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ABSTRACT: The reaction of Ruy(CO);, with Pt(IMes), in benzene solvent at room
temperature afforded the monoplatinum—triruthenium cluster complex Ru;Pt-
(IMes),(CO)y;, 1, in 21% vyield and the trigonal bipyramidal cluster complex
Ru,Pt,(IMes),(CO),,, 2, in 26% yield. The reaction of Ru(CO); with Pt(IMes), in
benzene solvent at 0 °C yielded two trinuclear cluster complexes, the monoplatinum—
diruthenium Ru,Pt(IMes)(CO)y, 3, and the monoruthenium—diplatinum cluster complex
RuPt,(IMes),(CO)y, 4. The reaction of 2 with hydrogen at 80 °C afforded the
tetrahydrido—tetraruthenium complex Ru,(IMes)(CO),;(u-H),, 5, and the dihydrido—
diruthenium—diplatinum complex Ru,Pt,(IMes),(CO)g(u-H),, 6. All six compounds were
structurally characterized by single-crystal X-ray diffraction analyses.

B INTRODUCTION

In 1994, Arduengo synthesized and characterized low-
coordinate NHC complexes of nickel(0) and platinum(0).!
Ever since this report, the synthesis of N-heterocyclic carbenes
(NHCs), as well as the use of NHCs as ligands in coordination
chemistry, has attracted significant attention.” With the use of
novel NHC—metal complexes, many important reactions, such
as olefin metathesis,® Pd-catalyzed cross-coupling reactions,”
and hydrogenation reactions,” have shown noticeable improve-
ments. The strong electron-donating properties of NHCs often
give their metal complexes increased stability.® As a result of
their electronic properties, NHCs provide a versatile alternative
to phosphine ligands. They also provide an equally variable
steric environment, which is quite different from that of
phosphines. Thus, substitution of a phosphine ligand with an
NHC can lead to a dramatic increase in catalytic activity and
stability.*” The synthesis of novel NHC—Pt(0) complexes has
been previously reported, and their efficiency in the hydro-
silylation of a broad range of alkenes was demonstrated.®
NHC—Pt(alkene), complexes were also shown to be used as
hydrosilylation catalysts.”

While there has been considerable work done with mono
nuclear—NHC complexes, metal clusters with NHC have been
less than studied. Mixed-metal cluster complexes have been
shown to be good precursors for the preparation of supported
bimetallic nanoparticles.'® Tt has been shown that certain
bimetallic catalysts have both higher activity and better product
selectivity than their monometallic counterparts.'’ Supported
platinum—ruthenium clusters have been shown to exhibit high
activity for catalytic hydrogenation reactions when immobilized
on mesoporous silica.'>'> The use of NHCs in metal cluster
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chemistry is still relatively limited. To the best of our
knowledge, bimetallic Ru—Pt—NHC cluster complexes have
not yet been investigated.

Thus, we have now studied the reaction of Ru;(CO),, and
Ru(CO); with 2,2'-bis(1,3-dimesitylimidazol-2-ylidene)-
platinum(0), Pt(IMes),, to yield four new Ru—Pt—NHC
cluster complexes. Furthermore, we also investigated the
reaction of hydrogen with some of these complexes. The
synthesis and structural characterization of these new bimetallic
N-heterocyclic carbene compounds are presented in this article.

