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Abstract --- Synthesis of 5-acetoxy-2-pyrrolidinone (2) and its reactions 

via N-acylimminium ion ( I  with nucleophiles are described, especially in - 

comparison with 5-alkoxy-2-pyrrolidinone (1) and 3-pyrrolin-2-one (g).  

In the previous paper1 w e  have described that the reactions of 5-ethoxy-2-pyrroli- 

dinone (1) with nucleophiles such as carbamates, amides, amines, indole, and 

diethylaniline afford 5-substituted 2-pyrrolidinones (2)  in low to moderate yields 

(7-52%). These results demonstrate the additional examples of the reaction y& 

N-acylimminium ion ( Q ,  which is known as a reactive intermediate formed from 5- 
3 alkoxy- and 5-hydroxy-2-pyrrolidinones (r, 2)2 and pyrrolin-2-ones (4, 5) . 

In this communication we wish to describe the synthesis and reactions of 5-aceto- 

xy-2-pyrrolidinone (1) as a new type of precursors for &. 

While 4-acetoxy-2-azetidinone performs a very important role in the chemistry of 

p-lactam antibiotics4, no experimental data for 5-acetoxy-2-pyrrolidinone (2) have 

been reported up to date. 2 was easily prepared from 1 as follows: A solution of 

1 (300 mgl in acetic acid (10 ml) was stirred at room temperature for 24 h to give - 



an equ i l ib r ium mixture of 1 and ( t h e  approximate r a t i o  1 : 9 ) .  S t i r r i n g  was 

continued under s l i g h t l y  reduced p r e s s u r e  till t h e  d isappearance  of on TLC p l a t e  

and t h e  success ive  c a r e f u l  evaporat ion of excess  a c e t i c  a c i d  under 40" a f fo rded  2 
5 q u a n t i t a t i v e l y  a s  an uns tab le  o i l  . The r e a c t i o n s  of ; ? w i t h  s e v e r a l  k inds  of 

nucleophi les  were examined, e s p e c i a l l y  i n  comparison wi th  t h e  r e a c t i o n s  o f  1 and 4. 

Reaction cond i t ions  and r e s u l t s  a r e  s m a r i z e d  i n  Table I and s p e c t r a l  d a t a  of  new 

5 - subs t i tu t ed  2-pyrrol id inones  (L) a r e  l i s t e d  i n  Table I1 . 

Table I. Reactions of L w i t h  Nucleophiles * 1  
~p -- 

Run Nucleophi les  Reaction .2 ~ ~ ~ d u c t s * ~  Yie lds  
Condi t ions  n 1%) 

DhCH 0CNH2 
6 

CH3CONf12 

AcO 

PhNEt2 

CH3CONHR 9 
RHN 

AcOyj!Ac AcO 

94 

47.6 

53.2 

72.2 

quant.  

quan t , 

quant.  

58.9 

69.1 

81.4 

4 . 2  

Yie lds  1 % )  
i n  L i t e r a t u r e  

'rom .l- 1 from 4 
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Run ~ u d l e o ~ h i l e s  Reaction Products Yie lds  Yie lds  (8)  
Condi t ions  i n  L i t e r a t u r e  

( % )  from 1 from 4 

C; l l O ' C ,  l h  1 a 6 4 
H AC 2 12.5  

12 . P ~ S H  A; 120•‹C, 3h PhsR g 52.7 

I I 
*1 In  each rim equimolecular q u a n t i t i e s  of nucleophi le  and 3,. were used.  
*2 A; i n  no s o l v e n t ,  B; i n  t h e  presence  of NaH(equi. mole) i n  benzene,  

C ;  i n  a c e t i c  ac id .  
*3 Products  were p u r i f i e d  by column chromatoqraphy ( s i l i c a  g e l )  followed by 

r e c r y s t a l l i z a t i o n  o r  d i s t i l l a t i o n .  A l l  products gave s a t i s f a c t o r y  a n a l y t i c a l  

~ ---.. ~~..  - ~ ~ .  
R e f e ~ e n c e  7. Yie ld  by t h e  r e a c t i o n  of 4 with dimethyl malonate. 

