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Approximate corre la t ions  of the interatomic distances,  dipole moments ,  IR spec t ra l  f r e -  
quencies, and polarographic reduction potentials of sydnones and sydnonimines with the 
quantum-chemical  cha rac te r i s t i c s  of these molecules ,  calculated by the Hiickel method 
with four variants  of pa rame te r s  obtained f rom the P a r i s e r - P a r r - P o p l e  method, were 
found. 

In [1], the electronic s t ruc ture  indexes of 23 substituted sydnones (I) and sydnonimines (II) were ca l -  
culated by the Hfickel method with two variants  of pa rame te r s  obtained f rom the P a r i s e r - P a r r - P o p l e  
method (PPP). In this paper,  we present  a compar ison  of these 4ndexes with experimental  data on the in te r -  
atomic dis tances ,  dipole moments ,  polarographic  reduction potentials,  and IR spec t ra .  

R \ ~ t _ . . _ . c / R '  I R" = o 
• ~ , R" =:~" n,,~,, \R" 

Intera tomic Distances .  The following express ions  were obtained in [2] on the basis of Badger ' s  rule, 
which re la tes  the bond lengths with the force constants:  

/c_c = 1.510--0:198 pc-c. 

IC-N = 1.458-- 0.175 pC-N. 

/c-o = 1.394--0:174 pC-O. 

IN_N = 1.414--0.181 pN-N. 

/N_O = 1.318--0.138 p~-o �9 

(1) 

(2) 

(3) 

(4) 

(5) 

where l is the interatomic distance in angs t roms,  and P is the v-bond order .  

The most  accurate  data on the interatomic distances in the sydnone r ing a re  known for 4 ,4 ' -d ich lo ro -  
3 ,3 ' -e thylenebissydnone [3]. In Table 1 they are  compared  with the values calculated by means of Eqs.  (1)- 
(5) f rom the sydnone ring bond o rders  computed by the H~ickel method with various pa rame te r  var iants ,  

It is apparent  that all of the var iants  for calculation of the v -e lec t ron  shell of unsubstituted sydnone 
by the HiJckel method lead to interatomic distances whose mean-square  deviation f rom the experimental  

o 

values is approximately constant  and appreciably exceeds ' the  experimental  e r r o r  of 0.005 A. Moreover ,  
sa t i s fac tory  corre la t ion between the calculated and experimental  values is observed for the N(2)-N($,  
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T A B L E  1. Lengths (lrs, A) and Orders (Prs) of Sydnone Ring Bonds 

,N.r 
! 6 

Computational method 

Exptl. inmrammic distances in 
4,4'-dichloro- 3,3 '- diethyl- [ 
enebissydnone I 

Hh ckel method, 
Orgel parameters [4] 

1 - - 2  

lrs t ,389 

Prs 3,258 
lrs 1,282 

Bonds 

2 - - 3  3 - - 4  4 - - 5  

t,313 t,344 {.t,395 

i 
i 

),532 0,696 0,469 
[,3t8 i,336!t,417 

"i 

5 - - 6  

1,215 

0,589 
t,292 

Mean-sq. 
deviafior 

t,407 I 
I 

i 
: i 
0,483 ! 
t,3i4 i 0,064 

L 
Hiickel method, 

Pullman parameters [5] 

w Method [6] 

Htickel method, 
variant A [1] 

H tickel method, 
variant B [1] 

Prs 
Its 

Prs 
lrs 

Prs 
Ir s 

Prs 
lrs 

3,360 
t , t 8 6  

0,222 
t,287 [ 
0,185 
t,293 
0,173 
t,294 

),749 
t,279 
3,569 
i,3tt 
3,560 
i,313 
0,640 
t ,298 

0,507 ! 0,532 
t,369 ~ t,405 
0,503 0,660 
1,370 i t,379 
0,648 ! 0,418 
t,345 1,427 i'1,254 il,355 
0,672 i 0,405 i 0,778 ' 0,280 
t,340]t,4301t,259 1,345 

0,733 ! 0,33i I 
i,267 ! 1,337 I 0,063 

0,635 ~i 0,23t ! 
1,284it,35~ i o,o55 
0,806 j 0,225 i 

0,048 

0,05t 

T A B L E  2. 