B EXPERIMENTAL SECTION

General Data. Unless indicated otherwise, all reactions were
performed under an atmosphere of argon. Reagent grade solvents were
dried by the standard procedures and were freshly distilled prior to
use. Infrared spectra were recorded on a Nicolet 380 FT-IR
spectrophotometer. 'H NMR were recorded on a Bruker 400 and
500 spectrometer operating at 399.993 and 500.06 MHz, respectively.
Electrospray mass spectrometric measurements were obtained on a
Bruker microTOF-Q_II at the University of Miami, Coral Gables, FL,
and mass spectrometric measurements performed by direct-exposure
probe using electron impact ionization (EI) were made on a VG 70S
instrument at the University of South Carolina, Columbia, SC.
Ru,;(CO);, was purchased from Alfa Aesar and was used without
further purification. 2,2’-bis(1,3-dimesitylimidazol-2-ylidene)-
platinum(0), Pt(IMes),, was prepared according to the previously
published procedure,’ and stored and handled in a drybox. Product
separations were performed by TLC in air on Analtech silica gel GF
250 or 500 um glass plates.
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Reaction of Ru;(CO);, with Pt(IMes),. A 20 mg (0.03 mmol)
amount of Ruy(CO),, and 84 mg (0.10 mmol) amount of Pt(IMes),
were dissolved in 20 mL of benzene in a 50 mL Schlenk tube in a
drybox. The solution was then stirred at room temperature for S min
at which time IR showed complete consumption of the starting
Ru;(CO)y,. The solvent was removed in vacuo, and the product was
separated by TLC on silica gel by using 2:1 hexane/methylene
chloride solvent mixture to yield 9.2 mg (21%) of purple
Ru;Pt(IMes),(CO);;, 1, 13.4 mg (26%) of brown
Ru;Pt,(IMes),(CO)y,, 2, and 3.5 mg (12%) of yellow Ru,Pt(IMes)-
(CO)s, 3. Spectral data for 1, IR vco (cm™ in hexane): 2076 (w),
2023 (m), 2001 (s), 1980 (w), 1957 (m), 1844 (m), 1795 (m). 'H
NMR (CD,Cl, in ppm, 400 MHz): § = 7.14 (s, 2H, NCH), 7.11 (s,
4H, m-H), 6.94 (s, 4H, m-H), 6.78 (s, 2H, NCH), 2.46 (s, 6H, p-
CHj;), 2.31 (s, 6H, p-CH,), 2.01 (s, 12H, 0-CHj;), 1.98 (s, 12H, o-
CH,). ESL: m/z 1417 (M"). The isotope distribution pattern is
consistent with the presence of one platinum atom and three
ruthenium atoms. Spectral data for 2, IR vy (cm™ in methylene
chloride): 2051 (w), 2012 (s), 1988 (m), 1963 (w), 1943 (m), 1869
(w), 1815 (m), 1743 (m). '"H NMR (CD,Cl, in ppm, 400 MHz): § =
7.09 (s, 4H, NCH), 6.87 (s, 8H, m-H), 2.28 (s, 12H, p-CH,), 1.91 (s,
24H, 0-CH;). ESI: m/z 1661 (M* + Na). The isotope distribution
pattern is consistent with the presence of two platinum atoms and
three ruthenium atoms. Spectral data for 3, IR v/co (cm™ in methylene
chloride): 2102 (w), 2084 (w), 2066 (m), 2025 (s), 1975 (m), 1836
(m), 1816 (m). "H NMR (C4Ds in ppm, 400 MHz): & = 6.59 (s, 4H,
m-H), 6.26 (s, 2H, NCH), 2.05 (s, 12H, 0-CH,), 1.94 (s, 6H, p-CH,).
ESL: m/z 977 (M' + Na). The isotope distribution pattern is
consistent with the presence of one platinum atom and two ruthenium
atoms.

Reaction of Ru(CO); with Pt(IMes),. A solution of Ru(CO); was
prepared and used in situ as follows."* A 40 mg (0.06 mmol) amount
of Ru;(CO);, was dissolved in 120 mL of hexane in a 250 mL three-
neck flask. The solution was placed in an ice-bath and was irradiated
using a high-pressure mercury 1000 W UV lamp (American Ultraviolet
Co.) at the 125 W per inch setting while CO gas was bubbled through
it for 1S min. During this time, the orange colored solution turned
colorless, and IR showed the formation of Ru(CO);. The reaction
flask was then evacuated and filled with argon several times to remove
the excess CO gas. A 150 mg (0.19 mmol) amount of Pt(IMes), was
dissolved in 20 mL of benzene in a 50 mL Schlenk tube in a drybox
and then added to the Ru(CO)s solution at 0 °C via a cannula. The
solution was then allowed to warm to room temperature and stirred
for 10 min at which time IR showed complete consumption of the
starting Ru(CO)s. The solvent was removed in vacuo, and the product
was separated by TLC on silica gel by using hexane solvent to yield 8.1
mg (15%) of yellow Ru,Pt(IMes)(CO),, 3, and 14.0 mg (21%) of
orange RuPt,(IMes),(CO)g, 4. Spectral data for 4, IR v¢co (em™ in
hexane): 2071 (m), 1999 (vs), 1970 (vs), 1808 (vs), 1781 (s). 'H
NMR (C¢Dy in ppm, 400 MHz): & = 6.65 (s, 8H, m-H), 6.40 (s, 4H,
NCH), 2.16 (s, 24H, 0-CH,), 2.08 (s, 12H, p-CH;). ESI: m/z 1291
(M* + Na). The isotope distribution pattern is consistent with the
presence of two platinum atoms and one ruthenium atom.

