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ABSTRACT: The complex Pt(SnBut3)2(CNBu
t)2(H)2, 1, was obtained from the reaction of Pt(COD)2 and But3SnH, followed

by addition of CNBut. The two hydride ligands in 1 can be eliminated, both in solution and in the solid state, to yield
Pt(SnBut3)2(CNBu

t)2, 2. Addition of hydrogen to 2 at room temperature in solution and in the solid state regenerates 1.
Complex 2 catalyzes H2−D2 exchange in solution to give HD. The proposed mechanism of exchange involves reductive
elimination of But3SnH from 1 to afford vacant sites on the Pt center, thus facilitating the exchange process. This is supported by
isolation and characterization of Pt(SnMes3)(SnBu

t
3)(CNBu

t)2, 3, when the addition of H2 to 2 was carried out in the presence
of free ligand Mes3SnH (Mes = 2,4,6-Me3C6H2). Complex Pt(SnMes3)2(CNBu

t)2, 5, can be prepared from the reaction of
Pt(COD)2 with Mes3SnH and CNBut. The exchange reaction of 2 with Ph3SnH gave Pt(SnPh3)3(CNBu

t)2(H), 6, wherein both
SnBut3 ligands are replaced by SnPh3. Complex 6 decomposes in air to form square planar Pt(SnPh3)2(CNBu

t)2, 7. The complex
Pt(SnPri3)2(CNBu

t)2, 8, was also prepared. Out of the four analogous complexes Pt(SnR3)2(CNBu
t)2 (R = But, Mes, Ph, or Pri),

only the But analogue does both H2 activation and H2−D2 exchange. This is due to steric effects imparted by the bulky But

groups that distort the geometry of the complex considerably from planarity. The reaction of Pt(COD)2 with But3SnH and CO
gas afforded trans-Pt(SnBut3)2(CO)2, 9. Compound 9 can be converted to 2 by replacement of the CO ligands with CNBut via
the intermediate Pt(SnBut3)2(CNBu

t)2(CO), 10.

■ INTRODUCTION

The chemistry of compounds containing a transition metal−
tin bond has a long history,1−3 sparked in part by the fact that
certain heterogeneous catalysts were found to be more active
in the presence of tin as a promoter.4−13 Recent develop-
ments, particularly with respect to ligand design, have led to a
renaissance in this area, and a number of metal−tin complexes
with unique structures have been discovered.10,14−27 Tin
compounds have been used extensively as modifiers of the
platinum group metals, and platinum−tin bimetallic hetero-
geneous catalysts have been shown to be highly efficient for
use in the petroleum industry for a number of processes vital
to petroleum reforming,28−33 catalytic hydrogenations,34−37

and dehydrogenations.38,39 In the area of homogeneous
catalysis, tin complexes have been utilized for hydrogenation
and isomerization of olefins,7,40−42 the water−gas shift
reaction,43,44 and also improvement of the product selectivities
of the reactions.3,8,45 The trimetallic-tin containing catalyst
PtRu5Sn was recently shown to exhibit the highest selectivity
for formation of unsaturated alcohols in the hydrogenation of
citral.9

Of the several methods available to prepare transition
metal−tin complexes, oxidative addition of triaryl- and
trialkylstannanes (R3SnH) is one of the most general and
versatile pathways. Reductive elimination of R3SnH can also
occur readily, and the “balance point” with respect to the
oxidative addition/reductive elimination of stannanes is a
function of both the substituents on the given metal complex
and the nature of the alkyl or aryl substituents on tin. In spite
of considerable work in the area of transition metal−tin
chemistry, the factors controlling the reactivity of these
complexes are largely empirical in nature.
The sterically encumbered stannane, tri-tert-butyltin hy-

dride, But3SnH, has great potential; however, there is not
much chemistry associated with this compound in the
literature. To demonstrate the versatility of this new ligand,
we have already prepared a few metal complexes from
reactions of But3SnH with metal carbonyl compounds.
Reaction of But3SnH with Pt2Ru4(CO)18 yields the new
trimetallic Pt/Ru/Sn mixed metal cluster Pt2Ru2(CO)9-
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(SnBut3)2(μ-H)2, which was shown to be a hydrogenation
catalyst when supported on mesoporous silica.46 The
coordination chemistry of bulky tin ligands with cobalt and
nickel47 and with iron10,48 has also been investigated. Recently
it was shown that reversible activation of hydrogen by the
bimetallic Pt−Sn complex Pt(SnBut3)2(CNBu

t)2, 2, occurs
rapidly not only in solution but also in the solid state.22

The current work reports synthetic, structural, and reaction
chemistry on a series of bimetallic Pt−Sn complexes in which
the stannanes studied have different steric and electronic
properties and include tri-tert-butyl stannane (But3SnH),
trimesitylstannane (Mes3SnH, Mes = 2,4,6-Me3C6H2),
triphenylstannane (Ph3SnH), and triisopropylstannane
(Pri3SnH). Important points are the interaction of these
complexes with dihydrogen and their ability to do H2−D2
exchange, as well as other reactions relevant to these.
Oxidative addition of R3SnH, while generally favorable in
the Pt(0) to Pt(II), is shown to be more readily reversible in
the Pt(II) to Pt(IV) manifold. A complex picture emerges in
which the nature of the R group on the coordinated stannane
alters both the structure and the reactivity of the Pt complex.

■ 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. 1H NMR were recorded on a Bruker 300 and
400 spectrometer operating at 300.13 and 399.99 MHz, respectively.
Elemental analyses were performed by Columbia Analytical Services
(Tuscon, AZ). Mass spectrometric measurements, performed by a
direct exposure probe using electron impact ionization (EI), were
made on a VG 70S instrument at the University of South Carolina,
Columbia, SC, and ESI-TOF measurements were performed using
micrOTOF-Q II at University of Miami. tert-Butyl isocyanide,
CNBut, was purchased from Sigma-Aldrich and used without further
purification. Triphenyltin hydride was purchased from Alfa Aesar and
used without further purification. Bis(1,5-cyclooctadiene)platinum,
Pt(COD)2,

49 But3SnH,
10,48 Mes3SnH,

50 and Pri3SnH
51 were prepared

according to the published procedures. Product separations were
performed by TLC in air on Analtech silica gel GF 250 or 500 μm
glass plates.
Synthesis of Pt(SnBut

