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The hydrosilylation of various carbonyl compounds such as simple aide 
hydes, simpIe ketones, CY$-unsaturated carbonyl compounds, o-diketones, acyl 
cyanides and ketones having an electron-withdrawing group on the ar-carb.on- 
u&g tris(triphenylphosphine)chlororhodium as a catalyst is described; Solvolysis r 

of these silyl ethers and silyl enol ethers afforded the correspondi.@ reduced .:‘- -_ : 

products_ %e hydrosilylation of o&msaturated carbonyl compounds w& fetid 
to proceed by 1,4addition. An oxidative adduct.of tiethylsilane to the.rhod@& 
(I) complex was obtained as a reaction mtermediate. The structure of -the ‘adduct 
was discussed on th_e basis of its IR and far-IX spectra. 

= 
rntroduction 

The hydrosilylation of olefi& and acetylenes has been:ext&ively studied. 
in the last two decades [ 11. However, hydrosilylation of carbon:hetero-atom:: : 

mutijjle bonds has received less attention. As a sihcon-oxygen .bond or,a silicons 
nitrogen bond can be easily hydrojyzed, the hydrosilylation of &-b&yl:c_omr: : 
giounds or imi@s is eqdvalent to hyc&oge&ioK In this respect; we, &gaCoti i : ~- 
work on the hydrosily@ion of these compounds in the hope-of es_j&li.shing a’ -: 
new r&u&& m&ho& ._ _--Y _~ ; ._ :-.__ _. : -,. . . ‘Tee:.:: :T.cr._ .‘; -1 

It has been known that the hydrosilylation of ~&rbonyl-Co~~p&i&. can be ‘: j 
effected by-varbus ca+@i+ syst+s sbch_& tJV’Iigh~_ ~$]:j&d &+I -hal&s~~-. .- Ii?. 
e.g.,- Nit& [ 23, ZnC& [ 33 tig H2ptc1i < [ 41:. Th&~r_&@itin of h~&@il$@ -j@i’ :;-_ _: ’ 

-’ @mpIe ketones~aml aldeh$des. catalyied by’~c~~.[6]-.TRasEeIiorted-to.~~~:a~ --_.i. : .-__ _. - : . . ‘. ~. :- _I- __ -. : _.._ 
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_ 
rzuxbre of the corresponding silyl ether, and silyl enol ether The former was 
produced via hydrosilylation, while the latter was produced via dehydrogenative 
condensation (eqn, 1): 

xE-c- + R$%H ~;cH--cII- +:c==c- + I& 

A- 

(1) 

&i& &Eta 

(m&r) (minor) 

Calas, F’rainnet and coworkers found that zinc chloride was a good catalyst for 
the hydrosilylation of carbony compounds 133. However, the reaction procee- 
ded under rather drastic conditions and disproportionation of the product often 
was observed in the case of aldehydes (eqn, 2): 

Sadykh-Zade and Petrov reported that cbloroplatinic acid was an effective cata- 
Iyst for the hydrosiIyIation of &unsaturated carbonyl compounds which pro- 
ceeded by 1,4addition [4]_ when metallic nickel was used as catalyst, coupling 
reactions also were observed 163 (eqn_ 3): 

I I 
33c=c-c=0 + R,SiH + 

-F? 
,CII-&OSiR, 

I I I 
Ni XH-$!=7-OSiR3 + -c---c=c-osiJX3 (3) t 

Moreover, the use of metal halide catalyst systems is restricted to application in 
reactions of monohydrosilanes, mainly due to the fact that disproportionation 
of polyhydrosilanes is also catalyzed by these substances 173 : 

We have found that tris(triphenylphosphine)chIororhodium, (PhsP)&hCl 
is an extremely effective catalyst for the hydrosilylation of carbonyl compounds 
in comparison with other known catalysts, and already have reported briefly 
about the effective reduction of these compounds via hydrosilylation catalyzed 
by this rhodium(I) complex [ 8,9]. We give here a full account of our research 
on the high catalytic activity of this rhodium(I) complex for the hydrosilylation 
of carbonyl compounds and of the identification of an important intermediate, 
@@?)2~(si&)~. We &o discuss the stereochemistry Of the rhodium(II1) 
complex on the basis of IR and far-IR spectra. 

%esuItsanddiscussion 

Hydrositylation of simple ketones and atdehydes 
The hydrosilylation of simple carbonyl compounds with monohydrosikmes 

was found to take pIace under very miId conditions to give the expected pro- 
ducts, For example, a mixture of an equimolar amount of trietbylsilane and 
cyclohexanone, and 0.5 mol% of (PhsP)sRhcI (I) was stirred at room tempera- 
ture_ An exothermic reaction took place and the hydrosilylation was comdete 
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within a few minutes. Work-up of the reaction mixture gave CycIohexyloxytri- 
ethyls&me in nearly quantitative yield. 

