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Abstract

The reactions of the sterically demanding group-13 alkyls ER; (E = Al, Ga, In; R = CH, #-Bu, CH,SiMes) with the platinum-
complex [(dcpe)Pt(H)(CH,z-Bu)] were re-investigated. The bimetallic compounds [(dcpe)Pt(ER,)(R)] (3: E = Ga, R = CH,SiMe;;
5: E = In, R = CH,¢-Bu; dcpe = bis(dicyclohexylphosphino)ethane) with direct o(Pt—-E) bonds were obtained by oxidative addition
of an E-C bond to the coordinatively unsaturated fragment [(dcpe)Pt] produced in situ by thermolysis of the starting complex
[(depe)Pt(CH»2-Bu)(H)]. The single crystal structure determination reveals a Pt—-Ga bond length of 2.376(2) A and a Pt-In bond
length of 2.608(1) A. All new compounds were characterised by elemental analysis, >'P and '*’Pt NMR spectroscopy. Interestingly,
the Pt-Ga compound 3 slowly transforms into the platinum alkyl/hydride isomer {(dcpe)Pt(,-H)[CH,Si(CH3), CH,Ga(CHa,.
SiMe;),]} (4) during crystallization from solution at room temperature. The X-ray single crystal structure analysis revealed both
complexes 3 and 4 coexisting in the unit cell in a 1:1 relation. The inaccessibility of analytically pure samples of the Pt—Al complex
{(dcpe)Pt[AI(CH,#-Bu),](CH,#-Bu)} (6), postulated as intermediate of the reaction of [(dcpe)Pt(H)(CH,#-Bu)] with AI(CH,#-Bu) on
the basis of *'P and '°’Pt NMR data, is attributed to an enhanced tendency to isomerisation into the alkyl/hydride Pt/Al congener of
4. A brief DFT analysis of the bonding situation of the model complex [(dhpe)Pt(GaMe,)(Me)] (IM) revealed, that the contribution
of n(Pt-Ga) back-bonding is negligible.
© 2004 Published by Elsevier B.V.

1. Introduction

Structural data of the first bimetallic complexes with
direct covalent o(Pt-Ga) and o(Pt-In) bonds,
[(dcpe)Pt{Ga(CH,z-Bu),} (CH,z-Bu)] (1) and [(dcpe)P-
t{In(CH,SiMej3),} (CH,SiMes)] (2), respectively, have
been reported as preliminary short communications by
Fischer et al. [1,2] more than a decade ago. The original
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motivation of these studies arose from the idea to use
such mixed metal compounds as “‘single-source” precur-
sors for intermetallic materials predominantly using Me-
tal Organic Vapor Deposition [3,4]. But, because of the
involatility of 1 and 2, the interest into these type of Pt—
E compounds ceased. In parallel however, starting by
the mid 1990s, heterometallic compounds exhibiting
bonds between transition-metals and group-13-metals
aluminium, gallium and indium gained more general
attention as objects for theoretical studies on metal-
metal donor acceptor bonds M « E including the dis-
cussion of n-type backbonding and multiple bond effects
[5-8]. This renewed interest in that chemistry was
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initiated by the availability of stable low valent, carbene-
like compounds E'R (E=Al, Ga, In; R=Cp’,
C(SiMejy);, etc.), pioneered by H. Schnockel, W. Uhl
and others which opened a new field of group-13 transi-
tion metal coordination chemistry [4,9]. The new ‘“‘me-
tallic” ligands E'R (in metaphoric contrast to typical
“none-metallic” ligands such as phosphanes) revealed
a coordination chemistry similar to CO and phosphanes
PR;. For example, we reported on a series of group-13
metal rich platinum compounds of PtE, stoichiometry,
namely the tetrahedral Pt® complexes [(dcpe)Pt(ECp*)]
and [(dcpe)Pt{EC(SiMes);},] [10a,b] containing the
group-13 metal in the formal low oxidation state E'
rather than E'™ as in the case of the square planer Pt"
complexes 1 and 2. The platinum group-13 metal chem-
istry is somewhat unique in the sense, that it allows a
quite comprehensive study of the coordination chemis-
try of both fragments, E'R and E'"'R, at the same tran-
sition metal centre. This situation is also nicely
illustrated by the existence of the homoleptic complexes
[Pt(ER)4] (E = In[C(SiMe3);], GaCp®) [10c,d] and the
dinuclear cluster [Pt,(GaCp®)s] [10e]. Most recent results
on the related series of clusters M(E'Cp*), (M = Pd, Pt;
E = Al, Ga, In; ¢ = 2, 3) including a discussion of their
fluxional behaviour in solution and ligand exchange
reactions have been communicated elsewhere [11]. Inter-
estingly, it was found, that low coordinated congeners
[Ni(AlCp™)s], which are thought to exist as intermediates
in the course of the synthesis of the saturated
[Ni(AICp*)4], show interesting reactivity and activate
aromatic C-H bonds and Si-H bonds, for example
[12]. This kind of transition metal aluminium chemistry
holds promise for even more unusual observations, as
the structures of [M(AICp*)s] (M = Fe, Ru) [13] again
turned out to exhibit more complexity as initially
thought: Two C-H bonds of the methyl groups of the
Cp*-ligands are activated and the coordination sphere
around the metal centres contain only three unchanged
Al' Cp* ligands besides two AI'"! centers being linked
to M by hydride M-H-Al bridges in addition to M—Al
donor acceptor bonds. This situation appears to be quite
similar to the complex [(Cp*Al);Ni(u-H)AI(m'Cp*)(Ph)]
mentioned above [12]. In addition, we recently found a
related and intriguing example of C-C bond activation
most likely taking place at the low valent main group
center E (Al, Ga) rather than involving directly the tran-
sition metal center in the case of the rearrangement of
[Cp*Rh(CH3),(ECp")] into the zwitterionic rhodenoce-
nium/gallanate complexes [Cp*Rh{n>-CsMes(GaMe;)}]
[14]. Our attention was thus drawn back to our older
work on Pt-ER, species (exhibiting E'™ rather than
E') mentioned above in order to now study in more de-
tail the reactivity of the group-13 alkyls ER; (E = Al,
Ga, In; R = CH,t-Bu, CH,SiMe;) with the platinum
complex [(dcpe)Pt(H)(CH,t-Bu)], particularly address-
ing the synthesis and spectroscopic characterization of

the aluminium congener of 1 and 2, namely [(dcpe)P-
t{Al(CH,#-Bu),}(CH,#-Bu)] (6) and aiming at a more
general comparison of the Pt"-E™ bonded systems with
the related Pt"—E! examples [(dcpe)Pt(ER),] (R = Cp*,
C(SiMe3);) [10a,b].

