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SYNTHESIS OF RHODANINE DERIVATIVES WITH POTENTIAL ANTIMETABO- 
LITE ACTIVITY 

V. Esters of 3-/3-Carboxyethylrhodanine and Their Derivatives 
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Esterification of 3-~-carboxyethylrhodanine gives methyl, ethyl, n- 
propyl, n-butyl, isoamyl, and benzyl esters, liquids which vacuum- 
distil undecomposed. Higher atomic refractions for sulfur in these 
esters indicate a considerable shift of electrons from position i. Con- 

densation of these esters with isatin, benzaldehyde, and two deriva- 
tives of the latter gives 5-substituted derivatives with characteristic 
high-intensity absorption maxima in the 375-470 mg region. 

-A lan ine  occup ies  a s p e c i a l  p lace  among n a t u r a l l y -  
o c c u r r i n g  amino  a c i d s ,  and i t  e n t e r s  into the c o m p o -  
s i t ions  of the spee i f i e  n a t u r a l l y - o c c u r r i n g  d ipep t ide s  
c a r n o s i n e  and a n s e r i n e ,  and pantothenie  acid.  Though 
up to the p r e s e n t  p - a l a n i n e  m e t a b o l i s m  has  been  in -  
su f f i c i en t ly  s tud ied ,  undoubted i n t e r e s t  a t t a ches  to 
s y n t h e s i s  and i nves t i ga t i on  of some  of i ts  c o m p l e x  
d e r i v a t i v e s ,  as  they  m a y  include a compound of p o -  
t e n t i a l  a n t i m e t a b o l i t e  ac t iv i ty .  

A p r e v i o u s  p a p e r  [1] d e s c r i b e s  3 - f l - c a r b o x y e t h y l -  
rhodan ine ,  p r e p a r e d  f rom r - a l a n i n e ,  as  we l l  as  v a r i o u s  
5 - s u b s t i t u t i o n  d e r i v a t i v e s .  The compounds  s y n t h e s i z e d  
w e r e  found to ine!ude some  of m a r k e d  a n t i t u b e r c u l a r  
ac t iv i ty .  

The p r e s e n t  work  a i m e d  to p r e p a r e  e s t e r s  of 3 -  
e a r b o x y e t h y l r h o d a n i n e ,  to i nves t i ga t e  t h e i r  r e a c t i o n s  
wi th  c a r b o n y l  compounds ,  as  we l l  as  the UV s p e c t r a  
of the compounds  s y n t h e s i z e d .  3 - p - C a r b o x y e t h y l -  
rhodan ine  was r e f l u x e d  with v a r i o u s  a l coho l s ,  while  
s a t u r a t e d  with hyd rogen  c h l o r i d e  gas ,  and the r e s u l -  
t an t  me thy l ,  e thyl ,  n - p r o p y l ,  n -bu ty l ,  i s o a m y l ,  and" 
benzy l  e s t e r s  p u r i f i e d  by v a c u u m - d i s t i l l a t i o n .  The 
e s t e r s  w e r e  condensed  with  benza ldehyde ,  as  we l l  as  
with the p - n i t r o -  and p - d i m e t h y l a m i n o  d e r i v a t i v e s  of 
the l a t t e r ,  and with i s a t i n ,  in g l a c i a l  ace t i c  acid.  

o :  c--n-cNocn2coo. + r - o H  Nct o : = c - - N - c n ~ c u 2 c o o r  
H2C\S/C= S * ~ H i C \ s . . ~ =  s + H20 

1 

R'\ 0-C-~--N--CH2CHxCOOR o, O:C--N--CH2CH2COOR 
R,,~C ~0 + H .c , ,S /  =S ~ R""~)C=C'S'~=S , H~,O 

(I 

The e s t e r s  I p r e p a r e d  w e r e  pa le  ye l low l iqu ids ,  
which  d i s t i l l e d  u n d e c o m p o s e d  at  6 �9 10 -3 to 2 �9 10 -2 
m m  (Table  1), and which  w e r e  r e a d i l y  so lub le  in the 
o r d i n a r y  o rgan i c  so lven t s .  They  w e r e  r e a d i l y  h y d r o -  
lyzed ,  a s  shown by the good s o l u b i l i t i e s  of four  low 
m o l e c u l a r  e s t e r s  in d i lu te  NaOH. 

