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Synthesis, Crystal Structures, and Oxidation States of MM'X-Type Platinum—
Rhodium Dinuclear Complexes Having Amidate Bridging Ligands
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Six novel Pt-Rh dinuclear complexes (1-6), [PtRh(PVM),-
(NH;),ClL3]-4H,O (1, PVM = tBuCONH"), [PtRh(PVM),(en)-
Cl3]-:3H,0 (2, en=ethylenediamine), [PtRh(PVM),(NH,CHj),-
Cl3]-3H,O0  (3), [PtRh(PVM),(NH,tBu),Cl3]-3H,O0  (4),
[PtRh(TCM),(NH;3),Cl;] (5, TCM = CI3CCONH"), and
[PtRh(BZM),(NH;),Cl3]-H,O (6, BZM = PhCONH"), have
been synthesized from Pt mononuclear complexes having ni-
trogen-coordinated amidate ligands with noncoordinated
amidate oxygen atoms. X-ray analysis revealed that com-
pounds 1 and 2 form zigzag one-dimensional chains in the

form [-Pt-Rh-Cl-],,. The oxidation states of the metal ions
have been determined by X-ray photoelectron spectroscopy
(XPS) and '95Pt NMR spectroscopic analysis, and are Pt(+2,
d®)---Rh(+3, d%). In comparison with the Pt-Rh distances found
in the literature, it has become apparent that the Pt-Rh dinu-
clear complexes have a dative Pt(d®)—Rh(d®) bond, where
the Pt d,. orbital is stabilized by the overlap with the d,z or-
bital of the Rh atom.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

Introduction

One-dimensional (1D) metal complexes have been one of
the intriguing subjects for the last several decades owing to
their unusual electrical properties that are based on a vari-
ety of possible metal oxidation states.!'! Most of the 1D
chains are made up of Rh(+1/+2) and/or Pt(+2/+3) because
partial oxidation or reduction of the d.. orbital attributed
to the d®«>d’ redox change affords partially filled valence
bands. Several 1D metal complexes comprising infinite —Pt—
Pt— bonds®?! or -Rh-Rh- bondsl®! and halogen-bridged Pt
(MX and MMX) chains!** have been synthesized and in-
vestigated to present. MMX chains have mixed-valence
states of the dinuclear units and adopt a variety of elec-
tronic structures represented by the four extreme valence-
ordering states.] Control of the electronic structures by
tailoring the ligands with subtle chemical modifications has
been attempted with MMX chains.[! However, control of
the electronic structures by introduction of another metal
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(M’) to the MMX chains to make so-called MM'X chains
has not been reported, to the best of our knowledge
(Scheme 1). A series of MM’X chains is considered to be a
new class of 1D metal complexes and is expected to have
interesting electrical properties.
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Scheme 1.

On the basis of the background above, we have tried to
synthesize MM'X chains by starting with Pt mononuclear
complexes with amidate ligands such as [Pt(PVM),(NH3),]
2H,0 (PVM = tBuCONH"),! which can easily bind a sec-
ond metal ion with the noncoordinated oxygen atoms in the
amide moieties and afford various dinuclear and trinuclear
Pt complexes (Scheme 2).I77 When M’ is one of the first
transition metals (e.g. Co, Ni, Cu), trinuclear Pt-M’'-Pt
complexes are obtained because of their thermal stabilities
and the ease of substitution of the ligands, even if the mix-
ing ratio is 1:1 (Pt:M’).I8] Considering the undesired tri-
merization and the necessity of mixed valency for 1D
chains, we selected Rh atoms as M’. Herein, we show the
synthesis, crystallographic characterization, and determi-
nation of the formal metal oxidation states in CI ion
bridged Pt-Rh dinuclear complexes.
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Scheme 2.

