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Compound 1 was converted to erythro-3,3-dimethyl-
butyl-1,2-d; p-bromobenzenesulfonate (J = 8.6 Hz), and
thence to 2 by reaction with Na[Fe(CO),C;H;]. The
nmr spectrum of the CHDCHD region of 2 consisted of
a single AB quartet centered at é 1.38, with Ay = 0.122
ppm and J = 4.4 Hz (Figure 1); the infrared spectrum
of 2 in the carbonyl stretching region consisted of bands
at 2005 and 1955 cm~!. An independent analysis of
the nmr spectrum of 2-d. established that the threo
and erythro diastereomers of 2 are characterized by
vicinal coupling constants Jery oo = 13.1 and Jipreo = 4.5
Hz. Thus, transformation of 1 to 2 takes place with
inversion of configuration.® Within the limits of
detection of our experiment, no (<5%) erythro dias-
tereomer is produced in this reaction.

It is worthwhile pointing out that this stereochemical
result is of considerable interest in its own right. It
provides the first direct evidence that nucleophilic
displacement on an alkyl carbon atom by a metalate
anion proceeds with inversion of configuration at
carbon.” Further, the observation that no detectable
loss in stereochemistry was observed in 2 on standing for
>12 hr at 30° provides an indication of the configura-
tional stability to be expected for this class of carbon-
transition metal ¢ bonds.

Reaction of 2 with triphenylphosphine in THF
followed by unexceptional work-up gave 3 as a yellow
solid, mp 143° dec. The deuterium-decoupled nmr
spectrum of the compound consists of two, equally
intense, AX patterns arising from the two pairs of
diastereomers represented by 3a and 3b.5 The ~-CHD-
CO- resonances of 3 occurred at 6 2.72 and 2.46; both
patterns were characterized by the same vicinal coupling
constant,J = 4.4 Hz (Figure 1). The infrared spectrum
of 3 in the carbonyl stretching region consisted of bands
at 1925 and 1615 cm™!t. Anal. Calcd for C;H;50.-
FeP: C, 71.00; H, 6.34. Found: C, 70.55; H,
6.43. Comparison of the observed coupling constant
with those estimated for the threo (J = 4.2 Hz) and
erythro (J = 12.5 Hz) diastereomers of 3 from analysis
of the ABXY spectrum of 3-d, establishes that con-
version of the alkyvl-iron bond of 2 to the corresponding
carbon-carbon bond of 3 has taken place with complete
(>95%) retention of configuration.

Related studies of the stereochemistry of other reac-
tions occurring at carbon~transition metal ¢ bonds will
be reported later.
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Solvolysis of Sulfonic Acid Esters of Triphenylvinyl
Alcohol by a Heterolytic Mechanism
Sir:

Although vinyl cations have finally become ac-
ceptable members of the ‘“reactive intermediate” com-
munity,’ their generation by heterolytic cleavage of a
group attached directly to a double bond has been
limited to vinyl diazonium ions®? and vinyl halides. ‘"
To date, one mechanistic study of the solvolysis of
vinyl sulfonic acid esters® has been reported. Al-
though the reaction led to products that could be ex-
plained by a simple SNI1 mechanism, the authors very
elegantly showed that their products arose by an addi-
tion-elimination path.
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At this time, we would like to present preliminary
evidence for a simple heterolytic cleavage mechanism
for the solvolysis of the following vinyl sulfonates:
triphenylvinyl fluorosulfonate, triphenylvinyl trifluoro-
methanesulfonate, and triphenylvinyl tosylate.
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All sulfonates were synthesized by allowing the
acyltriazene 1% to react with the appropriate sulfonic
acid!! in methylene chloride at —50°.
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The fluorosulfonate 2a'? was selected for initial study
because fluorosulfuric acid is one of the strongest known
pure acids'* and as a result the fluorosulfonate ion
would be expected to be a very effective leaving group.
That this is actually the case was apparent when it was
found that triphenylvinyl fluorosulfonate undergoes
acetolysis to triphenylvinyl acetate!® at room tem-
perature (25°, half-life 33 hr).

