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Silation reactions catalyzed by homogeneous transitiormable 1 O-silation products of alcohols with phenylsilane cata-
metal complexes have been known to be useful for the prefyzed by [Cp(acagrCl] andnBulLi
aration of various silyl compoundsMost of the reactions  Aconols Products GC yield (%)
are catalyzed by late transition metal complexes and "m‘fithanol

attention has been paid to early transition metal catalysts. Pprzgil((gglichljSH 83
Catalytic activities of titanocene and zirconocene derivativey opanol PhSi(OCHCH,CHy)s 92
for the dehydrogenative coupling of organosilanes have been Butanol PhSi(OCKCH,CH,CHy)s 79
H 3

described (eq. B’ PhSi(OCHCH,CH,CHs),H 14
o PhSi(OCHCH2CH;CHs)H> 7

| CooMMe; | ) Allylalcohol PhSi(OCHCH=CH,)s 83

nRSiH3 (M=—T|Zr)> H‘(T' Ho (n-1)Ha 2Yield calculated by GC based on [alcohol]

Recently catalytic activations of the organosilanes byeither standard inert-atmosphere techniques or nitrogen
group 4 metallocene derivatives have been utilized for thdilled glove box. The solvent, phenylsilane and alcohols
olefin hydrosilations.O-silations of alcohols and aldehydes were saturated with nitrogen gas before use. The results of
are important reactions for the synthesis of silyl ethers.the O-silation reaction of the alcohols catalyzed bynd
However, only a few complexes have been used as theBuLi are summarized in Table 1. The alcoholysis of
homogeneous catalysts fOrsilations of alcohols and alde- phenylsilane byl and nBuLi produced trialkoxyphenyl-
hydes and most of the homogeneous catalysts known to datdane with the yield of 79-92%. We have identified the for-
are late transition metal compleXes. mation of [PBSI(OCH.CHs)H] in case of ethanol. In case of

In this paper we wish to report tiesilation reaction of  1-butanol, 14% of bis(butoxy)phenylsilane and 7% of butoxy-
aldehydes and alcohols with phenylsilane catalyzed by phenylsilane were formed in addition to the tris(butoxy)-
mixture of nBuLi and [CpZr(acaeXLl] (1) under the mild phenylsilane.
conditions. Compound can be prepared from the reaction The reaction pathway for the reaction is under speculative.
of [CpZrCly] and hBuLi with 2,4-pentanedionépr from However, it is most probable that tResilation reaction is
[Cp2ZrCly] and 2,4-pentanedione in the presence ofsRIEt undergoing through the formation of compl& &s shown
The former method gives the higher yieldldhan the latter.  in Scheme 1. It has been suggested that the hydridosilylzir-
When a catalytic amount df and 1 equiv ohBuLi were  conocene formed by the reaction of {ZgMe,] with 2 is an
added to a mixture of 1-propanol and phenylsila®)eir{ active species for the catalytic polymerization Zpfand
THF, initially yellow solution turned orange with evolution hydridosilylzirconocene is also active species for the cata-
of Hz gas. Tri(propoxy)phenylsilane was isolated from thelytic O-silation of alcohol or aldehyde with'°
reaction mixture after flash chromatography and character- For the present discussion, hydridosilylzircornium com-
ized spectroscopicalfyin a typical procedure, a mixture of plex as a catalytic intermediate was precluded. To have
2(21.9 mmol) and alcohol (16.1 mmol) was added to a THRvacant site for the oxidative addition &f metal center had
solution of1 (0.2 mmol) andnBuLi (0.2 mmol) at -78C to be reduced from Zr(1V) to Zr(ll) and reductively elimi-
and stirred for 48 hrs at room temperature. The resultingiated compound containing cyclopentadieny or acetylaceto-
mixture was subjected to the GC/MS after removing thenate ligand should be formed. However, GC/MS spectra of
metal moieties by passing through Florisil. All manipula- reaction mixture of, nBuLi and 2equiv of did not contain
tions were carried out under nitrogen atmosphere usingny cyclopentadieny or acetylacetonate moieties. Based on
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ROH ,OH -Hy ,OR PhsiH, P -ROSIPhH,
(acac)ZCer\ _ (acac)ZCer\ ——= (acac),CpZr ——= (acac),CpZr x 3 ROH 4
H H K_H/—SiPth -+,
3 4 5
R R
ROSIPhH, P -(RO),SiHPh ROH (RO),SiPhH Py (RO)SiPh
= {acac),CpZr w 3 4 (acac),CpZr —\ —_ 3