Reaction of RuzPt,(IMes),(CO),,, 2, with H,. A 20 mg (0.03
mmol) amount of RuyPt,(IMes),(CO),,, 2, was dissolved in benzene
in a 50 mL three-neck round-bottom flask equipped with a reflux
condenser, stir bar, and gas inlet. The solution was then purged with
hydrogen (1 atm) for 1S min at 80 °C at which time IR showed
complete consumption of the starting material, 2. The solvent was
removed in vacuo, and the product was separated by TLC on silica gel
by using 1:1 hexane/methylene chloride solvent mixture to yield 1.5
mg (12%) of yellow Ru,(IMes)(CO),(u-H),, S, and 6.2 mg (36%) of
orange Ru,Pt,(IMes),(CO)g(p-H), 6. Spectral data for S, IR v¢q
(cm™ in hexane): 2083 (m), 2061 (w), 2048 (vs), 2028 (s), 2002
(m), 1986 (m), 1967 (w). '"H NMR (C¢Dg in ppm): 6 = 6.78 (s, 4H,
m-H), 5.87 (s, 2H, NCH), 2.09 (s, 6H, p-CH,), 1.92 (s, 12H, 0-CH,),
—17.67 (s, broad, 4H, hydride). EI/MS: m/z 1022 (M"), 994 (M* —
CO). The isotope distribution pattern is consistent with the presence
of four ruthenium atoms. Spectral data for 6, IR vcq (cm™ in hexane):
2046 (m), 2013 (vs), 2002 (w), 1988 (w), 1972 (s), 1950 (w), 1936
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(m). 'H NMR (CD,Cl, in ppm, 500 MHz): § = 7.00 (s, 4H, NCH),
691 (s, 4H, m-H), 6.84 (s, 4H, m-H), 2.27 (s, 12H, p-CH;), 2.01 (s,
12H, 0-CH,), 1.83 (s, 12H, 0-CH,), —9.89 (s, 2H, 'Jp_yy = 560 Hz,
YJoen = 40 Hz, hydride). ESL: m/z 1428 (M'). The isotope
distribution pattern is consistent with the presence of two platinum
atoms and two ruthenium atoms.

Reaction of Ru,Pt(IMes)(CO),, 3, with Pt(IMes),. A 20 mg (0.02
mmol) amount of Ru,Pt(IMes)(CO),, 3, was dissolved in 20 mL of
benzene in a 50 mL three-neck round-bottom flask equipped with a
reflux condenser. A 17 mg (0.02 mmol) amount of Pt(IMes), was
dissolved in 10 mL of benzene in a 25 mL Schlenk tube in a drybox
and added to the solution of compound 3 through cannula. The
solution was then refluxed at 80 °C for 60 min at which time IR
showed complete consumption of the starting material, 3. The solvent
was removed in vacuo, and the product was separated by TLC on silica
gel by using 2:1 hexane/methylene chloride solvent mixture to yield
10.0 mg (38%) of orange RuPt,(IMes),(CO)g, 4, and 2.0 mg (6%) of
brown Ru,Pt,(IMes),(CO),,, 2.

Note: The same result was obtained when trimethyl amine N-oxide,
Me;NO, was added to a benzene solution of Ru,Pt(IMes)(CO),, 3,
and Pt(IMes),.

Crystallographic Analysis. Single crystals of 1, 3, and 6 suitable
for diffraction analysis were all grown by slow evaporation of solvent
from solutions in methylene chloride/hexane solvent mixture at —25
°C. Single crystals of compounds 2 and $ suitable for diffraction
analysis were grown by slow evaporation of solvent from solutions in
methylene chloride/toluene/octane and ether solvent mixture,
respectively, at —25 °C. Single crystals of compound 4 suitable for
diffraction analysis were grown by slow evaporation of solvent from
solutions in benzene/octane solvent mixture at 6 °C. The data crystals
for 1, 3, 4, and S were glued onto the end of a thin glass fiber. The data
crystals for 2 and 6 were mounted onto the end of a thin glass fiber
using Paratone-N. X-ray intensity data were measured by using a
Bruker SMART APEX2 CCD-based diffractometer using Mo Ka
radiation (A = 0.71073 A)."® The raw data frames were integrated with
the SAINT+ program by using a narrow-frame integration algorithm."
Corrections for Lorentz and polarization effects were also applied with
SAINT+. An empirical absorption correction based on the multiple
measurement of equivalent reflections was applied using the program
SADABS. All structures were solved by a combination of direct
methods and difference Fourier syntheses, and refined by full-matrix
least-squares on F%, by using the SHELXTL software package.16 All
non-hydrogen atoms were refined with anisotropic displacement
parameters. Hydrogen atoms were placed in geometrically idealized
positions and included as standard riding atoms during the least-
squares refinements. Crystal data, data collection parameters, and
results of the analyses are listed in Tables 1, 2, and 3.

