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Studies Involving Labile Vitamin B, Metal Complexes.
Part 2. Infrared, Nuclear Magnetic Resonance Studies, Structure and
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Potassium  tetrachloroplatinate(IlI) reacts with
labile Vitamin By, Hg(Th)Cl,*H,O (1:1 mol ratio)
in warm aqueous medium to form the very stable
trinuclear complex, HgPt,(Th)Cls. Two structures
are proposed — one in which mercury is presumably
two-coordinated and platinum is penta-coordinated,
and another in which mercury is tetracoordinated
and platinum is penta-coordinated through chlorine
bridges. On the contrary, the same metal salt reacts
with Zn{Th)Cl,*H,O and Cd{Th)Cl;-H,Q to form
dinuclear complexes, ZnPt{Th)Cl; and CdPt{Th)Cl,
in which zinc or cadmium is two-coordinated and
platinum is tetracoordinated. These novel tri- and
dinuclear complexes were characterized by ‘H,
3¢ NMR, IR and elemental analysis.

Introduction

Recently, we reported [1] the preparation and
nuclear magnetic resonance studies of the new hetero-
dinuclear complex, HgPd(Th)Cl3, in which we observ-
ed an unusual oxidation state of metal/metals which
it was hoped would provide a mechanism whereby
mercury poisoning could be prevented in biological
systems. Such a mechanism may be workable if the
oxidation of thiamine by metal jons proceeds by
inner-sphere mechanism [6, 7]. In view of the clear-
cut evidence for metal—thiamine bonding in recent
papers [1, 8, 9], we should, at least in the very
near future, be able to propose some mechanisms
whereby mercury [1], cadmium [2, 3] or manga-
nese [4, 5] poisoning can be prevented in biological
systems.
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Experimental

Thiamine chloride hydrochloride, potassium tetra-
chloroplatinate(II) and deuterated dimethyl sulf-
oxide were obtained from Aldrich Chemical
Company and were used without further purifica-
tion.

Infrared spectra were recorded on a Beckman
621 Infrared Grating Spectrophotometer in KBR
pellets. The proton and carbon-13 NMR spectra
were recorded on a Nicolet 200 MHz High Resolution
Spectrophotometer. All chemical shifts were
measured and expressed in parts per million relative
to DMSO-d.

The tri- and dinuclear complexes were prepared
as described earlier [1] with slight modification. The
trinuclear complex, HgPt,(Th)Cls, was prepared by
adding a warmed and filtered solution of 2.0 g of
K,PtCl, in 60 ml of distilled water to a warmed and
filtered solution of 3.0 g of Hg(Th)Cl,+H,O in 60
ml of water. The resulting mixture turned yellow
immediately and precipitation followed at once. The
precipitate was allowed to remain under the mother
liquor for 1 hour before being filtered, washed with
water, acetone and diethyl ether. The orange colored
solid complex isolated was air-dried for 24 hours
and finally oven-dried at 120 °C for 12 hours. The
yield was 1.0 g. The dinuclear complexes, CdPt(Th)-
Cl; and ZnPt(Th)Cl; were similarly prepared with
yields of 0.72 and 0.62 g, respectively. Elemental
analyses were performed by Galbraith Laboratories
Inc. of Knoxville, Tennessee and Atlantic Microlab.
of Atlanta, Georgia. Anal. Calcd. for HgPt,(Th)Cle
(Mw = 1369): C, 21.59; H, 2.55;Cl, 15.94%. Found:
C, 21.61; H, 2.66; Cl, 16.23%. Calcd. for CdPt(Th)-
Cl;*H,0 Mw = 679.85): C, 21.18; H, 2.94; N,
8.24%. Found: C, 21.79; H, 3.00; N, 8.46%. Calcd.
for ZnPt(Th)Cl;-2H,0 (Mw = 667.84): C, 21.56; H,
3.14;N, 8.37%.

© Elsevier Sequoia/Printed in Switzerland



192

A. Adeyemo, A. Shamim, A. Turner and K. Akinade

TABLE I. 3C NMR Chemical Shifts of Free Ligand and Its Platinum Complexes in Parts per Million (ppm).

