
Tetrahedron Vol 45, No 7, pp 1929 to 1940, 1989 
Pnntcd m Great Bntam 

clo4%402rJ/89 $3 oo+ 00 
Pcrgamotl Prw pm 

NOVEL Si-C BOND CLEAVAGES OF ALKYLIDENESILIRANES 

IN TEE REACTION WITH NUcLEopHILBS 

Haruo Saso and Wataru Ando* 

Department of Chemistry, The University of Tsukuba 

Tsukuba, Ibaraki 305, Japan 

Katsuhiko Ueno 

Research Institute for Polymers and Textiles 

Tsukuba, Ibaraki 305, Japan 

(Recewed in Japan 24 October 1988) 

Abstract; l,l,-Dimesityl-2-Z-neopentylidenesilirane(lK) reacted with 

nucleophiles to give ring opening adducts inserting at unexpected Si-C2 

bond. This behavior can be explained by the unique structural feature 

of 12 defined by its X-ray crystal analysis. A six electron 

participating concerted mechanism was suggested for the reaction with 

methanol and benzaldehyde. Palladium-catalyzed reaction of 1K with 

acetylene and allene gave ring expansion products. 

Introduction 

In the rapidly advancing field of silirane (silacyclopropane) chemistry, a 

topic of current interest is the reactivity of Si-C bond toward nucleophile.' 

The first isolation of a silirane was reported by Seyferth, who prepared 7- 

siladispiro12.0.2.1lheptane from the magnesium-induced closure of a,a'-di- 

bromosilane.2ale These siliranes showed high reactivity toward atmospheric 

oxygen and a wide variety of nucleophiles.2ctd The reaction of silylene with 

olefin also gave silirane as an intermediate which easily reacted with 

methanol. 3 Ishikawa and Kumada reported that photolysis of tris(trimethyl- 

silyl)phenylsilane in the presence of olefins afforded corresponding 

siliranes which were distilled under reduced pressure and detected spectro- 

scopically.3c However, these siliranes were photochemically unstable to 

undergo rearrangement. Recently kinetically stable siliranes were isolated 

by protection with bulky substituents, however, there was no investigation of 

their reactivity.4 Silirane with exocyclic n-bond has not been studied in 

detail for its isolation and characterization, although it is attractive in 

view of its higher strainthanthatof siliranes composed of two sp3 carbons. 
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Methylenecyclopropane was known to have an extra strain than cyclopropane by 

11 kcal/mol in calculation5 and 13 kcal/mol in experiment.6 We previously 

reported that dimesitylsilylene reacted with allene derivatives to give 

isolable alkylidenesiliranes. 7 Here, we wish to report the novel reactivity 

of alkylidenesiliranes toward various nucleophiles including palladium 

catalyzed ring expansion reaction. 

Results and Discussion 

Syntheses of Alkylidenesiliranes. Alkylidenesiliranes were prepared by a 

photolysis of 2,2-dimesitylhexamethyltrisilane(3) in the presence of allene 

derivatives (Scheme 1). 
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Three kinds of alkylidenesiliranes: lZ, its E-stereoisomer (lE), and another 

structural isomer (21, were obtained in a reaction with s-butylallene, and 

1Z was purified by recrystallization from hexane. lZ, 1E and 2 were stable in 

air and in thermal conditions below 80°C for at least one day, which is 

surprising in consideration of the extra strain by alkylidene substitution on 

inherently unstable silirane. This high stability arose from the protection 

by the bulky substituents.4 It is noteworthy that a more crowded Z-stereo- 

isomer was obtained as a main product. In a photochemical conditions, these 



S&C bond cleavages ofalkylideneslliranes 1931 

siliranes were not stable, and the rate of decomposition of each alkylidene- 

silirane was in the following order, 2 ,133 >lX; photoisomerization among lZ, 

1E and 2, however, was not observed. The above instability toward photo- 

lysis affects the yield of each alkylidenesilirane in the reaction of di- 

mesitylsilylene with allene. 

