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1. I n t r o d u c t i o n  

Imines, azomethines end S c h i f f  bases are amongast t h e  v a r i o u s  names commonly 

used f o r  t h e  compounds b e a r i n g  carbon-n i t rogen double bond. S c h i f f  bases 

nomsnclature appears i n  t h e  o l d e r  l i t e r a t u r e  and i s  i n  t h e  name o f  t h e  uorker 

uho prepared t h e n  f o r  t h e  f i r s t  t i m e  i n  1864. L a t e r  on, i m i n e  and ezomethine 

names are f r e q u e n t l y  used i n  chemical  a b s t r a c t s  and o t h e r  chemica l  l i t e r a t u r e .  

Evers ince t h e  p r e p a r a t i o n  of these  compounds, t h e  c h e m i s t r y  o f  t h i s  f u n c t i o n  

- - -  - -  - 
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has besn t h e  f o c a l  p o i n t  of i n v e s t i g a t i o n s ,  i n  comparison t o  c a r b m y l  compounde 

from which t h e y  were prepared. As t h e  p o l a r i t y  oP carbon-n i t rogen  double bond 

i a  compara t i ve ly  much l e s s  t h a n  carbony l  funct ion.  t h e r e p o r e  the  r e a c t i v i t y  o f  

these compounds have a l s o  been i n v e s t i g a t e d  i n  cornpar ia ion t o  ca rbon-carbon  

double bonds. n o s t  of t h e  e a r l i e r  e f f o r t s  have been rev iewed by ~ a ~ e r '  and 
2 P a t a i  . The devslopments i n  t h e  chemical  aspec ts  oP t h i s  group of compounds 

have besn so Past and r i g o r o u s  t h a t  one r e v i e u  has been w r i t t e n  a p e o i a l l y  

keeping i n  v iew t h e  s y n t h e t i c  u t i l i t y  o f  these  systems i.e. us ing  theae  com- 

pounds e a s i l y  a v a i l a b l e  templatea i n  t h e  s y n t h e s i e  o f  n o v e l  he te rocyc les  

i n c l u d i n g  t h e  s y n t h e s i s  o f  complex n a t u r a l  producte3. The o b j e c t  o f  t h e  present  

rev iew i s  t o  p l a c s  b e f o r e  t h e  readers some f u r t h e r  i n t e r a s t i n g  developmsnts i n  

t h i s  a rea  end as f a r  as p o s s i b l e  at tempt  have been made t o  ommit t h e  d u p l i c a -  

t i o n  of a l r e a d y  rev iewed work and i n  t h i s  respec t  o n l y  re ferences are made t o  

those monographs. To be more prec ise,  t h e  p resen t  rev iew i s  aimed a t  c o v e r i n g  

t h e  chemis t ry  o f  con juga ted  iminea : I-sza-1.3-butadisnee ( C - C -  C r  N ), 

2-exa-I ,3-butadienes ( C - C - N = C ), I ,4-diera-I .3-butedienes ( N - C - C - N ) and 

2,3-diaza-1.3-butadienea ( C= N - N = C  ) e x h a u s t i v e l y  a l o n g  w i t h  t h e  some n o v e l  

r e a c t i o n s  of imines. The reac t ionso?  azabutadienea where t h e y  formed p a r t  oP 

h e t e r o c y c l i c  r i n g s  and a l s o  vhen conjugated w i t h  C -  0, C= 5 f u n c t i o n s  etc .  a r e  

n o t  i n c l u d e d  i n  t h i s  paper. 

2. methods of P r e p a r a t i o n  

The moat common method f o r  t h e  p r e p a r a t i o n  oP im ines  i s  t h e  r e a c t i o n  oP 

aldehydes and ketones w i t h  an inea lp2 .  1-Aza-1,3-butadienes der i ved  Pram 

unsa tu ra ted  a romat i c  aldehydes e.g. cinnamaldehyde and crotonaldehyde e r e  a l s o  

s i m i l a r l y  prepared. A l i p h a t i c  aldehydes i n  general, gave polymer ic  m a t e r i a l a  

vhen r e a c t e d  w i t h  amines and because o f  t h i s  d i f f i c u l t y  t h e  chemist ry  o f  t h i s  

t y p e  o f  compounds i s  l e s s  dsvelopsd. These im ines  can  be conven isn t l y  prepared 

by add ing  en a ldehyde t o  an a l i p h a t i c  m i n e  a t  O'C o r  below fo l lowed b y  

a d d i t i o n  oP potass ium hydrox ide,  s e p a r a t i o n  oP o r g a n i c  l a y e r  and d i s t i l l a t i o n  

4 
a t  reduced p ressure  . 2-Are-1.3-butadienes ars g e n e r a l l y  prepared by thermo- 

l y s i s  oP a z e t i n e s  o r  a z i r i n e a ,  f o r  example, 2-rnethoxy-I-azetine 1 gave 2-aze- 

5 b v t a d i e n  2 and 3 - s u b s t i t u t e d  2-dimethylamino-I-azirines 3.4 gave l - d i m e t h y l -  

6 
amino-2-azabutadienss 5 end 5 r e s p e c t i v e l y  . 



HETEROCYCLES, VoI. 26, No. 3. 1987 

3 - 

4 6 

1.4-Diarabutedienes a r e  p repa isd  by bese promoted condensation OF - m i l a  

7 oP ace ta  and or benzoyl  a c e t i c  a c i d  a n i l i d e  v i t h  n i t r o s o a r e m s  . 

R - A l k y l  o r  a r y l  ; Ar,. A r Z .  A r 3  = D i P F e r e n t l y  a u b a t i t u t e d  phenyl groupa. 

2,3-Diaza-1.3-butadienss commonly k n o w  as sz ines  ere r e a d i l y  prepared by t h e  

r e a & i o n  o f  aldehydes or ketones w i t h  hydraz ine  h y d r a t e  or su lpha ts  i n  

a l c o h o l i c  s o l u t i o n .  

3. S P B C ~ ~ O S C O P ~ C  P r o p 8 r t i e s  

Chemical p r o p e r t i e s  a r e  norma l l y  p r e d i c t a b l e  from t h e  p h y s i c a l  measurements 

and For t h a t  reason spec t roscop ic  p r o p e r t i e s  o f  i i n ines  w i l l  be d iscussed 

b r i e f l y .  S imple c a r b o n y l  compounds absorb v s a k l y  a t  about ZBOm/Aand more 

s t r o n g l y  a t  v e r y  s m a l l  wavelength (below 190mfi). The C - N -  system i s  a weak 

chronphore, uhose a b s o r p t i o n  l i s s  i n  t h e  u l t r a v i o l e t  reg ion.  Con juga t ion  OF 

b o t h  t h e  systems u i t h  a pheny l  group or a double bond s h i f t s  the  a b s o r p t i o n  

towards v i s i b l e  and %,B-unsaturated c a r b o n y l  or phenyl  ketones show an 

i n t e n a e  a b s o r p t i o n  above 2 2 A r n p .  A n i l a  o f  a romat i c  aldehydes and ketones, 

8  houever, a r e  u s u a l l y  y e l l o w  coloured. Kanda nessursd t h e  gas phase spectrum 

o f  b e n z a l a n i l i n e  and Found two band aystoms a t  2 9 4 - 2 B 3 m p - e n d  a t  248-235mp. 



The i n f r a r e d  s t r e t c h i n g  v i b r a t i o n s  o f  t h e  C - C  systems have been r a p o r t a d  t o  

f a l l  a t  1610-1635 cn-l ,  and t h a t  of C -  M a t  1665- 1690 cm-'. The C =  N 

s t r e t c h i n g  f requencies o f  t h e  v a r i o u s  s u b s t i t u t e d  benzy l idene-an i l i nsa  have 

been rechecksd by t h e  Japanese uorkersg '10 and t h e y  have ass igned s t r o n g  peak 

i n  t h e  r s g i o n  1618- 1648 cm-' i n  c h l o r ~ f o r n  s o l u t i o n  a n d  1613- 1639 cm-'I i n  

s o l i d  s t a t e  ( i n  K B r )  t o  t h e  C r N bond. These uorkars a l s o  r e p o r t e d  t h e t  s u b s t i -  

t u e n t s  i n  benzene r i n g  of b e n r y l i d e n e  group a f f e c t a d  t h e  f requency o f  C - N  

s t r e t c h i n g  a b s o r p t i o n  peak and t h a t  i n  t h e  benzene r i n g  o f  a n i l i n e  d i d  not. 

The e f f e c t  o f  c o n j u g a t i o n  by a C = C  bond on t h e  s t r e t c h i n g  a b s o r p t i o n  peak of 

C n N  bond i n  1-aza-1,3-butadiens system uas s t u d i s d  by t h e  a u t h o r  by s e l e c t i v e  

r e d u c t i o n  o f  C -  N  bond v i t h  sodium borahydride1"12 and comparing t h e  i n f r a r e d  

s p e c t r a  o f  ezadienss and d ihydr?  products. The t h r e e  bands which disappeared 

i n  t h e  rsduced compounds we re  1575 cm-1 ( medium i n t e n s i t y  ), 1600 end 

1625 cn- l  (bo th  t h e  s t r o n g  i n t e n s i t y )  and i n  analogy v i t h  t h e  p r e v i o u s  repor ts ,  

t h e  a b s o r p t i o n  bands a t  1600 end 1625 cm-l were assigned t o  t h e  C -  N s t r e t c h i n g  

a b s o r p t i o n  frequencies. Thus t h e  e f f e c t  o f  Con juga t ion  o f  C-C bond o n  C= N 

bond i n  d i m i n i s h i n g  t h e  frequency o f  t h e  l a t e r  c o u l d  be t a k e n  as very  s m a l l  i n  

cornparision v i t h  a s i m i l a r  decrease o f  2 5 - 4 0  ern-' i n  t h e  case o f  con juga ted  

enones. 

The e f f e c t  of s u b s t i t u e n t s  on NMR s p e c t r a  of N - b e n z y l i d e n s - a n i l i n e s  have 

bsen r e p o r t s d  by s e v e r a l  g r ~ u p s ' ~ - ' ~ .  Our ~ t u d i e a ~ " ~ '  i n  t h i s  d i r e c t i o n  have 

i n d i c a t e d  t h a t  i n  NAR apec t ra  o f  s u b s t i t u t e d  N-benry l idens-an i l i nes  t h e  

transmission of t h e  e l e c t r o n i c  a f f e c t s  f rom p o s i t i o n  4 t o  & o r  2 '  p o s i t i o n  

14 i s  v8ry w a k  c o n t r a r y  t o  e a r l i e r  c l a i m  . 

Systemat ics1 s t u d i e s  o f  t h e  'H NAR spec t ra  o f  1-aza-1.3-butadienes d e r i v e d  

Pram cinnamsldehyde and d i f f e r e n t l y  s u b s t i t u t e d  aminss12 have a l s o  been 

repor ted .  The ezomethine p r o t o n  s i g n a l  shoved almost, i n v a r i a b l y  a t  6 8.20. 

Whi le  t h o  60 PlHz NMR i n  CDC13 i t  shoued e i t h e r  as a t r i p l e t  o r  as a q u a r t e t ,  

i n  C6D6 i t  showed up as a doub la t  a t  67 .9 .  Tho con fo rmat ion  9 adapted by 

c i n n a m y l i d e n e a n i l i n s  was concluded f rom t h e  NMR apec t ra  on t h e  b a s i s  of  INDOR 

a s s i s t e d  a n a l y s i s  of t h e  complex spectrum pa t te rns ,  f u r t h e r  n u c l e a r  overheuser 



HETEROCYCLES, Vol. 26, No. 3, 1987 

experiments and ao lvsn t  ePfEct  s t ud i es  helped i n  t h e  complete ana lys is .  Th is  

appears t o  bs the  P i r s t  r e p o r t  vim NNR i n d i c a t i n g  t h a t  N-ary l  p a r t  is twes tad  

ou t  OF t h e  p lane v i t h  respec t  t o  the  r e s t  oP t h e  molecule end sons i s  t r u e  

f o r  also. 

