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Michael type adducts o f  p y r r o l e  (2) and pyrazole (2) t o  en- 

amine (l), 4 and 5, decompose a t  elevated temperature t o  re -  

generate 1 and 2 o r  &. On prolonged heat ing o f  $, the novel hexa- 

hydro-4H-pyrrolo[1,2-alindole-4-spiro-1 '-cyclohexane d e r i v a t i v e  

(g) was obtained along w i t h  four cyclohexenyl-substituted 

pyr ro les,  @. a, a, and &. The reac t ion  o f  1 w i t h  2 under 

forc ing condi t ions d i r e c t l y  afforded 6, 7, and g, whose r e l a t i v e  

amounts depended on the reac t ion  condit ions. On the  o the r  hand, 

both the thermal decomposition of 5 and the reac t ion  o f  1 w i t h  

3 under forc ing condit ions gave 4-(1-cyclohexenyl)pyrazole (u) - 
as a so le  i s o l a t e d  product. 

Only a few examples o f  Michael type addi t ions t o  enamines have h i t h e r t o  

been reported, although enamines are w e l l  known t o  be exce l len t  addends i n  many 

Michael type react ions. It has been a lso  reported t h a t  Michael type adducts o f  

4 th iols, '  t h iocarboxy l i c  acids,3 and alcohols t o  enamines, A, B, and C, decm- 



pose a t  e levated temperature i n  several  manners, depending on the  nature  o f  

adducts (Scheme 1 ) .  Recently, we repor ted t h a t  under m i l d  cond i t ions5 1-(1- 

pyrrolidinyl)cyclohexene (1) reacted w i t h  p y r r o l e  (&) and pyrazole (2) t o  g ive  

1 the  new Michael type adducts, 4 and 5, i n  good y i e l d s ,  respec t i ve l y .  For can- 

par ison w i t h  the  thermal decomposition o f  adducts A-C, i t  seemed t o  be o f  

as t a r  

Scheme 1 
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i n t e r e s t  t o  i n v e s t i g a t e  the thermal decomposition of 4 and 5. 

We now found t h a t  4 and 2 decomposed a t  e levated temperature t o  regenerate 

1 and 2 o r  3, and t h a t  on prolonged heat ing novel products were formed. I n  t h i s  - 
context ,  the reac t ion  o f  i w i t h  L a n d  ?was inves t iga ted  under more forc ing con- 

d i t i o n s  than those employed f o r  the format ion o f  4 and 5. 
Attempts t o  d i s t i l  4 were unsuccessful and r e s u l t e d  i n  the product ion of 1 

and 2: vacuum d i s t i l l a t i o n  (20 mnHg , 1 2 0 ~ ~  o f  bath temp.) a f fo rded  - 1 and - 2 i n  

almost q u a n t i t a t i v e  y i e l d s .  When a s o l u t i o n  of 4 i n  two equ iva lents  o f  bromo- 

benzene was heated a t  150°c f o r  8 h, no enamine was detected i n  the s o l u t i o n  

and f i v e  new products, &, E, h, &, and 8, whose s t ruc tu res  w i l l  be discuss- 

ed below, were formed. The q u a n t i t a t i v e  es t imat ion of a l l  products was c a r r i e d  

o u t  by gas chromatography,6 and the r e s u l t  i s  g iven i n  e n t r y  1 o f  Table I .  It 

has been a l s o  found t h a t  the reac t ion  o f  1 w i t h  2 under f o r c i n g  condi t ions d i -  

r e c t l y  afforded 6, L, and 8, whose r e l a t i v e  amounts depended on the r e a c t i o n  

condi t ions:  the r e s u l t s  are  a lso.g iven i n  Table I. 

Among products, & (mp 45-46OC. bp 142-148°C/19 mnHg), & (bp 158-161°C/17 

mmHg, co lo r less  o i l ) ,  and 2 (mp 8 5 - ~ 6 ~ ~ ,  bp 1 8 5 - 2 0 0 ~ ~ / 2  mmHg) were c l e a r l y  as- 

signed as 2-(1-cyclohexenyl )- ,  3-(l-cyclohexenyl )-, and 2,5-di (1-cyclohexeny1)- 

p y r r o l e  on the bas is  o f  t h e i r  spect ra l  data, respec t i ve l y .  

6a: vKBr 3440 cm-l (NH); m/e 147 (M+); 6 (CCl4) 1.1-2.7 (8H, m, C%), 5.7 - max 

( lH, m, =Ci) ,  66. (2H, m, 0-protons o f  p y r r o l e  r i n g  (0-f)), 6.5 ( lH, m, a-proton 

of p y r r o l e  r i n g  (a-5)) .  8.0 (lH, broad, N i ) .  