The rate of the reaction was found to be slower in the case of aromatic 
ketones, and some heating was necessary to complete the reaction when a mono- 
hydrosilane was employed. For example, the reaction of acetophenone with 
tziethylsilane in the presence of the rhodium(I) complexwas complete in 15 
min at 60°C and 1-phenylethoxytriethylsilane was obtained in 97% yield. The 
use of zinc chloride aS a catalyst has been reported to require much more dras- 
tic conditions for the reaction 131, e.g., for cyclohexanone, 48 h at 95”C, 
87% yield; for acetophenone, 150 h at 95X, 40% yield. Thus, the hydrosilyla- 
tion of these compounds proceeds under much milder conditions in high yield 
when the rhodium(I) complex I is used as a catalyst. 

Further, the rate of the reaction was found to increase remarkably when a 
dihydrosilane or trihydrosilane was employed, e.g., the exothermic reaction of 
diethylsilane with acetophenone in the presence of 0.1 mol% of the rhoditi(I) 
complex, which was compltite within a few minutes, gave 1-phenyIethoxydiethyl- 
silane in 95% yield. Similarly, the hydrosilylation of cyclohexanone with phenyl- 
s&me in the presence of 0.1 mol% of the rhodium(I) complex I was accom- 
plished within 10 min at ice-bath temperature and bis(cyclohexyloxy)phenyl- 
silane was obtained in nearly quantitative yield_ 

When a metal halide such as ZnCl, or NiC12 was employed as catalyst in 
the hydrosilylation of benzaldehyde, it was reported that the silyl ether pro- 
duced disproportionated immediately to dibenzyl ether and hexaethyldisiloxane 
under the reaction conditions. However, no disproportionation was observed in 
the case of the rhodium(I) complex I, and benzyloxysilanes were obtained in 
excellent yields. The results obtained by the use of various ketones, aldehydes 
and hydrosilanes are summarized in Table 1, 

The silyl ethers thus obtained were smoothly solvolyzed by MeOH/KOH/ 

TABLE 1 

SILYL ETHERS OBTAINED BY THE HYDROSILYLATION OF KETONE’S AND ALDEHYDES USING 
(PhjP)$UxCl (I) AS A CATALYST ($CHO-),SiR4 - 

(II> 

Hydrosilane SiIyl ether 

K? R* 

Amount of catalyst Conditions Yield 
(rnol%) (temp. mid CW 

R 

a Ict$siH Ph Me 1 1.0 60°C. 15 97 
b Et@H Me Me 1 0.5 r-t.. 10 95 
c EtgSiH -WH2)5- 1 0.5 r.t.. 5 98 

d Et3Si.H Ph H 1 0.1 r-t_. 5 95 
e PhbwySiH Ph H 1 0.1 r-t_, 5 94 
f EtMeZSiH Ph t-Bu 1 0.1 4o”c. 301) 96 
g Ph3SiH Me Me 1 1.0 refIux. 120 98 
h Ex$3EI2 Ph Ph 1 0.1 r-t.. 5 95 
i PhMeSiH2 il?Pr 11 1 0.1 r-t.. 5 98 
i Ph2SiJ+ t-Bu Me 1 0.1 0°C. IO 97 
k Ph2SiH2 -_(CH&- 1 0.1 0°C. 10 98 
I PhSiHg --cCH2)5- 2 OS 0°C. 10 98 
m PhSiFI3 -_(CI-w!j- 3 0.1 70°C. 360 98 
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HaO, MeONa/M&H orp~&uenesuIfonic acid/MeOH to afford the correspond- 
ing alcohols in quantitative yield: 

&drosiilylation of a$-unsatumted ketones and aldehydes 
The hydrosilglation of a&msaturated ketones and aldehydes also pro- 

ceeded smoothly under mild conditions to afford the adduct in excellent yield. 
In these cases, the reaction proceeded by 1,4addition to afford sibyl end ethers 
These were easilg hydrolyzed to saturated ketones or aldehydes in quantitative . 
yield. The silyl enol ethers were obtained as a mixture of E and 2 (or Pans and 
cis) isomers. 

As for the selectivity of the 1,4addition, monohydrosilanes were found to 
undergo I&addition excIusively_ However, a mixture of 1,4addition and 1,2- 
addition was observed when dihydrosilanes were used. For instance, the hydro- 
silylation of benzalacetone with diethylsiiane at ambient temperature gave a 
mrxture of 1,4adduct and 1,2-adduct, The ratio of 1,4adduct to 1,Zadduct 
varied from 20/l to l/2 depending upon the reaction conditions_ Higher tem- 
peratures favored the production of the I,4adduct. 