Photolysis of 3 in the presence of m-butyldimethylallene gave single 

alkylidenesilirane 4 along with 3-silyl-1,3-hexadiene. Although 4 was found 

to be thermally stable enough to stand for GLC separation (200°C) and inert 

to methanol, it was photochemically sensitrve to the latter product. In 

fact, photolysis of isolated 4 gave 3-silyl-1,3-hexadiene in 42% yield, whrch 

can be understood in terms of the Intermediacy of silatrimethylenemethane; 

however, tautomerization to another alkylidenesilirane via such intermediate, 

which was general in carbon and hetero analogue, Ba-c,e was not observed under 

our conditions. 

X-Ray Crystal Analysis for J& The structure of 1Z was verified by X-ray 

crystal analysis. A stereoscopic view with the numbering scheme and bond 

distances and angles for 1Z are given in Figure 1 and Table 1, respectively. 

Table 1. Selected Bond Distances(A) and Angles(Deg.) for 1Z 

Bond Distances 

Si-c2 
si-c3 :%t;] 
si-c9 1:882(7) 
SI-Cl8 1.893(7) 

Bond Angles 

C2-Si-C3 48.4(3) 
c2-si-c9 115.4(3) 
C2-Si-Cl8 124.3(3) 
c3-si-c9 125.0(3) 
C3-Si-Cl8 113.7(3) 
C9-Si-Cl8 114.7(3) 

C2-C3 1.516(11) 
C2-C4 1.310(11) 
c4-c5 1.507(13) 

Si-C3-C2 65.0(4) 

;::;;I;: 
66.6(4) 
156.4(6) 

C3-C2-C4 
C2-C4-C5 

Although comparison of bond drstances with other strained organosilicon 

compounds can not be recommended due to the poorly refined R value, there are 

two noteworthy structural features of 1Z due to the introduction of z-neo- 

pentylrdene substituent: (a) the Si-C2 bond was slightly shorter than the Si- 

C3 bond and the bond angleLSi-C2-C3 was more extended than L Si-C3-C2 

similar to the methylenecyclopropane system; and (b) the bond angleLSi-CZ-C4 

was greatly extended to 156' in comparison with LC3-C2-C4 at 129'. Result 

(b) strongly indicates that there is a steric repulsion between the w- 

butyl group and the two mesityl groups, which probably causes a similar 
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strain on the Si-C2 bond to Si-C3 bond. This abnormal strain was 

demonstrated in the following reactions. 

Figure 1. Stereoscopic View with The c? 

Reaction of Alkylidenesiliranes with Nucleophiles. Silirane was known to 

react with nucleophiles smoothly by a Si-C bond cleavage. 1Z was also found 

to react with certain nucleophiles, and the results are listed in Table 2. 

12 showed high reactivity toward oxygen-containing nucleophiles, and 

reactions with oxygen-transferable reagents gave the attractive product 1,2- 

oxasiletane whereas nitrone did not. Because of the high kinetic stability 

of 1Z by steric protection , nucleophilic reagents were limited; therefore, 

ketones (acetophenone or mesityl oxide) and bulky alcohols (ethanol or w- 

butyl alcohol) did not react, and the reaction with aliphatic aldehyde 

(propanal or 2-methylpropanal) afforded a complex mixture. 

These reactions were lnitzated by nucleophilic attack on a silicon atom, 

but subsequent Si-C bond cleavage occurred on both bonds. The Si-C2 bond 

cleavage was unexpected, because methylenecyclopropane and its hetero 
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Run 

Table 2. Reactions of 3 with Nucleophiles 

Nucleophile Conditions' Products (Yields) 

1 neOH 

2 PhCHO 

3 PhCH=N(0)CH2Ph 

4 Ph2S0 

5 

r-t.1 12 h 

r-t.1 18 h 

80 "C/ 16 h 

80 "C/ 20 h 

80 "Cl 1 h 

6 LiAlH4 r.t./ 2 h/ THF 

7 CF3C02H r.t./ 5 min 

t6uCH=CHCH2SI(Ok)Hes2 

2 (quant.) 

kSg4.1Ph + *s2siqph 

0-SiHes2 
y&J 9 (70) 

ks2Si-0 
.$JJ lo(40) 

fl (20) 12 (14) 

a) Reaction was carried out under inert atmosphere in benzene unless 
otherwise noted. 

