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Investigation of the Thermal Decomposition of [biphen(QPiPr)Pt(alk)2]: An
Entry to C–C Single Bond Activation?
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The reaction of [(COD)PtCl2] with biphen(QPiPr)(Q�PiPr) (Q,
Q� = O, CH2O) yields cis-[{biphen(QPiPr)(Q�PiPr)}PtCl2].
Treatment of trans-[PtCl2(ethene)(py)] with biphen(QPiPr)-
(Q�PiPr) (Q, Q� = O, CH2O) gives trans-[{biphen(QPiPr)-
(Q�PiPr)}PtCl2] for Q or Q� � O. No trans/cis isomerization
can be observed for these compounds after 24 h at 105 °C in
[D8]toluene. In the case of Q = Q� = O a trans/cis isomeriza-
tion takes place at room temperature. X-ray structures of a
molecule in the solid state were determined for the com-
pounds cis/trans-[{biphen(QPiPr)(Q�PiPr)}PtCl2] with Q or Q�

� O. In the case of Q = O and Q� = CH2O the closer of the
two bridging C atoms in the biphenyl fragment of the ligand
is only 3.42 Å away from the Pt center but does not show a
coupling to it in the 13C NMR spectrum. Treatment of both
cis- and trans-[{biphen(QPiPr)(Q�PiPr)}PtCl2] with two equiv-
alents of ethyl- or n-propylmagnesium chloride gives cis-
[{biphen(QPiPr)(Q�PiPr)}PtAlk2]; the X-ray structures of cis-
[{biphen(CH2OPiPr)2}PtEt2] and cis-[{biphen(OPiPr)2}Pt-
(nPr)2] are discussed. These complexes give the related al-
kene complexes as a result of β-H elimination/reductive eli-
mination if heated to temperatures above 90 °C in [D8]tol-
uene, but none of the complexes with Q or Q� � O is stable at
95 °C. The thus-formed Pt(alkene) complex loses the alkene
(ethene or propene) in a consecutive reaction. For
[{biphen(CH2OPiPr)2}PtEt2], selective deuteration of the
CH2O group and the Pt-ethyl group proves that scrambling
of deuterium into the iPr methyl groups occurs (by a CH acti-
vation/insertion/β-H elimination/reductive elimination se-
quence) after the β-H elimination and before the loss of eth-
ene, which at 95 °C is almost as fast as the loss of ethene. In
the final alkene-free 14 e complex a fast dynamic C–H acti-

Introduction

We are currently searching for a way to activate and
cleave the bridging C–C single bond in nonstrained bi-
phenyl fragments, a reaction that is still without precedent,
although the strained biphenylene has been successfully ac-
tivated.[1] Other groups have reported their strategies, suc-
cesses, and challenges in the area of C–C single bond acti-
vation.[2] Several advantages of focusing on the activation
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vation of the iPr CH3 protons by the Pt center (one H at a
time) can be detected [an Isotopic Perturbation of Resonance
(IPR) is found for the partially deuterated compound], which
most probably prevents a further reaction of the complex
(e.g. activation of the bridging C–C single bond in the bi-
phenyl backbone or permanent coordination of PPh3). H2,
however, is activated by the final complex, and the use of D2

proves that deuterium is incorporated into the iPr groups of
the ligand. The reaction of [(COD)PtCl2] with o-Br-
phen(QPiPr) gives cis-[PtCl2{o-Br-phen(QPiPr)}2] (X-ray
structure reported), which forms cis-[Pt{phen(QPiPr)}2] upon
treatment with sBuLi. The reaction of trans-[PtCl2(ethene)-
(py)] with o-I-phen(QPiPr) gives trans-[PtCl2{o-I-phen-
(QPiPr)}2] (X-ray structure reported), which also forms cis-
[Pt{phen(QPiPr)}2] upon treatment with sBuLi. cis-
[Pt{phen(CH2OPiPr)}2] (X-ray structure reported) slowly
isomerizes quantitatively at 95 °C in toluene to the trans com-
plex. No product of reductive elimination can be detected up
to 150 °C in mesitylene. cis-[Pt{phen(OPiPr)}2] (X-ray struc-
ture reported) forms two products � the trans isomer (X-ray
structure reported) and most likely a dimeric trans-config-
ured complex � upon heating to 95 °C. Again, no reductive
elimination is observed regardless of whether the reaction is
performed under argon or ethene atmosphere up to 150 °C
in mesitylene. All materials were characterized by means of
1H, 2H, 13C, 31P, and 195Pt NMR spectroscopy, FAB mass spec-
trometry, FT-IR spectroscopy, elemental analysis, and X-ray
crystallography. DFT calculations (B3PW91/LANL2DZ) are
also included for the most important compounds.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

of the bridging C–C single bond in a biphenyl fragment
have been discussed by us earlier,[3] and in light of this we
decided to use the well-known principle of chelating assist-
ance[4] to enhance the chance of observing the activation.
Additionally, the ligand architecture is chosen in a way that
in the course of the reaction a vibrational bending mode of
the coordinated ligand forces the C–C single bond to ap-
proach the metal center in a promising orientation concern-
ing an activation of it (compound c in Scheme 1).

Our former work[3] showed that Scheme 1 describes the
behavior of [{biphen(OPiPr)2}PtEt2] ([1]PtEt2) well, except
that the most decisive reaction (D) was not observed.
Herein we report our progress with this strategy.
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Scheme 1.

Results and Discussion

Calculations on the Reaction Path

One critical point about the strategy in Scheme 1 is that
the ligand architecture used in intermediate c might be too
strained to allow the desired movement along the reaction
coordinate (bending vibration of P–Pt–P) if the biphenyl
fragment and the coordinating phosphorus atoms are con-
nected only by an oxo group. To gain more insight into this
question, we calculated the energy profile of the P–Pt–P
bending vibration mode with an oxo group (ligand 1) and
a CH2O group as connector (ligand 3). This was done with
Gaussian03[5] using density functional theory (functional:
B3PW91; basis set: LANL2DZ) and employing the “frozen
coordinate” function implemented in the program package.
Table 1 contains the calculated data and Figure 1 shows the
plot of ∆G as a function of the P–Pt–P angle.

Table 1. Calculated differences between G and Gmin of the P–Pt–P
bending vibration and its dependence on the bending angle, α, for
both [1]Pt and [3]Pt.

P–Pt–P G – Gmin for [1]Pt G – Gmin for [3]Pt
α [°] [kcalmol–1] [kcalmol–1]

120 14.84 33.18
130 7.70 17.36
140 2.84 9.43
150 1.27 4.54
153 0 –
160 – 18.29
165 2.48 –
170 4.72 0.065
175 7.38 –
177 – 0

The following conclusions can be drawn from the calcu-
lated data:
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� For ligand 1 the additional kinetic driving force concern-
ing the C–C single bond activation is high and “downhill”
at the beginning but, because of the small P–Pt–P equilib-
rium angle (153°), decisively “uphill” at the end of the reac-
tion pathway. In the range 120° � α � 180° no decisive gain
in energy is predicted by the calculations because the two
effects cancel each other out (energy gain of about
7 kcalmol–1 at most). The angle determined for [1]Pt-
(ethene) by X-ray analysis is 120°.[3]

� For ligand 3 the additional kinetic driving force is even
greater than for 1 at the beginning of the C–C single bond
approach, and the equilibrium P–Pt–P angle is larger
(178°). Thus, the approach of the C–C single bond to be
activated is less hindered at the end of the reaction pathway.
The calculations predict an energy gain of about
33 kcalmol–1 in the best case. Moreover, the force constant
(determined using the harmonic potential approximation)
in the case of ligand 3 is calculated to be 0.438 mdynÅrad–2

and is thus softer than for ligand 1 (0.636 mdynÅrad–2).
As a consequence, ligand 3 enhances the flexibility of the
bending vibration in the area of its minimum in comparison
to ligand 1.

It must be stated at this point that the calculations give
no indication of any kind of agostic interaction between
parts of the ligand and the Pt center, neither through geo-
metric proximity (the nearest H atom is more than 3 Å away
from Pt) nor through the calculated wavenumbers of the
vibration modes. This fact will become important below.
Figure 2 shows a plot of the calculated minimum structure
of [3]Pt.

Ligand Synthesis and Complexation

In light of the results of the calculations we synthesized
the three biphen ligands 1, 2, and 3 (Scheme 2) to examine
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Figure 1. Potential of the P–Pt–P bending vibration for [1]Pt (�) and [3]Pt (�) calculated using DFT theory (functional: B3PW91; basis
set: LANL2DZ).

Figure 2. Plot of the calculated minimum structure of [3]Pt.

the influence of the ligand “arm” length on the basic strat-
egy of Scheme 1.

The synthesis was performed analogously to our pre-
viously published procedures.[3] The precursor for 2 was
synthesized from fluoren-9-one by a Baeyer–Villiger oxi-
dation and reduction of the resulting lactone with LiAlH4.
We were interested in the corresponding cis- and trans-
PtCl2 complexes of the ligands as the cis compounds could
serve as a precursor for the dialkyl complexes and the trans
compounds as an experimentally available model for the
transition state of the potential activation step in the ther-
molysis. In this context, the Cl ligands have two functions,
namely they stabilize the potential transition state structure,
thereby allowing us to do X-ray analysis, and because of
the Cl ligands the Pt center is in the oxidation state +2,
which is the oxidation state of the desired product.

In the transition state the oxidation number should, of
course, be somewhere between 0 and +2. The complexes
were also synthesized according to Scheme 2. The complex-
ation reaction with ligands 2 and 3 is less clean than that
with 1, and thorough and repeated washing of the product
with diethyl ether and recrystallization from dichlorometh-
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ane is necessary to isolate analytically pure compounds. For
1, which has the shortest backbone, the trans complex could
not be isolated because it isomerizes to cis-[1]PtCl2 too fast
if the ligand-exchange reaction is performed at low concen-
trations (0.1 mmolL–1) whereas a weakly soluble trans-con-
figured coordination polymer is formed at higher concen-
trations. We propose that strain in the trans-[1]PtCl2 com-
plex is the reason for this behavior. All the other cis/trans-
(ligand)PtCl2 complexes show no isomerization upon heat-
ing to 105 °C in toluene for 24 h, thus demonstrating that
the activation barrier for this process must be high and sup-
porting the fact that no strain is to be expected in the transi-
tion state c for 2 and 3 (Scheme 1) in accordance with the
results of the calculations. It should be mentioned that the
synthesis of the complexes (ligand)PtCl2 [trans (cis) precur-
sor results in trans (cis) complex] is only stereoselective for
P(iPr)2 or PCy2 ligand groups and not for PPh2.

Structural and Spectroscopic Comparison of the Dichlorido
Complexes

The most confident parameter to distinguish between cis
and trans (diphosphane)PtCl2 complexes besides an X-ray
structure is the 1JPt,P coupling constant, which shows values
of about 4000–4200 Hz for cis complexes and values of
about 2650 Hz for trans complexes.[6] This is confirmed in
our case (Table 2).

The fairly large value of the trans-[1]PtCl2 coupling con-
stant (2865.5 Hz) might be due to the strain present in this
compound. Additionally, the 2JP,P coupling constant for 2,
which has two inequivalent phosphorus atoms, shows the
expected small value for the cis configuration (5 Hz) and a
much larger value for the trans configuration (488.5 Hz). As
can be seen from Table 2, the chemical shift in the 195Pt
NMR spectrum can be used as a diagnostic criterion for
the complex configuration (cis: δ ≈ –4100 ppm; trans: δ ≈
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Scheme 2.

Table 2. A comparison of the NMR spectroscopic data for the compounds (ligand)PtCl2.

Compound δ31P [ppm] 1JPt,P [Hz] δ195Pt [ppm] 2JP,P [Hz]

cis-[1]PtCl2 123.4 4147.2 –4122.8 –
trans-[1]PtCl2 117.0 2865.5 n.d. –
cis-[2]PtCl2 112.5, 115.7 4099.0, 4149.6 –4116.8 5.0
trans-[2]PtCl2 109.3, 118.8 2624.9, 2690.7 –3805.7 488.5
cis-[3]PtCl2 115.7 4267.2 –4223.4 –
trans-[3]PtCl2 118.4 2627.5 –3763.1 –

–3800 ppm), in contrast to the chemical shift in the 31P
NMR spectrum. In the case of 2 and 3, a 3JH,P coupling of
about 8 Hz is found for the CH2 group in the trans com-
plexes, while no H–P coupling is resolved in the cis com-
plexes for the CH2 groups. This behavior can be explained
by using the structural data of a molecule in the solid state
determined by X-ray diffraction. The structures of trans-[2]-
PtCl2 and trans-[3]PtCl2 are shown in Figure 3 (Table 3).
Details on the the X-ray structures of cis-[2]PtCl2 and cis-
[3]PtCl2 can be obtained from the CCDC (for more infor-
mation see Exp. Sect.; relevant quality parameters of the
structure determination are given in the Exp. Sect. together
with all other characterization data of the compounds).

A Karplus equation for the 3JP,H(POCH) coupling has
been reported for phosphites.[7] According to this equation,
the coupling constant should be small for POCH torsional
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angles of about 60° and have maximum values for angles of
about 150–180° and 0–30°. As can be seen from Table 3,
the POCH torsional angles for the cis complexes are about
60° and no 3JP,H coupling is resolved in the 1H NMR
spectra, whereas for the trans complexes the torsional
angles are in an area for which the 3JP,H coupling constants
are expected be about 10 Hz, in accordance with what we
find in the 1H NMR spectra. Some other structural
parameters in Table 3 can be compared and discussed as
follows:
� Due to a canceling trans influence in the trans complexes,
the Pt–P bond is significantly longer than those in the cis
complexes (the Pt–Cl bond behaves in the opposite manner
as it is longer in the cis complexes).
� In spite of the fact that the bridging C–C single bond of
the biphenyl fragment in trans-[2]PtCl2 is only about 3.42 Å
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Figure 3. ORTEP style plot of the compounds trans-[2]PtCl2 (left) and trans-[3]PtCl2 (right) in the solid. Thermal ellipsoids are drawn at
the 50% probability level. Hydrogen atoms have been omitted for clarity.