+ 
The mess spec t ra  oP SchiPP bases haue been repor ted t o  show s t r ong  Ql and 

11'-1 peaks 20-22. The mass spec t r a  oP seve ra l  I-azadienes de r i ved  Prom c inna-  

maldehyds and s u b s t i t u t e d  aminss wore recorded and t h e  observed2' general  

?ragmentat ion p a t t e r n  i s  shoun below. 

m/z 178 

4. Chemical Reactions 

Imines ma in ly  undergo two t ypes  o f  chemical  react ions,  namely a d d i t i o n  

r eac t i ons  and c y c l o e d d i t i o n  r eac t i ons .  

4.1 A d d i t i o n  Reactions 

L i k e  ca rbony l  group, C -  N bond o f  i n i n e s  con t r i bu te  t o  t h e  charge separated 

s t r u c t u r e  and can bs represented as >?- \--. Therefore, v a r i e t y  o f  nuclso-  

p h i l e s  l i k e  cyanide, hydridm, t r i h a l o a c e t a t e  ions  and a l k y l  group of organo- 

m e t a l l i c  compounds a t t a c k  t h e  carbon atom of imines l e a d i n g  t o  t h e  a d d i t i o n  



across C -  N  bond. S i m i l a r l y  a c t i v e  msthy lene compounds, add across C - N  bond 

Pol lowed by e l i m i n a t i o n .  These r e a c t i o n s  have bean rev iewsd i n  two e a r l i e r  

A d d i t i o n  r e a c t i o n s  o f  con juga ted  im ines  a l o n g  w i t h  aome i m p o r t a n t  

r e c e n t  r e a c t i o n s  o f  i m i n s s  s h a l l  o n l y  be d iscussed here. 

Reduct ion o f  im ines  w i t h  sodium borohydr ide  i n  methanol has bean proved t o  be 

a v e r y  u s e f u l  r e a c t i o n  f o r  t h e  s y n t h e s i s  of o therw ise  unaccesaib ls  h s t e r o c y c l i c  

11.12 and P ,Y-unsa tu ra ted  secondary amines . 

X n 0 , S  i R  = A l k y l ,  a r y l  

Na 3H4/ReO~ 
C6H5CH=CH-CH=N-R > C6HSCH=CH-CH2-NHR 

R - A l k y l ,  a r y l  

Recent ly  3 o t t a  and coworkers r e p o r t e d  t h e  s y n t h e s i s  o f  va r ious  secondary 

amines by r e d u c t i o n  o f  ke t im ines  w i t h  a lumin ium a l k o x i d e  i n  presence o f  Raney 

n icke lz4 .  A l k y l e t i o n  of SchiPf bases has proved t o  be a very s f f i c i e n t  method 

Por t h 8  s y n t h e s i s  o f  o p t i c a l l y  a c t i v e  N-alkylamino acids2' u. 

R~ 1)  R ~ X ,  s o l v e n t  
I 

R2 
I 

Rl-C - COOR - R1- C  -COOH 

1 2) H y d r o l y s i s  I 
N%C 

NHR3 

10 - 
I n  t h e  g s n e r a l i s e d  r e a c t i o n  presented by t h e  au thors  R1 groups have been v a r i e d  

f rom a l i p h a t i c  t o  aromat ic  and i n  p a r t i c u l a r  R2 has bean kept  as hydrogen only. 

4.2 C v c l o a d d i t i o n  React ions 

Imines ere w e l l  known t o  undergo v a r i o u s  t y p e s  o f  c y c l o e d d i t i o n  r e a c t i o n s  

l e a d i n g  t o  t h e  f o r m a t i o n  of three,  f o u r ,  f i v e  and s i x  membered r i n g s  v i e  2+1, 

2+2. 2+3, 3+2, 2+4 and 4+2 c y c l o a d d i t i o n s .  

4.2.1 Three Rembered Rinss 

Reac t ion  w i t h  Carbensa 

Reac t ion  o f  i rnines w i t h  carbenes can be c l a s s i f i e d  as 2+1+3 t y p e  c y c l o a d d i t i o n  

t o  a f f o r d  a z i r i d i n e s .  E a r l i e r  work up t o  1970 i n  t h i s  area has been i n c l u d e d  i n  

1.2 t h e  p r e v i o u s  rev iews . 
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Addition oP dichlarocarbene generated Prom chloroform and aqueous sodium 

hydroxide in two phase system (TPS) to aliphatic and aromatic ininea has been 

26 reported to bs e convenient msthod for ths synthesis oP aziridines 11 . 

Rl-CH=N-R2 -, 2 
TPS , , 

11 - 
R ~ ,  R2 - Alkyl, aryl or heterocycles 

Carbmes produced by thermal decomposition of diary1 diazonsthane in the 

presence of b is (ace ty lacs tona t8 )copp . r  (11) rsacted with iminea to give inser- 

27 tion reaction instead oP cycloeddition reactions . 
Tiwari st a1." reported the synthesis oP 1.2-diaubstituted aziridinsa Prom 

inines in two phase aysten (TPS) using methylene dimethyl aulfurane generated 

from ne3s+1- as methylene transfsr agent. 

me3s*1- R 

R-CH=N-R 1' 
TPS 

i 
R 1  

Bartnik et a1." vere successful in synthesizing 1.2.3-trisubstituted aziri- 

dines by treating aryl diazomethana uith imines in preaenca of zinc iodide. 

When these uorksrs used cuproua bromide in plecs oP zinc iodide formation o f  

30 
imidazolidines 12 end other side products uers observed along uith aziridines . 

D. 

Ph Ph Ph JPh 
\ 

C=N-R + \ ' 2 /CN2 

Rl H I 
R 2  

- l 2  + by-products lika atilbene 

and benzalazine 



Compound R1 - - - R2 

a - H 

Formation oP t h e s e  p r o d u c t s  u a s  e x p l a i n e d  by p o s t u l a t i n g  a n  i n t e r m e d i a t e  1,3- 

d i p o l e  (azomethine y l i d e )  w i t h  w - c o n f i g u r a t i o n  by t h e  r e a c t i o n  o f  imine 

w i t h  phenylcarbmnoid (PhCH---CuBr) o r  phenylmethylone Pomed  by c a t a l y t i c  

the rmal  d e o o n p o s i t i o n  o f  phenyldiezomethane.  The c o n r o t e t o r y  c y c l i z a t i o n  oP 

t h e  y l i d e  v i l l  g i v e  a - a z i r i d i n e  and i f  t h e  y l i d e  h a s  s u f f i c i e n t  l i r e  t i m e  it 

m y  undergo secondary  2+3 c y c l o a d d i t i o n  wi th  C = N bond o f  imine  t o  g i v e  imida- 

r o l i d i n e  d e r i v a t i v e .  The fo rmat ion  oP by-product uas e x p l a i n e d  v i e  d i m e r i z a t i o n  

o f  ca rbeno id  o r  f r e e  c a r b e n e  and r e a c t i o n  u i t h  phenyldiezomethens .  

React ion of c a r b s n e s  v i t h  c o n j u g a t e d  imines  does  no t  seem t o  have been i n v e r t i -  

ga ted .  

React ion u i t h  Peroxy Acid 

Boyd e t  a1." r e p o r t e d  t h e  Pormation o f  o x a z i r i d i n e s  ?I by o x i d a t i o n  oP imines  

w i t h  m-chloroperbenzoic a c i d  and t h e  r e a c t i o n  u a s  obse rved  t o  be c o n s i d e r a b l y  

i n r l u e n c e d  by s t e r i c  end s l e c t r o n i c  uPfec ta .  
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O x i d a t i o n  oP 1 -azabu tad ienes  wi th  a - c h l a r o p e r b e m o i c  a c i d  y i e l d e d  3-alkenyl-  

o x a z i r i d i n e s  i n  good y i e l d s  wi th  h i g h  s t e r e ~ a e l e c t i v i t ~ ~ ~ .  

Compound R1 R2 - - 
LI - Ph t-0" 

b  - me t-EU 

Compound R1 - - "2 

C Ph i -Pr  

d  - Ph me 

4.2.2 Four  membered Rinqs S v n t h e s i s  of B-Lactams 

The f o r m a t i o n  o f  p - l a c t a m s  Prom i m i n e s  and k e t e n e s  is  t h e  most s y s t e m a t i c a l l y  

s t u d i e d  example 01 2+2+4 t y p e  c y c l o a d d i t i a n  r e a c t i o n .  Although t h e  f i r s t  

membep was s y n t h e s i z e d  a s  e a r l y  as i n  1907 by ~ t a u d i n g e r ~ ~ ,  t h e  8 -1aetama as 

a c l a s s  a c q u i r e d  importance on ly  a f t e r  t h e  d i s c o v e r y  o f  pen ic i l l in3 ' .  Cyclo- 

a d d i t i o n  r e a c t i o n s  o f  imines  w i t h  k e t e n e s ,  a c i d  c h l o r i d e s  i n  t h e  p reaance  o f  

t r i e t h y l a m i n s  have been wide ly  used f o r  t h e  p r e p a r a t i o n  o f  p - l a c t a m s  a n d  bu lk  

oP t h e  l i t e r a t u r e  on t h i s  s u b j e c t  up t o  1976 has  been rsviewed"2*35, a l s o  

some . e l ec ted  r e a c t i o n s  have been r e c e n t l y  reviewed3. T h e r e f o r e ,  h a r e  we u i l l  

d i s c u s a  o n l y  t h e  impor tan t  r e a c t i o n s  o f  i m i n e s  aPPording p - l a c t a n s ,  which 

have  no t  been i n c l u d e d  i n  t h e  e a r l i e r  r e v i s u s .  

5 t a u d i n g s r J 3  i n  1907 r e p o r t e d  t h e  r s a c t i o n s  o f  1-aza-1,3-dimes w i t h  d i p h a n y l  

and  d i n e t h y l  k e t e n e s  t o  g i v e  4 - s t y r y l - p - l a c t a m s  4, 15. 



Later on in 1957 Prlegsr and 3 e g ~ r ~ ~  studied the reactions of cinnanylidsne- 

anilins with diphenyl ketene, phenyl ketene and ketone and noted the Pornation 

oP 3.4-dihydro-2-pyridonea l6, and 18 respectively. 
Dh 

Conjugated imines 19 when reacted with azidoacetylchloride i n t h e  presence oP 

triethylamine gave cis-p-lactans 20 in good yields37. 

b9 A, = C2H5, R2 = COOC2H5 

Zamboni and 3ust3' obtained cis-p-lactams 22 by treating cinnamaldehyde 
SchiPP bases oP diethylaminomethyl phoaphonate 2 and its corraaponding fury1 

derivatives with dihethylacryloyl chloride in presance oP triethylamine. 
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Ohshiro  st a1.32 d u r i n g  t h e i r  s t u d i e s  an t h e  r e a c t i o n s  o f  1 -a rabu tad iene  2 
v i t h  p h e n y l a c e t y l  c h l o r i d e  and t r i e t h y l a m i n e  observed t h a t  t h e  o r d e r  of add i -  

t i o n  of r e a g e n t  e f f e c t e d  t h e  a t e r e o c h s m i s t r y  o f  t h e  P - l a c t a m s  formsd. While 

a d d i t i o n  of t r i e t h y l a m i n e  t o  imine s o l u t i o n  be fo re  a d d i n g  p h e n y l a c e t y l  c h l o r i d e  

y i e l d e d  on ly  a - 6 - l a c t a m a  a d d i t i o n  o f  t r i e t h y l a m i n e  a f t e r  p h e n y l a c e t y l  

c h l o r i d e  y l e l d e d  cia, trens mixtu re  o f  B- lac t sma  E. Doyle  e t  a1.37 have also 

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

o f  p - l a c t a n s  formed. 