The results of the exclusive 1,4addition of monohydrosilanes to a,& 
unsawted carbonyl compounds are listed in Table 2_ A’*g-Octalone was also 
hydrosilylated to afford a cyclic silyl enol ether HIg. 

R&H + RLR2C=CHCOR3 (pa9’3Rhci R’RZCHC@y--R3 “29 R’R2(=HCH$_R3 

osiR3 0 
-3 WI 

TABLE2 

SILYL ENOL ETHERS OBTAIN-ED BY THE EYDROSILYLATION OF o$-UNSATURATED RETONES 
AND ALDEHYDES 

R3 

siIy1 end ether 

,I R2 XL3 n 

Amount of catalvst conditioas Yield 

<mol 5%) (“C. min) <%I 

P Et3SiB Me Me Me 1 0_5 50.15 94 
b et$GH Me H Ph 1 0.5 60.30 90 
c F@iiH Me H H 1 0.6 60.15 95 
d Et$XH Ph H H 1 0.5 60.15 96 
= PhaaqS9 Me Me Me 1 O-5 50.30 98 
f Pll3sEx Me H H 1 0.5 60.30 97 

g Et$3m a l o-5 . 50.60 92 



These findings clearly indicate that the reaction using monohydrosilane- 
rhodium(I) complex combinations with (~,&.msaturated carbonyl compounds 
may open a new route to selective hydrogenation of the carbon--carbon double 
bond in ar$-unsaturated carbonyl compounds, and also open an important route 
to the preparation of silyl en01 ethers of potential interest as synthetic interme- 
diates. 

Hydrosilylation of other carbonyl compounds 
The hydrosilylation of 2,3-butanedione using an equimolar amount of tri- 

ethylsilane in benzene afforded a l/l adduct. When two equivalents of ti- 
ethyl&me were used, a l/2 adduct was produced as a mixture of the d,Z- and 
meso-forms. In the case of benzil, a mixture of l/.1 adduct and l/2 adduct was 
obtained even when equimolar amounts of beneil and triethylsilane were em- 
ployed- When excess triethylsilane was used, only the l/2 adduct was obtained 
as a mixture of the d,Z- and meso-forms (37163 on the basis of the NMR spec- ' 
trum). The reaction of o&ketones with dihydrosilanes resulted in the forma- 
tion of unidentified polymers- . 

R 

Y 

/” 

+ 

ki 
R 

(Ph3P),RhCi 
2 EtxSiH - 

x 

OSi Et3 

R/\\, . 

H3C 
A0 

x 

+ 

HZ& 
‘0 

‘R’ OSiEtB .. 
H 

(IS9 a R = CH; 

b R = Ph 

EtxSiH 
(PhaPj3RhCI 

(P) 

The hydrosilylation of acetyl cyanide using monohydrosilkes catalyzed 
by the rhodium(I) complex was accomplished smoothly at 80% in 2-3 h to 
give cr-silyloxypropionitriles (VI) in 75435% yield. On the other hand, the reac- 
tion of benzoyl cyanide with triethylsilane proceeded in somewhat different 
fashion, giving 1,2-dicya.no-1,2-diphenyl-l,2-bis(triethylsilyloxy)ethane (VII) as 
sole isolable product. However, when palladium chloride Was employed as a 
catalyst for this reaction, the formation of the dimer was not observed, hnd the 
expected hydrosilylation product VIII was obtained. 
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CH3CQcN -i R’GSiH caa!. CH&I-ICN aR’ =Rz =Et 

LR’R: 
bR’ =Et,R* =Me 
CR’ =Ph , R2 =Me 

(W 

PhCOCN + Et,SiH 3 +H2 

PhCOCN + Rt$BI 3 PhCHCN 

The reaction of triethyIsiIane with methyl acetoacetate in the presence of 
the rhodium(I) complex afforded a mixture of hyd.rosiIyIated and dehydrogena- 
tive condensation products Xa/XIa in the ratio of 81/19 in 80% yield [lo]. A 
mixture of hydrosiIyIated and dehydrogenative condensation products Xb and 
XIb was also obtained in 90% yield by the reaction of triethyIsiiane with ben- 
zoylacetonitrile [lo] _ When acetylacetone was chosen as substrate, the hydro- 
siIyIation was strongly suppressed and the dehydrogenative condensation pre- 
dominated, affording the corresponding siIy1 enol ether (XII) [lo] _ The silyl 
en01 ethers obtained in this reaction may be a mixture of 2 and E isomers, but 
a determination of the ratio of the two isomers was unclear for XIa and XIb 
on the basis of their NMR spectra only. In the case of XII, however, the deter- 
mination of the product ratio was possible on the basis of the NMR spectrum 
since the 2 isomer of XII (XIIB) has an absorption at 6 2.11 ppm due to methyl 
group as a singlet because of chelation, while the E isomer of XII (XIIA) has 
two singlets at 6 2.11 and 6 2.29 ppm due to the non-equivalent methyls [ll]. 

