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The  c y c l i z a t i o n  of N - n i t r o s o a m i n o n i t r i l e s  was  s tud i ed  by a k ine t i c  method with  s p e e t r o p h o t o m e t r i c  
r e c o r d i n g .  It is  shown tha t  the  r e a c t i o n  r a t e  i n c r e a s e s  as  the  e l e c t r o n - d o n o r  p r o p e r t i e s  of the  
s u b s t i t u e n t  i n c r e a s e  and as  the  s i z e  of the s u b s t i t u e n t  i n c r e a s e s .  The  r a t e - d e t e r m i n i n g  s t ep  is  
d e t a c h m e n t  of a p ro ton  f r o m  the C~ a tom in the  4 H - 1 , 2 , 3 - o x o d i a z o l e - 5 - i m i n e  d ica t ion .  

Up unt i l  now, the  ac id  c y c l i z a t i o n  of N - s u b s t i t u t e d  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  I a - m  to s y d n o n e i m i n e s  I I a -  
m has been  the only method  for  the  p r e p a r a t i o n  of the  s y d n o n e i m i n e  r i ng .  However ,  i t s  k i n e t i c s  have not been  
s tud i ed ,  and s o m e  of the  v iews  r e g a r d i n g  the m e c h a n i s m  of the  c y c l i z a t i o n  [1, 2] a r e  p u r e l y  s p e c u l a t i v e  in 
na t u r e .  

N - C y c l o h e x y l - 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  If was s e l e c t e d  for  a d e t a i l e d  s tudy ,  and the  t r e n d  of the  r e a c t i o n  
was m o n i t o r e d  s p e c t r o p h o t o m e t r i c a l l y  f rom the a b s o r p t i o n  of the f inal  p r o d u c t  of c y c l i z a t i o n  of the  3 - c y c l o -  
h e x y l s y d n o n e i m i n e  ca t i on  (IIf) (F ig .  1). The  k i n e t i c s  of the  r e a c t i o n  in aqueous  h y d r o c h l o r i c  and s u l f u r i c  ac id  
s o l u t i o n s  w e r e  s tud ied .  It was shown tha t  the  r e a c t i o n  is f i r s t - o r d e r  (F ig .  2) in 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  If 
and that  the  r a t e  c o n s t a n t s  c a l c u l a t e d  f r o m  the d e c r e a s e  in the  s t a r t i n g  p roduc t  and the d e v e l o p m e n t  of the  f ina l  
p r oduc t  w e r e  found to be equa l ;  th is  c o n s t i t u t e s  ev idence  for  the  a b s e n c e  of a p p r e c i a b l e  s ide  t r a n s f o r m a t i o n s  of 
n i t r o s o n i t r i l e  If and for  the s t a b i l i t y  of s y d n o n e i m i n e  ca t ion  IIf under  the e x p e r i m e n t a l  cond i t i ons ,  i . e . ,  for  the 
unambiguous  c h a r a c t e r  of the  d i r e c t i o n  of the i n v e s t i g a t e d  p r o c e s s e s .  The  equa l i t y  of the  r a t e  c o n s t a n t s  and the 
p r e s e n c e  of an i s o p i e s t i c  point  (F ig .  1) a l so  p r o v e  that  none of the i n t e r m e d i a t e s ,  the  a b s o r p t i o n  of which  d i f f e r s  
f rom that  of the  s t a r t i n g  m a t e r i a l  and the f ina l  p r o d u c t ,  a c c u m u l a t e s  a p p r e c i a b l y .  We a l so  showed tha t  the  
r e a c t i o n  r a t e  depends  s u b s t a n t i a l l y  on tb.e p ro ton  c o n c e n t r a t i o n  and is independent  of the  na tu r e  of the  an ion:  
the  r e a c t i o n  r a t e s  a r e  p r a c t i c a l l y  i d e n t i c a l  in h y d r o c h l o r i c  and s u l f u r i c  ac id  so lu t i ons  wi th  the  s a m e  p ro ton  
a c t i v i t i e s  (F ig .  3). A n a l y s i s  of the dependence  of the r a t e  constmat  on the p ro ton  c o n c e n t r a t i o n  in l o g a r i t h m i c  
c o o r d i n a t e s  (F ig .  3) showed that  the r e a c t i o n  is s e c o n d - o r d e r  in p ro tons  - the  s l o p e  of the l ine  in t h e s e  c o o r d i -  
ha tes  is  2.1. 

