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CARBON-SILICON BOND CLEAVAGE OF ORGANOTRIALKOXYSILANES AND ORGANOSILATRANES WITH
m-CHLOROPERBENZOIC ACID AND N-BROMOSUCCINIMIDE. NEW ROUTE

TO PHENOLS, PRIMARY ALCOHOLS AND BROMIDESl

Akira HOSOMI, Susumu IIJIMA, and Hideki SAKURAI
Department of Chemistry, Faculty of Science, Tohoku University, Sendai 980

Alkyl- and aryltriethoxysilanes undergo oxidative carbon-silicon
bond cleavage smoothly with m-chloroperbenzoic acid (MCPBA) to af-
ford the corresponding alcohols. Silatranes similarly gave alco-
hols and bromides with MCPBA and N-bromosuccinimide, respectively.

Although numerous reports have been published on the smooth carbon-silicon
bond cleavage of anionic organosilicon ate-compounds such as organopentafluoro-

2,3

silicates with peracid, N-bromosuccinimide (NBS) and halogens, the use of

neutral tetra- and penta-coordinate organosilanes has been rather limited. A

comparison of lH and 29

Si NMR chemical shifts of organotrialkoxysilanes and organo-
silatranes4 with those of organosilicon ate—species5 indicates high charge densit-
ies at silicon atoms of alkoxysilanes and silatranes like those of organosilicon
ate-compounds. Therefore, these alkoxysilanes and silatranes could also be attack-
ed readily with electrophilic reagents. We report here a novel carbon-silicon bond
cleavage reaction of neutral tetra- and penta-coordinate organosilanes by m~-chloro-
perbenzoic acid (MCPBA) and NBS to give the corresponding alcohols and bromides,
respectively. The reaction formally corresponds to anti-Markownikoff hydration

and hydrobromination of olefins. (eqg. 1)
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The starting materials were prepared by the following scheme. Hydrosilylation
of olefins (3) with trichlorosilane (6a) and triethoxysilane (6b) catalyzed by
chloroplatinic acid gave the corresponding alkyltrichlorosilanes (7) and alkyltri-
ethoxysilanes (;), respectively. Reduction of either‘l or‘£ with lithium aluminum
hydride afforded alkylsilane Qg). Conversion of hydrosilane gg) to silatrane Q%)
catalyzed by dicobalt octacarbonyl proceeds very smoothly via dehydrogenative con-
densation under mild condition,6 although direct conversion of %yto‘gris also ef-
fective under considerably severe condition.7 Aryltriethoxysilanes &8) were



244 Chemistry Letters, 1981

prepared by the ethanolysis of aryltrichlorosilanes, prepared by the Grignard re-
action. Arylsilatranes (10) were similarly obtained according to the procedures

mentioned above.
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a. H,PtCl heat (80°-140°); b. LiAlH4, ether, reflux; c. N(CH20H20H)3,

2 6’
CO(CO)B, CH2C12, rt; d. N(CH2CH20H)3, KOH, PhH, reflux.

Organotriethoxysilanes (i,g) thus obtained can react with MCPBA smoothly in
methanol in the presence of disodium hydrogen phosphate (Na2HPO4) to give the cor-
responding alcohols.8 The results are listed in Table 1. Phenyltrimethylsilane
was intact under a similar reaction condition.

The nature of the solvent in the presence of Na2HPO4 plays an important role
in the reaction. Methanol was the most satisfactory solvent. Other aprotic
solvents such as THF, acetonitrile, dichloromethane, dimethoxyethane, and DMF were
less effective than methanol to the reaction.

Similarly, silatranes as a representative five-coordinate organosilane can
enter the reaction with MCPBA and NBS. The results are summarized in Table 2. In
the case of silatranes the solvent effect was not very important, since methanol
and dichloromethane gave products in similar yields.

In conclusion, the present reactions provide new mild procedures for preparing
primary alcohols and bromides from l-olefins via hydrosilylation. Phenols and
phenyl bromides can also be prepared by similar procedures.

Preparation of n-octyl alcohol from l-octene is typical. n-Octyltriethoxy-
silane (;}) (11.4g, 41.2mmol) was prepared by the hydrosilylation of l-octene
(8.0g, 71.3mmol) with triethoxysilane (10.0g, 60.9mol) in the presence of chloro-
platinic acid as catalyst at 125° for 46h in 68% yield. n-Octyltriethoxysilane
(285mg, 1.0mmol) and MCPBA (80% purity) (409mg, 1.9mmol) was stirred in methanol
(2ml) at room temperature for 24h in the presence of disodium hydrogen phosphate
(335mg, 2.4mmol) in a flask. The resulting solution was hydrolyzed with water.
The organic layer was separated and the aqueous layer was washed with ether. The
combined organic layer was dried (Na2804), and the solvent was evaporated. The
residue was purified by TLC (silica gel) using hexane-ether (1/1) as an eluent to
give 57.5mg (0.43mmol) of n-octyl alcohol (12)(Rf 0.5) in 43% yield.
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Table 1. Reactions of alkyl- and aryltriethoxysilane with
m-chloroperbenzoic acid (McPBA) 2

Entry Organotriethoxysilane Solvent Product Yield/%b
1 n—C8H17Si(OEt)3 MeOH n-C8Hl7OH 43 (56)
(11) (12)
2 11 EtOH 12 (11)
3 11 DMF 12 (10)
4 11 DME 12 (9)
5 11 CH2C12 12 (8)
6 11 THF 12 (3)
7 11 CH3CN 12 (3)
8 n—C16H33Si(_OEt)3 MeOH n—C16H33OH 48
. c
9 CH30CO(CH2)1051(OEt)3 MeOH CH3OC0(CH2)100H 55
10 C6H581(0Et)3 MeOH C6H50H 60
Table 2. Reactions of Organosilatranes with MCPBAY
Entry R in organosilatrane Electrophile Eigg;;on Product Yield/%
1 n-C8Hl7 MCPBA 22 n-C8H1.7OH 43 (43)
f
2 n-C8H17 MCPBA 23 n—C8H17OH (41)
3 n—C8H17 NBS 78 n—C8Hl7Br (15)
4 C6H5 MCPBA 18 C6H50H (18)
5 C6H5 NBS 13 CgHgBr (55)
6 p-C1CH, MCPBA 22 p-C1C H,OH (22)
7 p—ClC6H4 NBS 8 p—ClC6H4Br 52 (77)
p—CH;0CgH, MCPBA 18 p-CH30C H,OH (17)
9 p-CH,0CH, NBS 22 p-CH,0C H,Br 64 (71)
10 p-CH,CH, MCPBA 22 p—CH,C H,OH (23)

Captions to Tables (Common)

8 Reactions of organotriethoxysilane with MCPBA were carried out at room temperature
for 24h in the presence of NajHPOy, unless otherwise noted. b Yields after isola-
tion by TLC. Yields determined by GLC are given in parentheses. € The reaction
time is 40h. 9 Reactions with MCPBA were carried out in CHyCly in the presence of
NaoHPO4 at room temperature unless otherwise noted. © Reactions with NBS were car-
ried out in CH;Cl, at room temperature. f The reaction was carried out in MeOH at
room temperature.
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The effect of Na2HP04 is not clear. Possibly, it acts as a buffer
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