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The reaction of the zerovalent platinum complex [Pt(PPhs),(1>-C,H,)] (1) with the germanium
trihydride GeHs;Mes (Mes = 2,4,6-trimethylphenyl) produced various germylplatinum complexes
by control of the molar ratio. When complex 1 reacted with GeHsMes in a molar ratio of 1:1,
dimerization of the platinum unit occurred at —30 °C to afford the unsymmetrical diplatinum complex
[Pt2(PPhs);(u-GeHoMes),] (2) and the symmetrical diplatinum complex [Pt(PPhs)(u-GeH,Mes)]» (3),
for which the 'H NMR spectrum indicated a mixture of cis/trans-isomers in a ratio of 2:3. When a
toluene solution of 2 increased in temperature from —20 °C to room temperature, liberation of a
PPhj; group occurred at the Pt(PPhs), site, followed by rotation of the bridging germyl group to form
a mixture of cis/trans-3. Otherwise, treatment of 1 with GeHsz;Mes at a molar ratio of 1:2 afforded
the bis(germyl)platinum complex [Pt(PPh;3),(GeH,Mes),] (4) at —30 °C, and then 4 converted to the
digermanylplatinum hydride [Pt(PPh3),(H)(GeHMesGeH,Mes)] (5) at room temperature in toluene.
The conversion rate obeyed a first-order rate law, and the activation parameters AH* and AS* were
calculated at 20(2) kcal mol™" and —7(8) cal K~' mol ™', respectively. These results suggest that in
later transition metal platinum complexes, Ge—Ge bond formation is carried out by intramolecular
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germyl migration.

Introduction

Low-valent transition metal complexes have been used as the
catalyst in insertion reactions of unsaturated hydrocarbons into
an E—E bond (E = Si, Ge, Sn) or in the polymerization of
compounds with E—H bonds."> An ME, species is considered
to be an intermediate in these reactions and has attracted
attention due to its role in the synthesis and characterization of
the complexes containing M—E bonds. Group 10 metal com-
plexes are one of the most well-known types of M—E
complexes; in particular, many silylplatinum complexes have
been synthesized by using methods such as oxidative addition
of an Si—H bond to a Pt(0) complex, the dehydrocoupling
reaction of a platinum hydride complex with hydrosilane, or
the salt elimination of a platinum chloride complex with
silyllithium.** A silyl compound with multiple Si—H bonds
induces formation of a multinuclear complex through the
oxidative addition of Si—H bonds and/or the elimination of
dihydrogen.® Platinum complexes containing the heavy group
14 element Ge have also been synthesized by a similar method
to obtain germylplatinum complexes,® although the number of
germylplatinum complexes is less than that of silylplatinum
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species. Recently, Braddock-Wilking and co-workers have
reported that the treatment of [Pt(PPhs)(17*-C>Hy)] with second-
ary germane GeH,Ph, affords a germylplatinum hydride at —80
°C and a symmetrical diplatinum complex bridged by the
GeHPh, groups between the two platinum centers at room
temperature (Scheme 1).” In addition, E—E bond formation at
the transition metal center is the most important step in the
synthesis of polymers with an extended backbone of heavy
group 14 elements. For Ge—Ge bond formation at a platinum
center, a few dinuclear platinum complexes [(R3P),Pt(H)-
(GeR',GeR',)Pt(H)(PR3),] containing the Pt—Ge—Ge—Pt unit
are formed by the reaction of a mononuclear platinum complex
with a secondary germane.®™ Banaszak Holl et al. have reported
that rrans-[Pt(PEt3),(GeHAr),] (Ar = 3,5-(CF3),C¢H3) incu-
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bated at 75 °C is converted into cis-[Pt(PEt;),(H)(GeAr,-
GeAr,H)], but the crystal structures of both mononuclear
platinum complexes were not reported.

