Tetrahedron Letters,Vol.25,No.23,pp 2483-2486,1984 0040-4039/84 $3.00 + .00
Printed in Great Britain ©1984 Pergamon Press Ltd.

INTRAMOLECULAR CYCLIZATION MEDIATED BY SILYLMETALATION OF
ACETYLENES WITH PhMe,SiMgMe/Cul AND RADICAL NATURE OF THE REAGENT

Yasuhiro Okuda, Yoshitomi Morizawa, Koichiro Oshima*, and Hitos1i Nozaki
Department of Industrial Chemistry, Faculty of Engineering,
Kyoto University, Yoshida, Kyoto 606, Japan

Abstract: Whereas Cul catalyzed silylmagnesation of the tosylate of 5-
hexyn-1-ol with the title reagent affords dimethylphenylsilylmethylene-
cyclopentane exclusively, the mesylate of 3-butyn-l-ol gives a mixture of

unexpected silylcyclobutene and cyclopropylidene derivative.

The silylmagnesium compound prepared from PhMe,Sili and MeMgl reacts
with terminal acetylenes to give vinylsilanes in the presence of various

1 Among them, copper(l) iodide catalyzed

transition metal catalysts.
reaction affords l-silyl-l-alkene with high regio- and stereoselectivity
Further application of this reaction to substrates carrying a terminal
acetylenic moiety and a leaving group such as 0Ts, OMs, or Br has provided a

novel synthesis of cycloalkanes with a silylmethylene substituent.

CH,C=CH CH CH
(cH )2 - (CH/) 2\C—C’H — CH/) ic—c’H
\ 2/n 2N T ( 2/N /=7 "\ siMe,Ph
CHyX XCHy MeMg SiMeaPh CH»>
1
PhMe,SiMgMe/ Cul THF 0°-25°C X=0Ts, OMs, Br

A THF solution of PhMe,S8iLi (0.5 M, 12 ml, 6.0 mmol) was treated with
MeMgl (1.0 M ether solution, 6.0 ml, 6.0 mmol) in THF (5.0 ml) at 0°C. Cul
(19 mg, 0.1 mmol) was added and the resulting mixture was stirred for 5 min.
A THF solution of the tosylate of 5-hexyn-1-ol 2a (0.51 g, 2.0 mmol) was
added and the whole was stirred for 30 min at 0°C, then for an additional 1
h at 25°C. Extractive workup (ether, 1IN HCl) followed by purification by
silica gel column chromatography gave dimethylphenylsilylmethylenecyclo-
pentane 3a2 (Y =H) in 91% yield: bp 72-78°C (bath temp, 2 Torr); IR (neat)
1580, 1420, 1250, 1110, 835 cm™; NMR (CCl,) §0.33 (s, 6H), 1.35-1.80 (m,
4H), 1.85-2.50 (m, 4H), 5.40 (bs, 1H), 7.10-7.50 (m, 5H). Found: C, 77.89;
H, 9.55%. Calcd for Cy,Hyy8i: C, 77.71; H, 9.32%.

2483



2484

Acetylenes 2b and 2c¢ gave the corresponding cyclopentane derivatives
3b and 3c in 46% and 43% yields. Mesylates of 6-heptyn-1l-ol and 4-pentyn-1-
ol afforded the corresponding six-membered ring compound 53 and four-
membered one, respectively. These reactions proceed as follows. The
addition of PhMe,SiMgMe to terminal acetylene linkage takes place at 0°C to
provide alkenyl Grignard compound 1. In a second step the organomagnesium
reagent 1 attacks the carbon bearing the leaving group intramolecularly at
25°C to give the cyclized products. The intermediary alkenyl metal species
1 (n =3, X =0Ms) could be trapped by quenching the reaction mixture with
D;,0 at 0°C to give the mesylate of (E)-6-deuterio-7-dimethylphenylsilyl-6-
hepten—l—ol4 quantitatively.

PhMe,SiMgMe

a:Y=~H
oTs Cul SiMe,Ph  D: Y =M
c: Y =Bu

Yy 2 Y 3

= SiMe,Ph <:-———— SiMePh
OMs : 5 60% OTs 287%

4

Bromides such as 7-bromo-l-heptyne or 6-bromo-l-hexyne also gave the
cyclized products but the yields were rather low as compared with the
corresponding mesylate or tosylate. For instance, treatment of 7-bromo-l-
heptyne with PhMey,S5iMgMe in the presence of Cul gave cyclohexylidene
compound 5 in 25% yield along with (E)-l-dimethylphenylsilyl-l-heptene (15%)
which is apparently generated by the replacement of Br group by hydrogen
followed by silylmagnesation of the resulting l-heptyne. The latter bromide
gave a mixture of 1—dimethylphenylsilylmethyl—l-cyclopentene5 (40%) and (d)-
l-dimethylphenylsilyl-l-hexene (20%).

The reaction of prosaic tosylates or alkyl halides provided an evidence
for the radical nature of the reagent, PhMe,;SiMgMe. The tosylate of dodecyl
alcohol gave a mixture of l-dodecyldimethylphenylsilane (20%), tridecane
(3%), and dodecane (36%) on treatment with PhMe,SiMgMe in the presence of
Cul catalyst. 1-Bromododecane also provided a mixture of these three com-
pounds in 22%, 10%, and 24% yields, respectively. The silane and tridecane
are ordinary coupling reaction products between the magnesium reagent and
dodecyl group. On the other hand, the formation of dodecane could be
ascribed to the intermediary dodecyl radical generated by a single electrom

transfer from the reagent.
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Extension of this new method to mesylates (6a, 6b) derived from homo-
propargyl alcohols provided l-dimethylphenylsilyl-l-cyclobutenes 8a® and 8b
in addition to the expected three membered ring products 7a and 7b. The
structure of 8a was confirmed by the comparison with a sample prepared from
4-bromo-1-dimethylphenylsilyl-1-butyne and iBuzAlH according to the reported

procedure.7’8
SiMe2Ph
—_— +
OMs SiMe,Ph
Y 6 Y 7 Y 8
a: Y=H U45% 41%
b: Y =Me 30% 10%

The new cyclization technique could be applied to the allenic compound9
bearing leaving group and provided us with a simple route to bicyclic
compounds which has been exemplified by the synthesis of cis-

bicyclo[4.3.O]nonan—3-one.10
SiMesPh
_ 1) Buli- W 1) MCPBA H
CIP(DY(OED) 2 2) LAH X
—_— —_—
2) PhMe,SiMaMe 3) NOZCr207
Cul H

OH 50% (2 steps, ref, 11)
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The starting material was prepared according to the following sequence:

(1) addition of dibromocarbene to 1,5-cyclooctadiene to give mono-
dibromocyclopropane, (2) hydroboration of olefin linkage followed by
oxidative workup to alcohol, (3) treatment with ®Buli at -78°C to
allenic alcohol.
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