2. Results and discussion
2.1. Synthesis

We reinvestigated the formation of the previously re-
ported compounds 1 and 2 and synthesised the new
congeners 3, 5 and 6 by the reaction outlined in Scheme
1. Thermolysis of the platinum alkyl/hydride complex
[(decpe)Pt(H)(CH,z-Bu)] in solution at 70-90 °C follow-
ing a procedure described by Whitesides et al. results in
the generation of the intermediate [(dcpe)Pt] via a rate
determining, unimolecular neopentane elimination.
This highly reactive and electronically unsaturated 14e
fragment is well known to undergo various oxidative
addition reactions including the activation of sp*-C—H
bonds and the addition of Si—C bonds [15]. According
to Scheme 1 a formal oxidative addition of an E-C
bond of ER; (E=Al Ga, In; R=CH,t-Bu; and
E =Ga, In, R = CH,SiMe3) to [(dcpe)Pt] is possible
and the Pt-Ga and Pt-In compounds 1-3 and 5 were
quantitatively formed (as confirmed by in situ *'P
NMR spectroscopy) and isolated as crystalline, analyt-
ically pure samples with satisfying yields around 60—
80%. It should be noted, that a significant excess of
ER; (about 2-fold) is necessary for a selective forma-
tion of the Pt-E complexes. When the reaction was
conducted with a 1:1 stoichiometry of [(dcpe)Pt(H)-
(CH,¢-Bu)] and ERj in a suitable hydrocarbon solvent
(such as methylcyclohexane) the undesired CH-activation
of the solvent took place to a significant extent (ob-
served by *'P NMR) and the isolation of pure products
was impossible. The isolation of a pure sample of the
aluminium homologues 6-7, and the growth of single
crystals suitable for X-ray diffraction studies, failed to
our surprise and disappointment. But the existence of
6 is substantiated by NMR spectroscopy (see the discus-
sion below). In addition, when simple alkyls ER} were
employed with the small alkyl groups R’ = Me, Et, i-
Bu rather than E(CH,¢-Bu); and E(CH,SiMes); the ex-
change of the alkyl and hydrido group at the Pt centre
was observed without hints for C-H side products.
The quantitative formation of symmetrically substituted
[(dcpe)PtR)] occurred (*'P NMR) and no stable com-
plexes of the type [(dcpe)Pt(ER)(R')] could be isolated
or detected. Sterically demanding groups R (without (-
H-atoms) seem to be a stringent requirement to obtain
the Pt—E bonded complexes using our synthetic strategy
of trapping the [L,Pt] fragment.
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Scheme 1.

Interestingly, in the case of monosilyl groups
(CH,SiMes) at the gallium centre instead of neopentyl
(CH,t-Bu) a consecutive reaction gains importance,
leading to the formation of a hydride isomer of 3 with-
out a direct Pt—-Ga bond as is shown for compound 4.
The monosyl substituted Pt-Ga compound [(dcpe)Pt
{Ga(CH,SiMes),}(CH,SiMe;)] (3) partly rearranges
into a complex of the formula [(dcpe)Pt(p,-H)
{CH,Si(CHj3), CH,Ga(CH,SiMes),}] (4). We detected
this by the very, very slow crystallization of the reaction
product within a time span of a number of months (!) at
—30 ° C being contained in a tightly sealed vessel. The
very same effect can be observed by prolonged heating
of the actual reaction mixture after the quantitative for-
mation of 3 (by *'P NMR). However it was not possible
to quantitatively transform isolated, pure 3 into pure 4
upon heating in methylcyclohexane solution. This indi-
cates, that the isomers 3 and 4 coexist in a temperature
dependent equilibrium (But we did not attempt to study
this equilibrium quantitatively). Our interest concen-
trated on the synthesis and structural characterisation
of the title compounds and we therefore did not attempt
to elucidate the mechanistic details of the reaction of
ERj; and ER] with [(dcpe)Pt(H)(CH,z-Bu)], so far. How-
ever, we wish to present a comment on possible mecha-
nistic alternatives. Two reaction pathways are
imaginable. One possibility is the intramolecular reduc-
tive elimination of GaRj; from complex 3 followed by
an intermolecular oxidative addition of a y-C-H bond
of the GaRj3 unit to the [(dcpe)Pt] intermediate, which
is well known for it’s C—H-activating properties. An-
other pathway includes an intramolecular oxidative
addition of the y-C—H bond of the coordinated GaR,
fragment to the Pt centre, followed by the again intramo-
lecular reductive elimination of the (R),Ga[CH,.
Si(CH3),CH»] unit under retention of the Pt-C and
Pt-H bonds formed in the first step of the rearrange-
ment. If we take into account, that if pure 3 rearranges
into 4 and a free intermediate [(dcpe)Pt], this latter spe-
cies, if formed, would certainly also attack the solvent
C-H bonds, as we observed in the case of the 1:1 reac-
tion between GaR; and [(dcpe)Pt(H)(CH»z-Bu)], it

seems, that a stepwise mechanism involving the reduc-
tive elimination of GaRj, i.c., the reverse of the forma-
tion reaction of 3, is not a very likely explanation of
the peculiar rearrangement. We thus favour an intermo-
lecular pathway. It should be noted also, that in case of
the compounds E'R” (R” = Cp* and C(SiMe;)3), which
contain a lot of C—H bonds, we did not observe any
hints for side products which stem from C-H activation
in the periphery of the R” substituents. The ER” ligands
effectively trap the in situ formed fragment [(dcpe)Pt] to
yield the coordinatively saturated 18e tetrahedral com-
plexes [(dcpe)Pt(ER”),], which proved dissociation
stable.

The tendency of the title compounds [(dcpe)
Pt(ER,)(R)] to undergo the described rearrangement
rises following the order In<Ga <Al and CHo,-
t-Bu < CH,SiMejs, which was estimated based on in situ
3P and '”Pt NMR studies (see below). So, for both in-
dium compounds 2 and 5 and the neopentyl gallium
complex 1 the formation of a hydridic Pt/E complex
was not observed. However, this rearrangement is rather
important forthe reaction of AIR; with [(dcpe)Pt(H)-
(CH,t-Bu)] which causes the inaccessibility of pure sam-
ples of 6 and 8. We thus failed to obtain suitable crystals
for structure elucidation of the aluminium congeners 6
and 8 of the Ga compounds 1 and 2. Also, due to the
extreme sensitivity to moist air, we failed to obtain sat-
isfactory elemental analysis of 6 and 8. However, the
existence of the aluminium complex [(dcpe)
Pt{AI(CH,z-Bu),}(CH,#-Bu)] (6), is evident on the basis
of the *'P and Pt NMR data (no signals for 2’Al
NMR) in comparison to the spectra of the known com-
pounds of analogue structure. Complex 6 rather rapidly
transforms into the platinum alkyl/hydride isomer 7 in
solution. Because of the similar time scales of the forma-
tion of 6 and the consecutive reaction and the very slow
crystallisation from the reaction solution, it was impos-
sible to obtain pure samples of 6 or 7 for further analyt-
ical characterisation. Unfortunately, we were not lucky
again to obtain a perfect 1:1 mixed crystal as in the case
of 3 and 4, whatever we tried. Most interestingly, the
reaction of [(dcpe)Pt(H)(CH,-Bu)] with AI(CH,SiMes)s
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gave no hints at all for the formation of a Pt-Al
product compound of the formula [(dcpe)Pt{Al(CH,Si-
Mejs), } (CH,SiMes)] (8). Instead the formation of a mix-
ture of two different Pt-H species of so far unknown
structure, was observed by in situ *'P NMR
spectroscopy.