3)2(CNBu
t)2(H)2, 1. In a glovebox, under

an atmosphere of argon, 49.5 mg of But3SnH (0.170 mmol)
dissolved in 5 mL of freshly distilled hexane was added to 35.0 mg of
Pt(COD)2 (0.085 mmol). The reaction mixture was stirred at room
temperature for 5 min, after which time 14.0 mg of CNBut (0.170
mmol) was added, and the reaction mixture stirred at room
temperature for an additional 10 min. The solution was then filtered,
and the filtrate was placed in a −20 °C freezer overnight, which gave
crystalline Pt(SnBut3)2(CNBu

t)2(H)2, 1. After the crystalline product
was washed with approximately 2 mL of acetonitrile, 26.0 mg (32%
yield) of 1 was obtained. Spectral data for 1: 1H NMR (C6D6, rt, in
ppm) δ = 1.57 (s, 54 H, SnBut3,

3JSn−H = 51 Hz), 0.96 (s, 18 H,
But), −13.52 (s, 2 H, hydride, 1JPt−H = 697 Hz, 2JSn−H = 34 Hz);
119Sn{1H} NMR (C6D6, rt, in ppm) δ = 81.50 (s, 2 Sn, 1JPt−Sn =
3604 Hz); IR (cm−1 in hexane) νCN = 2139(s), νPt−H = 2112(m);
EI/MS m/z = 942 (M+), 883 (M+−H2−But). The isotope pattern is
consistent with the presence of one platinum and two tin atoms.
Conversion of Pt(SnBut

3)2(CNBu
t)2(H)2, 1, to Pt(SnBut

3)2-
(CNBut)2, 2, in Solution. A 15.0 mg amount of 1 (0.016 mmol)
was dissolved in 50 mL of distilled hexane. With stirring, argon was
then purged through the solution at 25 °C for approximately 20 h.
Within minutes, the colorless solution started to turn violet. 1H
NMR of the reaction mixture showed complete conversion of the
starting 1 to 2. The solvent was removed in vacuo, and the violet
residue was crystallized by evaporation of a benzene/acetonitrile

solvent mixture under a stream of argon at room temperature to
yield 13.2 mg (88%) of 2. Spectral data for 2: 1H NMR (C6D6, rt, in
ppm) δ = 1.60 (s, 54 H, SnBut3,

3JSn−H = 49 Hz), 1.15 (s, 18 H,
But); IR (cm−1 in hexane) νCN = 2112(s); EI/MS m/z = 940 (M+),
883 (M+−But). The isotope pattern is consistent with the presence
of one platinum and two tin atoms.

Conversion of Pt(SnBut
3)2(CNBu

t)2, 2, to Pt(SnBut
3)2-

(CNBut)2(H)2, 1, in Solution. In a 10 mL Schlenk tube, 28.0 mg
of 2 (0.030 mmol) was dissolved in 5 mL of hexane. The solvent
was removed under a slow stream of hydrogen gas (approximately 3
h), during which time the color of the solution changed from violet
to colorless. This yielded 26.2 mg (93% yield) of crystalline 1.

Conversion of Pt(SnBut
3)2(CNBu

t)2(H)2, 1, to Pt(SnBut
3)2-

(CNBut)2, 2, in the Solid State. In a 10 mL Schlenk tube
containing 10.0 mg of colorless crystalline 1 (0.011 mmol), argon gas
was purged through the system for 24 h in the dark at room
temperature, after which time the color of the crystalline 1 turned to
violet. 1H NMR indicated complete consumption of starting 1 in
quantitative yield to give 2.

Conversion of Pt(SnBut
3)2(CNBu

t)2, 2, to Pt(SnBut
3)2-

(CNBut)2(H)2, 1, in the Solid State. In a 10 mL Schlenk tube
containing 12.0 mg of violet crystalline 2 (0.013 mmol), hydrogen
gas was purged through the system for 15 min in the dark at room
temperature, after which time the color of the crystalline 2 turned to
colorless. 1H NMR indicated complete consumption of starting 2 in
quantitative yield to give 1.

Synthesis of Pt(SnMes3)(SnBu
t
3)(CNBu

t)2, 3. In a 50 mL
Schlenk flask, 80.0 mg of Pt(SnBut3)2(CNBu

t)2, 2 (0.085 mmol) was
dissolved in 20 mL of distilled hexane. Then, 40.6 mg of Mes3SnH
(0.085 mmol) dissolved in 10 mL of distilled hexane solvent was
added dropwise over a period of 10 min while the reaction mixture
was stirred. The reaction mixture was then stirred for another 1 h at
room temperature under a slow stream of H2 gas purged through the
solution to give an orange colored solution. The reaction flask was
kept under an atmosphere of H2 gas and stirred for an additional 12
h at room temperature. The solvent was then removed in vacuo to
give an orange colored residue. The residue was washed three times
with 2 mL portions of cold pentane and then redissolved in a
mixture of CH2Cl2/hexane solvent, filtered, and crystallized at −30
°C in a glovebox to obtain 53.0 mg (55% yield) of Pt(SnMes3)-
(SnBut3)(CNBu

t)2, 3. Spectral data for 3: 1H NMR (C6D6, rt, in
ppm) δ = 0.80 (s, 18 H, 2 CNBut), 1.61 (s, 27 H, But3Sn), 2.16 (s, 9
H, 3-p-CH3, Mes3Sn), 2.60 (s, 18 H, 6-o-CH3, Mes3Sn), 6.78 (s, 6
CH, Mes3Sn); IR (cm−1 in CH2Cl2) νCN = 2138(vs); EI/MS m/z =
1071 (M+−But), 837 (M+−But3Sn).

Synthesis of Pt(SnMes3)2(CNBu
t)2, 5. A 20.0 mg (0.049 mmol)

amount of Pt(COD)2 was transferred into a 50 mL Schlenk tube,
which was evacuated and filled with argon several times. To this was
added 10 mL of distilled hexane under argon at −78 °C. A mixture
of 46.4 mg of Mes3SnH (0.097 mmol) and 8.1 mg of CNBut (0.097
mmol) dissolved in 15 mL of distilled hexane solvent was added
dropwise under argon while the reaction mixture was maintained at
−78 °C. The reaction mixture was stirred at −78 °C for an
additional 10 min and then allowed to slowly warm to room
temperature, during which time the color of the solution changed to
orange. The reaction mixture was stirred at room temperature for 1
h. The solvent was removed in vacuo, and the product was separated
by TLC using hexane solvent to give a yellow band which was then
crystallized in hexane solvent at −30 °C to obtain 52.0 mg (80%
yield) of crystalline Pt(SnMes3)2(CNBu

t)2, 5. Spectral data for 5:
1H

NMR (C6D6, rt, in ppm) δ = 0.53 (s, 18 H, 2 CNBut), 2.17 (s, 18
H, 6-p-CH3, 2 Mes3Sn), 2.67 (s, 36 H, 12-o-CH3, 2 Mes3Sn), 6.82 (s,
12 CH, 2 Mes3Sn); IR (cm−1 in CH2Cl2) νCN = 2154(vs); ES+/MS
calculated for [M+] = 1313, found 1313. The isotope distribution is
consistent with the presence of one platinum and two tin atoms.

