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AZAFULVENES 3.' CYCLOADDITION REACTION OF 6-AMINO-1-AZAFULVENE 

TO ELECTRON-DEFICIENT OLEFIN AND ACETYLENE 

S a o  MG, Masanori Watanabe, S a  Kaj iqaeshi,  and Shuj i  Kanemasa* - -  
Department o f  I n d u s t r i a l  Chemistry, Facu l ty  of Engineering, 

Yamaguchi Un ive rs i t y ,  Tokiwadai, Ube 755 

6-Amino-1-azdfulvene (1)  reacted w i t h  the  e lec t ron -de f i c ien t  

o l e f i n s  such as acry la te ,  v i n y l  ketone, a c r y l o n i t r i l e  and N-aryl-  

maleimide af ford ing the  reg io -  and s te reospec i f i c  [6+2] cyc lo-  

adducts (&-&), some of which were r e a d i l y  deaminated t o  g i ve  the  

corresponding 3H-pyr ro l iz ines (a-5c). On t h e  o the r  hand, 1 gave 

the  1:2 cycloadduct w i t h  acetylenedicarboxylate. 

We have prev ious ly  r e p ~ r t e d ' ' ~  t h a t  6-amino-1-azafulvene generated by de- 

pro tonat ion from the  iminium perch lorate  o r  by p y r o l y s i s  o f  t he  dimer o f  6- 

amino-1-azafulvene reacted as a  6n-addend i n  the [6+21 cyc loadd i t i on  reac t ion  

w i t h  isocyanate and isoth iocyanate o r  i n  t h e  [6+6] cyc lod imer izat ion react ion.  

I n  t h i s  paper we would l i k e  t o  descr ibe the  cyc loadd i t i on  react ions of 6-(N- 

pyrrolidiny1)-1-azafulvene (L), regenerated by p y r o l y s i s  from the  corresponding 

dimer (2), e i t h e r  t o  such e lec t ron -de f i c ien t  o l e f i n s  as a c r y l i c  ac id  esters,  

methyl v i n y l  ketone, a c r y l o n i t r i l e  and N-(p-subst i tu ted pheny1)maleimides o r  t o  

d i e s t e r  o f  acety lenedicarboxy l ic  acid. 

Heat ing 2, the  dimer o f  1, i n  excess o f  e thy l  a c r y l a t e  (3) under r e f l u x  gave 



an oily product in quantitative yield. This product &was found to be a 1:l 

adduct (M'; mle 248) of 1 and a, which was characterized as trans-2,3-dihydro-2- 
ethoxycarbonyl-l-(N-pyrrolidiny1)-lH-pyrrolizine on the basis of the spectral 

data. The most definitive evidence for the structure of 3 was afforded by its 

nmr spectrum in deuteriochloroform (CDC13), which showed the pyrrole ring protons 

at T 3.52, 3.85 and 4.14, the methine proton at 1-position (l-H) as a doublet 

(J = 4.0 Hz) at 5.78, the methine proton at position 2 (2-H) as a double triplet 

(J = 4.0 and 6.5) at 6.42 and two methylene protons as a doublet (J = 6.5) at 

5.83, besides ethyl and pyrrolidinyl protons. The coupling constant of 4.0 Hz 

between two methine protons (l-H and 2-H) indicates t h e y t w o  protons are located 

in trans posiitons to each other. The ir spectrum revealed the stretching vibra- 

tion band of carbonyl bond at 1730 cm-' (Table 1). 

Table 1. 2,3-Dihydro-l-(N-pyrrolidinyl)-2-substituted-1H-pyrrolizines (&-g). 

