


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

and r e a c t i o n  t i m e )  on t h e  r e a c t i o n  was s t u d i e d  on 4-ami t~o~ent -3-en-2-one  (g) as  

model compound, a n d  Scheme I and T a b l e  1 summarize tire r e s u l t s .  

1. R e a c t i o n  of p-aminoenane ( 2 1  w i t h  phenacylamine h y d r o c h l o r i d e  (G) 

Run S o l v e n t  ~ e m p . ( ' ~ )  Time ( h )  P r o d u c t s  ( % )  
I a  111.3 IVa V a  

1 Ilexane 69 20 3  9 6 1  - - 
2  Benzene 76 20 86  1 4  - - 
3  THF 67 20 62 38 - - 
4  Acetone 5 6  20 20 80 - - 
5  A c e t o n i t r i l e  82 2  - 100 - - 
6  Hethan01 20 2  2  2  46 7  24 

7  x e t h a n o l  20 24 5 6  1 0  30 

8  >jethano1 65 1 - 37 18 45 

9  \$ethano1 65 2  - - 30 70 

10 A c e t i c  Acid  117 1 - - 40 60 

11 n-Hexanol 157 0 .5  - - 3  6 64 

1 2  X e s i t y l e n e  164 3 - - 3  7 63 

1 3  DXF 153 3  - - 18 82 

1 4  ~t N 89 10 77 - - 
3  23 

15  E ~ O I I / E ~ O N ~ ~  78 2  70 - - 30 

1 6  E ~ O H / E L O X ~ ~  78 2  70 - - 30 

It is i n t e r e s t i n g  t o  n o t e  t h a t  a t  " loderate  t e m p e r a t u r e  a n d  i n  a p r o t i c  s o l v e n t s ,  

t h e  r e a c t i o n  i s  e a s i l y  c o n t r o l l e d ,  l e a d i n g  t o  t h e  i n t e r m e d i a t e  ( I I I a )  ( r u n s  1-51,  

w h i l e  i n  p r o t i c  s o l v e n t s  ( r u n s  6-11] and /or  h i g h e r  t e m p e r a t u r e s  ( r u n s  10-13) ,  t h e  

p -aminoenone i s  p a r t i a l l y  t r a n s f o r m e d  i n t o  a m i x t u r e  o f  u c y l p y r r o l e s ;  t h e  

a t t e m p t s  t o  l i b e r a t e  t h e  aminoketone from i t s  l ~ y d r o c h l o r i d e  u s i n g  t r i e t h y l a m i n e  

as  s o l v e n t  o r  sodium e t h o x i d e  us b a s e  f a i l e d  because t h e  a u t o c o n d e n s a t i o n  of t h e  

phenacylamine.  

On t h e  o t h e r  hand ,  we have s t u d i e d  r h e  c y c l l z a t i o n  o f  t h e  i s o l a t e d  p-aminoenone 

(B) a t  d i f f e r e n t  t e m p e r a t u r e s ,  and t h e  r e s u l t s  a r e  c o l l e c t e d  on T a b l e  2. 

The r e s u l t s  surnmvrized i n  Tablob l and 2  sirox. t h a t  ti le i n t e r e l c d i a t e  ( 1 , l I n )  i s  \-er-y 

s t a b l e  i n  a p r o t i c  s o l v e n t s ,  and i t  i s  t r a n s f o r m e d  i n t o  a m i x t u r e  o f  p y r r o 1 e s  o,,1y 

a f t e r  a l o n g  p e r i o d  of  h e a t i n g  ( r u n s  1, 2 ,  T a b l e  2 )  o r  a t  v e r y  h i g h  t e m p e r a t u r e  

(runs 3 ,  4 ) .  On t h e  ot l rer  hand ,  i n  p r o t i c  s o l v e n t s ,  tire r a t i o  of r h e  i s o m e r i c  ucyL 

p y r r o l e s  i\ia/& i s  comparable from g or  (compare r u n s  9 ,  11, 1 4 ,  l j  and 16 

from T a b l e  1 v e r s u s  r u n s  6-9 i n  T a b l e  21; on t h e  c o n t r a r y ,  when DMF was used  as 

s o l v e n t ,  i t  was n e c e s s a r y  t o  add ammonium c h l o r i d e  t o  r e a c h  a  s i m i l a r  r e s u l t  from 

1 I I a  t h a n  o b t a i n e d  from g ( r u n s  4 ,  5  i n  Table 2 v e r s u s  1 3  i n  T a b l e  1). F i n a l l y ,  
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t1,e use of a b a s e  i r l , o w i  to p r e p a r e  rcsros, ,eci l . , .cnl . ly  r1,e j - acy l .~ , r . r ro le  (E) 

from r h e  i n t e r m e d i a t e  ( rurl.5 8 and 9 i n  T a b l e  2 ) .  