Table 3. A comparison of the geometric data for the compounds (ligand)PtCl2 determined by X-ray analysis.

cis-[1]PtCl2[3] cis-[2]PtCl2 cis-[3]PtCl2 trans-[2]PtCl2 trans-[3]PtCl2

Pt–P1 [Å] 2.2321(12) 2.2421(13) 2.238(3) 2.3103(15) 2.3167(16) 2.3169(12)
Pt–P2 [Å] 2.2291(11) 2.2527(15) 2.236(3) 2.3076(15) 2.3110(15) 2.3292(13)
Pt–Cl1 [Å] 2.3671(12) 2.3579(13) 2.379(3) 2.2993(15) 2.3135(13) 2.3017(12)
Pt–Cl2 [Å] 2.3534(12) 2.3591(13) 2.374(3) 2.3148(15) 2.2992(15) 2.3083(13)
C6–C7 (bridge) [Å] 1.483(7) 1.486(8) 1.492(15) 1.482(9) 1.494(9) 1.492(7)
Pt···C6 [Å] 4.391(4) 4.865(5) 6.226(14) 3.419(7) 3.457(7) 4.132(5)
Pt···C7 [Å] 4.896(4) 5.433(6) 6.256(13) 3.657(6) 3.720(6) 4.255(5)
P–Pt–P [°] 95.52(4) 95.90(5) 96.61(11) 171.50(6) 170.29(6) 177.91(4)
Cl–Pt–Cl [°] 89.12(4) 85.60(4) 85.44(10) 178.43(6) 177.77(6) 173.49(6)
Torsional angle – Hα 59 Hα –67 Hα –44 Hα 50 Hα –25
HC13/14OP [°] Hβ –61 Hβ 52 Hβ –162 Hβ 167 Hβ –5

Hα� –143
Hβ� –23

apart from the metal center, no JPt,C coupling can be de-
tected in the 13C NMR spectrum and, thus, no evidence for
an interaction between these two centers can be found.
� In accordance with this finding no significant elongation
of the bridging C–C single bond in the biphenyl fragment
is found in trans-[2]PtCl2 or trans-[3]PtCl2.
� The P–Pt–P bond angle of about 178° in trans-[3]PtCl2
is in good agreement with the calculated data for [3]Pt,
thereby showing that the theoretical results are fairly confi-
dent and a structural comparison of the two compounds is
justified.

Alkylation of the Dichlorido Complexes

Treatment of cis-[2]PtCl2 and cis-[3]PtCl2 with ethylmag-
nesium chloride at low temperatures in diethyl ether yielded
the corresponding cis-(ligand)PtEt2 complexes, which are
the starting compounds a in Scheme 1. The analogous com-
plexes trans-[2]PtCl2 and trans-[3]PtCl2 showed no reaction
at low temperature, even with EtLi. Alkylation was possible,
though, in refluxing diethyl ether with both ethylmagne-
sium chloride and EtLi to give cis-(ligand)PtEt2 rather than
the trans complexes (Scheme 3).
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Scheme 3.

We propose the following mechanism to explain this be-
havior (Scheme 4). The slower reaction of the trans-(li-
gand)PtCl2 complexes is explained by transition state T1,
which is sterically crowded and is therefore formed slowly
in comparison to transition state C1. It is proposed that a
fast Berry pseudorotation transforms T1 into the sterically
and electronically preferred C1. It will be shown later in this
publication that the chelating character of the phosphinite
ligand is not the decisive factor in this mechanism. We pro-
pose that the combination of an alkyl substituent, a halide,
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Scheme 4.

and a phosphinite in an equatorial position in C1 and C2
is electronically favored because of a synergistic cooperation
of a strong σ-donor (alkyl) and a strong π-acceptor (phos-
phinite), both of which weaken the Pt–Cl bond and thus
lower the activation energy. Even if the trans-(ligand)PtEtCl
complex is partly formed, when generating T2 there is a
second chance for the reaction to switch into the cis path-
way (C2), again by a Berry pseudorotation. This is the
reason why cis-(ligand)PtEt2 is formed exclusively from the
trans-(ligand)PtCl2 complex. The mechanism proposed in
Scheme 4 is supported by the finding that the use of one
equivalent of ethylmagnesium chloride results in the forma-
tion of a mixture of cis-(ligand)PtCl2, cis-(ligand)PtEtCl,
and cis-(ligand)PtEt2 (3:2:1) if cis-(ligand)PtCl2 is the
starting material. In the case of trans-(ligand)PtCl2, though,
the product is a mixture of unchanged trans-(ligand)PtCl2
and cis-(ligand)PtEt2 only; no monoethyl complex is
formed.

Relevant quality parameters of the crystal structure de-
terminations of compounds cis-[1]Pt(nPr)2 and cis-[3]PtEt2

are given in the Exp. Sect. together with all other charac-
terization data of the compounds. Some key data are sum-
marized in Table 4. The X-ray structures of cis-[1]PtEt2 and
cis-[1�]PtEt2 (1� = 1, but with phenyl substituents at the
phosphorus atom instead of iPr) have been published by us
previously.[3]
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Table 4. A comparison of the geometric data for two (ligand)-
Pt(alk)2 compounds, as determined by X-ray analysis.

[1]Pt(nPr)2 [3]PtEt2

Pt–P [Å] 2.2784(6) 2.2657(14)
Pt–C [Å] 2.152(3) 2.124(4)
Ca–Cb(bridge) [Å] 1.477(4) 1.480(7)
Pt···Ca [Å] 4.377(3) 6.316(5)
P–Pt–P [°] 111.87(2) 96.15(4)
alk–Pt–alk [°] 86.56(10) 82.72(17)

The main difference in the structures of cis-[1]Pt(alk)2

and cis-[3]PtEt2 is that a decisive extension of the P–Pt–P
angle in 1 to values larger than 90° is observed; this is much
less pronounced in the case of 3.

Thermolysis Behavior

The thermolysis of cis-[1]PtEt2 in the temperature range
60–110 °C has been reported by us in detail.[3] The major
result concerning our strategy in Scheme 1 is that [1]Pt-
(ethene) is formed by β-H elimination and reductive elimi-
nation of ethane without the permanent loss of ethene. This
means that the ethene is firmly bound. Its dissociation
could be proven only indirectly by trapping reactions and
kinetic analysis of the Pt(ethene)/(free ethene) exchange
(Scheme 5).
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Scheme 5.

To labilize the alkene sterically we examined cis-[1]-
Pt(nPr)2 in the thermolysis reaction. cis-[1]Pt(nPr)2 forms
[1]Pt(propene) at 80 °C, which is not stable and decomposes
in a not well defined manner while losing propene, further
supporting the proposal that the ligand backbone architec-
ture in 1 is too rigid to approach the metal center. The [1]-
Pt thus formed can be trapped cleanly by treatment with
H2SiEt2 to give the Si-H oxidative addition product. For
cis-[2]PtEt2 and cis-[3]PtEt2 the (ligand)Pt(ethene) complex
is clearly formed in the course of the thermolysis, but it is
not stable at 95 °C and further reacts cleanly and com-
pletely to a final product with the formation of free ethene
(which was not observed in the case of [1]PtEt2) and ethane

Table 5. NMR spectroscopic data for the compounds (ligand)Pt(al-
kene) and (ligand)Pt.

Compound δ31P [ppm] δ195Pt [ppm] 1JP,Pt [Hz] 2JP,P [Hz]

[1]Pt(ethene)[3] 186.3 –5105.4 3999.7 –
[1]Pt(propene) 185.7, n.d. 4181.5, 16.2

185.5 3658.9
[2]Pt(ethene) 172.1, –5002.7 3881.1, 11.8

172.4 3959.4
[3]Pt(ethene) 177.5 –5077.9 4133.7 –
[2]Pt 144.8, –4770.7 3178.8, 486.6

156.3 3262.0
[3]Pt 160.1 –4894.8 3158.8 –

Figure 4. 31P NMR spectra recorded during the thermolysis of [3]PtEt2 at 95 °C in [D8]toluene.
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(δ = 5.3 and 0.8 ppm, respectively in the 1H NMR spec-
trum; ethene/ethane ratio of 1:1. This quantification is bet-
ter performed by 2H NMR spectroscopy and [3]Pt(D5-Et)2

as starting material because in this case no peak overlaps
with the iPr groups are observed in the region around δ =
0.8 ppm). The compound thus formed could not be isolated
but its assignment as a (ligand)Pt(ethene) complex due to
its chemical shift in the 31P and 195Pt NMR spectra as well
as the 1JP,Pt coupling constants (Table 5) is unequivocal.
The small 2JP,P coupling constant in [2]Pt(ethene) suggests
that the P–Pt–P bond angle is not much larger than 90° and
it is similar to that found for [1]Pt(propene).

Figure 4 shows the kinetic development of the thermoly-
sis of [3]PtEt2 followed by 31P NMR spectroscopy at 95 °C.
The pseudo triplet at about δ = 145 ppm belongs to the
starting material, the [3]Pt(ethene) intermediate shows up
at about δ = 177 ppm, and the final product at 95 °C ap-
pears at about δ = 160 ppm quantitatively. The question
now arises as to what is the nature of this final product.

In order to answer this question we examined the final
product by means of FAB-MS and FT-IR, 1H, 13C, 31P, and
195Pt NMR spectroscopy. The FAB mass spectrum for [3]-
PtEt2 shows the mass peak at m/z 641.3 (M minus ethene
and ethane with correct isotopic pattern). The mass peak
for the final product [3]Pt shows up at m/z 642.3 and the
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Figure 5. Portions of the 1H (left) and 195Pt (right) NMR spectra showing the Pt–H signals. Top: 1H{31P} and 195Pt{1H}.

isotopic pattern is correctly reproduced assuming the loss
of both ethane and ethene during the course of the thermol-
ysis (98% M + 1 and 2% M with M = C26H40O2P2Pt =
[3]Pt). That the final product contains only the ligand 3
and Pt is also supported by the fact that performing the
thermolysis with [3]Pt(nPr)2 results in the same final prod-
uct as is found with [3]PtEt2, according to 1H, 13C, 31P, and
195Pt NMR spectroscopy as well as FT-IR spectroscopy
and FAB-MS. In the case of [3]Pt(nPr)2 the intermediate
[3]Pt(propene) was not observed and free propene instead
of ethene was found (1H NMR spectroscopy). However, 1H
NMR spectroscopy shows a peculiarity concerning the final
product [3]Pt: a triplet of pseudo triplets at δ = –17 ppm
can be found which integrates to about 0.7 H atoms relative
to the CH2–O protons and the phenyl C–H protons as in-
ternal standard (Figure 5). In the FT-IR spectrum an un-
usual peak of low intensity appears at ν̃ = 1945 cm–1 (Fig-
ure 9).

The pseudo triplet (1208.5 Hz splitting) is unequivocally
due to a 1JPt,H coupling, while the triplet (4.9 Hz splitting)
was proven to be a 2JP,H coupling from the 1H{31P} NMR
spectrum, in which this coupling disappears (Figure 5, top
left). A doublet (1208.5 Hz) of triplets (3160 Hz) in the
195Pt NMR spectrum can be found using the default
195Pt{1H} acquisition program with the 1H decoupler cen-
ter at δ = 5 ppm (Figure 5, bottom right). If the decoupler
center is changed to δ = –17 ppm the doublet splitting in
the 195Pt NMR spectrum vanishes (Figure 5, top right).
From this finding we conclude that one and only one H
atom (at a time) is in strong electronic interaction with the
Pt center. This H atom must be placed in such a manner
that the complex (at least in average) has at least C2 sym-
metry since only one signal (pseudo triplet) is found for the
P atoms (Figure 4). The small 2JP,H coupling constant of
about 5 Hz mentioned before suggests that the angle be-
tween the P atoms and the H atom is about 90°. The 1JPt,P

coupling constant of 3160 Hz is in accordance with the
trans P–Pt–P orientation that would be expected for [3]Pt
in light of the above calculations. Furthermore, the 3JP,H

coupling constants of 7 and 12 Hz in the POCH2 fragment
indicate a trans configuration. This is further supported by
the fact that a 2JP,P coupling constant of 485 Hz is found
for [2]Pt, which shows similar peculiarities in the 1H and
195Pt NMR spectra but is not stable even at room tempera-
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ture and decomposes into as-yet unknown products within
a few hours. In the 13C{1H} NMR spectrum of [3]Pt a
coupling to the Pt center is observed for the CH2O carbons
(83.7 Hz) and one CH3 group (22.1 Hz), which is slightly
separated from the other methyl groups to higher fields by
about 1 ppm. The signals of the other CH3 groups overlap
but clearly show a structure different from simple singlets.
For the P-CH carbons only a coupling to phosphorus is
found. No coupling of Pt to any of the aromatic carbons
could be detected.

Deuteration Experiments

We wanted to get more insight into the peculiarity men-
tioned above. Thus, we first selectively deuterated the CH2O
groups to examine whether they are the origin of the peak
at δ = –17 ppm in the 1H NMR spectrum. This deuteration
was achieved by reduction of biphenic acid with LiAlD4.
The [D4-3]Pt formed in the course of thermolysis shows,
analogously to [3]Pt, the expected peak at M + 1 (m/z
646.1) with the correct isotopic pattern in the FAB mass
spectrum. In the 2H NMR spectrum the CD2O protons
show up as two broad, unresolved peaks at the same chemi-
cal shift as was found for the CH2O groups of [3]Pt in the
1H NMR spectrum, while no peak is observed at δ =
–17 ppm. In the 1H NMR spectrum the multiplets for the
CH2O groups are missing and the peak at δ = –17 ppm is
present with the same intensity as was observed for [3]Pt.
In the 31P and 195Pt NMR spectra no difference with re-
spect to the unlabeled complex can be seen. From these
findings we conclude that the CH2O protons are not re-
sponsible for the observed interaction with the platinum
center. We next selectively deuterated the ethyl groups in [3]-
PtEt2 by using commercial CD3CD2Br in a Grignard reac-
tion. The thermolysis of [3]Pt(D5-Et)2 occurs slower than
that of [3]PtEt2, thus indicating a normal kinetic isotope
effect for the reaction, which we did not quantify. The prod-
uct of the thermolysis shows a peak pattern for the mass
peak in the FAB mass spectrum that is best described as a
superposition of 65% [3]Pt and 35% of [D1-3]Pt, thus giv-
ing a first hint that the complete reaction is more compli-
cated than we had anticipated initially. In the 1H NMR
spectrum the most obvious difference is that besides the
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Figure 6. Excerpt of the 1H (bottom left), 2H (top left), 195Pt (top right ), and 195Pt{1H} (bottom right ) NMR spectra showing the Pt–
H(D) signals.

Figure 7. Temperature dependence of the chemical-shift difference, ∆δ, in the 1H NMR spectrum between the two peaks at about δ =
–15.5 and –17 ppm.

pseudo triplet of triplets at δ = –17 ppm an additional peak
with the same multiplicity shows up (ratio 2:1) at about δ =
–15.5 ppm (1JPt,H = 1266.1, 2JP,H = 3.7 Hz), which together
integrate to 0.7 protons (Figure 6).

Since we expected that the origin of the second peak
should be an isotopic perturbation of resonance (IPR[9]) we
performed variable-temperature measurements in the tem-
perature range –90 °C to +90 °C (Figure 7).