Compounds 1, 2, 4, and 6 crystallized in the monoclinic crystal
system. For compounds 1 and 4, the systematic absences in the
intensity data were consistent with the unique space group P2,/c. For
compound 1, with Z = 8 there are two formula equivalents of the
complex in the asymmetric crystal unit. The R value is high because of
poor data quality and the large number of parameters. Low
temperature data set at 100 K also gave results with high R values.
Several attempts were made to obtain “better” quality crystals from
various different solvents; however, only thin tiny plates were
obtained, or large blocks of crystals that were severely twinned.
Other characterization data (provided above) are consistent with the
solved structure. For compound 4, the Ru atom is disordered over two
closely spaced orientations and was refined in the ratio 88:12.
Likewise, the three CO groups on Ru are disordered and were
modeled in a 88:12 ratio. The minor disorder component of the CO
ligands was refined with isotropic thermal parameters. For compound
2, the systematic absences in the intensity data were consistent with
the unique space group P2,/n. For compound 2, a chemically
reasonable starting solution provided good positions for all Pt, Ru, and
most O, N, and C atoms, but yielded negative thermal parameters for
some of the nonheavy metal atoms, high R factors (R1 ~25%), some
large electron density peaks, which are chemically unreasonable, a
systematic pattern of F,,, > F_, and all attempts to solve the
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Table 1. Crystallographic Data for Compounds
Ru;Pt(IMes),(CO);;, 1, and Ru,;Pt,(IMes),(CO);,, 2

1 2
empirical formula PtRu;Cs;HysN,Op,  Pt,RusCy HygN,Oy
formula weight 1415.28 1638.35
crystal system monoclinic monoclinic
lattice parameters
a (A) 18.081(1) 16.4415(9)
b (A) 41.675(2) 15.8001(9)
¢ (A) 16910 (1) 20.6466(12)
a (deg) 90 90
B (deg) 90.162 (1) 90.086 (1)
7 (deg) 90 90
Vv (A%) 12742.1(13) 5363.5(5)

space group P2,/c (No. 14) P2,/n (No. 14)
Z value 8 4

Peac (g/cm?) 1475 2.029

(Mo Ka) (mm™) 2.938 6.088

temp (K) 296 100

20, (deg) 50.00 55.00

no. obs. (I > 20(I)) 12533 11033

no. parameters 1278 689

GOF 1.113 1.110

max shift in cycle 0.002 0.002

residuals:* R1; wR2 0.1060; 0.2205 0.0485; 0.115S

absorption correction multiscan multiscan

max/min 0.6199/0.4727 0.8879/0.2805
2.009 3.970

largest peak in final diff. map
&S
‘R = Zhgz(f'/ljobJ = 1Eg, )/ thl'Fobs|} R, = [thlW(IFobsl —2 |Fcalc|)2/
thlwlp/‘gbs ] yw= 1/62(Fobs); GOF = [thlw(lpobsl - IFcalcl) /(ndata -
n

‘vari.

Table 2. Crystallographic Data for Compounds
Ru,Pt(IMes)(CO),, 3, and RuPt,(IMes),(CO), 4

3 4
empirical formula PtRu,C;0H,)N,Op  Pt,RuC,H,sN,Of
formula weight 949.71 1268.15
crystal system triclinic monoclinic
lattice parameters
a (A) 9.0916(3) 22.2711(9)

b (A) 10.8002(4) 10.6747(4)

c (A) 18.0566(7) 22.7224(9)

a (deg) 81.060 (1) 90

B (deg) 80.374 (1) 117.779 (1)

7 (deg) 72.777 (1) 90

Vv (A%) 1659.06(10) 4779.4(3)

space group PT (No. 2) P2,/c (No. 14)

Z value 2 4

Peac (g/cm?) 1.901 1.762

#(Mo Ka) (mm™) 5.156 6201

temp (K) 296 296

20, (deg) 56.00 56.00

no. obs. (I > 20(I)) 7404 9690

no. parameters 397 593

GOF 1.081 1.024

max shift in cycle 0.004 0.001

residuals:® R1; wR2 0.0231; 0.0573 0.0248; 0.0593

absorption correction multiscan multiscan

max/min 0.7461/0.5443 0.8860/0.3702
0.735 1.597

largest peak in final diff. map
I8

‘R = zhlil(lll/ljobsl - chalc”)/ thllFobsl; R, = [thlw(lpobsl —2 |Fca1c|)2/
thlwlp/‘gbs ] y W= I/UZ(Fobs); GOF = [thlw(IFobsl - |Fcalc|) /(ndata -
n

‘vari.

