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Sulfines represent a bent heterocumulenic system, 

King and Durst2) 

as was recognized first by 

for chloro-phenyl-sulfine (thiobenzoylchloride-S-oxide), and 

later also by4y3) for sulfines derived from dithiocarboxylic esters and by an 

Italian group for aromatic sulfines. 

The geometrical is;Ters of chloro-phenyl-sulfine were distinguished by means 

of their dipole moments . The z- and z-geometry of phenyl-phenylthio-sulfines 

(formula III in Table II) was assigned on the basis of their NMR spectra3c). In 

the _Disomer two aromatic protons (ortho-hydrogens) are shifted downfield as a 

consequence of their exposure to the magnetic anisotropic deshielding effect 5) of 

the SO-part of the CSO-system, whereas the spatial position of the SO-group in the 

Z-isomer is such that this effect on the aromatic protons is negligible 3c) . How- 

ever, difficulties arise when this deshielding effect of the sulfine moiety is 

used to differentiate between isomeric sulfines in which hydrogens which are ex- 

pected to be shifted are either obscured by other aromatic signals (e.g. as in 

sulfine I, Table II), or substituted by other groups, m methyl groups (see 

Table III). Differentiation between the isomeric forms of mesityl-phenylthio-sul- 

fine (formula III in Table II), which represents an example of the latter case, 

could be accomplished by comparison of dipole moments 3c)* 

However, determinations of dipole moments are quite laborious and require 

considerable amounts of material. Moreover, the method is only applicable when 

the groups attached to the sulfine system differ sufficiently in group dipole 

moment. To circumvent these problems we have been searching for a simple and re- 

liable spectroscopic method. 

As is well documented 6) lanthanide complexes, EIL(DPM)~ for instance, when 

coordinated with certain functional groups induce remarkable changes in the che- 

mical shifts of protons. It is assumed that in sulfines Eu(DFM)3 complexes at the 

oxygen atom of the CSO-system, just as it does in ordinary sulfoxides 7) . 

Because the CSO-system is bent , complexation at oxygen will result in a larger 

shift for protons in a D position than for those in an position. This sta- 

tement only holds for protons which are situated in the direct environment of the 

CSO moiety. The effect of Exx(DBM)~ on the spectra of symmetrically di-u-sub- 
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stituted diphenylsulfines (see Table I) demonstrates that the ortho-protons of 

ring A (m protons) are shifted considerably more downfield than the ortho-pro- 

tons of the B-ring ( The data also clearly reveal that for the 9 

and anti meta-protons the differences in A& are negligible (presumably because -- 
of balancing of the influence of ri and 8 in the McConnell-Robertson equation 8) 

As =k(3cos2Q-l)/ri3) s\ 

Table I') EU(DP!I¶)~ induced shifts (A6 ) for X@@X 

, 

x: g-H(A) o-H(B) g-H(A) ;-H(B) 

H 2.77 1.00 0.40 0.40 

CH3 
2.95 1.11 0.42 0.38 

0cH3 
3.11 1.18 0.50 0.48 

Cl 2.82 1.11 0.42 0.43 

ns = &[CDC13 + 0.3 equiv. Ru(Dm)3] - 6(CDC13) 

Conc.substrate: 0.12 mmole/0.5 ml CDC13, spectra recorded with a Varisn T-60. 

This difference in A& for.= and & protons provides an excellent method 

of differentiating between z- and _E-isomers of sulfines. As illustrated in Table 

IT the AS-value for ortho-protons of the A-ring in the _Gseries (E protons) 

is much larger than that for the ortho-protons of the A-ring in the Z-isomers 

(anti protons). Again, the data show that a considerable difference between s 

and anti protons is only observed when they are situated in the immediate vici- 

nity of the sulfine moiety. 

10) 
Table It Eu(DPM)3 

E- series 

0 
*S r 1.01 

I@0 
o- 

8 3L r 0 

iii5 

Induced shaft (A&) for &- and L-sulfmes 

z- series &-series L-series 

m &i-&J @LO 

a:3 L295 I LQ26 & L,,, I LcQ6 
096 a88 

A6 = see Table 1, Cone 30mg/05ml; Spectra were recorded with a Varlan T-60 
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We now turn our attention to sulfines in which the ortho-protons are substi- 

tuted by methyl groups. The results with Eu(DFM)3 for mesityl substituted sulfi- 

nes (see Table III) show that the differences in a& for the ortho-methyl groups 

in the ,E (E methyls) and the Z-series (anti methyls) are much smaller then tho- 

se found for the ortho-hydrogens in their zbstituted analogs (Table II). 

However, these differences in L& for the mesityl sulfines are still of such a 

magnitude that a 2 or g geometry can be reliably assigned. 

Table III") Eu(DPM)3 induced shifts (Ah ) for g-methyl groups. 

x: phenyl 2-napthyl 2-thienyl ethyl 

h6 :E 1.46 1.17 0.96 1.17 

,* :z 0.96 0.67 0.78 0.90 

A6 E&c~~ + 0.30 equiv. Eu(DRd)3] -6(CDC13) 
Conc.substrate: 30 mg/O.5 ml, spectra were run on a Varian A-60. 

A further distinction between these isomeric mesityl-substituted sulfines 

was made by means of aromatic solvent induced shifts (ASIS). It is known 12) that 

benzene associates with the positive end of a dipole in a molecule. Accordingly, 

in the &series benzene will complex at the right-hand side of the molecule and 

in the Z-series at the left-hand side (formulas, see Table IV). As a consequence 

of this solvent molecule orientation the ortho-methyl signals in the Z-series will 

be shifted more to higher field than in the J-series. The results are listed in 

Table IV. The conclusions with respect to the geometry of the molecules are en- 

tirely consistent with those obtained with the Ek~(Dl?b¶)~ shift reagent. 

Table IV") ASIS for c-methyl groups. 

x: phenyl 2-napthyl 2-thienyl ethyl 

ab : J$ 0.07 0.09 0.08 0.03 

u : z 0.18 0.19 0.19 0.21 

AS= g (CDC13)- s(C6D6). Spectra were run on a Varian A-60. 
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In conclusion, lenthanide induced shifts and ASIS may be useful in assigning 

the geometry to sulfines. 
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