Synthesis of Pt(SnPh3)3(CNBu
t)2(H), 6. A 20.0 mg (0.049

mmol) amount of Pt(COD)2 was transferred into a 50 mL Schlenk
tube, which was evacuated and filled with argon several times. To
this was added 10 mL of distilled hexane under argon at −78 °C.
While maintaining −78 °C, a mixture of 51.2 mg of Ph3SnH (0.146
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mmol) and 8.1 mg of CNBut (0.097 mmol) dissolved in 15 mL of
distilled hexane solvent was added dropwise to the Pt(COD)2
solution under argon. The reaction mixture was stirred at −78 °C
for 10 min and then allowed to warm to room temperature, during
which time a white insoluble precipitate was observed. The reaction
mixture was stirred at room temperature for an additional 1 h. The
solution was filtered through a glass frit in a glovebox. The white
residue was washed three times with 2 mL portions of distilled
hexane. The residue was dissolved in CH2Cl2/hexane mixture,
filtered, and crystallized at −30 °C in a glovebox to obtain 60.0 mg
(86% yield) of colorless crystals of Pt(SnPh3)3(CNBu

t)2(H), 6.
Spectral data for 6 (note: compound exhibits fluxional behavior in
solution): 1H NMR (toluene-d8, −20 °C, in ppm) δ = 7.8−6.9 (m,
Ph), 0.83 (s, CNBut), 0.51 (s, CNBut), 0.44 (s, CNBut), 0.44 (s,
CNBut), −6.63 (s, hydride, 1J119Sn−H = 679 Hz, 1J117Sn−H = 647 Hz,
1JPt−H = 775 Hz), −11.91 (s, hydride, 1JPt−H = 665 Hz, 2J119Sn−H =
26.68 Hz, 2J117Sn−H = 13.95 Hz); IR (cm−1 in CH2Cl2) νCN =
2190(vs). Elemental analysis, calcd: C, 54.42; H, 4.57; N, 1.98.
Found: C, 53.94; H, 4.88; N, 1.82.
Conversion of Pt(SnBut

3)2(CNBu
t)2, 2, to Pt(SnPh3)3(CNBu

t)2-
(H), 6. In a 10 mL Schlenk tube, 10.0 mg of 2 (0.011 mmol) was
dissolved in 3 mL of freshly distilled hexane, to which 13.5 mg of
Ph3SnH (0.039 mmol, 3.5 equiv) dissolved in 3 mL of hexane
solvent was added dropwise over a period of 10 min while the
reaction mixture was stirred. During that time the violet colored
solution turned colorless, and a white precipitate was observed at the
bottom of the Schlenk tube. The precipitate was washed three times
with 2 mL portions of distilled cold hexane, dissolved in a CH2Cl2/
hexane solvent mixture, filtered, and crystallized at −30 °C in a
glovebox to obtain 14.0 mg (90% yield) of Pt(SnPh3)3(CNBu

t)2(H),
6.
Synthesis of Pt(SnPh3)2(CNBu

t)2, 7. A 20.0 mg (0.049 mmol)
amount of Pt(COD)2 was transferred into a 50 mL Schlenk tube,
which was evacuated and filled with argon several times. To this was
added 10 mL of distilled hexane under argon at −78 °C. A mixture
of 34.1 mg of Ph3SnH (0.097 mmol) and 8.1 mg of CNBut (0.097
mmol) dissolved in 15 mL of distilled hexane solvent was added
dropwise to Pt(COD)2 solution under argon while maintaining the
reaction mixture at −78 °C. The reaction mixture was stirred at −78
°C for 10 min and was then allowed to warm to room temperature,
during which time the solution color changed to cloudy yellow. The
reaction mixture was stirred at room temperature for an additional
12 h. The solvent was removed in vacuo, and the residue was
dissolved in CH2Cl2/octane solvent mixture, filtered, and crystallized
at room temperature to obtain 44.0 mg (84% yield) of yellow
colored crystals of Pt(SnPh3)2(CNBu

t)2, 7. Spectral data for 7: 1H
NMR (CD2Cl2, rt, in ppm) δ = 0.883 (s, 18 H, 2 CNBut), δ =
7.22−7.7 (m, 30 H, 2 Ph3Sn); IR (cm−1 in CH2Cl2) νCN = 2165
(vs). Elemental analysis, calcd: C, 52.05; H, 4.56; N, 2.64. Found: C,
52.10; H, 4.74; N, 2.61.
Conversion of Pt(SnPh3)2(CNBu

t)2, 7, to Pt(SnPh3)3(CNBu
t)2-

(H), 6. In a glovebox, 20.0 mg of Pt(SnPh3)2(CNBu
t)2, 7 (0.019

mmol), was transferred into a vial containing 3 mL of hexane, to
which Ph3SnH (7.0 mg, 0.02 mmol) dissolved in a minimum amount
of hexane solvent was added dropwise with stirring. The solution
became colorless over a period of 5 min, and a white precipitate of 6
was obtained at the bottom of the vial. The precipitate was washed
three times with 2 mL portions of cold hexane. The residue was
dissolved in a mixture of CH2Cl2/hexane solvent, filtered, and
crystallized at −30 °C in a glovebox to obtain 18.0 mg (90% yield)
of 6.
Conversion of Pt(SnPh3)3(CNBu

t)2(H), 6, to Pt(SnPh3)2-
(CNBut)2, 7. In a 10 mL vial, 20.0 mg of 6 (0.014 mmol) was
dissolved in 3 mL of CH2Cl2/octane solvent mixture and left
exposed to air for about 30 min with occasional stirring of the
solution. After that, the resultant cloudy solution was filtered and
crystallized at room temperature to obtain 9.0 mg (60% yield) of the
yellow crystals of 7.
Synthesis of Pt(SnPri3)2(CNBu

t)2, 8. A 50 mg (0.122 mmol)
amount of Pt(COD)2 was transferred into a 50.0 mL Schlenk tube,

which was evacuated and filled with argon several times. To this was
added 20 mL of distilled hexane under argon at −78 °C, and then
20.3 mg of CNBut (0.244 mmol) dissolved in 5 mL of hexane was
added dropwise at −78 °C. The reaction mixture was stirred for 5
min, after which time 60.8 mg of Pri3SnH (0.244 mmol) dissolved in
5 mL of distilled hexane solvent was added dropwise under argon
while the reaction mixture was maintained at −78 °C. The reaction
mixture was stirred at −78 °C for an additional 5 min and then
allowed to slowly warm to room temperature. Solvent was removed
in vacuo to obtain a red colored solid. Recrystallization of the
product in diethyl ether solvent at −30 °C in a glovebox yielded red
crystalline Pt(SnPri3)2(CNBu

t)2, 8. The crystals were washed with 2
× 0.2 mL of cold hexane and the washings were further crystallized
to obtain a combined yield of 70.0 mg (67%). Spectral data for 8:
1H NMR (C6D6, rt, in ppm) δ = 1.16 (s, 18 H, 2 CNBut), 1.66 (d,
36 H, 12 CH3, 6 Pri), δ = 1.89 (m, 6 H, 6-CH, 6 Pri); IR (cm−1 in
hexane) νCN = 2131(vs); EI/MS m/z = 856 (M+), 813 (M+−Pri).
The isotope distribution is consistent with the presence of one Pt
and two Sn atoms.

