) - t h a l i c t r i c a v i n e  i s  

t h e r e f o r e  13S, 14R a s  shown i n  s t r u c t u r e  (+)-a 

I m a g i n a t i v e l y ,  Cushman & s . a x t e n d e d  t h i s  a p p r o a c h  t o  d e t e r m i n s  t h e  a b s o l u t e  

c o n f i g u r a t i o n  of ( + ) - t h a l i c t r i f o l i n s  (66)50.  C o n d e n s a t i o n  of 6.7-dimathoxy-3.4- 

d i h y d r o i s o s u i n o l i n e  2 w i t h  3,4-methylsnsdioxyhomophthalic a n h y d r i d e  i n  c h l o r o -  

form a t  room t e m p e r a t u r e  p r o c a e d e d  e x o t h e r m a l l y  t o  y imld  a d i a s t e r a o m e r i c  m i x t u r e  

of and & El-oxoberbines f rom w h i c h  t h e  ma jo r  ( + ) - t r a n s  i s o m e r  76 c r y s t a -  

l l i z e d  o u t  i n  80% y i s l d .  The ( + ) - t r a n s  a c i d  76 a f f o r d e d  a c r y s t a l l i n e  s a l t  when 

t r e a t e d  v i t h  ( - ) - s t r y c h n i n e  i n  e t h y l  a c e t a t e  f o l l o w e d  by r e c r y s t a l l i z a t i o n  f rom 

c h l o r o f o r m - e t h y l  a c e t a t e .  T h i s  s a l t  gave f r e e  ( - ) -%ac id  on  d e c o m p o s i t i o n .  
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The (+)-trans i s o m e r  Zf? uas o b t a i n e d  by d e c o m p o s i t i o n  f o l l o w e d  by r e c r y s t a l l i z a t i o n  

o f  t h e  mothe r  l i q u o r s .  The (+)-trans a c i d  76 was c o n v s r t e d  i n t o  ( + ) - t h a l i c t r i -  

f o l i n e  (68)(Scheme 1 2 )  o n  l i n e s  s i m i l a r  t o  t h o  s y n t h e s i s  o f  (+)-thalictricauine(61). 

a f t e r  r s s o l u t i c n  + 

59 

Scheme 1 2  

I n  o r d e r  t o  d e t e r m i n e  t h e  a b s o l u t e  c o n f i g u r a t i o n s  o f  t h e  (+)-trans e s t e r  12 
1 

and t h e  (-)-w s s t e r  77 , m e t h a n o l i c  s o l u t i g n  of t h e  (-)-trans sster 71' con-' 

t a i n i n g  sod ium methox ide  uas s t i r r e d  a t  room t e m p e r a t u r e .  T h i s  a f f o r d e d  t h e  



(-)-a e s t e r  80' whose a b s o l u t e  c o n f i g u r a t i o n  must be o p p o s i t e  t o  t h a t  O F  

(+)-* e s t e r  81, s i n c e  t h e  confo?mat ions  o f  b o t h  of t h e s e  e s t e r s  a re  i d e n t i c a l  

a s  i n d i c a t e d  by t h e i r  PNR d a t a  and t h e  o p t i c a ' l  r o t a t i o n s  a re  o p p o s i t e  and a l m o s t  

of e q u a l  magnitude.  The a b s o l u t e  c o n f i g u r a t i o n  o f  (+)-cis-B1 h a s  a l r s a d y  been 

e s t a b l i s h e d  (See Scheme 1 1 )  a s  1 3 5 ,  1 4 ~ " .  S i n c e  ( + ) - t h a l i c t r i f o l i n e  is  d e r i v e d  

from t h e  (+)-w e s t e r  11 (Schems I ? ) ,  t h e  a b s o l u t e  c o n f i g u r a t i o n  of t h a l i c t r i -  

f o l i n e  is 13R, 14R a s  shown i n  66. 

P a i  and coworkers ,  c o n t i n u i n g  t h e i r  e a r l i e r  e f f o r t s  t o  s y n t h e s i z e  (,)-thalic- 

t r l f o l i n a  (68)57,  now f o c u s e d  t h e i r  a t t e n t i o n  on t h e  u s @  o f  Cushmsn's e l e g a n t  

method f o r  t h e  s y n t h e s i s  o f  ( 2 ) - t h a l i c t r i f o l i n e  ( 6 8 ) .  T h e i r  s f f o r t s  were f i r s t  

d i r e c t e d  t o  g s t  t h e  maximum y i e l d  o f  t r a n s - ( 7 6 )  v h i c h  was u t i l i z e d  i n  t h e  synthesis  

o f  ( 2 ) - t h a l i c t r i f o l i n e  (66)". Among t h e  t h r e e  s o l v e n t s  and d i f f e r e n t  temperatures  

e q l o y e d  f o r  t h s  c o n d e n s a t i o n  of 59 and 75, e t h y l e n e  c h l o r i d e  a t  8Il0c gave t h e  bes t  

r e s u l t  (Table  1 ) .  In l i n e  v i t h  Lushman's o b s e r v a t i o n  b o t h  t h e  trans and isomers 

were o b t a i n e d  i n  4:l r a t i o  which were s e p a r a t e d  by f r a c t i o n a l  c r y s t a l l i z a t i o n .  The 

major p r o d u c t  (trans i s o m e r )  uas c o n v s r t e d  i n t o  (?;)-68 a s  shown i n  Scheme 12. 
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No. Temp. S o l v e n t  R a t i o  o f  
OC Trans :C is  

B ~ L T  

1  15 CH2C12 2: l  

2  2  5  CH2C12 2:l 

3  25  (CH2)2C12+Et3N 1.6:l 

4  2 5  CHC13 2 : l  

5  25  (cH2 )2C12 2 : l  

6 35 CH2C12 2:l 

7 35 (cH2 )2c12 2.5:l 

8 42 CH2C12 2.6:l 

9  80 (CH2 I 2 C l 2  4:l 

2.6 S y n t h e s i s  o f  B s n z o o h e n a n t h r i d i n e  A l k a l o i d s :  

I n  a new approach  t o  t h e  p r e p a r a t i o n  o f  benzophsnan th r id ine  a l k a l o i d s ,  

Cushrnan and c ~ u o r k s r s ~ ~  u t i l i z s d  t h e  condensa t ion  o f  3,4-methylenedioxybenrylidsne- 

methylamine v i t h  t h s  hornoph tha l i c  a n h y d r i d e  fi. The p r o d u c t  uas a  m i x t u r e  o f  

and trans i somere  i n  4996 and 39% y i e l d  r e s p e c t i v e l y .  The k i n e t i c  p r o d u c t  (& 

isomer )  uas  c o n v e r t e d  i n t o  t h e  t h s r m o d y n a m i c a l l y  more s tab18  trans i somer  by 

h s a t i n g  i n  a c e t i c  a c i d  and t h i s  trsns i somer  uas f u r t h e r  c o n v e r t e d  i n t o  n i t l d i n e  

c h l o r i d e  (82 )  i n  s e v e r a l  s t e p s  (Scheme 13). 