ucocyx + 
CPh3P)3RhCl 

Et3SiH - RCHCf-$X R-C=CHX 
I + I 

05 Et3 OSiEt3 

a R= Me.X=COOde 

b R= Ph.X=CN 
0 (XII 

H 
I H 

HJC CH3 

CH3COC%COCH3 i- E&&H ‘Pb3p)3RbCi + 

-_ a- 

(ZiIA) E isomer 
‘SiEt3 

(XII 6) 2 isomer 

Oxidative adducts of hydrosiianes to tris(tri~phenylphosphine)chlororhodium 
and their. far-inpared spectra 

In the course of the investigation on the hydrosilylation of ketones using 



455 

triethylsilane catalyzed by the rhodium(I) complex, it was found that all the. .-, 
red complex disappeared and a yellow solid was precipitated when the reaction : 
was relatively slow, e.g., hydrosilylation of acetophenone, mesitgl oxide, etc. 
The precipitate redissolved as the reaction temperature rose which suggested 
the yellow complex may be an intermediate of the reaction. The yellow com- 
plex was precipitated by the addition of n-hexane and identified as hydrido- 
chloro(triethylsilyl)bis(triphenylphosphine)rhodium(III), (Ph3P)&hH(SiEt3)C1 
(XIIId), which resulted from the oxidative addition of triethylsilane to the 
rhodium(I) complex, 

Accordingly, a plausible mechanism which accomodates our results for 
the hydrosilylation of carbonyl compounds catalyzed by the rhodium(I) com- 
plex can be proposed (Scheme 1). 

SCHFME 1 

Et$iH -f- (Ph3P13RhCI - ( PbP12 RhH(SiEQCI + Ph,P 

Ph;1i Et+// ;-c 

\ 
,CHOSi Et, -I- (PhjPj2RhCI - (Ph,P),RhH(SiEt-JCl 

! 

Silyl-rhodium(III) complexes have been described by previous workers 
112,131. Hydridochloro(triethylsilyl)bis(triphenylphosphine)rhodium(III) 
(XIIId) obtained as a reaction intermediate just mentioned above displays two 
Rh-H stretching bands at 2100 and 2080 cm-’ and also shows two Rh-Cl 
stretching bands at 286 and 278 cm-‘. Thus, the rhodium(II1) complex which 
we isolated may be a mixture of stereoisomers having a different configuration 
Tom that obtained by Haszeldine and his coworkers [12], who reported only 
one band for the rhodium(III) complex in the Rh-H region at 2020 cm-‘. 
Attempts to prepare the rhodium(II1) complex, (Ph3P)&hH(SiEtJ)Cl, showing 
an Rh-H stretching band at 2020 cm-l have not been successful though the 
procedure reported by Haszeldine and coworkers was employed. The rhodium- 
(III) complex obtained by this method also displays two Rh-H and two Rh-Cl 
stretching bands in the same frequencies as those observed for the complex ob 
tained as the intermediate described above. 

A similar result was reported by Wilkinson and coworkers El33 for the 
rhodium(III) complex, (Ph3P)$hH(SiMe,)C1 which showed two Rh-H stretch- 
ing bands of approximately equal intensity at 2065 and 2107 cm-‘. 

In order to establish the stereochemistry of the rhodium(II1) complex 
XIIId, the tram influence of silyl groups upon Rh-Cl stretching frequencies 
was investigated. Although a series of rhodium(III)-silyl complexes has been 
synthesized by oxidative addition of hydrosilanes to the rhodium(I) complti, 
(Ph3P)$hX, and IR and NMR spcctxawere measured [12,13]; nothing is known 



TABLE 3~ 

FAB-INFEARED SPECTRA OF lIHODIUM~~SILYL COMPOUNDS 

Coxipler _ . Imh-Cl VRh-H 

xma .- <pb3p)SbH(SiCl$Cl 294 - 2042 (lit. c121. ick0) 
XIDb <PlqP~RhH<siMeCl~,c1 . 288 2054 (lit. L121.20501 
XIIIC <P~3w2-<siM+x?c~ 286 2058 ai: c121.2060> 

. <ph3P~apEI<SiE~3,Cl 286.278 2100.2080 m. [121.2020) 
XIV tr;mM?h$‘)2Rh(CO)Cl 310 
I <PbsPhFthCl 296 

.- 

about their far-m spectra. We have carried out such studies the results of which 
are listed in Table 3. 