Ohshiro  e t  a l s o  d e s c r i b e d  t h e  r s a c t i o n  o f  1 - s z a b u t a d i s n a s  25 u i t h  diphe-  

n y l  k s t e n e  t o  y i e l d  8 - l a c t a m s  26. 

We s t u d i e d  t h e  r e a c t i o n  o f  miinchnons (3-methyl-Z,4-diphanyloxazolium-5-oxide) 

which is  known t o  r e a c t  v i e  i ts  va lence  t a u t o n e r  (N-benzoylmethylarnino)-phsnyl- 

kstsne39140 u i t h  cinnamylidens-N-cyclohexyli.ine and o b t a i n e d  p - l a c t a m  27 i n  
41 good y i e l d s  . 



React ion oP con juga ted  i fn ines w i t h  d i c h l c r ~ k e t e n e ~ ~  and a - b u t y l c y a n o k s t e n e  43 

a r e  known t o  y i e l d  2-pyridones. There have been controversial c la ims  r e g a r d i n g  

t h e  fo rmat ion  oP , ¶ - l a c t a m  o r  S - l a c t a m s  i n  t h e  r e a c t i o n  o f  conjugated irnines 

u i t h  k s t e n e ~ ~ ~  and e ays temat i c  s tudy i n  t h i s  d i r e c t i o n  hea been r s p o r t e d  by 

Eredy a t  al."', vhs re  t h e  r e a c t i o n  oP d i p h e n y l  ketens w i t h  conjugated i m i n e s  28 
y i e l d s d  p - l a c t a m s  29. However r e a c t i o n  oP d i p h e n y l  ketone u i t h  1-azabutadiene 

30 y i e l d e d  OI-pyr idone z. S i m i l a r l y  r e a c t i o n  oP d i c h l o r o k s t e n e  w i t h  i n i n e a  2 - 
y i e l d e d  a - p y r i d o n e s  33 b u t  w i t h  p-phenylcinnameldohyds-inine Q gave 

-1actam 35. 

H Ph- CH= C- CH 
3  

CH3 Ph-CH=CH 

H 

H Ph-CH=CH 

H Ph-CH=CH 

H ( P ~ ) * c = c H  

H Ph-CH=CH 

Ph- N=CH-CH=CH-N (CH3)2d 

30 - 31 

Ph- N=CH-C=CHPh 
I --f 
R 

R = H, CH3 
R&ii Ph r O 

32 - 

+ Ph- N=CH- CH= CPh2 
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These r e s u l t s  u a r s  i n t e r p r e t e d  on t h e  b a s i s  o f  stsric h i n d r a n c e  by a s s u m i n g  

d i p o l a r  i n t e r m e d i a t s a  36 and z. 

I n  t h e  c y c l o e d d i t i o n  r e a c t i o n s  of d i p h e n y l  k e t e n e  w i t h  ~ , / 3  - u n s a t u r a t e d  imines  

t h e  bulky phsny l  groups p rov ide  s i g n i f i c a n t  h i n d r a n c e  i n  31 and c y c l o a d d i t i o n s  

occur  from 36 l e a d i n g  t o  p - l a c t e m .  However, i n  d i c h l o r o k e t e n e  c h l o r i n e  a tom 

does  not  p r e s e n t  s t e r i c  problem and g e n e r e l l y  4+2 c y c l o a d d u c t e  are o b t a i n e d .  I n  

c a s e  o r  a r a d i e n e  s t h e  s t r o n g  e l e c t r o n  r e l e a s i n g  a b i l i t y  o f  t h e  d ime thy lamino  

group vou ld  b e  expec ted  t o  c a u s e  t h e  r eeonsncs  s t r u c t u r e  38 and t h u e  y i e l d i n g  

6 - l a c t e ~ a .  S i m i l a r l y  bulky phony1 groups cause t h e  f o r m a t i o n  a? ,B-lectam s. 

P r e p a r a t i o n  o f  a t e r s o s p e e i f i c  8 - l a c t a r n s  from imines  has  been a v e r y  g r o u i n g  

f i e l d .  Bose e t  a1.46 r e p o r t e d  a s a f e  end  c o n v e n i e n t  method f o r  t h e  s y n t h e s i s  oP 

-mido-p-lactams s t a r t i n g  v i t h  g l y c i n e  and arornethine. The amino g r o u p  o f  

g l y e i n e  wae p r o t e c t e d  wi th  p - d i c e r b o n ~ l  compound and c a r b o x y l i c  group was 

a c t i v a t e d  t h r o u g h  t h e  f o r m a t i o n  of mixed a n h y d r i d e  o r  a n  a c t i v e  e s t e r .  The 

o o n d e n r a t i o n  between g l y c i n e  d e r i v a t i v e s  and imine i n  p resence  o r  t r i s t h y l a m i n e  

gave a t e r e o s p e c i f i e  p - l ac ta rns  2 i n  40-60% y i e l d .  !' 
H2N-CH2 - E - C H 2  1 CICOOEI I N E ~ ~  

I 
C O O H  

I - 



Use o f  R s f o r m a t s k i i  r e a c t i ~ n ~ ~ * ~ '  s i l y l  k e t s n e  a t e t a 1 s b g ,  N - t r i m e t h y l s i l y l  

i n i n e s S 0  p - t o l u e n e s u l P i n y l a c a t i c  a c i d  d e r i v a t i v s s s l ,  p - n i t r o p h e n y l  t o s y l a c e t a t e  52 

a l l e n e s s 3 ,  lithiaxy-2-phsnylacetyleneS4 and k e t e n e  b i + r i m e t h y l s i l y l ) a c e t a 1 ~ ~ ~  

? o r  t h e  p r e p a r a t i o n  o?,+lactans Prom i m i n e s  have been r e p o r t e d  i n  t h e  r e c e n t  

y e a r s .  

Our e f f o r t s  i n  t h i s  a r e a  l e d  t o  t h e  n a v e l  s y n t h e s i s  oP 3 -amido -p - l ac t ams  

4256s57 Prom a z l a c t o n s s  40, i m i n e s  41 and t h e  s y n t h e s i s  oP t m - p - l a c t a m s  44 - 
Prom a r o y l - N - a r y l n i t r o n e  45 which c o u l d  be c o n v e r t e d  t o  N - u n s u b s t i t u t s d  t-- 

58  p - l a c t a m s  5 by o x i d a t i v e  N - d e a r y l a t i o n  w i t h  c e r r i c  ammonium n i t r i t e  ( C I N )  . 

4 3  - 
0 4 A  

ti ,I! 

CAN phfl.: H\ ph - 
0 

41 
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R e a c t i o n  v i t h  I soevana tes  and  I a o t h i o c v a n a t e s  

L c y l  i s o c y s n a t e s  r e a c t  v i t h  i m i n e s  i n  (2+2) and (4+2) manner t o  y i e l d  1.3- 

d i a r s t i d i n - 2 - o n e s  46 and 1,3,5-oxidiazin-2-onss 41 r e s p e c t i v e l y .  The i s o m e r i c  

p r o p o r t i o n  uas Pound t o  be c o n t r o l l e d  by temperature,  d u r a t i o n  o f  r e a c t i o n  

59 and t h e  e l e c t r o n i c  e?Pect o f  t h e  a u b s t i t u e n t s  . " mR; R 
RCONCO + R1-CH=N-R 2 -  

R C O N -  fi 
R  = Ph, C C 1 3  5 0 

C h l o r o s u l P o n y l  i socyana teK0  r e a c t e d  v i t h  i rnines t o  g i v e  2:l adduct  48. 

R e a c t i o n  w i t h  Benrvne 

Nakayama e t  a ~ . ~ '  i s o l a t e d  N - L A - ( 0 - a n i 1 i n o p h s n y l ) b e n z y ~  a n i l i n e  52. from 

t h e r m a l  decompos i t i on  oP benzene d iazonium c a r b o x y l a t e  i n  t h e  presence oP 

N-benzy l i densan i l i ne .  These P i n d i n g s  "are i n t e r p r e t e d  i n  te rms  oP (2+2) e d d i t i o n  

o f  benzyne v i t h  i m i n e  t o  g i v e  d i p h e n y l - b e n z a z s t i d i n e  9, which  underwent 

spontaneous r i n g  opening t o  an a z a x y l y l e n e  50 and r e a c t e d  w i t h  more N-benzy- 

l i d e n e a n i l i n e  t o  g i v e  t h e  t e t r a h y d r a q u i n a z o l i n  d e r i v a t i v e  Sl which h y d r o l y s e d  

t o  g i v a  d iamine 52 (Path a). F i s h w i c k  s t  a1." i n d i c a t e d  t h a t  t o t r a h y d r o -  

q u i n a z o l i n e  d e r i v a t i v e  c o u l d  a l s o  be formed by s tspw iae  2+2+2 a d d i t i o n  OF 

i m i n e  t o  benzyne (Pa th  k). Housver  these  workers  were a b l e  t o  i s o l a t e  5.10- 

d i p h s n y l d i h y d r o a c r i d i n s  53 a l o n g  w i t h  51 d u r i n g  t h e  r e a c t i o n  oP benzyne w i t h  

im ine .  The f o r m a t i o n  OF 53 c o u l d  be e x p l a i n e d  by e l e e t r o c y c l i z a t i o n  i n v o l v i n g  

t h e  N-phenyl group aP a z e x y l y l e n e  50 Pol lowed by hydrogen t a u t o r n e r i z a t i o n  and 

p h e n y l a t i o n  w i t h  benzyne ( P a t h  2). 



H P h  H Ph 

N-P h aCHPh- H P h 

s 
4.2.3 F i v e  membered R inqs  

7 , 3 - O i p o l a ~  c y c l o a d d i t i o n  r e a c t i o n s  of i m i n a s  w i t h  d i p o l e s  l i k e  d i a z o a l k a n e s ,  

n i t r i l i m i n e s ,  a l o n e t h i n e  y l i d e s ,  a z a m s t h i n e  i m i n s s ,  n i t r i l s  y l i d s s ,  n i t r i l e  

o x i d e s  a n d  c a r b o n y l  y l i d e s  g i v e  s t a b l e  f i v e  membered h e t e r o c y c l e s  and forma t h e  

examples  of  2+3-+5 t y p e  of  c y c l o a d d i t i o n s .  Irninss d e r i u a d  f rom K - a r n i n o a c i d s  

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

r e a c t i o n s  of 1,4-diaza-1.3-butadisnes and 2,3-diaza-1,3-butadisnes, where  t h r e e  

a toms i n v o l v e d  i n  t h e  f i v e  membered r i n g  f o r m a t i o n  a r e  d e r i v e d  Prom i rn ine  can be 

c a t a g o r i s e d  as 3+2+ t y p e  c y c l o a d d i t i o n s .  E a r l i e r  l i t e r a t u r e  a n  1 .3 -d ipo l a r  

c y c l o a d d i t i o n  r e a c t i o n s  o f  i m i n a s  h a s  b e s n  w e l l  r e ~ i e u e d ' ~ ' ~ .  The r e c e n t  l i t s r -  

a t u r e  on  i m i n e s  and c o n j u g a t e d  i m i n e s  which h a s  n o t  been r ev i ewed  
63.64.65 ia 

d i s c u s s e d  here.. 