The ef fec t  of t e m p e r a t u r e  on the c y e l i z a t i o n  r a t e  was i n v e s t i g a t e d ,  and the a c t i va t i on  p a r a m e t e r s  w e r e  
d e t e r m i t ! e d  (Fig .  4). A n a l y s i s  of the g raph  with  r e s p e c t  to the  equa t ion  (Fig.  5) 

R T  x ~  -x~t t  
k =  ~ . e  ~ .e  - ~  , 

w h e r e  y A S  and EAH a r e  the to ta l  changes  in the e n t r o p y  and en tha lpy  for  the  p r o c e s s e s  that  d e t e r m i n e  the r a t e ,  
m a k e s  it p o s s i b l e  to c a l c u l a t e  x A H = - 1 6  k c a l / m o l e  and x A S = - 6 . 0  c a l / m o l e ' d e g .  The  nega t ive  change  in the  
e n t r o p y  c o n s t i t u t e s  ev idence  that  the t r a n s i t i o n  s t a t e  is  m o r e  r i g i d ,  i . e . ,  it has a lower  d e g r e e  of f r e e d o m  in the 
s t a r t i n g  m o l e c u l e .  Th i s  is not s u r p r i s i n g  if one t a k e s  into account  the  fac t  that  we a r e  s tudy ing  a t r a n s i t i o n  
f r o m  a l i n e a r  m o l e c u l e  to a c y c l i c  m o l e c u l e ,  du r ing  which  c y c l i c  t rm~sfer  of e l e c t r o n s  is p o s s i b l e  in one of the 
s t e p s .  Th is  fact  m a k e s  it p o s s i b l e  to a s s u m e  tha t  the t r a n s i t i o n  s t a t e  is  c l o s e r  in a s t e r i c  r e s p e c t  to the  f inal  
p r o d u c t  and tha t  the c y c l i c  compound  is c l o s e r  to the s t a r t i n g  compound ,  and this  m a y  a t t e s t  to  " c o m p r e s s i o n "  
of the  s u b s t i t u e n t s  a t t a c h e d  to the " a m i n e "  n i t rogen  and o - c a r b o n  a tom (in s t a r t i n g  n i t r o s o n i t r i l e  I t h e s e  a t o m s  
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Fig .  i .  K ine t i c s  of the c y c l i z a t i o n  of If to IIf in aqueous  0.6 
N HC1 so lut ion.  The s p e c t r a  w e r e  r e c o r d e d  e v e r y  5 min ,  
and the s tart ing  If concentra t ion  was  1 �9 10 -4 m o l e / l i t e r .  

F ig .  2. Changes  in the opt ica l  dens i ty  of If (X=237 nm) with 

!rgk, 

t i m e .  

- 1 ,0  

-dgk  1 

1,6 

I 

1,4 

!~3 

1 
l l2 [  

111[ 

l t 0 [  
- I i f +.  i i 

33 34 

Fig .  3. 
a m i n o a e e t o n i t r i l e  on the proton concentra t ion  in l o g a r i t h m i c  c o -  
ord ina te s :  O) HC1; A) H2SO 4. 

Fig .  4. Ef fec t  of the t e m p e r a t u r e  on the ra te  of c y c l i z a t i o n  of 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  If in 0.4 N aqueous HC1. 
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Dependence  of the ra te  constant  for c y c l i z a t i o n  of N--n i troso-  

have a nonplanar conf igurat ion ,  w h e r e a s  in the s y d n o n e i m i n e  m o l e c u l e  they have a p r a c t i c a l l y  planar conf igura -  
t ion).  If t h e s e  a s s u m p t i o n s  a r e  true ,  one should o b s e r v e  the s o - c a l l e d  "s ter ic  faci l i tat ion" of c y c l i z a t i o n  as the 
v o l u m e  of  the subs t i tuents  attached to the "amine" ni trogen a tom i n c r e a s e s  and as subs t i tuents  are  introduced 
at the o - c a r b o n  a tom in n i t r o s o n i t r i l e  I. 