Tab10 2. C y c l i z a t i o l i  o f  i n t e r m e d i a t e  E t o  a c y l p y r r o l e s  and 5 

Kun S o l v e n t  ~ e m p .  ( O C )  Time ( h )  P r o d u c t s  (%)  
( IVa) ( V a )  

1 Hexvrre 6  9 64 3 3  67 

2 A c o t o n i t r z l e  82 50 32 68 

3 Eles i ty lene  164  4 44 56 

4 DMF 1 5 7  2  60 40 

5  U M F ~  153  a 22 78  

6 Methanol 65 4 29 71 

7 n-Ilexanol 157 0 . 5  35 65 

8 ~t v 8 9 1 2  - l oo  
3- 

9 EtOil/EtONa 7 8 2  - 100  

10 Y O ~ O  150 0.5 35 65 

" )  one  e q u i v a l e n t  of SH C 1  was added.  4 

our i n t e r c s c  was ex tended  to n v n r i e r y  of unsymmetr ica l ly  s u b s t i t u t e d  p-aminoenones 

( R' $ n3 ) and some t r i s u b s t i r u t e d  s u b s t r a t e s  ( R' f Li ) .  The r e a c t i o n  was s t u d i e d  

on t w o  separarod s e t s :  a f t e r  1 hour  a t  r e f l u x  of methanol  ( M )  o r  e t t rano l  ( E ) ,  and 

u l l t i l  the  comple t ion  of t h e  r e a c t i o n ,  showed by t h e  consumption of 16-q arrd III.,-q 

in t h e  ~nixrrrro ( t l c ) .  T a b l e  3  shows t h e  o b t a i n e d  r e s u l t s .  

on t h e  s u b s t r a t e s  examined i t  can be observed  t h a t  t h e  r a t e  of t r a n s v m i n a t l o n  

d i m i ~ ~ i s l r e s  irr compounds wi th  v e r y  h i g h  s t e r i c  r e q u e r i m e n t s  o r  two a r o m a t i c  s u b s t i -  

Llients ( runs 24 and 2 5 ) ;  t h e  lone p e r i o d  of  r e f l u x  a l l o w s  tlie h y d r o l y s i s  of P -  
an~inoeriones l e a d i n g  t o  tile corresponding 1 . 3 - d i k e t o n e s .  



T a b l e  3. R e a c t i o n s  o f  c o m p o u ~ s  Ia-q w i t h  p l~enacylamine  h y d r o c h l o r i d e  g - 

R u n  Comp. R1 2 R~ T ( I I ) / s o ~ . ~ )  P r o d u c t s  ( % l  
I 1 - 

a The r e a c t i o n s  x.ere c a r r i e d  o u t  a t  r e f l u x  of t h e  g i v e n  so lve i i t (N:  s e t h a n o l ,  E :  

e t h a n o l ) .  Y i e l d s  a r e  de te rmined  by nmr on t h e  mix ture .  ' c iven  y i e l d s  r e f e r  t o  

pure  and i s o l a t e d  p r o d u c t s .  I n  the  m i x t u r e  I> ( 5 % )  and E (14%) were d e t e c t e d .  

i\'d (5%) and (1001;) were i s o l a t e d .  1\11 (10%) and (15%) were d e t e c t e d  on 
h 

t h e  mixture."  Ei (15%) and V 1  (26%)  were a l s o  i s o l a t e d .  Dibenzoylmethane (70%)  

was Dip iva loy lmethane  (80%) was i s o l a t e d . '  3-Etlioxycarbonyl-2-methyl- 

4 - p h e n y l p y r r o l  ( 4 2 % )  w a s  o b t a i n e d .  

The t r a n s f u r m a t ~ o n  of p-aminoenories i n t o  a c y r p y r r o l e s  by r e a c t i o n  w i t h  phenacyl -  

amine h y d r o c h l o r i d e  can  be d e p i c t e d  a s  a two-s teps  p r o c e s s ,  b e i n g  t h e  fa rmer  a 



f a s t  r e g i o s e l e c t i v e  i n t e r c h a n g e  of  t h e  amino moie ty  l e a d i n g  t o  t h e  i n t e r m e d i a t e  

111. The r a t e  of t h i s  s t e p  i s  depending  on t h e  b u l k  of  t l ie  s u b s t i t u e n t s ,  d e c r e n -  - 
Sing ~ i t l r  t h e  s t e r i c  r e q u e r i m e n t s  o r  t h e i r  a r o m a t i c  c h a r a c t e r .  On t h e  o t l i e r  

hand ,  1 , 7 - d i k e t a n e s ,  r e s u l t i n g  from t h e  b y d r a l y s l s  o f  I, can  n o t  be a n  i n t e r m e -  

d i a t e  because  t h e y  w e r e  r e c o v e r e d  unchanged a f t e r  h e a t i n g  w i t h  i n  i d e n t i c a l  

c o n d i t l a n s .  

