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For a number of sydnone imines with nonaryl substituents in position 
3 the influence of structural factors on the kinetics of alkaline ring- 
opening has been studied and it has been found that the stability of 
the heterocycle falls with an increase in the electronegativity of the 
substituents. On passing from 3-aryl- to 3-nonaryl-substituted sydnone 
imines the mechanism of the reaction of alkaline ring-opening 
changes. 

P r e v i o u s l y ,  in a study of the inf luence of s u b s t i t -  

uents  on the e q u i l i b r i u m  cons tan t  of the a lkal ine  r i n g -  
opening of the cat ions  of 3 - subs t i tu t ed  sydnone imines  

Tab le  1 

P s e u d o m o n o m o l e c u l a r  Ra te  Constants  for  the 
Ring-Opening of the Sydnone Imines I 

CH3 
C2~s 
I-C3H7 
n-C4H9 
i-C4H9 
sec~CsH,7 
C~H,, 
C6H6CH2 
CsH~CH (CH~) 
C~HsCH~CH~ 
CsHsCH2CH (CHz) 
HOCH~CH2 
C~HsCH (OH) CH (CH3) 
CsHsOCH~CH2 

g, [11] 

o,oo I 
-0.I0 1 
-0,19 
-0.13 
-0A25 

-0.t5 
+0.215 
+0,11 
+0.08 
+0.02* 
+9.198 
+0.17" 
+0,32* 

kqj �9 I0 -s, SeC "1, 
pH 8,75 

64.4 
62.2 
24.0** 
74,2 
79.0 
46.2 
26.0 

232.0"* 
87.9 

104.5 
78.,5 

158.6 
104.0 
123.0 

Reference to 
the synthesis 
of the sydnone 

imine  

5 
5 
6 
5 
7 
7 
6 
8 
9 
9 

10 
7 
7 
7 

*Calculated by the rules of additivity and of the damping of the 
induction effect [11]. 

~*Value refined in comparison with that given previously [2]. 

I to N-subs t i tu t ed  N - n i t r o s o a m i n o a e e t o n i t r i l e s  II it 
was shown [1] that in the c a s e  of nonary l  subs t i tuents  
the s t ab i l i ty  of the h e t e r o c y c l e  r i s e s  with a d e c r e a s e  
in the e l e e t r o n e g a t i v i t y  and an i n c r e a s e  in the vo lume 
of the subs t i tuents  in a c c o r d a n c e  with T a f t ' s  equation: 

Ig K=-6.63+2.44~*+0.46 Es ~, (i) 

and in the c a s e  of m e t a -  or  p a r a - s u b s t i t u t e d  phenyls  
as subs t i tuents  only the induction e f fec t  [2, 3] was 
exer ted:  

lg K= --7.71 +2.44~*. (2) 

In a c o o p e r a t i v e  c o m p a r i s o n  of the induction compo-  
nents  in both groups  of subs t i tuents  with T a f t ' s  ~* 

constants  it was found that the points fel l  on two p a r a l -  
le l  s t r a igh t  l ines ,  one for  a r y l  and the o ther  for  non- 

* F o r  par t  XXXV, see  [7]. 

a r y l  subs t i tuents  [2, 3], which was expla ined by the 
ex i s t ence  in the case  of the a ry l  subs t i tuents  of con-  
jugat ion of the phenyl and the sydnone imine  r ings .  A 
study of the inf luence of subs t i tuents  on the k ine t ics  
of the a lka l ine  r i ng -open ing  of the sydaone imines  has 
shown [2, 3] that the p s e u d o m o n o m o l e c u l a r  cons tants  
for  the r a t e  of this p r o c e s s  (kr for  the 3 - a r y l  d e r i -  
va t ives  obey the equat ion (for phenyls a* = (y0 + 0.600): 

I g k , = - 2 . 9 7 + 1 . 0 0 o *  ( a t  pH 8.75). (3)  

In the p r e s e n t  work  we have  used the po t a rog raph ic  
method to study the k ine t ics  of the a lkal ine  r i n g -  
opening of four teen  sydnone imines  with nonary l  sub-  
s t i tuents  in posi t ion 3 of the r ing .  