2.2. Spectroscopic characterization

Pt—E compounds. Table 1 summarises the *'P and the
195pt NMR spectroscopic data of all new compounds
presented in this study. Similar to the data found for 1
and 2 the *'P NMR spectrum of (dcpe)Pt[Ga(CH,Si-
Me;),](CH,SiMes) (3) shows two sets of singlets with
199pt satellites at 76.6 (Jpi_p(eisy = 2589 Hz) and 66.4
(Jpe_p(rans) = 1594 Hz). These can be assigned to the
two phosphorous atoms in cis and ftrans position of
the nearly square planar platinum compounds, regard-
ing the ER; ligand. As expected and in contrast to the
starting compound [(dcpe)Pt(H)(CH,z-Bu)] (0 = 76.6,
bt peisy = 1655 Hz; 63.7, 'Jppiransy = 1799 Hz, *Jp_
H(rans) = 195 Hz) no coupling 2Jp 11 was observed for
compound 3. The expected coupling Jp p could not
be resolved for any of the complexes. The phosphorous
coupled "*Pt{'"H} NMR spectrum of 3 displays a dou-
blet of doublets at about 6 —4735 and the values for the
coupling constants 'Jp._p are consistent with the respec-
tive *'P NMR data.

Similar to the signals observed for Pt-Ga compound
3 the *'P NMR spectrum of {(dcpe)Pt[In(CH,z-
Bu),](CH,#-Bu)} (5) shows two sets of singlets with
199pt satellites at 75.9 (Jpip(eis = 1788 Hz) and 73.6
(Jpep(ransy = 1691 Hz). The 195pt {"H} NMR spectrum
of 5 shows a doublet of doublets at 6 —4611 which is
in good agreement with the chemical shift observed for
the gallium neopentyl compound 1 (6 —4687).

In analogy to the data found for compounds 1 and 5
the *'P NMR spectrum of the crude product obtained
from the reaction of [(dcpe)Pt(H)(CH,z-Bu)] and
Al(CH,#-Bu); after the evaporation of all volatile sub-
stances shows two sets of singlets with '*°Pt satellites

Table 1
31p and Pt NMR spectroscopic data for complexes 3-7*
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at 74.6 (Jpi_p(cisy = 3158 Hz) and 66.1 ppm (Jp¢ p(rrans) =
1222 Hz). In the »sPt NMR spectrum of 6 a doublet of
doublets was observed at 6 —4970. These date support
the existence of the complex (dcpe)Pt[Al(CH,z-
Bu),](CH,#-Bu) (6). Longer reaction times or attempts
to crystallize the isolated crude product at room temper-
ature in a glove box over days led to a consecutive reac-
tion and the formation of a second species 7. This
compound seems to exhibit a Pt—H bond, based on the
NMR data, and thus a structure similar to the gallium
compound 4. The spectra of 7 are discussed below to-
gether with the data for the corresponding gallium mon-
osyl compound 4.

Pt-hydride compounds. *'P and Pt NMR data of
the H-bridged compound {(dcpe)Pt(u,-H)[CH,Si(CH3),
CH,Ga(CH,SiMe;),]} (4) were obtained from a sample
of the complete amount of substance, from which the
crystals for the X-ray analysis originated, after evapora-
tion of all volatiles and resolution in C¢D¢. These data
were compared with a sample obtained by prolonged
heating of a mixture of [(dcpe)Pt(H)(CH,z-Bu)] and
Ga(CH,SiMes;); after complete consumption of the
starting platinum complex. The NMR data of the sam-
ple from which the crystals originated confirmed a com-
position of the substance of 3 and 4 in a relation of
about 1:1 in full agreement with the composition of
the unit cell of the crystal structure. Besides the signals
of compound 3 (see Table 1) the proton coupled *'P
NMR spectrum reveals another singlet with '*°Pt satel-
lites at & 74.6 (Jpep(cisy = 1857 Hz) and a doublet with
199pt satellites at 65.6 (Jpr_p(rans) = 2679 Hz). For the
signal at 6 65.6 coupling constant ZJP,H(,,,,MS) of 133 Hz
was observed, typical for platinum hydride compounds.
As the *'P NMR data of [(dcpe)Pt(H)(CH,SiMes)]
(6=76.7, "Jor peisy = 1994 Hz; 63.7, "Jor pirans) = 1779
Hz) are known by literature [16], the formation of this
compound by simple alkyl substitution could be clearly
ruled out. The '*°Pt {'"H} NMR spectrum of 4 displays a
doublet of doublets at 6 —5004 whereas the values for
the coupling constants 'Jp, p are again consistent with
the respective *'P NMR data. In the corresponding

Complex 3P NMR (6, Jp,_p/Hz, 2Jp_11/Hz) 195pt NMR (3, 'Jp, p/Hz, 'Jp, 1a/Hz)

3 76.6 (s), 2589, - —4735 (dd), 2580, -
66.4 (s), 1594, - 1584

4 74.6 (s), 1857, - —5004 (dd), 1867, 866
65.6 (s), 2679, 133 2670

5 75.9 (s), 1788, - —4611 (dd), 1777, -
73.6 (s), 1691, - 1691

6 74.6 (s), 3158, - —4970 (dd), 3268, -
66.1 (s), 1222 - 1204

7 72.4 (s), 1548, - —4974 (dd), 1515, b
64.0 (s), 2842, 128 2831

& Recorded in Cg¢Dg.

® The coupling constant 'Jp,_j; could not be determined, as a mixture of 6 and 7 was measured, which caused superpositions of the relevant signals.
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proton and phosphorous coupled Pt NMR spectrum
a doublet of doublet of doublets is observed indicating a
Pt-H coupling referring to a Pt—-H bond. The signals for
3 and 4 are distinctly separated in the '*>Pt NMR spec-
trum and the coupling constant ' Jpe 11 of 866 Hz could
be clearly designated.