The second  s t e p ,  t l ra r  i s  t h e  r a t e  d e t e r m i n i n g ,  i s  t h e  c y c l i z a t i o n  of t h e  i n t e r m e -  

d i a t e  G o r  i t s  e n o l i c  forms G, S, o r  =.l4 It i s  u n c l e a r  h o w  t h e  s t e r i c  

and c o n f o r m a t i o n a l  f a c t o r s  i n f l u e n c e  on t h e  d i s t r i b u t i o n  of t h e  e n o l s ,  b u t  the 

e l c c t r o r l i c  e f e c t s  p l a y  an i m p o r t a n t  r o l e  on t h e  r a t i o  of G, G and i n  t h e  



e q u i l i b r i u m .  Thus ,  e n o l s  E and E would be more s t a b l e  t h a n  ijl because  i t s  

ex tended  c o n j u g a t ~ a n ,  and any  a d d i t i o n a l  c o n j u g a t i o n  w i l l  c o n t r i b u t e  t o  i n c r e a s e  

t h e i r  c o n c e n t r a t i o n  i n  t h e  m i x t ~ r e . ' ~ - ~ ~  

On t h e  o t h e r  lrand, t h e  e l e c t r o n  withdrvwirlg o r  d o n a t i n g  a b i l i t y  o f  t h e  g roup  R 
1 

must be t r a n s l a t e d  t o  t h e  n u c l e o p h i l l c  a t t a c k  on t h e  cor respor ld ing  c a r b o r ~ y l  group;  

t h u s  compound Q (RI = 4-MeOC H 4 )  l e a d s  " v i a "  VlIj o r  VIllj to 2 as u s i n g l e  

- 4 
p r o d u c t ,  w h i l e  compound I k  ( R  = 4-NO C H ) g i v e s  a m i x t u r e  o f  IVk and Vk as a corr- 

2 6 4  
sequence of  a competing a t t a c k  on t h e  cnure e l e c t r o d e f f i c i e n t  c a r b o n y l  i n  o r  

m. 
A S  e x p e c t e d ,  t h e  c y c l i z a t i o n  of 2 - s u b s t i t u t e d  p-aminoenones 3, z, 2 a n d  Q 

(R2 # H) l e a d s  t o  t h e  2 - a c y l p y r r o l e  E a s  u s i n e l e  p r o d u c t  because  tlre u n a h i l i t y  

of t h e i r  i n t e r m e d i a t e s  5 t o  be t r a n s f o r m e d  i n t o  t h e  a r o m a t i c  system. 

F i n a l l y ,  t h e  f o r m a t i o n ,  i n  low y i e l d s  o f  I\rd and \id from If, and E and 3 from 

I1 i s  a w e l l  documerlted process18  and could  be due t o  an i n i t i a l  competing 1 , 2 -  - 
a d d i t i o n  p r o c e s s  or, more p r o b a b l e  t o  t h e  i s o m e r i z a t i o n  of t h e  s t a r t i n g  aminoenone. 

MP's were measured on a BUchi a p p a r a t u s ,  i n  all open c a p i l l a r y  tube  and a r e  unco- 

r r e c t e d .  Nmr were r e c o r d e d  on e i t h e r  a V a r i a n  T 6OA o r  Bruker  A C ~ O  s p e c t r o m e t e r s  

and cliemricill s h i f t s  a r e  g i v e n  d o w n i r e l d  from 2MS as  i n t e r n a l  s t a n d a r d .  Mass s p e c -  

t r a  were measured on a Hewle t t -Packard  5988A mass s p e c t r o m e t e r .  E lementa l  a n a l y s i s  

were  de te rmined  on a Perk in-Elmer  2408 ihml)zer .  S t a r t i n g  p-anlinoenanes were p r e -  

p a r e d  as p r e v i o u s l y  d e s c r i b e d .  8 , 1 0  

Syntl!esis  of 4-phenacylamino-3-penten-2-oiie (111.3). A m i x t u r e  o f  990 nig (10  mmol) 

of 4-amino-3-penten-2-one and 1.89 g  (11 mmol) o f  phenacylamine h y d r o c h l o r i d e  i n  

25 m 1  of a c e t o n i t r i l e  was r e f l u x e d  f o r  2  h. The s o l v e n t  was e l i m i n a t e d  ( r o t u v a p o r )  

and t h e  r e s i d u e  was s t i r r e d  i n  enlrydrous THF. The i n o r g a n i c  p r e c i p i t a t e  was f i l -  

t e r e d  off and t h e  THF s o l u t i o n  was c o n c e n t r a t e d  t o  d r y n e s s .  The r e s i d u e  was re -  

c r i s t n l l i z e d  from carbon  t e t r a c h l o r i d e .  g i v i n g  2.36 g. (95%) of  =. White s o l i d ,  

mp l l O - l l l o ~  ( f rom C C 1 4 ) .  Nmr ( C D C 1  1 "  1.92 ( S ,  311): 2.00 ( s . 3 H ) ;  4.75 ( d ,  ZH, J= 
3  ' 

6  1 1 ~ ) ;  5.10 ( S ,  111); 7.30-8.10 (m, 5 H ) ;  11.10 ( b r o a d  S ,  1x1. C13H15K02 r e q u i r e s :  

C ,  71.87; H,  6.96; K, 6.44. Found: C ,  71.78; H ,  6.72; K ,  6.56. 