We are interested in the properties of germylplatinum
complexes, including the thermal dynamics and photoresponse,
and have synthesized these complexes using trialkylgermanes.®
We report herein that mononuclear and dinuclear germylplati-
num complexes in the reaction of [Pt(PPhs)2(7>-CoHy)] (1) with
the germanium trihydride GeHsMes (Mes = 2,4,6-trimethylphe-
nyl), which has a sterically encumbering mesityl group, can be
identified using X-ray diffraction (XRD) and NMR spectroscopy.

Results and Discussion

A toluene/pentane solution of 1 and GeH3z;Mes in a molar
ratio of 1:1 was allowed to stand for a few days at —30 °C to
obtain a mixture of orange crystals (complex 2) as a minor
product and pale yellow crystals (complex 3) as a major product
(eq 1). In the crystal structure of 2 ([Pt2(PPhs)s;(1-GeHaMes)s],
Figures 1, S1), one of the platinum centers has four-coordinate
tetrahedral geometry with a P,Ge; ligand set and the other has
three-coordinate planar geometry with a PGe; ligand set. The
Pt(1)—Ge(1) and Pt(2)—Ge(2) bond lengths in 2, which are
longer than those of previously reported germylplatinum
complexes,é'8 indicate a nonclassical 3c-2e interaction. The two
mesityl groups have a cis-configuration since this prevents steric
interactions with the phenyl groups of the PPhs ligands. The
two Pt—H bond lengths were within the bond length range of
diplatinum complexes with a bridging Pt—H—E (E = Si, Ge)
hydride.*” The silyl analogue of the unsymmetrical diplatinum
complexes [(PPhz),Pt(H)(u-SiR»)(u-SiHR,)Pt(PPh3)] has a ter-
minal hydride at the Pt(PPhs), site and a bridging hydride at
the Pt(PPhs) site, as shown by NMR spectroscopy.*® However,
the binding mode of the two hydrides of 2 could not be
determined from the '"H NMR data at —80 °C due to the broad
Pt—H and Ge—H signal, which is attributed to the dynamic
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Figure 1. Crystal structure of 2, showing 50% probability thermal
ellipsoids. The hydrogen atoms except for Hla, Hlb, H2a, and
H2b are omitted for clarity. Selected bond lengths (A) and angles
(deg): Pt(1)—Pt(2) 2.8333(4), Pt(1)—P(1) 2.327(2), Pt(1)—P(2)
2.3048(19), Pt(1)—Ge(1) 2.5326(8), Pt(1)—Ge(2) 2.4259(8),
Pt(1)-H(la) 1.77(8), Pt(2)—P(3) 2.2451(18), Pt(2)—Ge(1)
2.4079(9),Pt(2)—Ge(2)2.4733(8), Pt(2)—H(2a) 1.65(8),Ge(1)—H(1a)
1.95(8), Ge(2)—H(2a) 1.68(9); P(1)—Pt(1)—P(2) 120.31(7),
P(1)—Pt(1)—Ge(1) 110.38(5), P(1)—Pt(1)—Ge(2) 94.05(5),
P(1)—Pt(1)—Pt(2) 109.23(5), P(2)—Pt(1)—Ge(1) 115.64(5),
P(2)—Pt(1)—Ge(2) 104.96(5), P(2)—Pt(1)—Pt(2) 128.31(5),
Ge(1)—Pt(1)—Ge(2) 108.37(3), P(3)—Pt(2)—Ge(1) 101.85(6),
P(3)—Pt(2)—Ge(2) 145.75(6), Ge(1)—Pt(2)—Ge(2) 110.94(3),
P(3)—Pt(2)—Pt(1) 156.00(6).