Results and Discussion

Synthesis and Characterization

Mixing of [Pt(PVM),(NHj;),]-2H,0! with RhCl;*3H,O
in MeOH provided a dinuclear Pt-Rh complex,
[PtRh(PVM),(NH3),Cl3]-4H,O (1) (Scheme 3). The reac-
tion was stoichiometrically complete within 3 d at 40 °C,
where the solution color changed from dark red to dark
brown. The dark brown MeOH solution was concentrated,
and then excess KCI in H,O was added to yield the pure
product, which was confirmed by 'H NMR spectroscopic
analysis. The 'H NMR spectra of 1 shows a single peak at
6 = 1.19 ppm for the rBu moieties,®! which is apparently
shifted from the peak at 6 = 1.10 ppm for the /Bu moieties
in [Pt(PVM),(NH3),]-2H,0.%4 Figure 1a shows the ESI-
MS (positive) spectra of 1 by dilution in MeOH. The peak
at m/z = 1241, attributed to the dinuclear complex, was ob-
served and the simulated isotope pattern based on the dinu-
clear complex apparently coincides with the observed one.

H o b
M __,N
1241 HII“.', :J'"JT-_"F'-L:
g o
III| I||l & nl
e P
s :é-af-_—“*l"‘-mf

400 600 BOOD 1000 1200 1400 1800 1800 2000

t N
|| _—E' T_\'N}"k—
2 o)
(b) M i<
[=]
l|||"|||| -
Ll i N; = _j
1293 1200 1300 > T' C
sl L d i, _}—{;:--._ ~Cl
T T T T T T T T 1 C_FHh
400 GO0 800 1000 1200 1400 1600 1800 2000
631 i
{G} ..... N .'l":-"l- s
by Hﬁ““’&k
"_':Hr_
625 635 “
T L
i i 1] I I I 1
400 60D  B0D 100D 1200 1400 1600 1800 2000
m/z

Rt gt N

R'in, oy ot N o Pl
R,'L— Pt~N% + RhCl3-3H20 R | N%
MeOH Clitn gpa*©
% C|’R|h
Cl
-
N HN 1'6
o 1:PVM, R = NH3
TCM 2: PVM, R'R'=en
3: PVM, R' = NHoMe
HN\ 4 : PVM, R' = NHtBu
Z)‘@ 5:TCM, R’ = NH3
6 : BZM, R' = NH3
BZM '
. J

Scheme 3.

Other Pt-Rh dinuclear complexes with various amidates
(TCM = CI3;CCONH ", BZM = PhCONH") and coligands,
[PtRh(PVM),(en)Cl5]:3H,0 (2), [PtRh(PVM),(NH,CHj3),-
CL]:3H,0  (3), [PtRh(PVM),(NH,#Bu),Cl3]-:3H,O  (4),
[PtRh(TCM),(NH3),Cl5] (5), and [PtRh(BZM),(NH;),Cl;]:
H,O (6), were also obtained in a similar manner from the Pt
mononuclear complexes having the noncoordinated oxygen
atoms in the amide moieties; cis-[Pt(PVM),(en)]-4H,O, cis-
[Pt(PVM)z(NHzCH3)2]'H20, CiS-[Pt(PVM)z(NHz[Bu)z], cis-
[Pt(TCM)»(NH3),], and cis-[Pt(BZM),(NH;),].’! As shown
in Figure 1, the ESI-MS peaks attributed to each dinuclear
complex (2-6) were observed.

Crystal Structure of [PtRh(PVM),(NH3),Cl;]-4H,0 (1)

Figure 2 shows the crystal structure of 1, and Table |
summarizes the selected bond lengths and angles for 1. The
single-crystal consists of Pt and Rh dinuclear complexes in
which the two metal ions are doubly bridged by two PVM
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Figure 1. ESI-MS (positive) spectra for (a) 1, (b) 2, (¢) 3, (d) 4, (e) 5, and (f) 6. Complexes 1-5 and 6 were measured by dilution in