As can be seen from Figure 7, a small but significant
temperature-dependent change in ∆δ between the two peaks
at about δ = –15.5 and –17 ppm is observed, which supports
the existence of an IPR. In the temperature range in which
∆δ remains constant (below 253 K), the signals in the 2H
NMR spectrum broaden significantly and almost disappear
with decreasing temperature. We conclude from this that 1H
and not 2H atoms are predominantly found at low tempera-
tures in the “hydrido” position (responsible for the peaks
at negative ppm), which is in accordance with theory.

In the 2H NMR spectrum peaks for ethene and ethane
appear along with the signals at δ = –15.5 and –17 ppm,
and a peak group in the area of 1 ppm also shows up where
the CH3 groups are found in the 1H NMR spectrum (Fig-
ure 8).
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Figure 8. 1H NMR spectrum (grey) of [3]Pt in [D8]toluene and the
2H NMR spectrum of [Dm-3]Pt (m: number of incorporated deute-
rium atoms into the ligand in the course of the thermolysis) in non-
deuterated toluene (black) in the region between 0.7 and 6 ppm.

The FT-IR spectrum shows two new peaks (Figure 9),
one at 2224 cm–1, which in accordance with the 2H NMR
findings we assign to aliphatic C–D stretching vibrations,
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Figure 9. FT-IR spectra for [Dm-3]Pt and [3]Pt.

and one at 1383 cm–1, which we assign to a Pt–D stretching
vibration corresponding to the peak at 1945 cm–1.

The 13C NMR spectrum, in accordance with the 1H
NMR results, contains two very close sets of signals for
each carbon (∆δ ≈ –0.15 ppm, ratio 2:1), with the more in-
tense set being identical to the unlabeled case. A JC,D coup-
ling could not be unequivocally detected for any of the car-
bons, although the methyl signals overlap and, thus, are not
clearly resolved. A similar kind of experimental finding in
the 13C NMR spectrum (desymmetrization by partial deu-
teration) has been used (among several other cases) to prove
that the keto–enol tautomerization equilibrium in acetyl-
acetone contains two energetic minima with asymmetric hy-
drogen bonds between the oxygens, the symmetric connec-
tivity being a transition state rather than an intermediate.[9f]

This supports our findings and conclusions concerning the
1H and 2H NMR spectra.

The 31P NMR spectrum shows two very close groups of
signals (δ = 163.6 and 164.1 ppm, ratio 1:2; Figure 10),
which correspond to the two signals at negative ppm in the
1H NMR spectrum, thus demonstrating that several dif-
ferent compounds are present at the end of the thermolysis
that are very similar to each other (Figure 10). 195Pt NMR
spectroscopy, which, in general, provides only limited infor-
mation, is very powerful in this specific case. In accordance
with the 1H and 2H NMR spectra four different compounds
are detected at very similar chemical shifts, two of them
have an almost identical chemical shift and can only be dis-
tinguished by the coupling pattern, which provides a 1JPt,H

coupling (doublet splitting, 1JPt,H identical to that in the 1H
NMR spectrum) in one case and a 1JPt,D coupling (triplet
splitting with about 1/7th of the magnitude of 1JPt,H) in
the second case (Figure 6). This is further support for the
desymmetrization by partial deuteration found by 1H, 2H,
13C, and 31P NMR spectroscopy.

A more detailed examination of the thermolysis was per-
formed by 2H and 31P NMR spectroscopy (Figure 10).
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Figure 10. Time-dependent 31P NMR spectra for the thermolysis of
[3]Pt(D5-Et)2 showing the scrambling of deuterium into the ligand
during the reaction.

As can be seen from Figure 10, the signal of the interme-
diate [3]Pt(D4-ethene) splits with time due to a scrambling
of deuterium into the iPr groups of the ligand, as proven
by 2H NMR spectroscopy (Figure 8). This scrambling also
leads to a peak splitting in the final product [3]Pt. The start-
ing material does not show any splitting. Isolated [Dm-3]Pt
does not change its peak pattern upon further heating. If
the same experiment is performed with [3]Pt(D5-Et)2 under
an atmosphere of unlabeled ethene the scrambling in both
[Dm-3]Pt(D4–m-ethene) and [Dm-3]Pt is still observed, thus
proving that the scrambling process is faster than the loss
or exchange of ethene. If the thermolysis of [3]PtEt2 is per-
formed under an atmosphere of H2, no ethene can be de-
tected. Instead, trans-PtH2 shows up in small amounts in
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the 1H NMR spectrum (δ = –2.45 ppm, 2JP,H = 21.2, 1JPt,H

= 799 Hz; cf. cis-[1]PtH2: δ = –3.43 ppm, 2JP,Hcis = 31.8,
1JPt,H = 1029.5 Hz[3]). [3]Pt is still the final product. If D2

is used instead of H2, the final product is [Dm-3]Pt, which
shows the same splitting in the 1H and 31P NMR spectra
due to deuterium scrambling into the ligand as is found
with [3]Pt(D5-Et)2 as starting material (although in different
ratios), whereas this time no scrambling is found in the in-
termediate [3]Pt(ethene) (or in [3]PtEt2). Additionally, when
using D2 a small peak for trans-[3]PtH2 and an even smaller
peak for trans-[3]PtHD (δ = –2.27 ppm, 2JP,H = 21.2, 2JHD

≈ 1 Hz) can be detected in the 1H NMR spectrum after
some time. If the final product [3]Pt (without labelling) is
heated under an atmosphere of D2, incorporation of deute-
rium can again be detected, but this occurs more slowly
than during the thermolysis starting from [3]PtEt2.

Finally, if [3]Pt is treated with PPh3 in excess in [D8]tolu-
ene the signal for PPh3 in the 31P NMR spectrum is broad-
ened and appears almost at the same position as free PPh3.
This broadening cannot be frozen out even at –100 °C. For
[3]Pt, the only peaks that broaden are those in the 195Pt
NMR spectrum. We can therefore conclude from these fin-
dings that there is contact between the PPh3 and the Pt
center, but the interaction is only weak. [1]Pt(ethene), in
contrast, quantitatively coordinates PPh3 at room tempera-
ture (triplet at δ = 41 ppm with 1JPt,P(Ph) = 3969.3, 2JP,P =
192.2 Hz and doublet at δ = 199.2 ppm with 1JPt,P(iPr) =
4910.6, 2JP,P = 192.2 Hz).

Explanation of the Behavior

Agostic interactions between the ligands’ H atoms and
the metal center are not uncommon, especially in 14-elec-
tron complexes.[8] There is precedence for this (at least) with
group 8, group 9, and group 10 metals, for which agostic
interactions to C–H bonds in P-Ph, P-tBu, and P-Cy ligand
fragments have been found. However, in all these cases the
P-iPr fragment turned out to be an exception and showed

Scheme 6.
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no such interaction, especially not in {P(iPr)3}2Pt.[8a] How-
ever, in our case there is strong experimental evidence for
an interaction between the iPr methyl groups and the Pt0

center.
We ascribe the second peak at δ = –15.5 ppm in the 1H

NMR spectrum of the final product when performing the
thermolysis with [3]Pt(D5-Et)2 to a dynamic equilibrium
concerning a C–H activation of the iPr methyl groups by
the Pt0 center as shown in Scheme 6.

This peak at δ = –15.5 ppm proves that the symmetric
structure with two agostic interactions shown in the center
of Scheme 6 can only be a transition state. The ground
states must therefore be asymmetric (IPR). This is sup-
ported by the 195Pt NMR spectrum, which shows only one
Pt···H interaction at a time, and by the second set of signals
in the 13C NMR spectrum upon partial deuteration, which
is an additional indicator for an IPR.

We propose the behavior in Scheme 7 to explain the ex-
perimental results. [3]PtEt2 irreversibly loses ethane by a β-
H elimination/reductive elimination if heated to 95 °C. The
[3]Pt(ethene) complex (2) intramolecularly C–H activates
the iPr methyl groups of the ligand and the coordinated
ethene inserts reversibly into the Pt–H bond via compound
4b. Indirect evidence for the existence of 4b is given by the
incorporation of deuterium into the iPr methyl groups if
the thermolysis is performed with [3]Pt(D5-Et)2 (Figure 8
and Figure 10). Compounds 2 and 4a in Scheme 7 lose eth-
ene reversibly to form ethene-free [3]Pt, which must be ther-
modynamically more stable than 2 and 4 because if
[Dm-3]Pt is heated to 95 °C under an atmosphere of unlab-
eled ethene instead of argon, 2 cannot be detected and the
degree of labelling in [Dm-3]Pt slowly decreases (over days).
The loss of ethene is compensated in [3]Pt by the dynamic
interaction of two iPr methyl groups of the ligand with the
Pt center (one at a time, because an IPR was found).

That the interaction between the Pt center and the iPr
groups of the ligand (3 in Scheme 7) must be strong is fur-
ther supported by the finding that pyridine and PPh3 are
not permanently coordinated even at 100 °C in toluene.
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Scheme 7.

Since no incorporation of deuterium into 2 can be de-
tected when doing the thermolysis under an atmosphere of
D2, neither 2 nor 4a can be attacked by D2 (nor can 1). The
finding that the incorporation of deuterium into 3 is faster
during the thermolysis under D2 atmosphere than when
heating 3 under D2 at the same temperature is further indi-
rect evidence for the existence of 4b. The reaction pathway
via 4b also explains why no ethene can be detected during
the thermolysis under an atmosphere of H2.

All these findings can be explained by the mechanism
proposed in Scheme 7. Unfortunately, we have not yet been
able to grow single crystals of [3]Pt suitable for X-ray analy-
sis. The most similar kind of interaction to the one de-
scribed here, that we are aware of, was reported by Crabtree
et al. with an IrIII complex,[8l] where two ortho-phenyl C–H
bonds are found to dynamically oxidatively add to the Ir
center.

Approach from the Product Side

In a previous publication we reported on the problems
to synthesize the expected products of the anticipated acti-
vation process via orthometalated precursors because of a
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rearrangement taking place.[3] We have since overcome
these problems by first coordinating the phosphinites to the
platinum center and then performing the orthometalation
followed by salt metathesis (the last two steps in a one-pot
reaction) using sBuLi in toluene.

The complexes trans-(ligand)XPtCl2 can be synthesized
from the ortho-iodophosphinite as precursor (relevant qual-
ity parameters of the crystal structure determination are
given in the Exp. Sect. together with all other characteriza-
tion data of the compounds). For the cis isomers the ortho-
iodophosphinite precursor cannot be used, presumably be-
cause of an intramolecular oxidative addition. Only an un-
identified mixture of products can be isolated if (COD)-
PtCl2 is treated with ortho-iodophosphinite. Switching to
the less reactive ortho-bromophosphinite solves this prob-
lem and leads to the desired product in good yield (relevant
quality parameters of the crystal structure determination
are given in the Exp. Sect. together with all other charac-
terization data of the compounds).

The 31P NMR signal of cis-[1*]BrPtCl2 broadens with
decreasing temperature, thus indicating a dynamic process
with an approximate activation enthalpy of about
6 kcalmol–1 (line shape analysis), which we assign to a re-
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Figure 11. Results of the variable-temperature 1H NMR measurements for the OCH2 protons in cis-[3*]Pt (left) and trans-[3*]Pt (right)
between –90 and 100 °C.

stricted rotation about the P–Pt axis. This is supported by
the crystal structure determination. Similar to the behavior
described in Scheme 4, we find that both cis- and trans-
(ligand)XPtCl2 form the cis-(ligand)Pt product upon treat-
ment with four equivalents of sBuLi. The configuration of
this product was deduced from the 1JP,Pt coupling constant
of about 2000 Hz and the 2JP,C coupling constants of about
10 Hz for the cis coupling and about 105 Hz for the trans
coupling (cf. cis-[2]PtEt2: 2JC,Pcis = 8.1, 2JC,Ptrans = 110.5 Hz
and cis-[3]PtEt2: 2JC,Pcis = 10.7, 2JC,Ptrans = 113.4 Hz). The
question to be examined for the cis-(ligand)Pt complexes
was how they behave under the thermolysis conditions em-
ployed for cis-(ligand)PtEt2 (80–100 °C, ethene present).

cis-[3*]Pt isomerizes slowly and quantitatively at 95 °C in
toluene (with and without ethene) to give trans-[3*]Pt (δtrans

= 122.1 ppm, 1JPt,P = 3038.1 Hz). Variable-temperature
measurements by 1H NMR spectroscopy between –90 °C
and 100 °C in toluene indicate a dynamic process in cis-[3*]-
Pt [broadening of the OCH2 protons and the iPr groups;
line shape analysis: ∆H� = 7.6 kcalmol–1, ∆S� =
–14.6 calmol–1 K–1, coalescence point 0 °C; Figure 11
(left)]. Since no line broadening is observed in the 31P NMR
spectrum we can conclude that the phosphorus atoms re-
main coordinated during the dynamic process, which we as-
sign to restricted conformational change of the chelating
six-membered rings.

This is supported by the X-ray structure of a molecule in
the solid state (Figure 12, Table 6). P1, P2, Pt1, C6, and C7
are almost in one plane in cis-[3*]Pt and the P–Pt–P angle
is 105° (larger than 90°). The distance between the
“cleaved” C atoms C6 and C7 is 2.8 Å and the C6–Pt–C7
angle is 85°.

The same kind of broadening is observed in the 1H
NMR spectrum of trans-[3*]Pt [broadening of the OCH2

protons and the iPr groups; line shape analysis: ∆H� =
6.1 kcalmol–1, ∆S� = –20.5 calmol–1 K–1, coalescence point
0 °C; Figure 11 (right)]. These are the only changes taking
place. No back reaction to [3]Pt(ethene) or [3]Pt is found
up to 150 °C in mesitylene under ethene atmosphere either
for the cis- or for the trans complex.

cis-[1*]Pt is slowly and quantitatively transformed into
two new products when heated to 95 °C. One of these has
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Figure 12. ORTEP style plot of the compound cis-[3*]Pt in the so-
lid. Thermal ellipsoids are drawn at the 50% probability level. Hy-
drogen atoms have been omitted for clarity.