293 K

253 K

Figure 2. VT '"H NMR spectra in the terminal Ge—H region of 2.

behavior of 2 related to the rapid elimination/rebinding of PPh;
at the Pt(PPhs); site (Figure S2). In a standing toluene solution
of 2 at —20 °C, liberation of a PPh; group at the Pt(PPhs), site
in 2 afforded cis-3 due to a steric repulsion between the phenyl
groups on the P atom and the mesityl group on the Ge atom
(Figure 2). Subsequently, most of cis-3 isomerized to trans-3
upon heating to 20 °C to obtain a mixture of cis/trans-3, which
is associated with a rotation of the bridging germyl group
observed in the silyl analogue.” On the other hand, complex 3
was identified as the symmetrical diplatinum complex [Pt-
(PPh3)(u-GeHyMes)1»,'® and the structure of trans-3 was

(9) Braddock-Wilking, J.; Levchinsky, Y.; Rath, N. P. Organometallics
2000, /9, 5500-5510.
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tallization of their mixture was carried out at room temperature in toluene/
pentane.



Ge—Ge Bond Formation at the Platinum Center

Figure 3. Crystal structure of trans-3, showing 50% probability
thermal ellipsoids. The hydrogen atoms except for Hla are
omitted for clarity. Selected bond lengths (A) and angles (deg):
Pt(1)—Pt(1)* 2.7614(5), Pt(1)—P(1) 2.2371(15), Pt(1)—Ge(1)
2.4757(7), Pt(1)—Ge(1)* 2.4057(8), Pt(1)—H(la) 1.95(8),
Ge(1)—H(1a)1.97(9); P(1)—Pt(1)—Ge(1) 146.60(5),P(1)—Pt(1)—Ge(1)*
101.95(5), Ge(1)—Pt(1)—Ge(1)* 111.12(2), P(1)—Pt(1)—Pt(1)*
158.25(5).

determined by XRD analysis (Figure 3). The Pt—Pt bond length
of 31is 0.07 A shorter than that of 2, and the Pt—P and Pt—Ge
bond lengths are similar to those of [Pt(PPh3)(u-GeHPh,)],” and
the Pt(PPhs) site in 2. The "H NMR data of 3 exhibited a mixture
of cis/trans-isomers in the ratio of 2:3 (Figure S3), which was
estimated from the integral value of the aromatic proton of the
mesityl groups; further, the ratio of cis/trans-isomers exhibited
no change in the range of —20 to 20 °C, which was similar to
the silyl analogue [Pt(PPh3)(u-SiH,Mes)],.° The *'P{'H} NMR
spectrum of 3 exhibited part of an AA’XX" spin system pattern
characteristic of a symmetrical diplatinum complex, but the
signals of the two isomers could not be distinguished since they
overlapped with each other.

Mes H H Mes
PhaR %) \/
M N8 _pen D8R _ppn
PhyP CHg  PhaPup prt T re P—pr°
1 s N/ + PhaP” N\ A
-30°C PhgP’  Gé- /Ge\\H (1)
+ MeS \H Mes H
GeHzMes
. 3, major
2, minor

(cisitrans = 2:3)

After 1 and GeHs;Mes were mixed in a molar ratio of 1:2 in
toluene/pentane at —30 °C, the resulting solution was allowed
to stand for a few days at —30 °C to obtain only colorless
microcrystals (complex 4; eq 2), which is different from the
product obtained using a 1:1 molar ratio. In the 'H NMR
spectrum of 4, a Ge—H peak was observed as a pseudoseptet
with %Pt satellites at 3.71 ppm (*Jpr = 50 Hz, *Jpu = 14 Hz)
due to an overlap of the satellites, which is similar to that of
cis-bis(silyl)platinum complexes reported previously (Figure
S4).”"! The *'P NMR spectrum of 4 showed a singlet at 27.5
ppm with a U pep of 2277 Hz, indicating that the two 3P nuclei
were equivalent. The bis(germyl)platinum complex [Pt(PEts3),-
(GeHAr),] (Ar = 3,5-(CF;3),C¢Hs) was reported as a trans-
isomer by Holl,*" but we considered complex 4 as a cis-isomer

