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Perchloroethylene (PCE) and trichloroethylene (TCE) are per-
sistent contaminants found in many terrestrial and groundwater
environments. Several anaerobic organisms use corrinoid-depend-
ent enzymes to reductively dechlorinate these toxic compounds in
a process that is coupled to energy metabofisfitamin B, itself
has also been used for catalytic abiotic dechlorination of PCE and
TCE in the presence of titanium(lll)citrate (eq3L).
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Mechanistic studies on this latter process suggest that conversion

of PCE to TCE occurs via electron transfer from cob(l)alamin to
PCE3d4whereas further transformation of TCE to lesser chlorinated
ethylenes and ultimately ethylene and acetylene involves organo-
cobalamins. The latter hypothesis is supported by detection of di-
and monochlorinated vinylcobalamins by mass spectrometry and
by cobaloxime model studi€s? At present, no information is
available about the structure and chemical properties of chlorinated
vinylcobalamins. Moreover, it is unclear whether these compounds

could function as intermediates in the catalytic process because the

Co—C bond in vinylcobalamins would be too strong for homolytic
cleavage. Here we describe the synthesisigthlorovinylcobal-
aminl and the first reported crystal structure of an organocobalamin
with an sp-hybridized carbon ligand. Chlorovinylcobalamirand
vinylcobalamin2 display interesting electrochemical properties that
have important implications for the mechanism and scope;sf B
catalyzed reductive dechlorination.

Treatment of aqueous cob(l)alamin with chloroacetylene pro-
ducedl in 89% vyield without detection of the trans isomer. X-ray
crystallographic analysis (Figure 1) revealed a-@obond length
of 1.953 A8 shorter than the corresponding bonds in methylcobal-
amin (MeChl, 1.983 Arand adenosylcobalamin (AdoCbl, 2.049
A)% as expected for a vinyl ligand. The €dl bond length to the
axial benzimidazole ligand is 2.128 A iy as compared to 2.195
A for MeCbl and 2.234 A for AdoCbl, providing an example of
the “inverse” trans effect often observed in cobalamins and
cobaloximes?

As anticipated, comples proved stable in solution, and thus
we questioned its possible involvement in the catalytic process.
However, whenl was treated anaerobically with Ti(lll)citrate, a
slow decrease in the absorbanceloét 527 nm was observed
(Figure 2), concomitant with formation of cob(l)alamin at 384 nm.
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Figure 1. Thermal ellipsoid plot (35% probability) of the structureaié-
chlorovinylcobalamirl (ORTEP drawing¥. The complex was crystallized
from 40% aqueous PEG.
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Figure 2. Time-dependent changes of Absduring reaction of cobalamin

1 (0.14 mm) with 5 mm Ti(lll)citrate at pH 9 in the absend®)(and
presence of 0.014 mM cob(l)alamia). Inset: initial rates with (from top

to bottom) 0%, 20%, 40%, and 80% cob(l)alamin. The initial absorbances
were normalized to account for the increase in Abslue to the added
catalyst (Supporting Information).

may act as a catalyst. To test this hypothesigjas treated with
excess Ti(lll)citrate and a catalytic amount of cob(l)alamin (10%).
This reaction did not display a significant lag phase, and increased
concentrations of cob(l)alamin enhanced the initial rate (inset,
Figure 2)!2 On the other hand, vinylcobalamihsubjected to the
same conditions was not dealkylated over'8 Tihe Co(l)-catalyzed
reduction ofl was unexpected because the potentials required to
reduce alkylcobalaming&f < —1.5 V vs NHE}* are typically much

After 1 h, the decrease in absorbance at 527 nm accelerated befor&0re negative than the Co(l)/Co(ll) couple of,£—0.61 V> or

leveling off, and vinylcobalami, characterized by X-ray analysis,
was isolated in 50% yieltt The acceleration in the reduction bf
after a lag period suggests that the cob(l)alamin initially formed

TTo whom questions regarding the X-ray structure should be addressed.
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the redox potential of Ti(lll)citrateE° ~ —0.6 V at pH 8)>16To
gain insights into the redox propertiesifa cyclic voltammogram
was recorded in DMF, exhibiting an irreversible cathodic peak
potential at—1.23 V (Figure 3). The return scan as well as the
second forward scan show the appearance of tH&C@bcouple
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of the catalyst can be achieved via reductive dealkylation promoted
by cob(l)alamin. This reductive dealkylation may be particularly
facile for multichlorinated vinylcobalamins, but not for vinylco-
balamin.
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Supporting Information Available: Synthetic procedures fdrand

2, simulations of Figures 2 and 3, CV data referenced versus ferrocene,
and crystallographic data (PDF and CIF). The structurg lods been
deposited in the Cambridge Crystallographic Data Center. This material
is available free of charge via the Internet at http://pubs.acs.org.
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