R e a c t i o n  of  p-aminoenones w i t h  phenacylamine h y d r o c h l o r i d e .  General. p rocedure .  

a m i x t u r e  o f  p-uminoenone m ( l 0  mmol) and phenacylamine h y d r o c h l o r i d e  (11 mmol) 

i n  25 m 1  of t h e  u p p r o p i a t e  s o l v e n t  was r e f l u x e d  u n t i l  t o t a l  d i s a p p e a r a n c e  of 2 
and G ( t l c ) .  The s o l v e n t  was e v a p o r a t e d  t o  d r y n e s s  a n d  rile r e s i d u e  r e d i s s o l v e d  

i n  anhydrous TIIF. The i n s o l u b l e  p r e c i p i t a r e  was f i l t e r e d  o f f ,  t h e  s o l v e n t  e l i l i i i -  

n a t e d  and t h e  r e s i d u e  r e c r y s t a l l i z e d  or  chromatographed on s l l i c a  g e l  u s i n g  ethy1.- 

a c e t a t e / t o l u e n e  ( 1 / 5 )  a s  e l u e n t .  

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

i n  t h e  f o l l o w i n g  p a r a g r a p h s .  

2-Benzoyl-3,5-dimethylpyrrole ( I V a )  . White s o l i d ,  mp 1 1 8 - 1 1 9 ° ~  ( f rom NeOH), (lit.19 

mp 1 1 9 ~ ~ ) .  N m r ( C D C 1  1.87 ( S ,  311); 2.23 ( 5 ,  3H); 5.83 ( d ,  lH, J = 3  Hz); 7.20-7.80 
3  ' 

( m ,  5H); 10.20 ( b r o a d  5 ,  H .  I :  m/z % :  1 9 9 ( ~ t ) ;  ( 6 1 ) ;  77 ( 1 0 0 ) .  

3-Acetyl-2-metl,y1-4-phenylpyrrole (Va) .  White s o l i d ,  mp 150-151°c ( f rom MeOH) (lit." 

mp 150-151°c) ~ m ( c D C 1 ~ ) :  2.06 ( S ,  311); 2.50 ( S ,  3 ~ ) ;  6.50 ( d ,  l H ,  J.2 H Z ) ;  7.33 ( S ,  
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5H); 9.60 ( b r o a d  S ,  1 H ) .  MS: m / z  : 199  ( M ? ,  5 0 ) ;  1 8 4  ( 1 0 0 ) .  

2 - B e n z o y l - 7 - e t l ~ y l . - j - m e t h y 1 r r y ~ ~ o . l e  I IVb) .  iv'liite s o l i d ,  mp 77-78OC ( f r o m  liexane-ben- 

z ene ) .  ( C o c l  1 .  1.00 ( t ,  I ,  J = 8  Hz) ;  2.26 ( S ,  H ;  2.30 ( q ,  211, J Z ~  H Z ) ;  5.93 
3 ' 

( d ,  111, J i  2 t l z ) ;  7.20-7.80 ( m ,  5H);  10.20 ( b r o a d  S ,  111) .  & I s :  n i / z  (74): 213  ( ~ ? , 1 * 3 ) ;  

77 ( 1 0 0 ) .  C141115N0 r e q u i r e s :  C, 78.84; 11, 7 .09;  , 6.57. E o m ~ d :  C, 78.70; H ,  7.22; 

N ,  6.74. 

2-?]ethyl-4-phenyl-3-propionylpyrx.ole (Vb) . White  s o l . i d ,  m p  118-119°C ( f r o m  JleOH) . 
r ( c u C ~  1 0 .96  ( t ,  3H, J= 7 112); 2.40 ( q ,  Z H ,  J=  7 1 % ~ ) ;  2.4G ( S ,  311); 6 .45 ( d ,  

7 ' 
] H ,  J =  2 I l r ) ;  7.26 ( S ,  5H);  9.90 ( b r o a d  S ,  .[.H). MS: / % :  21.3 ( d ,  271; 1 8 4  

( 1 0 0 ) .  c ~ ~ H ~ ~ N o  r . e q u ~ r o s :  C, 78.114; 11, 7.09; K 6.57. Found: C ,  78.67; H ,  7.26; N ,  

6.75. 

2 - n e l r z o y r . - 5 - m e t h y l - 3 - i s 0 p ~ P 0 ~ ~ y l r ~ y Y ~ - r 1 e  (IVc). White  s o l z d ,  mp 122-127°C (from hexa- 

n e - i > e n r e n e ) .  h'lilr ( C n c l  ) .  1.06 I d ,  611, J=  7 i l r ) ;  2.26 I s ,  311); 2.85 ( m ,  111, J= 7 
3 ' 

H Z ) ;  5.95 I d ,  1 H ,  J =  2 IPA); 7.10-7.80 (m, 511); 9.60 (Drouil S ,  J H ) .  MS:  m/z (%) :  

227 ( > l ? ,  3 9 ) ;  77 ( 1 0 0 ) .  C H KO r e q u i r e s :  C ,  79.26; 11 ,  7 .54;  N ,  6 .16.  roluld: C ,  
l 5  1 7  

79.35; I 7.36; X ,  6.34. 