\ SCHEME 13  (Cont .next  page)  
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S i m i l a r l y ,  t h o  S c h i f f  b a s s  2 and t h e  h o m o p h t h a l i c  a n h y d r i d e  75 a f f o r d e d  a 

m i x t u r e  o f  and  trans d i a s t e r e o m e r i c  i s o q u i n o l i n o n s s 6 0 .  When t h e  c o n d e n s a t i o n  

was per fo rmed  i n  r e f l u x i n g  a c e t o n i t r i l e  t h e  i s o m e r  (84) uas t h e  ma jo r  p r o d u c t  

which was u t i l i z e d  i n  t h e  t o t a l  s y n t h e s i s  o f  ( 2 ) - c h e l i d a n i n e  (s), a l s o  a banzo- 

p h n n a n t h r i d i n e  a l k a l o i d .  

2 .7  S y n t h e s i s  o f  I n d a l e  A l k a l o i d s  

Haimova & & e x t e n d e d  t h e i r  s t u d i e s  on t h e  use o f  S c h i f f  b a s e s  t o  t h e  

s y n t h e s i s  o f  i n d o l e  a l k a l o i d s 6 ' .  S c h i f f  b a s e s  o f  1 -methy l indo le -3 -ca rboxa ldehyde  

(Ee) were p r e p a r e d  and  uere condensed  w i t h  h o m o p h t h a l i c  a n h y d r i d e s  47s and 

t o  g i v e  d i a s t e r e o m e r i c  m i x t u r e s  o f  4-carboxy-3-(3'-indolyl)-2-alkyl-3,4-dihydro-l 

( 2 s ) - i s o q u i n o l i n o n e s  812-d. These  a c i d s  were r e a d i l y  c o n v e r t e d  i n t o  t h e i r  m e t h y l  

43 
e s t e r s  b y  r e a c t i n g  w i t h  d i a z o m e t h a n e .  C o n t r a r y  t o  t h e i r  e a r l i e r  o b s e r v a t i o n s  , 
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whsre  t h e y  o b s e r v e d  s t e r s o s e l e c t i v s  p r o d u c t s  (trans a d d u c t ) ,  i n  t h i s  r e a c t i o n  bo th  

c i s  and trans i s o m e r s  v e r e  o b t a i n e d .  The m e t h y l  e s t e r s  o f  t h e s e  d i a s t e r e o m e r a  - 
were s e p a r a t e d  by s i l i c a  g a l  ch romatography .  The =& and trans c o n f i g u r a t i o n s  

w e r e  a s s i g n e d  b a s e d  o n  PVR s p e c t r a .  Again, t h e  c o u p l i n g  c o n s t a n t  3 is  l a r g e r  
3 .4  

( - 6 H z )  f o r  t h e  i s o m e r  t h a n  t h a t  f o r  t h e  c o r r e s p o n d i n g  trans i somer  ( u l H z ) .  

I 
C"3 

0 

86 a-d -- 47a R ' =  H - 
36a K = C H 3  47b n '  = JCH - - 3 

36b R = C 2 H 5  - 
86c R = nC3H7 - C'43 

06d H = LH2C6H5 - 

0 

87 a-d -- 
3 , 4 - D i h y d r o - f s a r b o l i n e  88 r e a c t e d  w i t h  homophthe l i c  a n h y d r i d e  fi t o  g i v e  a  

d i a s t e r e o m a r i c  m i x t u r e  o f  cis and  trans 14-carboxy-hsxadehydrDyDhimbane 89 and 90 

r a s p e c t i u e l y .  The r e l a t i v e  c o n f i g u r a t i o n s  o f  89 and 90 vere e s t a b l i s h e d  on t h e  

b a s i s  o f  PNR s p e c t r a  o f  t h e i r  m e t h y l  e s t e r s .  The PmR c h a r a c t e r i s t i c s  o f  t h e s e  

compounds a r e  s i m i l a r  t o  t h o s e  o f  13-carboxy-8-oxoberbinss (60) d i s c u s s e d  

43 e a r l i e r  . I n  t h e  i somer  & t h e  m e t h y l  p r o t o n s  o f  t h e  c a r b o x y m e t h y l  g r o u p  

r e s o n a t e  a t  a h i g h e r  f i e l d  ( 6  3 .21)  and f o r  t h e  trans i somer  % t h e  c o r r e s p o n d i n g  

m e t h y l  p r o t o n s  a p p e a r  a t  r e l a t i v e l y  l o w e r  f i e l d  ( 6 3 . 8 0 ) .  



'2.8 Addition of Schiff Bases to 4-Hydroxythiocoumarin and 4-Hydroxycoumarin 

flsrchant & d2 reacted 4-hydroxythiocoumarin with bsnrylidaneaniline in 

glacial acetic acid at 30'~ or in methanol at reflux temperature to get 3,3'-benzy- 

lidene-bis-4-hydroxythiocoumarin 91 as the product. The same product could be 

obtained when benzaldehyde was used in the place of banzylideneaniline. This 

observation led the authors to revise the sriginal structure63 (2) for the 
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c o n d e n s a t i o n  p r o d u c t  be tween  4-hydroxycoumarin  and b e n r y l i d e n e a n i l i n e ,  t h e  

c o r r e c t  s t r u c t u r e  b e i n g  93. 

3. R e a c t i o n s  o f  Anions  w i t h  Iminium S a l t s  f o r  S y n t h e s i z i n g  P r o t o b e r b e r i n e s  and 

P h t h a l i d e  I s o q u i n o l i n e s  a n d  R e l a t e d  A l k a l o i d s  

3.1 A d d i t i o n  o f  L i t h i o  m e t h y l  f l e t h y l t h i ~ m o t h y l s u l f o x i d a  (L M m T S )  

Anion o f  m e t h y l  m e t h y l t h i o m e t h y l s u l f o x i d e 6 4  ( M m T S )  is known t o  add t o  

iminium s a l t s K 5 .  MacLean s.66 used t h i s  r s a c t i o n  f o r  a two s t e p  s y n t h e s i s  o f  

d i h y d r o p r o t o b e r b e r i n e s .  A p p r o p r i a t e l y  s u b s t i t u t e d  N-benzyl-3,4-dihydroisoquino- 

l in iurn o r  N - b e n z y l i s o q u i n o l i n i u m  s a l t s  were  used a s  s t a r t i n g  m a t e r i a l s  i n  t h i s  wrk.  

L~MMTs - 
THF 



Scheme 1 4  

A t y p i c a l  s y n t h e s i s  o f  ( 2 ) - x y l o p i n i n e  (96) from N-benzyl-3,4-dihydroisaquinolinium 

s a l t  i s  g i v e n  Scheme 1 4 .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  a n i o n i c  c a r b o n  o f  t h e  

n u c l a o p h i l e  e n d s  up a s  C-13 of t h e  p r o t o b e r b e r i n e  s k e l e t o n .  (+ ) -Te t rahydropa lma-  

t i n e  (951, ( + ) - s i n a c t i n @  (96)  and ( 2 ) - c o r y d a l i n s  (69) were  a l s o  p r e p a r e d  by u s i n g  

t h e  a d d i t i m  of LiflMTS t o  N-benzyl-3.4-dihydr~iso~uinolinium s a l t s .  