Computational me~hod 

Huckel method: 
Orgel parameters [4] 
Pullman paramem_zs [5] 
w Method [6] 
Variant A [1] 
Variant B [1] 

Del Re method [7] 

Atomic Charges and Dipole Moment of the Sydnone Ring 

,j N . - - - ~  4 

' A  o '~N~ 

~exp = 7.3 D (for 3-me~hylsydnonr 

Effective atomic charges,' (qi) 

0,2t7 !--0,430 0,566 [ 0,113 0,243 --0,709 
0,200 --0,t05 0,660 [---0,382 0,160 --0,533 
0,080 --0,tt9 0,42t 0 ,044 0,100 --0,530 
0,087 --0,389 0,549 --0,065 0,26i --0,440 

[ 0,092 --0,420 0,739 --0,238 0,347 l --0,529! 

- ~ 0  I 
I 

Variant A [1], I 
Del P~ method [7] I 0,227 

Variant B [1], 
])el Re method [7] [ 0,232 

ZDO/2 [8] t --0,i7t 

q ~  

o,3,71-o,4781 0,,81 

--0,072 0,071 O,ii6 

--0,t03 0,261 --0,057 

p~D* 

7,4 
7,9 
6,8 
4,9 
6,0 
Pa 

0,347 I-o,5o,1 3,3 

Pn+Pa 
! 

0,608 / --0,950 6,7 
/ 

0,694 / --1,030 | 8,t 

-0,049 0,,521-0,,65 o,4o51-o,3661 6,8 

* The  i n t e r a t o m i c  d i s t a n c e s  and ang les  be tween  the  bonds  in the 4 , 4 ' -  
d i c h l o r o - 3 , 3 ' - e t h y l e n e b i s s y d n o n e  m o l e c u l e  [3] w e r e  u s e d  in the c a l c u -  
l a t ions  of the dipole  m o m e n t .  

N 0 ) - C  0) '  and C 0 ) - C  (5) bonds .  T h e r e  is  c o n s i d e r a b l y  p o o r e r  c o r r e l a t i o n  for  the C (@-O(@, C ( 5 ) - 0 ( 0 ,  and, 
e s p e c i a l l y ,  the O(1 ) - N  (2) bonds .  

Dipole  M o m e n t s .  The  ~ - e l e c t r o n  c h a r g e s  of the r i ng  a t o m s ,  c a l c u l a t e d  under  the approxin~at ion ind i -  
c a t ed  above ,  a r e  p r e s e n t e d  in Tab l e  2. In o r d e r  to s o m e h o w  take into account  the e f fec t  of the o- ske le ton ,  
in ca l cu l a t i ng  the  dipole  m o m e n t  within the f r a m e w o r k  of the Htickel  me thod  we u s e d  the ~ c h a r g e s  of the 
sydnone  r ing  a t o m s  tha t  w e r e  c a l c u l a t e d  in [7] by  the Del  Re m e t h o d .  The  dipole  m o m e n t  of the ~ ske le ton  
c a l c u l a t e d  us ing  th is  a p p r o x i m a t i o n  is  of c o n s i d e r a b l e  magn i tude .  It  i s  a p p a r e n t  f r o m  Tab le  2 tha t  c a l c u l a -  
t ions  m a d e  with  the  p a r a m e t e r s  f r o m  the P P P  me thod  [1] p r e d i c t  the lowes t  va lue  of the  dipole  m o m e n t  of 
the 7r c h a r g e s .  The  o v e r a l l  d ipole  m o m e n t s  (~ + ~)  of the  c h a r g e s  in both  v a r i a n t s  A and B a r e  in c o m p l e t e -  
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Fig .  1. Dependence of the VCO frequencies  
of the exocycl ic  ca rbonyl  group of sydnones 
(o) and the carbonyl  groups of subst i tuents  
in subst i tuted sydnones and syduonimines 
C)) on the ca lcula ted  C -~O bond o rde r s  for  
computat ional  va r ian t  A ~he p ic ture  is s i m -  
i l a r  for  va r ian t  B). The symbols  co r r e spond  
to those  in Table  3. 

