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UV spectroscopy is used to inves t iga te  the k ine t i c s  of fo rmat ion  
of a ry l idenerhodanines  from rhodanine and various a roma t i c  a lde -  

hydes whose benzene  ring substi tutents differ in nature and posit ion.  

H a m m e t t ' s  equa t ion  is used to de te rmine  q u a n t i t a t i v e l y t h e r e a c t i v i t i e s  
of the subst i tuted aldehydes.  The order of effect  of substi tuent on r e a c -  

t ion  v e l o c i t y  is p-NO a > p-C1 > H > p-N(CHsh,  corresponding to a 
pos i t ive  va lue  of p in  the H a m m e t t  equat ion .  The posi t ion sequence  

is p-NO 2 > m - N O  2 > o-NO2, and for chloro der iva t ives  m-C1 > p-C1, 
in  ag reemen t  wi th  views on t ransmiss ion of induc t ive  and con juga t ion  

effects  through a benzene  ring to a r eac t ion  center .  

A large number of azolid-4-one derivatives are 
obtained by condensing the reactive methylene group 
with carbonyl compounds. The literature contains 
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Fig. 1. (x/(c - x).103 m o l e / /  
as a funct ion of the t ime ,  for 
the r eac t ion  of VI with rho -  

danine.  

qualitative correlations between activities of carbonyl 
compounds and the methylene group of azolid-4-ones 
[1, 2], iso-oxazolones, and pyrazolones [3], the order 
of ease of reaction of the methylene group in the latter 
two compounds being: p-dimethylaminobenzaldehyde > 
> benzaldehyde, > p-nitrobenzaldehyde [3]. 

Previous research [4] established that of the azolid- 
4-ones the one with the most reactive methylene group 
is rhodanine, which we also reacted with aromatic 

aldehydes to ascertain the effect of the nature and posi- 

tion of the benzene ring substituent on the kinetics of 

formation of the corresponding arylidenerhodanines. 
The reaction between rhodanine and aldehydes was 

effected in glacial acetic acid in the presence of fused 

sodium acetate at 60 ~ 80 ~ and 100~ 

x j ~ _ c ,  ~ +o.c--n. /7-~ o=c--~.. 

I X~H; II X~---m-CI: III X=p-C[; IV X-~v-NO~; 
V X::~m-NO2; VI X~p-NO2; VII X~p-N(CH~)o 

*For  P a r t  III see [4]. 

The amount  of a lkyl idene  rhodanine  de r iva t ive  fo rmed  
was d e t e r m i n e d  spec t roscop ica l ly .  Ranges where  the 
optical  dens i ty  was a l i n e a r  funct ion of concen t r a t i on  
were  found, and by spec ia l  expe r imen t s  it was shown 
that  the r eac t ion  did not give r i s e  to side products  to 
i n t e r f e r e  with the spec t roscop ic  d e t e r m i n a t i o n  of 5- 
a ry l idene rhodan ine .  

The ve loc i ty  cons tan t s  were  ca lcula ted  f r o m  the 
fo rmula  K = x / t .c (c  - x), where  c is the in i t ia l  c o n -  
c e n t r a t i o n  of the s t a r t i n g  m a t e r i a l ,  m o l e / / ,  and x the 
concen t r a t i on  of the r e a c t i o n  product  af ter  t ime  t, in 
m o l e / / .  

The known fo rmula  [4] showed the r eac t ion  to be 
second o rde r ,  and th is  was con f i rmed  by s u c c e s s i v e  
i n s e r t i o n  of expe r imen ta l  data in the equat ions found 
for the va r ious  r eac t ion  o rde r s .  The s t a t i s t i c a l  method 
was used to d e t e r m i n e  the accu racy  of the quant i t i es  
obtained (accuracy 0.95). 

Tab le  1 shows a typica l  e x p e r i m e n t  on the k ine t i cs  
of f o r ma t i on  p - n i t r o b e n z y l i d e n e r h o d a n i n e ,  and Fig. 1 
the plot of x / (c  - x) aga ins t  t ime .  

Table  2 gives the combined  data  for the k ine t i c s  of 
the r eac t i on  of a ldehydes with rhodanine .  

The A r r h e n i u s  equat ion e x p r e s s e s  well the r eac t ion  
inves t iga ted ,  the l o g a r i t h m s  of the veloci ty  cons tan t s  
be ing  a l i n e a r  funct ion of the r e c i p r o c a l  of the absolute  
t e m p e r a t u r e  (Fig. 2). 

The Hammet t  equat ion lg K / K  0 = pa enables  the 
r e a c t i v i t i e s  of subs t i tu ted  benza ldehydes  to be a s s e s s e d  
as a funct ion of the i r  s t r u c t u r e s  in the r eac t i on  with 
rhodanine .  K and K 0 a re  the veloci ty  cons tan t s  for the 
subs t i tu ted  and unsubs t i tu ted  aldehyde,  a is a p a r a m -  
e t e r  that  depends  on the subs t i tuen t ,  and p is a p a r a m -  

e te r  that  depends on the reac t ion .  F r o m  the data of 
Fig.  3, the value of p is pos i t ive  and equal to +1.5. 