structure in the orthorhombic crystal system were unsuccessful
considering the § angle was very close to 90°, which is indicative of
some form of crystal twinning. The appropriate twin law common for
a monoclinic system with the beta angle close to 90° is a 2-fold
rotation about the [100] direction. The corresponding twin law is, by
rows, {100/010/001}. This twin law was implemented in the final
refinement stages to give low R factors (Rl = 4.85%) and good
thermal parameters. The highest peak in the final difference Fourier
map was 3.970 /A% located 0.99 A from atom Pt(1). The final
refined batch scale factor indicated the crystal to be composed of two
twin domains of percentage 0.5209(4)/0.4791(4). For compound 6,
the systematic absences in the intensity data were consistent with the
space groups C2, C2/m, or Cm. The structure could only be solved in
the space group C2. Hydrides in this structure were not located
crystallographically, but their presence was confirmed by '"H NMR.
Two molecules of CH,Cl, from the crystallization solvent cocrystal-
lized with the complex and were included in the crystal analysis.

Compounds 3 and § crystallized in the triclinic crystal system. The
space group P T was chosen for both and confirmed by the successful
solution and refinement of the structure. The hydride ligands in 5 were
located and refined successfully with isotropic thermal parameters.
Atoms H1 and H4 were refined with a fixed isotropic thermal
parameter.

B RESULTS AND DISCUSSION

The reaction of triruthenium dodecacarbonyl, Ruy(CO);,, with
2,2'-bis(1,3-dimesitylimidazol-2-ylidene)platinum(0), Pt-
(IMes),, in benzene solvent at room temperature afforded
two new bimetallic cluster complexes, the monoplatinum—
triruthenium cluster complex Ru;Pt(IMes),(CO);y, 1, in 21%
yield and the diplatinum—triruthenium cluster complex
Ru,Pt,(IMes),(CO),,, 2, in 26% yield. Both compounds 1
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and 2 were structurally characterized by a combination of IR,
'H NMR, mass spectrometry, and single-crystal X-ray
diffraction analyses. An ORTEP depicting the molecular
structure of 1 is shown in Figure 1.

Compound 1 consists of a square plane with three ruthenium
atoms and one platinum atom, and can be viewed as two
triangles that share an edge formed by a Ru—Ru single bond,
Rul—Ru2 = 2.892(3) A. The Pt(IMes) group is an edge
bridging on the Ruj triangle. There is also an IMes group that is
coordinated to atom Ru3 opposite the Pt atom. There are two
bridging carbonyl groups that bridge the ruthenium— platinum
bonds. The IMes group on Ru3 lies perpendicularly to the Ru;
triangular plane. Cabeza et al. have previously reported the
reaction of Ru;(CO),, with N,N’-dimesitylimidazol-2-ylidene
(Mes,Im), which afforded the trinuclear NHC substituted
complex [Ruy(Mes,Im)(CO),,], where one ruthenium atom is
bonded with the IMes group.'”

The structure of complex 2 in the solid state is given in
Figure 2. Compound 2 has a trigonal bipyramidal geometry of
three ruthenium atoms and two platinum atoms. The Ru atoms
occupy the equatorial plane, while the Pt atoms occupy the
apical positions of the trigonal bipyramid. With no loss of CO
ligands, compound 2 can be viewed as an adduct of Ru;(CO)y,,
where two Pt(IMes) groups cap the Ru; triangle. The two
carbonyl ligands coordinated to each of the Pt atoms are edge
bridging and slightly semibridging in nature, Pt1-C10—010 =
172.6(10)° and Pt2—C20—020 = 172.9(12)°. Adams et al.
have prepared the pentanuclear platinum—osmium compound
Pt,0s,(CO),o(PBuy),,'® which has a structure similar to
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Table 3. Crystallographic Data for Compounds
Ru,(IMes)(CO),,(u-H),, 5, and Ru,Pt,(IMes),(CO);(p-
H), 6

S 6

empirical formula Ru,C;,HygN,0O,;  Pt,Ru,CsoH,sN,Og:

2CH,Cl,
formula weight 1020.84 1595.10
brystal system triclinic monoclinic
lattice parameters
a (A) 11.1505(5) 18.1662(9)
b (A) 11.3048(5) 17.0073(9)
¢ (A) 15.8466(7) 12.9425(7)
a (deg) 108.061 (1) 90
B (deg) 99.189 (1) 130.851(1)
7 (deg) 94.688 (1) 90
V (A% 1856.31(14) 3024.7(3)
space group PT (No. 2) C2 (No. 5)
Z value 2 2
Peate (g/em®) 1.826 1.751
#(Mo Ka) (mm™) 1.653 5.327
temp (K) 296 100
20, (deg) 60.00 62.00
no. obs. (I > 20(I)) 7738 8914
no. parameters 460 331
GOF 1.000 1.056
max shift in cycle 0.002 0.002
residuals:® R1; wR2 0.0324; 0.0623  0.0309; 0.0939
absorption correction multiscan multiscan
max/min 0.7461/0.6543 0.7465/0.4030
largest peak in final diff. map ~ 0.509 4.561

e /A%)
‘R = Pug(IFgp = Feull)/ P Fopsli Ry = [ X (IFopsl — 1Fead)?/
thlWP/'obsz]l/zl w= 1/62(F0bs); GOF = [zhklw(lFobsl - IFcalcl)Z/(ndata -
n 1/2

‘vari.