In the c o u r s e  of the inves t iga t ions  it was found that 
the po l a rog raph ic  wave of the reduc t ion  in an a lka l ine  
m e d i u m  of each  of the h y d r o e h l o r i d e s  of the sydnone 
imines  ment ioned  g radua l ly  d e c r e a s e s ,  and a second 
reduc t ion  wave c o r r e s p o n d i n g  to a n i t r o s o a m i n o n i t r i l e  
appears  in the m o r e  nega t ive  r eg ion .  Since a number  
of the sydnone imines  I and the final  n i t r o s o a m i n o n i -  
t r i l e s  II w e r e  being po la rographed  for  the f i r s t  t ime,  

we have d e t e r m i n e d  the ha l f -wave  potent ia ls  for  the i r  

r educ t ion  (El/2,  s ee  Tab le  2). An ana lys i s  of the r e -  
sul ts  obtained has shown that the r a t e  of r i ng -open ing  
in a l l  c a se s  is f i r s t - o r d e r  with r e s p e c t  to the in i t ia l  
sydnone imine:  

V=k, .  C,. (4) 

The  ca lcu la t ion  of the r a t e  constants  was c a r r i e d  out 
by the g raph ica l  method,  and the r e s u l t s  a r e  given in 
Tab le  1. I t  was found that the p s e u d o m o n o m o l e c u l a r  

Tab le  2 

Ha l f -Wave  Po ten t i a l s  of the Syd-  
none Imines  I and the N-Subs t i tu -  
ted N - N i t r o s o a m i n o a c e t o n i t r i l e s  II. 

sec-CsH17 
C~H~CH (CH3) 
C6HsCH2CHg 
CoHsCH~CH (CHs) 
HOCH2QH2 
C~HsCH (OH)CH (CH~) 
C6HsOCH2CH2 

-Era, V, SCE 

I II 

0.79 
0.80 1"~2 
0,82 1.20 
0,84 
1.02 1"~4 
0,84 1.28 
0.74 1.12 

rate constants k~ of the sydnone imines studied, with 
the exception of the compound with R = C6H5OCH 2 CH2, 
correlate well (r = 0.960, s = 0.08) with Taft's induc- 
tion constants (Fig. 1). 
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Ig kr -- 3.19 + 1.86~*. (5) 

Consequent ly ,  the inf luence of the subs t i tuen t s  is 
p r edominan t ly  an induct ion effect, the s tab i l i ty  of the 
he te rocyc l i c  fa l l ing with an i n c r e a s e  in their  e l ec t ro -  
negat iv i ty .  The fact that no s t e r i c  inf luence  was ob-  
se rved  shows the absence  of the "spreading"  of the 
subs t i tuen t s  at the s tage of the fo rmat ion  of an act ive 
complex f rom the sydnone imine  cation, i . e . ,  shows 
the p lanar  s t r u c t u r e  of this complex.  Apparent ly ,  the 
s t r u c t u r e  is c lo se r  to the in i t ia l  sydnone imine  than 
to the f inal  n i t r o s o a m i n o n i t r i l e .  

In c o n t r a s t  to the gene ra l  p ic tu re  of the inf luence  
of subs t i tuen ts  on the posi t ion of the equ i l i b r ium in 
the r eac t ion  s tudied (1), (2), in the case  of the k ine t ics  
of r i ng -open ing  the s t ra igh t  l ines  in the plot of log kr 
v e r s u s  o-* a re  not pa r a l l e l - - t he  magni tudes  of p* in 
Eqs.  (3) and (5) a r e  not equal.  The change in the value 
of p* is poss ib ly  connected with a change in the mech-  
a n i s m  of the r eac t i on  on pass ing  f rom 3 - a r y l -  to 3- 
n o n a r y l - s u b s t i t u t e d  sydnone imines .  The inves t iga t ion  
of the k ine t ics  of the alkaIine r i ng -open ing  of 3 - i s o -  
p ropylsydnone  imine  c a r r i e d  out p rev ious ly  has shown 
that the r a t e  of the r e a c t i o n  is f i r s t - o r d e r  with r e -  
spect  to the sydnone imine  and s e c o n d - o r d e r  with r e -  
spect  to hydroxyl  ion [4]. In the case of the 3 - a r y l  
de r iva t i ve s  the o rde r  with r e s p e c t  to the sydnone 
imine  is  re ta ined ,  and the re fo re ,  we have c a r r i e d  
out an inves t iga t ion  of the dependece of the p s e u -  
domonomolecu la r  ra te  cons tan t  of 3 - p h e n y l - s y d -  
none imine  on the concen t r a t i on  of hydroxyl  ions.  