As is shown from Table 3, the sensitivity of the Rh-C.I stretching frequency 
to changes in the structures of the sily1 group suggests that these two iigands are 
mufxally cis, not trans. Namely, the variation in the m&al-Cl stretching fre- 
quency observed for these rhodium(II1) complexes is markedly smaller com- 
pared with that reported for the iridium(III) complexes [ 141. Our results cor- 
respond well to the reported data of X-ray analysis for a rhodium(III) complex, 
(PhsP)2RhH(SiC13)Cl - &SiCl~, which may adopt a distorted lrigonal bipymmidal 
or a distorted octahedral structure, where the silyl group and chlorine are mutu- 
ally c& Accordingly, our results may provide supporting evidence for the pro- 
posed structures of these rhodium(IIIj complexes, the structures of which have 
not yet been determined by X-ray analysis_ The structures of the two isomers 
are postulated to be as follows: 

PPh3 PPh3 

(A) (6) 

Measurements 
The melting points and boiling points were uncorrected. The infrared spec- 

tra were recorded on a Hitachi EPbG3 spectrophotometer, using samples as neat 
liquid, KBr disks, or Nujol mulls. Far-infrared spectra were measured on a 
Hitachi FIS-3 spectrophotometer using samples aa Nujol-mulls. Thenuclear 
magnetic resonance spectra were obtained by the use of a Varian HA-100 or a 
Varian T-60 spectrometer, using TMS as the internal standard. Analytical gas 
CbOmatography (GLC) was-carried out on a Shimazu GG3BT or GC3BF 
using-a coiumn packed with 3% or 20% SE30; lO%:QF-1 and 3% OV-171 



Ma teriizls 
Hydrosilanes were prepared by known methods. Tris(triphenylphosphine)- 

chlororhodinm was prepared from rhodium trichloride trihydrate and triphenyl- 
phosphine. Carbonyl compounds are commercially available and were purified by 
clistiktion or recrystallization. 

Hydrosilylafion of simple ketones and aidehydes in the presence of tris(tri- 
phenylphosphine)chlororhodium 

A typical procedure is described for the hydrosilylation of cyclohexanone 
by diphenylsilane. 

To a mixture of 2-94 g (30 mmol) of cyclohexanone and 5.52 g (30 mmol) 
of diphenylsilane, 19 mg (0.07 mob%) of (Ph,P),RhCl was added, and the mix- 
ture was stirred at ice-bath temperature. The hydrosilylation was complete within 
10 min, n-Hexane (100 ml) was added to the reaction mixture, the resulting 
precipitate filtered off, the solvent evaporated and the residual solution distilled 
under reduced pressure to give 8.34 g (98%) of cyclohexyloxydiphenylsilane. 

The silyl ether thus obtained was smoothly hydrolyzed by MeOH/KOH/H,O, 
orp-CH3C6T&S03H/MeOH solution at ambient temperature for 1 h to afford 
cyclohexanol quantitatively. Results are summarized in Table 1. The data on 
the identification of the new sibyl ethers are listed in Table 4. 

TABLE 4 

IDENTIFICATION OF NEW SILYL ETHERS 

SilYl ether b.p_ 
(%Z/Tom) 

Elemental analysis NMR (6 1 @pm) 
fousd <caIcd_) (4;) 

methyne sirH 
C R (methylene) 

He 

IIf 

11s 

ma 

Iii 

ui 

Ilk 

III 

Inn 

PhCHqOSiMqPh 126/Z 

Ph-t-BuCHOSiMqEt 132126 

MqCHOSiPh3 89-g@ 

Ph#IOSiHEt2 

aPrCHZOSiHMePh 

t-BuMeCHOSiHPhz 

o- H OS,HPht 14710.4 

OTSiHPh 14711.1 

OsSiPh 

13210.4 

7413 

10510.45 

17810.7 

74.42 7-38 
C74.33) <7-48) 
72.02 10.22 

U1.93) (10.46) 
79.19 6.81 

(79.20) (6.96) 
75.27 8.11 

(75.60) (8.20) 
67.90 9.34 

(67.98) (9.34) 
75.73 8.20 

(76.00) (8.50) 

76.37 7.87 

(76.64) (7.86) 

71.21 9.28 

<71.00) (9.27) 

71.46 
(71.59) 

9.25 
(9.51) 

4-65(s) 

4.58W 

4.19(quin. 
J = 6Hz) 

5.58(s) 4.61<quin, 
J = 2Ht) 

3.65(m) 5.00 
<J = 3Hz) 

3.82&. 5.76(s) 
J = 7Hz) 

3.73(m) 5-17(s) 

3.83<m) 5.low 

3.87(m) 

= m.p. 