R e a c t i o n  w i t h  O i a z o a l k a n e s  

C i n n a m y l i d e n e - a n i l i n e l  r e a c t e d  w i t h  d i a z o m s t h s n e  i n  d i o x a n e  t o  g i v e  1 .2 .3 - t r i a -  

z o l i n e s  56 i n  mode ra t e  y i e l d s 1 2  and i n  a l l  t h e  cases i n v e s t i g a t e d  ca rbon -ca rbon  

d o u b l e  bond remained i n t a c t  even  when excess oP d i a z o n e t h s n e  was used.  
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R e a c t i o n  w i t h  N i t r i l i m i n s s  

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

r e a c t e d  w i t h  c i n n a n y l i d e n e - a n i l i n e 6 6  and P u r y l a c r o l e i n  milsK7 t o  g i v e  c o r r e s -  

2 
ponding A - 1 , 2 , 4 - t r i a z o l i n e s  55 a n d  5 6 , r e s p s c t i v s l y .  

+ - 
C  6  H 5  - C H = C H - C H =  N- C6H5 + C 6 H 5 - C = N -  N - C K H 5 + C 6 H 5 C H = C H - C H -  N-C6H5 

1 \ 
~ 6 ~ 5 ' ~ \ ~ / / ~ ' ~ 6 ~ 5  

S i m i l a r l y  C-ace ty l -  and C - e t h o x y c a r b a n y l n i t r i l i m i n s s  g e n e r a t e d  i n  sit" Pram t h e  

c o r r e s p o n d i n g  h y d r a z i n o y l  b romides  r e a c t e d  w i t h  s e v e r a l  c o n j u g a t e d  i m i n e s  a t  

2 68  C - N  t o  g i v e  A - 1 . 2 . 4 - t r i a z o l i n e s  57 and t h e w  was no e v i d e n c e  f o r  t h e  Porma- 

t i o n  o f  any  o t h e r  c y c l o a d d u c t  r e s u l t i n g  f r o m  t h e  r e a c t i o n  a t  c a rbon -ca rbon  

d o u b l e  bond 58. 
+ - . . 

R -CO-C=N-N-C H C H  ( p )  + R - C H = C H - C H = N - R 3  - 1  6 4  3 2  

57  - 58 - 
C y c l o a d d i t i o n  r e a c t i o n s  o f  C-acety l -  and  C-sthoxycarbonylnitrilimine~ w i t h  

2  
v a r i o u s  a l d a z i n e s  y i e l d e d d  - 1 , 2 , 4 - t r i a ~ o l i n e s ~ ~ - ~ ~  - 59 w i t h o u t  any s v i d e n c e  f o r  

t h e  Po rma t ion  OF ' c r i s s - c r o s s '  a d d i t i o n  p r o d u c t s  60 o r  l , 4 - d i p o l a r  c y c l o a d d u c t s  



Dannhardt  and ~ o r n r n e r ~ ~  r e c e n t l y  r e p o r t e d  t h e  s y n t h e s i s  oP p y r r o l o - t r i a z o l e a  63 

a n d  o t h e r  f u s e d  t r i a z o l s a  by r e a c t i n g  p y r r o l i n e s  62 u i t h  d i p h e n y l  n i t r i l i d n e .  

+ - 
C H -C-N-N-C6H5 -+ 

R : 0 F t l +  6  5 - 
'32 

62 63 
Ohah i ro  st a1.32 r e p o r t e d  an i n t e r e s t i n g  r e a c t i o n  of  c i n n e m y l i d e n e - N - t e r w t y l -  

a n i n e  w i t h  d i p h e n y l n i t r i l i m i n e  where a d d i t i o n  o c c u r r e d  b o t h  across ca rbon -  

c a r b o n  d o u b l e  bond a n d  c a r b o n - n i t r o g e n  doub le  bond. 

t 
P~-N-Bu~ + ~h - F i - N  = c - P ~  

Across C=N I A C ~ S S C = C  + t 

R e a c t i o n  w i t h  N i t r i l e  Y l i d e s  

Bungs st a1.73 have  3tudi.d t h e  r e a c t i o n  o f  bsnzonitrile-4-nitrobenzylide w i t h  

b e n z y l i d e n e n e t h y l a m i n e  and r e p o r t e d  t h e  P o r n a t i o n  o f  i r n idazo l e  d e r i v a t i v e  64 

+ - 
C 6  H 5 -  C=N-CHdC6H4N02(p) + 

- 
Benzonitrile-p-nitrobenzylide r e a c t e d  w i t h  c innany l idens-N- ts r t -bu ty lamin~  t o  

g i v e  fo rmy l  p y r r o l e  v h i c h  was formed by o x i d a t i v e  a r o m a t i l a t i o n  a n d  h y d r o l y s i s  

32 
o f  t h e  c y c l o a d d v c t  formed by a d d i t i o n  across ca rbon -ca rbon  d o u b l e  bond . 

R e a c t i o n  u i t h  N i t r i l e  Ox ides  

S i n g h  s t  a1.74 s t u d i e d  t h e  r e a c t i o n  oP b e n z o n i t r i l e  o x i d s  v i t h  1-aza-1,3-buta- 
2  

d i m e s  and r s p o r t ~ d  t h e  f o r m a t i o n  of  A - 1 , 2 , 4 - o x a d i a z o l i n e s  65, formed by t h e  
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a d d i t i o n  across c a r b o n - n i t r o g e n  d o u b l e  bond. Use of  d r a s t i c  c o n d i t i o n s  and 

excess of  n i t r i l e  o x i d e s  a l s o  d i d  n o t  y i e l d  a n y  c y c l o a d d u c t  a r i s i n g  f rom t h e  

r e a c t i o n  a t  c a rbon -ca rbon  d o u b l e  bond. 

65  - 
Subsequen t  s t u d i e s  by R a j a n a r s n d a r  e t  el .? '  on 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 s y a t s n  c o n t a i n i n g  C =  C and C -  N e l s o  con f i rmed  t h e  a d d i t i o n  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,  even vhen  t h e r e  was no a t a r i c  h e n d s r a n e a  t o  

t h e  d i p o l e .  

R e a c t i o n  w i t h  C a r b o n ~ l  Y l i d e s  

C s r b o n y l  y l i d e s  haus  not  b e e n  i s o l a t e d  b u t  t h e i r  s x i s t a n c e  h a s  been  proved by 

s p e o t r o s c o p i c  method and i n  s i t u  r e a c t i o n s  of  o x i r a n e a .  Linn and C igansk  76 

Pound t h a t  t e t r a c y a n o e t h y l e n e  o x i d e s  reac ts  v i t h  N-ben ry l idene -an i l i ne  t o  g ive  

s p e c i e s  1 a n d  B v h i c h  a r e  c a p a b l e  of  r e a c t i n g  w i t h  d i p o l a r o p h i l e s .  I n  t h e  

a b s e n c e  of  any  d i p o l a r o p h i l e  t h e  4 - o x a z o l i n e  = i s  Formed (by r i n g  c l o s u r e  of A 
a n d  e l i m i n a t i o n  of  one m o l a c u l e  o f  hydrogen  c y a n i d e )  t o g s t h e r  u i t h  i r n i d a z o l i d i n e  

67 ( formed by 1 .3 -d ipo l a r  c y c l o a d d i t i o n  of  b e n z y l i d e n e - a n i l i n e  w i t h  a r o n s t h i n s  - 
y l i d e  B 1. 



Similerly carbonyl ylides derived from gem dicyano e p ~ x i d e a ~ ~  reacted with 

iminas t o  yield ~ x a z o l i d i n s s ~ ~  68. 

X = H, cl. Aeo, NO2, 

Y - H, mo. NOa, C1 

Z - H, AeO, NO2. 

/" 
(p) Z-C6H6N-C 

'c6~4~(~) 1 \,AN 
(p) X-C6H4-C C 

\o/ 'CN 

Reaction with Aziridines 

The thermal decyclization o f  aziridines gives corresponding ezomethine ylidee 

79 which add t o  different dipolarophiles t o  give Pivs membered heterocycles . 
Sain and ~andhu" reported the reactions of 3-benzoyl-1-cyclohsxyl-2-phenylazi- 

ridine and 3-benzoyl-I-isopropyl-2-phenylaziridine with conjugated inines to 

yield corresponding imidarolidinss 69 without any evidence far the formation 

of any addition product arising Prom the reaction with C -  C bond. 

69 - 
U - R n i n o  Acid Eater Imines as dipoles 

Iminss derived from a - a m i n o  acid esters have been extensively used as dipoles 

for stereospecific cycloadditiona t o  difPerent dipolarophiles. 3oucle st 81. 81 

reported the reactions of imines derived from glycins methylester and benral- 

dehyds 70 vith number of dipolarophiles t o  yield stereoisomeric pyrrolidines 
11-15. 
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. . 
b ,  R I cone, R 1  - CN 

71 , , - 
c, R - CN, R 1  - COOms 

,COOMe C O O M e , ~ ~ ~ ~ e  

3?+ y C 0 O k  , 
MeOOCHC MeOOC 

77. + 8 - p h  
ph - M ~ O O C  # 

+ SHCOOMe COOMe OMe COOMe 

CHCOOMe MeOOC aph ' ~ o o c . & ~ . p h  
H H 

Imines  o b t a i n e d  from p h s n y l g l y c i n e  me thy l  e s t e r  and b e n r a l d e h y d e  u n d e r e v e n t  

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

s t e r e o i s o r n e r l c  p y r r ~ l i d i n e s ~ ~ .  O t h e r  s t u d i e s  i n  t h i s  d i r e c t i o n  i n c l u d e  t h e  use 

of p y r i d o x a l  CC-amino a c i d  e s t e r  a l d i n i n e s s 3  end d i s t h y l  a m i n o n a l o n a t e  i m i n e s  84 

es d i p o l e s .  

R e a c t i o n  v i t h  2-Phanyl -oxarol ium P e r c h l o r a t e  

Boy0 e t  ai ."  r e p o r t e d  t n s  r a a c t i o n  o i  i m i n e s  w i t h  2-phenyioxazoi ium p s r c h i o r a i s  

t o  g i v e  i n i d a r o l i d i n - 4 - o n e  76. Forma t ion  of  i m i d a r o l i d i n e  uas assumed t h r o u g h  

t h e  m e s a i o n i c  s p e c i e  E. 
I 

R e a c t i o n  of  1 . 4 - D i a r a - 1 . 3 - b u t a d i m  

n o s k a l B 6  r e p o r t e d  an i n t e r e s t i n g  r e a c t i s n  of  1 , 4 - d i a z e b u t a d i s n e s  w i t h  a r a y l  

i s o t h i o c y a n a t e s  t o  y i e l d  i n i d a z o l i d i n e - 2 - t h i o n e s  78. The c y c l o a d d i t i o n s  vers 

Pound t o  be accompanied  by 1 . 4 - s h i f t  o f  hyd rogen  from a me thy l  g roup  a t t a c h e d  

t o  C2 of  t h e  1 , 4 - d i a z a b u t a d i e n e s .  



flechanism P o r  the formation oP 2-imidazolidinethiones 78 was concluded on the 

basis oP their earlier Pindings on the reaction af  isocyanates uith 1.4-diaza- 

butadines 87-89 and that the reaction oP aroyl isothiocyanate vith 1,4-diazabute- 

d i e m  containing phsnyl group in place oP methyl group at C - 2 ,  did not proceed. 