MeOH and MeOH/MeCN (v/v = 1:1), respectively.
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ligands (Figure 2a). The asymmetric unit consists of Pt(1),
Rh(1), CI(1-3), one amine [N(1)], and one PVM [including
O(1), O(2), N(2), and C(1)] ligand, with a crystallographic
mirror along the ab plane [along the Pt(1)-Rh(1)-CI(1)
line]. The cis coordinated CI(2)/CI(3) and O(1)/O(2) atoms
are in a disordered relationship with the 0.50/0.50 occu-
pancy level, which means that two kinds of Rh(1) coordina-
tion planes, O(2)-O(1")-Cl(2")-Cl(3) and O(1)-O(2')-
CI1(3")-Cl(2), are present in the crystal with a 50:50 ratio.
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Figure 2. Crystal structure of [PtRh(PVM),(NHj3),Cl;5]-4H,O (1).
(a) ORTEP drawing of 1 at the 30% probability level. Hydrogen
atoms and water molecules are omitted for clarity. O(1) and O(2),
and CI(2) and CI(3) atoms are in a disordered relationship. (b)
Pseudo 1D chain where axially coordinated CI(1) atoms bridge the
dinuclear complexes. (¢) Four pseudo 1D chains are aligned in par-
allel. Arrows indicate the chain directions. (d) Crystal packing dia-
gram along the a axis. Water molecules are omitted for clarity.

—_—

Within the dimer, the Pt and Rh atoms are separated by
2.5704(7) A (1). The Pt atom is cis coordinated with two
amine ligands and two deprotonated nitrogen atoms of the
PVM ligands. The Rh atom is coordinated by three Cl-
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Table 1. Selected distances [A] and angles [°] for [PtRh(PVM),-
(NH3)2C13]'4H20 (1)[d]

Bond lengths

Pt(1)-Rh(1) 2.5704(7)  Pt(1)-CI(1)! 2.6328(17)
Pt(1)-N(1) 2.078(5) Pt(1)-N(2) 1.995(5)
Rh(1)-CI(1) 2.4127(18)  Rh(1)-Cl(2) 2.333(3)
Rh(1)-CI(3) 2.329(3) Rh(1)-O(1) 2.039(8)
Rh(1)-0(2) 2.026(9) C(1)-N(2) 1.276(9)
C(1)-0(1) 1.372(12)  C(1)-0O(2) 1.358(11)
Bond angles

N(Q2)-Pt(1)-N(1) 88.5(2) N(2)>-Pt(1)-N(2)  90.6(3)
N(2)-C(1)-0(1) 115.8(7) N(@2)-C(1)-0(2)  118.5(7)
Rh(1)-Pt(1)-CI(1)"  176.92(4)  CI(1)-Rh(1)-Pt(1) 171.08(5)
Rh(1)-CI(1)-Pt(1)>  127.42(7)

[a] Symmetry operators: (1) x—1/2, —y + 1/2, z; 2) x, y, —z; 3) x +
12, -y + 112, z

ions, two cis in the equatorial plane and one axially coordi-
nated to Rh with the distances Rh(1)-CI(1) = 2.4127(18),
Rh(1)-CI(2) = 2.333(3), and Rh(1)-CI(3) = 2.329(3) A. The
coordination planes of the two metals are slightly tilted by
11.9°.

As shown in Figure 2b, the axially coordinated CI™ ion
on the Rh atom contacts the neighboring Pt atom with a
distance of 2.6328(17) A and bridges two Pt—Rh dimers. As
to the packing of the Pt-Rh dimers, infinite strands of the
head-head dimers are formed to give chains with the ex-
pression [-Pt-Rh—Cl-],. All chains run along the «a axis,
where adjacent chains run in the opposite direction as
shown in Figure 2c. The one-dimensional chains are not
linear but zigzag; the bridging Cl” ions form the zigzag
chains with the angle Rh(1)-CI(1)-Pt(1") = 127.42(7)°. All
the chains run along the a axis without significant interac-
tion between them (Figure 2d); the distances between the
chain centers are about 9.0 and 9.3 A.