analogue have not previously been known to undergo such bond cleavage in 

their reaction with nucleophiles.8a-d This fission of 12 can be explained by 

the results of X-ray study. The selectivity toward bond cleavage might 

depend on the nature of the nucleophile; it is especially interesting that 

the formation of 1,2-oxasrletanes (runs 4 and 5) was regiospecific depending 

on the oxidants. 9 It was noteworthy that In the reaction with benzaldehyde 
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n-bond migration occurred and that with LiAlH 4 E-stereo product 11 was 

obtained, which implies that ally1 intermediate may exist. Trifluoroacetic 

acid was known to undergo protodesilylation with allylsilanes; indeed, in the 

reaction with lZ, protonation on exomethylene with r-bond migration had been 

predicted.3b The formation of 13 with stereoretention, however, indicates 

that nucleophilic attack onto silicon is more significant than protonation, 

despite decreasing nucleophilicity in trifluoroacetic acid, 

To investigate the inherent nature of alkylidenesilirane which has no 

additional strain as shown in lo, 1E and 2 were reacted with methanol and 

benzaldehyde (Scheme 2). 

Scheme 2 
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All products in these reactions were the results of Si-C3 bond cleavage, 

which seems to be usual fission in consideration of the strain by alkylidene 

substitution. However, it should be noted that n-bond migrated products were 

preferentially obtained, which was also observed in the reaction of 1Z with 

benzaldehyde. These results suggest that when alkylidenesilirane undergoes 

ring opening reaction, the six electron participating transition state such 

as A may be favorable and that it proceeds via a concerted mechanism. The 

concerted syn ring opening of silirane by methanol was demonstrated by 

Jones." Although Seyferth speculated that hexamethylsilirane reacts with 

carbonyl compound in a stepwise mechanism via diradical intermediate," 

concerted ring expansion reaction of alkylidenesilirane with bensaldehyde was 

supported by the selective formation of more sterically hindered cis-6 from 

1 x. For this stereoselective reaction, it may be reasonable that 1Z and 

benzaldehyde form only one conformation In a transient state A to go to cis- 

6. If the reaction of 1E with benzaldehyde proceeded in same concerted 

mechanism as in 1X, trans-6 should be formed stereoselectively via similar 

conformation. However, the reaction of 1E to 6 resulted in lack of the 

stereoselectivity, consequently, the definitive conformation in the concerted 
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reaction of alkylidenesilirane with benzaldehyde could not be suggested. In 

the case of lE, the reaction might partially involve a different mechanism 

via an intermediate such as B, because n-bond unmigrated product was obtained 

from the reaction with methanol, and the lack of stereoselective formation of 

oxasilacyclopentane 6 may be explained in terms of the diradical stepwise 

mechanism. 

R= Re, X= H 
RX= PhCH= 

I 
-Si-OMe 

. . . . 

-I- 

. - . . . 

A B 

Although hexamethylsilirane easily underwent ring expansion reactions with 

not only carbonyl compounds but also olefins and acetylenes,12 1Z was found 

to be inert toward C-C unsaturated compounds under thermal or photochemical 

conditions. However, 1Z could react with acetylenes and w-butylallene in 

the presence of a palladium catalyst to give ring expansion products (Scheme 

3).'3 
Schsins 3 

1Z + RECR 
Pd(PPh3j4 

- R + R 

a; R= H 
b; R= C02k 

1Ba (quant) 
V6 (trace) 19b (86%) - - 

__3 1Z + x- 
Pd(PPh3)q 

20 (71%) 
- 

1Z + un 
Pd(PPh3)q 

- - g+ 21 

un =. PhCtPh l 

In the reaction with acetylenedicarboxylate, the insertion occurred at 

both of the Si-C bonds and its regioselectivity was varied according to the 

nature of the catalyst (Pd(PPh3)4, PdC12L2: L= PPh3, PEt3, and PhCN); in 

going to the latter catalyst Si-C2 bond insertion was preferable. For other 

cases, insertion occurred exclusively on the more strained Si-C2 bond. In 
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the reaction with slightly electron rich n-compounds, elimination of u- 

butylallene occurred to afford adducts of 1E. 