H + R--N--CH2--G~- N R - - N - - C H  
t + L + i N._O~C=N~ = N = O  

I I1 

The quant i tat ive  e f f ec t  of subs t i tuent  R in n i t r o s o n i t r i l e  I on the ra te  of acid c y c l i z a t i o n  to s y d n o n e i m i n e  It was  
v e r i f i e d  by m e a n s  of the Taft equation [3]. The ra te  cons tant s  for this  p r o c e s s  w e r e  m e a s u r e d  for n i t r o s o n i t r i l e  
I with v a r i o u s  subs t i tuents  attached to the n i trogen a tom at 30 ~ in 0.9 N hydroch lor i c  acid (Table 2); the Taft 
induct ive  and s t e r i c  (Es c) cons tant s  with a l l o w a n c e  for hyperconjugat ion [4] are  known for nine of t h e m  (Ia- i ) .  
It i s  apparent  f r o m  Table  2 that subs t i tuents  have a subs tant ia l  e f f ec t  on the c y e l i z a t i o n  ra te  - the ra te  i n c r e a s e s  
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Fig.  5. Effect of s t r u c t u r a l  fac tors  in the r a t e  of c y c l i -  
zation of 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  to sydnoneimines  
in 0.9 N HCI: A) dependence of log k af te r  sub t rac t ion  
of the component  of the s t e r i c  effect  (1.2 EsC) on the 
Taft inductive constants  (o*); B) dependence of logk  
af te r  sub t rac t ion  of the component  of the inductive effect  
( -3 .6  o*) on the s t e r i c  subst i tuent  constants  (EsC). 

by more  than two o r d e r s  of magnitude on pass ing  f rom methyl  de r iva t ive  Ia to cyclohexyl  de r iva t ive  Ie. C o r r e l a -  
tion ana lys i s  of the data within the f r amework  of the LFE p r inc ip le  leads  to the equation 

l g k l = - 3 . 2 - 3 . 6 ( F - 1 . 2 E ~  c (r=0.97; s=0,12). (3)* 

It follows f rom this equation that the r eac t ion  r a t e  i n c r e a s e s  as  the e l ec t ron -donor  p r o p e r t i e s  of subs t i -  
tuent R i n c r e a s e  (p* = - 3 . 6 )  and, as we a s sumed ,  with an i n c r e a s e  in the volume of this subst i tuent  ( 6 c = - 1 . 2 ) ,  
i .e . ,  as the o* value d e c r e a s e s  and the absolute  value of the negative EsC value i n c r e a s e s .  Fo r  the ava i lab le  
set  of subst i tuents  the contr ibut ion to the log k t value of " s t e r i c  fac i l i ta t ion"  (AS = 5c" EsC=0.4-1 .7  logar i thmic  
units) is even somewhat  g r e a t e r  than the contr ibut ion of the e lec t ron ic  (in this case ,  inductive) effect (AI---p'a* = 
- 0 . 8  to + 0.7 loga r i thmic  units) .  

It may s i m i l a r l y  be a s sumed  that the cons ide rab le  acce l e ra t ion  of cyc l iza t ion  (by a factor  g r e a t e r  than 10) 
when a methyl  group is p re sen t  at the G-carbon  atom (compare  n i t r o s on i t r i l e s  Ih and I I ) i s  explained p r i m a r i l y  
by the " s t e r i c  fac i l i ta t ion"  effect.  

The data  on the format ion  of a sydnoneimine r ing make it poss ib le  to s ta te  an assumpt ion  r ega rd ing  the 
mechan i sm of this  p r o c e s s .  In a study of the k inet ics  of the equi l ib r ium reac t ion  of a lkal ine  r ing  opening [5-7] 
it was es t ab l i shed  that the r eac t ion  is s e c o n d - o r d e r  in hydroxide ions, and it was assumed that the f i r s t  s tep is 
the format ion of sydnoneimine base  V, which ex is t s  in equi l ibr ium with the other noncyclic t au tomer i e  form - 
N - n i t r o s o n i t r i l e  I .  

The proposed  mechanism of the acid cye l iza t ion  is depicted by the scheme 
R - - N - - C H  

R--N--CH~ K l R--N--CHo K2 
I "-" I ~'--=NH " F a s t  N~O C,~N Fast  N~O 

1 II1 

N .~C~ N H ,.~ 
J /  

% 
§ 

R - - ~ - - I H  2 R--N--CIi( + I + 

N.o/C~N H N'-..o/C= N H 2 

IV II ,f- 

+ 
R -  N--CH=C=NH R - - N - - ~ H  2 

I II [ + 
N~O N~o/C= N H 2 

VII  V[ 

I A E = - - 2 , 9 ,  II A E = - I 6 , 1 ,  I l l  A E = - 9 , 9 ,  IV A E = - - 1 5 , 4 ,  V AE=0 ,00 ,  VII A E = 4 , 2  eV. 