WSi(OR)PhH Ha kH/—Si(OR)zPh

-= open site or solvent

Scheme 1

the results, hypothesis for the alcololysis of silane$ &gd  Table 2 O-silation products of aldehydes with phenylsilane cata-
nBuLi were suggested in Scheme 1. It involves the butylalyzed by [Cp(acag¥rCl] andnBulLi

tion of 1 by nBuLi, followed by -hydride elimination to  agehydes Products GC vield (%)
form 3, and the formation of alkoxide with evolution of

hydrogen molecules to give Formation of an intermediate Acetaldehyde Phsl(ocﬁmk 87
2 . - PhSI(OCHCH3)2H 13
n~-H-SiPhH complex of typé then undergoes nucleophilic . )

. ) . Propionaldehyde PhSi(OGHAH,CHs); 58

attack by OR to give ROSIiPhtdnd3. Further reaction of PhSib(OCHCH.CHy) 35
with ROSiIPhH or (ROYSiPhH followed by nucleophilic 2 e

attack by OR gives dialkoxyphenylsilane or trialkoxy- Butyraldehyde PhSI(O(CHCH)s %

PhSi(O(CH)sCHa)H. 10

phenylsilane, respectively. To explain the alcoholysis of

silanes by IrkL,(MeOH)(HSiR) (L=PAr; or PCy), r-H-  'scpubyraldenyde - PhSI(OGBH(CH))-H 53

SiPhH complex and nucleophilic attack by alcohol have Phs'(QCHCH(_CHa)Z)HZ 47
o . Crotonaldehyde PhSi(OCBH=CHCH); 61

been postulatet M ---H-Si interaction has been proposed PhSi(OCHCH=CHCH) 9

in compound of the type It (MeOH)(HSIR) (L=PArs or (OCHZCHZCHZ_CHs)Z

PCys)® and CpMn(CO)LHSIR (L=phosphine or CO) and Benzaldehyde PhSI(OGHN), 92

supported by X-ray and neutron diffraction studi€sand PhSI(OCHPh)H 8

theoretical calculatioff: —
O-silation reaction of aldehydes with phenylsilane cata- Y'e!d calculated by GC based on [aldehyde]

lyzed by the mixture ohBuLi and 1 was similarly per-

formed. In a typical procedure, a mixt@&€21.9 mmol) and yield of 92%, and 8% of dialkoxyphenysilane was observed.
aldehyde (16.1 mmol) was added to a THF solutioh(6f2  These results are comparable with the reaction of benzalde-
mmol) andnBuLi (0.2 mol) at -78C and stirred for 48 hr at hyde in the dimethylzirconocene syst&tf When a mix-
room temperature. The resulting mixture was subjected tture of benzaldehyde ariwas catalytically activated by
the GC/MS after removing the metal moieties by passinglimethylzirconocene, the hydrogenation product of benzal-
through Florisil. The results of th@-silation reaction cata- dehyde such as benzyl alcohol was found as a major product
lyzed by1 andnBuLi are summarized in Table 2. Alkoxy- instead ofO-hydrosilation product

phenylsilanes were produced with over 70%. In case of A plausible reaction pathway for the hydrosilation of alde-
crotonaldehyde 9% of bis(butoxy)crotoxyphenylsilane washydes is similarly suggested as in the case of the alcoholysis
observed, which could be formed by hydrogenation of douef phenylsilane b, and shown in Scheme 2. It involves the
ble bond in crotoxy groups. In case of benzaldehyde triformation of alkoxide complex type 6f followed by reac-
alkoxyphenylsilane compound was major product in thetion with2 to give an intermediatg?-H-SiPhH complex type

CH,R
RCOH PhSiHy 0 -RCH,08PhH,  Rcon RCH,OSiPhH,
(acac)chZr\ — (acac),CpZr —OCH,R (acac)ZCer\ \' 3 6
, H 6 7 \_H;SiPhH,
CH.R CH,R
P «(RCH,0),SiPhH RCOH (RCH,0),SiPhH /0\ (RCH,0),SiPh
(acac),CpZr F\ 3 6 (ac)QCer\ - .
&H/—Si(OCHQR)PhH H—Si(OCH,R),Ph

= open site or solvent

Scheme 2
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of 7. Nucleophilic attack by OCIR gives RCHOSiIPhH

and 3 and further reaction 06 with RCH,OSiPhH or 9.

(RCH0),SiPhH followed by nucleophilic attack by OGR
gives dialkoxyphenylsilane or trialkoxyphenylsilane, respec-
tively.
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