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The 6 (C 13) values  of the r ing ca rbon  a toms for  the C~3-NMR spec t r a  of 3 -methylsydnone  and 
3-methy lsydnone imine ,  desc r ibed  for  the f i r s t  t ime,  a re  compa red  with the va lues  calcula ted 
by the K a r p l u s - P o p l e  method.  The in te r re la t ionsh ip  between the 6(C 13) values  of conjugated 
ca rbocyc le s ,  he te rocyc les ,  a lkenes ,  and a number  of carbonyl -conta in ing  compounds and the 
effect ive cha rges  of the cor responding  carbon a toms  calcula ted  by the comple te  neglect  of 
d i f ferent ia l  over lap  (CNDO/2) method is analyzed thoroughly.  

In a continuation of our study of the in te r re la t ionsh ip  between the e lec t ron ic  s t ruc tu re  and phys ico-  
chemica l  p r o p e r t i e s  of sydnones and sydnoneimines  [1] we have for  the f i r s t  t ime obtained the C13-NMR 
s p e c t r a  of aqueous solutions of 3-methylsydnone  (I) and 3-methy lsydnone imine  hydrochlor ide  (II). The C 13- 
NMR s p e c t r a  of I and II under pro ton-decoupl ing  conditions cons i s t  of a se t  of t h ree  s ignals ,  the a s s ignmen t  
of which to the cor responding  carbon a toms is unambiguous (Table 1). 

CH3~N ~ 

I R=O; II R=NH+CF 

The diamagnetie Cad) and paramagnetic (ap) eomponents of the ehemieal shifts of I and II calculated by 
the Karplus-Pople method [2, 3] from the formhlas presented in [4], in which AEav = 10 eV and the Ppu 
values were obtained for the 3-methylsydnone and 3-methylsydnoneimine cation by the CNDO/2 (complete 
neglect of differential overlap) method [5], are presented in Table 1.* The calculations, inagreement with 
the exper imen ta l  r esu l t s ,  indicate a shif t  to weak field of the 6(C 13) signal of the C 4 a tom of the sydnoneimine 
cation with r e s p e c t  to the signal of the C 4 a tom of sydnone. The calculated chemica l  shifts  of the s ignals  of 
the C 4 a toms with r e s p e c t  to C 5 for  I and II (65 and 61 ppm) a re  also in a g r e e m e n t  with the exper imen ta l  
values  within the l imi ts  of the s tandard  deviation (A6 15 ppm) usually obtained for  cor re la t ions  ca lcula ted  
by s e m i e m p i r i c a l  me thods  and the exper imen ta l  A6(C 13) values  [4, 7, 8]. 

The chemica l  shifts of the C 13 nuclei of a l a rge  group of organic  compounds (including f ive-  and s ix -  
m e m b e r e d  ca rbo -  and he te rocyc les ,  the i r  ionized fo rms ,  subst i tuted benzenes ,  ethylene,  allene,  and a 
number  of carbonyl -conta in ing  compounds) a re  compa red  with the effect ive cha rges  (Aqeff) of the c o r r e -  
sponding carbon a toms calcula ted by the CNDO/2 method in Fig. 1. The expe r imen ta l  and calculated 
va lues  were  taken f rom [4, 7-15] or  were  ca lcula ted  by the CNDO/2 method.  For  compounds that do not 
contain carbonyl  groups the signal  as a whole is shifted to low field as the pos i t ive  value of Aqeff i n c r e a s e s .  
The C 4 a toms in der iva t ives  I and II, which have the highest  negat ive effect ive cha rges  of all  of the examined  
he te rocyc les ,  a re  cha r ac t e r i z ed  by the g r e a t e s t  shif ts  of the 5(C 13) s ignals  to s t rong  field. In con t ras t  to 
the points for  the C~ a toms,  the points for  the C 5 a toms of I and II deviate somewhat  f r o m  the co r re l a t ion  