Crystal Structure of [PtRh(PVM),(en)Cl;|:3H,0 (2)

Figure 3 shows the crystal structure of 2, and Table 2
summarizes the selected bond lengths and angles for 2.
Compound 2 contains two individual dinuclear complexes
in the unit cell. The asymmetric unit consists of CI(1),
Rh(1), Pt(1), CI(3), Rh(2), Pt(2), two amines, and two PVM
ligands, with a crystallographic mirror along the ac plane
[along the CI(1)-Rh(1)-Pt(1)-CI(3)-Rh(2)-Pt(2) line] (Fig-
ure 3a). The carbon atoms C(1)/C(2) and C(8)/C(9) in the
en ligands are disordered with the 0.58/0.42 occupancy
level. Similar to 1, the Pt and Rh ions in the dinuclear com-
plexes are doubly bridged by two PVM ligands. The Pt
atom is cis coordinated by four N-donor ligands; one en
and two PVM ligands. The Rh atom is coordinated by three
CI" ions, of which the axially coordinated CI™ ion bridges
two Pt-Rh dimers (Figure 3b). The distances between Pt
and Rh are 2.5796(19) and 2.5771(17) A. The coordination
planes of the two metals are slightly tilted by 11.8 and 13.8°.

www.eurjic.org 811
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Figure 3. Crystal structure of [PtRh(PVM),(en)Cl;]:3H,0 (2). (a)
ORTEP drawing of 2 at the 30% probability level. Hydrogen atoms
and water molecules are omitted for clarity. C(1) and C(2), and
C(8) and C(9) atoms are in a disordered relationship. (b) Pseudo
1D chain where axially coordinated CI(1) and CI (3) atoms bridge
the dinuclear complexes. (¢) Four pseudo 1D chains are aligned in
parallel. Arrows indicate the chain directions. (d) Crystal packing
diagram along the ¢ axis. Water molecules are omitted for clarity.
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As found in the packing structure of 2 (Figure 3¢ and
Figure 3d), the pseudo 1D chain consists of the repetition
of head-head dimers with the expression [-Pt-Rh-CIl-],, in
a similar manner to 1. The one-dimensional chains of 2 also
zigzag, where the CI ions form bent bridges between the
dimers with the angles of 128.08(18) and 129.26(19)°. The
distances between Pt and axially contacted Cl atoms
[Pt(1)-~CI(3) = 2.662(5), Pt(2)-~CI(1") = 2.692(4) A] in 2 are
slightly longer than the corresponding one in 1:
Pt(1)~-CI(1") = 2.6328(17) A. As shown in Figure 3d, two

812 www.eurjic.org

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Table 2. Selected distances [A] and angles [°] for [PtRh(PVM),-
(en)Cl5]:3H,0 (2).1a!

Bond lengths

Pt(1)-Rh(1) 2.5796(19) Pt(2)-Rh(2) 2.5771(17)
Pt(1)-CI(3) 2.662(5) Pt(2)-CI(1)" 2.692(4)
Pt(1)-N(1) 2.058(13) Pt(1)-N(2) 1.977(13)
Pt(2)-N(3) 2.055(14) Pt(2)-N(4) 1.988(13)
Rh(1)-CI(1) 2.410(4) Rh(1)-C1(2) 2.328(4)
Rh(2)-Cl1(3) 2.420(5) Rh(2)-Cl(4) 2.308(4)
Rh(1)-O(1) 2.033(10) Rh(2)-0(2) 2.022(10)
C(3)-N(2) 1.266(19) C(3)-0(1) 1.252(15)
C(10)-N(4) 1.264(18) C(10)-0(2) 1.265(16)
Bond angles
N(2)-Pt(1)-N(1) 90.5(8) NQ)-Py(1)-N@2)*  93.1(13)
N(4)-Pt(2)-N(3) 91.6(9) N@)>-Pt(2)-N@)  89.9(11)
O(1)-Rh(1)-Cl(2) 86.7(3) O(1)-Rh(1)-O(1)*>  92.7(6)
0O(2)-Rh(2)-Cl(4) 90.5(5) O(2)>-Rh(2)-0(2) 87.3(8)
N(2)-C(3)-0(1) 121.6(14) N@)-C(10-0(2)  121.9(13)
Rh(1) Pt(1)-CI(3)  174.81(10)  Rh(2)-Pt(2)-CI(1)! 175.50(10)
CI(1)-Rh(1)-Pt(1)  170.76(12)  CI(3)-Rh(2)-Pt(2) 171.25(13)
Rh(1)-CI(1)-Pt(2)>  128.08(18)  Rh(2)-CI(3)-Pt(1) 129.26(19)
z;(3) x, y, z—

[a] Symmetry operators: (1) x, y, z + 1; (2) x, -y + 1,
1.

parallel chains run in the opposite directions, [-Pt-Rh-
Cl-], and [-Cl-Rh—Pt-],,, in close proximity of about 8.3 A.