458 

TABLE 5 

INDNTIFICATION OF SEYL ENOL ETHER 

SiIyI enol ether 
Z 
Ton) 

Elemental analysis NMR (6) @pm) ISOIll& 

found <caIcd_) &) ratio Z/E 
Olefinic Proton(s) <c~/trons) 

C H 

Me2GHCH=CMeOSiEt3 

EtCH=CPhOSiEt:, 

EtCH=CFIOSKEt3 

38118 67.45 
(67.22) 

8910.2 72.95 
c75.21) 

79118 64.27 
(64.44) 

12.10 
<1222) 

9.78 
(9.99) 
11.61 

(11.90) 

PhCIQCR=CHOSIEf3 155120 7236 
(72.52) 

9.46 
(9.74) 

MqCHCH=CMeOSiMe2Ph 125120 71.49 917 
<7X73) (S-46) 

EtCIi=CHOSiE’hq 17510.7 79.95 6.65 
(79.95) <6.71) 

4.15(d, J = 7Hz) (2) 64136 
4.39<d. J = 7Hz) (E) 
4.92(t, J = 7Hz) (2) 50150 
5.02<t. J = 7Hz) (E) 
4_36(sex, J = 7. 5Hz) @is) 53141 
4_91<1ex. J = 7.12Ht) 
(tmns) 
4_53(sex. J = 7.6Hz) @is) 75125 
5_Ol(sex, J = 7.12.H~) 
<h-o-> 
4.15(d. J = 9Hz) (2) 64136 

4_35(d. J = SHz) GZ) 
4_54(sex, J = 7.6Hz) <.x-s) 50/50 
5_2O<sex. J = 7.12Hz) 

W==) 

4.69<d. J = 4Hz) 

Hydrosiiylation of ac,P_unsatumted ketones and aldehydes 
a,P_Unsaturated carbonyl compounds were hydrosilylated in a similar man- 

ner to that used with simple ketones and aldehydes. The silyl enol ethers ob- 
tamed were smoothly hydrolyzed by the action of K&03/MeOH/H20 to afford 
a,&saturated carbonyl compounds_ Results are listed in Table 2. The data on 
the identification of the products are listed in Table 5. 

Hydrosilylation of 2,3-Bu tanedione 
To a mixture of 2,3-butanedione (860 mg, 10 mmol) and triethylsilane 

(1.16 g, 10 mmol) was added 50 mg of (Ph3P)&hCl (0.5 mol%) and the mixture 
was stirred at 70°C for 2 h. Distillation of the reaction mixture afforded a mixture 
of l/2 adduct IV (main product) and l/l adduct V (minor product)_ 

Two equiualents of tr&MzyZsiZane employed. A mixture of 2,3-butanedione 
@SO mg, 10 mmol), triethylsihme (2.90 g, 25 mmol) and (Ph3P)3RhC1 (50 mg) 
was stirred at 70% for 3h. Distillation of the reaction mixture provided 2,3- 
bis(triethyIsilyIoxy)butane (IV) (2.70 g) in 85% yield. IVa b-p. 120%/1.8 
Ton, NMR(CDCl& S 0.35-l-20 ( m, 36H) and 3.65 (m, 2H). (Found: C, 60.06; 
H, 11_81_ C16H3S02Si2 c&d.: C, 60.31; H, 12.02 So.) 

When benzene was used as solvent, 3-triethylsilyloxybutan-Z-one (V) was 
obtained as the sole product,. 2,343utanedione (1.72 g, 20 mmol), triethykilane 

(Z-32 g, 20 mrnol) and (Ph3P)sRhCI (50 mg) were dissolved in 50 ml of benzene 
and stirred at 60 “C for 2 h_ GLC analysis revealed that only the l/l adduct (V) 
bad been produced and th& l/2 adduct (IV) had not been formed_ After the 
solvent was evaporated, the residual solution was distilled under reduced pres- 
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sure to afford 3.23 g (80% yield) of 3-triethylsilyloxybutan-2-one (V). Va: b-p. 
lOO”C/485 Torr, NMR(CDC13): 6 0.35-1.20 (m, 15H), 1.29 (d, J = 7 Hz, 3H), 
2.21 (s, 3H) and 4.17 (q, J= 7 Hz, 1H). (Found: C, 59.45; H, 10.69. C10H2202Si 
calcd.: C, 59.35; H, 10.96%) 