3 - i s o ~ u t y r y l - 2 - m e t h y r - 4 - p ~ ~ e ~ ~ y 1 p y ~ r ~ 1 e  ( V C ) .  l i l ~ i t e  solid, mp 1 2 3 - 1 2 4 0 ~  ( f r o m  E I ~ O H ) .  

N r n r  ( C D C 1  ) .  0.96 ( < l ,  GH, J =  7 Hz) ;  2.40 ( S ,  3H); 2.80 ( m ,  lii, .l= 7 H z ! ;  6.50 i d ,  
3 ' 

I H ,  ~ = 2  H z ) ,  7.25 ( S ,  5H); 9.60 ( b r o a d  S ,  1 l :  n d z  7 :  227 1 5  184  (1.00).  

c 13 KO r e q u i r e s :  C ,  79.26; 11, 7.54; X ,  6.16. Found: C ,  79.47; H ,  i . 7 1 ;  N ,  6.34. 
L5 17-  

2 - n e r r z o y l - j - n ~ e t ~ ~ y 1 - 3 - p 1 ~ e n e t l 1 y l p y ~ ~ 0 1 1  ( l \ ' d ) .  i i h i t e  s o l i d ,  mp 96-97°C ( f r o m  hexane- 

b e n z e n e ) .  x m r  (Cllcl ) .  2.26 ( S ,  H 2.65 ( S ,  411); 5.92 ( d ,  111, .l= 2 1 1 ~ ) ;  6 .70-  
3 ' 

7.70 ( m ,  1011); 9.40 ( b r o a d  S ,  l .  S :  m / =  1 :  289 ( ~ l f ,  3 0 ) ;  198 (-100) .  CZ01119Y0 

requires: C ,  83.01; H ,  6.62; N ,  4.84. ~ o u n d :  C ,  82.90; H ,  6 .55;  K ,  11.96. 

2 - ~ e t l 1 y l - 4 - ~ 1 ~ e n y l - 3 - (  R -plienyl ) p r o p i o n y l p y r r o l e  (\ ' i l l .  ir 'hite s o l l d ,  mp 87-88OC 

(fro," M ~ O H ) .  ~ n l r  ( C D C ~  ) 2.40 I s ,  3H); 2 . i 3  (m, 411); 6.43 i d ,  l H ,  J= 2 IIz) ;  6.70- 
3 ' 

7 . 0  (m, 511); 7.25 ( E ,  5H); 9.10 ( b r o a d  S ,  1 H ) .  ?Is: m / r  : 289 (M?, 4 1 ) ;  184  

( 1 0 0 ) .  C H q~~ r e q ~ j r e s :  C ,  83.01;  H ,  6 .62;  N, 11.114. in in id :  C ,  83.17; 11, 6.50; N ,  
20 1 

4.72. 

2 -Henzoy l -5 -e thy l -3 -methy lpyr ro le  ( 1 V e ) .  Yellow o i l .  N r n r  ( C C 1 4 ) :  1.20 I t ,  311. J =  7 

H Z ) ;  1 .83  ( S ,  ? H ) ;  2.65 (4, 211, J= 7 1 1 ~ ) ;  5.80 ( d ,  l H ,  J =  2 I l z ) ;  7.C0-7.80 ( m ,  511); 

11.00 ( t l r o a d  S ;  L H ) .  M S :  m/z ( ? g ) :  213 (M?. 6 4 ) ;  212 1 1 0 0 ) .  C H NO r e q u i r e s :  C ,  1 4  15 
78.84; H ,  7.09; N ,  6.57. ioullrl:  C ,  78.95; H ,  7.22; S ,  6.44. 

~ - A c e r y l - 2 - e t l r y l - 4 - p i i i i ~ Y 1 p Y ~ ~ ~ - ~ 1 e  ( \ ' e ) .  IGhite s o l i d ,  mp 104-1050C ( f rom hexarie-ben- 

z e n e ) .  Kmr (CL3Cl. 1 .  1 . 0  i t ,  311. J= 7 I k ) ;  2.10 i s ,  311); 3.00 ( q ,  211, J =  7 l i z ) ;  
3 ' + 

(1.60 ( d ,  111, J =  2 I l r ) ;  7.40 ( S ,  511); 9.80 ( h r o a r j  S ,  1 H ) .  Els: m/z ( 9 6 ) :  213  (?l .  ,451;  

198 (100) .  C 1 4 ~ L 5 N ~  requires: C ,  i8 .84;  Ii, 7.09; M ,  6.57. Found: C, 78.98; 11, i .19 

K, 6.68.  