4 R1 = R~ = R3 = R = CH3 

1 2  96 H = R = CH3 and  R'R' = CH2 - 
3.2 E l e c t r o r e d u c t i v e  H d d i t i o n  of A l k y l  H a l i d e s  t o  Iminlum S a l t s  

I n  1 9 7 8 ,  Shonn and c o w o r k e r s  r e p o r t e d  a  n o v e l  a n n s l a t i o n  f a r m i n g  a 

hetern r i n g  by s l s c t r o r s d u c t i v s  a d d i t i o n  of a l k y l  h a l i d e s  t o  iminium s a l t s h 7 .  They 

used t h i s  s i m p l e  and e l e g a n t  method f o r  t h s  s y n t h e s i s  of s e v a r a l  i n d n l e  and 

i s o q u i n o l i n e  a l k a l o i d s  (Scheme 1 5 ) .  
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- 
n o t  isolated 

Scheme 1 5  - 
- 6 2 7 -  



~ n t g r m o l e c u l a r  r e d u c t i v e  a d d i t i o n  o f  a l k y l  h a l i d s s  t o  iminium s a l t s  is  a l s o  

p o s s i b l e  and a l k a l o i d s  s u c h  a s  ( 2 ) - l a u d a n o s i n e  (97) have been  s y n t h e s i e e d  by t h i s  

method. I n c i d e n t a l l y ,  t h e s e  a u t h ~ r s  e s t a b l i s h e d  t h e  r e l a t i o n s h i p  be tween  i s o l a t e d  

y i e l d s  a n d  c a t h o d i c  p o t e n t i a l s  and a l s o  t h e  r e a c t i o n  mechanism (Scheme 1 6 ) .  

i l X  = C  H CH Br 6 5  2  65% 

BX = 4-CH30-C6H4CH2Er 7 3% 

R X  = 3,4-diCH30-C6H3CH28r 85% 

R X  = CH3 I  3  5% 

Scheme 1 6  

Shona and  c a u o r k s r s  e x t e n d e d  t h e  e l s c t r o r e d u c t i v e  mathod t o  p r a c t i c a l  

68 s y n t h e s i s  o f  p h t h a l i d a  i s a q u i n o l i n s s  . I n  t h i s  p r o c e s s  t h e  e a s i l y  a c c e s s i b l e  

components 98 a n d  99 are  c o u p l e d  t o  p r o v i d e  100 i n  r e a s o n a b l y  good y i e l d .  I n  a l l  

t h e  c a s e s  s t u d i e d  b o t h  t h e  d i a s t e r e o m e r s  were  o b t a i n e d  i n  a l m o s t  e q u a l  amounts .  

I t  is i n d e e d  a n  ingenious  and v e r s a t i l e  meth3d t o  t h e  c r e d i t  of  Shono and  c o w o r k e r s .  

Un t h e s e  l i n e s ,  money & ,1.6' have  shown t h a t  p h t h a l i d e  a n i o n s  add  t o  i s o q u i n o -  

l iniurn s a l t s  t o  y i e l d  ~ h t h a l i d e  i s o q u i n n l i n s s ,  p r o v i d i n g  a n  i n t e r e s t i n g  and  

s i g n i f i c a n t  v a r i a t i o n  t o  t h e  theme.  
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3 . 3  S y n t h e s i s  of  P h t h a l i d e  I s o q u i n o l i n e s  a n d  P r o t o b e r b e r i n e s  - 
macLsan's Work 

As a f o l l o v  up work o f  Shono a n d  f looney,  f l a c ~ s a n ~ ~  r s p o r t e d  t h e  c o u p l i n g  o f  

3 - h a l o p h t h a l i d s s  101 w i t h  N-methyl-3,4-dihydroisoquinolinium s a l t s  102 i n  t h e  

p r e s e n c e  o f  Zn(Cu) c o u p l e  or m e t a l l i c  Zn t o  g i v e  a m i x t u r e  o f  erythro a n d  w- 
N-methylphthalidstetrahydroisoquinolines 103 a n d  r s s p e c t i v s l y .  T h e  d i a -  

s t e r e o m s r s  a r e  fo rmed  a l m o s t  i n  e q u a l  a m o u n t s  a s  i n  e a r l i e r  c a s e s .  When t h e  

3 - h a l o p h t h a l i d e  was t r e a t e d  w i t h  Zn u n d e r  . f e f o r m a t s k y  c o n d i t i o n s ,  f o l l o w e d  by 

i n t r c d u c t i o n  o f  t h e  i s o q u i n o l i n i u m  s a l t ,  no  c o u p l i n g  o c c u r r e d .  T h i s  o b s e r v a t i o n  

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

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

s a l t  a t  t h e  s u r f a c e .  However,  a r a d i c a l  mechan i sm f o r  t h e  r e a c t i o n  h a s  n o t  been 

r u l e d  o u t .  

4s a n  i n t o r e s t l n g  v a r i a t i o n  o f  t h i s  method flacLean & G?' f o u n d  t h a t  i m i n s s  

(3,4-dihydroisoquinolines) r e a c t  w i t h  p h t h a l i d s  a n i o n s  y i e l d i n g  13-hydroxy-B- 
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s x o t e t r a h y d r o p r o t o b e r b o r i n e s  i n  good y i e l d  as shown i n  Scheme 17. The trans 
r e l a t i o n s h i p  of t h e  hydrogen atoms a t  C-13 and C-16 i n  t h e  p m d u c t  i s  epparent  

from the  c o u p l i n g  cons tan t s  o f  t hese  hydrogens ( ~ ~ ~ , ~ ~ = 8 . 4 H z ) .  The h i g h  degree 

o f  s t e r e o s e l E c t i u i t y  i n  t h i s  r e a c t i o n  i m p l i e s  t ha t  t h e  t w o  c3mponents must 

i n t e r a c t  i n  an "endo" r e l a t i o n s h i p  w i t h  r sspec t  t o  each o t h s r  i n  t he  f o rma t i on  n f  

Schema 17 

bonds between C-13 and C-14 and be tueen N and C-8. However, t h e  a u t h o r s  do n o t  

r u l e  o u t  t h o  p o s s i b i l i t y  o f  t h e  o t h e r  diastereorner b e i n g  f ~ r m s d  o r  i t s  presence i n  

i n f i n i t e s i m a l l y  s m a l l  amounts. T h i s  s y n t h e s i s  o f  (+)-ophiocarpine bears  some 

s i m i l a r i t l s s  t o  t h e  e a r l i e s t  s y n t h e s i s  o f  (2 ) -oph iocarp ine  from phth&dt, 

7 2  l s o q u i n o l i n e  r e p o r t e d  by Gov indachar i  & 2 . The method o f  ~ e f f s ~ ~  i n v o l v e s  

t h e  r e d u c t i o n  o f  13-hydroxyberber in ium s a l t s  vh ich  c o u l d  be  ob ta i ned  by o x i d a t i o n  



o f  d ihydrobsrber ines  (Scheme 1 8 ) .  