* See the e x p e r i m e n t a l  sec t ion for  Eqs.  (1) and (2). 
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TABLE 1. Rate Constants  for  the Cycl iza t ion  of N i t ro son i t r i l e  Ic 
to Sydnoneimine IIc (min -i} 

pH 8,75 
Co n =5,6.10 -G 
CH+= 1,8.10 -9 

1 H. HCI 
Coil-= 10 -14 
CH+=I 

Acid cycl iza t ion  Alkaline cycl izat ion 

kln*=18.10 ~o 
k_,~+=4,3, tO-IS 

k:It'=9. 5. 10-2. 
k_1~=3,3  . 10-9 

* This is the expe r imen ta l  value.  

kz~ �9 10 4 
k_1O~-=73.10-~* 

kiOn-=4,7.10-1i 
k- ,  ~  1.6.10 '~Q 

TABLE 2. Quanti ta t ive Evaluat ion of the Effect of Substi tuents on 
the Rate of Cycl izat ion of N-Ni t ro soaminoace ton i t r i l e s  

,Expt l -  M~ [ a s -  C a l c . -  
k " l~  to k" , I~ R' rain- '  I' g I "* E,~. =_3,~. 1=_ 1,',2-~ ~ ! log kl 

a CH3 
b C2Ha 
c i-CsH7 
d n-C4H9 
e i-C,Ho 
f cyclo-C6H!,. 
g C~H,~--CH.o 
h C6Hs--CH~CH~ 
i C6Hs--CH~CH (CH3) 
J l ' -Adamanty l  
k l ' -Adamantylmethy]  
1 C6H~--CH2CH2 
in C~Hs--CH~CH2 

I 
H U.o;~ 1 3,3 
H 11;00[ 2,0 
H 61,00J :1,2 
H 13,401 1,9 
H 53,00 1,3 
H 75.00 1,1 
H ;.zv; 2,9 
H i ,,:,g 2,8 
H 720 2,1 
H 800,001 0,1 
H 6,00 2,2 
CH3 17,00~ 1,8 
C6Hs .00 i 2,0 

0,00 
--0,10 
--0,19 
--0.t3 
-o;125 
- 0 , t 5  

0,215 
0,08 
022 

(-0130) 

0,00 
-0 ,38 
- 1 ,08  
- 0 , 7 0  
- 1 ,24  
- 1 ,40 
- 0 , 6 9  
-0,71 
- 1 ,20  

( -  1,7) 

0.00 
0,36 
0.08 i 
0,47 
0,45 
0,54 I 

-0.77 
-0 ,28 
-0 ,07 

1,08 

0,00 3,2 
0,45 2,4 
1 . 3 0  1,2 
<84 t.9 
1 ,49  1,3 
1 , 6 5  1,0 
0,8~ 3,1 
0,85 2,7 
1,44  1,9 
2,04 0,1 