2 - ~ e n z a y ~ - 5 - (  P-pheny~)ett~yl-~-n~et~rylpyrrole ( l b ' f ) .  Yel low a i l .  Nnl r  ~ C D C L  ) 1.9h 
3 ' 

( S ,  3H); 2.90 ( S ,  & H ) ;  5.90 ( d ,  I H ,  J =  2 Hz); 7.13 ( S ,  511); 7.00-7.70 ( m ,  5H);  

9.70 (L>roari S ,  1 S :  nl/z (94): 289 ( M ? ,  9 ;  77 ( 1 0 0 ) .  C20HlgX0 requ-es:  C , 8 j . 0 1  

H ,  G 3 ,  4.84. Found: C, 82.86;  H ,  6 .56;  X ,  4.96. 

3 -Ace ty l -2 - (  (3 - p h e n y l ) e t l i y l - 4 - p h e n Y l r ~ y ~ r ~ L ~  ( \ I f ) .  White s o l i d ,  mp i j7-15BoC (from 

MeOH). N n r  ( C D C 1  1 .  2 .03 ( S ,  3H);  3 .08 ( m ,  & H ) ;  6.46 ( d ,  111,  J =  2 Ii7.1; 7.17 ( s , j H ) ;  
3 ' 

7.30 I s ,  5H); 8.90 (1,road S ,  l H ) .  MS: m / =  ( S ) :  289 ( H ? ,  2 6 ) ;  ,198 ( 1 0 0 ) .  C201119h.0 

r e q ! ~ i r e s :  C, 217.01; 11, 6.62; N ,  4.84. Found: C ,  87.17; H ,  6 .51;  N ,  4.93. 



2-Denzoyl-3,4 ,  5 - t r i m i t l ~ y S p y ~ ~ ~ 1 e  ( I V j ) .  " h i t e  s o l i d ,  mp 1 3 4 - 1 3 5 0 ~  ( f r o m  . \ l e o ~ ) .  

(lit." rnp 136°C).  I Y m r  ( C C 1  1 .  1.72 ( 5 ,  3H); 1.86 ( S ,  ?H);  2 .23 ( 5 ,  3H) ;  7.20-7.80 4 ' + 
( m ,  5H);  11.20 ( b r o a d  S ,  1 l :  m/z W ) :  213 (? l . ,  115); 77 ( 1 0 0 ) .  

2-Benzoyl-4-benzyl-3,5-diiiietley1r~yrro ( IVii ] .  White s o l i d ,  mp 112-1130C ( f r o m  YeOH). 

Smr (CCl,,): 1 .70 ( S ,  311); 2.25 ( S ,  H 3.70 ( S ,  211); 7 .05 ( S ,  511); 7.20-7.80 ( m ,  

5H);  11.20 ( h r o u d  S ,  1 H ) .  Ys:  m/z ( 5 ) :  289 (M?, 8 2 ) ;  77 ( 1 0 0 ) .  CZ0HL9P(0 r e q u i r e s :  

C ,  83 .01 ;  11, 6.62; N ,  4.84. Found: C, 83.1.8; H ,  6.57; K, 4.71. 

2 - n e n z o y l - 5 - n 1 e t h ~ l - 3 - p h e n y l p y r r o l e  (Il'i) . i i h i t e  s o l i d ,  mp 156-1570C (from EtOH) . 
N m r  ( C D C 1  1 .  2.40 ( 5 ,  311); 6.10 ( d ,  l H ,  J =  2 1 1 ~ ) ;  7.00 ( S ,  5H); 7.00-7.60 (m, 511); 

3 ' 
11.20 ( b r o a d  S ,  1 H ) .  M S :  m/a (S ) :  261  (M?, 9 4 ) ;  260 ( 1 0 0 ) .  C H No requires: C, 1 8  1 5  
82.73;  H ,  5.79; h ,  5.36. Fo t~nd :  C ,  82.86;  H ,  j . 6 6 ;  K, 5.24. 

~-Berr~oyl.-2-merI~~l-4-~henylpyrrole ( v i ) .  l i l ~ i t e  s o l i d ,  mp 230-Zjl°C ( f r o m  EtOH) 
22 

( l i t .  rnp 2310CI. K m r  ( C D C l  /UMSO-d6): 2.26 ( S ,  311); 6.75 (d, l H ,  J=  2 Hz) ;  7.03 
3 

( S ,  513); 7.10-7.70 (m, 511); 11.20 ( b r o a d  S ,  l I :  m / z  % :  261  (M?, 7 3 ) ;  260 

( 1 0 0 ) .  

