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The Interaction of Methylcobalamin with Tetracyanoplatinate(II),
Tetrathiocyanoplatinate(II) and Tetrachloroplatinate(II)
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The interactions of methylcobalamin (CH;-By, )
with Pt{CN),*", PtCl,*", and Pt{SCN),*" in aqueous
solution were studied by UV-visible and 'H NMR
spectroscopy. Together with earlier results on the
mechanism of the Pt{IV)-dependent methyl-transfer
reaction from CHy-By, to Pt{Il), these studies suggest
at least three Pt binding sites on CH;-By,. One site,
which is occupied by all three complexes (K, = 4 X
10* M™' for PH{CN),* and 3 X 10° M for
PtCl,27), is located on the Co—CHj side of the corrin
macrocycle, and is involved in the methyl-transfer
process in the presence of a Pt{IV) complex. An addi-
tional site for Pt{SCN),*" is the N-3 of the benzimi-
dazole group, resulting in dissociation of this group
from the cobalt. An additional site for Pt{CN)*~
has a binding constant of 16 M and 'H NMR
changes indicate perturbation but not dissociation
of the benzimidazole group. Only the first interaction
is discerned for PtCl,*~.

Introduction

Ever since it was demonstrated [1] that
demethylation of methylcobalamin (CH;-B,;) by
platinum complexes requires the presence of both
Pt(IV) and Pt(IT) complexes, this unusual reaction has
been extensively investigated in several laboratories
[2—4]. Our kinetic and product studies of the
demethylation by Pt(IV) (PtClg?~, Pt(CN),Cl,>",
or Pt(CN)sCI*") and Pt(II) (PtCls>~ or Pt(CN),*))
couples have established the following pathway [3b,

c]:
K,
CH;-B,, + Pt142—= CH3~B12"'PtL42— (1)
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K>
CH;-Bj5-+"PtL,> " + XPtL,'Y?™ —

[CH3-Byp++-PtLy~X—PtL,']>" + Y~ )

k
[CH3-Byy++-PtLa—X-PtL,']?” —
H,0

H,0-B;," + CH3PtL,X* + PtL,'*™ €))

The nature of the interaction between CHj-B;,
and the P(II) complex in egn. 1 is of importance
to this reaction and to B;, chemistry in general.
In this report, we present the results of spectro-
scopic studies on the interaction of CHj3-By, with
Pt(CN)4%~, Pt(SCN),2™, and PtCl,2 .

(o] AA=-acetamide

PAz=propionamide

*Now

Methylcobalamin
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TABLE 1. Chemical Shift Changes in the 270 MHz 'H NMR
Spectrum of Methylcobalamin Complexed with Pt(CN)42_.

Resonance® AS (Hz)b Resonance® AS (Hz)b
Co-CHj 30.0 C19-H <5
Cla-CHj 132 B2-H 11.1
C2a-CHj 20.0 B4-H -2.2
C5-CH; ~0.8 B5-CHs 0.7%*
C70-CHs 5.9 B6-CH3 5.1%
C10-H -0.7 B7-H 0
C128-CH3 5.0 RI-H -3.0
C15-CH; 0.7 R5'-H 0
C188-CH, 1.8% R5"-H 0
C26-CH, 0.7* Prl”-H 0
C12a-CHj 13.9 Pr3-CH; -3.2

#C = corrin 1ing, B = benzimidazole, R = ribose, Pr = propan-
olamine. Assignments followed by the same symbol may be
reversed (see ref. 9). l)Chemical shift difference of: 100%
methylcobalamin—platinum complex ([CH3-Biz2]iot = 1.0
mM, [Pt(CN)427] = 0.3 M) vs. 98% monomer ([CH3-B 13 ] 1ot
= 0.08 mM).

Experimental

Materials

K,PiCl4, Na,Pt(CN); and Na,Pt(SCN), were
purchased from D. F. Goldsmith, Inc. and were
recrystallized from aqueous solution. Methylcobal-
amin was synthesized according to a literature
method [5]. The concentration of CHj-B;; was
determined from the absorption spectrum using the
published molar absorptivity [6].

Preparation of the CHs-B1, /Pt{SCNJ4*~ Complex

A solution of K,Pt(SCN), (0.13 g, 0.26 mmol)
in 5 ml 0.5 M NaCl was mixed with a solution of
CH;-B;, (0.10 g, 0.074 mmol) in 10 ml 0.5 M NaCl
under dim light, and cooled to 5 °C. After about 12
hr in the dark, a salmon-red microcrystalline precipi-
tate formed and the solution became decolorized.
The solid was collected, washed with cold water, and
air-dried. Elemental analysis revealed a Pt/Co ratio
of 2.3 + 0.1 (three separate isolations).

Methods

Spectrophotometric studies were carried out with
a GCA/McPherson spectrophotometer. The 'H
NMR studies were carried out with a Briker 270
MHz pulse Fourier-transform spectrometer at 26 °C.
Chemical shifts were measured with respect to TSP
or dioxane as internal references. An external TSP
reference verified the constancy of the internal
reference chemical shifts under our conditions.
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The EPR spectra were recorded on a Varian EPR
spectrometer at 4 K.