--log 
Cj 

3.6- �9 tD 
H7 

32 "@~.H 3 
C,H, CH~CH= �9 ~ ,  C H CH 

3.0 C;Ha �9 * s, 

~iiT*,c.~. 
~30CsHsOCHzCH = 

'2.8. HOCHzCH~H sCH a 

2.6- 

24 
-o.2 o:o o'.2 ~.,* o* 

Fig.  1. Loga r i t hms  of the pseudomonomolecu-  
la r  r a t e  cons tan ts  of the r i n g - o p e n i n g  of sydnone 
imines  with nona ry l  subs t i tuen t s  in pos i t ion  3 of 
the r i ng  as a function of Ta f t ' s  induct ion con-  

s tants  a* .  

It can c l ea r l y  be seen  f rom Fig .  2 that the tangent  of 
the angle of slope of the s t ra igh t  l ine  in the plot of 
log k~ v e r s u s  pOH is 1.0 and there fore  the pseudomo-  
nomolecu l a r  r a t e  cons tan t  for the r i ng -open ing  of 3- 
phenylsydnone imine  r i s e s  in p ropor t ion  to the f i r s t  
degree  of the OR- concen t ra t ion .  Apparent ly ,  in this 
case  as well ,  the f i r s t  s tage of the r eac t i on  is the 
spl i t t ing  off of a proton f rom the sydnone imine  cation 
with the fo rmat ion  of the uns tab le  base  III: 

I Ill n 

Then this b a s e  III, e i ther  through an act ive complex 
with water  or  spontaneously ,  but without the pa r t i c i -  
pation of the hydroxyl  ion, as in the case  of the 3- 
n o n a r y l - s u b s t i t u t e d  compounds,  undergoes  r i n g -  
opening to give the n i t r o s o a m i n o n i t r i l e  II. The ra t io  

-log ~, 
3.6- 
3,6 / 
3.4 
32 
3.0 
28 
2.6 
2.4. 
~2 
2.0 

4s 5:o s:4 s'.8 ~2 p0H 

Fig .  2. P seudomonomolecu l a r  r a t e  con-  
s tan ts  for the r i ng -open ing  of 3 -pheny l -  

sydnone imine  as a function of pOH. 

between the cons tan t s  de t e rmined  f rom expe r imen t  
and the cons tan t s  of the e l e m e n t a r y  p r o c e s s e s  can be 
d e t e r m i n e d  f rom Eqs. (6) and (7): 

K ' Czz~. H+ 
= c i  ' ( 6 )  

V=k2" CiZI, (7) 

where  KI is  the apparent  acid d i s soc ia t ion  constant ,  and 
V is the r a t e  of the r eac t ion .  Af ter  taking logar i thms ,  
f rom Eqs. (4), (6), and (7) we obtain:  

Ig kg,= 13.68+Ig k2. Kq--pOH (8) 

It  is not diff icul t  to see  that the graph of Fig .  2 is 
de sc r i be d  by Eqs. (8) and the re fo re  the in t e rcep t  cut 
off by the l ine on the axis of o rd ina tes  (4.6 loga r i th -  
mic  units)  d e t e r m i n e s  the va lue  13.68 + lgK'ik2, 
whence k z. K'~ = 1.15 �9 10 -7 mole / / � 9  min .  

The observed  d i f fe rence  in the m e c h a n i s m s  of the 
r i n g - o p e n i n g  of 3 - a r y l -  and 3 - n o n a r y l - s u b s t i t u t e d  
sydnone imines  mus t  apparen t ly  be explained by the 
conjugat ion of the phenyl and sydnone imine  r ings  in 
the base  HI of the 3 - a r y l sydnone  i m i ne s .  

EXPERIMENTAL 

The determinations were carried out on a type LP-60 electronic 
polarograph (Czechoslovakia). The comparison electrode used was the 
saturated calomel electrode.The ceil was thermostated at 25 ~ 0.2 ~ C. 
The ceil was charged with 10 ml of the supporting electrolyte (Brit- 
ton-Robinson buffer, pH 8.75 [1]), dissolved oxygen was driven out by 
the passage of nitrogen, and then 1 ml of an aqueous solution of a 
sydnone imine hydrochloride (1 �9 10 -3 M)was added, and polaro- 
graphs of the reaction mixture were recorded after predetermined 
intervals of time. 
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