~-(p-Flethoxy)benzoyl-2-meth~1-4-phen~11~Yrrole ( V j ) .  White s o l i d ,  mp 222-223OC 

o r  t o H  r (CDCI /UMSO-d6): 2.30 ( 5 ,  H 3.83 ( S .  H 6.90 ( d ,  2H, J =  10  
3 

Hz) ;  6 .93  ( d ,  SH, J =  2 Hz) ;  7.20 ( S ,  5111, 7.80 ( d ,  213, J =  10  H z ) ;  11.20 ( b r o a d  5 ,  

H .  I :  41. 6 :  291  (:.I?. 7 9 ) ;  290 ( 1 0 0 ) .  C19HliS02 r e q u i r e s :  C ,  7 8 . j 3 ;  H ,  5 .88;  

K ,  4.81. Found: C ,  78.51;  H, 6 .01;  N, 4.68. 

2-BenzoyI-5-rnetl~yl-3-(p-nitropl1en~l)p~rro1e ( I V k ) .  Yellow s o l i d ,  mp 227-2280C(frorn 

E t O I I ) .  K m r  ( C D C l .  /DMSO-cl6): 2.36 ( S ,  311); 6.20 ( d ,  l B ,  J =  2 Hz); 7.00-7.70 (ni,7H); 
3 

7.93 l ,  2H, J 8 I ;  11.90 ( b r o a d  S ,  I H ) .  E l s :  m/z ( S ) :  306 (>!.lf, 1 0 0 ) .  C18HlllN203 

r e q u i r e s :  C ,  70.58; H, 4.61; N ,  9 .14.  Found: C ,  70.48; H ,  4.72; 3 ,  9.28. 

2-~etl1yl.-3-(p-nl.trrrbeneeyl)-4-plienylpyrrole (Vk). Yellow s o l i d ,  rnp 2 5 0 - 2 5 1 0 ~  (from 

E t O H ) .  Krnr  (CDC1 /DIISO-cl6): 2.38 ( S ,  3H); 6.80 ( d ,  l H ,  J =  2 Hz);  7.03 ( S ,  5H);7.70 
3 

l ,  211, J =  8 1 1 ~ ) ;  ii.00 ( d ,  2H, J=  8 11%);  11.50 ( b r o a d  S ,  1 M :  m/z % :  306 (M?, 
1 0 0 ) .  C.l,8H14N203 r e q u i r e s :  C ,  70.58;  11, 4.61; N ,  9.14. Found: C, 70.77; H ,  4.72; N ,  

7.30. 
3-lcetyl-2,4-diplienjlpyrrole ( V l ) .  l i h i t e  s o l i d ,  mp 2 0 8 - 2 0 9 0 ~  ( f r o m  E t O H ) .  N n l r  

( C D C 1  1. 2.00 ( S ,  311); 6.76 ( d ,  SB, J =  2 I l z l ;  7.26 ( S ,  5H);  7.20-7.70 ( m ,  5H); 
3 ' 

11.20 ( b r o a d  S ,  L H ) .  MS: m/z ( % l :  261. (H?, 511); 241, ( 1 0 0 ) .  C181115~~ r e q u i r e s :  C ,  

82.73; H ,  5.79; N ,  5.36. ~ o u n d :  C ,  82.58;  11 ,  5 .66;  K ,  5.117. 

3-Henzoy1-2,4-diphen~lpyrrole ( V r n ) .  White s o l i d ,  mp 183-184% ( f r o m  EtOH). S m r  

( C D C 1  1 6.75 ( d ,  111, 5.2 1 1 ~ ) ;  7.00-8.20 ( m ,  15H);  9.50 ( b r o a d  S ,  1 H ) .  bls:m/z ( 9 6 ) :  
3 ' 

523 (*I?, 931; 246 ( 1 0 0 ) .  C H K0 r e q u i r e s :  C ,  85.42; H ,  5 .30;  N ,  4 . 3 3  bound: C, 
23 1 7  

85.51;  H ,  5.24; K ,  4.28. 

E t h y l  (2-benzoyl-3,5-drmetllyl)-4-pyrro1y111cettte(I~. White  s o l i d ,  mp l l l - 1 1 2 ° C  

( f rom Meoil). N m r  ( C D C 1  ) '1.20 ( t ,  ?H, J i  7 1 1 ~ 1 ;  1 .85 ( S ,  311); 2.25 ( S ,  3H): 3 .35 
3 ' .  

S ,  2H); 4.10 ( q ,  211, J =  7 H z ) ;  7.20-7.80 (m, 5H) ;  10.30 ( b r o a d  5 ,  1 H ) .  M S :  m / z  

(S) :  285 (M?, 3 1 ) ;  77 ( 1 0 0 ) .  C l3 NO3 r e q u i r e s :  C, 71.56; H ,  6.71; N ,  4.91. Found: 1 7  1.9 
C ,  71.68;  H ,  6.61; N ,  4.73. 