In the proposed  scheme the f i r s t  p roce s s  is protonat ion of the ni t rogen of the n i t r i l e  group. Judging f rom 
the molecu la r  models ,  in cat ion III and in s t a r t i ng  n i t ro son i t r i l e  I the dis tance between the e l e c t r o n - s u r p l u s  
oxygen atom and the e lec t roph i l i c  carbon  atom of the n i t r i l e  group in one of the conformat ions  is ve ry  sma l l ,  on 
the o r d e r  of 1.6/~.* This makes  it poss ib le  to a s sume  a fas t  r eac t ion  between these a toms to give a new C - O  
covalent  bond of the type involved in the format ion  of imino e s t e r s  in ac idic  media - as a r e su l t ,  cyc l ic  imino 
e s t e r  d iazota te  IV is obtained.  This r ing is a t au tomer  of sydnoneimine cat ion II of the type involved in i m i n e -  
amine t a u t o m e r i s m ,  and sydnoneimine base  V can, in p r inc ip le ,  t he re fo re  be formed with detachment  of a proton 
f rom the C 4 atom. Protonat ion  of the highly act ive imino group in the sydnoneimine base  cannot de te rmine  the 
r eac t ion  r a t e  as a whole, s ince  this  p r o c e s s  takes place i m m e a s u r a b l y  more  rap id ly  than cycl iza t ion ,  and one 
would observe  a r eac t i on  that  is f i r s t - o r d e r  in protons  in this  case .  Detachment  of a proton f rom the C 4 atom 
evident ly  p roceeds  e x t r e m e l y  s lowly,  and the p ro to t rop ic  i somer i za t i on  of imino e s t e r  IV to base  V is ca ta lyzed  
by acid:  imino e s t e r  IV adds a proton to the imino group, and in dication VI the proton is detached subs tan t ia l ly  
more  rap id ly  f rom the C 4 atom. One can then explain the s e c o n d - o r d e r  in protons in the invest igated in terva l ,  
which a t t e s t s  to tbe acce l e r a t i ng  pa r t i c ipa t ion  of two protons in equi l ibr ium pro to t rop ic  p r o c e s s e s  that p recede  
the s tep that  de t e rmines  the r eac t ion  r a t e  as a whole. Thus the r a t e - d e t e r m i n i n g  step is detachment  of a proton 
f rom the C 4 atom of dicat ion VI. 

One should immed ia t e ly  note that  a l l  of the in t e rmed ia te  p r o c e s s e s  between n i t r o s o n ' t r i l e  I and sydnoneimine 
cat ion II should be equi l ib r ium p r o c e s s e s ,  for o therwise  the p r inc ip le  of mic roscop ic  r e v e r s i b i l i t y  would be 
v io la ted .  

The proposed  scheme is in ag reemen t  with the expe r imen ta l  data.  It is apparent  f rom the scheme that the 
r a t e - d e t e r m i n i n g  s tep (krd s) is r e l a t ed  to the observed  reac t ion  r a t e  (k 0 by the equation 

k l =k rds'[H+]2" K,'K~'K3 (4) 

or 

Ig kt = l g  k rds - -  pK, - pK2-  pK3 + 2 lg [H+]. (4a) 

In addit ion to the fact that the r eac t ion  is s e c o n d - o r d e r  in pro tons ,  it follows from Eq. (4a) that the effect of 
s t r u c t u r a l  f ac to r s ,  t e m p e r a t u r e ,  solvent ,  e tc . ,  is an ove ra l l  effect and is made up of the effect not only on the 

* F o r  compar i son ,  the O1-C 5 bond length in the sydnone r ing  is 1.407 ,~ [8]. 
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s lowest  s tep (on krd s) but a lso  on the b a s i c i t i e s  of n i t ro son i t r i l e  I and imino e s t e r  IV, as well  as on the posi t ion 
of the equ i l ib r ium between products  III and IV. Consequently,  the negative entropy factor  z A S = - 6 . 0  ca l /mole"  
deg cons t i tu tes  evidence for the de te rmin ing  effect of the negative change in the entropy of the r eac t ion  during 
equi l ib r ium convers ion  of the l inea r  molecule  of cat ion III to cycl ic  s t r u c t u r e  IV ; in a l l  l ikel ihood,  AS _-__ 0 for 
the other  p r o c e s s e s  in the scheme p resen ted  above. One 's  attention is drawn to the fact that the r a t e - d e t e r m i n -  
ing step is ,  in p r inc ip le ,  slowed down wheL~ the e l e c t r o n - d o n o r  p r ope r t i e s  of subst i tuent  R i nc r ea se ,  i .e . ,  p* lira > 
0, whereas  p*<0 is observed .  This may be poss ib l e  if Xp*i>0 and IXp*'~>~*limI for K1, K2, and K 3. In this case  
it is  c l e a r  for ba s i c i t y  constants  K 1 and K 3 that  P*I >0 and p ' u > 0 ;  a posi t ive  value is a lso  most  l ikely for the 
equ i l ib r ium between cation III and s t ruc tu r e  IV, s ince  the donor p r ope r t i e s  of R fac i l i t a te  the format ion  of imino 
e s t e r  IV with a pos i t ive  charge  on the n i t rogen atom adjacent  to R. Insofar  as s t e r i c  fac i l i t a t ion  of the r eac t ion  
as the volume of R i n c r e a s e s  is concerned ,  this  effect is evidently r e a l i z e d  at the cat ion I I I ~ i m i n o  e s t e r  IV 
s tage.  The addit ion of a subst i tuent  to the C~ atom fac i l i t a tes  de tachment  of a proton f rom the t e r t i a r y  C 4 atom 
in imino e s t e r  VI (the s t rength  of C acids  i n c r e a s e s  in the o rde r  p r i m a r y <  secondary  < t e r t i a r y  C atom), and, in 
addition, one wil l  obse rve  s t e r i c  fac i l i ta t ion  because  of "expansion" of the subst i tuent  on pass ing  f rom the 
t e t r agona l  sp 3 C 4 atom in imino e s t e r  VI to the p lanar  s p  2 C 4 atom in sydnoneimine cation II. 