Both 1 and 2 give pseudo 1D infinite chains expressed
as ~-MM'X-. A substantial number of halogen bridged
chains have been thoroughly investigated to date, namely:
(1) -MX- type chains,! (2) -MMX- type chains, (3) the
Cl -bridged platinum tan {= HH-[Pt(2.5+),(NHj3)s(u-
C4HNO)4(CD],>"*, “platinum  tan”™['9 is the dark red
amidate-bridged Pt tetranuclear complex containing the
Pt(2.5+); mixed valency} expressed as the M X-type
chain.[''l In contrast, the present quasi 1D system is dis-
tinctly different from the previous systems on the ground
that two kinds of metal ions are conjugated in the system
(-MM'X- type chain).

Determination of the Oxidation States

The X-ray analysis of 1 and 2 revealed that the three Cl~
ions and two amidate ligands are coordinated in the dinu-
clear unit, which indicates that the total oxidation state of
the Pt-Rh core is +5. Considering the general oxidation
states of the Pt and Rh atoms, possible formal oxidation
states of 1 and 2 are Pt(+3)-Rh(+2) and Pt(+2)-Rh(+3). In
order to determine the oxidation state of the metal ions
in the Pt-Rh dinuclear complexes, XPS and '®Pt NMR
measurements were carried out.

Figure 4 shows the Rh 3ds;» and 3ds,,, and Pt 4f;, and
4f5,, core level spectra for 1-6 at room temperature. In the
3ds), region of rhodium, Pt 4ds), signals also exist but are
overlapped with the Rh signals. The Pt 4f;,, binding ener-
gies were determined as 73.4 (1) and 73.3 (2), which are
closer to that of the Pt(+2) complex [Pt"(en),(a-pyridon-
ato),](NO3), (72.6eV) than that of the Pt(+3) complex
[PtT(NH;)4(a-pyrrolidonato),(NO3),](NO5), (75.0 eV).[12
On the other hand, the Rh 3ds,, binding energies obtained

Eur. J. Inorg. Chem. 2007, 809-815
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are 309.4 (1) and 309.2 (2), which are close to the value of
Rh(+3) in RhCl;-3H,0 (310.0 eV).l'31 As shown in Table 3,
compounds 3-6 have binding energies similar to those of 1
and 2.

Pt Rh Pt
4d5,'23d3‘lz 3dg Hepy 472
//\\,AL ﬂ\'— (a)
ﬂé/\/\ —NXL— (b)
s !
@
= k JV!\— (@
/-\ﬂ\ ‘—j\ﬁ S (e)

E

""""‘1'5"‘[“
20 318 312 0B 304 0 k] T2 L

Binding Energy / eV

Figure 4. Rh 3ds, and 3ds, (left), Pt 4f,, and 4fs,, (right) core
levels of XPS for (a) 1, (b) 2, (¢) 3, (d) 4, (e) 5, and (f) 6.

Table 3. Binding energy (¢V) for 3d region of rhodium and 4f re-
gion of platinum in 1-6.