2-Denzoy:L-ir-cyenornett~y1ene-~,5-dimetl~ylpyrrole(IVqj. White  s o l r d ,  nlp 148-1490C 

( f rom McOH). N m r  (CDCl3/LIMSO-d6): 1.87 ( S ,  3tL); 2.22 ( S ,  3H);  3 .38 ( S ,  2H); 7.10- 

7.90 ( m ,  5H); 10.70 ( b r o a d  S ,  L H ) .  N s :  m / =  ( W :  238 (d, 991; 210 (100).  C 1 5 ~ 1 4 ~ 2 0  

r e q u i r e s :  C ,  75.61; H, 5.92; N, 11.76.  Found: C, 75.46; H ,  5.80; N ,  11.89.  
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R e a c t i o n  of (3-aminoenones In-q w i t h  pl ier lacylam~ne h y d r o c h l o r i d e  i n  u l c o h o l s  a t  r e -  

f l u x  f o r  l h .  A mixtrzre of 1 m m 0 1  of p-iimlnoenone Ia -q  and 1.1 m m 0 1  o f  phenacyl- 

nmine h y d r o c h l o r i d e  was r e f l ~ r x e d  i n  2.5 "11 of  anhydrous methanol  o r  otllarlol f o r  

l h. The s o l v e n t  was e l i m i n a t e d  t o  d r y n e s s  and t h e  p r o d u c t  was taken  i n  5  m 1  of 

anhydrous  TIP.  Tlie r e s i d u e  of slmmorriurn c l l l o r i d e  was f i l t e r e d  o f f  m ~ d  t h e  s o l v e n t  of 

t h e  f i l t r a t e  w a s  e l i m i n a t e d .  The r e s i d u e  w a s  d i s o l v e d  i n  C D C 1 3  and t h e  nmr was r e -  

g i s t e r e d .  The r a t i o  o f  p r o d u c t s  on t h e  mrx ture  was de te rmined  by i n t e g r a t i o n  of t h e  

p r o r o n  a t  t h e  c o n j u g a t e d  system on 111 v e r s u s  t h e  p r o t o n s  a t  C-4 ( i n  pyrro.l .es E) 
and C-5 ( i n  p y r r o l e s  1). 
The nmr d a t a  f o r  i n t e r m e d i a t e s  illb-j a r e  as fo l low5:  

5-~henacyluminehex-4-en-3-0ne ( I I I b ) .  Y m r  ( C D C 1  ) 1 . 0 7 ( t ,  3H, JE  7  Hz); l . g j ( s ,  3 ~ ) ;  
3  ' 

2 .25(q ,  211, J= 7  Hz) ;  4 .71(d,  211, J =  6  H z ) ;  5 . 0 8 ( s ,  1 H ) ;  7.30-8.00(m, 511); l . L . i 6 ( t ,  

l H ,  J =  6 Hz). 

6-Phenacylamine-2-met1~y11~ept-5-er~-1~-one 1 1 1  m C C  1 l .O8(d ,  6H, J =  7 Ilz); 
3  ' 

1 . 9 2 ( ,  3H); 2.45(m, l H ,  J= 7  l i z ) ;  4 . 7 2 ( d ,  211, J =  6  Hz) ;  5 . 1 0 ( s ,  1H); 7.30-8.00(m, 

5H); 1 1 . 2 3 ( b r o a d ,  111). 

5-Phenacylamir1e-l-pI~~ny1.11ex-4-111-3-3ne ( I I l d ) .  K m r  ( C D C l  ) .  1 . 8  3H); 2.74(m, 4H); 
3  ' 

4.65(d,  2H, J =  6 H z ) ;  5 . 1 0 ( s ,  1H); 7 . 2 5 ( s ,  5H); 7.30-8.00(nl, 5H); 1 1 . 3 0 ( t ,  l H ,  J= 

6  1 1 ~ ) .  

4-~henac~lanllnehex-3-e11-2-one ( I I I e ) .  P i m r  (CDCI 1 .  1 . 3  l ,  J =  7  Hz) ;  2 . 0 2 ( s ,  
3  ' 

H )  2 .18(q ,  Z H ,  J =  7  m ) ;  4 . 7 0 ( d ,  211, J =  6  Hz);  5 . 0 7 ( s ,  111); 7.30-8.00(m, 511); 

11.2O(broad,  111). 

l - ~ ~ ~ ~ ~ ~ l - 2 - p h e n a c y l u m i n e p r ~ p ~ n ~  ( I I I i ) .  N n i r  ( C D C 1  1 .  2 .03(5 ,  3H);  4 . 9 5 ( d ,  2H, J =  6  
3  ' 

HZ); 5 . 8 5 ( ~ ,  1 ~ ) ;  7.30-8.20(ml 1 . 0 ~ ) ;  1 1 . 7 0 ( t ,  111, J =  6  H Z ) .  

1-(p-?lefl~oxyphenyi.)-2-phenacylaminepropane (1111). Nmr ( C D C 1  1. 2 . 1 0 ( s ,  3H);  3.77 
3  ' 

( S  3H); 5 .03(d ,  Z H ,  J =  6  Hz); 5 . 9 0 ( s ,  1 1 1 ) ;  7 . 0 6 ( d ,  2H, J =  9 H Z ) ;  7.10-7.90(n1, ; H ) ;  

8 .02(d,  2H, J =  9 M?); 11.7O(m, 111). 
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