Figure 1. An ORTEP showing the molecular structure of Ruj;Pt-
(IMes),(CO),;, 1, at 30% thermal ellipsoid probability. Selected
interatomic distances (A) and angles (deg) are as follows: Pt(1)—
Ru(l) = 2.699(2), Pt(1)-Ru(2) = 2.691(2), Ru(1)—Ru(2) =
2.892(3), Ru(1)—Ru(3) = 2.890(3), Ru(2)—Ru(3) = 2.915(3),
Ru(2)—Pt(1)—Ru(1) = 64.90(6), Pt(1)—Ru(1)—Ru(3) = 117.94(8),
Pt(1)—Ru(2)—Ru(1) = 57.69(6), Ru(1)—Ru(3)—Ru(2) = 59.76(6).

1213

Figure 2. An ORTEP showing the molecular structure of
Ru,Pt,(IMes),(CO);,, 2, at 50% thermal ellipsoid probability.
Selected interatomic distances (A) and angles (deg) are as follows:
Pt(1)—Ru(2) = 2.833(1), Pt(1)—Ru(1) = 2.938(1), Pt(1)—Ru(3) =
2.939(1), Pt(2)—Ru(3) = 2.810(1), Pt(2)—Ru(2) = 2.912(1), Pt(2)—
Ru(1) = 2.995(1), Ru(2)—Ru(1)—Ru(3) = 65.33(3), Ru(1)—Pt(1)—
Ru(3) = 55.62(3), Ru(3)—Pt(2)—Ru(1) = 56.26(3).

compound 2 but contains two less CO ligands. In the
previously reported reactions of Ruy(CO),, with Pd(P'Bu;),,"’
and Os;(CO),, with Pd(P'Bu,),”® or Pt(P'Bu,),>' similar
products were obtained where the Pd(P'Bu;) or Pt(P'Buy)
groups add across the metal—metal bonds in these reactions to
form edge bridging raft-like complexes, as shown in Figure 3.

P!Bus

Figure 3. Structure of M(CO),[M'(PBu;)]; where M = Ruand M’ =
Pd; M = Os and M’ = Pd or Pt.

It is interesting to note that in our reaction only two
Pt(IMes) groups were able to add to Ru;(CO),, to give 2,
indicating the steric differences between the IMes and P'Bus.
The complex Pt,0s;(CO),o(P‘Bus), instead was obtained from
0s,(C0O),o(NCMe), and Pt(P'Bu,),.'®

Another product Ru,Pt(IMes)(CO),, 3, was also obtained as
a result of this reaction, but in lower yields, due to
fragmentation of the Ru;(CO),, reagent. Thus, one could
obtain this complex directly from Ru,(CO), and Pt(IMes),.
However, because of the high instability of Ru,(CO)s,, it was
not possible to perform this reaction.”* Instead, we carried out
the reaction of Ru(CO); with Pt(IMes),. Ru(CO); reacts with
Pt(IMes), in benzene solvent at 0 °C to afford the bimetallic
trinuclear cluster complexes, Ru,Pt(IMes)(CO),, 3 (15%
yield), and RuPt,(IMes),(CO)s; 4 (21% vyield). Both
compounds 3 and 4 were also characterized crystallographically.
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As shown in Figure 4, compound 3 contains a triangle of
three metal atoms of which two are ruthenium atoms and one is

Oots

Figure 4. An ORTEP showing the molecular structure of Ru,Pt-
(IMes)(CO),, 3, at 30% thermal ellipsoid probability. Selected
interatomic distances (A) and angles (deg) are as follows: Pt(1)—
Ru(2) = 2.7161(3), Pt(1)—Ru(1) = 2.7241(3), Ru(1)-Ru(2) =
2.8658(4), Ru(2)—Pt(1)—Ru(1) = 63.576(8), Pt(1)—Ru(1)—Ru(2) =
58.077(7), Pt(1)—Ru(2)—Ru(1) = 58.347(8).

a platinum atom. There are three bridging carbonyl ligands that
bridge each of the Pt—Ru bonds and a Ru—Ru bond. With nine
CO ligands, this compound can be viewed as a monoplatinum
adduct of Ru,(CO),. As expected, the Ru—Ru bond distance
(2.8658 A) is very close to the Rul—Ru2 bond length in 1
(2.892(3) A), due to similar donation of electrons from the
Rul—Ru2 bond to the platinum atom. Complex 2 is similar in
structure to PtRu,(CO)y(PBu';),>> which was obtained from
the reaction of Ru(CO); with Pt(P‘Bus),.