The s i g n i f i c a n t  s u p e r i o r i t y  of 2 t o  L was observed i n  t h e  r e a c t i o n s  o f  carbamate 

(Run 1) and s t r o n g l y  n u c l e o p h i l i c  aromatic compounds (Run 4 .5 ) .  S i m i l a r l y  t h e  
. . . . 

expected products  (l-3, 1_4, 1_5) were ob ta ined  i n  good y i e l d s  from 3-methyl-, 2- 

methyl-, and 1-methylindoles (Run 6 .7 .8 ) .  I n  the c a s e  of a d e n o s i n e - 2 ' , 3 ' , S m - t r i -  

a c e t a t e s  (Run 3 ) ,  A was n o t  s u p e r i o r  t o  1, presumably 2 would g radua l ly  decompose 

a t  t h e  e l e v a t e d  temperature ,  which was e s s e n t i a l  because o f  t h e  low nuc leoph i l i -  

c i t y  o f  adenosine.  Although t h e  r e a c t i v i t y  of 2 t o  dialkylaminobenzene and indo le  

(Run'4.5) seemed t o  be  s i m i l a r  t o  t h a t  of 4 (and 5)3a ,  t h e  i n t e r e s t i n g  d i f f e r e n c e  
. 

between 2 and 4 was found i n  Run 6, 9 ,  10,  11, and 13. 
. , 

Bocchi e t  a l .  have r epor t ed  t h a t  t h e  r e a c t i o n s  of fL 
(and.2) wi th  3 - subs t i tu t ed  i n d o l e s  ( s k a t o l e  and Nb- 

acetyl ' t ryptamine) 3b i n  a c e t i c  a c i d  a f f o r d  exc lus ive ly  

t h e  compounds (2. mp 210•‹C, 82% and 18, m p  223T. 2  4 

75%) s u b s t i t u t e d  a t  t h e  2-posi t ion  o f  t h e  indole  

nucleus  and t h a t  t h e  r e a c t i o n  o f  4 wi th  phenol3" a f f o r d s  only  5-(c-hydroxypheny1)- 

2-pyrrol id inone (2_1, mD 203'C. 58%) . However we obta ined t h e  compounds (L3, 16, 

171 s u b s t i t u t e d  a t  t h e  1 -pos i t ion  o f  t h e  i n d o l e  r i n g  i n  h igh y i e l d s  by t h e  



T a b l e  It. M e l t i n g  P o i n t s  and S p e c t r a l  D a t a  of 5 - S u b s t i t u t e d  2 - F y r r o l i d i n o n e s  (z) 
m . ~ .  I b . p . 1  IR PMR 

( T I  ma, (cm-') 6 ( p p m )  
[ M S ( M + . ~ / ~ I  I 

(CDC13) 8 . 2 8  ( 1 H .  d, A r - H ) ,  7 . 8 7  ( 
l H ,  s ,  A r - H I ,  7 . 2  ( l H ,  b r ,  N H ) ,  
6 . 8 2  ( 1 H .  b r - d ,  N H ) ,  6 . 2  (1H; a ) ,  
5 . 8 6  ( l H ,  t ) ,  5 . 8 - ( l H ,  m, C  - H ) ,  
5 . 6  11H.  ml . 4 . 3 3  12H.  e l .  3.R-1.R . . - , . - . . - . . 
( 4 H .  ~ , ' c H  CH 1 ,  2 . 1 0  ( 3 H ,  s, CH ) ,  
2 . 0 6  3 ,  2 . 0 3  (3H.  5,-&i ) 
( cDc~ . )  8 . 5 - 8 . i  I ~ H .  b r .  NHI . 7 . 7 ~ ~  

' 3 ~ .  . . .  
CH CH2) 
( ~ C T  ) 7 . 7 - 7 . 0  ( 5 ~ ,  m, N H ) ,  
6 . 9 2  t l ~ ,  s, indole C , - H I ,  5 . 8 5  
( l H ,  m, C  - H I ,  2 . 6 - 1 . 6  ( 4 H ,  m, C 3 -  
CH ) ,  2 . 2 2  (3H.  s ,  CH ) 
(&,OD) 7 . 5 - 6 . 9  (4~,-1i, A r - H ) ,  5 . 0 5  
( 1 H .  m, C  - H ) ,  2 . 7 3 - 2 . 0 6  ( 4 H ,  m, 
CH C 3 1 ,  3 . 4 0  ( 3 H ,  S ,  CH ) 
( ~ 6 ~ 1  7 . 6 - 7 . 0  4  r -  , 6 . 9 5  
( l H ,  2, indole C 2 , - H I ,  5 . 0  ( l H ,  m, 
C  -H) , 3.6 ( 3 H .  s, Cg3)  , 2 . 6 - 2 . 0  
( 2 ~ ,  m, CK CH ) 
(CDC13) 8 . 1  T ~ H ,  COOH),  7 . 6 - 7 . 0  ( 6 H .  