(11) Kim, Y. J.; Park, J.-I.; Lee, S.-C.; Osakada, K.; Tanabe, M.; Choi,
J.-C.; Koizumi, T.; Yamamoto, T. Organometallics 1999, 18, 1349-1352.
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Figure 4. 'H NMR spectral change of 4 in toluene-dg standing at
298 K after 0, 30, and 60 min.

because 'Jpp for the 31P{ lH} NMR spectrum was close to the
"Jppp of the cis-isomer bis(germyl)platinum complexes (cis-
[Pt(PMe,Ph),(GeMe,Ph),], 2007 Hz; cis-[Pt(PMe,Ph),(GeMe-
Phy),], 2049 Hz) rather than that of the trans-isomer (trans-
[Pt(PMe,Ph)»(GePhs),], 2616 Hz).%*

PhsP PhgP_ GeH,Mes
N CsH 3 2
Pt—|| +2GeHgMes ———» " p{ @
PhyP -30°C Php” GeHoMes
1 4

When a toluene suspension of 4 was allowed to stand for a
few hours at ambient temperature, 4 was converted to the
digermanylplatinum hydride [Pt(PPhs),(H)(GeHMesGeH,Mes)]
(5; eq 3); this process involved the 1,2-migration of a germyl
group.

Ph3P\ /GeHZMes CiHs Ph3P\ /GeHMes—GeHgMes
Pt —_ Pt (3)
VAR /N
PhsP”  GeH,Mes rt. PhsP” H
4 5

The conversion of 4 to 5 obeyed a first-order rate law, and
the activation parameters AH* and AS* were estimated to be
20(2) keal mol " and —7(8) cal K" mol ™!, respectively, using
Eyring plots (Figures 4, S5), indicating that the small entropy
of activation is a result of the intramolecular Ge—Ge bond
formation. In the crystal structure of 5 (Figure 5), the platinum
center has planar geometry with two PPh; ligands at cis-
positions to each other, and the Pt—P and Pt—Ge bond lengths
are similar to those of the germylplatinum complex [Pt(PPhs),-
(H)(GeHMes,)].% The Ge—Ge bond length is 2.457(1) A, which
is in the range of a typical Ge—Ge bond length, and the second
germanium atom (Ge(2)) did not interact with the platinum
center, as indicated by the large Pt(1)—Ge(2) bond length of
4.00 A. To the best of our knowledge, a crystal structure of
mononuclear platinum hydride coordinating a group 14 ele-
ment compound containing an E—E bond [Pt(PR3),(H)-
(ER',EHR',)] has not been reported, although there have been
reports of dinuclear platinum complexes with a bridging disilyl'*
and digermyl®®¢ group between two platinum atoms.

The 'H NMR spectrum of 5 showed three Ge—H signals
including an apparent triplet at 5.02 ppm CJpu = 63 Hz), a
triplet with satellites at 4.84 ppm CJpy = 31 Hz, “Jpy = 6.3
Hz), and a broad peak centered at 4.20 ppm (Figures S6, S7).
According to the '"H'H COSY spectrum, the signals at 5.02 and

(12) (a) Michalczyk, M. J.; Recatto, C. A.; Calabrese, J. C.; Fink, M. J.
J. Am. Chem. Soc. 1992, 114, 7955-7957. (b) Richard, H.; Tilley, T. D.
J. Am. Chem. Soc. 1992, 114, 1917-1919.
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Figure 5. Crystal structure of 5, showing 50% probability thermal
ellipsoids. The hydrogen atoms except for those on Ge and Pt
are omitted for clarity. Selected bond lengths (A) and angles
(deg): Pt(1)—P(1) 2.2971(18), Pt(1)—P(2) 2.3090(19), Pt(1)—Ge(1)
2.4348(8), Pt(1)—H(1h) 1.68(8), Ge(l1)—Ge(2) 2.4571(12);
P(1)—Pt(1)—P(2) 105.05(7), P(1)—Pt(1)—Ge(1) 157.90(5),
P(1)—Pt(1)—H(1h)79(3),P(2)—Pt(1)—Ge(1)96.91(5),P(2)—Pt(1)—H(1h)
175(3), Ge(1)—Pt(1)—H(1h) 79(3).