Compound 4 is another trinuclear cluster complex that was
furnished in this reaction but contains two platinum atoms and
one ruthenium atom. Its structure in the solid state (see Figure
S) consists of a RuPt, triangle with the IMes groups located on
the platinum atoms.

Interestingly, the ruthenium atom just as in 3 has five
carbonyl ligands, two of which bridge to the neighboring Pt
atoms and the other three carbonyl ligands are terminally
coordinated. The sixth carbonyl ligand bridges the two
platinum atoms, Ptl and Pt2. The Pt—Pt bond distance
(2.6477 A) is shorter than the Ru—Pt bond distances (av
2.7091 A).

A comprehensive study of the chemistry of bimetallic cluster
complexes containing the bulky Pd(P‘Bu;) or Pt(P‘Bu;) groups
has shown interesting reactivity, especially with hydrogen gas.
Thus, we investigated the reaction of compound 2 with H,,
which afforded the tetrahydrido—tetraruthenium complex
Ru,(IMes)(CO);;(u-H),, 5 (12% yield), and the dihydride—
diruthenium—diplatinum complex Ru,Pt,(IMes),(CO)g(u-H),,
6 (36% vyield), at 80 °C. Both compounds 5 and 6 were
structurally characterized by single-crystal X-ray diffraction
analyses. Compound $ consists of a Ru, tetrahedron with an
IMes ligand on Rul; see Figure 6. There are four hydride
ligands that bridge four of the ruthenium bonds. These four
hydride ligands (located and refined crystallographically)
appear as a broad high-field resonance, at —17.67 ppm, in the
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Figure 5. An ORTEP showing the molecular structure of
RuPt,(IMes),(CO);, 4, at 30% thermal ellipsoid probability. Selected
interatomic distances (A) and angles (deg) are as follows: Pt(1)—
Pt(2) = 2.6477(2), Pt(1)—Ru(l) = 2.6898(3), Pt(2)—Ru(l) =
2.7302(3), Pt(2)—Pt(1)—Ru(1) = 61.514(7), Pt(1)—Pt(2)—Ru(l) =
59.997(2), Pt(1)—Ru(1)—Pt(2) = 58.479(8).

031

042

Figure 6. An ORTEP showing the molecular structure of Ru,(IMes)-
(CO)y(p-H), S, at 30% thermal ellipsoid probability. Selected
interatomic distances (A) and angles (deg) are as follows: Ru(1)—
Ru(2) = 2.9908(4), Ru(1)—Ru(3) = 3.0154(4), Ru(1)—Ru(4) =
3.0156(3), Ru(2)—Ru(4) = 2.7892(4), Ru(2)—Ru(3) = 2.9348(4),
Ru(3)—Ru(4) = 2.7785(4), Ru(2)—Ru(1)—Ru(3) 58.499(8),
Ru(2)—Ru(1)—-Ru(4) = 55.337(8), Ru(3)—Ru(l)-Ru(4) =
54.866(9).

"H NMR spectrum of the compound. An ORTEP diagram of
the molecular structure of compound $ is shown in Figure 6.

This compound is isostructural with Os,;H,(CO);;(IMes)*
and Ru,H,(CO),,(PPh;).*® A few years ago, Cooke et al.
reported the synthesis of compound § by the treatment of
Ru,(u-H),(CO),, with Me;NO and [(IMes)AgCl].27 After
that, Cabeza et al. prepared the same compound using Ru,(u-
H),(CO),,, potassium tert-butoxide, and 1,3-dimesitylimidazo-
lium chloride.”® Its structure was formulated accurately on the
basis of IR, 'H NMR, mass spectrometry, and elemental
analyses. It was also shown that the hydride ligands are fluxional
on the NMR time scale, which explains the broad hydride
resonance observed at room temperature.”® We have now
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obtained a crystal structure for compound S, which is shown in
Figure 6.

