
Organometallics 1983, 2, 1907-1909 1907 

methyl maleate).lg This is in accord with the cis labili- 
zation mode120 and casts some doubt on the recent inter- 
pretation of ligand dissociation from compounds trans- 
Cr(CO),(PR),(L) as occurring without initial rearrange- 
ment to the cis isomers.21 

Dithioacetals are important intermediates in organic 
syntheses.22 The reaction sequence described in this 
communication amounts to a transition-metal-mediated 
synthesis of this class of compounds from either CS2 or 
dithioformate. Not only is the organic product readily 
removed from the complex, but also the metal is recovered 
in a suitably reactive form to repeat the cycle. Work is 
in progress to extend this synthesis to different dithio- 
carboxylates as well as to nucleophiles other than hydride. 
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Summary: The temperature dependence of the kinetic 
isotope effect associated with the protic cleavage of di- 
n-octylmercury by several carboxylic acids and hydrogen 
chloride is reported. The results reveal that reaction is 
accompanied by proton tunneling which is not influenced 
by electronic factors but is increased by steric factors. 
calculations suggest a barrier width of 1.2-1.4A. A min- 
eral acid (anhydrous hydrogen chloride) exhibits a be- 
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havior significantly different from that of carboxylic acids. 
The influence of solvent and added halide on transition- 
state parameters is also reported. 

The protic cleavage of carbon-metal CT bonds ranks 
among the simplest of all electrophilic substitution pro- 
cesses.2 For a variety of reasons,, the most definitive 
(kinetic and stereochemical) studies of protonolyses have 
focused on the protic cleavage of organomercurials. In an 
effort to extend our understanding of the nature of such 
processes, we have determined the temperature depen- 
dence of the deuterium kinetic isotope effect (KIE) asso- 
ciated with the cleavage of a representative organo- 
mercurial by various protic acids. 

HA-DA 
RHgR - RH(D) + RHgA 

The resulting data are seen in Tables I and I1 and reveal 
several heretofore unknown aspects about the nature of 
such protonolyses. First, they indicate that in dioxane, 
protic cleavage with carboxylic acids is accompanied by 
appreciable proton tunneling.,~~ Second, they show that 
within an homologous series, the extent of tunneling is not 
significantly influenced by the strength of the carboxylic 
acid (electronic factors) but is notably affected by steric 
considerations. Third, calculations based on the Bell 
theory5a of protein tunneling suggest a barrier width, a,  
of ca. 1.2-1.4 A and a classical transition state which re- 
mains essentially symmetrical as the steric bulk of the acid 
increases. 

Fourth, as judged by the comparatively similar rate 
constants, kH, the change from polar (dioxane) to nonpolar 
(nonane) solvent results in only a minor (ca. a factor of 4) 
influence on the rate of protic cleavage of dialkylmercurials 
by carboxylic acids (cf. entries 1 vs. 8 and 5 vs. 9). Nev- 
ertheless, the KIE parameters for the same entries reveal 
that the mechanism of protonolysis is moderately influ- 
enced by the nature of the solvent. In fact, the situation 
in nonane is complicated by the fact that carboxylic acids 
are associated (dimeric) in hydrocarbon solvent but 
unassociated (monomeric) in dioxane at  varitually all 
c o n c e n t r a t i ~ n s . ~ J ~ ~  Thus, the unusual solvent effect, i.e., 
knOnane > kdiorane, and the rate accelerating salt effect ob- 
served in dioxane (vide infra), are both consistent with the 
likelihood that the protic demercuration of dialkyl- 
mercurials by carboxylic acids in dioxane and nonane 
proceeds by different mechanisms. 

Fifth, the behavior of hydrogen chloride stands in dis- 
tinct contrast to that  of carboxylic acids (cf. entries 1-5 
and 10): the tunneling apparent with carboxylic acids is 
experimentally unobserved with anhydrous hydrogen 
chloride. 

Sixth, although the calculated tunnel corrections (Table 
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11) are modest, they are by no means negligible and account 
for a factor of ca. 1.5-2.3 in rate acceleration. Table I1 also 
lists the calculated semiclassical KIE parameters, most of 
which are essentially the value expected for a symmetrical 
transition ~ t a t e . ~ , ~  

Seventh, the addition of tetra-n-butylammonium brom- 
ide increases the absolute rate by a factor of ca. 2-3 (cf 
entries 3 and 4). The possibility2 that this reactivity en- 
hancement results from complex formation between the 
added bromide and the mercurial can probably be dis- 
missed since such complexation is likely to increase the 
steric crowding in the transition state, which in turn would 
be reflected by an increase in tunneling. We conclude that 
in this instance the observed enhancement in absolute rate 
is most likely a simple salt effect that  results in a lower 
activation barrier. 

Collectively, these findingss illustrate the considerable 
information which temperature-dependent KIE studies are 
capable of providing about a reaction mechanism without 
recourse to the specific details of transition-state geome- 
try,g By comparison, other common mechanistic probes 
rely largely on interpretation of more ambiguous extra- 
thermodynamic properties. For example, the entropy of 
activation, A S ,  associated with the protic cleavage of the 
dialkylmercurials summarized in Table I, ranges between 
ca. -10 to -25 eu. Traditional arguments are likely to 
suggest that negative values of this magnitude are reson- 
able for a reaction that proceeds through a bimolecular 
transition state and that the more positive values are 
consistent with increased solvent motion which is coupled 
into the reaction c ~ o r d i n a t e , ~ ~  resulting in an activated 
complex that is less solvated than reactants. Conclusions 
such as these, although qualitatively reasonable, rely (ei- 
ther explicitly or implicitly) on the thermodynamic 
qualities of reactants for comparison and, as has been 
noted,lOJ1 are frequently not justified.12 
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