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According to the available l i tera ture  data, mainly Japanese authors, a ser ies  of substances belong- 
ing to various c lasses  of organic compounds and containing long aliphatic radicals  possess  antiviral  ac-  
tivity (q.v. for  example [1,2])o Similar activity was also noted in a ser ies  of amides of proline [3]. 

In connection with a search  for substances active against influenza viruses  we prepared cer ta in  ali- 
phatic amides of N-substi tuted ~-pyr ro l id ine  carboxylic acids (I), among them some containing long ali- 
phatic chains, and studied their  antiviral  activity in respec t  to influenza virus A. The synthesis of the 
amides was ca r r i ed  out by two methods. Method A was the react ion of the corresponding alkyl es te r s  of 
the N-substi tuted a -py r ro l id ine  carboxylic acids (II), prepared by the method we repor ted  ear l ie r  [4], 
with p r ima r y  amine and simultaneous distil lation of the alcohol formed as a resul t  of the reaction.  
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This method was used for the preparat ion of the amides (I) with different radica ls  R and R' .  

A s impler  method of synthesis (method B) was used for the preparat ion of the amides (I, R= R') with 
the same radical  on the pyrrolidine and amide nitrogen atoms, the react ion of alkyl es te rs  of a - b r o m o - 5 -  
chlorovaler ic  acid (III) with p r ima ry  amines in an inert  solvent: 

CH2CICH2CH2CHBrCOOR" J- NH2R' = I (R = R'). 

The yields, constants,  and analyses for  the substances prepared by these methods are  given in 
Table 1. 

The antiviral  activity was studied both in vitro and in vivo experiments  on chicken embryos  innocu- 
lated with influenza virus  A (PRS). The test  resul ts  are  given in Table 2. Of the amides of N-substi tuted 
a -pyr ro l id ine  carboxylic acids (I) studied, compounds No. 5,6, and 10 showed virulicidal  action in respec t  
to influenza virus A (PR8). The antiviral  activity of the substances studied is p r imar i ly  dependent on the 
length of the alkyl chain on the amide nitrogen atom. Thus, antiviral  activity is absent for compounds 
having alkyI chains of Ct0 and below and appears  for  compounds with a C14 alkyl chain~ 

The antiviral  activity is also dependent on the nature of the radical  on the pyrrolidine nitrogen atom. 
For  example, compound No. 10 in the in vitro experiments  on chicken embryos  showed the most  powerful 
inhibiting action in respec t  to the virus.  However it will be neces sa ry  to c a r r y  out more  comprehensive 
studies in o rder  to explain the effect of the nature of the radical  on the pyrrolidine nitrogen atom. 

Scientific Resea rch  Institute of Pharmacology and Chemotherapy, Academy of Medical Sciences of 
the USSR, Moscow. Translated f rom Khimiko-Farmatsevt ieheski i  Zhurnal, Noo 4, pp. 22-25, April, 1968. 
Original  ar t ic le  submitted October 10, 1967. 

195 



v 

rll 

0 .< 

N o 

0 

�9 ,..-t 
r...4 

0 

r.D 
I 

0 

m 
r 

,4 

u a  

o " *  

o 

z z z  z z z s  

�9 = ~ N N ~  

"ON 
punodmoD 

s 

~ , o o ,  s 

s 

E X P E R I M E N T A L  

A m i d e s  of N - S u b s t i t u t e d  ~ - P y r r o l i d i n e  C a r b o x y l i c  
A c i d s  (I). A. A m i x t u r e  of 1 m o l e  of the e thy l  o r  m e t h y l  
e s t e r  of the N - s u b s t i t u t e d  ~ - p y r r o l i d i n e  c a r b o x y l i c  a c id  and 
1 mo le  of the p r i m a r y  amine  was  hea t ed  fo r  5 h at  195-200~ 
s i m u l t a n e o u s l y  d i s t i l l i n g  off the a l coho l  f o r m e d .  The ob ta ined  
a m i d e  was  d i s t i l l e d  in vacuum.  The y i e ld  was  85.95% (q.v. 
No. 1-6,  10, Tab le  1). 

B. A m i x t u r e  of 1 m o l e  of the m e t h y l  o r  e thy l  e s t e r  
of ~ - b r o m o - 5 - c h l o r o v a l e r i c  a c id  and 3.5 m o l e  of p r i m a r y  
a m i n e  was  bo i l ed  fo r  6 h in an i n e r t  so lve n t  and then  coo led .  
The p r e c i p i t a t e  was  f i l t e r e d  off and the f i l t r a t e  m a d e  a l k a -  
l ine .wi th  a s a t u r a t e d  aqueous  so lu t ion  of p o t a s s i u m  c a r b o n -  
a te .  The o rga n i c  l a y e r  was  e v a p o r a t e d .  The r e s i d u e  was  
d i s t i l l e d  in vacuum.  The y i e ld  of the  c o r r e s p o n d i n g  a m i d e  
was  50-70% (q.v. No. 7-9 ,  11, Tab le  1). 