The comple te ly  s a t i s f ac to ry  c o r r e l a t i o n  of tt~e loga r i thms  of the r a t e  constants  of the invest igated reac t ions  
with the Taft s t e r i c  constants  is worthy of at tention.  Not many reac t ions  of this so r t  have been desc r ibed  in the 
l i t e r a t u r e ,  and there  have not been any examples  at al l  until r ecen t ly  of a negative coeff ic ient  of E s. In con t ras t  
to the Taft inductive constants  (~*), the s t e r i c  constants  a r e  not un ive rsa l ,  and, as a ru le ,  s a t i s f ac to r i l y  de sc r ibe  
the s t e r i c  effects  only when these  effects a re  manifes ted in p r o c e s s e s  that a re  s i m i l a r  to the p r o c e s s  f rom which 
they a re  de te rmined :  the Es constants  a re  de te rmined  during acid hydro lys i s  of e s t e r s  (1RCOOC2H5) , and "com-  
p re s s ion"  of the subs t i tuents ,  which is a s soc ia ted  with t r ans i t ion  f rom the p lanar  sp 2 carbon to the t e t ragona l  
spJ -hybr id ized  carbon  atom, occurs  in the r a t e - d e t e r m i n i n g  s tep;  this  explains  the s t e r i c  hindering of hydro ly -  
s is  [9]. 

In conformi ty  with the proposed  scheme of the r eac t i on  under invest igat ion,  "expansion" of the subst i tuents  
at tached to the ni t rogen atom from the t e t r agona l  conf igurat ion in the n i t rosoamine  to the p lanar  configurat ion 
in the case  of the sp2-hybr id ized N 3 atom in the imino e s t e r  occurs  in the cyc l iza t ion  of n i t rosamine  III to imino 
e s t e r  IV, and we obse rve  s t e r i c  fac i l i t a t ion  of the reac t ion .  Thus the fact  of the s a t i s f ac to ry  desc r ip t ion  of the 
s t e r i c  effect in the r eac t ion  under cons ide ra t ion  may se rve  as an addit ional  conf i rmat ion  of the proposed  mech-  
anism.  

Bor isov  [10] has ca lcu la ted ,  by the CNDO/2 (complete neglect  of d i f fe ren t ia l  overlap) method, the s ta r t ing ,  
final,  and i n t e rmed ia t e  molecules  of the proposed  scheme and the to ta l  ene rg ies  of the molecules  [they a r e  
p resen ted  in the above scheme in t e r m s  of the symbol  AE (in e l ec t ron  volts)] as compared  with the energy of 
the sydnoneimine base ,  for which it was assumed  that AE-= 0. A c om pa r i s on  of the &E values  conf i rms  the ease  
of cyc l i za t ion  of cat ion III to imino e s t e r  IV; in this p r o c e s s  there  is a subs tant ia l  energy gain (+5.5 eV). The 
r e s u l t s  of ca lcu la t ion  of the i n t e rmed ia t e s  of a d i f ferent  cyc l iza t ion  pathway in which a proton is detached f rom 
the methylene group of cat ion III ( A E = - 9 . 9  eV) to give imino ketene VII (AE= 4.2 eV), which is protonated at the 
imino group,  and cat ion VII H- (AE'=-7 .7  eV) is cye l ized  to sydnoneimine cation II, shows that the re  is an energy 
loss in this  case .  However,  one cannot comple te ly  exclude the poss ib i l i ty  of an a l t e rna t ive  cyc l iza t ion  mecha-  
nism, s ince kinetic  fac tors  r a t h e r  than the rmodynamic  fac to rs  may p r e v a i l  in the p r o c e s s .  Thus quantum- 
chemica l  ca lcu la t ions  in genera l  provide  evidence in favor of the proposed scheme:  cyc l iza t ion  to imino e s t e r  
IV occurs  in i t ia l ly  and is followed by detachment  of a proton,  which is ca ta lyzed  by acids .  The r e v e r s i b i l i t y  of 
the proposed  scheme is conf i rmed by the expe r i m e n t a l  fact, p resen ted  in [10, 11], of opening of the r ing  of a 
dicat ion of the VI type when there  is no hydrogen in the o posi t ion in the r e su l t ing  n i t r i l e  of the I type.  The 
auti~ors have obse rved  that N - n i t r o s o - N - b e n z y l a m i n o a c r y l o n i t r i l e  IX p r e c i p i t a t e s  ve ry  rap id ly  when 3 -benzy l -  
4 -ch lo romethy l sydnone imine  hydrochlor ide  (VIII) is d isso lved  in water .  The mechanism of this  p r o c e s s  is in 
comple te  ag reemen t  with the r e v e r s i b l e  p r o c e s s  p resen ted  in the scheme for the r eac t ion  under cons idera t ion .  
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Carbonium ion X is formed during the dissociation of the chlorine atom in sydnoneimine VIII (as in sub- 
stitution react ions of the SN1 type). This carbonium ion can be represented in the form of limiting s t ruc ture  X, 
which is s imi lar  to the s t ruc ture  of dication VI; successive detachment of two protons leads to r ing opening to 
give IX. 