4.84 ppm were assigned to the H nuclei on the second
germanium atom, indicating that the two hydrogens are dias-
tereotopic, and the broad peak at 4.20 ppm originates from the
germanium atom bound to the platinum atom. The Pt—H signal
was observed at —3.00 ppm as a doublet of doublets and was
similar to that of germylplatinum hydride complexes. The
3'P('H} NMR spectrum exhibited two doublets with '*°Pt
satellites at 31.7 ("Jpp = 2280 Hz) and 30.8 ppm ('Jpp = 2270
Hz).

The E—E bond formation is the most important step in the
syntheses of polysilanes and polygermanes. Early transition
metal complexes such as zirconocene and hafnocene were used
for the polymerization of hydrosilanes in which o-bond me-
tathesis reactions between the d° M—Si bond and the Si—H
bond resulted in Si—Si bond formation."® In a (germyl)(ger-
mylene)ruthenium complex, germyl migration gave rise to
Ge—Ge bond formation during the polymerization of GeHMe;.'*
In our system, Ge—Ge bond formation at the platinum center
was also accomplished by the formation of a (germyl)(germyle-
ne)platinum hydride, although it could not be detected by NMR
spectroscopy during the conversion of 4 to 5, followed by the
1,2-migration of the germyl group to the germylene.

Conclusion

The reaction of [Pt(PPh3)»(17>-C,Hy)] (1) with the germanium
trihydride GeHsMes in a molar ratio of 1:1 at —30 °C afforded
the unsymmetrical diplatinum complex 2 and the symmetrical
diplatinum complex 3. The change in the molar ratio from 1:1
to 1:2 afforded the bis(germyl)platinum complex 4; this complex
was converted to digermanylplatinum hydride § via intramo-
lecular Ge—Ge bond formation at room temperature.

(13) (a) Aitken, C. T.; Harrod, J. F.; Samuel, E. J. Am. Chem. Soc. 1986,
108, 4059-4066. (b) Sadow, A. D.; Tilley, T. D. Organometallics 2001,
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Reichl, J. A.; Berry, D. H. J. Am. Chem. Soc. 1998, 120, 9844-9849.
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Table 1. Crystallographic Data

2+-C7Hg trans-3 5
formula C79H79Ge,P3Pt; Cy7H,3GePPt Cs4Hy5Ge,P,Pt
fw 1656.69 651.14 1096.11
cryst syst triclinic triclinic triclinic
space group P1 (#2) P1 (#2) P1 (#2)
a, A 13.5140(9) 8.6380(6) 12.229(1)
b, A 13.6660(9) 13.930(1) 13.241(1)
c, A 22.421(1) 14.177(1) 16.754(1)
a, deg 90.904(3) 109.661(4) 81.668(6)
B, deg 76.472(3) 99.571(4) 73.344(6)
y, deg 61.528(3) 107.007(4) 65.413(5)
v, A3 3499.5(4) 1468.3(2) 2362.4(4)
V4 2 2 2
Ocaled> g €M > 1.572 1.473 1.541
u(Mo Ka)), cm ™! 4.946 5.846 4.320
total no. of data 33 660 14 041 22 467
no. of unique data 15526 6455 10 286
no. of params 787 277 544
R 0.0550 0.0509 0.0591
wR; (all data)” 0.1531 0.1452 0.1505

“1 > 2.000(). Ry = JIF| —
IFely)/ Y wFo} 2.

