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COZ(C0)8 CATALYZED REACTIONS OF STYRENE OXIDE WITH TRIALKYLSILANES

*
Kyung-Tae Kang1 and William P. Weber

Department of Chemistry and Loker Hydrocarbon Research Institute,
University of Southern California, Los Angeles, CA 90089-1062 USA
Summary: The dicobalt octacarbonyl catalyzed reaction of styrene oxide with trialkylsilanes
yields a mixture of l-phenyl-2-trialkylsiloxyethane and Z- and E-1-phenyl-2-trialkylsiloxy-
ethene. The ratio of these products can be controlled.
The silyl-hydroformylation reaction of aliphatic epox1des catalyzed by Co (CO)8 has
recently been reported to yield silyl ethers of 1,3- d1o]s
Surprisingly, we have found quite different results when we carried out a similar reaction
with styrene oxide with trialkylsilanes and CO catalyzed by Coz(CO)B. Specifically, with
trialkylsilane we have obtained a mixture of l-phenyl-2-trialkylsiloxyethane (I) and Z- and
E-1-phenyl-2-trialkylsiloxyethene (II) in high yield. With Et3SiH I is the major product.
On the other hand, with I;Bu(Me)zsiH Z-11 and E-II are predominant. (See Table) Clearly, CO
is not involved in these reaction.

Ph-CH—CHy Co, (C0) g/C0 PhCH,CH,QSR 'R, (1)
0 RoR'S1H Z- and E-PhCH=CH-OSiR'R, (II)

We believe that these results can be rationalized in terms of the mechanism previously
proposed with minor modifications. 2 Thus reaction of tr1a1ky1s11anes with COZ(CO)B is well
known to yield trialkylsilyl cobalt tetracarbonyl and HCo(CO) 3,4 Trialkylsilyl cobalt
tetracarbonyl transfers a trialkylsilyl group to the basic oxygen of the epoxide to yield an
oxonium cation / Co(C0)4' ion pair.2 Apparently, the oxonium cation undergoes C-0 bond
heterolysis to yield a benzylic cation. Hydride transfer from Et3SiH to benzylic carbocations
is a well known process in ionic hydrogenation.s’6 This would yield I. Nucleophilic activation
of trialkylsilane by Co(C0)4- may be required in this reaction. This would result in
regeneration of the trialkylsilyl cobalt tetracarbonyl and continuation of the catalytic
cycle. On the other hand, the benzylic cation/Co(CO)4‘ may collapse to an unstable benzyl
cobalt tetracarbonyl species which undergoes B-hydride elimination to yield the silyl enol
ethers (II) and HCo(CO)4 faster than the insertion of CO0. Finally, reaction of HCo(CO)4 with
trialkylsilane can yield hydrogen and regenerate trialkylsilyl cobalt tetracarbonyl (See Scheme).

If this proposal is correct, the difference in behavior of Et3SiH and E-Bu(Me)ZSiH in these
reactions results from relative differences in ease of nucleophilic attack by Co(C0)4' on the
respective silyl centers. This will affect the rate of ionic hydride transfer to the benzylic
carbocation. t-Butyldimethylsilyl ethers are well known to undergo hydrolysis much slower than
either trimethylsilyl or triethylsilyl ethers due to steric hinderance to nucleophilic attack
at the silyl center by the t-butyl gmup.7'9 Consistent with this interpretation, at higher
trialkylsilane concentrations higher yields of I are obtained. (See Table)
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_ Ph—CH ——CH, .
Ph=CHi—CH, + R'R,SiCo(C0), Co(C0),

N/
< L e T
[Ph-—CH—CHz—OSiRZR'jI
CO(CO)4 H——?iRZR'
Co(CO)4
[ﬁh__?H-—CHZ—_OSiRZR Ph——CHZCHz——051R2R'(I) + R

Co(C0), J w

Z- and E-Ph-CH=CH-0SiR,R’ (11) + HCo(CO)4

2R'SiCo(CO)4

HCo(CO)4 + R'RZSiH — H, ¢ R'RZSiCo(CO)4

Most of the compounds are known, their properties were in agreement with literature values:
-pheny]-2-§¢buty1dimethy1si]oxyethane,lo Z-1-pheny1-Z-L-buty]dimethy'lsﬂoxyethene,11 1-pheny1-2-
riethy1sﬂoxyethane,12 Z- and E-1-pheny1—2-tr1‘ethy1s1‘10xyethene.13 E-1-Phenyl-~2-t-butyl-
imethylsﬂoxyethene.14
able RoR'SiH Total Yield Ratio I : Z-IT : E-11

EfBu(CH3)25iH (2.00 eq) 62% 11 : 48 : 41
E—Bu(CH3)ZSiH (1.28 eq) 51% 4 : 55 : 41
Et,SiH (2.00 eq) 65% 64 : 21 : 16

3
Et,SiH (1.28 eq) 55% 37 : 35 : 28
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NMR: & 0.23 (6H,s), 0.98 (9H;S), 6.05 (1H,d,Jd=12.2 Hz), 7.02 (1H,d,J=12.2 Hz), 7.1-7.4
(5H,m). MS m/e: 234 (29%) M7, 177 (100%), Mﬁg-buty1+.Ana1. Found: C, 71.54%; H, 9.48%.
Calc. for C14H22081 C, 71.73%; H, 9.46%.
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