Scheme 18  

4. Photochemical  ~ e a c t i o n s  o f  S c h i f f  Bases 

The convers ion  o f  s t i l b e n e s  i n t o  phenanthr ines  by o x i d a t i v e  photochemical  
7 4 

process has been t h e  o b j e c t  o f  cons iderab le  study (Scheme 1 9 )  . 
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Schema 1 9  

I n  r e c e n t  y e a r s  t h e r e  h e w  a p p e a r e d  t h r e e  reviews e n t i t l o d  t h e  p h o t o c h e m i s t r y  

o f  imines7', p h o t o c h e m i s t r y  o f  t h e  c a r b o n - n i t r o g e n  d o u b l e  bond7= ,  and p h o t o -  

c h e m i s t r y  and  p h o t o c y c l i z a t i o n  o f  a r y l  h a l i d e s 7 7 .  P h ~ t o c y c l i z a t i m s  and  P s c h o r r -  

t y p e  r o a c t i o n s ' d o  n o t  p r o c e e d  a s  w e l l  w i t h  a n i l s  o r  t h o i r  derivatives as w i t h  

s t i l b e n e s 7 ' .  S u v e r a l  y roups .  have  r e c o r d e d  t h e  f a i l u r e  o f  t h e  p h o t o c h e m i c a l  

c y c l i z e t i o n  o f  b e n z a l a n i l i n e  i t s e l f 7 ' .  HowsvBr, Cava and  5 c h l e s s i n g e r s 0  r e p o r t e d  

t h e  p h o t o o x i d a t i v e  r i n g  c l o s u r e  i f  t h e  S c h i f f  b a s s  105 t o  106 i n  t h a  p r e s e n c e  o f  

a i r .  T h i s  a b s c r v a t m n  p rompted  N a l l n r y  and lJoods1 t o  r e i n v e s t i g a t e  t h e  p h o t o -  

c h e m i s t r y  if b e n z a l a n i l i n e .  F o r  t h e  b e n z a l a n i l i n e  t o  g i v e  p h e n a n t h r i d i n e ,  it is 

n e c e s s a r y  t o  hava  a c o n s i d e r a b l e  p h o t o s t a t i o n a r y  c o n c e n t r a t i o n  o f  t h e  g& i somer .  

0  
T h i s  c o n d i t i o n  uas r e a l i z e d  by c a r r y i n g  g u t  t h e  r e a c t i o n  a t  10 C when t h e  y i e l d  

was 2;L. A l t e r n a t i v e l y ,  t h e  S c h i f f  b a s s  101 (from b e n m p h s n o n e  and a n i l i n e )  cyc -  

l i z e d  upon i r r a d i a t i o n  i n  t h e  p r e s e n c e  o f  a i r  o r  i o d i n e  t o  p h e n y l ? h e n a n t h r i d i n a E  



i n  goad y i e l d .  I n t e r e s t i n g l y ,  S t e r n h e l l  & &?' observed  t h e  i n c o r p o r a t i o n  o f  

solvent m o l e c u l e s  i n  t h e  p h o t o c h e m i c a l  p rocess .  Examples e r e  given i n  Scheme 20. 

Scheme 20  

A n o t h e r  example o f  t h e  i n c o r p o r s t i o n  o f  s o l v e n t  i n  t h e  p h o t o c h e m i c a l  

r e a c t i o n s  oP S c h i f f  basss  i s  p r 7 v i d a d  by Schmid and ~ o r u t t i ' ~ ~ .  When 4-rnathyl-  

3 . 4 - d i h y d r o i s o q u i n o l i n e  i n  d r y  methano l  was i r r a d i a t e d  under  n i t r o s e n  atmosphere 

two p r o d u c t s  were formed as shown i n  n e x t  page. 
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I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  i n  t h e  s e c o n d  e x a m p l e  ( i n  Scheme 20)  one  o f  

t h e  ~ r o d u c t s  is  frrrm t h e  S c h i f f  base f o rmed  by  P - n a p h t h y l a m i n e  and t h o  a l d e h y d e  

d e r i v e d  f r o m  t h e  s o l v e n t  m o l e c u l e  RCH2CH2UH. I r r a d i a t i o n  o f  b e n z a l a n i l i n e  i n  

cooc.HZS04 y i e l d e d  a m i x t u r s  o f  p h e n a n t h r i d i n e  a n d  b a n z y l a n i l i n o a 3 .  A n o t h e r  

s u c c e s s f u l  a t t e m p t  on t h e  p h o t g c y c l i z e t i o n  o f  S c h i f f  b a s e s  uas by  Natsums a n d  

c o w o r k e r s 8 4  d u r i n g  t h e i r  s y n t h e s i s  o f  t h e  a n t i l e u k e m i c  a c t i v i t y  b e a r i n g  a l k a l o i d  

u n g s r a m i n e  111. 



H o w e v e r ,  Gupta & ,1.85 r e p o r t e d  t h e  f a i l u r e  o f  t h i s  r e a c t i o n  and h e n c e  r e s o r t e d  to 

an a l t e r n a t i v e  method wheroin t h e  S 'ch i f f  bass was reduced w i t h  sod ium bopo- 

hydride to  g i v e  = w h i c h  upon i r r a d i s t i m  y i e l d e d  110, c y c l i z a t i o n  and o x i d a t i o n  

tak ing  p l a c e  c o n c o m i t a n t l y .  

' .  . 

~essar'~ had e a r l i e r  r a r r i s d  o u t  t h i s  t y p e  o f  r e a c t i o n  i n  an o v e r a l l  y i e l d  o r  5% 

i n  t h e  f o l l o w i n g  sequsnds (Scheme 2 1 ) .  

S c h e m e  21 
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R e c e n t l y ,  Taka0 et.87 have a c c o m p l i s h e d  a t o t a l  s y n t h e s i s  of  t h e  a l k a l o i d  

m a c a r p i n e  113, u t i l i z i n g  t h e  p h o t o c y c l i z a t i o n  of t h e  r e d u c e d  S c h i f f  b a s e  

(Scheme 2 2 ) .  