Table 6. Geometric data for three (ligand)Pt compounds as deter-
mined by X-ray analysis.

cis-[1*]Pt trans-[1*]Pt cis-[3*]Pt

Pt–P2 [Å] 2.2756(7) 2.2611(12) 2.294(3)
Pt–P3 [Å] 2.2726(7) 2.2611(12) 2.297(3)
Pt–C4 [Å] 2.070(3) 2.094(2) 2.069(10)
Pt–C5 [Å] 2.083(3) 2.094(2) 2.080(11)
Ca–Cb (bridge) [Å] 3.063(4) – 2.806(16)
P–Pt–P [°] 108.44(3) 180 105.0(1)
alk–Pt–alk [°] 95.04(11) 180 85.1(4)

Figure 13. Proposed structure of the second product found in the
course of cis/trans isomerization of cis-[1*]Pt based on the 31P
NMR results.
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Figure 14. ORTEP style plot of the compounds trans-[1*]Pt (left) and cis-[1*]Pt (right) in the solid. Thermal ellipsoids are drawn at the
50% probability level. Hydrogen atoms have been omitted for clarity.

equivalent P atoms and the other one has inequivalent ones
(all of them bound to Pt) and they are formed regardless
of whether the reaction is performed under an atmosphere
of argon or ethene. The product with equivalent P atoms is
trans-[1*]Pt, which was isolated and single crystals were
grown from toluene solution. We assume the second prod-
uct to be a trans-configured dimer (Figure 13), although we
could not support this supposition by FAB mass spectrome-
try. A trans configuration would be in accordance with the
1JP,Pt coupling constants of 3073.6 and 2867.5 Hz and the
2JP,P coupling constant of 439.9 Hz. In this connectivity the
two phenyl planes of one Pt center should be oriented per-
pendicular to each other and thus prevent close contacts
with the iPr groups.

X-ray structures of cis/trans-[1*]Pt were determined and
are shown in Figure 14 (Table 6). In contrast to trans-[1*]-
Pt, which is almost square planar, cis-[1*]Pt is significantly
distorted out of the square plane, most probably to avoid
close contacts between the two iPr groups and/or the two
ortho protons in the phenyl groups. Compound d of
Scheme 1 ([1]Pt(ethene)) is not observed in the course of
the cis/trans isomerization, thus demonstrating that both
the cis- and trans-[1*]Pt complexes are stable or inert
against a reductive elimination and should thus be observ-
able if formed in the course of the reactions proposed in
Scheme 1.

Conclusions

We have been able to push our master plan to activate
and cleave a C–C single bond in a non-strained biphenyl
fragment one step further (loss of the alkene) by allowing
the backbone of the chelating ligand to be more flexible,
although we have still not been able to reach our final tar-
get. We have shown that loss of the alkene is not the limit-
ing factor and we have found convincing evidence that a
dynamic C–H activation of the methyl groups in the iPr
substituents of the chelating ligand prevents a further reac-
tion of the 14e intermediate, especially a potential acti-
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vation of the bridging C–C single bond in the biphenyl frag-
ment of the chelating ligand. We have also proved that the
potential C–C single bond activation products are stable (or
inert) under the reaction conditions employed. The scram-
bling of deuterium into the methyl groups of the ligand in
the course of thermolysis underlines the ability of the inter-
mediate to activate less reactive bonds. Although the inves-
tigation of the dynamic C–H activation is an interesting ex-
ercise, this is not our main target. One solution to success-
fully finish our strategy might be to exchange the H atoms
in the iPr methyl groups by F atoms. Preliminary attempts
in this direction have shown that the synthesis of the fluori-
nated ligand will be tedious and expensive. The exchange
of our oxo group for a CH2 might be advantageous too.[4m]

Detailed DFT calculations in order to determine the C–C
single bond activation barrier are also underway.

Experimental Section
Manipulations and experiments were performed under argon using
standard Schlenk techniques and/or in an argon-filled glove-box if
not mentioned otherwise. Diethyl ether, pentane, acetonitrile,
dichloromethane, toluene and thf were dried and degassed using a
two-column drying system (MBraun) and stored under argon over
molecular sieves. CDCl3, [D8]toluene, and [D5]pyridine were stored
under argon over molecular sieves. Ethene 2.7, H2 5.0, and D2 2.7
were purchased from Messer Grießheim and used as delivered.
K2PtCl4 was purchased from Strem Chemicals and used without
further manipulation. (1Z,5Z)-cyclooctadiene (COD), chlorodi-
phenylphosphane, chlorodiisopropylphosphane, 2,2�-dihydroxybi-
phenyl, 2,2�-biphenylmethanol, biphenic acid, n-propyl- and ethyl-
magnesium chloride (2  in diethyl ether), CD3CD2Br, LiAlH4, Li-
AlD4, and chloroperoxobenzoic acid were purchased from Aldrich
and used without further purification. [(COD)PtCl2] and trans-
[PtCl2(ethene)(py)] were synthesized according to the literature.[10]

NMR spectra were recorded on a Bruker AMX400. 1H (δ =
7.24 ppm, 400 MHz) and 13C (δ = 77.0 ppm, 100 MHz) were refer-
enced to the CDCl3/CHCl3 resonances, 31P (161 MHz) to 85%
H3PO4 as external standard, and 195Pt (δ = –3329 ppm, 85.6 MHz)
to [(COD)PtCl2] as external standard. FTIR spectra were recorded
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with a JASCO FI7IR-460plus machine using KBr pellets. Variable-
temperature measurements were performed as reported pre-
viously.[3,11]

Benzo[c]chromen-6-one: Fluoren-9-one (1.0 g, 5.55 mmol) and of m-
chloroperoxobenzoic acid (1.91 g, at least 77%/8.52 mmol) were
dissolved in 12 mL of glacial acetic acid and 2 mL of conc. sulfuric
acid and the mixture refluxed for 2 d. After cooling to room tem-
perature, 200 mL of diethyl ether was added followed by a saturated
sodium sulfite solution to destroy the unreacted peroxide until no
more gas evolution was observed. The organic phase was then
washed with a saturated sodium carbonate solution until the water
phase was clear and slightly basic. The light yellow ether phase was
washed with 100 mL of distilled water, dried with MgSO4, and the
solvent was removed in vacuo to give 0.86 g (4.38 mmol, 79%) of
the pure product as a yellow solid. 1H NMR (CDCl3): δ = 7.35 (t,
3JH,H = 9.8 Hz, 2 H, CH arom.), 7.49 (m, 1 H, CH arom.), 7.63
(m, 1 H, CH arom.), 7.87 (t, 3JH,H = 7.4 Hz, 1 H, CH arom.), 8.04
(d, 3JH,H = 7.4 Hz, 1 H, CH arom.), 8.11 (d, 3JH,H = 7.4 Hz, 1 H,
CH arom.), 8.40 (d, 3JH,H = 9.8 Hz, 1 H, CH arom.) ppm. 13C{1H}
NMR (CDCl3): δ = 117.8 (s, CH arom.), 118.1 (s, CH arom.), 121.3
(s, CH arom.), 121.7 (s, CH arom.), 122.8 (s, CH arom.), 124.5 (s,
CH arom.), 128.9 (s, CH arom.), 130.4 (s, CH arom.), 130.6 (s, CH
arom.), 134.8 (s, CH arom.), 135.6 (s, CH-arom.), 151.3 (s, CH
arom.), 161.2 (s, -CO-) ppm.

2-Hydroxy-2�-(hydroxymethyl)biphenyl: Lithium aluminum hydride
(0.58 g, 15.3 mmol) was suspended in 100 mL of diethyl ether in a
500-mL, two-necked vessel equipped with a condenser and drop-
ping funnel and of benzo[c]chromen-6-one (1.0 g, 5.10 mmol) in
100 mL of diethyl ether was dropwise added while stirring. The
mixture was then refluxed in a water bath for 3.5 h. After cooling
to 0 °C the grey suspension was treated slowly with 100 mL of cold
water, then 0.1  aqueous HCl was added until the grey precipitate
had dissolved completely. The yellow organic phase was separated
and the water phase was extracted three times with 100 mL of di-
ethyl ether. The combined organic phases were dried with MgSO4

and the solvent was removed in vacuo. The light brownish solid
was recrystallized from methanol. Yield: 94%. 1H NMR (CDCl3):
δ = 2.18 (br. s, 1 H, -CH2-OH), 4.48 (s, 2 H, -CH2-), 5.76 (br. s, 1
H, benzyl-OH), 6.97 (m, 2 H, CH arom.), 7.10 (m, 1 H, CH arom.),
7.26 (m, 2 H, CH arom.), 7.38–7.44 (m, 2 H, CH arom.), 7.53 (m,
1 H, CH arom.) ppm. 13C{1H} NMR (CDCl3): δ = 63.7 (s, CH
arom.), 116.4 (s, CH arom.), 120.9 (s, CH arom.), 127.6 (s, CH
arom.), 128.6 (s, CH arom.), 128.7 (s, CH arom.), 129.3 (s, CH
arom.), 129.4 (s, CH arom.), 130.7 (s, CH arom.), 130.9 (s, CH
arom.), 136.3 (s, CH arom.), 138.9 (s, CH arom.), 152.8 (s, -CO-)
ppm.

2-(Diisopropylphosphanyloxy)-2�-[(diisopropylphosphanyl)oxy-
methyl]biphenyl (2): The synthesis was performed according to our
previous published procedure.[3] Colorless oil, yield: 75%. 1H NMR
(CDCl3): δ = 0.71–1.33 (m, 28 H, CHCH3), 1.57–1.76 (m, 4 H,
CHCH3), 4.46 (m, 2 H, CH2), 7.00 (d, 3JH,H = 7.4 Hz, 1 H, CH
arom.), 7.16 (m, 2 H, CH arom.), 7.26–7.36 (m, 4 H, CH arom.),
7.58 (d, 3JH,H = 7.4 Hz, 1 H, CH arom.) ppm. 13C{1H} NMR
(CDCl3): δ = 17.9 (d, 2JC,P = 19.6 Hz, CHCH3), 28.0 (d, 1JC,P =
16.8 Hz, CHCH3), 72.0 (d, 2JC,P = 21.2 Hz, CH2), 117.2 (s, CH
arom.), 117.4 (s, CH arom.), 121.2 (s, CH arom.), 126.6 (s, CH
arom.), 126.9 (s, CH arom.), 127.1 (s, CH arom.), 130.3 (s, CH
arom.), 130.9 (s, CH arom.), 137.0 (s, CH arom.), 138.3 (d, 3JC,P =
8.8 Hz, C-CH2OP), 155.8 (d, 2JC,P = 8.1 Hz, COP) ppm. 31P{1H}
NMR (CDCl3): δ = 155.0 (s), 158.3 (s) ppm.

2,2�-Bis[(diisopropylphosphanyl)oxymethyl]biphenyl (3): The synthe-
sis was performed according to our previous published procedure.[3]
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Clear oily liquid, yield: 70%. 1H NMR (CDCl3): δ = 0.91–1.04 (m,
28 H, CHCH3), 1.68 (sept, 2JH,H = 7.4 Hz, 4 H, CHCH3), 4.42 (d,
2JH,H = 12.3 Hz, 1 H, -CH2-), 4.47 (d, 2JH,H = 12.3 Hz, 1 H, -CH2-
), 7.14 (d, 3JH,H = 7.3 Hz, 2 H, 1 H, CH arom.), 7.29 (d, 3JH,H =
7.3 Hz, 1 H, CH-arom.), 7.31 (d, 3JH,H = 7.4 Hz, 1 H, CH arom.),
7.36 (d, 3JH,H = 7.3 Hz, 1 H, CH arom.), 7.38 (d, 3JH,H = 7.4 Hz,
1 H, CH arom.), 7.57 (d, 3JH,H = 7.3 Hz, 2 H, CH arom.) ppm.
13C{1H} NMR (CDCl3): δ = 16.9 (d, 2JC,P = 8.1 Hz, CHCH3), 17.0
(d, 2JC,P = 8.8 Hz, CHCH3), 17.7 (d, 2JC,P = 6.6 Hz, CHCH3), 17.9
(d, 2JC,P = 6.6 Hz, CHCH3), 27.9 (d, 2JC,P = 16.1 Hz, CHCH3),
28.1 (d, 2JC,P = 16.1 Hz, CHCH3), 71.9 (d, 2JC,P = 20.5 Hz,
CH2OP), 127.0 (s, CH arom.), 127.6 (s, CH arom.), 128.1 (s, CH
arom.), 129.6 (s, CH arom.), 137.3 (d, 3JC,P = 8.8 Hz, C-CH2-O),
138.8 (s, CH arom.) ppm. 31P{1H} NMR (CDCl3): δ = 154, 4 (s)
ppm.

Synthesis of the Dichloridodiphosphinite Complexes. General Pro-
cedure for the Synthesis of the Complexes [Y]PtCl2 (Y = 2, 3): A
solution of 0.3 mmol of ligand Y in 5 mL of dichloromethane was
added with a syringe to a suspension of 0.3 mmol of precursor in
20 mL of dichloromethane. The mixture was stirred overnight at
room temperature and the solvent was then removed in vacuo. The
white to light-yellow residue was washed with 10 mL of pentane
(in some cases additionally with 4 mL of diethyl ether) and dried
for 2 h in vacuo. Recrystallization from dichloromethane was nec-
essary to give analytically pure material.

cis-[2]PtCl2: Light-yellow powder, yield: 70%. 1H NMR (CDCl3):
δ = 0.63 (d, 3JH,H = 7.8 Hz, 3 H, CHCH3), 0.65 (d, 3JH,H = 6.9 Hz,
3 H, CHCH3), 0.88 (d, 3JH,H = 7.8 Hz, 3 H, CHCH3), 0.92 (d,
3JH,H = 6.8 Hz, 3 H, CHCH3), 0.98 (d, 3JH,H = 6.9 Hz, 3 H,
CHCH3), 1.06 (d, 3JH,H = 7.8 Hz, 3 H, CHCH3), 1.45 (d, 3JH,H =
6.9 Hz, 3 H, CHCH3), 1.48 (d, 3JH,H = 7.8 Hz, 3 H, CHCH3), 2.51
(m, 1 H, CHCH3), 2.60 (m, 1 H, CHCH3), 2.75 (m, 1 H, CHCH3),
3.46 (m, 1 H, CHCH3), 4.61 (d, 3JH,H = 8.8 Hz, 1 H, -CH2-), 4.70
(d, 3JH,H = 6.9 Hz, 1 H, -CH2-), 7.14–7.50 (m, 8 H, CH arom.)
ppm. 13C{1H} NMR (CDCl3): δ = 16.4 (d, 2JC,P = 6.2 Hz,
CHCH3), 17.1 (d, 2JC,P = 6.2 Hz, CHCH3), 17.8 (d, 2JC,P = 2.5 Hz,
CHCH3), 18.7 (br. d, 2JC,P = 13.3 Hz, CHCH3), 19.5 (br.s,
CHCH3), 20.4 (d, 2JC,P = 3.7 Hz, CHCH3), 28.6 (d, 2JC,P =
32.1 Hz, CHCH3), 31.0 (d, 2JC,P = 35.7 Hz, CHCH3), 31.8 (d, 2JC,P

= 35.8 Hz, CHCH3), 34.2 (d, 2JC,P = 43.2 Hz, CHCH3), 69.2 (d,
1JC,P = 13.6 Hz, CH2), 119.3 (d, 4JC,P = 6.2 Hz, CHCCH2), 123.3
(s, CH arom.), 128.1 (s, CH arom.), 129.4 (s, CH arom.), 129.5 (s,
CH arom.), 129.8 (s, CH arom.), 130.3 (s, CH arom.), 132.1 (d,
3JC,P = 6.2 Hz, CHCOP), 134.1 (d, 4JC,P = 6.2 Hz, CHCCH2),
139.6 (s, CH arom.), 151.9 (d, 3JC,P = 8.6 Hz, C-O-P) ppm. 31P{1H}
NMR (CDCl3): δ = 112.5 (pseudo t, 1JP,Pt = 4099.0, 2JP,P = 5.0 Hz),
110.5 (pseudo t, 1JP,Pt = 4149.6, 2JP,P = 5.0 Hz) ppm. 195Pt{1H}
NMR (CDCl3): δ = –4116.8 (dd, 1JP,Pt = 4099.0, 4149.6 Hz) ppm.
C25H38Cl2O2P2Pt (698.50): calcd. C 42.99, H 5.48, Cl 10.15, P 8.87;
found C 43.07, H 5.55, Cl 9.78, P 8.05.