As  mentioned  above, the  reaction of
[(dcpe)Pt(H)(CH»#-Bu)] and AI(CH,z-Bu); led to the
formation a compound of the proposed formula
{(dcpe)Pt[Al(CH,z-Bu),](CH,#-Bu)} (6) followed by
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the facile transformation into a consecutive species 7
within some days of storage of a solution of 6 in benzene
at room temperature. Besides the signals of compound 6
the *'P NMR spectrum of that mixture reveals a singlet
with '°°Pt satellites at 6 72.4 (Jpt_p(eisy = 1548 Hz) and a
doublet with Pt satellites at 64.0 (JPep(rrans) = 2842
Hz, 2JP,H(,W,S) 128 Hz) assigned to a Pt-H species 7
(Fig. 1).

The Pt {'"H} NMR spectrum of the mixture dis-
plays a doublet of doublets at § —4970 assigned to 6
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Fig. 1.

3P NMR spectra of 6 (above) and a mixture of 6 and 7 (below). See Table 1 for the assignment: 6, labels ¢ and e; 7 labels © and oo.
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Table 2
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Summary of crystal structure data for complexes 3, 4 and 5§

3 and 4

5

Empirical formula
Molecular weight
Crystal size (mm)
Crystal colour, habit
Crystal system

C3gHglGaP2PtSi
949.07
0.24x0.18x0.15
Colourless needles
Triclinic

C41Hg]InP2Pt . C6H6
1024.05

0.28 x0.20x 0.15
Yellow rhombus
Triclinic

Space group Pl P1

Unit cell dimensions

a(A) 14.27(2) 11.120(2)
b (A) 16.26(2) 12.066(2)
¢ A) 21.14(2) 20.239(3)
o (A) 76.64(2) 83.725(2)
B (A) 71.9(2) 83.537(2)
7 (A) 89.65(2) 65.201(2)
V(A% 4529(8) 2443.5(5)
Peate. (g cm ™) 1.356 1.386

z 4 (2%x3+2x4) 2

(Mo Ko (mm™") 3.853 3.425
F(000) 1864 1044

0 range for data collection (°) 191<0<2572 1.86 < 0<27.57
Reflections collected 19353 15155
Unique reflections 14873 10792
Rin 0.0443 0.0961
Observed reflections 11333 8880

No. of parameters 833 469
Final R? 0.0545 0.0838
R,” 0.1387 0.2588
GooF 1.032 1.373
Residual extrema in final diff. map (e /0\’3) 2.662 to —2.046 5.122 to —6.621
Diffractometer used Bruker-axs-SMART 1000, Graphit-Monochromator

Programs used SHELXS-97, SHELXL-97

Structure refinement Full-matrix least-squares on F>

" R=YF, — FUISIFY 2
b Ry = [ w(E2 — F2 ) S w(Fo)?).

&

Fig. 2. Molecular structure of {(dcpe)Pt[Ga(CH,SiMes),](CH,- Fig. 3. Crystal structure of {(dcpe)Pt[In(CH,z-Bu),]J(CH,z-Bu)} (5) in
SiMes)} (3) in the solid-state (ORTEP drawing, the thermal ellipsoids the solid-state (ORTEP drawing, the thermal ellipsoids are shown at
are shown at the 50% level). the 50% level).
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and another one at § —4974 assigned to 7. The values for
the coupling constants 'Jp,_p are in agreement with the
respective *'P NMR data. In the corresponding '*°Pt
NMR spectrum again a multiplet is observed, indicating
a further Pt—-H coupling referring to a Pt-H bond of
compound 7. However, the superposition of the '*°Pt
NMR signals for 6 and 7 did not allow a satisfying
determination of the coupling constant 'Jp, p. These
NMR data at least represent a hint for the possible for-
mation of a hydridic species of the composition
{(depe)Pt(po-H)[CH,C(CH:),CH,AI(CHat-Bu), ]} (7)
with a structure being probably similar to the structure
observed for compound 4.

2.3. Crystal structure analysis

2.3.1. Discussion of the structural features of the new
Pt—E complexes 3 and 5

The crystallization of a mixture of {(dcpe)Pt[Ga(CH,-
SlMe3)2](CHQSIM33)} and {(dee)Pt(Mz-H)[Cstl (CH3)2-
CH,Ga(CH,SiMe3),]} (3 and 4 Fig. 2, Table 3) resulted
in the formation of colourless needles (mixed crystal of
3 and 4, triclinic space group P). Compound {(dcpe)P-
t[In(CH,z-Bu),](CH,#-Bu)} (5, Fig. 3, Table 4) crystal-
lizes as yellow rhombs (5) in the triclinic space group P
(Table 2). The molecular structures of 3 and 5 are as ex-
pected and quite comparable to the structures of the
homologous complexes {(dcpe)Pt[Ga(CH,z-Bu),](CHz-
Bu)} (1) and {(dcpe)Pt[In(CH,SiMes),] (CH,SiMe;)}
(2) [1,2]. They are derived from the basic square planar
structure of the starting compound [(dcpe)Pt(H)(CH,t-
Bu)] by a exchange of the neopentyl and hydride ligands
by the ER, and R units.

Coordinative environment of the Pt centre. The five-
membered ring structure of the platinum diphosphine
chelate unit of the starting compound is retained within
the products. The platinum centres of 3 and 5 are coor-
dinated in a distorted square planar mode by two phos-
phine ligands, an alkyl group (monosyl or neopentyl)
and the group 13 dialkyl unit ER, (E = Ga, In;
R = CH,SiMes, CH,¢-Bu). The deviations of the atoms
E(1) and C(27) from co-planarity regarding the plane
defined by Pt(1), P(1) and P(2) are of marginal order.
This is also revealed by the angular sums around the

Table 3

Selected bond distances (A) and bond angles (°) of compound 3
Pt(1)-Ga(l) 2.376(2) P(1)-Pt(1)-P(2) 86.9(1)
Pt(1)-P(1) 2.214(3) Ga(1)-Pt(1)-C(27) 73.2(3)
Pt(1)-P(2) 2.290(3) P(1)-Pt(1)-Ga(l) 97.66(8)
Pt(1)-C(27) 2.133(9) P(2)-Pt(1)-C(27) 102.5(3)
Ga(1)-C(31) 1.98(1) P(1)-Pt(1)-C(27) 170.5(3)
Ga(1)-C(35) 1.97(2) P(2)-Pt(1)-Ga(1) 171.91(6)
Ga(l)---C(27) 2.694 Pt(1)-Ga(1)-C(31) 123.1(3)
P(1)-C(1) 1.82(1) Pt(1)-Ga(1)-C(35) 125.1(4)
P(2)-C(2) 1.865(9) C(31)-Ga(1)-C(35) 111.5(5)

