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Site of Protonation in Sulphoxides : Carbon-13 Nuclear Magnetic Resonance 
Evidence 
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(Ist i tuto di Chimica delle h.17acrounolecu1el Milano, I ta l y )  

and ARRIGO LEVI, VITTORIO LUCCHINI, GIORGIO MODENA,* and GIANFRANCO SCORRANO 
(Centro C N R  hIeccanismi di Reneioni Organiche, Istilztto di Chimica Organica, Via ,Warzolo, 1-35100 Padova - I ta l y )  

Summary 13C n.m.r. results show that the protonation of 
sulphoxides occurs a t  oxygen, rather than at  sulphur. 

WIim different basic centres are present in the same 
molecule and particularly when they are part of the same 
chemical function, contradictory data have often been 
obtained about the site of protonation.l In sulphoxides 
(R,SO), protonation at  oxygen is suggested by i.r. data2 and 
acid-base equilibria studiesI3 while lH n.m.r. data4 have 
been interpreted as evidence for protonation at  sulphur. 

The resonance of the acidic proton, which shows up as a 
singlet a t  low temperature in FSO,H-SbF,-SO,ClF, occurs 

in protonated dimethylsulphoxide (DMSO) at 8 6.83 ~ . p . r n . , ~  
in the same range as the acidic proton of the conjugate acid 
of dimethylsulphide (6 6.52 p.p.m. heptuplet) .s The 
chemical shift evidence was however considered to be 
tenuous6 9' particularly because in the spectra of protonated 
DMSO no coupling between the acidic proton and the 
hydrogens linked to the o! carbons could be detected, whereas 
in the case of sulphides a coupling constant of ca. 8 Hz was 
observed. 

We measured the 13C chemical shift? of several weak 
bases, whose protonation site is unambiguous, as well as 
those of DMSO and diethyl sulphoxide (DESO), in dilute 

=f The Fourier transform 1% n.m.r. spectra were run on a Bruker HFX/lO spectrometer at room temperature, using solutions 10- 
15 % by vol. The Me,NH+ ion was used as internal standard to minimize solvent effects.s 
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TABLE. 1% Chemical shifts of weak bases iiz sztlphuric acid solutions a d  in trijuoroncrtic acida 

Base x 
Me-S-Me . . . .  . .  . .  0 

co 
SO 

Me-CH,-X-CH,-Me . . . .  0 

SC 

co 
so 

4- 
Ne,S = OBF4- . . . .  . .  
Me,S = OMeBF,- . . . .  . .  
Me,SO . . . .  .. . .  

+ 

1s 
0.9 

18 
12.2c 
18 
0.9 

18 
0.9 

CF,COOH 

CF,COOH 
CF,COOH 

6 (p.p.m.)a 
r A 

Me CH, CO 
- - - 16.6 

- 14.8 - 
+ 15.3 - - 197.4 + 14.4 - - 169.5 
+11*2 - - + 6.2 - 

- 

+ 34.0 
+31*3 + 35.3 + 34.6 + 38.5 + 37.4 + 39.9 + 38.6 

- - 30.8 
- 21.3 + 16.5 - 
3.17.7 - 

+ 9.6 -2204.0 + 9.6 -176.0 

- 

+ 4.2 - 

+ 1.3 - 

+ 0.9 - - 27.9 

- - + 5.0 

+ 2.7 -9.5 - 

+ 0.8 - 1.2 

f -  1.1 0 - 28.0 

- 

4- 1.3 + 2.9 - 

- 0*3d 

+ 6*3d + 2.4d 

a At room temperature, Me,NH+ used as internal standard; AS = 6c,nc - 8 d i l ;  C the poor solubility of the sulphide in dilute acid 
forced us to measure the chemical shift in 12.231 H,SO, where the substrate is substantially protonated; d A6 = sCF3COOH - 8H2904djl;  
e this is the chemical shift of the two equivalent methyl groups linked to the sulphur; the resonance of the OMe group is 17.6 p.p.ni. 
downfield from the internal standard. 

and concentrated acid solutions (see Table), in order to 
determine the spectra of both tlie free base and the con- 
jugate acid. In the concentrated acid, the extent of proton- 
ation was not always complete and varied because of the 
different basic properties of ethers,* s ~ l p h i d e s , ~  ketones,lO 
and sulphoxide~.~ The degree of protonation is expected 
to  affect the magnitude b u t  not the direction of the chein- 
ical shift. 

The data on ethers, sulphides, and ketones indicate that 
protonation causes a downfield shift in the resonance of thc 
carbon a to the protonation site,: whereas the resonance of 
the 16 and y carbons are shifted in the opposite direction. 

The spectra of DMSO and DESO show that both the 
methyl and inethylene carbon resonances are shifted to 
higher fields as a result of protonation. Ketones show a 
siniilar shift but sulphides and ethers do :lot. This suggests 
that the carbons in the sulphoxides arc not a to the pro- 
tonation site, which must therefore be oxygen. 

+ 
To confirm this hypothesis, the spectra of Me3SOBF,-, 

(I), (a model for sulphur protonated DMSO) and or Me,- 

SOCH3BF4-, (11), (a model for oxygen protonated DMSO) 
have been recorded in trifluoroacetic acid and compared 
with those of DMSO (see Table).$ The results are in agree- 
ment with those discussed above since the carbon resonance 
of the three equivalent methyls of (I) are downfield with 
respect to DMSO in the same solvent and in water, whereas 
the carbon resonance of the two equivalent methyls of (TI) 
are upfield. 

,4 general explanation of the effect of protonation Oil  I3C 

chemical shifts of these and others compounds129i3 needs 
further theoretical and experimental work. Nevertheless, 
thc results reported above are quite clear evidence that 
oxygen is the protonation site in sulphoxides. 

(Received, 24th Janunry 1973; Coni. 099.) 

+ 

In the case of ketones the carbonyl carbon is therefore referred to as the 0: carbon. 

$ Compounds (I) and (11) have been synthesized following a procedure similar to that described for the corresponding perchlorates. 
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