6b: vi:;t 3400 cm-l (NH); m/e 147 (M'); 6 (CC14) 1.4-2.6 (8H, m, C%), 5.9 - 
(lH, m, =CHI, 6.2 ( lH, dd, 5+), 6.5 (ZH, m, a-H), 7.75 (lH, broad, NN. 

7a: vKBr 3460 cm-' (NH); m/e 227 (M+); 6 (CC14) 1.4-2.5 (16H, m, C$), 5.87 - ma x 

(2H, m, =CE), 5.95 (2H, d, 5-2.6 Hz, f3-U, 8.0 ( lH,  broad, NL). 
The compound & (mp 132-133O~, bp 170-185°C/2 mnHg) which i s  an isomer of 



Scheme 2 
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Table I 

Reaction Product, % Recovered 
Ent ry  Solvent 

Time, h - 6a - 6b 3 & - 8 - 1 

1 a) 8 bromobenzene 13.7 15.1 5.8 4.7 6.5 0 

zb) 2 0 6.4 5.3 0 0 5.8 75.6 

3 4 0 12.8 10.0 1.0 1.9 7.6 32.0 

4 6 4 15.5 12.8 3.3 5.3 7.2 6.7 

a) Adduct 4 was heated a t  150'~. b )  A mix tu re  o f  equimolar amounts of 1 

and 2 was heated a t  1 5 0 ' ~  i n  e n t r i e s  2-5. c) l w a s  heated w i t h  two equ i -  

va lents  of 2 a t  1 5 0 ~ ~ .  d l  A sign, +, means a t race  amount. 

7a, could n o t  be determined whether 2,3- o r  2.4-di(1-cyclohexenyl)pyrrole from - 
i t s  spect ra l  data [4& 3430 cm-' (NH); m/e 227 (M'); 6 (CCl4) 1.2-2.6 (16H, m, 

C%), 5.6, 5.85 (each lH, m, =C!)!), 6.1 ( lH, m, 8 - i ) ,  6.3 ( lH, m, a+), 7.6 ( lH, 

broad, N i ) ] .  However, dehydrogenation o f  & w i t h  5% Pd-C i n  decal i n  a t  2 0 0 ~ ~  

0 f o r  15 h gave 2,4-diphenylpyrrole (9-) as c o l o r l e s s  needles, mp 176-177 C, which 

was i d e n t i c a l  w i t h  an authent ic  sample prepared by the repor ted method;7 Conse- 

quent ly,  & was concluded t o  be 2,4-di (1-cyclohexenyl )py r ro le .  

On the  bas is  o f  the spect ra l  data as we l l  as of the r e s u l t s  of chemical 

conversions, the  compound 8 (mp 1 0 3 - 1 0 4 ~ ~ ) ,  whose molecular formula corresponded 

t o  t h a t  of a compound der ived from a 2 : l  adduct o f  1 and 2 w i t h  the e l i m i n a t i o n  

o f  one mole of p y r r o l  i d ine ,  was deduced t o  be 4a,5,6,7,8,8a-hexahydro-8a-(l- 

pyrrolidiny1)-4H-pyrrolo[l ,2-alindole-4-spiro-1'-cyclohexane (6-J) [m/e 298 (M'); 

6 (CCI~) 1.1-2.1 (22H, m, C k ) .  2.4 (lH, broad d, jCH), - 2.65-3.3 (4H, m, C b ) ,  

5.77 ( lH, dd, J=1.4 and 3.5 Hz, b), 5.97 ( lH, dd, J=2.6 and 3.5 Hz, b), 6.46 



(lH, dd, 5.1.4 and 2.6 Hz, K1)]. 
Treatment of 8 with 20% hydrochloric acid at room temperature for 1 h af- 

forded 35% yield of tetrahydro-4H-pyrroloindole-4-spiro-l'-cyclohexane (E), mp 

61-62'~, with the elimination of pyrrolidine, together with the recovery of 8 

in 23% yield. By the dehydrogenation of 8 with selenium in decalin at 3 0 0 ~ ~  

for 4 h, 4H-pyrroloindole-4-spiro-1'-cyclohexane (n), mp 113O~, was obtained 

in 27% yield, along with unidentified products. The structures of 10 and n 
were confirmed on the basis of their spectral data. 