Table 4

Selected bond distances (A) and bond angles (°) of compound 5
Pt(1)-In(1) 2.608(1) P(1)-Pt(1)-P(2) 86.7(1)
Pt(1)-P(1) 2.265(3) In(1)-Pt(1)-C(27) 90.4(3)
Pt(1)-P(2) 2.295(3) P(1)-Pt(1)-In(1) 88.46(8)
Pt(1)-C(27) 2.137(9) P(2)-Pt(1)-C(27) 95.2(3)
In(1)-C(32) 2.23(2) P(1)-Pt(1)-C(27) 175.8(3)
In(1)-C(37) 2.22(1) P(2)-Pt(1)-In(1) 168.78(8)
In(1)---C(27) 3.382 Pt(1)-In(1)-C(32) 127.7(4)
P(1)-C(1) 1.83(2) Pt(1)-In(1)-C(37) 118.94)
P(2)-C(2) 1.90(2) C(32)-In(1)-C(37) 112.8(5)

Pt centres. They are almost 360° in both cases. The
cyclohexyl substituents are slightly bent backwards. As
this was also found in the case of the sterically less
crowded starting compound, the intramolecular interac-
tions with the sterically demanding ER, units seem not
to be the determining factor for this observation. The
Pt(1)-C(27) bond length of 2.133(9) A (3) and 2.137(9)
A (5) are in the typical range of Pt-C bonds and nearly
identical with the Pt—C bond length of 2.125(5) A in the
starting compound [(dcpe)Pt(H)(CH,zz-Bu)]. An inter-
esting feature is the significant trans-influence of the
ER, units on the Pt-P,.,, bond length. The gallium
compounds 1 and 3 exhibit a A(Pt-P;gsans) of about
0.070 (£ 0.005) A and the indium congeners 2 and §
show a smaller difference of 0.037 (£ 0.005) A. The
longer Pt-P,,,,, bonds expectedly correspond to smaller
1J(Pt—P,,.ns) coupling constants (see Table 1). The Pt-Al
complex 6 exhibits the smallest 'J(Pt—P,,,,) of 1222 Hz
which should correspond to a value of A(Pt-P israns) >
0.070 A (as observed for 1 and 2). But unfortunately
structural data for 6 could not be obtained.

Coordinative environment of the group 13 metal cen-
tres. The environment of the Ga and In centers of com-
pounds 3 and 5 is strictly planar, as was also found for
complexes 1 and 2. The angular sums around the Ga
and In centres are 360° in both cases. The Ga and In
atoms lie within the planes C(31)-C(35)-Pt(1) (3) and
C(32)-C(37)-Pt(1) (5), respectively. Due to the different
steric requirements and the difference of the Pt-E and
E-C bonds, the angles between the ligators (Pt, C, C)
at the group 13 metal centre deviate from the ideal trig-
onal planar symmetry: the angles C-E-C amount to
111.5(5)° (3) and 112.8(5° (5) (1: 116.7(6)°; 2:
103.0(1)°). The angles C-E-Pt amount to 123.1(3) and
125.1(4)° for (dcpe)Pt[Ga(CH,SiMe3),](CH,SiMes) and
118.9(4) and 127.7(4)° for {(dcpe)Pt[In(CH,z-Bu),]
(CH,t-Bu)} (1: 121.4(5) and 121.8(4)°; 2: 133.71(8) and
123.06(8)°).

Torsion of the plane ER, relative to the plane P,Pt.
The orientation of the plane ER, relative to the plane
P,—Pt is also a relevant feature. The Pt-Ga complex 3
(monosyl) exhibits a dihedral angle P(1)-Pt(1)-Ga(1)-
C(31) of 89.4° quite different from 1 (neopentyl) with
123.4°. For the Pt-In compound 5 (neopentyl) a dihe-
dral angle P(1)-Pt(1)-In(1)-C(32) of 107.3° has been
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found which is different from the value of 93.6° for 2
(monosyl). The variation of the orientation of the ER,
units within the solid-state structure may be related
mainly to the steric influence of the organic ligand at
the group 13 metal centre regarding the minimization
of the steric repulsion between R and the cyclohexyl
groups of the phosphine ligand as well as being control-
led by the packing of the molecules in the crystal. How-
ever, electronic reasons may be important to some
extent, too (i.e., Pt—E back bonding, see below).

The Pt-E bond. The Pt-Ga bond length of 3of
2.376(2) A is somewhat shorter compared to the situa-
tion in compound 1 (2.438(1) A), the only other example
of a Pt-Ga compound containing a Ga centre in a for-
mal oxidation state of +III. For comparison, the Pt-
Ga bond length of the complexes [(dcpe)Pt(GaR),]
(R =Cp", C(SiMe3);) and [Pty(p,-GaCp)3(GaCp7),]
with the Ga' ligand and coordination numbers (CN)
at the Ga centre 4 and 5 (if the Cp” ligand is counted
with a CN of 3) display a range between 2.315(1) and
2.465(1) A [10a,b,e]. The estimated sum of the covalent
radii in complex 3 amounts to 2.59-2.65 A, while the
shortest Pt-Ga distances in Pt/Ga phases were reported
to lie around 2.45 A [17]. However, the Pt-In distance
of 2.608(1) of complex 5 is identical with the Pt-In bond
length in {(dcpe)Pt[In(CH,SiMe;),](CH,SiMes)}
(2.601(0) A) [2], but longer in comparison to the com-
plexes {Pt[InC(SiMes);]4} [10c] and [(dcpe)Pt(InCp*),]
[10b] with In' centres displaying Pt-In bond lengths in
a range of 2.441(2)-2.569(1) A.

2.3.2. Discussion of the structural features of the H-bridged
complex 4

It has already been mentioned, that in the particular
sample successfully used for growing crystals of complex
3 the actual single crystal diffraction study surprisingly
revealed the coexistence of 3 and {(dcpe)Pt(p,-
H)[CH,Si(Me),CH,Ga(CH,SiMes),]} (4), in the unit
cell of the crystal. The H atom attached to the Pt centre
is also quite close to the Ga centre and could be found in
the difference fourier synthesis and its position was
freely refined (see Fig. 4, and Table 5).

Coordinative environment of the platinum centre. The
coordination of the Pt centre of 4 closely resembles the
square plane arrangement of the parent complex
[(decpe)Pt(H)(CH,z-Bu)]. The angular sum around the
Pt(2) centre amounts to 358° (the Pt and Ga atoms of
4 were denoted by the index (2) in order to differentiate
them from the metal centres Pt(1) and Ga(l) of com-
pound 3 present within the same unit cell). The confor-
mation of the H-Pt-CH,-Si(Me),~CH,~Ga(CH,Si-
Mes), moiety created by the H atom bridging the Pt(2)
and the Ga(2) atom resembles a twisted arrangement
(Fig. 5). The bridging Pt-H distance of 1.75(10) A ex-
ceeds distinctly the one reported for the terminal Pt-H
bond of [(depe)Pt(H)(CH,z-Bu)] (1.56(5) A) [14].

c6Gn
C(39)
CHo ~2

Fig. 4. Molecular structure the H-bridged Pt/Ga complex 4 of a co-
crystallized sample of 3 and 4. Both complexes 3 (see Fig. 2) and 4 were
found within the unit cell in a relation of 1:1. (ORTEP drawing, the
thermal ellipsoids are shown at the 50% level).