Thus N - I and C- 3 oP the azadiene uera taken as 'nucleophilic and electrophilic 
centres and the mechanism as shoun uas suggested. 

Ar2 
I 0 

c o N H A r 3  II 
N' C X ~ r 4  >?/ I1 - 3 

H\+/C" N- : 
C H 2  1 S 

Ar 1 
Reaction oP 2.3-Diaza-1.3-butadienes 

2.3-Diaza-l,3-butadiene (elins) is a typical azadiane system and can undergo 

6 4  3 + 2  ~ ~ e l o a d d i t i o n s  where 'crias-cross' addition products are obtained . 
Suschitrky et al." reported the reactions o f  ehlorosulphonyl isocyanate with 
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Housver,  r e a c t i o n s  o f  c h l o r o s u l f o n y l  i s o c y a n a t e  w i t h  a r o m a t i c  k e t o n e  a r i n s s  

were n o t  s u c c e s s f u l .  

R e a c t i o n  of  s z i n e s  v i t h  m a l s i c  N-phany lma le imideg3  and  p h e n y l  

a r e  a l s o  known t o  a f f o r d  ' c r i s s  - crosst p r o d u c t s .  

4.2.4 S i x  Plembersd R inqs  

C y c l o a d d i t i o n  r e a c t i o n s  o f  i m i n s s  w i t h  d i e n s s  s u c h  as b e n z o y l  s u l f e n s ,  d i k e t e n s ,  

d i m e t h y l  a c e t y l e n e d i c a r b o x y l a t .  y i e l d  s i x  membered r i n g  h e t e r o c y c l e s  and  can be 

c l a s s i f i e d  as  2 +  4+6 t y p e  c y c l o a d d i t i o n s .  R e a c t i o n s  o f  i m i n e s  w i t h  e n a n i n e s ,  

v i n y l  e t h e r  and  D i s l s - A l d e r  t y p e  r e a c t i o n s  o f  c o n j u g a t e d  i m i n e s  i n c l u d i n g  

i n t r a m o l e c u l a r  c y c l o a d d i t i o n s  and  r e a c t i o n s  w i t h  m e s o i o n i c  o x a z o l o n s s  which l e a d  

t o  t h e  f o r m a t i o n  o f  s i x  membered r i n g  can be c l a s s i f i e d  as 4+2+6 t y p e  c y c l o -  

a d d i t i o n s .  E a r l i e r  l i t e r a t u r e  i n c l u d i n g  some r e c a n t  r e p o r t s  which h a v e  b e s n  

i n c l u d e d  i n  t h e  r e v i ~ w s " ~ ' ~  and  t h e  l i t e r a t u r e  on p h o t o c h s m i e o l  c y c l o a d d i t i o n  

r e a c t i o n  o f  i m i n e s  which h a s  been  t h o r o u g h l y  r e v i e u e d  94-g613 are n o t  d i s c u s s e d  

R e a c t i o n  w i t h  D i s n e s  

The  use o f  i m i n e s  as d i e n o p h i l i c  component i n  ( 4+2 )  c y c l o a d d i t i o n  r e a c t i o n s  uas 

t h o r o u g h l y  r e v i e u e d g 7  i n  1967,  and  uas upda t ed  by W e i n r s b  a n d  ~ e v i n "  i n  1979.  

A 1 1  t h e  i m i n o  compounds a r e  no t  e f f e c t i v e  d i e n o p h i l e s  a n d  s i m p l e  S c h i f f  b a s e s  

t h u s  have  p roved  t o  be  u n r s a c t i v e  i n  4+2 c y c l o a d d i t i o n s  u n l e s s  e x c a p t i o n a l l y  

r e a c t i v e  d i e n e s  s u c h  as o -qu inod ime thane  ais employedgg.  E l e c t r o n  d e f i c i e n t  

d i e n e s  however  p r o v i d e d  more r e l i a b l e  r s a c t i o n  p a r t n e r s .  I n  p a r t i c u l a r  N-sul- 

p h e n y l i m i n e  and  N-acyl imines  add  t o  1 , 3 -d i enes  a f f o r d i n g  t o t r a h y d r o p y r i d i n e s  

i n  good y i e l d s .  Such  c y c l o a d d i t i o n s  can be e f f e c t e d  e i t h e r  t h e r m a l l y  o r  unde r  

l e w i s  a c i d  c a t a l y s i s .  

N 

Y 

Z = SOZAr, COR 

X ,  Y = H, CDOR. Ar, CC13 

A d d i t i o n  o f  a n  i r n ine  t o  an a a s y m e t r i c a l  d i e n e  c e n  i n  p r i n c i p l e  g i v e  two  r e g i o -  

i a o n a r i c  a d d u c t s .  I n  f a c t  i n i n o -  D i e l s - A l d e r  r e a c t i o n s  e h o u  an s x c e l l e n t  

r s g i o s e l e c t i v i t y  c o n p a r a b l s  t o  a l l  c a r b o n  s y s t e m s .  



Al though t h e  mechan is t i c  d a t a  c o n c s r n i n g  t h e s e  c y c l o a d d i t i a n s  are s p o r d i c  a t  

present  b u t  houever. Wsinreb s t  al.lOO have o u t l i n e d  a scheme o f  t h e  s t e r s o -  

chemica l  consequences o f  a d d i t i o n  o f  an a c y c l i c  i n i n e  t o  a s u b s t i t u t e d  d isne.  

Weinreb and coworkers  101*102 f u r t h e r  used t h e  im ino -  D i e l p A l d e r  r e a c t i o n  i n  t h e  

s y n t h e s i s  o f  C/O r i n g  system of  t h o  a n t i t u m o r  a n t i b i o t i c  s t r e p t o n i g r i n  80 as  

mckay and   roc tor'^^ r e p o r t e d  t h e  r e a c t i o n  oP iminss u i t h  s e v e r a l  d i s n e s  i n  

Presence o f  BF3Et20 c a t a l y s t .  

B 
Ph -C- CH= N 

81 - 

C I 
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Lewis a c i d  c a t e l y s e d  c o n d e n s a t i o n  oP s i l o x y  d i s n s s  w i t h  i m i n e a  t o  y i e l d  s i x  

membered heterocycles a r e  a l s o  r e p o r t e d  104 ,105  

R e a c t i o n  w i t h  B e n z o y l r u l f e n e  

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

m i n e  r e a c t e d  v i t h  benzylidine-N-propylsnina t o  g i u s  (4+2) c y c l o e d d u c t l o 6 .  T h i s  

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

Et3N 
0 2  

Ph-COCH2-S02C1 + Ph-CHrN-Pr 

P h 

R e a c t i o n  w i t h  O i k s t c n e s  

R e a c t i o n  o f  i n i n e s  w i t h  a c i d  c h l o r i d e s  i n  t h e  p r e s e n c e  oP t e r t i a r y  b a s 8  

g e n e r a l l y  y i e l d s  -1ae tams.  flaujeen and  ~huche" '  r e p o r t e d  a n  i n t e r e s t i n g  

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

d i h y d r o o x a z i n o n ~ s  82. Same p r o d u c t s  c o u l d  a l s o  b e  o b t a i m d  by r e a c t i n g  k e t s n e  

dirner w i t h  i m i n e s .  

a, R1 = Ph, R 2  = H, R 3  = Ph, CH2Ph 8 2 - 
b* R1 = R~ P me, f13 - Ph 

R e a c t i o n  w i t h  D ime thy l  A c e t y l e n e d i c a r b o x y l a t e  

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

d i m s  108-110 83* - Cinnamaldshyde  a n i l a  a l s o  r e a c t e d  i n  a s i m i l a r  manner l e a v i n g  

C - C  bond i n t a c t .  C O O C H 3  
I 

R e a c t i o n  w i t h  BenzoPurazan  N-Oxide 

Our i n v e s t i q a t i o n s  c o u p l e d  w i t h  t h e  l i t e r a t u r e  r s p a r t a  on t h e  r e a c t i o n s  of  

1 -a r a -1 .3 -bu t ad i sne s  r e v e a l e d  t h a t  d i p o l e s  as u s 1 1  as  n u c l e o p h i l e s ,  g e n e ~ a l l y  

r e a c t  a t  c a r b o n - n i t r o g e n  d o u b l e  bond l e a v i n g  ca rbon -ca rbon  d o u b l e  bond i n t a c t .  



In 1984 an interesting reaction oP cinnamylidene-aniline with benzofuraran 

N-oxide was reported, where the reaction occurred at C = C  bond of azadisne 

to yield a nouel class oP quinoxaline N.N1-dioxide irninelll 84. Ths clear 

mechanism of thia reactions is atill obscure. 

dry benzene 
+ C6H5Ctl=CH-CH=N-C H 6 5 

____, 
I 

0 - 
0- 

0 - 84 - 
Reaction with Enamines 

Enamines having O(-hydrogsn, reacted vith a variety o f  benzylidene-enilinss 

112 to give l,Zr3,4-tltrahydroquinolinas a. 

The mschanistic routs Por this reaction has been proposed as : 
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R e a c t i o n  v i t h  V i n v l  E t h e r s  

R e a c t i o n  oP i m i n e  w i t h  v i n y l  e t h e r  i n  t h a  p ressncs  aP d i c o b a l t o c t a c a r b o n y l  i s  

knovn t o  y i e l d  2 - p h e n y l q u i n o l i n e  86 and 2-phsnyl-4-ethoxy-l,2,3,4-tetrahydro- 

q u i n o ~ i n e 1 ' 3  81. 

8 6 - 
R e a c t i o n  o f  Rzadisnes w i t h  Reso ion ic  Oxazolonsa 

A s  ear ly  as i n  1971 r e p o r t e d  t h e  r e a c t i o n  o f  c i n n a m y l i d e n e - a n i l i n e  v i t h  

4-methyl-2-phenyl-2-oxazolin-5-one t o  y i e l d  d ihyd ro -  O C - p ~ r i d o n e  88. 

To g e n s r a l i z e  t h i s  r e a c t i o n  and s tudy  t h e  e f f e c t  oP d iPPeren t  s u b s t i t u e n t s  i n  

azadiene ue r e a c t e d  a s e r i e s  o f  c i n n a m y l i d e n s - a n i l i n e s v i t h  4-msthyl-Z-phenyl-2- 

' o x a z o l i n - 5 - 0 n e ~ ~ ~ .  A l though  d ihyd ro -  6 - p y r i d o n e s  were t h e  o n l y  p roduc t  i s o l a t e d  

from these  r e a c t i o n s ,  t h e  r e a c t i o n s  v i t h  N - a l i p h a t i c  azadienea were  Pound t o  be 

Past and exo the rm ic  i n  compar ison w i t h  N-aromatic c o u n t e r p a r t s .  



To fu r t he r  general ize t h i s  r e a c t i o n  and atudy t he  e f r s c t  o f  subs t i t usn t s  on 

azadione, r eac t i ons  of 4-mothyl -2-phenyl -2-~~a~ol in-5-0ne v i t h  fu ranacro le in -  

a n i l s  uere studied.  Again we obta ined corresponding d i hyd ro -K -py r i dones  and 

t h e i r  uas no svidence f o r  t h e  fu ran  r i n g  t a k i n g  p a r t  i n  t h e  resetions116. The 

s t r uc tu res  were f u l l y  con r i r nsd  by x-ray analyses. 