Complex Rh 3d3), Rh 3ds), Pt 4f5), Pt 4f;),
1 314.2 309.4 76.7 73.4
2 314.1 309.2 76.5 73.3
3 314.2 309.1 76.8 73.5
4 314.4 309.4 76.6 73.2
5 314.2 309.4 76.3 73.1
6 314.1 309.3 76.7 73.6

Furthermore, the Pt NMR chemical shifts obtained in
MeOD by using an aqueous solution of K,[PtCly] as the
external reference are —2452 (1), —2590 (2), —2365 (3), —2642
(4), and 2371 ppm (5), which are in the expected range for
Pt(+2) complexes.['*!3] The broad line widths of the '*>Pt
NMR signals are probably due to the interactions with 4N
nuclear spins. Compounds 4 and 5 did not show well-de-
fined 'Pt NMR signals in MeOD because of equilibrium
mixing.['3) Interestingly, the '°°Pt chemical shifts for 1-5 are
dispersed in a rather wide range (-2365 to —2642 ppm),
which shows that there is a significant difference in the elec-
tronic states among them. Considering the results of XPS
and Pt NMR, we conclude that the formal oxidation
state of the metal ions in 1-6 is Pt(+2, d®)--Rh(+3, d°).

Comparison with Other Pt—Rh Dinuclear Complexes

Previously, we reported unique heterometal chains with
mixed valence (so-called HMMs), {[PtRh(PVM),(NH3),-

Eur. J. Inorg. Chem. 2007, 809-815
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Cly s)o[Pta(PVM)2(NH3)4]2(PF¢)s2MeOH-2H,0},, (HMM-
1), that comprised Pt-Rh and Pt-Pt dinuclear complexes
possessing an unpaired electron over the octanuclear
unit.['® Compound 1 corresponds to a fragment of the oc-
tanuclear repetition unit in HMM-1. Because the HOMO
is in the Pt—Rh dinuclear metal orbital part in HMM-1,1¢]
comparison between 1 and HMM-1 is meaningful. As
shown in Table 4, the Pt-Rh distances in 1 and 2 are slightly

shorter than that of Pt(+3, d7)-Rh(+2.5, d®°) in HMM-
1.6l

Table 4. Pt-Rh oxidation states and distances [A].

Compound Oxidation states Pt-Rh distance Ref.
fal Pt(+2, d®)Rh(+1, d®) 3.043(1) {7
o] Pt(+2, d®)Rh(+1, d®) 3.079(2) 18]
HMM-1 Pt(+3, d7)=-Rh(+2.5, d) 2.5987(11) [
1 Pt(+2, d®)-Rh(+3, d° 2.5704(7) this work
2 Pt(+2, d®)Rh(+3, d° 2.5796(19) this work

[a] = trans-Rh—(CO)Cl(p-Ph,AsCH,PPh,),-cis-PtCl1,. [b] = [(NC),-
PtRh(CN7Bu),(u-dpm),](PFg) [p-dpm = bis(diphenylphosphanyl)-
methane].

In addition, the Pt-Rh distances in 1 and 2 are about
0.5 A shorter than those reported in other Pt—Rh dinuclear
complexes, trans-Rh—(CO)CI(p-Ph,AsCH,PPh,),-cis-PtC1,
(@7 and [(NC),PtRh(CN7Bu),(u-dpm),](PF¢) (b, p-dpm
= bis(diphenylphosphanyl)methane),!'® where the formal
oxidation states are Pt(+2, d®)-Rh(+1, d®). It has been
shown that an occupied d.- orbital in the d® transition metal
ion with square-planar coordination geometry can act as a
donor to other metal ions (M') to form a dative
Pt(d®)— M’ bond.l'! Considering the short Pt-Rh dis-
tances, compounds 1 and 2 are considered to have a dative
Pt(d®)— Rh(d®) bond, where the Pt d.. orbital is stabilized
by the overlap with the d.. orbital of Rh.

Conclusions

The present study is focused on the synthesis and single-
crystal X-ray analysis of novel Pt-Rh dinuclear complexes
having a Pt-Rh bond doubly bridged by amidate ligands,
and we have succeeded in obtaining six dinuclear complexes
with various amidate and amine ligands. Compounds 1 and
2 are zigzag MM'X chains, and XPS and '°>Pt NMR spec-
troscopic measurements revealed that the dinuclear com-
plexes have the formal oxidation state of Pt(+2, d®)-Rh(+3,
d®). Apparently, there is no electronic interaction between
the Pt-Rh dinuclear complex units bridged by CI" ions in
the zigzag chain. Because linear 1D chains constructed
from Pt and a heterometal are expected to have unique
physical properties, attempts to straighten the alignment of
the Pt-Rh dinuclear complexes in the chain by modifying
the axial ligand is currently in progress.

