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SULFONIUM SALTS AS LANTHANIDE SHIFT
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Summary Lanthanide shift reagents (LSR) may be used in the
structural elucidation of sulfonium salts by both PMR and
CMR. In these investigations there is qualitative agreement
with the McConnel-Robertson equation and complexation appears
to occur at the anion.

The use of Lanthanide Shift Reagents (LSR) as probes in the structural elucidation of

la, b, ¢, f’ sul fondum 1d, 2’

organic salts has been reported. 1,2 Investigations of ammonium
and phosphonium salts ld, as well as carboxylate ions 1e are all known. These investigations
have been limited by the lack of suitable solvents, solvents in which both the shift reagent

and substrate are soluble, which are suitable for NMR investigations, and which will not bind

with the shift reagents themselves. The investigations thus far have used aqueous systems, Le, <

melts of mixtures of the salts and LSR lf, and deuterated methylene chloride (CD2C12) 1d, 2.

We recently reported that sulfonium salts do indeed give observable induced shifts when
LSR [such as Eu(fod)3 or Pr(fod)3]3 are employedz. A series of trialkyl- and dialkylaryl-
sulfonium salts were synthesized and shift studies run4. Examples of the magnitudes of these
shifts are provided in Figures 1 and 2 and Table 1. Note that qualitatively the relative
shifts are in agreement with the McConnel-Robertson equation7 when the lanthanide is placed near
the sulfonium sulfur.

To demonstrate the general applicability of these reagents to the structure elucidation
of salts, we synthesized a series of dimethyl-p-tolylsulfonium salts in which the anion was
varied. The LIS results of this serles are also presented in Table 1. It appears that the
magnitude of the induced shift is proportional to the size of the anion. This is consistent

with findings of both ammonium and phosphonium halidesld. The origin of these shifts is
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Figure 1. Lanthanide Induced Shift (LIS) of Figure 2. Lanthanide Induced Shift (LIS) of
dimethyl-n-butylsulfonium tetra- dimethyl-p-tolylsulfonium tetra-
fluoroborate with Pr(fod)3. The fluoroborate with Pr(fod)3. The
chemical shifts of each group of chemical shifts of each group of
protons is plotted as a function of protons is plotted as a function of
the molar ratio of shift reagent to the molar ratio of shift reagent to
substrate. The induced shift at a substrate. The induced shift at a
1:1 molar ratio of the shift reagent 1:1 molar ratio of the shift
to substrate (Av) for each line is reagent to substrate (Av) for each
given. The correlation coefficients line is given. The correlation
of each line are 0.955 or better.5 coefficients of each line are 0.942
(Perkin Elmer R12-A, 60 MHz NMR). or betters. gD protons gave a

poor correlation (0.772) and are

not plotted.

attributed to a pseudocontact interaction between the paramagnetic lanthanide shift reagent

and the molecule under investigations. It has been suggested that the observed chemical shifts
for ammonium and phosphonium salts are a result of the binding of the LSR with the anion lb,d,Z_
With sulfonium salts, however, two sites of complexation are possible; the electron pair on
sulfur and/or the anion. Work in our laboratories on the cis and trans isomers of 1,2-dimethyl-
2,3-dihydrobenzothiophenium tetrafluoroborate indicates that the complexation occurs at the
anion preferentiallyz. The results in Table 1 substantiate this. With highly non-associative

anions, for example tetraphenylborate, no shift is observed.
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Table 1. Sulfonium Salts

Structure® Yield, % MP_(°C) éﬁ(i)
® S

(CH4) ,~S-CH,CH,CH,CH;, BF, 34 60-63 3.91

(CH3)2-? G, X@

(G = CHy, X = BFy) 86 102-103 7.6/27.49

(G - CH3, X - SbClg) 54 151-153 (b)

(G = CH3, X = CF4C00) 45 108-109.5 6.46

(G = CH3, X = FSO3) 95 111-115 11.4

(G = CH3, X = PhyB) 78 175-177 (b)

? ™~ cHj, BF49 45 177-178 6.09 (cis)

6.56 (trans)

CHj3

a. Induced shift of S-CH3 at a 1l:1 molar ratio of shift reagent to substrate; obtained by
extrapolation. b. No shift observed. ¢. Independent shift studies.

The use of carbon-13 as an alternative NMR probe was also investigated. As expected,
induced shifts are observed. The induced shifts for dimethyl-p-tolylsulfonium tetrafluoro-
borate at a 1:1 molar ratio of shift reagent to substrate are provided in Figure 3. The
CMR shifts also give qualitative agreement with the McConnel-Robertson equation.
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Figure 3. LIS of dimethyl-p-tolylsulfonium tetrafluoroborate as measured
by carbon-13 NMR. (JOEL FX-90Q, 90 MHz NMR).

In summary, LSR may be used in the structural elucidation of sulfonium salts by both PMR

and CMR. In these investigations there is qualitative agreement with the McConnel-Robertson

equation and complexation appears to occur at the anion.
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