J. Am. Chem. S0d.999,121, 7405-7406

7405

Communications to the Editor

The First Examples of Platinum(Il) —Cadmium(Il)
Bonds: The Role of Strong Field Ligands in Making
Dative Pt—M Bonds

Tadashi Yamaguchi,* Fumie Yamazaki, and Tasuku Ito*

Department of Chemistry, Graduate School of Science

Tohoku Uniersity, Sendai 980-8578, Japan
Receied April 2, 1999

It has been shown that the occupiedatbital of a ¢ transition

Figure 1. ORTEP drawing ofl in 1-CsHsO. Relevant bond lengths (A)

metal ion with square-planar coordination geometry can act as aand angles (deg): PCd = 2.6389(8), PtN(1) = 2.139(8), PtN(2) =
potential donor to another metal ion (M) resulting in a dative 2-128(8), P+C(1) = 2.00(1), Pt-C(12) = 2.05(1), Cd-N(3) = 2.321-

M(d®—M bond. Many examples of Pt(HyM dative bonds have
been reported.® However, this type of bond is generally
supported by a bridging ligahdr a weakly bridging interactiof.
The molecular orbital scheme for Pt(HM dative bond¥#
suggests that stronger dative Pt(Hyl bonds will be formed as
the dz level moves higher in energy. This will occur when

platinum is placed in a strong ligand field. The present study has
been undertaken to explore the formation of short unsupported

Pt(l11)—M dative bonds by using platinum(ll) complexes with
carbono-donor ligands which exert a strong ligand field. We
report here dative Pt-Cd' bonds which are found to exist in
[{ Pt(phpy}}{ Cd(cyclen}](ClO,). (1), [{PYCHs)(bpy){Cd-
(cyclen}](ClOy). (2), and f Pt(thpy}}{ Cd(cyclen}](ClOy). (3)
(Hphpy = 2-phenylpyridine, cyclers 1,4,7,10-tetraazacyclodo-
decane, bpy= 2,2-bipyridine, Hthpy= 2-(2-thienyl)pyridine).
To our knowledge, this is the first report of-R€d interelement

bonds.
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(9), Cd-N(4) = 2.30(1), Cd-N(5) = 2.36(1), Cd-N(6) = 2.34(1); N(1)-
Pt-C(1)= 78.5(3), N(2)-Pt-C(12)= 78.9(3), Pt Cd—N(3) = 126.7(3),
Pt-Cd—N(4) = 117.9(3), Pt Cd—N(5) = 109.5(2), P+Cd—N(6) =
117.0(3).

Figure 2. ORTEP drawing o in 2:CsHsO. Relevant bond lengths (A)
and angles (deg): PICd = 2.6101(8), P£N(1) = 2.12(2), PEN(2) =
2.13(2), P+C(1) = 2.06(2), PtC(2) = 2.04(2), Cd-N(3) = 2.38(3),
Cd—N(4) = 2.350(7), Ca-N(5) = 2.28(1), Ca-N(6) = 2.295(7); N(1)-
Pt—=C(1) = 174(1), N(2)-Pt—C(2) = 98.8(9), P+ Cd—N(3) = 117(1),
Pt—Cd—N(4) = 110.7(3), PtCd—N(5) = 117.8(7), Pt Cd—N(6) =
125.9(2).

Compoundl was prepared in acetone solution by combining
[Pt(phpy}]® and [Cd(cyclen)(MeOH)(CIO,).° in a 1:1 molar ratio
at room temperature for-34 days. Yellow crystals of {[Pt-
(phpy)}{ Cd(cyclen}](ClO4)2*CsHeO (1-:C3HgO)” were isolated
from this reaction mixture. Yellow crystals of Pt(CH).(bpy)} -
{Cd(cyclen}](ClO4),*C3HsO (2:C3HesO)” and yellow powder of
[{ Pt(thpy}}{ Cd(cyclen}](ClO4)2*CsHeO (3:CsHeO)” were ob-
tained in the same way using [Pt(@k{bpy)P or [Pt(thpy}]® in
place of [Pt(phpy).

