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The functional groups of the 4-pyrro l idones  (Fig. 1) a re  bound in acyclic sys tem and interact  with each 
other .  Of p r i m a r y  in teres t  is the effect of neighboring groups on the methylene group, which corresponds  
to the g rea tes t  number  of reac t ions .  As was shown in [1, 2], the extent of the effect depends on the re la t ive  
a r rangement  of these groups and on the nature of the functional group in a given posit ion, Various methods 
have been used to study this problem,  but the most useful resu l t s  have been obtained by procedures  based 
on local changes in the p roper t i es  of the methylene group, in par t i cu la r ,  the method of IR spect roscopy.  

We have previously  analyzed the effect of position 1 [3], that of position 2 [4], and that of the p r o p e r -  
t ies of the rhodanine molecules  [5] on the vibrat ion f requencies  of the methylene group in the IR absorption 
spec t ra  of the 4-pyr ro l idones .  We are  concerned here  with position 4. We studied the following substances 
(Fig. 1): isorhodanine,  2,4-iminothiazolidinedione,  and 2,4-thiazolidinedione.  

F igure  2 shows the IR absorption spec t rum of 2,4-iminothiazolidinedione in the range 400-3500 cm -1, 
r eco rded  on a UR-20 spec t rophotometer  with samples in tablet fo rm with KBr.  The IR spec t ra  of i sorho-  
danine and 2,4-thiazolidinedione have been studied previous ly  [6, 7]. 

On the basis of a theore t ica l  analysis and a compar ison  of the spec t ra  of re la ted  molecules ,  we dis-  
tinguished the f requencies  of var ious vibrat ion modes of the methylene group f rom the IR spec t ra  (Table 1). 
The sc i s so r s -v ib ra t ion  bands can be identified most easi ly,  because of their  intensity,  pecul iar  shape, and 
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Fig.  1o The 4-pyrro l idones :  X = S) isorhodanine; X = NH) 2 ,4- iminothiazol i -  
dinedione; X = O) 2,4-thiazolidinedione.  

Figo2. IR absorpt ion spec t rum of 2,4-iminothiazolidinedione in the range 400- 
3500 cm - l .  

Fig.  3. Dependence of the square sc i s so r s -v ib ra t ion  f requency of the methylene 
group on the e lectronegat ivi ty  [10] of he te roa tom X: m) sulfur;  O) nitrogen; 
*) oxygen. 
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TABLE 1. 
Spect ra  of the 4 -Py r ro l i dones  (in cm -i) 

~Molecule sci--ssors, Vibration mode 

tCH2 

Isorhodanine 

Vibration Frequenc ies  of the Methylene Group in the IR 

twisting, pendulum, fan, CH z CH z 
CH 2 

1478 vi 

1400 i 

1350 i 

920 vf 

906 f 

910m 

1190 i 

1198i 

1174 i 

1316 m 

1355 vf 

1320 vf 

2.4- Imino- 
thiazolidine. 
dione 2951 i 
2,4-thiazoli-i 
dinedione 

Note: Band intensities: vi) very intense; i) intense; m) moderate; I) faint; vf) very faint. 

symmetric, antisym- metric, 
iCH~ CH 

i 
2855 m 2955 m 

2830 vf 2938 f 

2827 i 

cha rac t e r i s t i c  f requency range .  For this type of motion ( fab le  1) the f requencies  dec r ea se  in the following 
order :  isorhodanine , 2 ,4-iminothiazol idinedione,  2,4-thiazolidinedione.  An analogous o rde r  was found in [3] 
for  posit ion 2 in t e r m s  of the f requencies  of methylene s c i s s o r s  v ibra t ions  and was assoc ia ted  with the o rder  
in which other physical  p r o p e r t i e s  change; a cor respondence  between p rope r t i e s  was es tabl i shed.  

Using the resu l t  of [3] in analyzing the effect  of posit ion 4 on the p rope r t i e s  of the methylene group, 
we chose the change in the s c i s s o r s - v i b r a t i o n  f requency as a bas ic  indicator .  

To explain the observed  changes,  we compared  the square  s c i s s o r s - v i b r a t i o n  f requencies  (Fig. 3) with 
the e lec t ronegat iv i t ies  of the S, N, and O a toms .  We bel ieve the f requency  for  2,4-thiazolidinedione is lower  
than that for  isorhodanine because  of the low e lec t ronegat iv i ty  of the S a tom,  whose e lec t ronic  cloud can b e -  
come highly deformed.  Maximum conjugation and a max imum mobil i ty  of the hydrogen a toms in the me thy l -  
ene group are  found. The N and O a toms have a polar izabi l i ty  lower than that of the S a tom.  The act ivi ty  
of the methylene group in 2,4- iminothiazol idinedione is sl ightly higher  than that of 2,4-thiazolidinedione but 
lower  than that of isorhodanine�9 

An inc rea se  in the e lec t ronic  densi ty of the methylene group should lead to an inc rease  of the fo rce  
constants of this group and to changes in the f requencies  of all modes in the s a m e  direct ion�9 This  behav ior  
was observed  in [3-5]. The force  constant of cyclopentane,  Ka = 0.71.106 c m  -2 [8], was var ied;  Ka = 0.59 
�9 106 cm -2 was found for  2,4-thiazolidinedione [7], and Ko~ = 0.765 �9 106 cm -2 was found for  thiorhodanine [5]. 

On the other  hand, analys is  of the data in Table  i shows that the f requencies  of the s y m m e t r i c  valence 
vibra t ions  of the C - H  bond change in the s a m e  direct ion with a change in the s c i s s o r s  f requenc ies .  These  
vibra t ion modes display the g rea t e s t  f requency  change in the t rans i t ion  f r o m  2,4-thiazolidinedione to i so -  
rhodanine.  An explanation l ies in the p rocedure  for  taking into account the s t r i c t  s y m m e t r y  of the m o l e -  
cules  as wholes and the approx imate  s y m m e t r y  of the methylene group in the dynamic-coef f ic ien t  ma t r ix  
in the theore t ica l  analysis  of the f requencies  of the comple te ly  s y m m e t r i c  v ibra t ions .  

For  other  modes  (Table  1) the f requency inc rease  f r o m  2,4-thiazolidinedione to isorhodanine is slight 
and less  c l ea r ly  expres sed ,  in ag reemen t  with the theore t ica l  ana lys i s .  

Several  bands (Table 1), in pa r t i cu la r ,  those of 2,4- iminothiazol idinedione,  a re  faint and b lu r r ed .  As 
in the case  of other  he te rocyc les  containing ni trogen [9], this behavior  can be at t r ibuted to the effect of the 
hydrogen bond on the spec t rum.  One manifes ta t ion of this effect is the re la t ive ly  high mel t ing point of the 
he te rocyc les  containing ni t rogen.  

Replacement  of the functional groups in posit ion 4 of the 4 -pyr ro l idones  thus s t rongly  affects  the f r e -  
quencies of s y m m e t r i c  va lence  deformat ion  v ibra t ions  of the methylene group in the IR absorpt ion  spec t rum,  
in ag reemen t  with the resu l t s  of [3-5]. However ,  the changes in the sequence of functional groups in d i f fe r -  
ent posit ions with increas ing  s c i s s o r s - v i b r a t i o n  frequency needs fu r the r  study. 
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