
This article was downloaded by: [McMaster University]
On: 24 December 2014, At: 22:54
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Synthetic Communications: An
International Journal for Rapid
Communication of Synthetic
Organic Chemistry
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/lsyc20

Regioselective Reduction
of 1-Aryl-3-arylamino-
pyrrolidine-2,5-diones
by Sodium Borohydride:
A Convenient Route
to 3-Arylamino-4-
hydroxybutanamides
R. N. Ram a & Kiran Varsha a
a Department of Chemistry , Indian Institute of
Technology , Delhi Hauz Khas, New Delhi, 110016,
India
Published online: 24 Sep 2006.

To cite this article: R. N. Ram & Kiran Varsha (1991) Regioselective Reduction of 1-
Aryl-3-arylamino-pyrrolidine-2,5-diones by Sodium Borohydride: A Convenient Route
to 3-Arylamino-4-hydroxybutanamides, Synthetic Communications: An International
Journal for Rapid Communication of Synthetic Organic Chemistry, 21:1, 121-126, DOI:
10.1080/00397919108020798

To link to this article:  http://dx.doi.org/10.1080/00397919108020798

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the
information (the “Content”) contained in the publications on our platform.

http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397919108020798
http://dx.doi.org/10.1080/00397919108020798


However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness,
or suitability for any purpose of the Content. Any opinions and views
expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the
Content should not be relied upon and should be independently verified with
primary sources of information. Taylor and Francis shall not be liable for any
losses, actions, claims, proceedings, demands, costs, expenses, damages,
and other liabilities whatsoever or howsoever caused arising directly or
indirectly in connection with, in relation to or arising out of the use of the
Content.

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden. Terms & Conditions of access and use can be found at
http://www.tandfonline.com/page/terms-and-conditions

D
ow

nl
oa

de
d 

by
 [

M
cM

as
te

r 
U

ni
ve

rs
ity

] 
at

 2
2:

54
 2

4 
D

ec
em

be
r 

20
14

 

http://www.tandfonline.com/page/terms-and-conditions


SYNTHETIC COMMUNICATIONS, 21(1), 121-126 (1991) 

REGIOSELECTIVE REDUCTION OF 1-ARYL-3-ARYLAMINO- 

PYRROLIDINE-2,5-DIONES BY SODIUM BOROHYDRIDE: 

A CONVENIENT ROUTE TO 3-ARYLAMINO-4-HYDROXYBUTANAMIDES 

* R.N. Ram and Kiran Varsha 

Department of Chemistry 
Indian Institute of Technology, Delhi 
Hauz Khas, New Delhi-110016, India 

ABSTRACT: The hitherto unknown 3-arylamino-4-hydroxy- 
butanamides are prepared in high yields by regio- 
selective reduction of I-aryl-3-arylaminopyrrolidine- 
2,5-diones by sodium borohydride in neutral media. 
Intramolecular hydrogen bonding is proposed to be an 
important factor in controlling the regioselectivity. 

Pyrrolidine-2,5-diones are reduced to 4-hydroxy- 

butanamides and 2 - h y d r o x y - 5 - p y r r o l i d o n e s  by sodium 

borohydride in neutral' and media respec- 

tively. The reductions are highly regioselective when 

one of the carbonyl groups is flanked by two bulky 

alkyl/aryl groups4-'. Curiosisly, the more hindered 

carbonyl group is reduced preferentially. The regio- 

selectivity h a s  been rationalised in terms of the 

steric inhibition of the amide resonance involving the 

9 
To whom correspondence should be addressed. 
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122 RAM AND VARSHA 

more hindered carbonyl group that makes it more 

electrophilic and hence more prone to nucleophilic 

attack by the hydride. Accordingly, the regio- 

selectivity is found to be poor when only one 

alkylfaryl group is present adjacent to one of the 

carbonyl groups. The effect of a heteroatom substituent 

on the regiochemistry of the reduction has not, 

however, been reported. 

We felt that an adjacent amino group may have 

considerable effect on the regioselectivity of the 

reduction and reduction of readily available8 3-amino- 

pyrrolidine-2,5-diones with sodium borohydride in 

neutral media would offer a convenient route to 

3 - a m i n o - 4 - h y d r o x y b u t a n a m i d e s  which are otherwise 

difficult to obtain. It was argued that the loss in the 

steric control of regioselectivity due to the absence 

of a second substituent at the 3-position could be 

effectively compensated by the -I effect as well as 

intramolecular hydrogen bonding of the amiilo group with 

the adjacent carbonyl group, thus leading to the 

preferential hydride attack at the 2-position. That is 

what has been realised and is the subject of the 

present communication. 