Compound 4-CH, 2'-CH; 5-0-CH, Bridged CH, 5--CH,
Thiamine-HCl 11.63 21.13 29.33 49.88 59.65
HgPt,(Th),Cle 11.50 27.17 29.31 50.08 59.59
CdPt(Th)Cl3 11.55 27.17 29.36 50.08 59.64
ZnPt(Th)Cl3 11.68 27.17 29.36 50.08 59.59
C-5' C-5 C4 c6’ C-2 c4’ c-2'
Thiamine+HCl 105.28 135.31 142.13 146.65 155.23 161.23 163.00
HgPt, (Th),;Clg 106.56 135.97 142.03 154.55 157.85 160.67 167.32
CdPt(Th)Cl3 106.56 135.88 142.03 154.97 158.07 160.81 167.27
ZnPt(Th)Cl; 106.56 135.97 142.13 155.96 158.05 160.79 167.07
TABLE II. 'H NMR Chemical Shifts of Free Ligand and Its Platinum Complexes in Parts per Million (ppm).
Proton Vitamin B, HgPt,(Th)Clg CdPt(Th)Cl3 ZnPt(Th)Cl3
4-CH3 2.600 2.407 2415 2413
2'-CH; 2.570 2.888 2.884 2.888
5-CH, 3.100 3.023 3.019 3.023
CH,OH 3.670 3.631 3.625 3.629
5'-CH, 5.700 5.432-5475 5.465-5.512 5.451-5.496
C-6'-H 8.470 8.459-8.531 8.547 8.478-8.545
C-2-H 10.00 9.613-9.782 9.846 9.625-9.820

TABLE III. Selected IR Data of the New Complexes, ZnPt(Th)Cl3, CdPt(Th)Cl; and HgPt, (Th)Clg in cm™ ? 2

290m, 300m, 570s, 608s, 745sh, 766s, 990sh, 1045s, 1158sh, 1220m, 1350m, 1450s, 1540m, 1605s,

295m, 320m, 575s, 610s, 768s, 867m, 930m, 994sh, 1040s, 1160sh, 1224s, 1294m, 1350m,

ZnPt(Th)Cl3:

1640sh, 3000m, 3200-3000m
CdPt(Th)Cl3:

1430-1458br, 1537s, 1585-1610br, 3000m, 3140—3200m
HgPt,(Th)Clg:

300br, 525sh, 570s, 608s, 766s, 866w, 927sh, 990sh, 1047br, 1160sh, 12225, 1346m, 1450m, 1535m,

1600s, 1640sh, 1640sh, 3000m, 3150—3300m

# Abbreviations: m = medium, sh = shoulder, s = strong, w = weak, br = broad.

Results and Discussion

Table I shows the 3C NMR chemical shifts of the

ligand and its complexes. In agreement with the
previous works [1, 8], the most downfield shifted
carbons are those adjacent to N-1" position of the
pyrimidine moiety of the ligand. As shown in Table
I, C-2', 2-CH; and C-6’ carbons shifted by 4.6 and

9.0 ppm, respectively. The fact that all other carbons
remain essentially unaffected indicates that Pt(II)
is directly bound to the ligand via the N-1' position.
It is very interesting to observe a remarkable differ-
ence between the chemical shifts enjoyed by C-6'
in the platinum and palladium complexes. While
C6' shifted downfield by about 12 ppm in the palla-
dium complex [1], the same carbon shifted down-
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field by about 9.0 ppm in the platinum complex.
This result indicates a much stronger interaction
between Pd(II) and ligand.

Proton NMR data provides additional support
for metal—nitrogen interaction in these complexes.
Table II lists the chemical shifts for the ligand and
the complexes. The most downfield shifted reso-
nances are 2'-CH, and C-6'-H with about 0.3 and
0.1 ppm, respectively. All other resonances either
remain unaffected or are slightly shifted upfield.
Thus the proton nuclear magnetic resonance also
confirms that Pt(II) is preferentially bound to the
ligand via the N-1' position.

Table III shows selected IR data of the new
complexes. Thiamine chloride hydrochloride shows
strong bands at 3450, 3435, 3270 and 3075 cm™
[8] due to OH, NH, and CH aromatic and aliphatic
stretching motions. In the complexes, ZnPt(Th)Cl;,
CdPt(Th)Cl; and HgPt,(Th)Cls, the strong bands
between 3200 and 3300 cm™! are ascribed to OH
stretchings while bands between 3000 and 3150
cm™! are ascribed to NH, stretchings. The band
at about 1640 cm™ is attributed to the metalated
pyrimidine ring stretching motion of thiamine.
Evidence for M—Cl stretchings is confirmed by the
medium band between 290 and 320 cm™! [8, 11]
in these complexes. The strong band at 575-525
cm ! is ascribed to a metal—nitrogen bond [10].

Thus the infrared spectroscopic data are
supportive of the structures (I-1V) proposed for
these new complexes. We hope that X-ray crystal
studies or X-ray powdered diffraction will shed
more light on the proposed structures.
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