M e t h o d  o f  S t u d y  o f  t h e  A n t i v i r a l  A c t i v i t y  i n  
t h e  E x p e r i m e n t s  i n  V i t r o  

Such a q u a n t i t y  of the t e s t  s u b s t a n c e s  was  added  to 2 
m l  of a p h y s i o l o g i c a l  so lu t ion  of v i r u s  A (PRS) in a d i lu t ion  
of 10 -3 so that  t h e i r  c o n c e n t r a t i o n  was  50 o r  100 p g / m l .  
The m i x t u r e  was  m a i n t a i n e d  fo r  3 h at  37 ~ Then each  m i x -  
tu re  was  d i lu t ed  to 10 -8 . F o u r  e m b r y o s  w e r e  i n o c u l a t e d  
with  each  d i lu t ion  of the a p p r o p r i a t e  s a m p l e .  The p r e s e n c e  
of v i r u s  in the  s a m p l e  was  d e t e r m i n e d  a f t e r  48 h of i ncuba -  
t ion  by  e s t a b l i s h m e n t  of a h e m a g g l u t i n a t i o n  r e a c t i o n  (HGR) 
with  a 1% s u s p e n s i o n  of ch i cken  e r y t h r o c y t e s .  F o r  the va lue  
of the in fec t ion  t i t e r  the h ighe s t  d i lu t ion  was  u sed  in which 
v i r u s  was  d e t e c t e d  in 2 out of 4 e m b r y o s  on inocu la t ion .  A 
p h y s i o l o g i c a l  so lu t ion  of v i r u s  wi thout  compounds  was  used  
as  con t ro l .  

The t e s t  r e s u l t s  a r e  g iven  in Tab le  2. 

M e t h o d  o f  S t u d y  o f  A n t i v i r a l  A c t i v i t y  i n  E x -  
p e r i m e n t s  i n  V i v o  

The a n t i v i r a l  a c t i v i t y  in vivo was  s t ud i e d  in ch i cken  
e m b r y o s  and m i c e .  The s u b s t a n c e s  u n d e r  t e s t  w e r e  i n t r o -  
duced  into ch i cken  e m b r y o s  at  the m a x i m u m  t r a n s f e r a b l e  
c o n c e n t r a t i o n s  and then  a f t e r  15-20 rain,  1, 10, o r  100 in -  
f ec t ion  d o s e s  of v i r u s  A (PRS) w e r e  i n t r o d u c e d .  C o n c l u s i o n s  
c o n c e r n i n g  the i n t e n s i t y  of m u l t i p l i c a t i o n  of the  v i r u s  w e r e  
d r a w n  f r o m  the p r e s e n c e  of v i r u s  in each  e m b r y o  and f r o m  
the  in fec t ion  t i t e r  which w e r e  a p p r o p r i a t e l y  d e t e r m i n e d  by 

e s t a b l i s h m e n t  of  the  HGR wi th  a 1% s u s p e n s i o n  of ch icken  e r y t h r o c y t e s  and t i t r a t i o n  of t enfo ld  d i lu t ions  of 
the  m a t e r i a l  in f r e s h  ch i cken  e m b r y o s .  The r e s u l t s  of the  t e s t s  a r e  g iven  in T a b l e  2. 

In the l a t t e r  s e r i e s  of e x p e r i m e n t s  the  inh ib i t ion  e f fec t  of compounds  No. 5, 6, and 10 w e r e  d e t e r -  
m i n e d  fo r  the  in f luenza  in fec t ion  of whi te  m i c e .  A n i m a l s  of we igh t  20-22 g w e r e  i nnocu la t ed  u n d e r  l ight  
e t h e r  n a r c o s i s  wi th  10 LDs0 of v i r u s  in a vo lume  of 0.05 m l  of p h y s i o l o g i c a l  so lu t ion .  The compounds  
u n d e r  t e s t  w e r e  i n t r o d u c e d  i n t r a p e r i t o n e a l l y  fo r  the f i r s t  t i m e  30 m i n  f r o m  inocu la t ion ;  then  a f t e r  two 
days ,  once a day  in d o s e s  of 50 m g / k g  (compounds  No. 5 and 6) and 12.5 m g / k g  ( for  compound  No. 10); 
t h e s e  a r e  the  m a x i m u m  t r a n s f e r a b l e  d o s e s  f o r  t h i s  me thod  of i n t roduc t i on .  
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TABLE 2. Antiviral Activity of Amides of N-Substituted ~-Pyrroli- 
dine Carboxylic Acids (I) 

d 

E 
o 
o 

7 
8 

I0 

CHa 
CH8 
CH8 
CH8 

CHa 

n-C4H. 
iso-C4H. 
CGH5CH2 

Control 

R ~ 

C6H18 
C7H15 
CI,,H2, 
Ci4H~g 

CleHaa 

n- C4H9 
iso- CiH9 
C~H29 

Virus neutralizing 
activity in experi- 
ments in vitro 
iConcen- 
tration of Infection 
substance . 
tin pg/ml) :lter 

100 10 -8 ' 
100 10 -8 
100 10 -8 
50 0 

5O 0 

100 l0 -~ 
100 10 -8 
50 0 

1 0 - s  

In vivo activity in chicken 
embryos 

~>~ Amount ~ . .  % Embry- 
v c-~Fof virus of with 

~ o 5o 
60 

1 65 
1 13 

10 90 
1 19 

10 83 
1 65 
1 65 

10 3 
i00 100 

1 60 
10 90 

100 100 

Infection 
Eirer 

10-'  
10-7 
10-v 
10-4 
10-s 
10-4 
10-7 
10-7 
10-7 
10-8 
10-~ 
lO-S 
10-7 
10 -8 
10-8 

C O N C L U S I O N S  

1. A s e r i e s  of a m i d e s  of  N - s u b s t i t u t e d  a - p y r r o l i d i n e  c a r b o x y l i c  a c i d s  a r e  p r e p a r e d  f o r  c o m p a r a -  
c h e m o t h e r a p e u t i c  t e s t s .  

2. The antiviral activity of amides of N-substituted a-pyrrolidine carboxylic acids are studied with 
respect to influenza virus type A. A connection between the chemical structure of the amides and their 
antiviral activity is followed in experiments in vitro and in vivo. 
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