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Abstract

Intramolecular bis-silylation of (Z)- and (E)-alkenes tethered to disilanyl groups by ether linkage ~CH,CH,O- proceeded with
stereospecific cis-addition to give 5-exo ring-closure products. Phenyl substituents on the silicon atom proximal to the ether oxygen were
crucial for the successful bis-silylation reaction. NMR study of a stoichiometric reaction of disilanyl alkenes with bis(tert-alkyl
isocyanide)palladium(0) complex showed that facile formation of an intermediate of bis(silyDpalladium(II) complexes may determine on
the observed high reactivity in the catalytic reaction. Disilanyl ethers derived from (Z)- and (E)-2-methyl-3-hexen-1-0l gave
trans-3,4-disubstituted 2-silatetrahydrofurans and those derived from (Z)- and (E)-4-hepten-2-ol gave cis-3,5-disubstituted 2-silatetra-
hydrofurans selectively. Application to stereoselective synthesis of triols was demonstrated by H, 0, oxidation of the cyclic products with

retention of stereochemistry at the silicon substituted carbons.
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Stereo- and regioselective formation of Si—~C bonds
is important from the viewpoint of synthesis of func-
tional molecules as well as application for selective
organic synthesis. The transition metal-catalyzed addi-
tion of Si—Si bond across C—C multiple bond, i.e.
bis-silylation, is attractive transformation in that two
Si—C bonds are stereoselectively created at once [1].
Recently, we have found that intramolecular bis-silyla-
tion of terminal alkenes was effectively promoted by a
palladium—tert-alkyl isocyanide catalyst to lead to stere-
oselective synthesis of polyols [2]. In this paper, we
describe intramolecular bis-silylation of internal
alkenes, which have been reluctant to react under the
conditions so far reported.

Various disilanyl ethers of (Z)-3-hexen-1-0l were
subjected to intramolecular bis-silylation in the presence
of 0.03 equivalents of Pd(OAc), and 045 eq. of
1,1,3,3-tetramethylbutyl isocyanide in refluxing toluene
(Eq. 1, Table 1). Though disilanyl ethers 1a,b with only
alkyl substituents on the disilanyl groups did not react at
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all, 1le—f with aryl groups on the silicon atom distal to
the ether oxygen gave the corresponding cyclized prod-
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Table 1
Effect of substituents of disilanyl group

entry  disilanyl group % yield of 2

(Z)-1 R'R%Si-SiR,

1 a Me,Si-SiMe, no reaction

2 b ‘BuMe, Si-SiMe, no reaction

3 c (p-MeOPh)Me, Si-SiMe,  low conversion
4 d PhMe, Si—SiMe, 56

5 e ( p-CF,Ph)Me,Si-SiMe, 64

6 f Ph,Si-SiMe, 66

7 g PhMe, Si—SiMePh 75

8 h Me,Si-SiPh, 91

9 i PhMe, Si-SiPh, 91
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uct 2¢—f in low to moderate yields. We have found that
employment of disilanyl groups having aryl substituents
on the silicon atom adjacent to the oxygen remarkably
enhanced the reactivities for satisfactory bis-silylation
reactions (entries 8 and 9). The effect of the disilanyl
groups were manifested in the bis-silylation of (E)-3-
hexen-1-ol to give 3 in high yields (Eq. 2). As expected,
intramolecular reaction of the disilanes with the (Z)-
and (E)-double bonds occurred with complete cis-ad-
dition to afford (R*,§*)-2 and (R",R*)-3, respec-
tively, in a stereospecific manner [3].

Ph, Ph,

PhMe,Si—Si~g  xr o PhMezsi,;__{;o
:
Et\/\) “'Pd(0AC), Et

toluene, reflux
(E)-1 3 (94%)
(2)

A stoichiometric reaction of (E)-1i with bis(1,1,2,2-
tetramethylpropyl 1socyan1de) -palladium(0) in C, D, was
monitored at 10—20°C by 'H NMR, being suggestlve of
a possible generation of the bis(silyl)palladium(II) com-
plex [4], which was slowly converted to the cyclized
product at room temperature. The formation of the
complex was evidenced by the significant low-field
shift of 'H resonances of the substituents on silicon
atoms (0.50 ppm for Si—-Me), as observed for some
cyclic bis(silyDpalladium bis(zerz-alkyl isocyanide)
complexes so far isolated [5]. On the other hand, 1a,b
failed to give the corresponding palladium complexes
[6]. These results suggest that the catalytic cycle of
bis-silylation involves bis(silyl)palladium intermediate,
whose formation may be accelerated by the phenyl
groups on the silicon atom (Scheme 1).

The homoallylic ethers having methyl substituent on
the tether also underwent the bis-silylation to give cy-

‘O>/Pd|-z\<\/\)
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Scheme 1. Possible catalytic cycle of intramolecular bis-silylatation
of alkenes (substituents on the silicon atoms are omitted for clarity).

Table 2
Diastereoselective intramolecular bis-silylation of internal alkenes
Ph, - Ph,
PhMe, Si—Si :
FTING T TNC | PhMe,Si Si~o
Et ' pd(OAC) 7_0
w toluene, ref]uzx
Et
entry substrate product yield/ cis: trans *°
%
Si—S8i
0 Si i-g
1 N >-—</( 92 1:>99
Bt Me B e
(Z)-4 5
Si —SL .
Si, L
2 N 7—<j 97 1:>99
Et S
e
(E)-4 6
Si-Si
™o Si 0
3 /\/L >—</|\ 9  86:14
(Z )-7
Si —-SL
4 Et /\)\ /_—{/L 90:10
(E)-7

stereochemlstry in the 5-membered ring, ® Determined by HPLC
and '"H NMR.

clized products in high yields (Table 2). The reaction
proceeded to give the corresponding disubstituted S-
membered cyclic products with high diastereoselection.
Thus, (Z)-4 and (E)-4 derived from 2-methyl-3-hexen-
1-ol exclusively afforded trans-substituted 5§ and 6,
respectively (entries 1,2), while (Z)-7 and (E)-7 de-
rived from 4-hepten-2-ol selectively afforded cis-sub-
stituted 8 and 9, respectively (entries 3,4).

Cyclic alkenes 10a—c also underwent intramolecular
bis-silylation under rather forced conditions to give
bicyclic products 11a—c¢ having all cis configuration in
the cyclohexane ring (Eq. 3).

RIMeZSi——Si R!Me, Si Si.

O & O

- Pd(0AC),
xylene, reflux
10a: R! = Ph, R = Me
b: R' = p-CF,Ph, R = Me
¢: R'=Ph, R=Ph

Stereoselective synthesis of triols was carried out by
oxidative cleavage of Si—C bond in the presence of

11a: 44%
b: 78% (3)
c:97%
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fluoride anion [7]. For instance, treatment of 5 and 11b
with 'BuOK in DMSO or CF,CO,H, followed by hy-
drogen peroxide oxidation gave triols which was iso-
lated in the form of triacetate 12 and 13 in 74 and 72%
yield, respectively (Egs. 4 and 5).

1) CF,CO,H Ac OAc
2)H,0,/TBAF/KHCO
e TRD D, Etj\) (4)
3) Acetylation ¥ Y
OAc Me
12 (74%)
AcQO OAc
1) 'BuOK /DMSO OAc
11b 2)H202/TBAF/'KHC0‘3; (5)
3) Acetylation
13 (72%)
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