Crystal-Structure Analysis of cis-[2]PtCl2·2(CHCl3):
C27H40Cl8O2P2Pt, Mr = 937.26, colorless fragment
(0.06�0.18�0.12 mm3), monoclinic, P21/c (no. 14), a = 9.9002(1),
b = 17.7053(2), c = 21.2118(3) Å, β = 100.9809(5)°, V =
3650.06(8) Å3, Z = 4, Dcalc = 1.706 gcm–3, F(000) = 1848, µ =
4.542 mm–1. Preliminary examination and data collection were car-
ried out on a κ-CCD device (Nonius, Mach3) with an Oxford
Cryosystems cooling system at the window of a rotating anode
(Nonius FR591) with graphite-monochromated Mo-Kα radiation
(λ = 0.71073 Å). Data collection was performed at 173 K within
the Θ range 1.51° � Θ � 25.36°. A total of 44141 intensities were
integrated. Raw data were corrected for Lorentz, polarization, and
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latent decay and absorption effects arising from the scaling pro-
cedure. After merging (Rint = 0.0429), 6670 [5689: I0 � 2σ(I0)] inde-
pendent reflections remained and all were used to refine 369 pa-
rameters. The structure was solved by a combination of direct
methods and difference-Fourier syntheses. All non-hydrogen atoms
were refined with anisotropic displacement parameters. All hydro-
gen atoms were placed in calculated positions and refined using a
riding model. Full-matrix least-squares refinements were carried
out by minimizing Σw(Fo

2 – Fc
2)2 and converged with R1 = 0.0380

[I0 � 2σ(I0)], wR2 = 0.0702 (all data), GOF = 1.162, and shift/
error � 0.001. The final difference-Fourier map showed no striking
features (∆emin/max = +1.01/–1.02 eÅ–3). CCDC-613907.

cis-[3]PtCl2: White powder, yield: 83%. 1H NMR (CDCl3): δ = 0.91
(d, 3JH,H = 7.3 Hz, 3 H, CHCH3), 0.95 (d, 3JH,H = 4.9 Hz, 3 H,
CHCH3), 1.22 (d, 3JH,H = 7.4 Hz, 3 H, CHCH3), 1.26 (d, 3JH,H =
7.3 Hz, 3 H, CHCH3), 1.32 (d, 3JH,H = 7.4 Hz, 3 H, CHCH3), 1.35
(d, 3JH,H = 4.9 Hz, 3 H, CHCH3), 1.57 (d, 3JH,H = 7.4 Hz, 3 H,
CHCH3), 1.62 (d, 3JH,H = 7.4 Hz, 3 H, CHCH3), 2.27 (m, 2 H,
CHCH3), 3.48 (m, 2 H, CHCH3), 4.37 (d, 3JH,H = 9.8 Hz, 2 H,
CH2), 4.81 (d, 3JH,H = 9.8 Hz, 2 H, CH2), 7.14 (d, 3JH,H = 7.3 Hz,
2 H, CH arom.), 7.21–7.32 (m, 4 H, CH arom.), 7.35 (d, 3JH,H =
7.4 Hz, 2 H, CH arom.) ppm. 13C{1H} NMR (CDCl3): δ = 17.2
(br. s, CHCH3), 17.8 (br. s, CHCH3), 18.8 (s, CHCH3), 19.2 (s,
CHCH3), 26.1 (d, 1JC,P = 30.7 Hz, CHCH3), 30.2 (d, 1JC,P =
41.7 Hz, CHCH3), 68.0 (d, 2JC,P = 13.2 Hz, -CH2-), 128.6 (s, CH
arom.), 129.1 (s, CH arom.), 130.4 (s, CH arom.), 134.2 (pseudo t,
4JC,P = 4.4 Hz, CCH2OP), 140.2 (s, CH arom.) ppm. 31P{1H}
NMR (CDCl3): δ = 115.7 (br. pseudo t, 1JP,Pt = 4267.2 Hz) ppm.
195Pt{1H} NMR (CDCl3): δ = –4223.4 (t, 1JP,Pt = 4267.2 Hz) ppm.
C26H40Cl2O2P2Pt (712.52): calcd. C 43.83, H 5.66, Cl 8.69, P 9.95;
found C 43.71, H 5.69, Cl 8.40, P 9.95.

Crystal-Structure Analysis of cis-[3]PtCl2·3(CHCl3):
C29H43Cl11O2P2Pt, Mr = 1070.66, colorless fragment
(0.18�0.21�0.33 mm3), monoclinic, C2/c (no. 15), a = 32.6825(2),
b = 19.3448(2), c = 21.0863(2) Å, β = 120.9619(4)°, V =
11431.91(18) Å3, Z = 8, Dcalc = 1.658 gcm–3, F(000) = 5640, µ =
4.352 mm–1. Preliminary examination and data collection were car-
ried out on a κ-CCD device (Nonius, Mach3) with an Oxford
Cryosystems cooling system at the window of a rotating anode
(Nonius FR591) with graphite-monochromated Mo-Kα radiation
(λ = 0.71073 Å). Data collection was performed at 173 K within
the Θ range 1.28° � Θ � 23.27°. A total of 37465 intensities were
integrated. Raw data were corrected for Lorentz, polarization, and
latent decay and absorption effects arising from the scaling pro-
cedure. After merging (Rint = 0.0437), 8197 [6947: I0 � 2σ(I0)] inde-
pendent reflections remained and all were used to refine 247 pa-
rameters. The structure was solved by a combination of direct
methods and difference-Fourier syntheses. All non-hydrogen atoms
were refined with anisotropic displacement parameters. All hydro-
gen atoms were placed in calculated positions and refined using a
riding model. Full-matrix least-squares refinements were carried
out by minimizing Σw(Fo

2 – Fc
2)2 and converged with R1 = 0.0405

[I0 � 2σ(I0)], wR2 = 0.0783 (all data), GOF = 1.089, and shift/
error � 0.001. The final difference-Fourier map showed no striking
features (∆emin/max = +0.85/–0.58 eÅ–3). CCDC-613913.

trans-[2]PtCl2: Light-yellow powder, yield: 59%. 1H NMR
(CDCl3): δ = 1.04 (d, 3JH,H = 7.4 Hz, 3 H, CHCH3), 1.09 (d, 3JH,H

= 7.4 Hz, 3 H, CHCH3), 1.15–1.25 (m, 6 H, CHCH3), 1.31 (pseudo
t, 3JH,H = 7.4 Hz, 6 H, CHCH3), 1.47 (d, 3JH,H = 7.4 Hz, 3 H,
CHCH3), 1.50 (d, 3JH,H = 12.3 Hz, 3 H, CHCH3), 2.90 (m, 3 H,
CHCH3), 3.23 (s, 3JH,H = 7.4 Hz, 1 H, CHCH3), 4.89 (dd, 3JP,H =
27.0, 2JH,H = 12.3 Hz, 1 H, CH2), 5.35 (dd, 3JP,H = 7.4, 2JH,H =
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12.3 Hz, 1 H, -CH2-), 6.87 (d, 3JH,H = 7.4 Hz, 1 H, CH arom.),
7.00 (d, 3JH,H = 9.8 Hz, 1 H, CH arom.), 7.11 (pseudo t, 3JH,H =
7.4 Hz, 2 H, CHCH3), 7.23 (m, 1 H, CH arom.), 7.33 (m, 2 H, CH
arom.), 7.49 (d, 3JH,H = 7.4 Hz, 1 H, CH arom.) ppm. 13C{1H}
NMR (CDCl3): δ = 15.8 (d, 2JC,P = 2.2 Hz, CHCH3), 16.1 (s,
CHCH3), 16.3 (d, 2JC,P = 2.2 Hz, CHCH3), 16.9 (d, 2JC,P = 5.1 Hz,
CHCH3) 17.3 (s, CHCH3), 17.5 (s, CHCH3), 17.6 (s, CHCH3), 18.0
(d, 2JC,P = 4.4 Hz, CHCH3), 24.6 (d, 1JC,P = 23.4 Hz, CHCH3),
24.9 (d, 1JC,P = 31.5 Hz, CHCH3), 25.1 (d, 1JC,P = 27.2 Hz,
CHCH3), 25.6 (d, 1JC,P = 30.7 Hz, CHCH3), 67.7 (d, 2JC,P =
13.2 Hz, CH2), 123.4 (s, CH arom.), 123.8 (s, CH arom.), 127.0 (s,
CH arom.), 128.0 (s, CH arom.), 128.6 (s, CH arom.), 129.3 (s, CH
arom.), 131.0 (s, CH arom.), 132.7 (s, CH arom.), 133.6 (s, CH
arom.), 133.6 (s, CH arom.), 138.8 (s, CH arom.), 150.8 (d, 3JC,P =
7.3 Hz, C-O-P) ppm. 31P{1H} NMR (CDCl3): δ = 109.3 (d pseudo
t, 2JP,P = 488.5 Hz, 1JP,Pt = 2624.9 Hz), 118.8 (d pseudo t, 2JP,P

= 488.5, 1JP,Pt = 2690.7 Hz) ppm. 195Pt{1H} NMR (CDCl3): δ =
–3805.7 ppm (dd, 1JP,Pt = 2624.9, 1JP,Pt = 2690.7 Hz).
C25H38Cl2O2P2Pt (698.50): calcd. C 42.99, H 5.48, Cl 10.15, P 8.87;
found C 43.15, H 5.61, Cl 9.48, P 8.10.

Crystal-Structure Analysis of trans-[2]PtCl2: C25H38Cl2O2P2Pt, Mr

= 698.50, pale-yellow plate (0.05�0.10�0.26 mm3), triclinic, P1̄
(no. 2), a = 10.4738(1), b = 16.4348(1), c = 17.7791(2) Å, α =
11.7991(5)°, β = 100.3275(4)°, γ = 97.7027(4)°, V = 2727.71(4) Å3,
Z = 4, Dcalc = 1.701 gcm–3, F(000) = 1384, µ = 5.477 mm–1. Prelim-
inary examination and data collection were carried out on a κ-
CCD device (Nonius, Mach3) with an Oxford Cryosystems cooling
system at the window of a rotating anode (Nonius FR591) with
graphite-monochromated Mo-Kα radiation (λ = 0.71073 Å). Data
collection was performed at 173 K within the Θ range 1.27° � Θ
� 25.42°. A total of 62373 intensities were integrated. Raw data
were corrected for Lorentz, polarization, and latent decay and ab-
sorption effects arising from the scaling procedure. After merging
(Rint = 0.0257), 10013 [8464: I0 � 2σ(I0)] independent reflections
remained and all were used to refine 593 parameters. The structure
was solved by a combination of direct methods and difference-Fou-
rier syntheses. All non-hydrogen atoms were refined with aniso-
tropic displacement parameters. All hydrogen atoms were placed in
calculated positions and refined using a riding model. Full-matrix
least-squares refinements were carried out by minimizing Σw(Fo

2 –
Fc

2)2 and converged with R1 = 0.0336 [I0 � 2σ(I0)], wR2 = 0.0832
(all data), GOF = 1.132, and shift/error � 0.001. The final differ-
ence-Fourier map showed no striking features (∆emin/max = +1.32/
–1.49 eÅ–3). CCDC-613904.

trans-[3]PtCl2: White powder, yield: 61%. 1H NMR (CDCl3): δ =
1.18–1.27 (m, 18 H, CHCH3), 1.36 (d, 3JH,H = 7.0 Hz, 3 H,
CHCH3), 1.41 (d, 3JH,H = 7.1 Hz, 3 H, CHCH3), 2.90–3.05 (m, 4
H, CHCH3), 4.83 (pseudo t, 2JH,H = 3JP,H = 8.3 Hz, 2 H, -CH2-),
4.87 (pseudo t, 2JH,H = 3JP,H = 8.3 Hz, 2 H, -CH2-), 5.59 (pseudo
t, 2JH,H = 3JP,H = 8.3 Hz, 2 H, -CH2-), 5.62 (pseudo t, 2JH,H = 3JP,H

= 8.3 Hz, 2 H, -CH2-), 6.96 (d, 3JH,H = 7.4 Hz, 2 H, CH arom.),
7.25 (m, 2 H, CH arom.), 7.38 (d, 3JH,H = 7.1 Hz, 1 H, CH arom.),
7.40 (d, 3JH,H = 7.6 Hz, 1 H, CH arom.), 7.58 (d, 3JH,H = 7.6 Hz,
2 H, CH arom.) ppm. 13C{1H} NMR (CDCl3): δ = 16.5 (s,
CHCH3), 16.9 (s, CHCH3), 17.3 (s, CHCH3), 17.4 (s, CHCH3),
25.3 (d, 1JC,P = 35.5 Hz, CHCH3), 25.5 (d, 1JC,P = 32.2 Hz,
CHCH3), 68.4 (s, -CH2-), 122.7 (s, CH arom.), 126.6 (s, CH arom.),
127.7 (s, CH arom.), 129.7 (s, CH arom.), 136.9 (s, CH arom.),
137.5 (s, CH arom.) ppm. 31P{1H} NMR (CDCl3): δ = 118.4
(pseudo t, 1JP,Pt = 2627.5 Hz) ppm. 195Pt{1H} NMR (CDCl3): δ =
–3763.1 (t, 1JP,Pt = 2627.5 Hz) ppm. C26H40Cl2O2P2Pt (712.53):
calcd. C 43.83, H 5.66, Cl 9.95, P 8.69; found C 43.53, H 5.73, Cl
9.80, P 7.81.
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Crystal-Structure Analysis of trans-[3]PtCl2: C26H40Cl2O2P2Pt, Mr

= 712.53, pale-yellow plate (0.15�0.21�0.46 mm3), monoclinic,
P21/n (no. 14), a = 14.8880(2), b = 11.2034(2), c = 17.3298(2) Å, β
= 94.4762(9)°, V = 2881.73(7) Å3, Z = 4, Dcalc = 1.698 gcm–3,
F(000) = 1464, µ = 5.190 mm–1. Preliminary examination and data
collection were carried out on a κ-CCD device (Nonius, Mach3)
with an Oxford Cryosystems cooling system at the window of a
rotating anode (Nonius FR591) with graphite-monochromated
Mo-Kα radiation (λ = 0.71073 Å). Data collection was performed
at 173 K within the Θ range 1.74° � Θ � 25.34°. A total of 25293
intensities were integrated. Raw data were corrected for Lorentz,
polarization, and latent decay and absorption effects arising from
the scaling procedure. After merging (Rint = 0.0286), 5265 [4430: I0

� 2σ(I0)] independent reflections remained and all were used to
refine 306 parameters. The structure was solved by a combination
of direct methods and difference-Fourier syntheses. All non-hydro-
gen atoms were refined with anisotropic displacement parameters.
All hydrogen atoms were placed in calculated positions and refined
using a riding model. Full-matrix least-squares refinements were
carried out by minimizing Σw(Fo

2 – Fc
2)2 and converged with R1

= 0.0301 [I0 � 2σ(I0)], wR2 = 0.0750 (all data), GOF = 1.042, and
shift/error � 0.001. The final difference-Fourier map showed no
striking features (∆emin/max = +0.72/–1.39 eÅ–3). CCDC-613906.

