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SYNTHETIC COMMUNICATIONS, 2 1 ( 4 ) ,  557-562 (1991) 

ALKYLATION OF 2-ALETYLPYRROLE AND 1 - A L K Y L - 2 - A C E T Y L P Y R R O L E S  UNDER 

SOLIO/LIQUID PHASE-TRANSFER CONDITIONS 

Yu. Go1 d b e r g  ,* E . h b e l  e and 11. Shynianska 

I n s t i t u t e  o f  O r q a n i c  S y n t h e s i s ,  L a t v i a n  Academy o f  
Sc iences ,  R iga  226006, L a t v i a ,  U S S R  

A b s t r a c t .  The a l k y l a t i o n  o f  2 - a c e t y l p y r r o l e  w i t h  a l k y l  i o d i d e s  i n  
t h e  b e n z e n e / s o l i d  KOH sys tem i n  t h e  presence o f  18-c rown-6  a t  room 
tempera tu re  a i v e s  t h e  c o r r e s p o n d i n a  1 - a l k y l  d e r i v a t i v e s  i n  h i g h  
y i e l d s .  The p h a s e - t r a n s f e r  c a t a l y s e d  a l k y l a t i o n  o f  l - a l k y l - 2 -  
a c e t y l p y r r o l e s  w i t h o u t  s o l v e n t  l e a d s  t o  s i d e - c h a i n  d i - C - a l k y l a t e d  
p r o d u c t s ,  i . e .  ke tones  o f  t h e  (1-al k y l  - 2 - p y r r o l y l  )COCHR2 t y p e  i n  
s a t  i s f a c t o r y  y i e l d s .  

P h a s e - t r a n s f e r  c a t a l y s e d  (PTC) s i d e - c h a i n  a l k v l a t i o n  o f  a c e t v l -  

h e t e r o c v c l 2 s  ( 2 - a c e t v l f u r a n , ’  2 -  and 3 - a ~ e t v l t h i o o h e n e . ” ~  2 - ,  3-  
and 4 - a c e t v l o v r i d i n e  3 ) as w e l l  as  a ~ e t o p h e n o n e ~ ’ ~  w i t h  a l k v l  i o d i -  

des i s  a s i m p l e  one -s tep  method for  t h e  b r a n c h i n c  o f  t h e  CH g roup  

i n  t h e  a c e t v l  f ragmen t .  Depending on t h e  s t a r t i n g  compound, c a t a -  

l v s t  and r e a c t i o n  c o n d i t i o n s .  d i -  o r  t r i - C - a l k y l a t e d  D r o d u c t s  can 

be p r e p a r e d .  wh ich  a r e  o t h e r w i s e  d i f f i c u l t  t o  o b t a i n .  

3 

The a l k v l a t i o n  o f  2 - a c e t v l ~ v r r o l e  (1) i n  t h e  C H 2 C l 2 / 5 0 /  NaOH 
+ -  

sys tem i n  t h e  presence o f  Bu N B r  w i t h  d i m e t h y l  s u l p h a t e  o c c u r s  

N - r e g i o s p e c i f i c a l l y . 5  We have found  t h a t  t h e  use  o f  s o l i d / l  i q u i d  

PTC, depend ing  on t h e  r e a c t i o n  c o n d i t i o n s ,  p e r m i t s  one t o  c a r r y  

o u t  b o t h  N - a l k y l a t i o n  o f  - 1 and c o n s e c u t i v e  s i d e - c h a i n  C - a l k y l a t i o n  

o f  1-alkyl-2-acetylpyrroles. 

4 

* 
To whom cor resDondence s h o u l d  be addressed .  
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5 50 GOLDBERG, ABELE,  AND SHYMANSKA 

Reactions o f  ketone 1 w i t h  a l k y l  i o d i d e s  R - l  i n  t he  benzene/sc- 

l i d  KOH system i n  the  presence o f  18-crown-6 ( t h e  molar  r a t i o  

l:R-l:KOH:18-crown-6 = 1:5:5:0.01) occu r  N - r e q i o s p e c i f i c a l l y  a t  

room temperature and g i v e  corresponding N - a l k y l  d e r i v a t i v e s  i n  

h i g h  y i e l d s  (Table 1 ) .  Th i s  N - a l k y l a t i o n  v a r i a n t  i s  more conven ien t  

compared w i t h  the  procedure desc r ibed  p r e v i ~ u s l y , ~  which demands 

cont inuous r e f l u x i n g  and a r e l a t i v e l y  g rea t  amount o f  c a t a l y s t  (10 

mol .  8 ,  i n  our  case - 1 % ) ;  moreover, t h e  i s o l a t i o n  o f  p roduc ts  i n  

the  s o l i d / l i q u i d  system i s  s imp le r  i n  compar is ion w i t h  the  l i q u i d /  

1 i q u i d  system. 