D e t e r m i n a t i o n s  of the  m o l e c u l a r  r e f r a c t i o n s  of the 
e s t e r s  of 3 - c a r b o x y e t h y l r h o d a n i n e  gave i n t e r e s t i n g  
r e s u l t s .  The  a v e r a g e  c a l c u l a t e d  a t o m i c  r e f r a c t i o n  for  
two su l fu r  a t o m s  p r e s e n t  in a m o l e c u l e  of the c o m -  
pounds unde r  i n v e s t i g a t i o n ,  was 19.17 i. e, a f t e r  d e d u -  
c ing  the r e f r a c t i o n  for  th ioke tone  su l fu r  (9.70), a t  p o -  

s i t ion  2, a value of 9.47 r e m a i n s  for  the S a tom at  po-  
s i t ion  1. This  va lue  is c o n s i d e r a b l y  above the a tomic  
r e f r a c t i o n  for  t h i o e s t e r  su l fu r ,  g iven  by  l i t e r a t u r e  
da ta  [2]. Enhanced  su l fur  a tomic  r e f r a c t i o n s  (10 .5 -  
12.6) have a l so  been  found [3] in th iazanone  r i ngs ,  
r e s u l t i n g  in i ts  los ing  t h i o e s t e r  c h a r a c t e r  (a tomic r e f -  
r a c t i o n  9.70). 

The e l e c t r o n i c  a b s o r p t i o n  s p e c t r a  of e s t e r s  I c o n -  
s i s t  of four  bands  and in r e s p e c t  to pos i t i ons  of m a x -  
ima ,  d i f fe r  but  l i t t l e  f rom the s p e c t r u m  of the  s t a r t i n g  
3 - f i - c a r b o x y e t h y l r h o d a n i n e  (Table  3). Only the benzy l  
e s t e r  d i f f e r s ,  by c o n s i d e r a b l e  d e c r e a s e  in i n t e n s i t i e s  
of the f i r s t  two m a x i m a  (258 and 195 rap) and i n c r e a s e  
in in tens i ty  of the t h i r d  m a x i m u m  (375-378 rap). 

The 5 - a r y l i d e n e  and 5 - 2 ' - o x o i n d o l y l i d e n e - 3  d e r i -  
va t ives  (II) a r e  c r y s t a l l i n e  compounds  exh ib i t ing  d i f -  
f e r e n t  shades  of ye l low and r e d  (Table 2). They  a r e  
r e a d i l y  so lub le  in the u s u a l  o rgan ic  so lven t s .  So lu -  
t ions  of the p - n i t r o b e n z y l i d e n e  and 2 ' - o x o i n d o l y l i d e n e -  
3 d e r i v a t i v e s  in d i lu te  NaOH a r e  o range  or  l emon  
c o l o r e d .  In t roduc t ion  of subs t i t uen t s  at  pos i t i on  5 in 
I s t a b i l i z e s  the t h i azo l id ine  r ing ,  as  c o n f i r m e d  by 
such  subs t i t u t ed  compounds  not  g iving a pos i t i ve  n i -  
t r o p r u s s i d e  r e a c t i o n  in a lka l ine  solu t ion .  

As a ru l e  be nz y l i de ne ,  p - n i t r o b e n z y l i d e n e ,  and p -  
d i m e t h y l a m i n o b e n z y l i d e n e  subs t i t ue n t s  b r i n g  about  a 
l a r g e  b a t h o c h r o m i c  d i s p l a c e m e n t  of the f i r s t  m a x -  
i m u m  down to 23.5 rap, c o m p a r e d  with e s t e r s  of 3 -  
l ? - c a r b o x y e t h y l r h o d a n i n e  not  subs t i t u t ed  at  pos i t i on  
5. The f i r s t  two of the above subs t i t ue n t s  a l so  e f fec t  
b a t h o c h r o m i c  d i s p l a c e m e n t  of the 2 n d b a n d ' s  m a x i m u m  
to 273-280  rap,  whi le  p - d i m e t h y l a m i n o b e n z y l i d e n e  
and 2 ' - o x o i n d o l y l i d e n e - 3 '  s u b s t i t u e n t s  d i s p l a c e  th is  
m a x i m u m  h y p s o c h r o m i c a l l y  to 252 .5 -257  rap. This  
m a x i m u m  ind i ca t e s  the p r e s e n c e  of a t h iomide  g roup  
in t h i a z o l i d - 4 - o n e  compounds  [4]. 

Benzy l idene  and 2 ' - o x o i n d o l y l i d e n e - 3 - '  s ubs t i t uen t s  
l eave  the pos i t i ons  of the m a x i m a  in the t h i r d  band 
(290-297 rap) a l m o s t  unchanged,  but  l ower  t h e i r  i n -  
t e n s i t i e s .  We r e g a r d  this  m a x i m u m  as due to s u p e r -  

pos i t i on  of the  d i t h i o c a r b o n a t e - - S - - C ~ S  and CONH 2 

c h r o m o p h o r e s .  The p - n i t r o b e n z y l i d e n e  g roup  c o n v e r t s  
t h e s e  m a x i m a  to in f l ec t ions .  

The p - d i m e t h y l a m i n o b e n z y l i d e n e  g roup  c a u s e s  a 
l a r g e  b a t h o c h r o m i c  sh i f t  of the t h i r d  and four th  a b -  
s o r p t i o n  bands ,  s i nce  quinonoid  g roups  can a r i s e .  