Experimental Section

Synthesis of [PtRh(PVM),(NH3),Cl3]:4H,0 (1): A MeOH solution
(200 mL) of [Pt(PVM),»(NH3),]-2H>O (1 mmol, 0.47 g) was stirred
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with RhCl;-3H,0 (1 mmol, 0.26 g) for 3 d at 40 °C. The resulting
brown solution was concentrated to yield a brown solid. The brown
solid was stirred with an aqueous solution (10 mL) of KCI
(4.0 mmol, 0.30 g) to give the brown product. Yield: 0.28 g (39%).
The product was recrystallized by diffusing excess KCI into the
aqueous solution to give suitable single crystals. IR (KBr pellet):
C=0 stretching, ¥ = 1639 (m), 1574 (s) cm™'. C;(H34,CI3sN4O¢PtRh
(711): caled. C 16.90, H 4.82, N 7.88; found C 17.12, H 4.51, N
7.09.

Synthesis of [PtRh(PVM),(en)Cl;]-3H,0 (2): A MeOH solution
(300 mL) of [Pt(PVM),(en)]-4H,O (1.5 mmol, 0.79 g) was stirred
with RhCl3-3H->O (1.5 mmol, 0.395¢g) for 2d at 40 °C. The re-
sulting brown solution was concentrated to yield a brown solid.
The brown solid was stirred with an aqueous solution (10 mL) of
KCI (4.0 mmol, 0.30 g) to give the dark green product. Yield: 0.29 g
(27%). The product was recrystallized by diffusing excess KCI into
the aqueous solution to give suitable single crystals. IR (KBr pel-
let): C=O stretching, ¥ = 1635 (m), 1574 (s) cm.
C,H;34C13N,4O5PtRh (719): caled. C 20.05, H 4.77, N 7.79; found
C 20.30, H 4.43, N 7.64.

Synthesis of [PtRh(PVM),(NH,CH;),CL-3H,0 (3): A MeOH
solution (136 mL) of [Pt(PVM),(NH,CHj3),]-H,O (0.68 mmol,
0.32 g) was stirred with RhCl3-3H,0 (0.68 mmol, 0.18 g) for 2 d at
40 °C. The resulting dark violet solution was concentrated to yield
a dark violet solid. The dark violet solid was stirred with an aque-
ous solution (6.5 mL) of KCI (6.7 mmol, 0.50 g) to give the brown
product. Yield: 0.15 g (31%). IR (KBr pellet): C=0 stretching, V =
1645 (m), 1570 (s) cm™!. C;,H34CI3N4O5PtRh (721): caled. C 20.00,
H 5.03, N 7.77; found C 20.40, H 4.50, N, 7.17.

Synthesis of [PtRh(PVM),(NH,7Bu),Cl;|-3H,0 (4): A MeOH solu-
tion (90 mL) of [Pt(PVM),(NH,/Bu),] (0.45 mmol, 0.24 g) was
stirred with RhCl3-3H,0 (0.45 mmol, 0.12 g) for 2 d at 40 °C. The
resulting brown solution was concentrated to yield a brown solid.
The brown solid was stirred with an aqueous solution (5 mL) of
KCI (1.3 mmol, 0.10 g) to give the brown product. Yield: 0.23 g
(63%). IR (KBr pellet): C=0 stretching, ¥ = 1647 (m), 1571 (s)
cm !, C gHysClzN4OsPtRh (805): caled. C 26.86, H 6.01, N, 6.96;
found C 25.90, H 5.16, N 6.01.