1 - A l  k y l - 2 - a c e t y l p y r r o l e s  ( a - c )  i n  t h e  benzene/sol i d  KOH system 

i n  the  presence o f  18-crown-6 and w i t h  excess o f  a l k y l  i o d i d e  do 

n o t  undergo any t rans fo rma t ions .  However, when the  m i x t u r e  o f  

ketone La-c,  a l k y l  i o d i d e  R - I ,  s o l i d  KOH and 18-crown-6 ( t h e  mo- 

l a r  r a t i o  2:R -I:KOH:18-crown-6 = 1:E:b:O. l )  i n  t h e  absence o f  

so l ven t  was s t i r r e d  a t  temperature 45-70°C,the s ide -cha in  C - a l k y l -  

a t i o n  was observed. A l k y l a t i o n  w i t h  methyl i o d i d e  occu rs  C- req io -  

s p e c i f i c a l l y  and leads t o  1-al k y l - 2 - p y r r o l y l  i sop ropy l  ketones (5) 
i n  52-73% i s o l a t e d  y i e l d s  (Tables 1 ,  2 ) .  Accord ing t o  G C  and G C / M S  

data,  t he  r e a c t i o n s  proceed through mono-C-alkylated l - a l k y l - 2 -  

1 

1 

ass ianed by mass 

, r e s p e c t i v e l y ] .  

p y r r o l y l  e t h y l  ketone in te rmed ia tes  ( i a , c , d  

spec t ra  [m/z 137 (M'), 151  (M') and 165 (M' 

R-I/C6H6/KOH/18-crown-6 (1 ml. %, ) 
- _  

+ O C O C H  - 20°C, 2 h 

O C O C H 3  3 
A 77 -82% A 

1 - 2a -c - 
1 R -I/KOH/18-crown-6 (10 ml .%I 

45-7OoC, 3 2 - 1 2 0  h 
[()-COCH2R1] -----) ~ C O " ' '  \ R 1  

51 - 7 3 1  R R 

3a -d - - 4a-d 
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2-ACETYLPYRROLE AND 1-ALKYL-2-ACETYLPYRROtES 561 

Ketones La-c d i s p l a y  lower r e a c t i v i t y  than 2 - f u r y 1 ,  2 - t h i e n y 1 ,  

2 - .  3 -  and 4 - p v r i d v l  methyl ketones c o n v e r t i n q  under m i l d e r  c o n d i -  

t i o n s  t o  the corresponding h e t a r y l  i sop ropy l  ketones. 1 - 3  Compounds 

- 4a,c,d a r e  p r a c t i c a l l y  unable t o  undergo subsequent PTC a l k y l a t i o n  

t o  1-al k y l - 2 - p y r r o l y l  t e r t - b u t y l  ketones:  o n l y  t r a c e  amounts o f  

o f  t r i a l  k y l a t e d  p roduc ts  were r e g i s t e r e d  (GC/MS) a f t e r  con t inuous  

r e f l u x i n g  o f  the r e a c t i o n  m i x t u r e s  c o n t a i n i n a  4 and excess o f  Me1 

and KOH. 