S i n c e  t h e r s  d o e s  n o t  seam t o  b e  any r e p o r t  o n  t h e  s u c c e s s f u l  p h o t o c y c l i z a t i o n  o f  

b e n z y l i d e n e a n i l i n e s  i n  m o d s r a t s  y i e l d  f o r  t h e  method t o  b e  o f  any p r e p a r a t i v e  

v a l u e ,  w e  p l a n n e d  t h e  s y n t h e s i s  o f  a s e r i e s  o f  S c h i f f  b a s e s  w i t h  a h a l o g e n  s t  t h e  

ortha p o s i t i o n  o f  t h e  a n i l i n e  o r  a l d e h y d e  r i n g .  The f o l l o w i n g  a n i l s  114-122 were  

p r e p a r e d + b y  s i m p l e  c o n d e n s a t i o n  o f  t h e  a r o m a t i c  a l d e h y d e  and  t h e  a n i l i n e  st 

a r o u n d  1 4 0 ~ ~  . Compounds 114 t o  122 gave  s a t i s f a c t o r y  a n a l y t i c a l  and s p e c t r a l  

d a t a .  Compounds I l l ,  117 and usrs s u b j e c t e d  t o  p h o t o l y s i s  u s i n g  a low 

p r e s s u r e  lamp (254nm) f i t t e d  w i t h  a q u a r t z  f i l t e r .  When m e t h a n o l  o r  benzene  was 

w e d  as s o l v e n t  o n l y  t h s  c o r r e s p o n d i n g  a l d e h y d e s  c o u l d  b e  o b t a i n e d  as p r o d u c t s  i n  

88 a l l  t h e  c a s e s  and t h i s  t y p e  o f  h y d r o l y s i s  is a l r e a d y  known . R d d i t i o n a l l y ,  

S c h i f f  b a s e s  117 and 119 were s u b j e c t e d  t o  pho tochemica l  r e a c t i o n  u s i n g  s u n l i g h t  

as t h e  r a d i a t i o n  snurcs t h e  r e a c t i o n s  b e i n o  c a r r i e d  o u t  i n  P v r a x  a s  a l s o  i n  q u a r t z  - ~ ~ - - - - 
+ T h i s  work f o r m s  p a r t s  o f  t h e  t h e s e s  s u b m i t t e d  by B . S u n i t a ,  T .S ivakamasundar i  and 
B . P r e m i l a  t o  t h e  U n i v a r s i t v  o f  madras (Pache ivaooa ' s  C o l l e Q e ,  madras )  i n  may, 1981 
i n  p a r t i a l  f u l f i l m e n t  o f  t h e  m . 5 ~ .  deg;se i n  ~ h ~ m i s t r y .  



vesselsE9. Us ing  methanol, hexene, acetone and acetons c o n t a i n i n g  benzophenone as 

so l ven t s  o n l y  t r a c e s  o f  a ldehydes c o u l d  be i s o l a t e d  as p r o d u c t s  a l ong  w i t h  t h e  

s t a r t i n g  m a t e r i a l s  even a f t e r  two days. To o u r  d isappo in tment  no phenan th r i d i nes  

vsre f ound  t o  b e  formed i n  any of t h e  abova exper iments.  

In t h e  meantime, ue had occas ion  t o  s tudy  t h e  mass s p e c t r a  o f  t hese  Schi fP 

bases. S t u d i e s  on  t he  mass s p e c t r a  o f  S c h i f f  bases w e r e  f i r s t  r e p o r t e d  i n  1 9 6 6 ~ ~  

where s imp la  mode o f  f i s s i o n s  and rearrangements o f  s u b s t i t u t e d  S c h i f F  bases ware 

the o b j e c t  of s tudy .  S k e l e t a l  rearranSamsnts o f  t h e  t ypa  (ABC)+-~(AC)++B wh ich  

are common f e a t u r e s  o f  t h e  s p e c t r a  o f  compounds hav ing  t h e  g e n e r a l  s t r u c t u r e  

Ar-X-Y-Hr havs also been r e p o r t e d  i n  t h e  case o f  anlls d e r i v e d  f rom a roma t i c  

aldehydes9'. When an a l k y l  group i s  p r e s e n t  i n  t h e  ortho p o s i t i o n  o f  t he  

aldehyde p a r t  o f  t h e  S c h i f f  base, C=N bond c leavage accompanied by a t r a n s f e r  o f  

92 
one and/or t u o  hydrogens t o  t h e  n i t r o g e n  c o n t a i n i n g  fragment i s  a common f e a t u r e  . 
Whsn t h e  Sch i f f  bases d e r i v e d  f rom 2-hydroxy-5-methy lbenzaldshyde were s u b j e c t e d  

t o  mass s p e c t r a l  s t u d i e s  a s i x - c e n t r e  H - t r a n s f e r - k L a f f e r t y  rearrangement,  HCN 

e l i m i n a t i o n  f rom N+ as w a l l  as f rom o t h e r  f ragments and Format ion  o f  a benz i -  

93 soxazole c a t i o n  ware observed . 
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Corn- Fragments m/e ( i n t e n s i t y  %) 
pound 

m+(m/e)($) 1 II 1 1 1  I u  u V I - - -  _ - - - _ - - - - _ _ - _ _ - - - - . - _ - _ - _ _ _ _ _ _ _ _ _ . - _ _ _ _ _ _ r _ _ _ _ _ _ _ _ _  

111. 263 1 1  226(25)  
, 261 1191 %{::] E{g) 123(2 )  150(46)  ;:;[::] 

118 - 307 100)  226(59)  306 40 
305{85)  3041261 

- 1 50(78) 
:;;[%] 

119 - - 353(100)  226(22)  - - 150(42)  203(10)  

1 2 0  - 257(100)  226(15)  2 5 6 ( 2 2 j  134(9 )  123(56)  1  50(33) 108 (39 )  
(R=0CH3) 
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In t h s  mass  s p e c t r u m  of  S c h i f f  b a s s  123, t h e  i o n  a t  m/e 180 ( r e l a t i v e  i n t e n -  

s i t y  S $ )  c o u l d  r e s u l t  f r o m  t h e  f o r m a t i o n  of  p r o t o n a t e d  p h e n a n t h r i d i n s .  However, 

E l i a s  a n d   illi is^' make no s p e c i a l  m e n t i o n  of  t h i s  f r a g m e n t .  

T o  o u r  d e l i g h t  and s u r p r i s a  we f o u n d  t h a t  e a c h  one o f  t h e  S c h i f f  b a s e s  

116-122 a x h i b i t e d  a p h e n a n t h r i d i n e  i o n  f r a g m e n t  o f  c o n s i d e r a b l e  i n t s n s i t y  -- 
(Schema 23, T a b l e  2 ) .  T h i s  n a t u r a l l y  t u r n e d  o u r  a t t e n t i o n  t o  t h e  e p o c h  making 

r e v i e w  a r t i c l e  by P r o f e s s o r  ~ a m e t a n i ~ ~ .  in 1976,  P r o f e s s o r  K a m e t a n i  p r o p o s e d  a 

new and e f f e c t i v e  s y n t h e t i c  d e s i g n  w h i c h  h e  c a l l e d  " R s t r o  Pass S p e c t r a l  Synthes is" .  