Synthesis of Pt(SnBut
3)2(CO)2, 9. A 53.0 mg (0.129 mmol)

amount of Pt(COD)2 was transferred into a 10 mL Schlenk tube,
which was evacuated and filled with argon several times. An 80.0 mg
amount of But3SnH (0.274 mmol) dissolved in 8 mL of distilled
hexane solvent was added to the Pt(COD)2 under argon. The brown
colored reaction mixture was stirred at room temperature for 5 min,
after which time CO gas was bubbled through the solution for an
additional 30 min. The solution was filtered through a silica plug to
give a green colored solution. The solvent was removed in vacuo to
obtain 98.0 mg (91% yield) of green solid Pt(SnBut3)2(CO)2, 9.
Spectral data for 9: 1H NMR (CDCl3, rt, in ppm): δ = 1.38 (s, 54
H, SnBut3,

3JSn−H = 59 Hz); 1H NMR (C6D6, rt, in ppm) δ = 1.44
(s, 54 H, SnBut3,

3JSn−H = 59 Hz); IR (cm−1 in hexane) νCO =
2007(vs). Elemental analysis, calcd: C, 37.57; H, 6.55. Found: C,
37.77; H, 6.42.

Synthesis of Pt(SnBut
3)2(CNBu

t)2(CO), 10. In a glovebox, under
an atmosphere of argon, a 40.0 mg (0.480 mmol) amount of CNBut

was added to 195.0 mg of 9 (0.235 mmol) dissolved in 2 mL of
freshly distilled hexane at room temperature. With the addition of
CNBut, CO gas evolves from the reaction mixture (gas bubbles can
be observed), and the green colored solution slowly turns colorless,
with colorless crystals coming out of the solution. The solution was
placed in a −20 °C freezer overnight to obtain more crystals. The
solvent was then removed, and the colorless crystals were washed
with 0.2 mL of hexane to afford 219.0 mg (96% yield) of 10. The
crystals turned to purple color on prolonged exposure to air,
affording 2. Spectral data for 10: 1H NMR (C6D6, rt, in ppm) δ =
1.57 (s, 54 H, SnBut3,

3JSn−H = 51 Hz), 0.96 (s, 18 H, But) [note:
NMR spectra recorded under a CO atmosphere]; IR (cm−1 in
hexane) νCO = 2144(w), 2112(vs), 1966(s).

Conversion of Pt(SnBut
3)2(CNBu

t)2(CO), 10, to Pt(SnBut
3)2-

(CNBut)2, 2, in Solution. A 17.0 mg amount of 10 (0.0175 mmol)
was dissolved in 10 mL of distilled hexane. With stirring, argon gas
was purged through the solution at 25 °C for approximately 10 min.
Within minutes the colorless solution starts to turn violet. IR of the
reaction mixture showed complete conversion of the starting 10 to 2.
The solvent was removed in vacuo, and the violet colored residue
was crystallized by evaporation of a benzene/acetonitrile solvent
mixture under a stream of argon gas at room temperature to yield
15.0 mg (91%) of crystalline 2.

Conversion of Pt(SnBut
3)2(CNBu

t)2, 2, to Pt(SnBut
3)2-

(CNBut)2(CO), 10, in Solution. A 17.0 mg amount of 2 (0.0181
mmol) was dissolved in 25 mL of distilled hexane. With stirring, CO
gas was purged through the solution at 25 °C for approximately 10
min. Within minutes the violet solution starts to turn colorless. IR of
the reaction mixture showed complete conversion of the starting 2 to
10. The solvent was removed in vacuo, and the violet color residue
was crystallized by evaporation of a benzene/acetonitrile solvent
mixture under a stream of CO gas at room temperature to yield 15.0
mg (85%) of crystalline 10.
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Conversion of Pt(SnBut
3)2(CNBu

t)2, 2, to Pt(SnBut
3)2-

(CNBut)2(CO), 10, in the Solid State. In a 10 mL Schlenk tube
containing 10.0 mg of violet crystalline 2, CO gas was purged
through the system for 1 h in the dark at room temperature, after
which time the color of the crystalline 2 turned to colorless. 1H
NMR indicated complete consumption of starting 2 to give 10 in
quantitative yield.
Conversion of Pt(SnBut

3)2(CNBu
t)2(CO), 10, to Pt(SnBut

3)2-
(CNBut)2, 2, in the Solid State. In a 10 mL Schlenk tube
containing 10.0 mg of colorless crystalline 10, argon gas was purged
through the system for 16 h in the dark at room temperature, after
which time the color of the crystalline 10 turned to violet. 1H NMR
indicated complete consumption of starting 10 to give 2 in
quantitative yield.

■ RESULTS AND DISCUSSION
The reaction of Pt(COD)2 (COD = cyclooctadiene) and
But3SnH in the presence of tert-butyl isocyanide, CNBut, at
room temperature affords the dihydrido Pt−Sn complex
Pt(SnBut3)2(CNBu

t)2(H)2, 1, in 32% yield. Compound 1 was
characterized by a combination of IR, 1H NMR, mass
spectrometry, and single-crystal X-ray diffraction analyses.
An ORTEP drawing of the molecular structure of 1 is shown
in Figure 1, as previously reported.22

Compound 1 contains an 18-electron platinum atom in a
distorted octahedral geometry having two SnBut3 ligands, two
CNBut ligands, and two hydride ligands such that the
molecule possesses C2v symmetry. The two hydrido ligands
in 1 can be displaced under an atmosphere of argon gas at
room temperature, both in solution and in the solid state, in
nearly quantitative yields to furnish the complex Pt(SnBut3)2-
(CNBut)2, 2. Compound 2 was also characterized crystallo-

graphically, and as previously reported22 its structure in the
solid state is shown in Figure 2.