m, Ar-H,  NHXZ), 6 .05 - (1H.  m, C  4 ) .  
3 . 6 7  (2H.  s, CE12COOH), 2 . 8 5 - 2 . 8  (4H.  
m. CH-CH-I 
( d  1 ~ h ~ ~ f ' 8 . 5  (1H.  s ,  N H ) ,  7 . 9  ( 1 H .  
b?? N g ) ,  7 . 7 - 6 . 9  (SH,  m, A r - H ) ,  5 . 2 0  
(1H.  m, C  - H ) ,  3 . 5 - 3 . 2  (2H.  m, N H C 3  
, 3 . 0 - 2 . 3  (ZH,  m, NHCH CH I ,  2 . 6 -  
2 . 0  14H. m, CEi2CF2),  2 . 2  T ~ H ,  s ,  
W U P ~ P U  t 
L, .. - -- .. , 
( c D 3 0 d  7 . 6 - 6 . 9  (4H.  m, A r - H ) ,  5 . 2 -  
5 . 0  ( l H ,  m, C  - H I ,  3 . 5 - 2 . 9  ( 4 H .  m, 
CH CH N H A c ) ,  2 . 7 - 2 . 1  ( 4 H ,  m, C 3 C 3 )  
2 3  T ~ H ,  s ,  COCH ) 
(CDC1 ) 7.6-7.2-?6H, m, Ar-H,  N g ) ,  
5 . 0  I ? H ,  d - d ,  J = 3 H z ,  7 . 5 H z .  C5-H) ,  
2 . 7 - 1 . 9  ( 4 H ,  m; CH CH2) 
( C l X 1 3 )  7 . 4  ( 1 H .  d); 7 . 4 - 6 . 8  ( 5 H ,  

m, A r - H I ,  5 . 6 6  (1H; m, C5-H),  2 . 7 6 -  
1.83 (4H.  m, CH CH2) 
( d  -DMSO) 9 . 5  d ~ ;  b r ,  O H ) ,  7 . 9  ( l ~ ,  

N$, 7 . 3 - 6 . 7  ( 4 H .  m, ~ r - i i l  , 4 . 9  ( 1 H .  
d:a, J = ~ . S H Z ,  I . ~ H Z ,  c ~ - H )  , 2 . 5 - 1  .s 
( 4 H ,  m, CH CH I  
(CDCl , )  6 7 %  & I ,  N E ) ,  4 . 2 7  ( 4 H ,  q ,  
CH CH ) ,  3 . 4  ( 1 H .  m, C  - H I ,  2 . 5 - 1 . 6  
5 ,  2, CK2Cg2,  C ~ I C O O ~ ~ ) ,  1.3 
I6H.  t. CH-CH-I 

3 1 5 0  (NH, O H ) ,  
1 6 7 0  (C-0) 

f i l m )  3 2 0 0  ( N H ) ,  
1 7 3 0 ,  1 7 0 0  . ( C = o )  

~. ~~~ 2.- ' i ~ ~ k l  ) 2 0 . 2  i l H ,  s ,  COOK), 7 . 8  ( 1 H .  
AH),  2 .03 ( l H ,  m, C  - H ) ,  2.6-1:s 
( 6 ~ ,  m, cg2cg2, CQOOH) 
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6 r e a c t i o n s  o f  & w i t h  3 - subs t i tu t ed  i n d o l e s  (Run 6.9.10) . No 2 - s u b s t i t u t e d  i n d o l e s  

were d e t e c t e d  i n  Run 6 and 9. I n  Run 10 ,  Bocchi's product  (18) was ob ta ined  i n  

4.2% y i e l d  and t h e  y i e l d  of  18 improved t o  12.5% i n  Run 11 ( a c e t i c  a c i d  cond i t ion )  

though 17 was a major product  i n  bo th  cases .  The r e a c t i o n  of L w i t h  phenol i n  

n e a t  a f fo rded  no product  because of t h e  polymerization of L i n  this cond i t ion .  

