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Abstract: Silicon halides in the presence of nucleophilic catalysts react with 
epoxides to form O-protected vicinal halohydrins with enhanced regioselectivity. 

The thermal uncatalyzed insertion of silicon halides into oxiranes is well known in the 

literature.L2p3 t4 However, due to the long reaction times, high temperatures often required 

in the reaction, 'e*lf and the low observed regioselectivity for the opening of some unsym- 

metrical epoxides,'jr'R,* th ese insertions have received little use in synthesis. We now wish 

to report that the cleavage of oxiranes with silicon halides is subject to nucleophilic 

catalysis, allowing the regioselective formation of O-protected vicinal halohydrins under 

extremely mild conditions. 5 

A variety of catalysts are effective at promoting the insertion of silicon halides into 

oxiranes: the most effective in our hands are tetra-n-butylammonium chloride and triphenyl- 

phosphine.6 In a typical reaction, one equivalent of halosilane is added to a stirred 10 wt% 

solution of the epoxide and 0.4 mole % catalyst in ethanol free chloroform with cooling. 

Table 1 shows several epoxide insertions performed in this manner, and in the case of entry 1 

and 5 a comparison with the uncatalyzed reaction. 

In all cases involving unsymmetrical epoxides, regioselective formation of the primary 

chloride is observed at low temperatures.* The regioselectivity is temperature dependent, the 

addition of chlorotrimethylsilane to styrene oxide at higher temperature (+5") affords a 9O:lO 

mixture of regioisomers. By comparison, the thermal insertion of chlorotrimethylsilane into 

styrene oxide has been reported to require 150 hr at 100" affording an 8O:ZO mixture of pri- 

mary and secondary chlorides.2 The insertion is influenced by the structure of the oxirane. 
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Table I: The Triphenylphosphine Catalyzed Insertion of Chlorotrimethylsilane into Epoxides. 

Entry Epoxide Temp. Cat. Time Yielda Product 

OTMS 

25" + 5 min 
2s" - 24 hr ;;b tic1 

l- 

I- 

l- 

25" + 5 min 99 

3 4 -50" + 45 min 99 

& 
1 

4 

3 

OTMS 
-50D + 15 min 

\ gg \A1 

25" - 24 hr Ob Cl 
5 +5" + 5 min 9oc 

-50" + 15 min 99 

6 
0 cr TMS 

,50" + 45 min 99 
Cl 

25" - 15 min 99 

a. Purity, yield and isomer ratios via lH, 13C-NMR and glpc analysis. 
b. The balance of material was composed of starting oxirane. 
c. The balance of material was composed of the regio-isomer 2-chloro-2-phenyl-l- 

trimethyl-siloxyethane. 

While the additions depicted by entries 1, 2, 5 and 6 do not occur in the absence of catalyst at 

room temperature, cyclopentene oxide rapidly affords the vicinal 0-trimethylsilyl chlorohydrin4 

in an uncatalyzed process. 

The formation of the primary chloride in the reactions with styrene oxide and butadiene 

monooxide and of trans 0-trimethylsilyl vicinal chlorohydrins with cyclohexene and cyclopentene 

oxide suggests the mechanism for the insertion to involve a nucleophilic opening of the epoxide 

rather than a four center insertion into the carbon-oxygen bond.3 
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Table 2: The Catalyzed Insertion of Monohalosilanes into Phenyl Glycidyl Ether 

x= 

Cl 

Br 

R= 

(CH3)3Si 

11 

Cat. Condition 

(C6H5)3P O'/CHCl3/5 min 

I, 11 

% Yielda 

99 

92 

I II I* I, 9gb 

Cl (CH3)2C4HgSi 
II 100°/Neat/20 hr 91 

Cl (CH3CH2)3Si (c-Bu)4N+Cl- 60°/CHC13/22 hr 96 

Cl (C6H5)3Si 
1, 60°/CHC13/48 hr 0 

a. Isolated yields of 1-halo-2-O-silyl-3-phenoxypropanes. 
b. Isolated as the vicinal iodohalohydrin. 

The insertion reaction is general for trimethylsilyl halides. The catalyzed insertion 

of trimethylsilyl bromide and iodide into phenyl glycidyl ether (Table 2) regioselectively 

affords the corresponding primary halides at low temperature and in high yield. The reaction 

is also applicable to other substituted silicon halides to afford more hydrolytically stable 

vicinal halohydrin derivatives. The reaction of t-butyldimethylchlorosilane and triethyl- 

chlorosilane with phenyl glycidyl ether, while requiring higher temperatures and longer reaction 

times also afford the expected primary halohydrins in excellent yield.10 In the absence of 

phosphine or alkylammonium chloride catalyst, no insertion was observed under these reaction 

parameters. 

The addition of silyl halides' and pseudohalides (sulfides,ll cyanides,'* trifluoro- 

methane-sulfonates,13 selenides,14 amines,15 azides,16 and amidesl') to epoxides appears 

to be applicable not only to the case of silicon but other organometallic derivatives of 

the Group IVA as well.l* The use of Lewis acid and nucleophilic catalysis to promote and/or 

modify reactivity in these reactions has now been observed in silyl selenides,14 tin amines,"' 

and silyl halides. 

Whether catalysis is a general property of the reaction of Group IVA halides and pseudo- 

halides with oxiranes remains to be established. 
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