IFISIF. PwRy = {S(w(F, —

Experimental Section

General Procedure. All the experiments were carried out using
a standard vacuum line and Schlenk techniques or in an M. Braun
inert atmosphere drybox. All the reagents were of the highest grade
available and were used without further purification. All the solvents
used for the syntheses were distilled according to the general
procedure. Benzene-ds and toluene-dg were distilled from potassium
metal under an Ar atmosphere. CD,Cl, was dried over activated 4
A molecular sieves. GeHsMes'> and [Pt(PPhs),(5>-C,H,)] (1)'°
were synthesized according to the previously reported method. The
"H NMR spectral measurements were performed on a JEOL AL-
300 NMR spectrometer at 300 MHz for 'H and 122 MHz for *'P.
The chemical shifts of the protons are reported relative to the
residual protonated solvents benzene-dg (7.15 ppm), toluene-dg (2.09
ppm), and CD,Cl, (5.32 ppm). The chemical shifts of phosphine
are corrected relative to external H3PO,4 (0 ppm). Elemental analysis
was performed on a CE Instruments EA1110 corrected by
acetoanilide.

Syntheses of Platinum Complexes. [Pty(PPh;)(#-GeH;Mes);]
(2). To a toluene solution (2 mL) of 1 (150 mg, 0.201 mmol) was
added a toluene solution (1 mL) of GeH3;Mes (39 mg, 0.201 mmol)
at —30 °C, and the mixture was allowed to stand for 30 min.
Pentane (2 mL) was added to the toluene solution, and the resulting
solution was then allowed to stand for a day at —30 °C to precipitate
the symmetrical diplatinum complex 3. After the supernatant was
transferred to another vessel, pentane (5 mL) was added. The
resulting solution was allowed to stand at —30 °C to obtain orange
crystals. Yield: 15.7 mg (10%). Anal. Calcd for 2-:C;Hg
(C79H79Ge,PsPty): C, 57.27; H, 4.81. Found: C, 57.66; H, 4.86.

[Pt(PPh3)(1#-GeH,Mes)], (3). To a toluene solution (1 mL) of
1 (100 mg, 0.134 mmol) was added a toluene solution (1 mL) of
GeHsMes (26 mg, 0.134 mmol) at room temperature, and the
mixture was stirred for 10 min. To the resulting solution was added
pentane (2 mL), and standing for a few days at room temperature
gave yellow crystals. Yield: 58.8 mg (67%). "H NMR (C¢Ds, 300
MHz): 6 10.57 (br s, 2H, “Jpy = 175, 136 Hz, GeH for trans-3),
10.00 (br s, 2H, GeH for cis-3), 7.62 (br s, 12H, PPh), 6.87 (br s,
18H, PPh), 6.70 (s, 2H, Mes for cis-3), 6.62 (s, 2H, Mes for trans-
3), 2.26 (s, 12H, o-Me for trans-3), 2.23 (s, 12H, o-Me for cis-3),
2.15 (s, 6H, p-Me for cis-3), 2.11 (s, 6H, p-Me for trans-3). >'P{'H}

(15) Riviere, P.; Riviere-Baudet, M.; Castel, A.; Satge, J.; Lavabre, A.
Synth. React. Inorg. Met.-Org. Chem. 1987, 17, 539-557.

(16) (a) Cook, C. D.; Jauhal; G, S. J. Am. Chem. Soc. 1968, 90, 1464—
1467. (b) Ugo, R.; Caliati, F.; LaMonica, G. Inorg. Synth. 1968, 11, 106.
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NMR (C6D6, 122 MHZ)Z 0 34.6 (S, ljplp = 4395 HZ, 2]1)[1) = 144
Hz, *Jpp = 52 Hz). Anal. Calcd for 3+ C;Hg (CgHgsGeoP>Pty): C,
52.54; H, 4.63. Found: C, 52.29; H, 4.71.