*The geome t ry  of 3-methylsydnone was e s t ima ted  f r o m  the data in [6], and the C s - N  6 bond length in II 
was inc reased  to 1.39 ,~. 
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Dependence of the 6(C ~3) values of s ix-membered (O) and 
f ive-membered (O).eonjugated carbo- and heteroeyeles ,  their  ion- 
ized forms (@), a number of carbonyl-containing compounds, ethyl- 
ene, and alIene on the effective charges of the corresponding carbon 
atoms calculated by the CNDO/2 method. The data for the carbon 
atoms adjacent to the substituents in substituted benzenes are de- 
noted by (~), and the data for I and II are denoted by ((9), The as- 
signments,  are as follows (the generally accepted number of the 
corresponding atoms of the examined systems are presented in 
parentheses):  1) benzene; 2) toluene (1); 3) toluene (3); 4) toluene 
(4); 5) chlorobenzene {1); 6) chlorobenzene (2); 7) chtorobenzene (3); 
8) chlorobenzene (4); 9) fluorobenzene (1); 10) fluorobenzene (2); 11) 
fluorobenzene (3); 12) fluorobenzene (4); 13) anisole (1); 14) anisole 
(2); 15) anisole (3); 16) anisole (4); 17) aniline (1); 18) aniline (2); 19) 
aniline (3); 20) aniline (4); 21) nitrobenzene (1); 22) nitrobenzene (2); 
23) nitrobenzene (3); 24) nitrobenzene (4); 25) benzonitrile (1); 26) 
tr if luoromethylbenzene (1); 27) phenol (1); 28) pyrrole  (2); 29) 
pyrrole  (3); 30) furan (2); 31) furan (3); 32) imidazole (2); 33) imi-  
dazole (4,5); 34) imidazole cation (2); 35) imidazote cation (4, 5); 
36) imidazole anion (2); 37) imidazole anion (4, 5); 38) pyrazole (3); 
39) pyrazole (4); 40) pyrazole cation (3, 5); 41) pyrazole cation (4); 
42) pyrazole anion (3, 5); 43) pyrazole anion (4); 44) pyridine (2); 
45) pyridine (3); 46) pyridine (4); 47) pyrazine (2, 3, 5, 6); 48) py- 
ridazine (3, 6); 49) pyridazine (4, 5); 50) pyrimidine (2); 51) pyrimidine 
(4, 6); 52) pyrimidine (5); 53) tr iazine; 54) tetrazine;  55) indenyl anion 
(1, 3); 56) indeny ! anion (2); 57) indenyl anion (4); 58) indenyl anion(5); 
59) indenyl anion (8); 60) purine (2); 61") purine (4);.62) purine (5); 63) 
purine (6); 64) purine (8); 65) purine anion (2); 66) purine anion (4); 
67) purine anion (6); 68) quinoline (2); 69) quinoline (3); 70 quinoline 
(4); 71) quinoline (9, 10); 72) isoquinoline (1); 73) isoquinoline (3); 74) 
isoquinoline (4); 75) quinazoline (2); 76) quinazoline (4); 77) quinazoline 
(9); 78) quinoxaline (2, 3); 79) quinoxaline (9, 10); 80) benzimidazole 
(4, 7); 81) benzimidazole (5, 6); 82) benzimidazole (8, 9); 83) benzimi- 
dazole anion (2); 84) benzimidazole anion (4, 7); 85) benzimidazole 
anion (5, 6); 86) benzimidazole anion (8, 9); 87) cyclopentadienyl anion; 
88) 2-pyridone (2); 89) 2-pyridone (3); 90) 2-pyridone (4); 91) 2-pyridone 
(5); 92) 1-methyl-3-pyridone (3); 93) 4-pyridone (2); 95) 4-pyridone (4); 