Nmr at 100 MHz in CDC1, 

Ir (cm-') ( Chemical Shift ; r Coupling Constant ; Hz 

a) ; The nmr spectrum was determined in hexadeuteriobenzene (C,D,). 
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4 Attempts t o  p u r i f y  t h e  product 3 by vaccum d i s t i l l a t i o n  o r  column chromato- 

graphy over alumina were unsuccessful and thus &was brought about i t s  conver- 

s ion  i n t o  the  deaminated product, 2-ethoxycarbonyl-3H-pyrrolizine ( z ) ,  as a 

viscous o i l .  The easy deamination would be based on the  l o c a t i o n  o f  two adjacent 

e l i m i n a t i n g  groups i n  cis p o s i t i o n s  and a l s o  on being ac t i va ted  o f  t he  hydrogen 

atom by the  e s t e r  group on the  same carbon atom. The above r e s u l t  and the  nmr 

spectrum o f  g, i n  which an o l e f i n i c  pro ton newly formed appeared as a s i n g l e t  

a t  T 2.51, seem t o  substant ia te  the  assignment of stereochemistry o f  t he  o r i g i n a l  

cycloadduct 9. 
The r e a c t i o n  of w i t h  methyl a c r y l a t e  (3) gave q u a n t i t a t i v e l y  the  [Kt21 

cycloadduct (5) which was a l s o  an o i l y  substance and underwent a deamination 

r e a c t i o n  on heat ing o r  by i t s  t reatment w i t h  methanol ic s o l u t i o n  o f  sodium hydrox- 

i d e  t o  a f f o r d  the  ye l l ow  needles ( 5 b ) ,  mp 84-86'C. 

Table 2. 2-Substituted-3H-pyrrol izines (a-s). 
Gmr a t  100 MHz i n  CDCls ; r 

~r (cm-l) -c!=cx-~) N - c ~ - c x = ~ )  p y r r o l e  r i n g  protonsb) o ther  protons 

5a 1690(C=0) 2.51' - 5.56' 3.48, 3.71 and 3.80 5 . 7 6 q ( - ~ b ~ ~ 3 )  

8 . 6 8 t ( - ~ ~ 2 ~ ~ s )  

5b 1690(C=0) 2.48' 5. 5zS 3.42, 3.67 and 3.80 6 . 1 9 ~ ( ~ ~ 3 )  - 
5c 1640(C=O) 2.56' - 5.5!jS 3.49, 3.73 and 3.80 7 . 6 5 S ( ~ ~ ~ b )  

a) ; These protons appeared as broad s i n g l e t s  by a mutual long-range coupl ing 

b)  ; A l l  protons on p y r r o l e  r i n g  formed each m u l t i p l e t s .  



S i m i l a r l y ,  methyl v i n y l  ketone (x) added e a s i l y  t o  1 i n  the  manner o f  t he  

reg iose lec t i ve  and s tereospec i f ic  [6+21 cyc loadd i t i on  react ion.  Tracing t h i s  

r e a c t i o n  by t a k i n g  nmr spect ra  showed t h a t  the  r a t e  of t he  format ion o f  t he  1 : l  

cycloadduct (s) i n  benzene was approximately equal t o  t h a t  i n  chloioform, and 

t h a t  the  deamination reac t ion  progressed appreciably f a s t e r  i n  chloroform than 

i n  benzene. S i m i l a r  independence of the reac t ion  r a t e  upon the  p o l a r i t y  o f  

so lvents  was observed i n  the react ions o f  1 w i t h  & a n d  z. The 1 : l  cycloadduct 

4c (viscous o i l )  and i t s  deaminated product (ye l low prisms, mp 6 7 Y )  were - 

assigned t o  be trans-2,3-dihydro-2-acetyl-l-(N-pyrrolidinyl)-1H-pyrrolizine and 

2-acety l -3H-pyr ro l iz ine by t h e i r  spec t ra l  data, respec t i ve l y .  However the sus- 

c e p t i b i l i t y  of 3 t o  i t s  p y r o l y t i c  deamination i n t o  %made i t s e l f  impossible t o  

be i s o l a t e d  as a pure form. 

A c r y l o n i t r i l e  (36) a l s o  reacted w i t h  t o  y i e l d  the  corresponding [6+2] cyc lo-  

adduct (g) ,  mp 5841°C as ye l l ow  prisms, which was found t o  be considerably 

s t a b l e  against  a deamination reac t ion .  The s t r u c t u r a l  assignment f o r  the  product 

4d was g iven from the  nmr spec t ra l  data as trans-2,3-dihydro-2-cyano-1-(N- - 
pyrrolidiny1)-1H-pyrrolizine. 