T h i s  a n a l y s i s  is b a s e d  on f r a g r n e n t o t i o n  p r o c e s s e s  i n  mass s p e c t r o m e t r y  and h e  

h a s  s y n t h e s i z e d  s e v s r a l  k i n d s  o f  n a t u r a l  p r o d u c t s  a l o n g  t h e  r o u t e s  d e t e r m i n e d  by 

t h i s  method.  He d i s c o v e r e d  t h i s  a n a l y s i s  f o r  t h e  d e s i g n  o f  a s y n t h e t i c  r o u t s  

f r o m  t h o  f o l l o v i n g  a s s u m p t i o n :  s i n c e  f r a g m e n t a t i o n  i n  t h e  mass  s p e c t r o m e t e r  i s  a 

c h e m i c a l  p r o c e s s  t h a t  r e s u l t s  i n  bond  b r e a k i n g ,  f r a g m e n t a t i o n  o f  a compound i s  

s o m e t i m e s  v e r y  s i m i l a r  t o  c h e m i c a l  d e s r a d a t i g n  r e a c t i o n s .  T h e s e  f a c t s  i n d i c a t e  

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

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

compounds .  I t  i s  s i g n i f i c a n t  t o  p a i n t  o u t  i n  t h i s  r e v i e w  t h a t  o n e  o f  t h e  v e r y  

f i r s t  e x a m p l e s  t h a t  P r o f e s s o r  Karnetani  c h o s e  t 3  e s t a b l i s h  h i s  t h i s i s  was t h e  

s y n t h e s i s  o f  1,2,3,6-tetrahydrois~quin01~n~s from compounds  which c o r r e s p o n d  t o  

i o n  125 a n d  f r a g m e n t  126 f ~ r m e d  b y  r e t r o - u i e l s - A l d e r  r e a c t i ~ n  o f  t h o  m o l e c u l a r  

i o n  =. Ha c o n s l d e r a d  t h e  b e n z n c y c l o b u L a n e  121 as t h e  c h e m i c a l  e q u i v a l e n t  o f  



i o n  125, b e c a u s e  b e n z o c y c l n b v t e n e  121 r e a d i l y  p r o d u c e s  o - ~ u i n o d i m e t h a n e  125 on 

h e a t i n g .  i 7 e a c t i o n  o f  128 w i t h  t h e  S c h i f f  base E, t h o  s y n t h o n  c o r r e s p m d i n g  t o  

f r agmen t  126, a t  150-160°c a f f o r d e d  t h o  1,2,3,4-tstrahydroisaquinoline i n  b o t h  

r e g i o  and s t e r e s e l e c t i v e  manner by c y c l o a d d i t i o n  o f  t h e  o - q u i n o d i m e t h a n e  2 t o  

t h e  S c h i f f  b a s e .  
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T h i s  h a s  i n s p l r s d  i n  u s  t h e  hope, y e t  u n r e a l i z e d ,  t h a t  u n d e r  s u i t a b l e  t h e r m l  

o r  p h o t o l y t i c  c o n d i t i o n s ,  i t  s h o u l d  b e  p o s s i b l e  t o  p r e p a r e  p h e n a n t h r i d i n e s  f rom 

a l l  t h e  S c h i f P  b a s e s  we have  p r e p a r e d .  

T h i s  b r i n g s  u s  t o  t h e  g e o m e t r i c a l  r e q u i r e m e n t s  a t  t h e  e x c i t e d  s t a t s  o f  t h e  

mils f o r  t h e  p h o t o c y c l i z a t i o n  t o  o c c u r .  

The u l t r e v i o l e t  s p e c t r a l  b s h a v i o u r  of a molscu le  is  a r a t h e r  s e n s i t i v e  

f u n c t i o n  o f  t h e  m o l e c u l a r  c o n f o r m a t i o n  which t o  a v e r y  good a p p r o x i m a t i o n  can  b e  

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

p h e n y l  r i n g  a b o u t  t h e  N-C bond i n  t h e  c a s e  o f  S c h i f f  b a s e s .  

S p e c t r a l  i n v e s t i g a t i o n s  i n t o  t h e  c a u s e  o f  t h e  marked d i s s i m i l a r i t y  between 

t h e  UU s p s c t r e  o f  b e n z y l i d e n e a n i l i n e  a n d  t h e  i s o e l e c t r o n i c  a n a l o g u e s  

95-100 l e d  t o  t h e  c o n c l u s i o n  t h a t  t h e  . s t i l b e n s  133 and  trane azobonzene  

d i f f e r e n c s  was d u e  t o  t h e  " o n - p l a n e r i t y  o f  132: 1 3 3  and  2 b e i n g  e a r l i e r  

e s t a b l i s h e d  e s  n e a r l y  p l a n a r  m o l e c u l e s  
1 0 1 . 1 0 2 ~  

I n d e e d ,  c r y s t a l  end m o l e c u l a r  s t r u c t u r e  d e t e r m i n a t i o n s  o f  b e n z y l i d e n e a n i l i n e  

and s u b s t i t u t e d  b e n z y l i d e n e a n i l i n s s  by E i r g i  end O u n i t z  103'104 on t h e  o n e  hand 

and  erns stein^^^ on t h e  o t h e r  v e r i f i e d  t h a t  t h e s e  m o l e c u l e s  e x h i b i t e d  a twist 

o f  t h e  a n i l i n e  r i n g  o u t  o f  t h e  C-N - C-C p l a n s  by 41-55' w i t h  a  s m a l l e r  and  

o p p o s i t e  twist  o f  t h e  b e n z y l i d e n e  r i n g  by 10'. T h i s  is r e p r e s e n t e d  i n  t h e  

f o l l o v i n g  d i a g r a m .  S i n c e  t h e  c r y s t a l  r e f l e c t a n c e  UW s p e c t r a  e r e  s i m i l a r  t o  t h o  

s o l u t i o n  s p e c t r a  i t  seems l i k e l y  t h a t  t h e  s t a b l e  c a n f o r m s t l o n s  o f  t h e  f r e e  

m o l e c u l e  are not t o o  d i f f e r e n t  f rom t h o s e  o c c u r c i n g  i n  t h e  c r y s t a l l i n e  s t a t s  
103. 

Hence e n  i n v e s t i g a t i o n  oP t h e  u l t r a v i o l e t  s p e c t r a  o f  t h e  S c h i f f  b a s e s  

114-122 was u n d e r t a k e n  and  compared u i t h  t h e  s p e c t r e  o f  b e n z y l i d e n e a n i l i n e  i n  -- 
o r d e r  t o  g a i n  an  i n s i g h t  i n t o  t h e  m o l e c u l a r  c o n f o r m a t i o n  o f  t h e s e  S c h i f f  b a s e s .  



 he r e s u l t s  ace g i ven  in Tab le  3. 