Compound 6 was obtained as a major product from this
reaction. As can be seen in Figure 7, the structure of this

Figure 7. An ORTEP showing the molecular structure of
Ru,Pt,(IMes),(CO)g(u-H),, 6, at 30% thermal ellipsoid probability.
Hydride ligands are not shown. Selected interatomic distances (A) are
as follows: Pt(1)—Ru(1) = 2.7136(5), Pt(1)—Ru(1)* = 2.8357(4),
Ru(1)—Ru(1)* = 2.7695(8), Ru(1)—Pt(1)* = 2.8356(5).

compound has a butterfly geometry, containing two ruthenium
and two platinum atoms. Both of the platinum atoms contain
IMes groups, which are present at the “wing-tips” of the
butterfly; see Figure 7.

This dihydride—diruthenium—diplatinum compound con-
tains two ruthenium atoms joined by a Ru—Ru single bond,
Rul—Rul* = 2.7695(8) A. Each ruthenium atom is bonded
with two Pt(IMes) groups and contains three terminally
coordinated carbonyl ligands. The platinum atoms, Ptl and
Ptl1*, both have one carbonyl ligand, which is terminally
coordinated. There are no bridging carbonyl ligands present in
this compound. Appropriately, the complex contains two
hydride ligands, which bridge two of the Ru—Pt bonds. The
presence of two hydride ligands was not located crystallo-
graphically, but they appear as one high-field resonance, in the
"H NMR spectrum of the compound. These two hydride
ligands are equivalent and appear at —9.89 ppm, in the 'H
NMR spectrum of the compound, showing one and two bond
coupling to platinum, 'Jp,_y; = 560 Hz, *Jp_y = 40 Hz. The
hydride-bridged Ru—Pt bond lengths, Rul—Pt1* = 2.8356(5)
A and Rul*—Ptl = 2.8357(S) A, are significantly longer than
the unbridged Ru—Pt bond lengths, Rul—Ptl = 2.7136(5) A
and Rul*—Pt1* = 2.7136(5) A, as expected due to the bond
lengthening effects of bridging hydride ligands.””> Compound 6
is similar in structure to the tetranuclear metal complexes
Pt,Ru,(CO)g(P'Buy),(u-H),, 7,°* Pt,Ru,(CO)g(PPh,), (u-H),,
8,°° and Pt,Ru,(CO)y(Sn'Bu;),(u-H),, 9.>' For complex 6, the
Pt—Pt bond distance is 3.2507(3) A, which is a long Pt—Pt
bond. In complexes 7 and 8, the Pt—Pt bond distances are
3.1462(5) and 3.137(1) A, respectively, and can be considered
as weak Pt—Pt interactions. In 9 the Pt—Pt distance is short at
2.8105(2) A. Thus, complex 6 may be interpreted as a butterfly
rather than a tetrahedron, with two 16-electron Pt atoms, with a
total count of 58 electrons and no Pt—Pt bond.

1215

The formation of compound 6 prompted us to explore the
possibility if 6 could eliminate its hydride ligands to yield the
unsaturated complex Ru,Pt,(IMes),(CO)s, 10. When com-
pound 6 was heated in both benzene and toluene solution, no
reaction was observed. Alternatively, compound 10 could be
obtained by reaction of 3 with 1 equiv of Pt(IMes),. However,
the reaction of 3 in the presence of 1 equiv of Pt(IMes), for an
hour gave 38% of compound 4 and 6% of compound 2. Also,
there was no reaction when H, was purged through solutions of
4, both at room temperature and at 80 °C.

H CONCLUSION

A goal of this work was to compare the reactivity of the bis-
NHC complex Pt(IMes), to that reported previously for the bis
phosphine complexes Pt(PR;),. It has been shown that
Pt(IMes), just like Pd(P'Bu;), and Pt(P'Buy), is able to add
its Pt(IMes) grouping across Ru—Ru bonds in ruthenium
carbonyl cluster complexes. However, the different steric and
electronic profile presented by the NHC versus PR, ligands has
allowed isolation of new and different Ru—Pt—IMes bimetallic
cluster compounds, which have been prepared in reasonable
yields. One major difference in reactivity is that whereas
mononuclear complexes of Ru could not be obtained from the
reaction of Ru(CO); with Pd(P‘Bus), or Pt(P'Bu;), that
picture changed in the successful preparation of complex 4. In
addition, possibly due to increased steric pressure, the bicapped
structure presented by Ru,Pt,(IMes),(CO);, (2) differs from
analogous reactions of the phosphine-substituted complexes
where edge bridging raft-like complexes are formed. The
propensity of Pt(IMes), to react with ruthenium carbonyl
cluster complexes represents a start for the incorporation of
Pt—NHC groups into transition metal carbonyl cluster
complexes. Additional studies to investigate the differing
reactivities, particularly toward small molecule activation, of
these and related complexes are in progress.
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