Hydrosilylation of benzil 
The hydrosilylation of benzil with the use of an equimolar amount of 

triethylsilane catalyzed by (Ph,P),RhCl afforded a mixture of i/l adduct (Vb) 
(minor) and l/2 adduct (Nb) (predominant) using various reaction conditions- 
Benzil(2.10 g, 10 mmol) and triethylsilane (2.32 g, 20 mmol) were dissolved in 
50 ml of n-hexane. To this solution was added 50 mg of (Ph,P)&hCl and the 
mixture was stirred under reflux for 4 h. After the solvent was evaporated, the resid- 
ual solution was distilledunder reduced pressure to afford 1,2-bis(triethylsilyloxy)- 
1,Zdiphenylethane (IVb) (3.678) in 83% yield. This product was found 
to be a mixture of d,Z- and tneso-isomers on the basis of its NMR spectrum. IVb: 
b-p, 154”C/O.48 Torr, NMR(CDC13): 6 0.05-1.10 (m, 30H), 4.54 (s, 0.74H, CL, I), 4.74 
(s, 1,26H, meso) and 6.90-7.40 (m, 1OH). (Found: C, 70.27; H, 9.42. C,,l&,OZ- 
Si, calcd.: C, 70.53; H, 9.56%.) 

Hydrosilylation of acetyl cyanide 
A mixture of aceiyl cyanide (3.45 g, 50 mmol), tiethyls&xne (5.80 g, 50 

mmol) as (PhsP)&hCl (100 mg) was stirred at 80 “C for 2 h. The rhodium(I) 
complex catalyst was converted to pale yellow crystals. After the precipitated 
complex was filtered and washed with n-hexane, the filtrate was distilled under 
reduced pressure to afford c&riethylsilyloxypropionitrile (Via) (8.14 g) in 88% 
yield. In a similar manner, ar-dimethylethylsilyloxypropionitrile (VIb) and 
cY-dimethylphenylsilyloxypropionitrile (Vlc) were obtained in 90 and 87% yields, 
respectively. Vla: b-p_ 99”C/17.5 Ton-, NMR (CCl,): 6 0.40-1.30 (m, 15H), 
l-47 (d, J = 7 Hz, 3H) and 4-50 (q, J = i Hz, 1H). (Found: C, 58.22; H, 10.10; 
N, 7-43. C9H19NOSi calcd.: C, 58.32; H, 10.33; N, 7.56%) -VIb: b-p. 79”C/ 
30 Torr, NMR (CCL& S 0.20 (s, 6H), 0-40-l-30 (m, SH), 1.50 (d, J= 7 Hz, 3H) 
and 4.47 (q, J = 7 Hz, 1H). (Found: C, 53-65; H, 9.36; N, 8.97. C7H1SNOSi &cd.: 
C, 53-45; H, 9.61; N, 8.91%) WC: b-p. 145”C/l8 Torr, NMR (Ccl,): 6 0.43 
(s, 3H), 0.49 (s, 3H), 1.42 (d, J = 7 Hz, 3H), 4.33 (q, J = 7 Hz, 1H) and 7.10-7.70 
(m, 5H)_ (Found: C, 64.29; H, 7.52; N, 6.78. C,,H,,ONSi c&d.: C, 64.35; H, 
7.36; N, 6.82%) 

Hydrosilylafion of benzoyl cyanide 
A mixture of benzoyl cyanide (2.62 g, 20 mmol), triethylsilane (2.32 g, 20 

mmol) and (Ph3P)3RhCl (50 mg) was stirred at 110°C for 18 h. The reaction 
mixtureZ$&?&fied after cooling at ambient temperature. The solidified product 
was recrystallized from n-hexane to afford 1,2-dicyano-1,2diphenyl-l,2-bis- 
(triethylsilyloxy)ethane (VII) (2.45 g) in 50% yield. VII: m-p. 157-159”C, IR 
(KBr disc): 2225 cm-’ (KEN), NMR (CD&): 6 0.10-1.00 (m, 30H) and 7.35- 
8.05 (m, IOH). (Found: C, 68.23; H, 8.23; N, 5.71. C;,H+,NO,Si, c&d.: C, 
68.24; H, 8.18; N, 5.68%.) 