- [ ~ ,  V 

1,6 

77~17 5 

/',o 
I I 0.1S" 0,22 0,~8 0:34 -m~.~,.,3 

Fig.  2. Dependence of the po la rographic  r e -  
duction potent ia ls  of subst i tuted sydnones (o) 
and sydnonimines  ((~) on the ca lcula ted  LVMO 
ene rg ie s  for  var ian t  A. (The p ic ture  is s i m -  
i l a r  for  var ian t  B.) The symbols  c o r r e s p o n d  
to those  in Table  3. 

ly s a t i s f ac to ry  ag reemen t  with the exper imenta l  value.  
For  compar i son ,  Table  2 also contains data f rom the ca l -  
culation of the sydnone molecule  by the ZDO/2  (zero dif-  
fe rent ia l  overlap)  method,  in which all of the valence  
e lec t rons  a re  cons idered  within the approximat ion of 
ze ro  di f ferent ia l  over lap ,  allowing for the atomic dipoles,  
which include the moment s  of the p e lec t ron  pa i r s .  

It  follows f r o m  Table  2 that  the dis t r ibut ions  of the 
total  (v + ~) charges  in the sydnone r ing,  ca lcula ted  by  
the s imple  method and the ZDO/2  method,  a r e  c lose ,  and 
the g r e a t e s t  overa l l  (~ + or) posi t ive cha rge  in the sydnone 
r ing is local ized on the C (5) atom, and the g rea t e s t  total  
negat ive  charge  is local ized on the O (6) a tom.  The 
cha rges  of the O0) , N(2), N(3), and C (4) a toms a re  lower  
in absolute value than the cha rges  of the C(5 ) and 0(6 ) 
a toms ,  and a pos i t ive  cha rge  is found on the N (3) a tom.  
A negat ive  charge  is found on the N (2) a tom,  while the 
signs of the (~ + ~) cha rges  of the O(l ) and C (4) a toms 
change as a function of the computat ional  method and 
p a r a m e t e r s .  We note that in [9] the values of the total  
(~ + or) cha rges  on adjacent carbon a toms ,  calcula ted by 
the Hofman method,  were  con t ras ted  with the chemica l  
shif ts  of the hydrogen a toms of a l a rge  number  of f ive -  
m e m b e r e d  he t e rocyc l e s .  A smal l  (~0.1) total  posi t ive 
charge  on C (4) co r responded  to the point for  H(4 ) of syd-  
none that  l ies  sa t i s fac to r i ly  on the genera l  co r re la t ion  
l ine.  

IR Spec t ra .  In [12], in a compar i son  of the v c o  
f requencies  with the C = O  bond o r d e r s ,  ca lcula ted by the 
Htickel method with Pul lman p a r a m e t e r s ,  it was noted 
that  the points for  sydnones deviate  cons iderab ly  f rom 
the genera l  dependence toward the h ighe r - f r equency  side.  
A suff icient ly dis t inct  co r re la t ion  between the v C O f r e -  
quencies and the PCO bond o r d e r s  was found d i rec t ly  for  
five sydnones .  