Table 5

Selected bond distances (A) and bond angles (°) of compound 4
Pt(2)-H(1) 1.75(10) C(65)-Pt(2)-H(1) 80(3)
Pt(2)---Ga(2) 3.084(3) P(3)-Pt(2)-P(4) 87.9(1)
Pt(2)-P(3) 2.204(3) P(3)-Pt(2)-C(65) 92.3(3)
Pt(2)-P(4) 2.226(3) P(4)-Pt(2)-H(1) 98(3)
Pt(2)-C(65) 2.084(9) P(3)-Pt(2)-H(1) 170(3)
Ga(2)-H(1) 1.83(10) P(4)-Pt(2)-C(65) 173.3(3)
Ga(2)-C(68) 2.00(1) C(68)-Ga(2)-H(1) 83(3)
Ga(2)-C(69) 2.00(2) C(69)-Ga(2)-H(1) 120(3)
Ga(2)-C(73) 1.97(1) C(73)-Ga(2)-H(1) 94(3)
P(3)-C(39) 1.824(9) C(68)-Ga(2)-C(69) 114.1(5)
P(4)-C(40) 1.833(9) C(68)-Ga(2)-C(73) 122.8(5)
Pt(2)-H(1)-Ga(2) 119(3) C(69)-Ga(2)-C(73) 116.1(5)

Coordinative environment of the Ga centre. The coor-
dinative environment of the Ga centre is almost planar
but may be also described as a base centred tetrahedron
in comparison to regular tetrahedral gallanates like
K[Ga(CH,SiMe3);H] [18,19] with a angular sum of
333.9° regarding the three alkyl groups. The three C,
atoms of the alkyl substituents of 4, C(68), C(69) and
C(73) surround the Ga(2) centre in a nearly trigonal
plane fashion, leading to a angular sum of 353° as it is

Fig. 5. The twisted conformation of the H-Pt-CH,-Si(Me),~CH,—
Ga(CH,SiMejs), moiety of compound 4.
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Fig. 6. Calculated structure of the model compound 1M (SCHAKAL plot).

Table 6 .
Selected bond distances (A) and bond angles (°) of model compound
[(dhpe)Pt(GaMe,)(Me)] 1M

Pt(1)-Ga(l) 2.444 P(1)-Pt(1)-P(2) 85.24
Pt(1)-C(3) 2.156 P(2)-Pt(1)-C(3) 103.04
Pt(1)-P(1) 2.285 P(1)-Pt(1)-C(3) 171.63
Pt(1)-P(2) 2.426 P(1)-Pt(1)-Ga(l) 104.39
Ga(1)-C(4) 2.006 P(2)-Pt(1)-Ga(l) 170.24
Ga(1)-C(5) 2.006 Pt(1)-Ga(1)-C(d) 121.55
Ga(l)---C(3) 2.253 Pt(1)-Ga(1)-C(5) 121.09
Ga(1)-Py(1)-C(3) 67.37 C(4)-Ga(1)-C(5) 117.35

observed for the free tris(trimethylsilylmethyl)gallium
[20]. Apparently the coordinative influence of the H
atom on the GaRj unit as a donor is rather weak. In
comparison to the Ga—H distance of 1.494 A reported
for K[Ga(CH,SiMes);H] the Ga-H distance of
1.83(10) A of compound 4 is significantly longer. How-
ever, the Ga—H distance still lies within the region ex-
pected for neutral H-bridged gallium compounds [21].
The particular conformation of the six membered heter-
ocycle defined by Pt(2), C(65), Si(4), C(68), H(1) and the
angle Ga(2)-H(1)-Pt(2) of 119(3)° may be consequence
of intramolecular steric restraints as well as crystal pack-
ing effects. However, we did not attempt to elucidate this
issue in detail (see Fig. 6).

3. Theoretical calculations on the model compound {(dhpe)-
Pt[Ga(CH;).I(CH3)} 1M

The complexes of the type [(dcpe)Pt(ER),(R)] reveal
a formally empty p-acceptor orbital p.(E) at the group
13 metal centre. For this reason it seems to be interesting
to elucidate the possibility of the presence of Pt-E dn—
pm interactions. A comparison could be drawn to the

isovalence electronic platinum silylene complex frag-
ment [(PCys),(H)Pt=Si(SEt),]* reported by Tilley and
co-workers [22,23] some time ago with an as well nearly
orthogonal arrangement of the Si(SR), and the L;Pt
plane. Theoretical calculations on the basis of this sys-
tem reveal a good overlap of the Si, orbital and the Pt
orbitals of suitable symmetry. However, no significant
population of the = bond has been found (the low valent
Si centre is rather stabilized by n donation from the S
atoms). Our L3 Pt-ER, species does not posses n-donor
ligands at the group 13 metal centre E. So, the contribu-
tion of some Pt — E back donation is a reasonable
question, similarly to the situation of the silylene
complex [Cp*(PMe;),Ru=SiMe,|BPh} [22]. However,
the characterization of the Pt—E bonding situation
affords a detailed qualitative and quantitative analy-
sis of this problem via modern quantum chemical
methods.

We selected the model complex [(dhpe)Pt(Ga-
Me,y)(Me)] 1M (dhpe = 1,2 diphosphinoethane), in
which the cyclohexyl groups have been replaced by H
atoms and the neopentyl or monosyl moiety by a methyl
ligand (Me) for a first step towards more detailed quan-
tum chemical calculations. The geometry of 1M was
optimised with the DFT functional BP86, SVP basis sets
and a relativistic pseudopotential for Pt (Fig. 5, Table 6)
[24-32].

The comparison of the calculated interatomic dis-
tances and angles (Table 6) shows that the structural
data of 1M are in reasonable agreement with the ob-
served values for complex 1 [1]. The angular sums
around the Pt- and the Ga centre of 1M amount to ex-
actly 360° each, so that the metal centres are both coor-
dinated in a perfect plane mode. The dihedral angle of
the P,Pt-plane and the GaMe;-plane is 88.4-91.5°
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(P()-Pt(1)-Ga(1)-C(4) and P(1)-Pt(1)-Ga(1)-C(5),
respectively). Apparently, there is no significant intra-
molecular steric hindrance between the dhpe ligand
and the GaMe, moiety, thus, it can be concluded that
complexes of this type prefer an orthogonal arrange-
ment of the planes when steric restrictions are excluded.