Results and Discussion

In a previous study [3c] of the demethylation of
CH;-B;, by Pt(IV)/Pt(Il) couples, we obtained
convincing evidence for reversible complexation of
CH3'B12 with Pt(CN)42_ and PtC142— (eqn. 1)
Equilibrium constants of 4 (+2) X 10® and 3 (¥2)
X 10° M| respectively, were obtained from changes
in the electronic spectrum (1.0 M NaCl, pH 7.2,
23 °C). Almost identical values were calculated from
a kinetic study of the demethylation reaction. Based
on mechanistic considerations, we proposed that this
interaction takes place on the f-side (ie, CH3z-Co
side) of the corrin ring.

Proton NMR Study of the Reactions of CH3-B, with
Pt(CN),*" and PtCl*~

Much of the 'H NMR spectrum of CH;-B;, has
been assigned [8, 9]. The spectrum in aqueous solu-
tion is concentration-dependent and we have shown
that this concentration dependence represents a
monomer—dimer equilibrium [7] (eqn. 4). Most of
the assignable resonances shift upfield with increasing
concentration. The shift is largest for Co-CH;. We
have proposed that the dimer is a ‘head-to-head’
complex, which is held together by m—m attractive
forces between parallel corrin rings. The upfield
shifts are due to the ring current effect. The value
of Kp calculated from the chemical shift of Co-CH;
as a function of concentration is NaCl-dependent,
and ranges from 195 ([NaCl] = 0 M) to 1 X 10°
M ([NaCl] =5 M).

CH,

| Ko
2 E Co ; —

Bz

The addition of up to 5 equivalents of Pt(CN),*~
or PtCl?~ to aqueous CHj3-B;; (1.0 mM) does not
cause any appreciable changes in the 'H NMR spec-
trum of CH3-B,;, despite the fact that almost com-
plete complexation occurs under these conditions
as judged from the equilibrium constants of eqn. 1.
However, further addition of Na,Pt(CN), leads
to shifts in the Co-CH; peak and other resonances
(Table I). Experiments showing the dependence of
the Co-CHj shift on Pt(CN),*~ and NaCl concentra-
tions are illustrated in Fig. 1A. The methyl peak
is shifted progressively downfield with increasing
[Pt(CN)4*7] at a given total CH3-B,, concentration.
At a given platinum concentration, the methyl
resonance is shifted upfield with increasing total



Interaction of Methylcobalamin with Pt(II)

80 A H
- ¥ [CH3812] =10mM [Ngg] =0 _

60

40

S CH3Co (Hz trom TSP)
N
o)

| | | |
0 Ot 0.2 0.3 04 0.5 0.6

[Nag Pt(CN)4] (M)

0.0 TS IR S IR TR S T SO
-4 -12 -0 -08 -06 -04 02
LOG [NagPt (CN)]

Fig. 1. (A) The effect of Pt(CN)42— on the chemical shift of
Co-CH3 of methylcobalamin; T = 26°C, pH 7.2 (0.1 M
phosphate, lower two curves) or natural pH (upper curve).
(B) Plot according to eqn. 9 to determine K’ of eqn. 5 for
p=1.0M NaCl and [CH3-B;;] =4.0 mM.

CH;-B;; or NaCl concentration; ie., conditions
which favor the dimer form of CH;-B,, . These results
suggest that complexation of monomeric CHj;-B;,
with platinum (eqn. 5) occurs in competition with
dimer formation described in eqn. 4:

K
CHj;-By; + PY(I) ==CH3-B ;" [Pt(11)] (%)

Assuming eqns. 4 and 5 coexist in rapid equilib-
rium, K’ can be calculated from the dependence of
the observed chemical shift, §,ps, on [Pt(I)] in
the following manner. The relationship of Ogps tO
the concentrations of three B,, species is given by
(M = monomer; D = dimer; M-Pt = monomer-
platinum complex):

[Col8ons = Om-pt [M-Pt] + 8y [M] +26p[D] (6)
where:

[Co] = [M-Pt] + [M] +2[D] (7
According to the equilibrium in eqn. 4:

[D] =Kp[M]* @)
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Simultaneous solution of equations 6, 7 and 8 yield
[M] and [M-Pt] as a function of §,ps, [Co], Kp,
dm, Op, and Syppy- The values of [M] and [M-Pt]
can be substituted into the logarithmic form of the
equilibrium expression for eqn. 5, leading to eqn. 9.

[M-Pt

log ] =log[Pt] + logK’ 9

Linear least-squares treatment of a number of
measurements at different [Pt] while maintaining
[Pt] > 10[Co], should yield log K’ as the intercept
of eqn. 9. The experimental conditions for deter-
mining K' were chosen to be relevant to the kinetic
and mechanistic  studies of the Pt(I)/Pt(IV)
demethylation reaction; iLe, u = 1.0 M (NaCl), pH
7.2 (0.1 M phosphate) T = 26 °C [3c]. The values
of &y (0.248 ppm), &p (—0.306 ppm), and Ky
(1030 M') were determined previously [7].
The value of pp.py is estimated from the saturation
effect of high [Pt(CN)4;?>7] on the chemical shift
(Fig. 1A, upper curve). Using these conditions and
parameters an excellent straight line fit results (Fig.
1B), yielding K’ = 16 M. The calculated slope of
0.80 indicates the involvement of one Pt(II) per
CH3-B12 in eqn. 5.

