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The diplatiium complexes [ {Pt(p-H)(SiR,)(PR;))J readily catalyse the hydro- 
silylation of the ~~&unsaturated aldehydes and ketones RCH : CHCHO (R = H, 
Me or Ph PhCH : C(Me)CHO, PhCH : CHC(Me)O, Me& : CHC(Me)O, CH, 
(&&i&B% : 0, and (PhCH : CH)&O. The silanes studied were MePhz- 
SiH, Et,SiH and EtMe,SiH. In all cases, 1,4addition products were obtained in 
high yield usually as equi-molar mixtures of two isomers, except for cyclohex- 
2enone which is constrained to afford a single product. Tetraphenylcyclopen- 
tadienone and diphenyhnethylsilane gave the 1,2-adduct Ph&&HOSiMePh2. 

The ’ H and i3C NMR spectra of the various products are reported and 
assigned_ 

Introduction 

We have previously demonstrated that the diplatinum complexes [ {(Pt(g-H)- 
@WP%hl VI are remarkably efficient homogeneous catalysts for the hy- 
drosilylation of olefins and alkynes [2]. In general reactions occur exother- 
mally, at room temperature or below, with catalyst : reactant ratios of 10m4- 
10s6 : 1. Hydrosilylation of C=O groups is also of synthetic interest but has 
received much less attention C3-53. Since silicon-oxygen bonds are easily hy- 
drolyzed, hyclrosilylation of C=O groups can lead to hydrogenation, hence 1,4- 
addition of organosilanes to cr &unsaturated aldehydes and ketones may be 
used as a method for the selective reduction of their carbon--carbon double 
bonds [ 61. Herein we describe use of the chplatinum compounds [ { (Pt(p-H)- 
(SiR,)(PR:)) =] as catalysts for Si-H addition to C=O. 

* Dedicated to Professor Helmut Behrens OP the occasion of his 65th birthday OP May 30th. 1980. 
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Results and discusion 

No hydrosilylation reactions were observed below 100°C when the com- 
pounds Me2C0, MePhCO, Ph,CO, Et&G, Me(CH,Cl)CO, MeCHO, l?r%HO or 
cyclohexanone were treated with MePh*SiH in a 1 : 2.2 mol ratio in the pres- 
ence of catalytic amounts of [ {Pt(lr-H)(SiMeZPh)[P(C,H,,),]),] . After several 
days at 100°C products observed by GLC were those corresponding to decom- 
position of diphenyhnethylsilane, as verified by studies carried out in the 
absence of the aldehydes or ketones_ 

In contrast, reactions of MePh&H with PhCH : CHCHO, PhCH : C(Me)- 
CHO, PhCH : CHC(Me)O, CH, : CHCHO, MeCH : CHCHO, Me& : CHC(Me)O 
and cyclohex-2enone occurred readily between 60 and 100°C in the presence 
of the catalyst to afford in high yield the l&-addition products I-VII (Table 1) 
purified by fractional distillation. With tetraphenylcyclopentadienone, 1,2- 
addition occurred to give the yellow crystalline compound VIIL cu&Unsatu- 
rated carboxylic acids and esters were not readily hydrosilylated with the cata- 
lyst system. 

Compounds I-VIII were character&d by analysis and mass spectrometry, 
and by examinaticn of their ‘H and 13C NMR spectra (Table 2). Roth GLC 
studies and the NMR spectra revealed that I-VI were formed as mixtures of 
two isomers in approximately equal amounts, but the slight disparities of each 
allowed correlation of the ‘H spectrum of each isomer with its corresponding 
13C spectrum vii relative Peak intensities. Moreover, for those compounds con- 
taining a Cl9 : CHb group it was possible to distinguish between the two iso- 
mers on the basis of the observed J(H”Hb) values in their ‘H NMR spectra since 
it is well known that J(HHti,,,,) > J(HH,,,) [7], and for compounds I, IV and V 
these couplings are 12 and 6 Hz, respectively_ For III and VI assignments of the 
spectra was not possible since coupling between Hb and the CMe group was not 
observed. However, for II both ‘H spectra showed H”-CMe coupling and the 
larger is assigned to the isomer with the trans CHa : CMe arrangement. 

Compounds VII and VIII were formed as single isomers. The 1,Zaddition 
observed with tetraphenylcyclopentadienone is probably the result of the steric 
effects of the phenyl groups. 

Hydrosilylation of cinnamaldehyde and dibenzylideneacetone with triethyl- 
silane in the presence of [ {(Pt@-H)(SiMe,Ph)[P(C&Iii)3])2], afforded com- 
pounds IX and X, respectively. In the case of X it was not possible to correlate 
the ‘H arid hence the 13C NMR spectra with the stereochemistry at the CHb : 
C(OSiEt,) double bond of the two isomers produced_ For IX, however, J(HaHb) 
values allowed an assignment to be made. Reaction of EtMezSiH with cinnam- 
aldehyde in the presence of the catalyst gave the two isomers of Xl, character- 
ised in the usual manner (Tables 1 and 2). 

Assignment of the peaks in the 13C NMR spectra of the compounds was 
based partly on partial decoupling experiments and partly on chemical shift 
arguments. Thus Me groups attached to silicon are character&d by their nega- 
tive shifts, while the CI&Si group resonates (4.5-6.5 ppm) upfield from C&Me 
(17.3-20.7 ppm). For I, partial decoupling produced doublets for the pairs of 
resonances at 140.8 and 111.2, and at 138.5 and 110.2 ppm, respectively, 
hence confirming that these signals emanated from the CH : CH groups. On the 

(coIltinued on p. 45) 
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other hand, for II partial decoupling revealed no lHA3C coupling for the reso- 
nances at 117.7 and 116.9 ppm in the spectra of the two isomers but the corre- 
sponding signals at 135.1 and 135.0 ppm gave rise to doublets, as expected for 
a MeC : CH group. This experiment also served to show that the carbon atom 
in the C : C group bonded to oxygen resonated at lower field than its partner as 
expected. 