There is one surprising feature of the model complex
IM worth mentioning: the short distance Ga(1)---C(3)
of 2.253 A. In contrast, the estimated sum of the cova-
lent radii is about 2.05 A and compares with the bond-
ing Ga-C distances of the compound {(dcpe)Pt
[Ga(CH,t-Bu),]J(CH2-Bu)} (1) are 2.00(1)-2.02(1) A.
However, in contrast to the model 1M, complex 1 exhib-
its a typical non-bonding distance Ga---C(27) of 3.149
A [1]. For the Pt-In compounds 5 the distances In—
Cbonding of 2.215-2.217 A and In-- 'C(27)non-bonding of
3.218 A were found and 2 reveals quite similar data:
In_Cbounding = 222(1)_223(2) A9 In--- C(27)non—bonding =
3.382 A. Interestingly, the complexes 1, 2 and 5 are all
stable against the rearrangement observed for 3 and sup-
posed for 6 and 7 involving the particular E-C bonds
and leading to the hydridic isomers. However, complex
3, which transforms into 4, exhibits an unusually short
distance Ga(1)---C(27) of 2.694 A. The dihedral angle
between the Ga(CH,SiMes), moiety and the P,Pt plane
is close to 90°. This situation is quite similar to the fea-
tures found for 1M. The structural similarity between 3
and 1M regarding the coordination of the GaR, moie-
ties lead us to the speculation, that the optimized struc-
ture of the model compound 1M could be regarded as a
late transition state on the path to the insertion of the Pt
centre of L,Pt into the Ga—C(3) bond of a ERj; unit.
From this perspective an aspect regarding the reactivity
of the sterically less demanding group 13 trialkyls to-
wards the [L,Pt] fragment becomes obvious. An oxida-
tive addition would be less effective in these cases as
compared with other possibilities, such as alkyl ex-
change reaction seems to be favoured. From this point
of view a high steric demand of the alkyl ligands at
the group 13 metal center seems to be a stringent

Table 7
NBO analysis of [(dhpe)Pt(GaMe,)(Me)] on the BP86/SVP level®

requirement for the stabilisation of this type of
compounds.

The bonding situation within the model compound
1M was analysed by the Natural Bond Orbital method
(Table 7). As expected, a relatively high partial charge
of +1.15 at the group 13 metal centre E of the Pt-Ga
bond represents a indication for an oxidation state of
the Ga atom of rather +11I. The GaR,-fragment carries
a weak positive charge (0.13), the Pt center (—0.10) as
well as the fragment [(dhpe)Pt(Me)] (—0.13) carry a
weak negative charge. The p(m)-population at the Ga
atom reveals a negligible order of magnitude of the
back-donation E « Pt of 0.09 electrons in comparison
to the net charge transfer of 0.21 electrons via o-dona-
tion E — Pt.

The Wiberg bond index P(Pt-Ga) of 0.48 refers to
nearly half a single bond, similar to the situation in
the Pt—-Ga compounds of the type [(dcpe)Pt(ER),]. Pre-
sumably as well a certain covalent part (shared electron)
as a donor—acceptor interaction contribute to the bond
formation.

4. Conclusions

We reported the synthesis and spectroscopic charac-
terization of bimetallic compounds of the type [(dcpe)Pt
(ER,))(R)] (E=Ga, R =CH,SiMe;; E=Al, In,
R = CH,#-Bu). The crystal structures of the correspond-
ing Pt-Ga and Pt-In compounds show the expected
square plane geometry. The Ga and especially the Al
complex show an interesting reactivity regarding consec-
utive reactions yielding a hydride bridged Pt/E species
that could be verified by *'P and '"°Pt NMR, IR as well
as by a crystal structure analysis in the case of the Pt/Ga
complex. A brief quantum-chemical analysis on the
structure and bonding situation of the model com-
plex [(dcpe)Pt(EMe,)(M)] revealed no significant back-
bonding from the transition metal to the gallium centre.

E gl(dhpe)Pt(Me)]  ¢(P)  ¢(B) q(Me) p(E)°  py(E)

p-(E)°  AgE)!  AgiE)  Age(B)'  AgMe)*  P(Pt-E)

Ga -0.13 —0.10 1.15 —0.51 0.13 0.29

Free GaMe, fragment®
1.03 —0.52 0.04 0.24

0.46 0.12 —0.09 +0.21 0.01 0.48

0.42

# Partial charges ¢, p-orbital populations, difference of the p-populations charges of the complexes and the free GaMe, fragment (calculated as a

radical) Dq, Wiberg bond index P.
® p(n) AO of E.

¢ Values for the free GaMe, fragment, calculated in the geometry of the complexes.
9 Negative values represent a higher electronic charge, and positive values represent a lower electronic charge in the complex relative to the free

GaMe, fragment.
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5. Experimental
5.1. General procedures

All manipulations were carried out under purified Ar
atmosphere using standard vacuum techniques. The sol-
vents were distilled over sodium and stored over molec-
ular sieves prior to use. Procedures described in the
literature were followed for the preparation of
[(dcpe)Pt(H)(CH,-Bu)] [15], Ga(CH,SiMes)s [33] and
In(CH,#-Bu); [34]. Elemental analysis were performed
by the Microanalytical Laboratory of the Ruhr-Univer-
sitdit Bochum. The NMR spectra were recorded in ben-
zene-dg at 298 K using a Bruker Avance DPX-250
spectrometer ('H, 250.1 MHz; '* C, 62.9 MHz; *'P,
101.3 MHz). Chemical shifts were referenced to the sol-
vent resonances (Cg Dg) as internal standards and ortho-
phosphoric acid as external standard, respectively.
Infrared spectra were recorded as KBr pellets using a
Perkin—Elmer 1720 X FT-IR spectrometer. Absorptions
are described as follows: strong (s), medium (m), weak
(w), and shoulder (sh).

5.2. Preparation of complex 3

A sample of 100 mg (0.145 mmol) [(dcpe)Pt-
(H)(CH,#-Bu)] and 192 mg (0.580 mmol) Ga(CH,.
SiMes); were combined and suspended in 0.4 mL of
methylcyclohexane in an evacuated and sealed NMR
tube. After the reaction mixture was heated 1 h at
85-90 ° C gas evolution stopped and the reaction
was complete according to the *'P NMR spectrum.
The NMR tube was opened in the glove box, the con-
tent was transferred to a Schlenk tube and all volatile
components were removed in vacuo, whereby the raw
product could be obtained in quantitative yield. The
resulting solid was re-crystallized by slow evaporation
of a solution of 3 in acetone in the glove box to give
colourless crystals. Few crystals suitable for crystal
structure analysis have been obtained by re-crystalliza-
tion in toluene at 30 °C within the time of a year.
This slow crystallization is accompanied by a partial
molecular rearrangement of the product 3 into the
Pt-hydride species 4 and the crystal structure analysis
revealed that 3 and 4 were coexisting in a 1:1 ratio in
the elementary cell. The yield of the isolated pure, mi-
cro-crystalline product 3 obtained from flash crystalli-
zation from acetone: 78 mg (57%). Decomposition
beginning at 110 °C. Anal. Calc. for 3, C33HgGaP,Pt-
Si; (mol. wt. 949.07): C, 48.09; H, 8.60. Found: C,
4780; H, 894. 'H NMR: 6 031 (s, 2H,
(CH3)3SiCHy-Pt-), 0.41 (s, 9H, (CH3)3SiCH,-Pt-),
0.54 (s, 18H, [(CH;)3;SiCH,],Ga-), 0.65 (s, 4H,
[(CH3)3SiCH,,Ga—-), 1.03-2.30 (complex and broad
superpositions, 48H, Cy,P(CH,),PCy,). “C{'H}
NMR: ¢ 1.57 (CH3);SiCH,—Pt—, 3.75 [(CH3);SiCH;)-