Synthesis of the Dialkyldiphosphinite Complexes. General Procedure
for the Synthesis of the Complexes [Y]PtR�2 (Y = 1, 1�, 2, 3; R� =
Alkyl): The dichlorido complex (0.15 mmol) was suspended in
10 mL of diethyl ether and cooled to –78 °C. Then, 0.45 mmol of
Alkyl-Grignard were added while stirring and it was warmed up to
room temperature overnight. The next day, 0.45 mmol of 1,4-diox-
ane were added, the white residue was filtered through alumina and
washed with 10 mL of diethyl ether. The solvent was removed from
the ether extracts in vacuo and the resulting solid was dried in
vacuo for two hours.

cis-[1]Pt(nPr)2: White powder, yield: 62%. 1H NMR (CDCl3): δ =
0.60 (d, 2JH,H = 7.4 Hz, 3 H, CHCH3), 0.64 (d, 2JH,H = 7.3 Hz, 3
H, CHCH3), 0.87 (d, 2JH,H = 7.4 Hz, 3 H, CHCH3), 0.90 (d, 2JH,H

= 4.9 Hz, 3 H, CHCH3), 0.86–1.13 (m, 10 H, CH2CH3), 1.13–1.38
(m, 12 H, CH2CH3, CHCH3), 2.06 (m, 2 H, CHCH3), 2.66 (m, 2
H, CHCH3), 7.01 (d, 2JH,H = 7.4 Hz, 2 H, CH arom.), 7.09 (t,
2JH,H = 7.4 Hz, 2 H, CH arom.), 7.21–7.26 (m, 4 H, CH arom.)
ppm. 13C{1H} NMR (CDCl3): δ = 15.5 [s, Pt(CH2)2CH3], 17.8 (s,
2JC,Pt = 11.7 Hz, PCH2CH3), 18.6 (s, 2JC,Pt = 11.7 Hz, PCH2CH3),
24.1 (dd, 2JC,P-cis = 10.3, 2JC,P-trans = 105.4, 1JC,Pt = 642.6 Hz,
PtCH2), 25.7 (br. s, PtCH2CH2), 31.7 (d, 1JC,P = 9.5, 1JC,Pt =
36.6 Hz, P-CHCH3), 31.9 (d, 1JC,P = 9.5, 1JC,Pt = 36.6 Hz,
PCHCH3), 32.2 (m, PCHCH3), 121.3 (s, CH arom.), 123.5 (s, CH
arom.), 131.5 (s, CH arom.), 132.4 (s, CH arom.), 153.3 (d, 1JC,P =
4.4 Hz, C-O-P), 153.3 (d, 1JC,P = 5.1 Hz, C-O-P) ppm. 31P{1H}
NMR (CDCl3): δ = 153.2 (pseudo t, 1JP,Pt = 1983.1 Hz) ppm.
195Pt{1H} NMR ([D8]toluene): δ = –4561.3 (t, 1JP,Pt = 1983.1 Hz)
ppm. C30H50O2P2Pt (699.74): calcd. C 51.49, H 7.20; found C
52.05, H 7.12.

Crystal-Structure Analysis of cis-[1]Pt(nPr)2: C30H50O2P2Pt, Mr =
699.74, colorless needle (0.06�0.08�0.18 mm3), monoclinic, C2/c
(no. 15), a = 14.5639(2), b = 12.4757(3), c = 17.4797(3) Å, β =
108.1046(17)°, V = 3018.73(10) Å3, Z = 4, Dcalc = 1.540 gcm–3,
F(000) = 1416, µ = 4.778 mm–1. Preliminary examination and data
collection were carried out on a κ-CCD device (Nonius, Mach3)
with an Oxford Cryosystems cooling system at the window of a
rotating anode (Nonius FR591) with graphite-monochromated
Mo-Kα radiation (λ = 0.71073 Å). Data collection was performed
at 173 K within the Θ range 1.00° � Θ � 25.35°. A total of 11634
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intensities were integrated. Raw data were corrected for Lorentz,
polarization, and latent decay and absorption effects arising from
the scaling procedure. After merging (Rint = 0.0190), 2468 [2437: I0

� 2σ(I0)] independent reflections remained and all were used to
refine 164 parameters. The structure was solved by a combination
of direct methods and difference-Fourier syntheses. All non-hydro-
gen atoms were refined with anisotropic displacement parameters.
All hydrogen atoms were placed in calculated positions and refined
using a riding model. Full-matrix least-squares refinements were
carried out by minimizing Σw(Fo

2 – Fc
2)2 and converged with R1

= 0.0145 [I0 � 2σ(I0)], wR2 = 0.0364 (all data), GOF = 1.123, and
shift/error � 0.001. The final difference-Fourier map showed no
striking features (∆emin/max = +0.83/–0.50 eÅ–3). CCDC-613912.

cis-[2]PtEt2: Light-yellow powder, yield: 64%. 1H NMR (CDCl3):
δ = 0.63 (d, 3JH,H = 7.4 Hz, 3 H, PCHCH3), 0.66 (d, 3JH,H =
7.4 Hz, 3 H, PCHCH3), 0.77–1.51 (m, 28 H, PCHCH3,
PtCH2CH3), 2.01 (m, 1 H, CHCH3), 2.26 (m, 1 H, CHCH3), 2.41
(m, 1 H, CHCH3), 2.71 (m, 1 H, CHCH3), 4.40 (d, 3JH,H = 9.8 Hz,
1 H, -CH2-), 4.54 (d, 3JH,H = 9.8 Hz, 1 H, -CH2-), 6.95 (t, 3JH,H =
7.4 Hz, 1 H, CH arom.), 7.03 (d, 3JH,H = 7.4 Hz, 1 H CH arom.),
7.10 (d, 3JH,H = 7.4 Hz, 1 H, CH arom.), 7.14–7.28 (m, 4 H, CH
arom.), 7.35 (t, 3JH,H = 7.4 Hz, 1 H, CH arom.) ppm. 13C{1H}
NMR (CDCl3): δ = 10.1 (dd pseudo t, 2JC,P-trans = 8.1, 2JC,P-cis =
110.5, 1JC,Pt = 481.2 Hz, CHCH3), 14.0 (dd pseudo t, 2JC,P-trans =
6.6, 2JC,P-cis = 110.5, 1JC,Pt = 553.9 Hz, CHCH3), 15.5 (d pseudo t,
3JC,P = 6.6, 2JC,Pt = 36.9 Hz, PtCH2CH3), 15.5 (d pseudo t, 3JC,P

= 6.6, 2JC,Pt = 38.0 Hz, PtCH2CH3), 16.7 (s, CHCH3), 16.8 (s,
CHCH3), 17.8 (br. s, CHCH3), 18.3 (br. s, CHCH3), 18.7 (pseudo
t, 3JC,P = 10.2 Hz, CHCH3), 19.8 (pseudo t, 3JC,P = 9.8 Hz,
CHCH3), 27.1 (d, 1JC,P = 13.2 Hz, CHCH3), 28.2 (d, 1JC,P =
15.4 Hz, CHCH3), 29.4 (d, 1JC,P = 43.2 Hz, CHCH3), 33.9 (d, 1JC,P

= 28.5 Hz, CHCH3), 67.1 (d, 2JC,P = 6.6 Hz,CH2), 119.3 (d, 3JC,P

= 6.6 Hz, CCCH2OP.), 120.9 (s, CH arom.), 127.2 (s, CH arom.),
128.2 (s, CH arom.), 128.6 (s, CH arom.), 128.8 (s, CH arom.),
128.9 (s, CH arom.), 130.3 (s, CH arom.), 132.8 (d, 3JC,P = 3.7 Hz,
CCOP.), 136.4 (d, 3JC,P = 6.6 Hz, CCH2OP), 140.7 (s, CH arom.),
154.2 (d, 2JC,P = 3.7 Hz, COP) ppm. 31P{1H} NMR (CDCl3): δ =
135.0 (d pseudo t, 2JP,P = 17.8, 1JP,Pt = 2008.0 Hz), 110.5 (d pseudo
t, 2JP,P = 17.8, 1JP,Pt = 1894.2 Hz) ppm. 195Pt{1H} NMR ([D8]tolu-
ene): δ = –4456.0 (dd, 1JP,Pt = 1894.2, 1JP,Pt = 2008.0 Hz) ppm.
C29H48O2P2Pt (685.72): calcd. C 50.80, H 7.06; found C 50.94, H
7.20.

cis-[3]PtEt2: White powder, yield: 66%. 1H NMR (CDCl3): δ = 0.71
(d, 3JH,H = 7.4 Hz, 3 H, CHCH3), 0.75 (d, 3JH,H = 7.4 Hz, 3 H,
CHCH3), 0.80–1.12 (m, 14 H, CHCH3, -CH2-CH3), 1.31 (d, 3JH,H

= 7.3 Hz, 3 H, CHCH3), 1.33 (d, 3JH,H = 4.9 Hz, 3 H, CHCH3),
1.40 (d, 3JH,H = 4.9 Hz, 3 H, CHCH3), 1.44 (d, 3JH,H = 7.4 Hz, 3
H, CHCH3), 2.27 (m, 2 H, CHCH3), 2.53 (m, 2 H, CHCH3), 4.33
(d, 3JH,H = 9.8 Hz, 2 H, CH2), 4.61 (d, 3JH,H = 9.8 Hz, 2 H, CH2),
7.08 (d, 3JH,H = 9.8 Hz, 2 H, CH arom.), 7.32 (t, 3JH,H = 7.4 Hz,
2 H, CH arom.), 7.37 (t, 3JH,H = 7.4 Hz, 2 H, CH arom.), 7.50 (d,
3JH,H = 9.8 Hz, 2 H, CH arom.) ppm. 13C{1H} NMR (CDCl3): δ
= 12.8 (dd pseudo t, 2JC,P-cis = 10.7, 2JC,P-trans = 113.4, 1JC,Pt =
626.4 Hz, Pt-CH2CH3), 15.3 (pseudo t, 2JC,Pt = 5.8 Hz, PtCHCH3),
17.5 (pseudo t, 2JC,Pt = 5.8 Hz, PCHCH3), 18.3 (pseudo t, 3JC,Pt =
5.8 Hz, PCHCH3), 19.0 (d, 2JC,Pt = 7.4 Hz, PCHCH3), 19.1 (d,
2JC,Pt = 6.6 Hz, PCHCH3), 19.4 (br.s, PCH2CH3) 26.0 (pseudo t,
1JC,P = 7.3, 2JC,Pt = 36.1 Hz, CHCH3), 26.9 (d pseudo t, 1JC,P =
10.0, 2JC,Pt = 47.2 Hz, CHCH3), 27.0 (d pseudo t, 1JC,P = 9.5, 2JC,Pt

= 47.3 Hz, CHCH3), 68.3 (d, 2JC,P = 6.6 Hz, -CH2-), 66.5 (d, 2JC,P

= 7.3 Hz, -CH2-), 127.9 (s, CH arom.), 128.0 (s, CH arom.), 129.6
(s, CH arom.), 130.6 (s, CH arom.), 136.4 (pseudo t, 3JC,P = 3.7 Hz,
CH2OP), 136.5 (pseudo t, 3JC,P = 2.9 Hz, CH2OP), 140.6 (s) ppm.



Thermal Decomposition of [biphen(QPiPr)PtAlk2] FULL PAPER
31P{1H} NMR (CDCl3): δ = 133.6 (pseudo t, 1JP,Pt = 2099.9 Hz)
ppm. 195Pt{1H} NMR (CDCl3): δ = –4633.4 (t, 1JP,Pt = 2099.9 Hz)
ppm. MS (FAB): m/z (%) 641.3 (100) [M – (ethane + ethene)] (with
correct isotope pattern for C26H40O2P2Pt). C30H50O2P2Pt: calcd. C
51.49, H 7.20; found C 51.35, H 7.23.