The l-Aryl-3-arylaminopyrrolidine-2,5-dione (la-e) 

were prepared in one step by refluxing a solution of  
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1-ARYL-3-ARYLAMINO-PYRROLLDINE-2,5-DIONES 123 

maleic anhydride and the appropriate aromatic amines 

taken in 1 : 2  molar ratio in acetic acid f o r  2-3 h . 
The reaction, however, was not successful with 

p-nitroaniline and alkyl amines such as butylamine, 

cyclohexylamine and benzyl amine. The compound (If) 

was prepared by the Michael addition of N-methylaniline 

to N-phenylmaleimide. Reduction of (la-e) with sodium 

borohydride in acetonitrile-methanol (4:l) mixture 

8 

7 O H  

N - A r  CH3CN NaBHL - CH30H cAr - $N Ar 

15 - 2OoC 
0 0 

( l o - f  I ( 2 a - f l  

' I R  Ar 

afforded the hitherto unknown 3-arylamino-4-hydroxy- 

butanamides (2a-e) i n  high yields. The reduction of 

(If), however, proceeded comparatively slowly and 

yielded a 2 : 3  mixture o f  ( 2 f )  and ( 3 )  a s  determined by 
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124 RAM AND VARSHA 

the N M R  spectroscopy. The compounds (2a-f) were 

characterised by spectral analysis. Their N M R  spectra 

displayed a doublet around 62.6 ( 5 = 5 - 7  H z )  for C H 2 C 0 ,  

another doublet around 63.7 (5=5-6 Hz) for CH20H and a 

multiplet around 6 3 . 7 - 3 . 8  for N C H  which is partially 

overlapped with the downfield doublet in the spectra of 

(fa-d) but is observed as a distinctly separated five- 

signal multiplet in the spectra of (le,f). The 

reduction can be performed in methanol with little 

effect on the yield and regioselectivity, however, 

large excess of sodium borohydride and comparatively 

longer reaction time are required. 

The loss and reversal in regioselectivity in the 

reduction o f  (If) suggest that probably the intra- 

molecular hydrogen-bonding is the more dominant factor 

in controlling the regiochemistry of the reduction of 

(la-e). We are not aware of any other study on 

hydrogen-bond assisted regioselective reduction wi.th 

sodium borohydride. The method offers a short, 

convenient and inexpensive route to 3-arylamino-4- 

hydroxybutanamides. 

General Procedure: A suspension of (1) (0.005 mole) in 

a mixture o f  acetonitrile-methanol ( 4 : 1 ,  v/v) (10 ml) 

was stirred at 15-20" and sodium borohydride (0.2 g ,  

0.005 mole) was added in one l o t .  The suspension became 
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1-ARYL-3-ARYLAMINO-PYRROLIDINE-2,5-DIONES 125 

T a b l e  

R e a c t a n t  R e a c t i o n  t i m e  P r o d u c t  ( 2 )  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  (1) ( h )  
% Y i e l d  m.p.("C) 

3 

3 

3 

3 

4 

10 

90 1 1 4  

88 91  

85 8 2  

98  1 2 7 - 8  

92 155-6 

3 2 *  1 1 1  

9 
80% o v e r a l l  a s  a m i x t u r e  o f  ( 2 f )  a n d  ( 3 )  i n  2 : 3  r a t i o  

h o m o g e n e o u s  a s  t h e  r e a c t i o n  p r o c e e d e d .  T h e  s t i r r i n g  

w a s  c o n t i n u e d  f o r  t h e  t i m e  i n d i c a t e d  i n  t h e  T a b l e .  T h e  

r e a c t i o n  w a s  t h e n  q u e n c h e d  w i t h  w a t e r  (10  ml), 

a c i d i f i e d  w i t h  a c e t i c  a c i d  a n d  e x t r a c t e d  w i t h  d i c h l o r o -  

m e t h a n e  ( 3  x 25 ml). T h e  c o m b i n e d  o r g a n i c  l a y e r  w a s  

d r i e d  ( a n h y .  K2C03), t h e  s o l v e n t  e v a p o r a t e d  a n d  t h e  

r e s i d u a l  s o l i d  r e c r y s t a l l i s e d  f r o m  b e n z e n e  o r  b e n z e n e -  

h e x a n e  m i x t u r e .  

-- A c k n o w l e d g e m e n t :  We a r e  t h a n k f u l  t o  t h e  CSIR, N e w  D e l h i  

f o r  f i n a n c i a l  support. 
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