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Abstract-“N NMR spectra indicate that the sydnones, their hydrochlorides, the N-acetylsydnonimines, their 
hydrochlorides and the sydnonimine hydrochlorides studied exist as such in solution. The sydnonimines themselves 
are involved in a more complicated equilibrium; neutral solutions contain only the corresponding isomeric 
alkyl-cyanomethyl-nitrosoamine molecules which upon acidification are turned into cyclic cations, representing 
true sydnonimine structure, protonated at the exocyclic N atom. 

Sydnones and sydnonimines are thought of as hetaine 
type ring structures which are formally derived from 
5-alkoxy (or aryloxy)- and 5-alkylamino (or arylamino)- 
1,2,3-oxadiazoles as internal salts. 
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However there have been controversial spec- 
troscopic’2 and theoretical% data concerning their actual 
structure. It seems probable that nitrogen NMR will be 
useful in the structural determination of such molecules 
since a great deal of “N experimental data have already 
been accumulated on heterocyclic structures. 

RESIJLTSANDDISCUSION 

In order to determine the approximate ranges of 
nitrogen NMR signals in sydnonimine structures, the “N 
NMR spectrum of 3-methyl-N-acetylsydnonimine was 
measured (in acetone 1: 3 V/V) together with those for 
the same molecule labelled with 15N at N-3 (synthesis 
from CH,‘5NHI*HCI), N-2 (from Nar5N02), and N-6 
(from KC5N); respectively. This has led to an un- 
ambiguous assignment of the three signals which appear 
in the “N spectra of the unlabelled compound. 

H-4$-T$CH3 

CH,(CO)~-C, ,Nz 
-'o 

chemical shift 
from external “N signal 
nitromethane half-height 

nitrogen (ppm) width (Hz) 

N-2 +27*5 450 _’ 50 
N-3 +109-t] 46?4 
N-6 +205?8 500~50 

The assignment is based on the assumption that the 
structure is actually as shown above, which is demon- 
strated to be correct in the following argument. 

The “N NMR spectra (Table 1) of the sydnones, their 
hydrochlorides, the N-acetylsydnonimines, their hydro- 
chlorides and the sydnonimine hydrochlorides show 
sharp signals in the range t78 - + 108 ppm. 

These shifts indicate that they represent the “cationic” 
N atoms in the betaine type structures, as deduced from 
the following comparison 
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*I 

N ri 
c” ‘c c& ‘c 

&_J o-4, ,k 
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and 
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The chemical shift of N-3 in 1,2,3-oxadiazole was 
calculated from the shift for l$-oxazole’ and additivity 
rules for azoles9 

The so called B-effect, observed as a downfield shift in 
the series where R = Me, Et, i-Pr, t-Bu, indicates that the 
signal corresponds to the N-3 nitrogen atom. This is a 
general rule for N atoms which are directly bonded to 
alkyl groups.’ 

The relatively long quadrupolar relaxation times and 
the resulting rather narrow “N signals are also typical 
for N atoms which bear a formal positive charge, as is 
observed in nitroalkanes, azine N-oxides, azinium ions, 
isonitriles, etc.’ 

The proton resonance spectra provide additional sup- 
port for the cyclic structure. In the region of chemical 
shifts characteristic of aromatic structures, particularly 
that of N-methyl-3_oxypyridylbetaine, there is always a 

singlet and the presence of the N-CH, moiety is also 
evident from the three-proton signals with chemical 
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Table 1. Chemical shifts of N-3 nitrogen atoms in sydnones, sydnonimines and related structures 

NO. Compound 

(B-1 

Nitrogen chemical %zz=l 
half-height 

shIfta in ppn (21) width in Hz 

1 

2 

Sydnones L X - 0 I 

Me- 

Et- 

3 

4 

I-Pr- 

Pr- 

3 Bu- 

6 I-Bu- 

7 s-Bu- 

e t-Elu- 

9 oyolohexyl- 

IO Ph-CH2- 

II Ph- 

12 

13 

i4 

15 

16 

17 

i8 

p-C1-C6H4- 

p-Br-C6H4- 

p-N02'C6H4- 

3-pyridyl- 

Ph- # Br- at C-4 

Ph- J N02- at C-4 

Aoetylsydnonlmines 

(X- N-COCH, ) 

Me- 

i9 

20 

21 

22 

23 

Et- 

i-Pr- 

Pr- 

BU- 

Ph- 

+lOBb 24~2~ 

+97 b 29+2b 

+96a 106+4a 

+Z34b 35~2~ 

+9i3b 44+2b 

+97a 122~4~ 

+90 b 47~2~ 

+I01 d 58~2~ 

+99 
b 

38~2~ 

+97e 195L5e 

+87 b 36~2~ 

+86' i25~5' 

+7gc 2823' 

+R6 
b 43~2~ 

+96 
b 

5QL3b 

+98' 2822' 

+94* 43~2~ 

+looc 46+3° 

+900' 39+2- 

+102O 36+3= 

+io3c 3622' 

+loo" 92+4O 

+I01 
b 

Q4b 

+86 c 

+98b 

+98' 

+97tZb 

450~5oo 

46# 

500f50° 

65~3~ 

340~3G 

75t3O 

75t3b 

659' 

24o+zob 
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Table I. (ConkI) 

No. Compound 

(ito I 
Nitrogen chemical Signal 

half-height 
shIfta in ppm &) width in Hz 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