Crystal-Structure Analysis of cis-[3]PtEt2: C30H50O2P2Pt, Mr =
699.74, colorless needle (0.10�0.12�0.33 mm3), monoclinic, P2/c
(no. 13), a = 15.3987(1), b = 12.8649(1), c = 16.8436(2) Å, β =
112.0657(4)°, V = 3092.36(5) Å3, Z = 4, Dcalc = 1.503 gcm–3, F(000)
= 1416, µ = 4.665 mm–1. Preliminary examination and data collec-
tion were carried out on a κ-CCD device (Nonius, Mach3) with an
Oxford Cryosystems cooling system at the window of a rotating
anode (Nonius FR591) with graphite-monochromated Mo-Kα radi-
ation (λ = 0.71073 Å). Data collection was performed at 173 K
within the Θ range 1.43° � Θ � 23.35°. A total of 37465 intensities
were integrated. Raw data were corrected for Lorentz, polarization,
and latent decay and absorption effects arising from the scaling
procedure. After merging (Rint = 0.0167), 5676 [5124: I0 � 2σ(I0)]
independent reflections remained and all were used to refine 322
parameters. The structure was solved by a combination of direct
methods and difference-Fourier syntheses. All non-hydrogen atoms
were refined with anisotropic displacement parameters. All hydro-
gen atoms were placed in calculated positions and refined using a
riding model. Full-matrix least-squares refinements were carried
out by minimizing Σw(Fo

2 – Fc
2)2 and converged with R1 = 0.0204

[I0 � 2σ(I0)], wR2 = 0.0451 (all data), GOF = 1.061, and shift/
error � 0.001. The final difference-Fourier map showed no striking
features (∆emin/max = +0.82/–1.14 eÅ–3). CCDC-613908.

cis-[1�]Pt(nPr)2: White powder, yield: 64%. 1H NMR ([D8]toluene):
δ = 0.63 (br. t, 3JH,H = 7.4 Hz, 6 H, CH3), 0.97 (m, 4 H, CH2CH3),
1.18 (m, 4 H, PtCH2), 6.69 (d, 3JH,H = 7.4 Hz, 2 H, biphenyl-CH),
6.83 (d, 3JH,H = 7.4 Hz, 2 H, biphenyl-CH), 6.89 (t, 3JH,H = 7.4 Hz,
2 H, biphenyl-CH), 7.12 (t, 3JH,H = 7.4 Hz, 6 H, CH arom.), 7.24-
7.33 (m, 16 H, CH-arom.) ppm. 13C{1H} NMR ([D8]toluene): δ =
4.6 (br. s, CH3), 15.6 (s, 3JC,P = 2.9, 2JC,Pt = 41.7 Hz, CH2CH3),
23.9 (m pseudo t, 1JC,Pt = 501.3 Hz, PtCH2), 130.9 (s), 131.1 (s),
131.2 (s), 131.3 (s), 131.3 (s), 131.4 (s), 131.7 (s), 131.8 (s), 131.9
(s), 132.0 (s), 132.3 (s), 132.3 (s), 132.6 (s), 132.7 (s), 132.8 (s), 133.5
(s), 140.7 (br. s), 153.3 (pseudo t, 3JC,P = 4.4 Hz, COP) ppm.
31P{1H} NMR ([D8]toluene): δ = 111.8 (pseudo t, 1JP,Pt =
1970.5 Hz) ppm. 195Pt{1H} NMR ([D8]toluene): δ = –4526.1 (t,
1JP,Pt = 1970.5 Hz) ppm.

General Synthetic Procedure for the trans-[Ligand*]XPtCl2 Com-
plexes: trans-Dichlorido(η2-ethylene)(pyridine)platinum(II)
(0.27 mmol) and ligand (0.54 mmol) were dissolved in 10 mL of
dichloromethane and stirred overnight at room temperature. After
removing the solvent in vacuo the residue was washed with diethyl
ether and dried in vacuo.

trans-[1*]IPtCl2: Light-yellow powder. Yield: 92%. 1H NMR
(CDCl3): δ = 1.35 (d, 3JH,H = 7.8 Hz, 3 H, CHCH3), 1.37 (d, 3JH,H

= 8.8 Hz, 6 H, CHCH3), 1.39 (d, 3JH,H = 7.8 Hz, 6 H, CHCH3),
1.41 (d, 3JH,H = 8.1 Hz, 6 H, CHCH3), 1.43 (d, 3JH,H = 7.6 Hz, 3
H, CHCH3), 2.92–3.01 (m, 4 H, CHCH3), 6.74–6.78 (m, 2 H, CH
arom.), 7.20–7.24 (m, 2 H, CH arom.), 7.70 (m, 2 H, CH arom.),
7.89 (d, 3JH,H = 8.1 Hz, 2 H, CH arom.) ppm. 13C{1H} NMR
(CDCl3): δ = 17.5 (s, CHCH3), 18.3 (s, CHCH3), 28.3 (pseudo t,
1JC,P = 16.8 Hz, CHCH3), 89.0 (s, C–I), 120.1 (s, CH arom.), 124.8
(s, CH arom.), 128.7 (s, CH arom.), 139.6 (s, CH arom.), 154.4 (s,
CH arom.) ppm. 31P{1H} NMR (CDCl3): δ = 128.3 (s, 1JP,Pt =
2631.6 Hz) ppm. 195Pt{1H} NMR (CDCl3): δ = –3796.8 (t, 1JP,Pt =
2631.6 Hz) ppm. C24H36Cl2I2O2P2Pt (938.27): calcd. C 30.72, H
3.87, Cl 7.56, P 6.60; found C 30.85, H 3.95, Cl 7.92, P 6.62.

Eur. J. Inorg. Chem. 2007, 944–964 © 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org 961

Crystal-Structure Analysis of trans-[1*]IPtCl2: C24H36Cl2I2O2P2Pt,
Mr = 938.27, colorless needle (0.11�0.12�0.19 mm3), monoclinic,
P21/n (no. 14), a = 8.0215(1), b = 12.6774(2), c = 16.6598(3) Å, β
= 94.9889(7)°, V = 1687.8(18) Å3, Z = 4, Dcalc = 3.692 gcm–3,
F(000) = 1776, µ = 12.513 mm–1. Preliminary examination and data
collection were carried out on a κ-CCD device (Nonius, Mach3)
with an Oxford Cryosystems cooling system at the window of a
rotating anode (Nonius FR591) with graphite-monochromated
Mo-Kα radiation (λ = 0.71073 Å). Data collection was performed
at 173 K within the Θ range 2.02° � Θ � 25.34°. A total of 14416
intensities were integrated. Raw data were corrected for Lorentz,
polarization, and latent decay and absorption effects arising from
the scaling procedure. After merging (Rint = 0.0216), 3086 [2611: I0

� 2σ(I0)] independent reflections remained and all were used to
refine 165 parameters. The structure was solved by a combination
of direct methods and difference-Fourier syntheses. All non-hydro-
gen atoms were refined with anisotropic displacement parameters.
All hydrogen atoms were placed in calculated positions and refined
using a riding model. Full-matrix least-squares refinements were
carried out by minimizing Σw(Fo

2 – Fc
2)2 and converged with R1

= 0.0279 [I0 � 2σ(I0)], wR2 = 0.0793 (all data), GOF = 1.077, and
shift/error � 0.001. The final difference-Fourier map showed no
striking features (∆emin/max = +1.09/–0.97 eÅ–3). CCDC-613910.

trans-[3*]IPtCl2: Light-yellow powder, yield: 90%. trans-
Dichlorido(η2-ethylene)(pyridine)platinum(II) (0.1 g, 0.27 mmol)
and (2-iodobenzoxy)diisopropylphosphane (0.18 g, 0.54 mmol)
were dissolved in 10 mL of dichloromethane and stirred overnight
at room temperature. After stripping off the solvent in vacuo the
residue was washed with 3 mL of diethyl ether and dried in vacuo.
Yellow powder: 0.24 g (90%). 1H NMR (CDCl3): δ = 1.33 (d, 3JH,H

= 7.4 Hz, 3 H, CHCH3), 1.37 (d, 3JH,H = 7.4 Hz, 6 H, CHCH3),
1.41 (d, 3JH,H = 8.6 Hz, 6 H, CHCH3), 1.45 (d, 3JH,H = 8.6 Hz, 6
H, CHCH3), 2.67–2.73 (m, 4 H, CHCH3), 5.26 (m, 4 H, CH
arom.), 6.96 (m, 2 H, CH arom.), 7.32 (t, 3JH,H = 7.4 Hz, 2 H, CH
arom.), 7.60 (d, 3JH,H = 7.4 Hz, 2 H, CH arom.), 7.76 (d, 3JH,H =
7.4 Hz, 2 H, CH arom.) ppm. 13C{1H} NMR (CDCl3): δ = 16.7 (s,
CHCH3), 17.9 (s, CHCH3), 26.9 (d, 1JC,P = 17.6 Hz, CHCH3), 27.2
(d, 1JC,P = 18.3 Hz, CHCH3), 74.8 (s, CH2), 96.7 (s, C–I), 128.2 (s,
CH arom.), 128.5 (s, CH arom.), 129.2 (s, CH arom.), 138.8 (s, CH
arom.), 140.4 (d, JC,P = 3.7 Hz, CH2C), 140.5 (d, JC,P = 4.4 Hz,
CH2C) ppm. 31P{1H} NMR (CDCl3): δ = 129.9 (pseudo t, 1JP,Pt =
2603.7 Hz) ppm. 195Pt{1H} NMR (CDCl3): δ = –3758.9 (t, 1JP,Pt =
2603.7 Hz) ppm. C26H40Cl2I2O2P2Pt (966.32): calcd. C 32.31, H
4.17, P 6.61; found C 32.24, H 4.06, P 6.14.

General Synthetic Procedure for the cis-[Ligand*]XPtCl2 Complexes:
[(COD)PtCl2] 0.27 mmol and ligand 0.54 mmol were dissolved in
10 mL of dichloromethane and stirred overnight at room tempera-
ture. After removing the solvent in vacuo the residue was washed
with diethyl ether and dried in vacuo.

cis-[1*]BrPtCl2: Off-white powder. Yield: 97%. 1H NMR (CDCl3):
δ = 1.37 (dd, 3JH,H = 7.4, 3JP,H = 6.1 Hz, 12 H, CHCH3), 1.55 (d,
3JH,H = 7.4, 3JP,H = 6.1 Hz, 12 H, CHCH3), 3.20 (dsept, 3JH,H =
7.4, 1JP,H = 6.1 Hz, 4 H, CHCH3), 6.85 (t, 3JH,H = 7.4 Hz, 2 H,
CH arom.), 7.07 (t, 3JH,H = 7.4 Hz, 2 H, CH arom.), 7.24 (d, 3JH,H

= 7.4 Hz, 2 H, CH arom.), 7.38 (d, 3JH,H = 7.4 Hz, 2 H, CH arom.)
ppm. 13C{1H} NMR (CDCl3): δ = 18.2 (s, CHCH3), 19.6 (s,
CHCH3), 31.3 (d, 1JC,P = 33.7 Hz, CHCH3), 113.9 (s, CH arom.),
120.2 (s, CH arom.), 124.8 (s, CH arom.), 128.1 (s, CH arom.),
134.0 (s, CH arom.), 149.7 (d, 2JC,P = 13.2 Hz, CH arom.) ppm.
31P{1H} NMR (CDCl3): δ = 124.3 (br. pseudo t, 1JP,Pt = 4191.1 Hz)
ppm. 195Pt{1H} NMR (CDCl3): δ = –4299.7 (t, 1JP,Pt = 4191.4 Hz)
ppm. C24H36Br2Cl2O2P2Pt (844.28): calcd. C 34.14, H 4.30; found
C 34.07, H 4.33.
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Crystal-Structure Analysis of cis-[1*]BrPtCl2·(CH2Cl2):
C25H38Br2Cl4O2P2Pt, Mr = 1014.13, colorless needle
(0.10�0.15�0.22 mm3), monoclinic, C2/c (no. 15), a = 18.2485(9),
b = 14.6811(9), c = 15.6006(9) Å, β = 119.725(2)°, V =
3629.6(4) Å3, Z = 4, Dcalc = 1.856 gcm–3, F(000) = 1968, µ =
6.621 mm–1. Preliminary examination and data collection were car-
ried out on a κ-CCD device (Nonius, Mach3) with an Oxford
Cryosystems cooling system at the window of a rotating anode
(Nonius FR591) with graphite-monochromated Mo-Kα radiation
(λ = 0.71073 Å). Data collection was performed at 173 K within
the Θ range 1.89° � Θ � 25.38°. A total of 17358 intensities were
integrated. Raw data were corrected for Lorentz, polarization, and
latent decay and absorption effects arising from the scaling pro-
cedure. After merging (Rint = 0.061), 1891 [1551: I0 � 2σ(I0)] inde-
pendent reflections remained and all were used to refine 175 pa-
rameters. The structure was solved by a combination of direct
methods and difference-Fourier syntheses. All non-hydrogen atoms
were refined with anisotropic displacement parameters. All hydro-
gen atoms were placed in calculated positions and refined using a
riding model. Full-matrix least-squares refinements were carried
out by minimizing Σw(Fo

2 – Fc
2)2 and converged with R1 = 0.0751

[I0 � 2σ(I0)], wR2 = 0.1761 (all data), GOF = 1.106, and shift/
error � 0.001 (∆emin/max = +1.98/–1.54 eÅ–3). CCDC-613911.

cis-[3*]BrPtCl2: Off-white powder. Yield: 89%. 1H NMR (CDCl3):
δ = 1.33 (dd, 3JH,H = 7.4, 3JP,H = 6.1 Hz, 12 H, CHCH3), 1.57 (d,
3JH,H = 7.4, 3JP,H = 6.1 Hz, 12 H, CHCH3), 3.05 (dsept, 3JH,H =
7.4, 1JP,H = 6.1 Hz, 4 H, CHCH3), 4.76 (d, 3JP,H = 4.9 Hz, 4 H, O-
CH2), 7.04 (t, 3JH,H = 7.4 Hz, 2 H, CH arom.), 7.14 (t, 3JH,H =
7.4 Hz, 2 H, CH arom.), 7.29 (d, 3JH,H = 7.4 Hz, 2 H, CH arom.),
7.36 (d, 3JH,H = 7.4 Hz, 2 H, CH arom.) ppm. 13C{1H} NMR
(CDCl3): δ = 18.2 (s, CHCH3), 19.6 (s, CHCH3), 29.6 (d, 1JC,P =
4.0 Hz, CHCH3), 68.8 (d, 2JC,P = 11.0 Hz, CH2), 121.0 (s, CH
arom.), 127.2 (s, CH arom.), 127.4 (s, CH arom.), 129.3 (s, CH
arom.), 132.5 (s, CH arom.), 135.1 (s, CH arom.) ppm. 31P{1H}
NMR (CDCl3): δ = 123.1 (s, 1JP,Pt = 4191.4 Hz) ppm. 195Pt{1H}
NMR (CDCl3): δ = –4299.7 (t, 1JP,Pt = 4191.4 Hz) ppm.
C26H40Br2Cl2O2P2Pt (872.33): calcd. C 35.80, H 4.62; found C
35.70, H 4.71.