React ion of 1-are-3-bromo-1.3-bhdienes w i t h  4-methyl-2-phenyl-2-oxazolin-5-one 

117 a l s o  y i e l ded  M - p y r i d o n e  . 
Having been s tud ied  t he  reac t i ons  of 1-azs-1,3-butadienss v i t h  d i f f e r e n t  

subs t i tuen ts ,  us d i r e c t e d  our s tud ies  on t h i s  reac t ion ,  towards changing t he  

aubs t i t uen t s  i n  mesoionic oxazolones. Thus we s tud ied  t he  reac t i ons  o f  2-oxazo- 

l in-5-ones hav ing  d i f f e r e n t  subs t i t uen t s  i n  p o s i t i o n  2 v i t h  cinnamylidene- 

an i l i nes .  Although dihydro-CC-pyridones were t he  on ly  r e a c t i o n  products w i thou t  

any evidence of t h e  Formation OF -lactam o r  1,3-dipolar cycloadduct, i t  uas 

observed t h a t  "hen an a r y l  group i n  p o s i t i o n  2 of the  oxazolons con ta ins  an 

s l e ~ t r o n  ~ i t h d r a v i n g  group i n  para p o s i t i o n  t he  reac t i on  i s  s louer  and i n  case 

o f  e l e c t r o n  donat ing group, i t  i s  f a s t e r  t han  t he  unsubs t i t u t ed  a r y l  group being 

118 present . 
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Reaction of 2,3-diara-l,3-butadienes with 2-oxazolin-5-ones yielded pyrida- 

zinonea 119-120 - 89 without any evidence for the formation of 'criaa-cross' 

product 90 or arnido-8-lactam 91. 
F1 

Reaction of 2.4-Diphenyl-2-0~ar01in-5-0ne with 1-Azabute-1.3-dimes 

Our studies on the reaction o f  2.4-diphsnyl-2-oxazolin-5-one 2 with I-srabute- 

1,3-dienes 93 yielded interesting results and we obtained two sets of products ; 

oC-pyridonea when azadienes vith N-alkyl groups vers used and acetylated 

121 
adducts 95 when their N-eryl analogues were used . 

0 R 

The azlactone g, mp 90-92% (lit.12Z, np 103.5-105.5'~), uas prepared following 

the method reported by ~uisgsn'~~. Repeated ~rystalli~ation f r o m  light patrolsun 

1 
sther did not raise the melting point. The H NNR spectra of this compound showed 

the presence of aoetic anhydride presumbly in the crystel lattice. This 

arlactons g containing acetic anhydride, when reacted vith nzadienes a,: 



y i e l d e d  c i - p y r i d o n e s  % a n d  i n  601 y i e l d s .  Houever i t s  r e a c t i o n s  v i t h  

azad ienss  y i e l d e d  a c e t y l a t e d  adduc ts  w i n  46-52% y i e l d s .  8180 we 

were a b l s  t o  p repare  t h e  a z l a c t o n e  92 P r e s  o f  a c e t i c  anhydr ide  by p a s s i n g  t h e  

benzene s o l u t i o n  o f  a r l a c t o n e  % t h r o u g h  a  s h o r t  column o f  a c t i v e  b a s i c  a lumina  

where a l l  t h e  a c e t i c  anhydr ide  ua?, t rapped .  The a z l a c t o n a  g t h u a  o b t a i n e d  

showed np 103.5-105.5'~ ( t h e  sans as t h a t  r e p o r t e d  by  Huisgen) snd t h e  'H NnR 

s p e c t r a  i n d i c a t e d  t h e  abssnce o f  any a c e t i c  anhydr ide.  A c e t i c  a n h y d r i d e  f r e e  

a z l a c t o n e  92 r e a c t e d  w i t h  N-a ry l im ines  9 J C - a f f o r d i n g  the&-py r idonea  

i n  14, 20 end 15% y i e l d s  r e s p e c t i v e l y .  Houevar, i t s  r e a c t i o n  w i t h  N-a l ky l im ines  

93a and % y i e l d e d  t h e  CX-pyr idones % a n d  & i n  comparable y i e l d s .  - 
mechanism f o r  t h e  D ihyd ro -OC-py r idons  Format ion  

The i s o l a t i o n  o f  a c s t y l a t e d  adducts  o f  t h e  t y p e  d e a r l y  i n d i c a t e d  t h a t  

t h e  r e a c t i o n  i s  i n i t i a t e d  by a t t a c k  o f  oxazolone a t  C= C bond o f  azadiene 

f o l l o ~ e d  by N-acs ty la t i on .  I n  t h e  case o f  compounds * a n d  % t h e  c y c l i z e d  

p r o d u c t s  ( OC-pyr idones) were o b t a i n e d  ; t h e  most l o g i c a l  s x p l a n a t i o n  p robab ly  

c o u l d  be t h a t  t h e  a d d i t i o n  o f  oxazolone i n  i t s  c a r b a n i o n  form t o  t h e  C - C  bond 

and a t t a c k  o f  n u c l e o p h i l i c  n i t r o g e n  i s  a c o m p l e t e l y  concer ted  process (Scheme-I), 

l e a v i n g  no t i m e  a v a i l a b l e  for t h e  a t t a c k  o f  a c s t y l  group, t h e  source o f  which 

appears t o  be t h e  a c e t i c  anhydr ide  i n  t h e  c r y s t a l  l a t t i c e  o f  92, a t  n i t r o g e n .  

I n  case of  compounds 9 h t h e  a n i o n  formed a t  t h e  n i t r o g e n  atom is more s t a b l e  

and has a l o n g e r  l i f e t i m e  because o f  i t s  d s l o c a l i ~ a t i o n  i n t o  t h e  a r o m a t i c  r i n g ,  

and t h e  compet ing a c e t y l a t i o n  r e a c t i o n  i s  much f a s t e r  t h a n  t h e  i n t r a m o l e c u l a r  

a t t a c k  on t h e  a z l a c t o n e  c a r b o n y l  carbon, g i v i n g  t h e  a c s t y l a t s d  adduc ts  as t h e  

s o l e  i s o l a b l s  p roduc ts .  

The o t h e r  two p l a u s i b l e  m e c h a n i s t i c  pathways f o r  t h e  f o r m a t i o n  o f  OC-pyr idone 

from con juga ted  im ines  and a z l a c t o n e s  c o u l d  bs (1) t h o  a z l a c t o n e s  are  known t o  
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unde rgo  ( 4 +  2 )  c y c l o a d d i t i o n s  i n v o l v i n g  t h e  v a l e n c e  t a u t o n m r i c  k e t a n a  i n t e r -  

m s d i a t s 1 2 3  and  OC-pyr idones  may be  formed a n a l o g o u s l y  by a k s t s n s  i n i n e  r e a c t i o n  

(Scheme-2). ( 2 )  The r e a c t i o n  may be  i n i t i a t e d  by a t t a c k  o f  t h e  b i n s  a t  t h e  

c a r b o n y l  g r o u p  o f  t h e  e z l a c t o n e  and  s u b s e q u e n t  c y c l i z e t i o n  may y i e l d o c - p y r i d o n e  

as s h a m  i n  S c h e m e - 3 .  T h i s  has a n a l o g y  t o  t h e  mechanism p roposed  by Knowlss 

e t  el.'' f o r  t h e  r e a c t i o n  b e t v s s n  o x a r o l i u m  p e r c h l o r a t s  and  S c h i f f  b a s e s .  

- 9_4 S i h e m e  3 

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

mechanism f o r  t h i s  t y p e  o f  r e a c t i o n  i s  t h a t  shown i n  S c h e m e - 1 .  T h i a  t r a c e  

amount o f  a c e t i c  a n h y d r i d e  p l a y i n g  a t y p i c a l  ro le  is p a r t i c u l a r l y  i m p o r t a n t  i n  

c o n t s x t  w i t h  P o t t ' s  method o f  i n  s i t"  g e n e r a t i o n l Z 4 .  A c r i t i c a l  r e p o r t  t o  t h i s  

1 2 5  method h a s  r e c e n t l y  been  p u b l i s h e d  . 
R e a c t i o n  o f  1 - A r a b u t a d i e n e s  w i t h  E n o l a t s s  o f  S u b s t i t u t e d  A c e t a t e s  

Kona t su  e t  ~ 1 1 . l ~ ~  r e p o r t e d  t h e  r e a c t i o n  o f  1 - a z a b u t a d i e n e s  v i t h  e n o l a t e a  o f  

s u b s t i t u t e d  a c e t a t e s  t o  y i e l d  3 ,4-d ihydro-2-pyr idones  96. 



Inter~nolscular and Intramolsculer.OislsAlder Cvcloaddition Reactions OF 

C o n j q s t e d  Imines 

Ghosez et a1.Iz7 reported that o(,p-unsaturated hydrazones 97 react regio- 

selectively with a wid8 range of dienophilss t o  give the corresponding (4+2) 

c y c l o a d d u ~ t ~ .  R s d u c t i ~ e  cleavage OF the N -  N bond of these adducts gave 

tetrahydropyridines. 

R large number of nitrogen bearing unsaturated heterocycles ere knoun to 

participate in (4+2) cycloadditions but thase examples are not discussed here. 

0-Puinone mathide imines generated i n  sit" are also known t o  rsact with a 

variety o f  d i s n o p h i l s ~ ~ ~ ~ - ~ ~ ~ .  It0 st al.lJ1 observed t h e  Formation OF spiro- 

tetrahydroquinoline derivative 100 by treating [~(trimethylsilyl)methyls.in~- 
bsnzyl] trimethylammonium iodide vith cesium Fluoride or tetrabutylammonium 

fluorids in acetonitrile at room temperature. 
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The sp irote trahydroquino l ins  d s r i v a t i v s  100 may be  d e r i v e d  f rom ( 4 + 2 )  c y c l o -  

s d d i t i o n  oP t h e  o-quinonemethida  i m i n e  2. A t t e m p t s  t o  t r a p  t h e  i n i n s  99 w i t h  

d i e n o p h i l e s  l i k s  a c r y l a t e ,  furnura te .  a c s t y l s n s d i c a r b o x y l a t e  e n d  N-pheny l -  

m a l e i n i d e  f a i l e d  and  r e s u l t e d  i n  t h e  f o r m e t i o n  o f  100 on ly .  Houever,  i n t r a m o l s -  

c u l e r  D i e l a - A l d e r  r e a c t i o n  o f  o -qu inoneme th ide  N-s lkenyl imine  i n t e r r n s d i a t s  101 

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

n = 3 . 4  

F i n a l l y  t h i s  p r o c e d u r e  was e x t e n d e d  f o r  t h e  a t a r e o s e l e c t i u e  s y n t h e s i s  of 

I)-araestra-1,3,5(1D)-trien-17-one 102. 

Fowler e t  a l .  132*133 r e p o r t e d  t h e  p r e p a r a t i o n  o f  N-acyl - I -a radisnes  by t h e r m a l  

e l i m i n a t i o n  of  a c e t i c  a c i d  from 0 - e c e t y l  h y d r o x y l a m i n s  d e r i v a t i v e s .  T h e s e  

r e a c t i v e  i m i n e s  underwent  i n t r a m o l e c u l e r  D i s l s - A l d e r  r s a c t i o n s  t o  g i v e  i n d o l i -  

z i d i n e  d e r i v a t i v e s  l&. The r s s c t i o n  h a s  b s e n  r s p o r t s d  t o  f o l l o w  p r e d o m i n a n t l y  

an e x 0  s t e r e o c h e m i c a l  pathway. 



Thus by employing different subatituents R a number of indolizidines uere 

synthesizsd. 