When PdC& was employed as catalyst instead of (PhJP)JRhCl, a usual hy- 
drosilylation product was obtained. Twenty mmol each of benzoyl cyanide and 
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triethylsilane were allowed to react in the presence of 40 mg of Pdcl, in similar 
manner- After the catalyst was altered and washed with n-hexane, the filtzate 
was dMiUed under reduced pressure to afford l-phenyl-l-triethylsilyloxyaceto- 
nitrile (VIII) in 45% yield. VIII: b.p. 158-160’%/13 Tort, NMR (CDCI,): 6 0_30- 
1.30 (m, 15H), 5.42 (s, IH) and 7.35 (s, 5H). (Found: C, 67.76; H, 8.27; N, 5.77. 
C1,HzlNOSi &cd_: C, 67-96; H, 8.56; N, 5.66%) 

Reaction of triethykkne with methyl acetoacetate and benzoylacetonitrile 
cataiyzed by (Ph#)3RhCl 

A mixture of methyl acetoacetate (2.32 g, 20 mmol), triethylsilane (2.32 g, 
20 mmol) and (Ph&%RhCi (50 mg) was stirred at 60°C for 12 h. Distillation 
of the reaction mixture afforded 3.71 g of a mixture of methyl 3-triethylsilyl- 
oxybutyrate (Xa) and methyl 3-triethylsilyloxybut-2-enoate (XIa) (b-p. 60- 
62”C/O_‘7 Torr) (Xa/XI a = 81/19)_ Pure samples of Xa and Xl& were isolated by 
preparative GLC_ Xa: NMR (CD&): 6 0.30-1.20 (m, 15H), 1.19 (d, J = 7H2, 
3H), 2.41 (octet, J = 7H.q 14fi, 2H), 3.67 (s, 3H) and 4.44 (sex, J= 7H2, lH)_ 
(Found: C, 57-09; H, 10-16. C,,Hz40,Si c&d_: C, 56.85; H, 10_41%_) XIaz 
NMR (CD&): 6 0.30-1.20 (m, 15H), 2.29 (s, 3H), 3.37 (s, 3H) and 4J36 (s, 1H). 
(Found: C, 57-08; H, 9_51_ CllH2203Si c&d: C, 57.35; H, 9_63%_) 

Similarly, a mixture of p-phenyI-&triethyIsiIyioxypropionitrile (Xb) and 
Ptriethy2silyloxyciamonitrile (XIb) was obtained in 90% total yield by the 
reaction of benzoyIacetonitriIe with triethylsilane cataIyzed by (Ph,P),RhCl_ 
(b-p_ llO-ll?“C/O.25 Torr) (Xb/XIb = 53/47). Pure samples of Xb and XIb 
were isolated by prepamtive GLC. Xb: NMR (CD(&): 6 0.30-1.20 (m, 15H), 
2.65 (d, J = 6Hz,2H), 4.96 (t, J= 6HqlH) and 7.34 (s, 5H). IR (neat): 2230 
cm-’ (YC=N)_ (Found: C, 68.77; H, 8.69; N. 5.44, C15H,,NOSi calcd.: C, 68.91; 
H, 8.87; N, 5.36%) XIb: m-p_ 80_5-81.5% (colorless needles from n-hexane). 
NMR (CDCI,): 6 0.50-1.30 (m, 15H), 4.79 (s, 0_27H), 5.10 (s, 0.73H) and 7.20- 
8.00 (m, 5H). (Found: C, 69.34; H, 7_95_ C,sH,,NOSi c&d_: C, 69.45; H, 
8_16%.) 

Reaction of triethylsilane with acetylacetone catalyzed by (Ph3P)3RhCl 
Acetylacetone (3.00 g, 30 mmol) was allowed to react with triethylsilane 

(3-48 g, 30 mmol) in the presence of 50 mg of (Ph3P)3RhC1 at 75°C for 5 h. 
DistilIation of the reaction mixture afforded 4triethylsilyloxypen&3_en-2-one 
(XII) (5-96 g) exclusively in 92% yield. XII: b-p. 76”C/l.O Torr, NMR (CD&): 
(A) 6 0.50-1.30 (m, 15H), 2.11 (s, 3H), 2.29 (s, 3H) and 5.60 (s, 1H); (B) 6 
0.50-1.30 (m, 15H), 2.11 (s, 6H) and 5.24 (s, 1H). (Found: C, 61.43; H, 10.13_ 
Ct 1H2202Si caled.: C, 61.63; H, 10.34%) 

Oxidatiue adducts of hydrosilanes to (PhPIJLhCl 
The rhodium(III)siIyI complexes (XIIIa_c) were prepared in accordance 

with the procedure reported by Haszeldiue et al. [ 121. 
The rhodium(III) complex, (Ph~P)&.bH(SiEt&l (XIIId) was isolated 

from the reaction mixture of triethylsikme (2.32 g) with acetophenone (10 ml) 
in the presence of (PhsP)BRhCi (500 mg) at 35 “C by adding 50 ml of n-hexane. 
Xmdr yellow prisms, m-p_ 103-107°C @kc.). (Found: C, 64.01; H, 5.92; Cl, 
4.59. C&&,cLp,SiRh c&d_: C, 64.41; H, 5.92; Cl, 455%) 
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