, a n i l i n e  r i n g  

An i n s p e c t i o n  o f  t he  t a b l e  i n d i c a t e s  t h a t  i n  a lmost  a l l  cases  t h e r e  i s  a 

hypsochromic s h i f t  ( o f  t h s  band n e a r  31Dnm) i n  hexane when compared t o  t h e  spec t ra  

i n  e thano l .  T h i s  shows t h a t  t he  e x c i t e d  s t a t e  o f  these  S c h i f f  bases i s  more p o l a r  

than t h e  ground s t a t e .  In t h a  case o f  p h e n o l i c  S c h i f f  bases a d d i t i o n  o f  d i l u t e  

a c i d  causes a bathochromic s h i f t  o f  t h e  band near 310nm w h i l e  t h e  band nea r  2a5nm 

undergoss a hypsochromic s h i f t .  However, t h e  e x t e n t  of bathochromic s h i f t  



T a b l e  3 .  

UV S p e c t r a l  Da ta  oP 5 c h i P f  bases 55-64 i n  v a r i o u s  s o l v e n t s  

V a l u e s  in nn and E x t i n c t i o n  c o e f f i c i e n t s  E a r e  g i v e n  i n  p a r e n t h e s i s  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _  - _ _ _ - _ - - _ _ _ _  ~ ~ ~ ~ ~ ~ ~ ~ _ ~ _ ~ ~ _ ~ ~ ~ ~  
Com- E t h a n o l  ~ t h a n o l - ~ ~ o '  Hexane Con.H2504 
pound _ _ _ _ _ _ _ _ _ _ _  - _ _ _ _ _  . . . . . . . . . . . . . . . . . . . . . .  - _ - - - - - - - - - - - - - -  

132 310,262 - 282,248 308 335.275 
(14770,26064) (1592,17740) (3330) (18969,3620) 

1 1 4  320,280,235 - 308,275,230 320,280 380,245 
(14867,12520,16237) (8216,9781,15356) (1 3224.13224) (11842,5000) 

115 320,282,232 - 310,275,230 318,280 383,243 
(18268,15658,20318) (10439,12303,20878) (18892,18724) (21811,7987) 

116  325,280,235 315,275,232 320,276 395,245 - 
(6723,4718,8139) (3779,3067,7313) (18118,15476) (17897,5369) 

117  315,285,228 - 345,265,218 355,310,282 352,230 
(14038,14176,24223) (3028,11010,23948) (4082,8164,10295) (21471,10460) 

118 315,285,228 343,265,220 360(sh)  ,315,282 352,228 - 
(12871,14007,22903) (3218,10789,24228) (3060,6226,8721 ) (21420,11580) 

1 1 9  320(sh),288,255,225 345,265,220 (3850,13980,32950) 315,285 3nO(eh ) ,233 - 
(i37oo,la61o.ro667.34290~) (17650,29520) (1 4810,15740) 

1 2 0  340,275,225(6h) 345,268,220 360,335,280 365,34O(sh),233 - 
(10499,9515,20177) (3281,13123,26739) (11282,14417,16568) (28421,24188,31445) 

121  358,290,240 325,285,242 328,292 308,348,248 - 
(4840,2504,3388) (2337,5004,5341) (11127,12055) (15450,11657,81 60) 

122 335,290,240 325,285 242 325,285 405,350,250 - 
(12075,12667,17970) (6901 , lb215,18926) (15436,19749) (49030,38842,51220) 5 

22 - - _ - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 2 
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(of t h e  bend n e a r  310nm) i s  more when t h e  p h e n o l  i s  ortho t o  t h e  -CH=N p o s i t i o n  

than vhen  t h e  p h e n o l  is  i n  t h e  para p o s i t i o n .  T h i s  i s  p r o b a b l y  d u e  t o  i n t r a -  

molecu la r  hydrogen  b o n d i n g  be tween  t h e  p h e n o l i c  hydrogen  a n d  n i t r o g e n  as shovn 

i n  f i g u r e  1. The PNH s p e c t r a  o f  compounds 117-120 s u p p o r t  t h e  i n t r a m o l e c u l a r  

hydrogen b o n d i n g  where  t h e  p h e n o l i c  hydrogen  a p p e a r s  a r o u n d  613.00. When con- 

c e n t r a t e d  s u l f u r i c  a c i d  was used  as s o l v e n t  t h e  band a r o u n d  3lOnm s h i f t e d  v e r y  

much t o  l o n g e r  w a v s l s n g t h s  and t h e  band n e a r  285nm d i e a p p e a r e d  c o m p l e t e l y .  

O u n i t z  and  Bijrgi a t t e m p t e d  t o  c o r r e l a t e  t h e  s t r u c t u r e s  of b e n z y l i d e n a a n i l i n s s  

with t h e i r  UV s p e c t r a q o 5  b u t  t h e y  d i d  n o t  g e t  v e r y  f a r  i n  t h e i r  a t t e m p t s l o 6 .  Thsy 

a l s o  d e a l t  w i t h  t h e  c o m p e t i n g  r o l e s  o f  lT e l e c t r o n  e n e r g y  and nm-bonded  i n t e r -  

a c t i o n s  i n f l u e n c i n g  t h e  m o l e c u l a r  c o n ~ o r m a t i o n ' ~ ~ .  I n  v iew o f  D u n i t z ' s  exper i ence ,  

pe rhaps  t h e  c o r r e l a t i o n  o f  UV and s t r u c t u r e  ( c o n f o r m a t i o n )  c o u l d  b e  p o s s i b l e  only i f  

t h e  X-ray c r y s t a l l o g r a p h i c  s t r u c t u r e  o f  t h e  c o n c e r n e d  S c h i f f  b a s e  is  e s t a b l i s h e d .  

Among t h e  S c h i f f  b a s e s  t h a t  we have s t u d i s d , a t  l e a s t  t h e  X-ray s t r u c t u r e s  o f  

2, 1 2 0 ,  121 and 122 would n o t  o n l y  be  h e l p f u l  i n  c o r r e l a t i n g  t h e i r  UV s p e c t r a  

and s t r u c t u r e  b u t  a l s o  would e x p l a i n  why i r r a d i a t i o n  o f  t h e s e  S c h i f f  b a s e s  f a i l e d  

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

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

r e q u i r e m e n t s  a re  n o t  n e e d e d ,  Grel lmann and  T a u e r  1071108 s t u d i e d  t h e  p h o t o c h e m i c a l  

c y c l i z a t i o n s  o f  b e n z y l i d e n e a n i l i n e s  s u b s t i t u t e d  i n  t h e  ortho p o s i t i o n  o f  t h e  

a n i l i n e  r i n g .  Benzylidene-o-hydroxyaniline (B), benzy l idsne-o -mercaptoani l ine  

(z) a n d  benzylidene-o-amin7anilins (1J5c) were p h o t o c y c l i z e d  t o  t h e  r e s p s c t i v s  

2 -phsny lbenzonazo le  (e), 2 - p h e n y l b e n z o t h i a z o l e  (m) a n d  2 -pheny lbenz imida-  

zole  (z). The r e a c t i o n  depended on t h e  n a t u r e  o f  t h e  s o l v e n t  u s e d .  T h e  

mercapto (E) and amino (E) d e r i v a t i u e s  y i e l d e d  i n  hexane  and  i n  e t h a n o l  

s o l u t i a n s  t h e  c o r r e s p o n d i n g  a r o l e s  w h e r e a s  t h e  hydroxy d e r i v a t i v e  (1JSa) p h o t o -  

hydrolyzed i n  e t h a n o l  i n t o  o - h y d r o x y g i l i n e  and  b a n z a l d e h y d e ,  b u t  i n  a p r o t i c  

s o l v e n t s  gave t h e  c y c l i z e d  r e a c t i o n  p r o d u c t s .  