The loss of the hydride ligands gives a 16-electron
configuration around the Pt atom in 2 with a formal
oxidation state of +2. Complex 2 (see in Figure 2) is not
planar, as expected for a Pt(II) d8 complex; instead it adopts a
“saw-horse”-type structure. This is attributed to steric pressure
imparted by the bulky But groups. Addition of hydrogen gas
to 2, both in solution and in the solid state, regenerates 1.
The complex 1-d1 was prepared by the reaction of 2 with HD
gas and did not show H/D coupling in its 1H NMR
spectrum, consistent with the solid-state structure of 1 for two
cis hydride ligands. In addition to the resonance of 1-d1, the
hydride resonance for 1 was also present in the 1H NMR
spectrum, which showed isotope shift effects.22 The reported
phosphinito-bridged Pt(I) complex [(PHCy2)Pt(μ-PCy2)-
{k2P,O-μ-P(O)Cy2}Pt(PHCy2)](Pt−Pt) was also found to
activate hydrogen reversibly in solution under mild conditions,
where the dihydride complex was shown to form through the
nonclassical dihydrogen intermediate.53

In solution, complex 2 catalyzes H2−D2 exchange to
produce HD at room temperature as detected by 1H NMR:

+ ⇌H D 2HD
2

2 2 (1)

Integration of the peaks in the 1H NMR spectrum yields Keq
≈ 3.6, in keeping with the literature value.54 The fact that 2
catalyzes H2−D2 exchange, and that its reaction with HD gas
afforded a mixture of isotopomers of 1, prompted additional
investigation of potential reaction mechanisms for the
exchange process. Since addition of H2 to 2 produces 1, an
18-electron complex with no vacant site for additional

Figure 1. ORTEP52 drawing of the molecular structure of
Pt(SnBut3)2(CNBu

t)2(H)2, 1, showing 30% probability thermal
ellipsoids. Selected interatomic distances (Å) and angles (deg):
Pt(1)−Sn(1) = 2.6718(5); Pt(1)−C(1) = 2.014(8); Pt(1)−H(1) =
1.65(9); Sn(1)−Pt(1)−Sn(1*) = 161.35(3); C(1)−Pt(1)−C(1*) =
102.5(4); C(1)−Pt(1)−Sn(1) = 95.82(3); Sn(1)−Pt(1)−H(1) =
84.2(4).

Figure 2. ORTEP52 drawing of the molecular structure of
Pt(SnBut3)2(CNBu

t)2, 2, showing 50% probability thermal ellipsoids.
Selected interatomic distances (Å) and angles (deg): Pt(1)−Sn(1) =
2.6765(3); Pt(1)−Sn(2) = 2.6851(3); Pt(1)−C(1) = 1.932(3);
Pt(1)−C(2) = 1.929(3); Sn(1)−Pt(1)−Sn(2) = 159.539(8); C(1)−
Pt(1)−C(2) = 158.69(13).
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binding, reductive elimination of stannane was considered, as
shown in eq 2:

In the mechanism shown in eq 2, the active catalyst for
H2−D2 exchange would involve as a first step not elimination
of H2 from 1 to regenerate 2 but reductive elimination of
But3SnH to produce the intermediate complex Pt(SnBut3)-
(CNBut)2(H), which would be the true catalyst for H2−D2
exchange. To further probe this, we performed the reaction of
the dideuteride complex Pt(SnBut3)2(CNBu

t)2(D)2, 1-d2, and
free But3SnH. When an equimolar mixture of 1-d2 and
But3SnH was placed in an NMR tube, 2H{1H} NMR revealed
formation of But3SnD, showing appropriate one-bond
coupling to both 119Sn and 117Sn (δ = 5.62, 1J119Sn−D = 213
Hz and 1J117Sn−D = 203 Hz). The deuteride region showed a
peak at δ = −13.48 (1JPt−H = 106 Hz) due to 1-d2 and 1-d1,
and appropriately 1H NMR showed a resonance at δ =
−13.49 for 1-d1 and −13.52 for 1. These exchange
experiments further support the proposed eq 2 for the
H2−D2 exchange mechanism to form HD gas. Based upon
these experimental findings, Scheme 1 may be proposed for
the catalytic formation of HD gas from H2−D2 in the
presence of compound 2.
The catalytic cycle begins with the formation of 1, followed

by the reductive elimination of But3SnH to form intermediate
A with two vacant coordination sites. Step I is believed to be
the rate-determining step. H2/D2 can then oxidatively add to
the intermediate A to form another intermediate B. HD gas
can then form by exchange of the H and D groups to

regenerate A. Steps II and III are repeated until equilibrium is
reached. Once the catalytic cycle is completed, free But3SnH
formed during step I can add to intermediate A (step IV) to
give back compound 1.
In order to further probe a mechanism in which the

proposed intermediate complex Pt(SnBut3)(CNBu
t)2(H) was

the active species, it was decided to see if substrates other
than H2 could be added. To test this we investigated the
relative rates of reaction of Mes3SnH and 2 in the presence
and absence of H2. In the absence of added H2, production of
the mixed stannane complex Pt(SnMes3)(SnBu

t
3)(CNBu

t)2, 3,
from Pt (SnBut3)2(CNBu

t)2 and Mes3SnH required more than
5 days to complete. Surprisingly, addition of H2 to 2,
generating 1, led to a more rapid production of 3. These
observations are in keeping with the mechanism shown in
Scheme 2.
Direct conversion of 2 to 3 would necessarily involve

oxidative addition of Mes3SnH to 2 as a first step, but steric
factors presumably do not favor this pathway. In the presence
of H2, conversion of 2 to 1 could allow more facile stannane

Scheme 1

Scheme 2
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exchange by a mechanism similar to that proposed for H2−D2
exchange in Scheme 1namely reductive elimination of
But3SnH to generate Pt(SnBut3)(CNBu

t)2(H), which could
then undergo oxidative addition of Mes3SnH, followed by
reductive elimination of H2, to yield the mixed stannane
complex 3. A variety of exchange reactions at the Pt metal
center are reported in the literature,55−59 but to the authors’
knowledge this is the first example of this type of stannane
exchange reaction. It proved possible to isolate and
structurally characterize the mixed stannane complex 3,
which is shown in Figure 3.