ORTEP drawings of{[Pt(phpy}}{Cd(cyclen}]?>" in 1'° and
[{ Pt(CHy)(bpy)}{ Cd(cyclen}]?" in 2! show clearly that a
platinum-to-cadmium dative bond is formed in both compounds
(Figures 1 and 2). The PCd bond distances ihand?2 are 2.639-
(1) and 2.610(1) A, respectively. These are far shorter (ca. 0.25
A) than the sum of the metallic bond radii of platinum and
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(11) Crystal data foR-CsHeO: pale yellow prismatic, monoclinic space
groupC2 (No. 5),a = 20.966(2) Ab = 11.314(1) Ac=16.582(2) Ag =
120.944(2), V = 3373.7(5) R, Z = 4; Rl = 0.037,wR2 = 0.0883, GOF=
0.94.
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NO, solution containing [Pt(phpy) and [Cd(cyclen)(MeOHy}-
@ (ClOy), in a 1:3 molar ratio and a GINO, solution containing
only [Pt(phpy}], respectively. Thé®Pt NMR chemical shifts are
—1571 and—1918 ppm, respectively. The shift to lower field
upon complexation to Cd suggests a decrease in electron density
on Pt caused by the formation of the—REd dative bond.
Similarly, in the presence of a 3-fold excess of [Cd(cyclen)-
(MeOHY](ClOy),, [Pt(CHs)2(bpy)] and [Pt(thpyj] showed their
195t NMR signals at-1562 and-1748 ppm in CBNO,, whereas
in the absence of [Cd(cyclen)(MeO}{CIO,),, their signals
appeared at-1749 and—2194 ppm, respectively. However,
compoundsl—3 did not show well-defined®Pt NMR signals
1500 T 700 | 1900 ppm in CD3NO,. It appears that the PtCd dative bond in these
compounds is dissociated partly in solution to give an equilibrium
mixture of Pt and Cd complexes. In fact, a €D, solution of
1 showed exactly the same spectrum as mentioned above, when
an excess of [Cd(cyclen)(MeOH(CIO,), was added to it. These
observations indicate that the €d dative bond can be

. s . maintained in solution under appropriate conditions.
cadmium (2.88 A), thus indicating the formation of strong-Rid In this study, we demonstrated that square-planar Pt(ll) in a

dative bonds. Furthermore, these bonds are not supported by any, . jigand field gives rise to strong-P€d dative bonds. It
other interaction. The coordination geometry around'Gslof a has been found that [Pt(phpy)and [Pt(thpy)] react also with

square pyramidal type with ansMasal plane in each compound. T . : . 2
In 1, the Pt-Cd bond is tilted by 13.0from the normal to the Ag" to give compounds with PtAg dative bonds:
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was observed when the platinum complexes were mixed with [Cd- experimental conditions, atomic positional and thermal parameters, and
(cyclen)(MeOH)](ClO,),. However, no distinct absorption peak  interatomic distances and bond angles foand 2 (PDF). An X-ray
appeared in UVAvis spectra. Experiments varying the Pt:Cd molar crystallographic file (CIF). These materials are available free of charge
ratio and following the UV-vis absorption intensity in solution Vi the Intemet at http://pubs.acs.org.
showed the exclusive formation of the 1:1 complex and gave no JA991053N

evidence for the formation of a 1:2 complex (P#Cd (12) Yamazaki, F. MS dissertation, Tohoku University, Sendai, 1998 (in
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(b)

Figure 3. 9Pt NMR spectra of (a) CENO, solution containing only
[Pt(phpy}] and (b) CQINO; solution containing [Pt(phpy) and [Cd-
(cyclen)(MeOH)](ClO4), in a 1:3 molar ratio. Chemical shift is referenced
to KoPtCly in D,O.