+ lo: m/e 227 (M 1; 6 (CCl4) 0.8-2.6 (18H, m, Ck), 5.93 (ZH, d, & and 4). - 
6.46 (lH, dd, HJ). 

+ 11: m/e 223 (M ) ;  6 (CC14) 1.2-2.1 (IOH, m, C % ) ,  6.02 (lH, dd, J.1.2 and - 
3.2 Hz, b), 6.14 (lH, dd, J=2.5 and 3.2 Hz, b), 6.84 (lH, dd, J=1.2 and 2.5 

Hz, !I). 7.0-7.3 (4H, m, aromatic protons). Furthermore, the nmr spectral 

pattern in the region of aromatic protons was closely resemble to that of 4H- 

pyrrolo[l,2-alindole (E) prepared by the reported meth~d.~ 12: 6 (CCl4) 3.8 

(ZH, m, C%), 6.02 (lH, dd, 3). 6.26 (IH, dd, 3). 6.99 (lH, dd, Ll). 7.1-7.4 
(4H, m, aromatic protons). 
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A p o t e n t i a l  s t ruc tu re ,  4a - (1 -py r ro l i d iny l )  d e r i v a t i v e  3, might be ex- 

cluded from the s t r u c t u r e  fo r  8, because of appearance of the methine proton of 

8  a t  6 2.4 ppm as shown above.' Now, three conf igurat ions,  a, B, and g, are - 

poss ib le  f o r  the s t ruc tu re  o f  8-1. An inspect ion o f  Dre id ing models f o r  8-1 

i nd i ca tes  t h a t  the a x i a l  p y r r o l i d i n y l  group i n  B a n d  % e x e r t s  a  s i g n i f i c a n t  

1,3-diaxial  i n t e r a c t i o n ,  and t h a t  = i s  the most favorable conf igurat ion.  

On the o the r  hand, both heat ing of Michael type adduct 5 and the reac t ion  

o f  enamine - 1 w i t h  pyrazole (3) - a t  1 5 0 ~ ~  f o r  24 h a f fo rded  30-40% y i e l d  o f  4-(1- 

cyclohexenyl)pyrazole (3, mp 154O~, as a  so le  i s o l a t e d  product [vi;: 3200 cm-' 

(NH); m/e 148 (M'); 6 (CDC13) 1.5-2.5 (8H, m, C b ) ,  6.05 ( lH, m, =Ci), 7.13 (2H, 

s, pyrazole r i n g  protons),  11.25 ( lH, s, Nl)]. 

As described above, Michael type adduct $ e a s i l y  decomposed a t  e levated 

temperature t o  regenerate enamine 1 and p y r r o l e  (2). Furthermore, we found t h a t  

on heat ing w i t h  - 1 a t  150°c, a  mix ture  of 1-cyclohexenylpyrroles and & pro- 

duced a  mix ture  of d i  (1-cyclohexenyl )py r ro les  3 and & i n  good y i e l d .  It i s  

a l so  known t h a t  N-alkyl-  and N-ary lpyr ro les  isomerize i n t o  the  corresponding a- 

subs t i t u ted  py r ro les  a t  a  red  heat. 10 

Although the  exact pathway f o r  the  format ion of products, c-8, i s  n o t  

c lea r ,  we viewed the pathway as depicted i n  Scheme 3. Under the condi t ions i n  

the present work, 4 i s  n o t  an in termedia te  fo r  the format ion o f  products, be- 

cause of the f a c i l e  d i s s o c i a t i o n  o f  4 t o  - 1 and g. The a d d i t i o n  of g t o  1 would 

proceed i n  d i f f e r e n t  manner frm t h a t  under m i l d  condi t ions,  y i e l d i n g  two new 



Scheme 3 

Michael type adducts A and k. The formation of 6 could be understood in terms 

of the elimination of pyrrolidine from A and &. Di(1-cyclohexenyl)pyrroles 

would be formed &the formation of adduct C of 6 to 1, followed by the elimi- 
nation of pyrrolidine. On the other hand, an alternative elimination mode of 
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p y r r o l i d i n e  from A would r e s u l t  i n  the formation o f  an azafulvene intermediate 

D, which would undergo cyc loadd i t i on  reac t ion  w i t h  1 t o  a f f o r d  4H-pyrroloindole- - 
4-spiro-1 '-cyclohexane d e r i v a t i v e  8. 

Fur ther  i n v e s t i g a t i o n  o f  the r e l a t e d  react ions i s  i n  progress i n  our  l a -  

boratory .  
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