General Synthetic Procedure for the [Ligand*]Pt Complexes: The
complex (ligand)XPtCl2 (0.27 mol) was dissolved in 20 mL of tolu-
ene and the solution was cooled with dry ice. Then 0.54 mol of
sBuLi (1.3  solution in benzene/hexane) was added with a syringe
and the solution was stirred overnight while warming up to room
temperature. The next day it was filtered and the solvent removed
in vacuo. The remaining white solid was washed with three 5-mL
portions of pentane and dried in vacuo.

cis-[1*]Pt: White powder, yield: 85%. 1H NMR (CDCl3): δ = 1.10
(d, 3JH,H = 6.84 Hz, 6 H, CHCH3), 1.15 (d, 3JH,H = 7.8 Hz, 6 H,
CHCH3), 1.19 (d, 3JH,H = 6.84 Hz, 6 H, CHCH3), 1.22 (d, 3JH,H

= 6.84 Hz, 6 H, CHCH3), 2.36 (m, 4 H, CHCH3), 6.91 (m, 2 H,
CH arom.), 6.99–7.07 (m, 4 H, CH arom.), 7.74 (t, 3JH,H = 6.3,
JH,Pt = 47.0 Hz, 2 H, CH arom.) ppm. 13C{1H} NMR (C7D8): δ =
16.8 (pseudo t, JC,Pt = 15.4 Hz, P-CH-CH3), 17.8 (m, P-CH-CH3),
30.8 (d pseudo t, 1JC,P = 22.0, 2JC,Pt = 21.2 Hz, P-CH), 110.2 (d
pseudo t, 3JC,P = 13.2, 2JC,Pt = 6.6 Hz, C-arom.), 122.4 (pseudo t,
3JC,Pt = 53.4 Hz, C-arom.), 126.6 (s, C-arom.), 141.2 (pseudo t,
3JC,Pt = 38.1 Hz, C-arom.), 150.0 (d pseudo t, 1JC,Pt = 850.4, 2JC,Pcis

= 9.0, 2JC,Ptrans = 104.7 Hz, C-Pt), 167.6 (d pseudo t, 2JC,P = 8.8,
2JC,Pt = 8.8 Hz, O-C) ppm. 31P{1H} NMR (CDCl3): δ = 179.0
(pseudo t, 1JP,Pt = 2147.2 Hz) ppm. 195Pt{1H} NMR (CDCl3): δ =
–4583.9 (t, 1JP,Pt = 2147.2 Hz) ppm. MS (FAB): m/z (%) 613.1 (100)
[M], with correct isotope pattern for C24H36O2P2Pt. C24H36O2P2Pt
(613.57): calcd. C 46.98, H 5.91; found C 46.76, H 5.82.

www.eurjic.org © 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2007, 944–964962

Crystal-Structure Analysis of cis-[1*]Pt: C24H36O2P2Pt, Mr =
613.56, colorless fragment (0.11�0.14�0.20 mm3), monoclinic,
P21/n (no. 14), a = 12.5818(1), b = 13.8769(1), c = 15.2961(1) Å, β
= 106.9606(4)°, V = 2554.49(3) Å3, Z = 4, Dcalc = 1.595 gcm–3,
F(000) = 1216, µ = 5.635 mm–1. Preliminary examination and data
collection were carried out on a κ-CCD device (Nonius, Mach3)
with an Oxford Cryosystems cooling system at the window of a
rotating anode (Nonius FR591) with graphite-monochromated
Mo-Kα radiation (λ = 0.71073 Å). Data collection was performed
at 173 K within the Θ range 1.85° � Θ � 25.35°. A total of 55295
intensities were integrated. Raw data were corrected for Lorentz,
polarization, and latent decay and absorption effects arising from
the scaling procedure. After merging (Rint = 0.0789), 4739 [3137: I0

� 2σ(I0)] independent reflections remained and all were used to
refine 270 parameters. The structure was solved by a combination
of direct methods and difference-Fourier syntheses. All non-hydro-
gen atoms were refined with anisotropic displacement parameters.
All hydrogen atoms were placed in calculated positions and refined
using a riding model. Full-matrix least-squares refinements were
carried out by minimizing Σw(Fo

2 – Fc
2)2 and converged with R1

= 0.0399 [I0 � 2σ(I0)], wR2 = 0.0709 (all data), GOF = 0.997, and
shift/error � 0.001. The final difference-Fourier map showed no
striking features (∆emin/max = +1.43/–1.16 eÅ–3). CCDC-613903.

cis-[3*]Pt: White powder, yield: 91%. 1H NMR (C7D8, –80 °C): δ
= 0.59 (dd, 3JH,H = 7.36, 3JP,H = 6.12 Hz, 3 H, CH3), 0.79 (dd,
3JH,H = 7.36, 3JP,H = 11.00 Hz, 3 H, CH3), 1.07 (dd, 3JH,H = 9.80,
3JP,H = 6.16 Hz, 3 H, CH3), 1.60 (dsept, 3JH,H = 7.36, 2JP,H =
7.36 Hz, 2 H, P-CH), 1.80 (dsept, 3JH,H = 7.36, 2JP,H = 4.88 Hz, 2
H, P-CH), 4.62 (dd, 2JH,H = 9.8, 4JP,H = 27.59 Hz, 2 H, CHH-O),
5.04 (dd, 2JH,H = 9.8, 4JP,H = 10.42 Hz, 2 H, CHH-O), 7.31 (m, 2
H, arom. CH), 7.38 (m, 2 H, arom. CH), 8.04 (d, 3JH,H = 7.36 Hz,
2 H, arom. CH) ppm. 13C{1H} NMR (CDCl3): δ = 17.1 (br. s,
CH3), 18.9 (d pseudo t, 2JC,P = 5.6, 3JC,Pt = 5.4 Hz, CH3), 31.7 (m,
P-CH), 79.1 (pseudo t, 3JC,Pt = 101.0 Hz, CH2-O), 122.6 (pseudo
t, JC,Pt = 5.0 Hz, C-arom.), 125.4 (d pseudo t, JC,P = 5.1, JC,Pt =
34.4 Hz, C-arom.), 126.8 (d pseudo t, JC,P = 5.1, JC,Pt = 64.4 Hz,
C-arom.), 140.4 (m, C-arom.), 140.7 (pseudo t, JC,Pt = 39.5 Hz, C-
arom.), 158.2 (d pseudo t, 1JC,Pt = 808.0, 2JC,Pcis = 13.2, 2JC,Ptrans

= 103.2 Hz, C-Pt) ppm. 31P{1H} NMR (CDCl3): δ = 128.5 (pseudo
t, 1JP,Pt = 2072.9 Hz) ppm. 195Pt{1H} NMR (CDCl3): δ = –4644.3
(t, 1JP,Pt = 2072.9 Hz) ppm. MS (FAB): m/z (%) 642.1 (100) [M],
with correct isotope pattern for C26H40O2P2Pt.

Crystal-Structure Analysis of cis-[3*]Pt: C26H40O2P2Pt, Mr =
712.53, colorless fragment (0.05�0.11�0.21 mm3), monoclinic,
P21/n (no. 14), a = 8.8313(1), b = 25.0326(3), c = 14.2562(2) Å, β
= 104.8610(6)°, V = 3046.20(7) Å3, Z = 4, Dcalc = 1.399 gcm–3,
F(000) = 1280, µ = 4.728 mm–1. Preliminary examination and data
collection were carried out on a κ-CCD device (Nonius, Mach3)
with an Oxford Cryosystems cooling system at the window of a
rotating anode (Nonius FR591) with graphite-monochromated
Mo-Kα radiation (λ = 0.71073 Å). Data collection was performed
at 215 K within the Θ range 1.63° � Θ � 25.36°. A total of 64277
intensities were integrated. Raw data were corrected for Lorentz,
polarization, and latent decay and absorption effects arising from
the scaling procedure. After merging (Rint = 0.0338), 3716 [3069: I0

� 2σ(I0)] independent reflections remained and all were used to
refine 288 parameters. The structure was solved by a combination
of direct methods and difference-Fourier syntheses. All non-hydro-
gen atoms were refined with anisotropic displacement parameters.
All hydrogen atoms were placed in calculated positions and refined
using a riding model. Full-matrix least-squares refinements were
carried out by minimizing Σw(Fo

2 – Fc
2)2 and converged with R1

= 0.0361 [I0 � 2σ(I0)], wR2 = 0.0867 (all data), GOF = 1.053, and
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shift/error � 0.001. The final difference-Fourier map showed no
striking features (∆emin/max = +0.79/–0.61 eÅ–3). CCDC-613905.

trans-[1*]Pt: White powder, yield: 87%. 1H NMR (C7D8): δ = 1.08
(dd, 3JH,H = 7.32, 3JP,H = 7.32 Hz, 12 H, CH3), 1.12 (dd, 3JH,H =
8.80, 3JP,H = 8.80 Hz, 12 H, CH3), 2.28 (sept, 3JH,H = 7.32 Hz, 4
H, CHCH3), 6.87 (t, 3JH,H = 7.28 Hz, 2 H, arom. CH), 7.08 (t,
3JH,H = 7.32 Hz, 2 H, arom. CH), 7.28 (d, 3JH,H = 7.32 Hz, 2 H,
arom. CH), 7.81 (d pseudo t, 3JH,H = 7.32, 3JPt,H = 39.5 Hz, 2 H,
arom. CH) ppm. 13C{1H} NMR (C7D8): δ = 16.7 (br. s, CH3), 18.2
(br. s, CH3), 29.51 (pseudo t, 1JC,P = 35.85 Hz, P-CH), 111.3
(pseudo t, 2JC,Pt = 11.96 Hz), 121.8 (pseudo t, 3JC,Pt = 37.69 Hz),
125.9 (s), 143.6 (pseudo t, 2JC,Pt = 9.20 Hz, C-O), 168.4 (dd,
2JC,PcisA = 6.42, 2JC,PcisB = 7.35 Hz, C-Pt) ppm. 31P{1H} NMR
(C7D8): δ = 173.7 (pseudo t, 1JP,Pt = 2998.6 Hz) ppm. 195Pt{1H}
NMR (C7D8): δ = –4349.7 (pseudo t, 1JP,Pt = 2998.6 Hz) ppm. MS
(FAB): m/z (%) 613.1 (100) [M], with correct isotope pattern for
C24H36O2P2Pt.

Crystal-Structure Analysis of trans-[1*]Pt: C24H36O2P2Pt, Mr =
613.56, colorless needle (0.09�0.12�0.25 mm3), monoclinic, P21/
c (no. 14), a = 7.8126(1), b = 16.4322(3), c = 9.9638(2) Å, β =
109.5947(8)°, V = 1205.1(3) Å3, Z = 4, Dcalc = 3.382 gcm–3, F(000)
= 1216, µ = 11.943 mm–1. Preliminary examination and data collec-
tion were carried out on a κ-CCD device (Nonius, Mach3) with an
Oxford Cryosystems cooling system at the window of a rotating
anode (Nonius FR591) with graphite-monochromated Mo-Kα radi-
ation (λ = 0.71073 Å). Data collection was performed at 173 K
within the Θ range 2.48° � Θ � 25.32°. A total of 11134 intensities
were integrated. Raw data were corrected for Lorentz, polarization,
and latent decay and absorption effects arising from the scaling
procedure. After merging (Rint = 0.0244), 2196 [1894: I0 � 2σ(I0)]
independent reflections remained and all were used to refine 138
parameters. The structure was solved by a combination of direct
methods and difference-Fourier syntheses. All non-hydrogen atoms
were refined with anisotropic displacement parameters. All hydro-
gen atoms were placed in calculated positions and refined using a
riding model. Full-matrix least-squares refinements were carried
out by minimizing Σw(Fo

2 – Fc
2)2 and converged with R1 = 0.0171

[I0 � 2σ(I0)], wR2 = 0.0412 (all data), GOF = 1.052, and shift/
error � 0.001. The final difference-Fourier map showed no striking
features (∆emin/max = +0.88/–0.76 eÅ–3). CCDC-613909.

[3]Pt: Off-white powder, yield: quantitative. 1H NMR (C7D8): δ =
–17 (t pseudo t, 2JP,H = 4.9 Hz 1JPt,H = 1208.1 Hz, 0.7 H, agost.
H), 0.95 (dd, 3JH,H = 7.4 Hz 3JH,P = 7.4 Hz, 6 H, CH3), 1.10 (dd,
3JH,H = 7.4 Hz 3JH,P = 7.4 Hz, 6 H, CH3), 1.16 (dd, 3JH,H = 7.3 Hz
3JH,P = 7.4 Hz, 6 H, CH3), 1.26 (dd, 3JH,H = 7.4, 3JH,P = 9.8 Hz, 6
H, CH3), 2.35 (hept., 3JH,H = 7.4 Hz, 2 H, CH-CH3), 2.43 (hept.,
3JH,H = 7.4 Hz, 2 H, CH-CH3), 4.61 (dd, 2JH,H = 9.8 Hz 3JP,H =
12.24 Hz, 2 H, CH2-O), 4.90 (dd, 2JH,H = 7.4 Hz 3JP,H = 7.4 Hz, 2
H, CH2-O), 6.66 (d, 3JH,H = 7.4 Hz, 2 H, CH arom.), 6.95 (t, 3JH,H

= 7.4 Hz, 2 H, CH arom.), 7.18 (t, 3JH,H = 7.4 Hz, 2 H, CH arom.),
7.61 (d, 3JH,H = 7.4 Hz, 2 H, CH arom.) ppm. 13C{1H} NMR
(CDCl3): δ = 16.65 (pseudo t, JC,Pt = 21.9 Hz), 17.3–17.6 (several
br. s, CH3), 27.70 (t, 1JP,C = 20.1 Hz, CHCH3), 29.50 (t, 1JP,C =
16.5 Hz, CHCH3), 70.52 (pseudo t, 3JC,Pt = 83.1 Hz, CH2), 122.89
(s, arom. C), 126.55 (s, arom. C), 130.14 (s, arom. C), 136.87 (s,
arom. C), 138.49 (s, arom. C) ppm. 31P{1H} NMR (C7D8): δ =
160.1 (pseudo t, 1JP,Pt = 3158.8 Hz) ppm. 195Pt{1H} NMR (C7D8):
δ = –4894.8 (t, 1JP,Pt = 3158.8 Hz) ppm. MS (FAB): m/z 642.3 [M
+ 1], with correct isotopic pattern. FT-IR (KBr): ν̃ = 1945 cm–1 (w,
Pt–H).

Calculations: The DFT calculations were performed using the pro-
gram suite Gaussian 03.[5] All molecular geometries were fully opti-
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mized. The DFT method used includes Becke’s three parameter
hybrid exchange functional in combination with the correlation
functional of Perdew and Wang (B3PW91). Geometry optimiza-
tions and frequency calculations were performed using the valence
double-zeta LANL2DZ basis set. The frozen-coordinate analysis
was done using the program codes implemented in Gaussian 03.

Single Crystal X-ray Structure Determination of Compounds cis-
[2]PtCl2·2(CHCl3), trans-[2]PtCl2, cis-[3]PtCl2·3(CHCl3), trans-
[3]PtCl2, cis-[1]Pt(nPr)2, cis-[3]PtEt2, trans-[1*]IPtCl2, cis-
[1*]BrPtCl2·(CH2Cl2), trans-[1*]Pt, cis-[1*]Pt, and cis-[3*]Pt: The
crystal was stored under perfluorinated ether, transferred into a
Lindemann capillary, fixed, and sealed. Preliminary examination
and data collection were carried out as described above for each
complex. Neutral atom scattering factors for all atoms and anoma-
lous dispersion corrections for the non-hydrogen atoms were taken
from the International Tables for Crystallography.[12d] All calcula-
tions were performed on an Intel Pentium II PC, with the STRUX-
V system, including the programs PLATON, SIR92, and
SHELXL-97.[12]

CCDC-613903 to -613913 contain the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.
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