Sydnone hydroohlorldes 

(X-0 ; + HCl I 

Y6- +949 h 

Et- +Se*h 

I-&- +03+3h 

SydnonlmFne hydruohlorldee 

Lx-MH j +HCl) 

Me- +i06+2g 

Et- +95@ 

I-B- +87# 

Ph-C+ +94# 

Ph- +96_&g 

Acetylsydnonlmlne hydroohlorlcles 

( X - N-COCH3 ; + HCl ) 

Me- +104& 

Et- +9223g 

I-Pr- +a49g 

a - 011 shirts arc referred to external neat nltrometh3nc; 

posltlvo values correspond to upfleld shift;; b - in acetone 

Y:3 v/v; 0 - In acetone I :7 v/v; d - In ether I:3 v/v; 
e - neat; f - In ohloroform 1:7 v/v; g - In methanol I:3 v/v; 

h - In methanol i :7 v/v 

shifts very close to value (4.2 ppm downfield from TMS) 
observed for the OxypyridylbetaineP 

Thus, the NMR data show that the molecular structure 
in solution is as indicated above for the ,sydnones, their 
hydrochlorides, the N(6)-acetylsydnonimines, their 
hydrochlorides and the sydnonimine hydrochlorides. 

The proton spectra of the “N labelled compounds (in 
the position 2,3 or 6) of 3-methyl-tkacetyl-sydnonimines, 
their hydrochlorides and 3-methyl-sydnonimine hydro- 
chlorides indicate the following stereochemical cor- 
relations for the “N-‘H couplings (Table 2). 

(i) The site of protonation in the latter case is iden- 
tified by means of ‘J(“N-‘H) spin-spin coupling. The 
hydrochloride of 3-methyl-&‘JN-sydnonimine does not 
show any measureable coupling in a CLOD solution, but 
in CF,COOH a two-proton doublet was observed, spaced 
at ‘J(15N--‘H) = %.8 Hz. Thus, the cation contains an 
exocyclic NH2 group and this corresponds to protonation 
at N-6 of the sydnonimine ring. 

(ii) The ‘J(“N-‘H) coupling constants for syd- 
nonimine derivatives between the betaine-type “N and 
CH, protons lie in the region 2.1- 2.5 Hz and the coup- 
lings with the aromatic proton is between 4.2 and 5.5 Hz. 
These coupling constants show that the two-bond coup- 
ling is stronger across a &coordinate carbon atom as 
compared with that across the saturated C atom of the 
Me group. 

(iii) The 3J(‘5N-‘H) coupling constants for syd- 
nonimine derivatives between the azine-type N atom and 
the Me protons has values between 2.6 and 3.1 Hz. The 
‘J(“N-‘H) interaction with the aromatic proton is un- 
detectable. It is interesting lo note that formally the same 
effects of geometry are found in some N-nitrosoamine 
derivatives.” 

L undetectable -I 

l- undetectable J 

(iv) The ‘J(“N-‘H) coupling constants for N-(6)- 
acetylsydnonimine derivatives between the amide-type 
N atom and the acetyl protons lie in the range 1.4 - 
1.9Hz, but the coupling to the aromatic proton is un- 
detectable. 
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Table 2. 15N-‘H Spin-spin coupling constants in 15N labelled sydnonimine structures 

i5ki label Compound Solvent J('5N-'H) in Hz (2 0.1) 
sites LX-1 

15N-3 

NCOCB, 

NCOCH, + HCl 

NH + HCl 

$5piG 

KOCH3 

NCOCH, + HCl 

NH + BCl 

‘5N-6 

NCOCH3 

N&XII3 + HCl 

NH + HC1 

CXlj 

CD30D 

CF3COOH 

CD30D 

CP3COOH 

CDC13 

CD30D 

CF3COOH 

CD30D 

CF,COOH 

CDCl, 

CD30D 

CF3COOH 

2J(N-CH3) 

2.1 

2.4 

2.3 

2.J 

2.5 

3J(~-cH,I 

246 

3.1 

3.0 

2.9 

2e9 

35 (N-H-A0 I 

t.9 

i.4 

t.6 

'J(N-H) 

2J~N+l-aromatlo) 

5.5 

4.6 

4.8 

4.2 

4.3 

3J (N-H-aromatlo) 

oa. 0 

oa. 0 

oa. 0 

oa. 0 

oa. 0 

oa. 0 

oa. 0 

oa. 0 

CD3OD undeteotable oa. 0 

CF,COOH 96.8 + 0.2 oa. 0 

Table 3. Nitrogen chemical shifts of some nitrosoamines 

E 

k 

/+ 

\O 

Compound Nitrogen ohamlcal shIfta In ppn 

( in acetone 1:3 P/? 1 
Signal half-height width in Ho 

B RI -N=O -N- -CN -N=O -N- -Cu 

MS MO -151 + I 4491:s - 143 + 15 7225 - 

Et Et -164 + 2 +123+2 - 240 220 104 _t 10 - 

Me CH#N -I6523 +151 2 3 +I25 2 3 400) 40 270 2 x) 300 A 30 

broad overlapping 
Et CH2Cli 116623 signals oentered 450250 - 

at about +l35 

a - all shifts are referred to external neat nltromethane~ posItlYe 

values correspond to apfleld shifts 