Yield - 

75% 

nao st ~ 3 1 . l ~ ~  reported gas phase pyrolysis of N-phenyl-a-(hydroxymethy1)anilins 

104 at 750'~ to give acridine 107. As a rationalization for the formation aP - 
acridines 107 it was assumed that 104 undergoes water elimination to give inine 
105, uhich then undergoes cyclization to 106 Polloued by elimination oP hydrogen - 
to giva 107. 

Further tho98 ~ o r k e r s ' ~ ~  carried out gas phase pyrolysis of apiro-oxazinss 108 
-I 

which presunbly involuss Pirst ring opening with the loss of water to give 

corresponding o-xylylens derivatives 09, which on cyclization and thermal 

elimination of hydrogen yields quinoline derivatives 10. 
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There are a number o f  reports on (4+2) oycloaddition reactions o f  2-azabutadienes. 

Houevsr these .disnes are generally substituted vith slectron donating groups 

~ h i c h  make them capable of extending their reactivity touards elsotron deficient 

dienophiles. Choser st a1.13' reported the reactions of 1.3-bis(t-butyldimsthyl- 

si1yloxy)-2-arabutedisnes ill uith a range o f  typical dienophiles. 

C O O C  H 3 

R 0 

Compper and ~einernan'~~ reported the preparation of reactive 1.3-bis(dimethy1- 

amino)-2-szabutadisnes 112, 113 uhich readily reacted uith a series oP elsctron 

deficisnt dienophilea. 



In Pact Ghoser et a1.6 .ere the first to report that 2-aradisnss 6, 1 bearing 

electron donating group &e ospabls of reacting uith disnophiles. 

DM A 0 
> cH3ac00cH3 

COOCH.  

Other intaresting sxarnpla of cycloadditian reactions of 2-azebutadienns uith 

electron deficient dienophiles are by ~ o r n p p e r l ~ ~ ,   orm mural^^, 3un9 et a1.13' 
141 Daniels et al.140 and Steglich et al. . 

Thsre are very few sxanples of 1,4-diazabutadimea participating in ( 4 +  2) 

cycloaddition reactions. Pfleger and 3sgsrJ6 reported that dimethyl and diphenyl 

ketene react with CC-diimines *to give (4+2) cycloaddition product. However 

reinvestigation oP this reaction by Sakamoto st a1.142 rovealsd the product to 

be f9-lactsm Formed by (2+2) cyclosddition. 
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The d i n e r i z a t i o n 1 4 '  o r  substituted 0-benroquinonsdi imines and r e a c t i o n  

OF o-benzoquinanedi imines 1 3  w i t h  d i a r y 1  k e t e n - 3 ~ ' ~ ~  can be t a k e n  as the  

example oP ( 4 +  2)  c y c l o a d d i t i o n  OF 1.4-diarabutadienes. 

0 

II 4$$% R Z  

ng R 1  

D i a l s - A l d e r  r e a c t i o n s  oP 2,5-diazabutadiane system w i t h  d i s n o p h i l e s  dosa n o t  

appeak t o  heue been r s p a r t e d  i n  t h e  l i t e r a t u r e .  

REFERENCES 

1. R.W. Layer,  Chsm. Rev., 1963, 63, 489. 

2. 'The Chemis t r y  OF Carbon-Ni t rogen Double Bond', E d i t e d  by 5. P e t a i ,  

I n t e r s c i e n c e ,  London, 1970. 

3. T.R. Gov indsehar i ,  P. Chinnasany, 5. R a j s s u a r i ,  5. Chandrasekaran, 

n.5. Premi la ,  5. Na ta ra jan ,  K. Nagara jan and B.R. Pai ,  Heterocyc les,  

1984, 22, 585. 

4. R. T i o l l a i s ,  B u l l .  Soc. Chin. France, 1947, 708. 

5. U.H. Aue and U. Thomas, 3. Ors. Chem., 1975, 40, 1349. 

6. A. UBmoulin. t i .  Gor issen,  A.N. Hesbain-Fr isque and L. Ghosez, 

3. Am. Chem. Soc., 1975, 91, 4409. 

7. 3. n o s k a l  and P. M i l a r t ,  3. Chem. Rss.(s), 1981, 284. 

8. Y. Kanda, me.. F a c u l t y  Sci.. Kyushu Univ.. Ser. C. Chem., 1950, 1, 179, 

(Chem. Abstr . ,  1952, 46, 9982i ) .  

9. n. Nekamura, K. Komatsu, Y .  Condo, K. Ohta and Y .  Ueda, Chem. Pharm. Bul l . ,  

1967, 5, 585. 

10. L.E. C lougher ty ,  3.R. Sausa and G.m. Wyman, 3. Orq. Chem., 1957, 22, 462. 



11. N. Singh, 3.5. Sandhu and 5. nohan, Chem. Ind. (London), 1969, 585. 

12. S. Nohan, Ph.0. Thes is ,  P u n j a b i  U n i v e r s i t y ,  P a t i a l a ,  1970. 

13. K. Tabe i  and E. S a i t o u ,  B u l l .  Chem. Soc. Japan, 1969, 2, 1440. 

14. N. Inanoto,  E. Kushida, 5. flasuda, H. Ohta, S. Satoh, Y .  Tamura, K. T o r i  

and fl. Yoahida, T e t r a h e d r o n  Lett . ,  1974, 1617. 

15. U. Bekarek, J. K l i c n a r ,  F. K r i s t c k  and N. Uacera, C o l l .  Czech. Chsm. Coam., 

1968, 33, 994. 

16. N. Inamoto, S. Nasuda, K. Tokumaru, fl. Yoahida, Y. Tamura and K. T o r i ,  

Te t rahedron  Lst t . ,  1975, 3697. 

17. 3.5. Sandhu, 0. Nago and 8.3. Wakef ie ld ,  Te t rahedron  Lett . ,  1975, 1091. 

18. 0. Nago, I.S. Sandhu and 8.3. Wakef ie ld ,  J.  Chsm. Soc.,Perkin 11, 1977,715. 

19. N. Antsun is ,  3.3. Sandhu and A. 0s  Bruyn, J. Naq. Resonance, 1972, 8, 7. 

20. 11. F i s h e r  and C. O j e r a s s i ,  Chsn. Ber., 1966, 95'. 1541. 

21. 0.3. E l i a s  and R.G. G i l l i s ,  Aust. 3. Chsm., 1966, l9, 251. 

22. J.H. Bowie, R.G. Cooks, J.W. F i s h e r  and T. RcL. Spotwood, Rust.  J. Chen., 

1968, c, 2021. 

23. 3.5. Sandhu, u n p u b l i s h e d  r e s u l t s .  

24. fl. Bo t ta ,  F. De Ange l i s ,  A. Gaabacorta, L. Labb ion to  and R. N i c o l s t t i ,  

3. Orq. Chem., 1985. 5 0 ,  1916. 

25. m.3. O'Donnel l ,  W.A. Bruder,  W.8. Oaugherty, 0. L i u  and K. Wojc ischousk i ,  

Te t rahedron  Lett . ,  1984, 3651. 

26. N. Nakosra and A. Kacprou icz ,  Rocz. Chsm., 1974, 48, 2129. 

27. K.N. Nehro t ra  and G. Prasad, Te t rahedron  Lett . ,  1978, 4179. 

28. R.S. T i w a r i ,  A.K. A u a s t h i  and A. Auasth i ,  Syn thes is ,  1983, 330. 

29. R. B a r t n i k  and G. N l o s t o n ,  Syn thes is ,  1983, 924. 

30. R. B a r t n i k  and G. N los ton ,  Tetrahedron, 1984, 40, 2569. 

31. O.R. Boyd, P.B. C o u l t e r ,  N.O. Shame, W.B. Jennings and U.E. Wilson, 

Te t rahedron  Lett . ,  1985, 1673. 

32. Y. Ohshiro,  fl. Komatsu, N. Uesaka and T. Agawa, Hs te rocvc les ,  1984, 22,548. 

33. H. S taud ings r ,  Ann. Chem., 1907, 356, 51. 

34. 'The Chemist ry  o f  P e n i c i l l i n ' ,  E d i t e d  by H.T. C larke,  J.R. Johnson and 

R. Robinson, P r i n c e t o n  U n i v e r s i t y  Press, 1949. 

35. A.K. N u k s r j s s  and A.K. Singh, Tetrahedron, 1978, 34, 1731. 

36. R. P f l e g e r  and A. Jagsr ,  Chen. Ber., 1957, 90, 2460. 

37. T.U. Doyle, B. B e l l m u ,  8. Luh, C.F. F e r r a r i  and N.P. Cunningham, 

Can. 3. them., 1977, 5 5 ,  468. 



HETEROCYCLES, Vol 26, No. 3, 1987 

38. R. Zamboni and 3. Just, Can. 3. Chem., 1979, 57, 1945. 

39. E. Funke and R.  Huisgen, Chem. Ber., 19?1, 104. 3222. 

40. R. Huisgen, E. Funke, F.C. SchaePer and R. Knorr, Rnqeu. Chem. I n t .  Ed., 

1967, & 367. 

41. 8. S e i n  and 3.5. Sandhu, unpub l i shed  r e s u l t s .  

42. F. Ouran and L. Ghoaez, Te t rahedron  Lett., 1970, 245. 

43. H.W. Roore end (1.0. Ghsorghiu, Chem. Soc. Rev., 1981, 10, 289. 

44. 11. Sakanoto and Y. Tomimatsu, Yakuqaku Zasahi, 1970, 90, 1386. 

45. W.T. Brady and C.H. Shich, 3. Orq. Chem., 1983, 48, 2499. 

46. R.K. Eoae, 17.3. menahas, 3.R. Wander Ween, S.G. Amin, I.F. Fernandez, 

K. Gala, R. Grucka, 3.C. Kapur. m.5. Khajav i ,  3. Kreder, L. R u k k a v i l l i ,  

8. Ram, PI. Sugiura end 3.E. V incent ,  Tetrahedron, 1981, 37, 2321. 

47. R.K. nose, K. Gupta and R.S. Ranhas, Chem. Comm., 1984, 86. 

48. 3.L. Rorean and Pl. Gaudsmar, C. R. Acad. Sci. Ser.. 2, 1985, 300, 399. 

49. E.W. C o l v i n  and D.G. Rc Carry, Chem. Comm., 1985, 539. 

50. C. Ha Oeok, 0.3. Har t  and T.K. Yang, 3. Am, Chern. Soc., 1984, 106, 4817. 

51. G. Guanti ,  L. BanPi, E. Nerisano and 5. Thea, Chem. Comm., 1984, 861. 

52. N. Tokutake, m. Pliyske end R. K i r i s a u a ,  Svnthesis ,  1983, 66. 

53. R.O. Eougot, 0. Denion and R. Car r ie ,  Tetrahedron, l Y U S ,  5, 7953. 

54. A.G.R. B a r r e t t  and P. Puayle, 3. Chem. Soc.. P e r k i n  I., 1982, 2193. 

55. 3.E. Oubois and G. R x i o t i s ,  Tet rahadcon Lett.. 1984, 2143. 

56. 8. Sain, J.N. Bsruah and 3.5. Sandhu, 3 .  Hetsrocvc l .  Chem., 1984, 21, 257. 

57. 8. S a i n  and 3.S. Sandhu, Heterocvc les,  1985, 23, 1611. 

58. D.K. Du t ts ,  R.C. Boruah and 3.9. Sendhu, Heterocvc les,  1986, z, 655. 

59. 8.A. Arbuzov end N.N. Zoboya, I z v .  Rkad. Nauk. SSR. Ser. Khim.. 1973, 2607. 