Compound 3 is similar in structure to 2, where in place of
one of the SnBut3 there is an SnMes3 group. The complex is
not square planar, but at the same time it is not as distorted
to a “saw-horse”-type structure as in 2 [C(1)−Pt(1)−C(6) =
167.1(3)°; Sn(1)−Pt(1)−Sn(2) = 171.50(2)°]. Complex 3
does not contain any hydride ligands, but it can be assumed
that the dihydride complex Pt(SnMes3)(SnBu

t
3)(CNBu

t)2-
(H)2, 4, forms first and in turn loses H2 to give 3.
Considering how labile the hydride ligands are in 1, it is
not surprising that 4 could not be detected. Furthermore,
addition of H2 to 3 does not occur, as in the case with 2 at
room temperature.
Efforts to exchange the other SnBut3 ligand from compound

Pt(SnMes3)(SnBu
t
3)(CNBu

t)2, 3, with an excess of Mes3SnH
to form the compound Pt(SnMes3)2(CNBu

t)2, 5, were
unsuccessful at room temperature. However, we were able
to prepare 5 directly from the reaction of Pt(COD)2 with 2
equiv of CNBut and Mes3SnH at −78 °C in 80% yield. A
crystal structure of 5 is shown in Figure 4. Compound 5 is
similar in structure to compound 3, and it is also unreactive
toward H2 at room temperature, as in the case of 3.

Reaction of complex 2 with 3 equiv of Ph3SnH (which is
not as bulky as But3SnH) at room temperature resulted in
formation of the colorless tri-tin−platinum compound Pt-
(SnPh3)3(CNBu

t)2(H), 6, which was characterized by a
combination of IR, 1H NMR, elemental, and single-crystal
X-ray diffraction analyses. In complex 6, the two But3Sn
ligands in 2 have reacted with 2 equiv of Ph3SnH, resulting in
stannane exchange, and a third mole of Ph3SnH has
undergone oxidative addition, yielding the 18-electron Pt(IV)
complex in an octahedral geometry, as shown in Figure 5.
The crystal structure of complex 6 provides evidence of the

steric crowding present when three stannyls are coordinated
to Pt in addition to the two bulky isonitrile ligands. It seems
unlikely that complex 6 would be stable if, rather than SnPh3,
the coordinating stannyls included the much bulkier SnBut3.
As pointed out above, this would be the case if stannyl
exchange were to occur in the absence of added H2.
The 1H NMR of Pt(SnPh3)3(CNBu

t)2(H), 6, displayed
temperature-dependent dynamics in solution, see Figure 6.
The spectrum showed two broad resonances in the hydride
region at 25 °C (δ = −6.42 and −11.91). As the temperature
was decreased to −20 °C, two distinct hydride resonances
were observed, showing coupling to both platinum and tin (δ
= −6.62, 1J119Sn−H = 679 Hz, 1J117Sn−H = 647 Hz, 1JPt−H = 775
Hz, and δ = −11.90, 1JPt−H = 665 Hz, 2J119Sn−H = 26.68 Hz,
2J117Sn−H = 13.95 Hz).
This is consistent with the presence of isomers in solution.

Both hydride resonances show one-bond coupling to
platinum. The resonance at −6.62 ppm also shows large
coupling to tin. A plausible explanation of the NMR
spectroscopic data is the equilibrium shown in Scheme 3.
The large value of 1J119Sn−H observed by us suggests the
hydride ligand is trans to a SnPh3, in keeping with literature

Figure 3. ORTEP52 drawing of the molecular structure of
Pt(SnMes3)(SnBu

t
3)(CNBu

t)2, 3, showing 30% probability thermal
ellipsoids. Selected interatomic distances (Å) and angles (deg):
Sn(1)−Pt(1) = 2.6797(5); Sn(2)−Pt(1) = 2.6775(5); C(1)−Pt(1) =
1.947(6); C(6)−Pt(1) = 1.945(6); Sn(1)−Pt(1)−Sn(2) =
171.50(2); C(1)−Pt(1)−C(6) = 167.1(3); C(6)−Pt(1)−Sn(1) =
92.1(2); C(1)−Pt(1)−Sn(1) = 93.3(2); C(1)−Pt(1)−Sn(2) =
89.3(2); C(6)−Pt(1)−Sn(2) = 87.0(2).

Figure 4. ORTEP52 drawing of the molecular structure of
Pt(SnMes3)2(CNBu

t)2, 5, showing 30% probability thermal ellip-
soids. Selected interatomic distances (Å) and angles (deg): Sn(1)−
Pt(1) = 2.6615(6); C(1)−Pt(1) = 1.92(1); Sn(1)−Pt(1)−Sn(1*) =
175.74(3); Sn(1)−Pt(1)−C(1) = 89.0(3); C(1)−Pt(1)−C(1*) =
164.2(4).

Journal of the American Chemical Society Article

dx.doi.org/10.1021/ja511295h | J. Am. Chem. Soc. 2015, 137, 445−456450



data for related systems.60−63 In the previously reported
octahedral iridium complex [Et3NMe]2[IrH(SnB11H11)2(CO)-
(PPh3)2], the hydride and both tin ligands are meridional and
lie in the same plane along with the CO group, such that the

hydride is both cis and trans to the SnB11H11 ligands. The
value for trans-two-bond coupling in this compound was
reported to be 632 Hz, which is similar to the value we
obtained.60 In addition, trans-two-bond coupling in other Ir
octahedral complexes has also been reported to be similar as
well as larger and comparable to the one-bond coupling in
Ph3SnH.

61−63

This results in the possibility of two additional isomers for
the SnPh3 groups. The isomer 6A retains meridional
arrangement of the SnPh3 but has the CNBut groups in the
trans position. Isomer 6B is viewed as unlikely since it places
the three SnPh3 groups in a facial arrangement. We have tried
several times, at low temperatures as well, to identify the
structure of the isomer in solution by single-crystal X-ray
diffraction but were only able to obtain crystals of the cis
hydride complex 6. As the temperature is raised from −20 °C,
the two hydride signals start to broaden and coalesce;
however, the averaged fast exchange limit could not be
obtained, as the complex decomposes above 30 °C.
Compound Pt(SnPh3)3(CNBu

t)2(H), 6, is unstable in air,
loses hydride and Ph3Sn ligands as H2 and Ph3Sn-SnPh3, and
forms a stable yellow colored compound, Pt(SnPh3)2-
(CNBut)2, 7. Compound 7 can also be prepared by reacting
Pt(COD)2 with 2 equiv each of Ph3SnH and CNBut at −78
°C and allowing it to warm to room temperature. The
complex was characterized by a combination of IR, 1H NMR,
elemental, and single-crystal X-ray diffraction analyses. An
ORTEP drawing of the molecular structure of 7 is shown in
Figure 7.
It is of interest that compound 7 reacts with Ph3SnH under

argon to give back compound 6, but it does not react with H2
to produce Pt(SnPh3)2(CNBu

t)2(H)2. In keeping with this is
the fact that compound 7 can be produced directly by
reaction of 2 mol of Ph3SnH with Pt(COD)2 in the presence
of CNBut at −78 °C, followed by warming to room
temperature. The reaction corresponding to production of
the dihydride 1 does not yield the corresponding dihydride
Pt(SnPh3)2(CNBu