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

t h e  t h r e e  compounds d i f f e r  s u b s t a n t i a l l y .  B e n z y l i d e n o - 0 - h y d r o x y m i l i n e  (E) 
absorbs  two p h o t o n  o f  e n e r g y  f o r  t h e  c y c l i z a t i o n  a n d  o x i d a t i o n  t o  1 3 7 s  v i a  

1% (Scheme 2 4 ) .  
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Scheme 2 4  

Hpwever,  b s n z y l i d s n e - o - m e r c a p t o a n i l i n s  (m) e x i s t s  o n l y  i n  t h e  t h i a r o l i n e  

form (x) which  upon i r r a d i a t i o n  i n  t h e  presence o f  oxygen  y i e l d e d  t h e  t h i a z o l e  

(E) (Schema 2 5 ) .  



I n t s r e s t i h g l y ,  i h  t h e  case  o f  b e n z y l i d e n e - o - a m i n n a n i l i n e  (1J5c) o n l y  one 

pho ton  o f  e n e r g y  is  r e q u i r e d  For t h e  c o n v e r s i o n  t o  2 - p h s n y l i m i d a z o l a  (1J7c). ~ e r c  

2 - p h e n y l i m r d a r o l i n c  (z) is  p r o p o s e d  o n l y  as a p o s s i b l e  i n t e r m e d i a t s  (Scheme 26). 

Schema 2 6  

S c h i f f  b a s e s  d e r i v e d  f r o m  ketones a n d  o r t h o  h y d r o x y a n i l i n e s  a r e  c o n v e r t e d  

l n t o  b e n m x a z o l e s  by t h e  a b s o r p t i o n  of  j u s t  one p h o t o n ,  b u t  o n l y  i n  t h e  p r e s e n c e  

1 1 2  
o f  o x y g e n  a n d  o n l y  i f  t h e  a l i p h a t i c  r e s i d u e  R o f  t h e  N=C(R R ) b r i d g e  c o n t a i n s  

l o 8  
a t  l e a s t  t u o  c a r b o n  a t o m s  (Scheme 2 7 )  . 

Scheme 2 7  
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B a l a s u b r a m a n i a n  log a t t e m p t e d  p h o t o c y c l i z a t i o n  o f  N - s r y l i m i n e s  138 d e r i v e d  

f rom 4-chloro-3-formyl-(2H)-benropyrans and  b e n z o t h i o p y r a n s  w i t h  t h e  hope  o f  

s y n t h e s i z i n g  9 b u t  s u r p r i s i n g l y  e n d e d  up w i t h  t h e  i s o l a t i o n  o f  E. 

The  p h o t o c h e m i c a l  t r a n s f o r m a t i o n  o f  138 t o  c l e a r l y  i n v o l v e s  a number o f  s t e p s  

and  may p r o c e e d  e i t h e r  t h r o u g h  t h e  i n t e r m e d i a c y  o f  t h e  enamino-imine 141 a r i s i n g  

by a  d i s p r o p o r t i o n a t i o n  o f  138 o r  t h r o u g h  t h e  4 -an i l ino -3 - fo rmyl  d e r i v a t i v e  141 
as shoun  i n  Scheme 28 .  

R e c e n t l y ,  m a r i a n o 1 l 0  h a s  s t u d i e d  t h e  f e a t u r e s  o f  e x c i t e d - s t a t e  r e a c t i o n s  

p r a c e e d i n g  by s i n g l e  e l e c t r o n  t r a n s f e r  p a t h w a y s  u s i n g  examples  t a k e n  f rom r s c e n t  

s t u d i e s  w i t h  iminium and  r e l a t a d  N - h a t e r o a r o m a t i c  s a l t s .  Ha h a s  o b s e r v e d  t h a t  i n  

t h e  case o f  iminium s a l t s ,  e l e c t r o n - t r a n s f e r - i n d u c e d  p h o t o c h e m i c a l  p r o c e s s e s  

a p p e a r  t o  r e p r e s e n t  r e a s o n a b l y  v e r s a t i l e  C-C bond-Forming ms thods  t h a t  can b e  

a p p l i e d  t o  t h e  s y n t h e s i s  o f  h e t e r o c y c l i c  r i n g  systems.  

T h i s  b r i n g s  us t o  t h e  o b s e r v a t i o n  o f  P ro fesso r :  padue7' i n  1977 r e g a r d i n g  t h e  

p h o t o c h e m i c a l  b e h a v i o u r  of  S c h i f f  b a s e s :  " I t  i s  obv ious  t h a t  a g r e a t  d e a l  more 

q u a n t i t a t i v e  uork w i l l  b e  n e c e s s a r y  b e f o r e  t h e  n a t u r e  o f  t h e s e  r e a c t i o n s  c a n  be  

f u l l y  u n d e r s t o o d  and g e n e r a l i z e d .  The i d e n t i f i c a t i o n  of t h e  e x c i t e d  s t a t e s  

i n v o l v e d ,  s u b s t i t u e n t  e f f e c t s  and  quantum y i e l d s  must be  d e t e r m i n e d  b a f o r e  a F u l l  

u n d e r s t a n d i n g  o f  t h i s  area  can b e  a c c o m p l i s h e d .  I t  is  a l s o  a p p a r e n t  t h a t  t h e  
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r e a c t i o n s  i n  t h i s  f i e l d  a re  s o  r i c h  i n  v a r i a t i o n  t h a t  t h e  p h o t o c h e m i s t r y  of  t h i s  

chromophore w i l l  remain i n t r i g u i n g  and p r o v i d e  f u r t h e r  c h a l l e n g e  t o  t h e  e x p s r i -  

m e n t a l i s t s  as w e l l  as t h e  t h e o r e t i c a l  c h e m i s t s  f o r  a l o n g  t i m e  t o  come". 
1 1 0  

P r o f a s s o r  P.S.mariano echoes  t h e  same theme, i n  1 9 8 3 ,  i n  h i s  Account on 

e l e c t r o n - t r a n s f e r  machanisms i n  p h o t o c h e m i c a l  t r a n s f o r m a t i o n s  of  irninium s a l t s .  

Thus t h e  S c h i f f  base c h e m i s t r y  p r o u i d e s  a  c h a l l e n g i n g  f i e l d  of i n v e s t i g a t i o n  t o  

T h e o r e t i c a l  Organic Chemis t s ,  X-ray C r y s t a l l o g r a p h e r s  and S y n t h s t i c  Organic  

Chemists.  
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