The PCO bond o r d e r s  for  a n u m b e r  of syduones and 
N-acy lsydnonimines ,  calcula ted in [1] with the p a r a m e t e r s  
obtained f r o m  the P P P  method (Table 3, va r ian t  A), a r e  
con t ra s t ed  in Fig.  1. The point for  benzaldehyde is p r e -  
sented a lso  for  compar i son .  We could not use  the data 

for he t e rocyc le s  with an exocycl ic  carbonyl  group because  of the absence  of data  ca lcula ted  with the s y s t e m  
of p a r a m e t e r s  adopted in [1]. It  follows f rom Fig.  I that  the PCO frequencies  for  the exocycl ic  carbonyl  
group of sydnones va ry  cons iderab ly ,  while the o r d e r s  of this bond change only sl ightly,  and these  values do 
not i n t e r c o r r e l a t e .  A s i m i l a r  r e su l t  was obtained in [1], in which it was shown that sydnones and sydnon- 
imines  a r e  weak conductors  of 1r-electron effects  f rom the 3 and 4 posi t ions to the 5 and 6 posi t ions;  i .e. ,  
the ca lcula ted  cha rges  of the C (5) and O (6) a toms and the o r d e r s  of the exocycl ic  C (5)- O (6) bond of sydnones 
I a r e  a lmos t  independent of the R and R '  subs t i tuents .  This  is in good ag reemen t  with the fact  that the e f -  
fect  of subst i tuents  in the 3 and 4 posi t ions  on the vCO frequency and intensi ty  (Aco) of the carbonyl  band 
is s a t i s f ac to r i l y  desc r ibed  by the ~ constants  of R and R '  [11]. According to the calcula ted data [1], the 
exocycl ic  carbonyl  group has  l a r g e r  PCO values than those for  the carbonyl  groups  in the subst i tuents ,  
which is in a g r e e m e n t  with the fact  that  the higher  vCO values co r r e spond  to the f o r m e r  in the IR sp ec t r a  
(Fig. 1). 

Po la rog raph ic  Reduct ion.  In [12], the po la rographic  reduct ion potent ials  (El/2)of sydnones,  sydnon-  

imines ,  and sydnonimine cat ions (R " =  ~ H R " )  were  compa red  wi th  the energ ies  of the lower vacan t  molecu-  
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la r  orbi tals  (LVMO) calculated with the Pullman p a r a m e t e r s . *  The mechanisms of the polarographic  r e -  
duction of the indicated compounds have much in common, and we the re fo re  had a r ight to expect  that the 
El /2potent ia ls  of the la t ter  can be descr ibed  in the form of a single cor re la t ion  scheme.  However,  it was 
found that in calculations with the Pullman p a r am e te r s  the points for  the sydnonimines and par t icu la r ly  the 
sydnonimine cations deviate appreciably f rom the s t ra ight  line for  sydnones toward the lower Et/2 side.  In 
this study, the LVMO energies  calculated in [1] were  cont ras ted  with the la t te r .  The points for  the sydnones 
and sydnonimines lie on the genera l  cor re la t ion  line (Fig. 2), the slope of which cor responds  to fleff = 4.1 
eV (variant A in [1]) and 5.1 eV (variant B). Let  us r eca l l  that in [1], fl = 4.17 eV cor responded  to variant  
A, and fl = 4.90 eV corresponded to var iant  B. The point for  the sydnonimine cation diverges ,  since com-  
putation with the pa r ame te r s  f rom the P P P  method predic ts  an LVMO energy  for it that is too low. 

Thus we have shown in this paper  that the calculations of sydnones and sydnonimines by the H(ickel 
method with pa rame te r s  obtained f rom the P P P  method make it possible to c o r r e c t l y  descr ibe  the changes 
as a function of the s t ruc tu re  and polarographic  reduction potential of sydnones and sydnonimines,  as well 
as the dipole moment  of sydnone (with allowance for  the a - ske l e ton  charges  calculated by the Del Re 
method).  It was shown that the C and O atoms of the exocyclic carbonyl  group of sydnones are  c a r r i e r s  of 
la rge  posit ive and negative (~ + (r) charges  at high o rde r s  of the exocycl ic  C ~ O  bond in sydnones,  which 
is in good agreement  with concepts regarding the high degree  of double bond cha rac t e r  and polar i ty  of this 
bond [15, 23, 24]. 
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