Moreover, t he  reac t ions  of 1 w i t h  N-phenyl- (g), N-(p-methylpheny1)- (3f) and 

N-(p-nitropheny1)maleimide (a) gave the  corresponding [6+21 cycloadducts ( k -  

3 )  i n  q u a n t i t a t i v e  y ie lds .  The spec t ra l  data o f  g-% are  summarized i n  Table 

3. Although the  products k (mp 94-96'C (decomp) as co lo r less  gra ins)  and 4f (mp 

139-14Z°C (decomp) as co lo r less  needles) were obtained as pure forms by r e c r y s t a l -  

l i z a t i o n  from petroleum benzine a f t e r  being chromatographed over alumina, 3 

could n o t  be p u r i f i e d  i n  the  s i m i l a r  way. I n  t h e  nmr spectrum o f  pure 4f shown 

i n  Fig.  1, t h e  coupl ing constant  between two methine protons a t  3a- and 8a- 

p o s i t i o n  i s  7.8 Hz and one between 8a- and 8-H i s  1.6 Hz. This spectrum i s  

compatible w i t h  t h e  s t r u c t u r e  having two hydrogen atoms a t  8- and 8a-pos i t ion 

i n  trans p o s i t i o n s  t o  each other.  
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Table 3. 1,2,3,3a,8,8a-Hexahydro-8-(N-pyrrolidinyl)-2-arylpyrrolo[3,4-b]- 

pyrroiizine-1.3-diones (&-3). 

Mass 

(cm-' ) ~+(m/e 

4e 1710(C=0) 321 

4f 1710(C=0) 335 

9 1710(C=O) - 

Nmr at 100 MHz in CDC13 

Chemical Shift ; T Coupling Constant 

pyrrole ring protons 8.~ 8a-H 3a-H J8-8a J3a-8a(H~) 

3.13,3.68and3.96 5.40~ 5.98dd 4 . ~ 7 ~ 1  1.6 8.: 

3.43, 3.96 and 4.22 5 . ~ 7 ~  6 . 0 3 ~ ~  4.9fidj 2.0 7.0 - 

Fig. 1. Nmr spectra of pure 4f (bottom) and crude 4f (top) at 100 MHz in CDC1,. 

On the other hand, crude 4f showed three additional signals for methine protons 
whose coupling constants are 8.4 Hz (J8-8a) and 7.8 (J3a-8a). This seems to 



i n d i c a t e  t h a t  t h e  r e a c t i o n  o f  1 w i t h  3f ( s i m i l a r l y  *) gave n o t  o n l y  trans cyc lo -  

adduct 4f as a  main product  b u t  a  smal l  amount o f  cis cycloadduct which cou ld  n o t  

be i s o l a t e d  as a  pure form. 

3  - A &R COR 
- 

Trans-4 Cis-4 

From these r e s u l t s ,  t h e  r e a c t i o n s  o f  w i t h  t h e  e l e c t r o n - d e f i c i e n t  o l e f i n s  3 
5 might  proceed v i a  d i p o l a r  in termedia tes  A by t h e  stepwise [6+2] cyc loadd i t i ons  . 

In t h e  in termedia tes  A, t h e  c y c l i z a t i o n  would occur g e n e r a l l y  i n  t h e  l e s s  s t e r i -  

c a l l y  h indered d i r e c t i o n  t o  y i e l d  t h e  trans cycloadducts 4, b u t  occas iona l l y  i n  

t h e  oppos i te  d i r e c t i o n  t o  g i v e  t h e  cis cycloadducts.  Th i s  mechanism convinced us 

t h a t  the  r e a c t i o n  o f  1 w i t h  d imethy l  ace ty lened i ca rboxy la te  (6) a f fo rded  t h e  1:2 

cycloadduct.  Th is  product  ( I ) ,  mp 172.5-174'C (decomp) as y e l l o w  prisms, was 

deduced t o  be 5H-pyrrolo[1,2-alazepine d e r i v a t i v e  on t h e  bas i s  o f  i t s  spec t ra l  

6  data.  The s i m i l a r  r e a c t i o n  has been repo r ted  by Sonnet . 
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