Genera l l y ,  t he  PTC a l k y l a t i o n  o f  ketone La w i t h  e t h y l  

(70°C) occu rs  s i m i l a r l y  t o  t h a t  desc r ibed  f o r  Mel: t he  ma 

duct  o f  t h e  r e a c t i o n  i s  2-ethyl-l-(l-methyl-lH-pyrrol-2-y 

butanone ( i b )  i s o l a t e d  i n  5 1 %  y i e l d  r e s u l t s  f rom consecut 

od i de 

n p r o -  

1 - 1 -  

ve s i d e -  

cha in  d i - C - a l k y l a t i o n  through the  ketone l b  i n t e r m e d i a t e  (m/z 1 5 1 ,  

M'). However, a f t e r  r e a c t i o n  comp le t i on ,  as judged by the  d isappe-  

arance o f  t he  s t a r t i n g  compound 2a and 3b i n t e r m e d i a t e  f rom the  

s o l u t i o n ,  the r e a c t i o n  m i x t u r e  a l s o  con ta ined -18% (GC and G C / M S  

da ta )  o f  mono-0- and d i - C , 0 - a l k y l a t i o n  p roduc ts  r e s u l t i n g  f r o m  

0 - a l k y l a t i o n  o f  ambident - 2a and - 3b. The main p roduc t  k b ,  owlno t o  

lower v o l a t i l i t y ,  can be e f f e c t i v e l y  separated by d i s t i l l a t i o n .  

- - 

A l l  compounds were i d e n t i f i e d  w i t h  the  a i d  o f  ' H  NMR and mass 

spec t ra  (Table 2 ) .  

EXPERl MENTAL 

GC analyses were performed on a Chrom-5 ins t rumen t  equipped 

w i t h  f l a m e - i o n i z a t i o n  d e t e c t o r  u s i n g  g lass  columns packed w i t h  

58  OV-l7/Chromosorb W-HP (80-100 mesh) (Column A, 1.2 m 3 mm) 

and 10% S E - 3 0  + 2.5% Reoplex-400/Chromosorb W-AW (60-80 mesh) 

(Column B ,  2.4 m 3 mm). 2 - A c e t y l p y r r o l e  and 18-crown-6 were 

purchased from Fluka.  

I - A l  k y l - 2 - a c e t y l  p y r r o l e s  (2) ; General procedure.  

F i n e l y  powdered KOH (22.4 9, 0.4 mol )  and R - l  (0.32 m o l )  a r e  

added t o  a s o l u t i o t i  o f  2 - a c e t y l p y r r o l e  (1; 4.37  g,  4 0  mmol) and 

18-crown-6 (0.11 9, 0.4 m m o l )  i n  benzene (70 m l ) .  The r e a c t i o n  

m i x t u r e  i s  s t i r r e d  a t  room temperature f o r  2 h (GC c o n t r o l :  Column 
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562 GOLDBERG, A B E L E ,  AND SHYMANSKA 

A ,  

p o r a t e d  a t  reduced p r e s s u r e  and t h e  r e s i d u e  i s  d i s t i l l e d  i n  vacuo 

t o  g i v e  L a - c  (see Tables 1 ,  2 ) .  

13OOC). A f t e r  f i l t r a t i o n ,  t h e  benzene and excess o f  R - l  i s  eva-  

A l k y l  1 - a l k y l - 2 - p y r r o l y l  ke tones  (La-d)  ; General  p rocedure .  

To a s o l u t i o n  o f  1 - a l k y l - 2 - a c e t y l p y r r o l e  ( a - c ;  12 m m o l )  and 

18-crown-6 (0.32 9,  1.2 m m o l )  i n  Me1 o r  E t l  (96 m m o l )  i s  added 

f i n e l y  powdered KOH (2.69 g, 48 m m o l ) .  The r e a c t i o n  m i x t u r e  i s  

r e f l u x e d  w i t h  s t i r r i n g  f o r  32-120 h (see Tab le  1) t o  a c h i e v e  comp- 

l e t e  d isappearance o f  t h e  s t a r t i n g  L a - c  and a - d  i n t e r m e d i a t e  f rom 

t h e  s o l u t i o n  (GC c o n t r o l :  Column B ,  1 5 O - 1 6 O 0 C  a t  a l k y l a t i o n  w i t h  

Me1 and Column A ,  150°C a t  a l k y l a t i o n  w i t h  E t l ) .  A f t e r  f i l t r a t i o n ,  

t h e  excess o f  Met o r  E t l  i s  removed a t  reduced p r e s s u r e  and t h e  

r e s i d u e  i s  d i s t i l l e d  i n  vacuo t o  g i v e  La-d (see Tab les  1 ,  2 ) .  
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