By t h e  Bocchi ' s  cond i t ion  (Run 1 3 ) ,  5-phenoxy-2-pyrrolidinone (20) was ob ta ined  a s  

a major product  accompanying wi th  1_1 (Bocchi ' s  product) .  Transformation o f  20 t o  

22 i n  a c e t i c  a c i d  was a t tempted b u t  f a i l e d .  From thiophenol ,  5-phenylthio-2- 

py r ro l id inone  (2) was ob ta ined  e x c l u s i v e l y  (Run 1 2 ) .  

From t h e s e  l i m i t e d  examples w e  have n o t  been able t o  r e a l i z e  t h e  reasons  why l a n d  

4 a f fo rded  d i f f e r e n t  products .  I t  should b e  presumed a s  one o f  f a c t o r s  t h a t  t h e  

c h a r a c t e r s  of nuc leoph i l e s  such as s k a t o l e  and phenol a r e  d e l i c a t e l y  d i f f e r e n t  

depending on t h e  r e a c t i o n  cond i t ions .  

Act ive  methylene compounds ( e .  g. d i e t h y l  malonatel r e a c t e d  wi th  L i n  t h e  presence  

' of base  (Nan. NaOEt, n-BuLi) (Run 1 4 ) ,  b u t  t h i s  method was i n f e r i o r  t o  t h e  method 

7 us ing  aluminum c h l o r i d e  . Isopropylidene malanate, a more a c i d i c  compound, 

however, r e a c t e d  e a s i l y  wi th  2 wi thou t  base t o  a f fo rd  2-pyrrolidinon-5-ylacetic 

a c i d  (233) d i r e c t l y  i n  t h e  moderate y i e l d  (Run 151. 

In  conclus ion 5-acetoxy-2-pyrrolidinone (3) has proved t o  be  e a s i l y  prepared a s  

mentioned above and t o  be u s e f u l  f o r  t h e  syn thes i s  o f  p y r r o l i d i n e  d e r i v a t i v e s .  

REFERENCES AND NOTES 

1. Y. Kosugi, F. Hamaguchi, T. Nagasaka, N .  Ozawa, and S. Ohki, Heterocycles ,  

1980, 14, 1245. 

2 .  W.  N. Speckamp, " S t e r e o s e l e c t i v e  Syn thes i s  of Na tu ra l  Products", "01.7, e d .  by 

w. Bartmann and E. Win te r fe ld t ,  Excerpta  Medica, Amsterdam, 1979, p50. 

3. a )  V. Bocchi and G. P. Gard in i ,  Org. Prep. Proced., 1969, 1, 271. 

b) V.  Bocchi, G .  Casna t i ,  and G.  P. Gardini ,  Tetrahedron L e t t . ,  1971, 683. 

4 .  "Recent Advances i n  t h e  Chemistry of 8-Lactam Antibiotics-Second I n t e r n a t i o n a l  

Syop0sium':ed. by G. I. Gregory, The Royal Society of Chemistry, London, 1980. 

5.  Although t h i s  m a t e r i a l  can n o t  be p u r i f i e d  by d i s t i l l a t i o n  because of i t s  

i n s t a b i l i t y ,  it i s  s u f f i c i e n t l y  pure f o r  most purposes.  I R  (CHC13) vmaxcm-': 

3420 ( N H )  , 1710 (C=O) : PMR (CDC13) 6 ppm: 7.25 ( l H ,  b r ,  N H ) ,  5.69 ( l H ,  m,  C5 -HI ,  

2.7-2.1 (4H. m, C3CH2) ,  2.06 (3H. s ,  COCH3). 

6. S t r u c t u r e s  of 5-(1'-indoly1)-2-pyrrolidinones (L3, 16, 17) were confirmed by 



t h e i r  PMR spectra  , namely by the chemical s h i f t s  a t  low f i e l d s  (5 .8 -6 .2  ppm) 

of t h e  C5-protons o f  2-pyrrolidinones with the  presence of  the  C2.-protons o f  

indole  n u c l e i .  

7 .  G .  A .  Kralls and K. Neunschwander, Tetrahedron L e t t . ,  1980, 2, 3481. 

Received, 10th January, 1983 