t)2(H)2 which if formed must reductively
eliminate H2 to yield 7. The observed failure of Pt(SnPh3)2-
(CNBut)2 to add H2 is therefore ascribed to thermodynamic
rather than kinetic factors. While 7 does not react with H2 it
does react readily with Ph3SnH undergoing oxidative addition
to from 6. This is presumably due to the greater H−H bond
strength (104 kcal/mol) compared to the H-SnPh3 bond
strength (∼74 kcal/mol)64,65 tempered by the corresponding
bond strengths to Pt since steric factors would over-
whelmingly favor H2 addition.
Both the trimesityltin and triphenyltin analogues 5 and 7

do not add H2, nor do they catalyze H2−D2 exchange. This
could be due to steric factors, but electronic influence could
conceivably play a role since these two complexes contain aryl
groups pendant on tin versus the electronically different to
alkyl tri-tert-butyl groups of 2. In order to test this, the
triisopropyl analogue Pt(SnPri3)2(CNBu

t)2, 8, was prepared
by the reaction of Pt(COD)2 with 2 equiv each of Pri3SnH
and CNBut. The crystal structure of 8 is shown in Figure 8,
and it is nearly square planar, with the angles about platinum
just shy of 180°, at 177° for Sn1*−Pt1−Sn1 and 176° for
C1−Pt1−C2. Since the electronic donor properties of the
trialkyltin ligands in 8 should closely resemble those in 2, the
observed structural difference is attributed to steric rather than
electronic factors.

Figure 5. ORTEP52 drawing of the molecular structure of
Pt(SnPh3)3(CNBu

t)2(H), 6, showing 30% probability thermal
ellipsoids. Selected interatomic distances (Å) and angles (deg):
Pt(1)−Sn(1) = 2.6761(8); Pt(1)−Sn(3) = 2.6140(7); Pt(1)−C(1) =
2.03(1); Pt(1)−H(1) = 1.65(6); Sn(1)−Pt(1)−Sn(2) = 171.07(3);
Sn(2)−Pt(1)−Sn(3) = 93.32(2); C(1)−Pt(1)−Sn(3) = 94.1(3);
C(1)−Pt(1)−C(6) = 102.8(4); Sn(2)−Pt(1)−C(1) = 89.2(3);
Sn(1)−Pt(1)−(C6) = 85.0(3); C(6)−Pt(1)−H(1) = 66(2);
Sn(3)−Pt(1)−H(1) = 97(2).

Figure 6. 1H NMR spectra of Pt(SnPh3)3(CNBu
t)2(H), 6, at various

temperatures.
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The consequences of these steric differences are displayed
in differing reactivity patterns as well. Complex 8 does not
add H2 at room temperature to give Pt(SnPri3)2(CNBu

t)2-
(H)2, nor does it catalyze H2−D2 exchange. Qualitative
understanding of the forces involved in determining whether
oxidative addition occurs or not is aided by looking at the
starting structures shown in Figure 9 for the four complexes
Pt(SnR3)2(CNBu

t)2 (R = But, Mes, Ph, or Pri).
Based on the large number of square planar d8 complexes

of Pt(II), it is clear that this is the preferred and lowest
energy geometry in the absence of complicating steric or
electronic effects. The complexes Pt(SnPh3)2(CNBu

t)2, 7, and
Pt(SnPri3)2(CNBu

t)2, 8, closely approximate this geometry,
but Pt(SnMes3)2(CNBu

t)2, 5, and particularly Pt(SnBut3)2-
(CNBut)2, 2, deviate from it substantially. The fact that H2

addition occurs only in the sterically most crowded system is
counter-intuitive and must be due to electronic effects placing
it at a higher starting energy. This is illustrated in eq 3 for the
oxidative addition of H2:

Scheme 3

Figure 7. ORTEP52 drawing of the molecular structure of
Pt(SnPh3)2(CNBu

t)2, 7, showing 30% probability thermal ellipsoids.
One of the Ph groups on Sn is disordered, as shown in C37 and
C38. Selected interatomic distances (Å) and angles (deg): Pt(1)−
Sn(1) = 2.6231(3); Pt(1)−C(1) = 1.936(5); Sn(1)−Pt(1)−Sn(1*)
= 180.00; Sn(1)−Pt(1)−C(1) = 87.5(1); Sn(1)−Pt(1)−C(1*) =
92.5(1); C(1)−Pt(1)−C(1*) = 180.0(2).

Figure 8. ORTEP52 drawing of the molecular structure of
Pt(SnPri3)2(CNBu

t)2, 8, showing 30% probability thermal ellipsoids.
Selected interatomic distances (Å) and angles (deg): Pt(1)−Sn(1) =
2.6390; Pt(1)−C(1) = 1.901; Pt(1)−C(2) = 1.929; Sn(1)−Pt(1)−
Sn(1*) = 177.18; C(1)−Pt(1)−C(2) = 175.8; C(1)−Pt(1)−Sn(1) =
88.9; C(2)−Pt(1)−Sn(1) = 91.0.

Figure 9. Comparison of the structures of 2, 5, 7, and 8 (R groups
omitted for clarity). Colors: Pt, red; Sn, green; C, purple; N, gold.
Shown are the Sn−Pt−Sn and C−Pt−C (C atom bonded to Pt)
angles.
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The net thermochemistry of oxidative addition of H2 to
square planar Pt(II) complex can be envisioned as a two-step
process, as shown in eq 3. The first step involves
rearrangement to a “saw-horse”-type structure, followed by a
second step in which H2 addition occurs. Since the square
planar geometry is preferred, this step is expected to be
endothermic and to be compensated for in the second step,
which is exothermic addition of H2 to a complex already
exhibiting an optimal final ligand geometry. This logic applies
to the complexes 5, 7, and 8, which have a ground state that
is “essentially” square planar. The fact that H2 addition does
not occur to produce equilibrium amounts of dihydride is
attributed to the fact that the isomerization energy is not fully
compensated for by the oxidative addition of dihydrogen. In
the case of complex 2, which is ground state destabilized due
to the steric bulk of its ligand set, this price does not have to
be paid, since the core final geometry of the H2 oxidative
addition product closely resembles that of the starting
complex 2. This effect is expected to apply to both the
enthalpy and entropy of oxidative addition of dihydrogen, and
detailed thermochemical studies of this effect are in progress.
The hydride ligands in 1 are labile and eliminate under