The n u m e r i c a l  va lue  of p shows that  the r eac t ion  
is l e s s  s ens i t i ve  to change in  polar  effects of s u b s t i -  
tuen ts  than in o r d i n a r y  r eac t i ons  at ca rbonyl  ca rbon  
(e. g. p = +2.5 for the hydro lys i s  of ethyl benzoate) .  
[6]. 

With r e g a r d  to effect on r eac t i on  veloci ty ,  the o rde r  
for the benzaldehyde  subs t i tuen t s  is p-NO z > p-C1 > 
> H > p-N (CH3) 2, where  e l e c t r o n - a c c e p t i n g  s u b s t i -  
tuen t s  i n c r e a s e  and e l e c t r o n - d o n a t i n g  subs t i tuen t s  
d e c r e a s e  r e a c t i o n  veloci ty ,  c o r r e s p o n d i n g  to a pos i t ive  
va lue  of p. The subs t i tuen t  pos i t ion  effect o rder  is 
p-NO 2 > m-NO t > o-NOz, for ch lo r ine  de r iva t i ve s  
m-C1 > p-C1, which ag rees  with views r e g a r d i n g t r a n s -  
m i s s i o n  of conjuga t ion  and induct ive  effects  through 
the benzene  r i n g  to the r eac t ion  cen te r .  F u r t h e r m o r e ,  
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T a b l e  1 

V e l o c i t y  C o n s t a n t s  of  F o r m a t i o n  

of 5 - N i t r  o b e n z y l i d e n e  r h o d a n i n e  
a t  60* (c = 0 .02  m o l e / l )  

Time, 
rain 

30 

60 

90 

120 

150 

Yield, K2o 
mole/ /  

0,4364'6 3.796 

0,87307 3.804 

0.22043 3.610 

1.7274 3.939 

2.13110 4.092 

Kav= 3.848 • 0.007835 

T a b l e  2 

K i n e t i c s  of t h e  R e a c t i o n  of A l d e h y d e s  w i t h  R h o d a n i n e  

C o r n -  ; i 
pound Aldehyde K~o ~ �9 l0 s K8o ~ 10: gv~, ~ 102 E , PZ 

I I Benzaldehyde 

II 

III  

IV 

V 

VI 

VII  

m-Chlorob enzaldehyde 

p-Chlorobeiazaldehyd e 

o-Nitrobenzaldehyde 

m-Nitrobenzaldehyde 

p-Nitrobenzaldehyde 

p-Dimethylamino- 
benzaldehyde 

I 
i 0.2543_0.0012 

0.8906+- 0,00064 

0.5149• 

1.820 -0 ,011  

3,037 -+0,012 
i 
3.879 -+0.0078 

0.0825 -+020013 

1.142 __, 0,0082 

4,133 _0,0011 

2,388 -+0.00097 

6,880 +__0,0018 

11.10 -+0.0042 

t5,16 _+0.023 

03997-+ 0.0088 

4,573~ 0.0088 

16.63 -+0.0921 

12.61 -+0.058 

22.42 -+0.085 

33.95 -+0,074 

50.22 -+0287 

1.523_+0.055 

17,7 

18,0 

18.1 

9.02 

9.77 

9.59 

15.9 8.71 

15,6 8.72 

16.0 9,12 

16.9 8,00 
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Fig .  2. Change in ve loc i ty  
cons tan t  with t e m p e r a t u r e  
for  r e a c t i o n s  of a l d e h y d e s  

I - V I I  with rhodanine .  
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Fig .  3. Re l a t i onsh ip s  be tween  
lg  K / K  0 and the H a m m e t t  c o n -  
s tan t  a for  r e a c t i o n s  of I, II,  
III,  V, and VI with rhodan ine  

at  60 ~ . 
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F ig .  4. C a l i b r a t i o n  p lo t  for  p - n i t r o -  
b e n z y l i d e n e  rhodan ine .  
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c o n s t a n c y  of the  p r e - e x p o n e n t i a l  t e r m  is  not  found fo r  
c a r b o n y l  c a r b o n ,  as  it  is  wi th  r e a c t i o n s  p r e v i o u s l y  
known,  and the  n a t u r e  of the  s u b s t i t u t e n t  a f f e c t s  both  
a c t i v a t i o n  e n e r g y  and p r e - e x p o n e n t i a l  t e r m .  

EXPERIMENTAL 

The compounds required in the research were carefully purified 
until their constants were steady (rap or bp, and UV spectrum) and 
agreed with the literature. The method of measuring reaction velo- 
cities was similar to that previously used [4]. 

The amount of 5-arylidenerhodanine formed was found by mea- 
suring the optical density for k corresponding to a wide and intense 
absorption maximum. Thus investigation of various aldehydes gave 
the following k values: I 375; II 376; III 380; IV 375; V 375; VI 372; 
VII 463 nm. 

Figure 4 shows the calibration plot for p-nitrobenzylidenerho- 
danine. 
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