Synthesis of [PtRh(TCM),(NH3),Cls] (5): A MeOH solution
(150 mL) of [Pt(TCM),(NHs),] (0.75 mmol, 0.41 g) was stirred
with RhCl3:3H,O (0.75 mmol, 0.20 g) for 3d at 40 °C. The re-
sulting brown solution was concentrated to yield a brown solid.
The brown solid was stirred with an aqueous solution (4 mL) of
NaCl (10.3 mmol, 0.60 g) to give the dark green product. Yield:
0.25 g (43%). IR (KBr pellet): C=0 stretching, ¥ = 1716 (m), 1628
(s) ecm™!. C4HgCloN,O,PtRh (761): caled. C 6.31, H 1.06, N, 7.36;
found C 6.31, H 1.50, N 7.33.

Synthesis of [PtRh(BZM),(NH;),Cl3]'H,0 (6): A MeOH solution
(120 mL) of [Pt(BZM),(NH3),] (0.6 mmol, 0.28 g) was stirred with
RhCl3:3H,0 (0.6 mmol, 0.16 g) for 3d at 40 °C. The resulting
brown solution was concentrated to yield a brown solid. The brown
solid was stirred with an aqueous solution (4 mL) of KCl
(9.3 mmol, 0.70 g) to give the brown product. Yield: 0.18 g (42%).
IR (KBr pellet): C=0 stretching, ¥ = 1597 (m), 1558 (s) cm .
C4H5oCI3N4O5PtRh (697): caled. C 24.14, H 2.89, N 8.04; found
C 24.38, H 2.91, N 7.48.

X-ray Structure Determination for 1 and 2: Measurements were car-
ried out with a Bruker SMART APEX CCD diffractometer
equipped with a normal focus Mo-target X-ray tube (4 =
0.71073 A) operated at 2000 W power (50 kV, 40 mA) and a CCD
two-dimensional detector. A total of 1315 frames were collected
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with a scan width of 0.3° in @ with an exposure time of 20 (1) and
40 (2) s/frame. The frames were integrated with the SAINT soft-
ware package with a narrow frame algorithm.[>l Absorption cor-
rection was applied by using SADABS.[?!T All the structures were
solved by direct methods with the subsequent difference Fourier
syntheses and the refinement with the SHELXTL (version 5.1)
software package.l*?l For all compounds, the non-hydrogen atoms
were refined anisotropically and all hydrogen atoms were placed in
the ideal positions. In 1, O(1) and O(2), CI(2) and CI(3) atoms were
refined with disorder relationship. In 2, C(1) and C(2), C(8) and
C(9) atoms were refined with disorder relationship. In 2, C(1), C(2),
C(5)—(9), O(4) and O(6) were isotropically refined under rigid con-
ditions (Table 5). CCDC-618494 (for 1) and -618495 (for 2) contain
the supplementary crystallographic data for this paper. These data
can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Table 5. Crystal data and structure refinement for [PtRh(PVM),-
(NH;),Cl;]-4H,0 (1) and [PtRh(PVM),(en)Cl5]-3H,0 (2).

Compound 1 2

Formula C10H20C13N406PtRh C12H20C13N405ptRh
Formula mass 696.65 704.67
Crystal system orthorhombic monoclinic
Space group Ibam (no. 72) C2/m (no. 12)
a[A] 13.7371(17) 22.050(10)

b [A] 18.002(2) 18.260(8)
c[A] 18.541(2) 13.865(6)

a [°] 90 90

BI°] 90 122.138(7)

7 [°] 90 90

VA3 4585.1(10) 4727(4)

Z 8 8

Deareq. [gem ™) 2.018 1.980

41 [mm] 7.193 6.975

R\ [I>2.00(1)] 0.0266 0.0710

wR,! [all data]  0.1034 0.2001

T [°C] -153 -153

[a] Ry = X(Fo| ~ [FD/E(FD. [b] wRy = {Z[w(Fy* — FAPYEw(F T

Physical Measurements: The X-ray photoelectron spectroscopy
measurements were carried out with a JEOL JPS-9010. Binding
energies were measured relative to the C 1s peak (284.8 ¢V) of in-
ternal hydrocarbon.

Supporting Information (see footnote on the first page of this arti-
cle): '"H NMR spectra for 1-4, IR spectra for 1-6, Pt NMR
spectra for 1-5.
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