The m o s t  c h a r a c t e r i s t i c  s ign  of i n t roduc t ion  of 
an a r y l i d e n e  g roup  at  pos i t i on  5 is  a ve ry  s t r o n g  in-  
c r e a s e  in i n t e n s i t i e s  of m a x i m a  in the four th  band at  
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Table  3. Absorp t ion  Maxima of E s t e r s  of 3 - f l - C a r b o x y e t h y l r h o d a n i n e  
and the i r  Der iva t ives  

O= C ~ N - -  CH2CH^COOR 

R,= ~ \ S / ~ = S  " 

Experiment 

number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 

26 
27 
28 
29 
30 

R / 

H2 

C6HsCH 

p-O2NC6H4CH 

p-(CI:i3)2 �9 
�9 NC6H4CH 

CHa 
C2Hs 
n-CaHr 
n-C4Ho 
iso-CsHn 
C6HsCH2 
CHa 
C2Hs 
n-CaHr 
n-C4Ho 
iso-CsHu 
C6t-taCH2 
CHa 
C2Hs 
n-C3H7 
n-C4H9 
iso-CsHu 
C6HsCH2 
CHa 

C2H5 
n-C3H7 
'7,-C4H~ 
tso-CsH11 
C6I-{5CH2 

CH3 

C2H5 
n-C3H7 
n-C4Hg 
iso-C~HII 
C6HsCH2 

1st band ] 2nd band ] 3rd band 4th band 

~max lg 8 

380 1.70 
378--380 1.81 
378--379 1.77 

379 1.69 
378--381 1.75 
375--378 2.62 

375.5 4.52 
375 4,55 
375 4.56 
376 4.54 
376 4.57 

376.5 4,51 
377 4.56 

376.5 4,50" 
375.5 4,55 

376 4,59' 
375 4.52 
375 4.39' 
468 4.65 

468 4,65 
468 4,68 
469 4.65 
469 4.65 
470 4.70 

394, 398 4.26.4,25- 

394. 398 4.29.4.3'0 ~ 
394 4.27 
393 4,27 

401. 415 4.39.4.40 ' 
382.5 4.23 



384 

3 7 5 - 4 7 9 m p ,  i . e .  f rom log e 1 . 7 0 - 2 . 6 0  to log e 4 . 2 3 -  
4.70. Th is  phenomenon is connec ted  with s u p e r p o s i -  
t ion of the  second  t h ioamide  l o w - i n t e n s i t y  a b s o r p t i o n  
of compounds  I with a K band of compound II, due to 
conjugat ion  with a con juga ted  chain.  

EXPERIMENTAL 

Synthesis of esters of 3-fl-carboxyethylrhodanine. 
A m i x t u r e  of 2.5 m m o l e  3 -  8 - c a r b o x y e t h y l r h o d a n i n e ,  
30 ml  a lcohol  was r e f luxed  for  3 h r ,  whi le  d r y  HC1 
gas  was pa s sed .  The p roduc t  was a v i s cous  l e m o n -  
ye l low l iquid,  f r om which, on cool ing,  p a r t  of the 
e s t e r  u sua l l y  s e p a r a t e d  as l a rge  oi l  d rops .  E x c e s s  
a lcoho l  was v a c u u m - d i s t i l l e d  off, the r e s i d u e  d i s -  
so lved  in 30 ml  e the r ,  and the e t h e r  so lu t ion  t h r i c e  
extracted with 25 ml 5% NaHCO 3 solution. The ether 

extracts were dried over Na2SO 4 for 24 hr, filtered, 

the ether distilled off, and the residual oil vacuum- 
distilled. 

Condensa t ion  with c a r b o n y l  compounds .  A m i x t u r e  
of 5 m m o l e  e s t e r ,  5 m m o l e  c a r b o n y l  compound,  1 g 
fused  NaOAc, and 10 m l  g l a c i a l  AcOH was hea t ed  for  
2 hr .  To i so l a t e  the benzy l idene  d e r i v a t i v e s ,  30 ml  
w a t e r  was added,  an oi l  s e p a r a t e d ,  and c r y s t a l l i z e d  

KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

in 30 min.  The p roduc t s  f rom 3 - f l - c a r b o x y e t h l r h o -  
danine and p - n i t r o b e n z a l d e h y d e  and p - d i m e t h y l a m i n o -  
benza ldehyde  w e r e  p r e c i p i t a t e d  f rom the p roduc t s  
a f t e r  they had cooled ,  whi le  the i s a t i n  p roduc t s  w e r e  
p r e c i p i t a t e d  a f t e r  only 10 rain re f lux ing .  The m a t e r i a l s  
we re  twice  r e c r y s t a l l i z e d  f rom g l a c i a l  AcOH. 

Spectrophotometric investigations. E l e c t r o n i c  a b -  
s o r p t i o n  s p e c t r a  we re  d e t e r m i n e d  with a S F - 4  s p e c -  
t r o p h o t o m e t e r .  The compounds  we re  i n v e s t i g a t e d  in 
so lu t ion ,  1 mg in 100 m l  t w i c e - d i s t i l l e d  MeOH. 
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