of the calculated and experimental  A6(C 13) values found in [4]. In the lat ter  case the disregard of overlap 
of the AO in the calculations of the A5 values may b e a possible reason for the deviation [11]. However, the 
realizat ion of a joint correlat ion of 6(C 13) and Aqef f (C) for the carbon atoms adjacent to H or X (in C6HsX) 
and also of the carbon atoms of the C = R groups in I and II and of the C ----- O groups in the pyridones is 
not obligatory, inasmuch as the change in the local charges of the carbon atoms of the carbonyl groups 
does not determine the chemical shifts of the nuclei of these atoms, in contras t  to the Aqeff (C) changes 
in the indicated cyclic conjugated sys tems.  This follows f rom the fact that in acyciic carbonyl-containing 

916 



TABLE 1. Calcula ted and Exper imen ta l  C h a r a c t e r i s t i c s  of the C 13- 
NMR Spec t ra  of 3-Metylsydnone  (I) and 3-Methylsydnoneimine  Hy-  
drochlor ide  (II) 

Atom 

II 

C4 
Cs 
C7 
C4 
Cs 
Cv 

~d 

58.93 
54..6.5 

58.41 
55.00 

Erp 

- 247.68 
-308,A6 

- 254.16 
-312.1'7 

r 

- 188,75 
--253.81 

--1,95.76 
--~57.17 

6 (CiO, ppm 
(from TMS) 

97,3 
170,,4 
4,0,1 

104.5 
t70.1 
49,8 

molecu les  the shif t  of the signal  to weak field i nc rea se s  as the pos i t ive  Aqe ff va lues  dec rease ,  whereas ,  for  
example ,  the values  that  c h a r a c t e r i z e  the carbon a toms of ethylene,  al lene,  and the CH 2 group of ketene 
[6(C 13) 126 ppm f r o m  C6H ~ [13] and A q e f f -  0.28 au] in coordinates  of S(C 13) and Aqef f lie on a s epa ra t e  c o r -  
re la t ion  line, the slope of which co r r e sponds  to the shif t  of  the 6(C 13) s ignals  to s t rong  field as the e l ec t ron  
density on the a tom i n c r e a s e s .  

Our obse rved  analogy in the C 13- NMR s p e c t r a  of 3 -methylsydnone  and 3-methy lsydnone imine  hydro-  
chlor ide is yet  another  indication of the val idi ty  of the exist ing concepts  [16] r ega rd ing  the s t ruc tu re  of 
the cat ion in sydnoneimine sa l t s .  The p roposed  s t ruc tu re  of the cation is also conf i rmed  by the p r e s e n c e  
in the PMR s p e c t r u m  of a f r e sh ly  p r e p a r e d  solution of II in D20 of a b roadened  (due to H - D  exchange) 
signal  [5 H 7.9 ppm f rom t e t r ame thy l s i l ane  (TMS}] cor responding  to the NH + group.  Signals of this so r t  
were  p rev ious ly  identified [17] for beta ine  3-hydroxysydnoneimines  (6 H 7.1-7.8 ppm).  

E X P E R I M E N T A L  M E T H O D  

The m e a s u r e m e n t s  were  made with XI-100 (with an opera t ing  f requency of 25.2 MHz) and PFT-1 0 0  
(25.15 MHz} s p e c t r o m e t e r s  under  F ou r i e r  t r ans fo rma t ion  conditions with suppress ion  of the s p i n -  spin 
coupling of the C Is nuclei and the protons  at 40 ~ The concent ra t ions  of I and II in H20 and D20 were  - 30~. 
Ampuls  with outer  d i ame te r s  of 5 and 8 m m  were  used to r e c o r d  the spec t r a .  The chemical  shif ts  m e a s u r e d  
with r e s p e c t  to the in ternal  s tandard  (dioxane) were  conver ted  with r e s p e c t  to TMS or  benezene.  The width 
of the pulses  was 9 ]~sec, and the in terva l  between the pu l ses  was 20 sec  at 100-fold accumulat ion.  
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