Ga-, 4.82 ((CH3)3SiC,-Pt-P), 16.4, 16.7 ([(CH3)3Si-
CH,],Ga-), 26.7-37.5 (complex superpositions). *'P
NMR: § 76.6 (s with '*°Pt satellites, 'Jp(.is) pc = 2589
Hz), 66.4 (s with '""°Pt satellites, 'Jp(rans) pe = 1594
Hz). 'Pt{'H} NMR: 6§ 4735 (dd, 'Jp,_p = 2580 and
1548 Hz, respectively). IR (KBr): 2931 (s), 2847 (s),
1977 (w, b), 1623 (w, b), 1444 (m), 1409 (w), 1257
(m, sh), 1238 (m), 1105 (m), 1082 (m), 1006 (m, b),
853 (s), 822(s), 743 (m), 529 (w). MS (EI) m/z 947
(2) [M™"], 861 (33) [M'— CH,SiMes], 616 (64)
[M* — (CH,SiMe;) — Ga(CH,SiMes),], 243 (38) [M™
— (dcpe)Pt(CH,SiMes)], 99 (100) [Me,Ga'], 73 (86)
[SiMejs].

5.3. Preparation of complex 5 - CsHg

A sample of 100 mg (0.145 mmol) [(dcpe)Pt(H)
(CH»#-Bu)] is suspended in about 0.4 mL In(CH,z-
Bu); in an evacuated and sealed NMR tube. After
the reaction mixture was heated 3 h at 75-80 °C gas
evolution stopped and the reaction was complete
according to the *'P NMR spectrum. The NMR tube
was opened in the glove box, the content was trans-
ferred to a Schlenk tube and all volatile components
were removed in vacuo, whereby the raw product
could be obtained in quantitative yield. The resulting
solid was re-crystallized by slow evaporation of a
solution of 5 in benzene in the glove box to give yel-
low rhombic crystals. Yield of the isolated crystalline
product 5-CgHg: 113 mg (76%). Decomposition
beginning at 100 °C. Anal. Calc. for 5-CgHg,
C47Hg7InP,Pt (mol. wt. 1024.05) C, 55.13; H, 8.56.
Found: C, 54.85; H, 8.65. 'H NMR: 4§ 1.20 (s, 2H,
(CH3);CCHy—Pt-), 1.25 (s, 4H, [(CH3);CCH;];In-),
1.54 (s, 9H, (CH;);CCH,-Pt-) 1.61 (s, 18H,
[(CH3);CCH5]5In-), 1.25-2.40 (complex and broad
superpositions, 48 H, Cy,P(H,),PCy,). "*C{'H}
NMR: 6 339 ((CH;);CCH,-Pt-), 36.02 ([(CHj)s-
CCH,),In-), 26.6-37.2 (complex superpositions). °'P
NMR: § 75.9 (s with Pt satellites, 'Jp(cis) pe = 1788
Hz), 73.6 (s with '°Pt satellites, 'Jp(yans) pe= 1691
Hz). ""Pt{'"H} NMR: 6 4611 (dd, 'Jp_p=1777 and
1691 Hz, respectively). IR (KBr): 2931 (s), 2847 (s),
1444 (m), 1410 (w), 1356 (w), 1261 (s), 1234 (w),
1097 (vs, b), 1021 (vs, b), 853 (w), 800 (s, b), 739
(w), 655 (w), 526 (w).

5.4. Preparation of complex 6

A sample of 100 mg (0.145 mmol) [(dcpe)Pt(H)
(CH»#-Bu)] and 70 mg (0.290 mmol) Al(CH,¢-Bu); were
combined and suspended in 0.4 mL of methylcyclohex-
ane in an evacuated and sealed NMR tube. After the
reaction mixture was heated 40 min at 75 ° C gas evolu-
tion stopped and the reaction contained a maximum
amount of 6 according to the *'P NMR spectrum. The
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NMR tube was opened in the glove box, the content was
transferred to a Schlenk tube and all volatile compo-
nents were removed in vacuo, whereby the raw product
could be obtained in quantitative yield. The resulting so-
lid was re-crystallized by slow evaporation of a solution
of 6 in benzene at room temperature in the glove box to
give a colourless microcrystalline solid. Following *'P
NMR spectroscopy the crystallization is accompanied
of a molecular rearrangement of 6 in significant
amounts within some days for the benefit of a Pt-hy-
dride species 7. Hence for the collection of the prelimi-
nary data listed below the crude product (obtained
from the freshly performed synthesis after evaporation
of all volatile components) was used and no elemental
analysis was performed. The wide conformity of the
NMR data with the values found for compounds 1
and 5 can be regarded as a hint for the similarity of
the products. No crystals suitable for a X-ray analysis
could be obtained. Decomposition beginning at 80° C.
'"H NMR: 6 1.22 (s, 18H, [(CH3);CCH,,AL), 1.51 (s,
9H, (CH3);CCH,-Pt-) 1.54 (s, 4H, [(CH3);CCH;]In-)
1.25-2.40 (complex and broad superpositions, 48H, Cy,.
P(CH,),PCy, and (CH;);CCH,-Pt-). °C {'H} NMR: §
35.4 [(CH3);CCH;),Al-, 35.8 (CH;3);CCH,—Pt—, 26.3—-
37.2 (complex superpositions). >'P NMR: d 74.6 (s with
199pt satellites, 'Jp(eis)pe = 3158 Hz), 66.1 (s with Pt
satellites, 'Jpqransy pt = 1222 Hz). Pt {'H} NMR: §
4970 (dd, 'Jp.p=3286 and 1204 Hz, respectively).
Al NMR (65.2 MHz, C¢ D¢, 298 K) 6 315. IR
(KBr): 2931 (s), 2847 (s), 1444 (m), 1413 (w), 1356 (w),
1261 (s), 1223 (w), 1101 (vs, b), 1017 (vs, b), 853 (w),
800 (s, b), 746 (w), 662 (w), 529 (w).

6. Supplementary material

Supplementary data are available from CCDC, 12 Un-
ion Road, Cambridge, CB2 1EZ, UK on request, or will
be provided directly from the authors upon request.
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