mild conditions. We were fortunate to isolate complex 1 in
pure form and obtain its crystal structure. In keeping with the
arguments above, we were unable to isolate the analogous
carbonyl complex Pt(SnBut3)2(CO)2(H)2 when the reaction
of Pt(COD)2 with But3SnH was carried out at room
temperature under an atmosphere of carbon monoxide gas.
Instead, we were only able to isolate the carbonyl complex
Pt(SnBut3)2(CO)2, 9, in 91% yield, which does not contain
any hydride ligands. The structure of 9 is shown in Figure 10,
and as expected for platinum(II) complexes in a d8

configuration, the molecular geometry is square planar. It is
interesting to note that the ligands are trans and that the
structure of 9 is planar rather than deviating considerably
from planarity as in 2, which can be accounted for by the
sterics of the CNBut ligands versus the CO ligands as seen in
Figure 10. A similar Pt−Ge complex, trans-Pt(CO)2(GePh3)2,
which was obtained from the reaction of Pt(COD)Me2 and
HGePh3 in the presence of CO atmosphere, has Pt−C(CO)
bond lengths and Ge−Pt−C(CO) bond angles similar to
those of compound 9.66 Most relevant to this work is the fact
that complex 9 does not add H2, supporting the idea that
perturbation of the stable square planar structure, exhibited
for 2 but not for 9, plays a key role in oxidative addition.
The carbonyl ligands in 9 can be replaced with CNBut

groups to give compound 2; however, en route to 2, we
obtained the complex Pt(SnBut3)2(CNBu

t)2(CO), 10, in 96%
yield at room temperature. The structure of 10 is given in
Figure 11. The molecular geometry of complex 10 is trigonal

bipyramidal, in which the two SnBut3 groups occupy both of
the axial positions, while the two CNBut and one CO ligand
lie in the equatorial plane. In solution, 10 can be readily
converted to 2 at room temperature in 91% yield under a
stream of argon gas. In the solid state as well (∼16 h), 10 is
converted to 2 in quantitative yields under a flow of argon
gas. Although the number of steps is more to obtain 1 from 9,
rather than directly as described above, this pathway is
“cleaner” and makes it easier to obtain 2 in pure form, which
can then be converted to 1 as well.
There are very few examples of transition metal complexes

with group 14 metals in a trigonal bipyramidal geometry, as in
compound 10, reported in the literature.47,67 The Ni−Sn
compound, Ni(SnBut3)2(CO)3, previously reported by us, is
structurally close to 10. The CO ligands on the Ni metal

Figure 10. ORTEP52 drawing of the molecular structure of
Pt(SnBut3)2(CO)2, 9, showing 30% probability thermal ellipsoids.
Selected interatomic distances (Å) and angles (deg): Pt(1)−Sn(1) =
2.7317(4); Pt(1)−Sn(1*) = 2.7317(4); Pt(1)−C(1) = 1.847(1);
Pt(1)−C(2) = 1.894(1); Sn(1)−Pt(1)−Sn(1*) = 176.08(2); C(1)−
Pt(1)−C(2) = 180.0(6); Sn(1)−Pt(1)−C(1) = 88.0(5); Sn(1)−
Pt(1)−C(2) = 92.0(4).

Figure 11. ORTEP52 drawing of the molecular structure of
Pt(SnBut3)2(CNBu

t)2(CO), 10, showing 30% probability thermal
ellipsoids. Selected interatomic distances (Å) and angles (deg):
Pt(1)−Sn(1) = 2.7147(6); Pt(1)−C(1) = 2.02(1); Pt(1)−C(12) =
1.89 (2); Sn(1)−Pt(1)−Sn(1*) = 170.66(3); C(1)−Pt(1)−C(12) =
128.2(6); Sn(1)−Pt(1)−C(1) = 92.9(3); Sn(1)−Pt(1)−C(12) =
85.3(5); C(1)−Pt(1)−C(1*) = 103.7(4).
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center in this complex are not labile as in the case of
compound 10.47

■ SUMMARY AND CONCLUSIONS

Scheme 4 presents a summary for the synthesis of various
Pt−Sn hetero-bimetallic complexes. A series of Pt(II)−Sn
bimetallic complexes of the type Pt(SnR3)2(CNBu

t)2 (R =
But, Mes, Ph, Pri) were prepared and studied. The Pt(IV)
dihydride compound 1 reversibly loses both hydrides to
furnish Pt(II) compound 2. Compound 2 is not square
planar, and the observed geometry resembles a “saw-horse”
structure due to the sterics of bulky But groups. Compounds
2 and 1 are inter-convertible even in the solid state.
Compound 2 activates hydrogen reversibly even at −78 °C,
with no observable decrease in the rate of the reaction. It also
catalyzes H2−D2 exchange to form HD gas, and the proposed
mechanism involves the reductive elimination of But3SnH to

create vacant coordination sites on the platinum metal center
to facilitate H2−D2 exchange. The rate of exchange was found
to be independent of But3SnH. The SnBut3 group from 1 can
be replaced with Mes3SnH to give Pt(II) compound 3 with
two different tin ligands on the same platinum metal center.
The SnBut3 groups from 1 can also be replaced with Ph3Sn to
give the sterically strained Pt(IV) compound 6 with three
terminal tin ligands on the same platinum metal center.
Compound 6 displays fluxional behavior in the solution, with
plausible cis−trans isomerization. It decomposes in air to form
Pt(II) compound 7. Though compound 7 is sterically not too
crowded, this square planar compound is also stable to H2

addition, but interestingly it reacts with Ph3SnH to regenerate
the octahedral compound 6. The triisopropyltin analogue
Pt(SnPri3)2(CNBu

t)2, 8, also does not catalyze H2−D2

exchange. The reaction of Pt(COD)2 with But3SnH and
carbon monoxide gas yielded square planar Pt(II) compound

Scheme 4
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9, with CO ligands trans to each other. Compound 9 is also
unreactive toward H2, but it loses a CO ligand in the presence
of CNBut to give the trigonal bipyramidal compound 10,
which subsequently can lose another CO ligand to furnish 2
or 1.
The fact that in this series of complexes it is only 2 that

reversibly adds H2 and participates in catalytic H2−D2
exchange is attributed to the fact that in this bulky complex
a “steric threshold” has been crossed.68 Due to steric factors
attributed to the bulky ancillary SnBut3 ligands, complex 2 is
forced away from the more stable square planar geometry to a
“saw-horse” structure; the Sn−Pt−Sn angle (159.5°) in 2
closely resembles that of its dihydride adduct 1 (161.3°),
resulting in a more favorable reaction profile. The role of
pendant groups on trialkylphosphine ligands in controlling
oxidative addition of dihydrogen has been intensively
investigated since the pioneering work of Kubas and
others.70,71 This work demonstrates that the pendant groups
in trialkyltin and triaryltin complexes can also fine-tune
reactivity with respect to H2 addition and H2−D2 exchange.
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