[Pt(PPh3),(GeH,;Mes),] (4). To a toluene solution (2 mL) of 1
(200 mg, 0.267 mmol) was added a toluene solution (2 mL) of
GeH;Mes (102 mg, 0.523 mmol) at —30 °C, and the resulting
solution was stored in a chilled box at —30 °C overnight. Pentane
(2 mL) was added to the resulting solution. The solution was
allowed to stand overnight in the chilled box to afford colorless
microcrystals. Yield: 226 mg (76%). "H NMR (CD,Cl,, 300 MHz,
—30 °C): 6 7.26 (m, 18H, PPh), 7.35 (t, 12H, *Juysz = 6.0 Hz, PPh),
6.61 (s, 4H, Mes), 3.71 (t, 4H, *Jpy = 50 Hz, *Jpy = 14 Hz, GeH),
2.17 (s, 6H, p-Me), 2.00 (s, 12H, 0-Me). *'P{'H} NMR (CD,Cl,,
122 MHz, —30 °C): 6 27.5 (s, 'Jpp = 2277 Hz). Anal. Calcd for
4 (Cs4Hs¢GeoP,Pt): C, 58.57; H, 5.10. Found: C, 58.45; H, 5.40.

[Pt(PPh3),(H)(Ge;H3Mes;)] (5). Complex 4 (30 mg, 26 umol)
was suspended in toluene, and standing overnight at room temper-
ature gave colorless crystals. Yield: 4.0 mg (13%). '"H NMR
(toluene-ds, 300 MHz, 20 °C): 6 7.39 (m, 6H, PPh), 7.30 (m, 6H,
PPh), 6.95—6.75 (m, 18H, PPh), 6.74 (s, 2H, Mes), 6.70 (s, 2H,
Mes), 5.02 (br s, 1H, *Jps = 63 Hz, GeH), 4.84 (t, 1H, *Jpgy = 31
Hz, “Jpy = 6.3 Hz, GeH), 4.20 (br, 1H, GeH), 2.53 (s, 6H, 0-Me),
2.42 (s, 6H, 0-Me), 2.21 (s, 3H, p-Me), 2.17 (s, 3H, p-Me), —3.00
(dd, 1H, "Jpys = 891 Hz, 2Jpy = 170 Hz (trans), 19 Hz (cis), PtH).
3TP{'H} NMR (toluene-dg, 122 MHz, 20 °C): 0 31.7 (d, "Jpp =
2280 Hz, Jpp = 11 Hz, PPh; cis to H), 30.8 (d, 'Jpp = 2270 Hz,
2Jpp = 12 Hz, PPh; trans to H). Anal. Calcd for 5 (Cs4Hs¢Ge,P,Pt):
C, 58.57; H, 5.10. Found: C, 58.26; H, 5.48.

Kinetics. The formation of complex 4 was confirmed by
increasing the intensity of p-Me on the mesityl groups at 2.00 ppm
in 'H NMR spectra. A residual protonated solvent at 5.32 ppm in
CD,Cl, was used as an internal standard, and the conversion rate
of 4 was estimated from the area ratio of the peak at 2.00 ppm to
that at 5.32 ppm. The data collection was performed at 5 or 10
min intervals at 25, 30, and 35 °C over 3 times the half-life. The
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data were analyzed with Igor (WaveMatrics, Inc.) on a Macintosh
computer and fitted to an exponential function by a nonlinear least-
squares method.

X-ray Crystallography. Single crystals of 2, trans-3, and 5
suitable for XRD analyses were obtained by allowing their
corresponding toluene/pentane solutions or toluene suspension to
stand for a few days. Each crystal was mounted on a loop, and the
diffraction data of all the complexes were collected on a Bruker-
AXS MO06X“ imaging plate using graphite-monochromated Mo
Ko radiation at 120 K. The crystal data and experimental details
are listed in Table 1.

All the structures were solved by the combination of the direct
method and Fourier techniques, and all the non-hydrogen atoms
were anisotropically refined by full-matrix least-squares calculations.
The atomic scattering factors and anomalous dispersion terms were
obtained from the International Tables for X-ray Crystallography
IV."7 Since the numbers of reflection data for the above-mentioned
crystals were insufficient for refining all the parameters of the
hydrogen atoms, they were not included for further refinement; their
positions were obtained from difference Fourier maps. All the
calculations were carried out on a Silicon Graphics workstation by
the maXus program.
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