Considering the revers ib le  charac te r  of the cyclization and ring opening p rocesses  and knowing the con-  
stants of the equilibrium between n i t rosoni t r i le  I and sydnoneimine cation II [12], one can calculate the rate 
constants of the forward and r eve r s e  react ions in alkaline and acidic media. The calculation was performed in 
the case of compounds with an isopropyl substituent (Ic and IIc). Allowance was made for the fact that acid 
cyelization for Ic is accelerated as a function of the proton concentration in accordance with the equation, kl H+= 
0.095 CH+2 (1/min), alkaline r ing opening forh~c is .nccelerated in accordance with the equation [12] k_l OH- = 
1.6 �9 108 COH-2, and that [12] Keq/CH+ = k_ 1 /kl IV=  k_lOH-/kl  OH-= 3 .4 ,10 -8. 

It follows from these data that r ing opening of IIc should proceed very slowly in acidic media via an acid 
catalysis  mechanism k-1H+= 3 .3 .10  -9 rain -1 and even more slowly via an alkaline catalysis  mechanism k_~ OH-= 
1.6 �9 10 -20 rain -1. The cyclizat ion also proceeds analogously in alkaline media, and in this case alkaline catalysis  
is considerably more effective than acid cata lys is :  k-1 OH-= 3 .10  -4 rain -1, and ki H+ 18-10 -20 rain -1. 

N-1-Adamantyl  (Ij) and N- l -adamanty lmethy l  (Ik) derivatives were among the compounds whose ra tes  of 
formation were measured.  The s ter ic  constants were not measured for these substituents. It may be assumed 
that the 1-adamantyl  substituent, as a f ramework sys tem with a quaternary carbon atom at the addition site, is 
an extremely bulky substituent and will substantially acce lera te  cyclization in conformity with Eq. (3). In fact, 
the 1-adamantyl  derivative (Ij) is cyclized much more  rapidly than the investigated compounds (Table 2). P r o -  
ceeding from the k 1 value and using the o* value for the ter t -butyl  group (o* =-0 .30)  as the inductive constant, 
we calculated the s ter ic  constant for the 1-adamantyl  group (Es c =-1 .7)  from Eq. (3). This value was found to 
be la rger  in absolute magnitude than the value obtained for the cyclohexyl group (EsC =-1 .4 )  but less than the 
s ter ic  constant of the ter t -butyl  group (EsC=-2.2) .  The latter is possibly associated with the absence of free 
rotation of the individual atoms and groups of atoms of adamantane. 