An interesting feature of the 13C data of Table 2 is that for each isomeric 
pair the signals of the two C : C atoms are found at lower field in the tram iso- 
mers of I, IV, V, IX, and XI than in the cis isomers. This trend seems to be 
essentially followed by the compounds containing MeC : CH groups, suggesting 
that the isomer-spectra assignments for II, III and VI in Table 2 are correct. 

The choice of silane is an important factor in the rates of hydrosilylation of 
alkenes and alkynes using the diplatinum complexes as catalysts [2]. Similarly, 
experiments with PhCH : CHCHO and Et&H, EtMe,SiH, MePhzSiH, and 
(EtO)sSiH under identical conditions (solutions in toluene, 25” C, 1 hour, with 
C C(PW-H)(Sae2Ph) ~WX%d31~ 1 2 as catalyst) revealed, as measured by GLC 
traces, a reactivity sequence MePh2SiH > EtMe,SiH > Et3SiH >> (EtO),SiH. In 
fact triethoxysilane did not react under the conditions of the experiment_ The 
qualitative order of reactivity is similar to that found previously [2]. At the 
higher temperature of 60°C complete conversion to products within 15 min- 
utes was observed for reactions involving MePh2SiH and EtMe,SiH, whereas 
Et,SiH took 45 minutes for completion. Only trace products were noted with 
(EtO)&iH. Use of cliplatinum complexes as catalysts with PPh3 ligands instead 
of P(CJ111)3 slightly slowed the rate of hydrosilylation at 25” c; but at 60” C 
and above no difference was observed. It appears from the work described 
herein that the diplatinum compounds [ {(Pt(y-H)(SiR,)(PR;))2] operate effec- 
tively as catalysts for C=O hydrosilylation at lower temperatures than 
[H,PtCL,] (12~140°C) [S]. 

It has been suggested [2] that hydrosilylation of alkenes and alkynes using 
the diplatinum complexes as catalysts involves a mechanism wherein the alkene 
or alkyne initially promotes bridge-cleavage of the diplatinum compounds to 
afford platinum(+Il) species. Transfer of hydride to the $-bonded alkyne gives 
a platinum--carbon a-bond intermediate which then, with the Pt-SiRs group 
present, reductively eliminates to give product and regenerate platinum(O). A 
similar initial formation of a mono-platinum species could operate in the reac- 
tions described herein: see Scheme 1, with cinnamaldehyde as example. Indeed, 
it was observed that the presence of tetrabydrofuran inhibits the hydrosilyla- 
tion of the ar&unsaturatecl aldehydes and ketones, presumably by virtue of 
occupying the coordination site on platinum required in the first step. 

Following formation of the g2-platinum complex (A), internal attack by the 
R,Si ligand on the carbonyl function could afford an ~3-allylplatinum complex 
(B). There are then two routes (Scheme 1) whereby the platinum $-complex 
[Pt(H)(SiR3)(PRj)(~2-PhCH&H : CHOSiR3)] (C) can be attained, either via a 
14-electron Pt(0) or via an l&electron Pt(+IV) species. Replacement of 
PhCH2CH : CHOSiR3 by PhCH : CHCHO, perhaps via a penta-coordinated 
intermediate, would then afford the hydrosilylated product and regenerate (A) 
to continue the cycle. In either of the steps involving transfer of hydride from 
plat:Jlum to the ally& ligands, to afford an $-complex, formation of two 
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-\ 

CHKH>Ph) 

wi) R;P ---Pt- 

H ~rclUSiR31 . I ssi7ri; 

(iv) 

9’ 
/ \/mv=h’ 

- CH(OSIR;) 

cc1 

SCHEME 1. Proposedreaction sequence for the hydrosilylation of PhCH : CHCHO; <i) +PhCH : CHCHO. 
(ii) -PhCH I CHCHO. <iii) R3Si group transfei; (iv) H transfer could yield cis- or tranr-olefin isomers in 
this step. <v) +R3SiH. <vi) + PhCH : CHCHO. -PhCHZCH: CHOSiR3. 

isomers is possible; hence explaining the observed results. Moreover, it will be 
noted that it is the stereochemistry of the ally1 group which dictates the geom- 
etry of the final product. Thus if the 0SiR3 group is in the anfi position, then 
the cis isomer ensues. Conversely, the tran.s isomer results if the OSiR, is in the 
syrz configuration. 

Experimental 

NMR studies (‘H and 13C) were made on JEOL PS-100 and PF’T-100 MHz 
spectrometers. In&red measurements were made on thin fiis or as Nujol 
mulls with a Perkin-Elmer 457 spectrophotometer, and mass spectra were 
determined with an AEI MS 902 instrument operating at ‘70 eV. All experi- 
ments were carr@d out under nitrogen. 

Hydrosilylation experiments were carried out as described previously [Z] . 
Reaction vessels were glass tribes fitted with Westef grease-less stopcocks and a 
standard joint so that the vessel could be attached to a vacuum line. Reactants 
were mixed in a 1 : 1 mol ratio to which 2 mg of catalyst was added so that the 
catalyst : reactant ratio was circa IO -5. In many reactions the reactants were 
heated at lOOF C overnight but iu generaI hydrosilylation wqs complete in_ less 
than 1 hour even at 60” C. 
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