The K' calculated in this manner is ca. 10*-fold
smaller than K, obtained kinetically and spectro-
photometrically (eqn. 1) [3c]. This indicates that
Pt(CN),%>~ binds to CH3-B;, at two sites — one
represented by eqn. 1, and one by eqn. 5. There-
fore, in eqn. 5, ‘CH;3-B;,’ must actually represent
the complex CH;-By,++-PtLs*” of eqn. 1. The
binding of the first platinum is obscured in the
experiments of this report by the fact that K; > K’
and [Pt] > total [CH3-B12].

The addition of Pt(CN),%> is accompanied by
shifts of many of the assignable peaks in the 'H
NMR spectrum of CHj;-B;; in addition to that
of Co-CH; (Table I). Other resonances that are shifted
significantly are: C2a-CHj;, Cl2a-CH;, Cla-CHj,
B2-H, and C7a-CH;. Based on this we propose that
Pt(CN)4>~ causes a shift in the position of the
benzimidazole group. This results in a change in the
electronic configuration of the Co—C bond and a
change in the ring current effects on the methyl
groups facing the benzimidazole ring (ie., on the
a-side of the corrin ring). This site cannot be the
benzimidazole 3-nitrogen because this would lead
to dissociation of the benzimidazole from the cobalt.
The shift of the cobalt methy! is in the opposite
direction in this complex compared to the ‘base-off’
form of CH;-By; in which the benzimidazole is
removed by protonation [9]. Also, the UV—visible
spectrum does not indicate the gross changes that
occur on conversion to the ‘base-off” form.

The chemical-shift changes of CH3-By; protons
after addition of PtCls®” have also been examined.
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Fig. 2. UV-visible spectra of B;; complexes: (A) Base-on
CH3-Bya, pH 7.2 ( ); Base-off CH3-By;, pH 1.0 (------ ).
(B) CH3-B12/Pt(SCN)42~ complex: pH 7.2 (—); pH 1.0
(semnmn ). [CH3-Bj2] =2.5 X 1075 M.

Even at high concentrations of CH3-B;, and PtCl,*~
the changes are very small. The largest A is only
13 Hz (0.05 ppm) and only four are greater than 6
Hz. The A& for Co-CH; is insignificant. The
resonances showing the greatest shifts (B7-H, R1-H,
C15-H, and C10-H) are not the same as for the Pt-
(CN)42™ case. Thus the location or extent of binding
to a second site remains undetermined for PtCls?".

Pt{SCN),*~ Complexation with CHs-B1,
Co-crystallization of CH3-B,; with excess Pt-
(SCN),;*” yields a complex with a Pt/Co ratio of 2.3
* 0.1. A dilute solution of this complex is yellow
and its visible spectrum at both neutral and acidic
pH (Fig. 2) is very similar to CHj-By, at acidic

Y.-T. Fanchiang and J. J. Pignatello

pH (ie, protonated base-off CHj3-By;). This indi-
cates that one of the Pt groups is complexed to the
3-nitrogen of the benzimidazole group, resulting in
detachment of the benzimidazole group from the
cobalt atom. Similar reactions have been reported
for alkylcobalamins with cis-Pt(NH3),(H,0),** [10]
and with PdCl,*™ [11].

The 'H NMR spectrum of the Pt(SCN),>7/CH;-
B,; complex in aqueous solution is considerably
broadened, owing to the presence of paramagnetic
species. The EPR spectrum taken under air shows a
resonance at g = 2.35 which is similar to the EPR
spectrum of B,,,, although B,,, is normally oxidized
rapidly by molecular oxygen to H,0-B;,". In addi-
tion, a signal appears at g, = 2.06, g, =201, g, =
1.97. At the present time we are unable to identify
the species represented by this signal.

The Pt(SCN);*>7/CH;-B;, complex behaves as if
it were a compound with an intact Co—C bond;
exposure of an aqueous solution to light results
in demethylation to yield H,0-By,". Furthermore,
the complex behaves much like CH;3-B;, complexes
of Pt(CN),*~ or PtCl,®", in that treatment with
a Pt(IV) complex such as PtCls>~ results in quantita-
tive demethylation to H,0-B;," within a few hours
in 0.1 M NaCl.

In conclusion, all three platinum(I) complexes
bind to CHj-B,,. The first binding site for Pt(CN),2~
and PtCl4>™ is on the Co-CH; side of the corrin ring.
Due to the similar reactivity in the demethylation
reaction, Pt(SCN)4>~ may bind to this site as well.
A second binding site for Pt(SCN)42~ is the 3-nitro-
gen of the benzimidazole side chain. A second
binding site for Pt(CN);*>~ causes a perturbation in
the position of the benzimidazole ligand.
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