The fact that the introduction of a methylene gTOUp between the adamantyl group and the nitrogen atom in 
ni t rosoni tr i le  Ik reduced the cycl izat ion rate by a fac tor  greater  than 100 was surpris ing.  Judging from the 
molecular  models,  in the 1-adamantylmethyl  derivative free rotation about the C - N  3 bond becomes possible 
after cyclizat ion of Ik to cation Wk. The most advantageous conformation with a l inear orientation of the C - N  3-  
C a bonds is forbidden because of considerable overlap of the van der Waals radii  of the hydrogen atoms of the 
methylene group of the r ing C 4 atom and the adamantyl methyl substituent. Overlapping of this sor t  is not ob- 
served in the case of the N- l - adamanty l  derivative.  This s ter ic  hindrance evidently shifts the equilibrium 
between products III and IV to favor product IIIk and reduces  the K 2 value; judging from Eq. (4), this should lead 
to a proport ional  decrease  in the observed k 1 ra te  constant. 

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

The N-substituted N-ni t rosoaminoaeetoni t r i les  in aqueous solutions have an intense absorption band at 
235-240 nm, and the final product of sydnoneiminecations IIa-m absorbs at 295-300 nm. The kinetics of the 
cyclization were studied in 0.25-1.2 N aqueous hydrochloric and sulfuric acid solutions at 30 ~ in thermostated 
cuvettes.  The concentrat ion of the s tar t ing compounds was 1 �9 10 -4 mole/l i ter .  The rate constants were ca lcu-  
lated from the decrease  in the concentrat ion of Ia-f:  

2,303 lg (DJ--D,~+J) (1) kl 
/n+l--tn 

and from the appearance of final products IIa-f  

2,303[1g (D~ I I -  D~ n) -- lg (D~n--D,~+I I~) (2) 
tn+~--t. 

where Dn I, Dn+ l IsDn II, and Dn+ 111 are the instantaneous optical densities of N-ni t rosoni t r i les  Ia-f  and sydnon- 
eimine cations I Ia - f  at t imes tn and tn+ l; D~ II is the final optical density of sydnoneimine cation II. 

N-Nitrosoaminoaeetoni t r i les  Ia- i , l ,m were obtained by the method in [13] and corresponded to the indicated 
paramete rs .  Compounds Ij and Ik were kindly provided by Z. A. Olovyanisbnikova; they were charac ter ized  by 
e lementary  analysis and their  ]1~, UV, and PMR spectra.  

The study was car r ied  out with a Shimadzu MPS-50L spectrophotometer .  
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R E A C T I O N  OF 4 H - 1 , 3 - B E N Z O X A Z I N E - 4 - O N I U M  S A L T S  

W I T H  C - N U C L E O P H I L I C  A R O M A T I C  C O M P O U N D S  

G. N. D o r o f e e n k o ,  O. Yu. Ryabukhina ,  
V. V. M e z h e r i t s k i i ,  and Yu. I. Ryabukhin 

UDC 547.867.2.07 

A method is proposed for the synthesis of 2-(4-dialkylaminopheayl)-2,3-dihydro-4H-1,3-benzoxazin- 
4-ones and diindolylcyaninemethanes by reaction of 4H-l,3-benzoxazin-4-onium salts with N,N- 
dialkylanilines and indole. 

It follows from the resul ts  of a quantum-mechanical  calculation of the oxazieium cation* that the positive 
charge in salts I is localized on the C(2), C(0 , atnd C(~) atoms of the heteroriP.g and that the highest charge is 
concentrated on the meso-carbon  atom. According to the calculation, attack by nucleophilic reagents  should be 
directed to the 2 position of the heteroring;  this is actually observed in the reactions of benzoxazinonium salts 
with activated homo- and heteroaromatie  compounds. 

It has been shown that, depending on the conditions, benzoxazinonium salts react  with dialkylanilines in 
different ways. For  example, dimethylaniline reac ts  Iike a te r t ia ry  amine at room temperature ,  and equilibrium 
I~.~III, which, however, is shifted to the left when the mixture is refluxed, since under these conditions dimethyl- 
anilines acts as a C-nucleophilic arylating agent, is established in the react ion mixture as a consequence of this. 
The previously unknown 2-(4-dialkylaminophenyl)-2,3-dihydro-4H-1,3-benzoxazin-4-ones (IIa-f, see Table 1) 
were obtained by this method by refluxing 4H-1,3-benzoxazin-4-onium perc ' , lora tes  (I) [1] with N,N-dialkylani-  
line in acetic acid or nitromethane. The dihydrobenzoxazinone salts formed in some eases  can be isolated. 

* The quantum-mechanical calculation was performed by V. I. Minkin and R. M. Minyaev. 
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