60. H. Susch i t r ky ,  R.E. Welrond and R. H u l l ,  3. Chem. Sue.. P s r k i n  I.,1977, 47. 

61. 3. Nakayana, H. midor ikave and n. Yoshide, B u l l .  Chem. Soc. 3 e ~ s n ,  

1975. 48, 1063. 

62. C.W.G. F ishu ick ,  R.C. Gupta and R.C. S t o r r ,  3 .  Chem. Soc.. P e r k i n  I. 

1984, 2827. 

63. Rdvances i n  Orqanic Chsmistrv, E d i t e d  by E.C. Taylor .  I n t e r s c i e n c e ,  

New York, 1976, % 533. 

64. D. Kolbeh and 0. Koruneer, Rethoden der  Orqanischen Chsmia, Thieme V e r l e g  

S tuPtgar t ,  1967, 10, 89. 



Y.P. K i taev ,  8.1. Buzyk in  and T.U. Trospolskaya. Rues. Chem. Rev., 

1970, 2, 441. 

N. Singh, 5 .  Nohan and 3.5. Sandhu, Chem. Comm., 1969, 387. 

D. P r a j a p a t i ,  3.5. Sandhu and 3.N. Baruah, Ind. 3. Chem., 1983, 228, 1244. 

0. P r a j a p a t i ,  3.5. Sandhu and 3.N. Baruah, 3. Chem. Rss.(s), 1984, 56. 

0. P r a j a p a t i  and 3.5. Sandhu, Heterocvc les,  1985, 23, 1123. 

0. Konwar, 0. P r a j a p a t i ,  3.5. Sandhu, T. Kametani and 1. Honda, 

Heterocyc les,  1984, 22, 2483. 

0. Konwar, Ph.0. Thesis, submi t ted  t o  D ib rugarh  U n i v e r s i t y .  Dibrugarh,  1986. 

G. Dennhardt and I. Sommer, Arch. Pharn., 1985, 318, 556. 

K. Bunge, R. Huisgsn, A. Raab and H.3. Sturm, Chem. Ber., 1972, 105, 1307. 

N. Singh, 3.S. Sandhu and 5. mohan, Tetrahedron Let t . ,  1968, 4453. 

E. Rajanarendar, C.  3anaki rana Rao and A. K r i shna  Nurthy, Ind. 3. Chem.. 

1981, 208, 839. 

W.3: L i n n  and E .  Ciganek, 3. Orq. Chem., 1969, 34, 2146. 

3.3. Pomneret and A. Robert, Tetrahedron, 1971, Z1, 2977. 

A. Robert,  3.3. Pommeret, E. Narehand and A. Foucaud, Tetrahedron, 

1973, 29, 463. 

G. Oe l las ,  3.W. Lown and 3.6'. Nossr, 3. Chem. Soc. ( c l ,  1970, 2383. 

8. S a i n  and 3.5. Sandhu, Ind. 3. Chem., 1985, 248. 292. 

A. 3ouc la  and 3. Hamelin, Tet rahedron Lett.. 1978. 2885. 

R. G r i g g  and 3. Kemp, Tetrahedron Let t . ,  1980, 2461. 

R. G r i g g  and 3 .  Kenp, Tetrahedron Let t . ,  1978, 2823. 

K. Amornraksa and A. Grigg, Te t rahedron  Lett., 1980, 2197. 

A.N. Knoules, A. Leuson, G.U. Boyd and R.A. Nouberry, 

Te t rahedron  Lett., 1971, 485. 

1. moskal. Tetrahedron, 1984, 9 4447. 

3. Aoskal, 3. Bronowski and A. Rogouski, Il. FGr. Chem., 1981, z, 1405. 

3. Noskal, A. Noskal  and P. I l i l a r t .  Tetrahedron, 1982, 2, 1787. 

3. Noskal, A. I l oska l  and W. P i e t r r y c k i ,  Tetrahedron, 1979, 35, 1883. 

H. S ~ s c h i t z k y  and R.E. Walrond, 3. Chen. Soc.. P e r k i n  I, 1977, 47. 

T. Wagner-Jauregg, Svnthesis ,  1976, 349. 

A.I. Vo iozhin,  1.1. Globa and Y.N. Paushkin. Ookl. Akad. Neuk. SSSR, 

1977, E. 1365. 

A. Sammour, A.F.Il. Fehmy and G.A. Sayed, Egypt. 3. Chem., 1975, 3 445. 



HETEROCYCLES, Vol 26, No. 3. 1987 

94. A.C. P r a t t ,  Chem. 5oc. Raw., 1977, 6, 63. 

95. A. Padua, Chem. Rev., 1977, z, 37. 

96. 3. Grimshau and A.P. OeSilva, Chem. Soc. Rev., 1981, l& 181. 

97. '1,4-Cycloaddit ion Reac t ions ' ,  E d i t e d  by 3. Hamer, Acadsmic Press. 

New York, 1967. 

98. 5.N. Weinrsb and 3.1. Levin. Heterocvclea, 1979, 12, 949. 

99. T. Kamstani, T. Takahaahi and K. Fukunoto, 3. Chem. Soc.. P e r k i n  I, 

1975, 737 and rePerences c i t e d  t h e r e i n .  

100. 5.m. Ueinreb and R.R. S ta ib ,  Tetrahedron, 1982, 2, 3087. 

101. F.Z.  Basha, S. H ib ina ,  0. Kim, W.E. Pye, T.T. Wu and S.N. Ueinreb, 

3. Am. Chen. Soc., 1980, 102, 3962. 

102. F.Z. Basha, 5. H i b i n o ,  N.A. K h a t r i ,  0. Kim. W.E. Pye and 5.n. Ueinreb, 

3. Am. Chen. Soc., 1982, 104, 536. 

103. U.R. mc Kay and G.R. P roc to r ,  3. Cham. Soc.. P e r k i n  I, 1981. 2443. 

104. 3.F. K e r v i n  and 5. Oanishefsky, Tetrahedron Lett . ,  1982, 3739. 

105. R.R. Abramavitch and J.R. Stouers, Heteroevcles, 1984, 22. 671. 

106. 0. Taugs and 5. Iwanami, B u l l .  Chem. Soc, Jaw.", 1970, 45, 3543. 

107. A. Naujean and 3. Chuche, Tetrahedron Lett.. 1976, 2905 

i08 .  3.Z.i. Gagsn, 2 .  Cham. SOF. <FL. i 9 6 6 ,  i i 2 1 .  

109. 5.T. Rurphy, W.C. T a y l o r  and A .  Vedasz, Auat. 3. Chem., 1982, 35, 1215. 

110. N.S. P r o s t a k o ~ ,  L A .  Gaivoronskaya, V.F. Zakharov, V.V. Kuznatsov, 

S.K. Oas and A.E. A l i e v ,  Khim. G e t e r o t s i k l  Soedin.. 1984, 366. 

111. P. Osv i  and 3.5. Sandhu, 3. Heterocvc l .  Chem., 1984, 21, 1247. 

112. Y .  Nomura, N. Kimure, Y.  Takeuchi and S. Tomoda, Chem. L e t t e r s ,  1978, 267. 

113. T. 3oh and N. Hagihara, Tet rahedron Lett., 1967, 4199. 

114. 5. ilohan, 8. Kumar and 3 3 .  Sandhu, Chsrn. Ind. (LondonL, 1971, 671. 

115. 8. Sain, G. Thyagara jan and 3 3 .  Sandhu, Can. 3. Chem., 1980. 58, 2034. 

116. 0. P r a j a p a t i ,  3.5. Sandhu and 3.N. Baruah, He te rocvc lsa ,  1984, 22, 287. 

117. 0. Konuar, 3.5. Sandhu and 3.N. Baruah, Ind. 3. them., 1983, 228, 1248. 

118. B. Sain, 3.N. Baruah and 3.5. Sandhu, 3. Ha te rocvc l .  Chem., 1982, 2,1511. 

119. 0. Konwar, 0. P r a j a p a t i  and 3.5. Sandhu, Heterocyc les,  1984, 22, 2483. 

120. 0. P r a j a p a t i ,  Ph.0. Thssis. O ib rugarh  U n i v s r s i t y .  Oibrugarh, 1985. 

121. 8. Sain, J.N. Baruah and 3.5. Sandhu, 3. Chem. Soc.. P e r k i n  I, 1985,773. 

122. H. Go t thard t ,  A. Hu isgsn  and H.O. Bayer, J. Am. Chem. Soc., 1 9 7 0 , ~ ~ 4 3 4 0 .  

123. 3.N. Riodan end C.H. Stammer, Tet rahedron Lett., 1976, 1247. 



124. K.T. P o t t s  and U.P. Singh, Chem. Comm., 1969. 66. 

125. fl. Harnaguchi and T. Nagai, Chem. Comm., 1985, 726. 

126. fl. Komstsu, 5. Yamemoto, Y. Ohshiro and T. Ageua, Tetrahedron Lett.. 

1981, 3769. 

127. 8.S.-Poncin, A;n.H.-Frisque and L. Ghossz, Te t rahedron  Lett . ,  

1982, 3261 and re fe rences  c i t e d  the re in .  

128. E.R. Burgess end L. Flo Cullagh, 3. Am. Chem. Soc., 1966, 88, 1580. 

129. fl. Lancaster  and 0.1.H. Smith. Chem. Comm., 1980. 471. 

130. 11. F i s h e r  and F. Wagner, Chsm. Ber., 1969, 102, 3486. 

131. Y. I t o ,  S. n i ya ta ,  fl. Nakatsuka and T. Sacgusa, 3. An. Chem. Soc., 

1980, 103, 5250. 

132. Y.S. Cheng, A.T. Lupo 3r .  and F.W. Fowler, 3. Am. Chem. Soc., 

1983. 105, 7696. 

133. Y.S. Cheng, F.W. Fowler  and A.T. Lupo J r .  3. Am. Chem. Soc., 

1981, 103, 2090. 

134. Y.L. nao and V. Boekelheide, 3. Orq. Cham., 1980, 45, 1547. 

135. F. Sainte,  8. Serckx-Poncin, A.m. Hesbain-Frisque and L. Ghoser, 

3. Am. Chem. Soc.. 1982, 04, 1428. 

136. R. Gompper and V .  Heinernam, Angeu. Chem., 1980, 92, 207. 

137. R. Gompper and V .  Heinanann, Angeu. Chem. I n t .  Ed., 1981, 20, 296. 

138. Y. Normura, Y. Takeuchi,  S. Tomoda and fl. I t o ,  Chea. L e t t e r s ,  1979, 187. 

139. n.E. Jung and 3.3. Shapiro, 3 .  Am. Chern. Soc., 1980, 102, 7862. 

140. D.H. Oanie ls ,  3.L. Wong, 3.G. Atuood, L.8. Canada and R.O. Rogers, 

3. Orq. Cham., 1980, 5, 435. 

141. U. S t e g l i c h ,  E. Buschmann and 0. H o l l i t z e r ,  Angew. Chem. I n t .  Ed., 

1974, 2, 533. 

142. n. Sakamoto, K. Riyazaua, Y. I s h i h a r a  and Y. Tomirnatsu, 

Chen. Pharn. Bull., 1974, 22, 1419. 

143. ll. Lora-Taaayo, R.P. Ossor io  and R.S. Burate, Am. Soc. Espan. 8, 

1954, 50, 765. 

144. W. F r i s d r i c h s e n  and H.G. Oeser, Chsm. Ber., 1975, 108, 31. 

Received.  16th June, 1986 