Rate studies led to specific rate constants and activa-
tion parameters which are recorded in Table I. In

Table I. Rate Constants and Activation Parameters for Acetolysis
of Vinyl Sulfonates at 150.8°
AHF,
Compd k, sec™! ket kcal/mol ASF, eu
2a 0,6992-4 13,500 23.3 -6.5
2b 2.160—¢ 41,700 24.3 -2.0
2¢ 5.18 X 1075&/ 1 25,7 -—20.3

e Extrapolated from rate data obtained at lower temperatures.
b Acetolysis kinetics followed by uv. ©About 10~¢ Af in ester.
Buffered with approximately 25 M excess of sodium acetate. 4 The
acetolysis of this compound was also followed titrimetrically, The
rate constant was identical with that obtained by the uv method.
¢ Acetolysis kinetics followed titrimetrically. 7 About 0.005 M in
ester. Buffered with slight molar excess of sodium acetate.

all reactions the rates were cleanly first order. Changes
in sodium acetate concentration showed only small
effects on the rate, thus excluding either an SN2 sub-
stitution reaction by acetate or an acetate addition—
elimination reaction. A change from proteated to
deuterated solvent also showed essentially no effect
on the rate. The absence of a solvent isotope effect
can be taken as strong evidence!® against the addition
mechanism that was demonstrated by Peterson and
Indelicato? for the solvolysis of 1-cyclohexenyl and cis-
2-buten-2-yl tosylates. Support for this conclusion is
found in the facts that the acetolysis of triphenylvinyl
tosylate is about 10* slower than that of the fluoro-
sulfonate.

While this work was under way Streitwieser, Wilkens,
and Kiehimann!” reported a study of the acetolysis of
ethyl trifluoromethanesulfonate (triflate). It was found
that the triflate undergoes solvolysis some 30,000 times
faster than the tosylate. Inasmuch as fluorosulfuric
acid and trifluoromethanesulfuric acid have both been
submitted as candidates for the strongest known pure
acid,!*!® we felt that it would be interesting to compare
the rates of solvolysis of the vinyl fluorosulfonate with
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the corresponding vinyl triflate.!® Acetolysis occurred
3.1 times (150.8°) faster than the fluorosulfonate, thus
indicating that the trifluoromethanesulfonate ion is a
slightly better leaving group (in this system) than the
fluorosulfonate ion.2

Acetolysis of triphenylvinyl tosylate was also ex-
amined. Although the rate of the reaction was over
104 slower than the corresponding fluorosulfonate or
triflate a change from proteated to deuterated solvent
once again showed essentially no effect on the rate and
as a result we must conclude that this reaction also
proceeds by a simple heterolysis mechanism.

Finally, it is interesting to attempt to compare the
rate of jonization of the unsaturated system with a
suitable aliphatic sulfonate. For a model, we have
selected the tosylate of 1,2,2,2-tetraphenylethanol.
Although solvolysis of this material has not been re-
ported, a solvolysis rate constant of at least 103 at 25°
can be extrapolated from known systems?! with fair
confidence.2? Extrapolation of the rate of acetolysis
of triphenylvinyl fluorosulfonate to 25° gives a rate
constant of about 1075, Assuming an acceleration of
the fluorosulfonate relative to the tosylate of at least
10# gives a difference of 10 between the vinyl and the
saturated sulfonates.?? Although numerous assump-
tions are included in this game with numbers, it cer-
tainly points up the fact that bonding a sulfonic acid
ester to a carbon-carbon double bond dramatically
reduces its tendency to ionize. The probable reasons
for this have been amply discussed elsewhere, 37
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The Reactions of Bivalent Sulfur
Compounds-Copper(II) Complexes

Sir:
In this communication, the reactions of the bivalent

sulfur compounds, such as benzaldehydediethylmer-
captal (1a), benzophenone diethyl mercaptole (1b), and
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