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Methylation by Methyl Vitamin B,

By G. Agnes, S. BENDLE, H. A, O. Hirr, F. R. WiLLiams, and R. J. P. WiLLiavs*
(Inovganic Chemistry Laboratory, South Parks Road, Oxford OX1 3QR)

Summary Methyl vitamin B;, is shown to be capable of
transferring methyl groups to HglI, TIII PtII and Aul;
two different reaction paths are involved, one of which,
with Hg!l or TIIH is an acid-base reaction while the other
is probably an oxidation-reduction reaction for it requires
both PtIT and PtIV, or Aul and Aulll

METHYL VITAMIN By, (MeB,,) has been shown to methylate
HgI! jons in a simple acid-base reaction! which may be one
of the ways in which methylmercury is produced in living
systems. Here we show that several other metals can be
methylated producing methylating agents which could
react much more rapidly than MeB,, or methylmercury in
further methyl transfer within biological systems.

For a comparison with HgHl we have studied the metal
ions of Pd, Pt, Ag, Au, Cd, TI, and Pb. Methyl transfer was
studied spectrophotometrically by adding controlled
amounts of the metal ions to solutions of MeB,, in a spectro-
photometer cell. All reactions were carried out at 25°C in
solutions buffered between pH 0 and 5 and in the presence
of various anions. In all cases the product of the reaction
was vitamin B,,, and the rate of the reaction oculd be
followed and rate constants determined. The fate of the
methyl group was determined by g.l.c. analysis.

In the case of thallium it was found that TII salts but
not TH salts displaced the methyl group from the methyl
vitamin. The reaction is first order in both THII and
MeB,, and occurs over a wide range of pH and in a variety
of buffer media. In chloride solutions the sole product is
methyl chloride. The reaction resembles that of Hgll1

K,PtCly and K,Pt(CN), (0-01m) have no effecton MeB,,
(25 X 10-5M) under any of the conditions used. Over a
wide pH range and in various salt media K,PtCl, (4 x 10~%m)
slowly demethylates MeB,, but this reaction has been
shown to be due to the partial reduction to PtII [equation
(1)] by the following observations. Very fast and complete
demethylation of MeB,, occurs if K,PtCl,, 1-0 x 10-%m, and
K,PtClg, 25 X 10-%m, are both added. The reaction is
stoicheiometric in the PtIV salt. At pH 1.0 in chloride
media the product is 1009 methyl chloride as shown by
glc. but at pH 50, and at low chloride concentrations
(< 102M) in acetate buffer, only 109, at most, of the
released methyl was seen as methyl chloride. The addition
of acid or of sodium chloride (1-Om) caused the release of all
the methyl as methyl chloride.

Cl-
MeB,, + PtV — Ba + MePt —— P71 MeCl (1)

Equation (1) omits the essential role of PtCl,?~, but the
reaction rate [equation (2)] is dependent on all the com-
ponents. Methyl transfer probably occurs in a reaction

Reaction rate = k-[MeB,,][Pt*][Pt'¥] (2)
involving the Pt complex as an acceptor.

P+ o P MeB,, — Pt*™* L Pt'"Me + Bya  (3)

Effectively the

methyl transfer is a two electron redox switch.
MeB;; (2:5 X 10-5M) does not react with carefully de-
oxygenated solutions of NaAuCl, (1-0 x 10-2v) under
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various conditions. There is no initial reaction with
NaAuCl, (3 x 10-%m) although after some time the reaction
starts but is not completed. Addition of 5 X 10-5m
NaAuCl, and NaAuCl,; causes an immediate very rapid
reaction which goes to completion. The stoicheiometry
and rate expression of the reaction are similar to those for
the reaction using platinum salts. The product of the
reaction is methyl chloride. A redox mechanism is clearly
implied and we shall report elsewhere on the release of
methyl groups from MeB,, through the action of oxidising
agents such as Felll and Fe(CN)¢3- in the presence of methyl
acceptors such as chloride.

Thus there are at least two very different mechanisms
by which methyl transfer can occur; both can lead to rapid
release of methyl groups from MeB,,. The first consists of
acid attack by an acid such as HgIT or TIHI (CdlL, Pbll, and
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InU1 are ineffective); the other is a two-electron redox
switch during which a methyl group is transferred. The
latter type of reaction needs both valence states of platinum
or gold. In each case the first step of the reaction is the
production of the methylated metal and, as is well known,
these compounds can be extremely hazardous. In the
second step of reaction the methyl group can be rapidly
transferred further to a good nucleophile such as chloride
or bromide. The reaction could undoubtedly be used to
methylate biological molecules. Methylmercury is not
readily decomposed to mercury ions and methyl groups but
the other methylated metals react rapidly.

One of us (G.A.) thanks Montecatini-Edison S.P.A. for a
research fellowship. The work is supported by the Medical
Research Council.

(Received, May 11th, 1971; Com. 745.)

1H. A. O. Hill, J. M. Pratt, S. Ridsdale, F. R. Williams, and R. J. P. Williams, Chem. Comm., 1970, 341.
2 H. P. C. Hogenkamp, Ann. Rev. Biochem., 1968, 37, 225; R. T. Taylor and M. L. Hanna, Arch. Biochem, Biophys , 1970, 137, 453.
3 J. M. Wood, F. Scott Kennedy, and C. G. Rosen, Nature, 1968, 220, 123.