Experimental 

IH-, 13 C-, and "Si-NMR spectra were recorded on a JEOL JNM-PMX-60S1, a 
JEOL FX-100, a JEOL FX-90Q, and a Bruker AM-500 spectrometer. Chemical shifts 
were shown in parts per million (ppm) relative to internal or external tetra- 
methylsilane as 0 ppm. IR and mass spectra were obtained on a Hitachi 260- 
50 and a Hitachi RMU-CM spectrometer, respectively. Elemental analyses were 
determined by our own analysis group. High resolution mass spectra (HRMS) 
were recorded on a JEOL JMS-D300 mass spectrometer. Preparative HPLC was 
carried out on a LC-08 (Japan Analytical Ind. Co., LTD.). Preparative gas 
chromatographic separations were carried out on an Ohkura Model-80f using a 8 
mm x 1 m glass column of 10% SF-96 on 60-80 mesh Celite 545. H-NMR NOE 
spectra were observed on the JEOL FX-100. All melting points were 
uncorrected. 
Materials 2,2-Dimesitylhexamethyltrisilane (3),14 4,4-dimethyl-1,2-penta- 

and 2,5,5-trimethyl-2,3-hexadiene (m-butyldi- 
were synthesized according to the literature procedures. 

Other materials were commercially available and purified before use. 
Syntheses of Alkylidenesiliranes. 
With s-Butylallene. A cyclohexane solution of 3 (412 mg; 1.0 mmol) in the 
presence of exess amount of 4,4-dimethyl-1,2-pentadiene(Z-3 ml), was 
irradiated with 80 W low pressure mercury lamp in quarts tube under argon 
atmosphere for 14 h. After concentrated, the reaction mixture was separated 
to two fractions through HPLC; the former fraction contained l,l-dimesityl-Z- 
E-neopentylidenesilirane (l&b in 22% yield, and the latter fraction contained 
1,1-dimesityl-2-Z-neopentylidenesilirane (1~) and 1,1-dimesityl-Z-methylene- 
3-tert-butylsilxrane (2) rn a ratio of 15:4 (?l% and 8% calculated yields, 
respectively). The ratio was determined by H-NMR analysis. Pure 1Z was 
obtained by recrystallization of the latter fraction from hexane or direct 
recrystallization of the irradiated reaction mixture in 15% yield. Crude 1E 
and 2 were obtained by repeated HPLC purification of the residue of re- 
crystallization and they were suff'cient for a chemical reaction. 
less crystals; m.p. 116-118 'C; 3 

1E: Color- 

2.6 Hz), 2.24(~,6H), 2.46(s,lZH), 6.46(t,lH; J=!2.6 Hz), 6.78(~,4H) ; 
H-NMR (CDCl )6 l.O3(s,9H), l.52(dfjH; J= 

C-NMR 
(CDC13) 6 16.43(t), 21.15(q), 23.75(q), 292$5(q), 35.29(s), 128.41(d), 
129.22(s), 139.30(s), 144.56(s), 148.43(d) ; 
m/e 362 (M+), 347 (M+-Me) ; Elemental analysis, Calcd for C 
H; 9.45, Found: C; 82.62, H; 9.53. 1E: Colorless oil; 
l.l5(s,9H), 
Hz), 

1.69(d,?r; J= 3.0 Hz), 2.25(s,6H), 
6.85(s,4H) ; 

37.28(s), 129.27(d), 
C-NMR (C6D 16 15.01(t), 21.51(q), 24.66(q), @56(q), 
133.38(s), 6139.99(s), 145.84(s), 147.42(d) ; Si-NMR 

(C D )6 -97.64 ; Mass m/e 362 (M+). 
0.85fs,9H), l.Bl(brt,lH; J= 3.6 Hz), 

2: Colorless oil; 'H-NMR (CC1 ) 6 
2.24(s,l2H), 2.58(~,6H), 6.24(brd,Z#; J= 

3.6 Hz), 6.69(s,4H) - 13C-NMR (C6D ) 6 21.07(q), 24.00(q), 24.81(q), 
30.93(q), 34.73(s), 42:47(d), 121 
144.86(s), 145.35(s), 154.02(s) ; 

.Jl(tf, 128.83(d), 
'Si-NMR 

139.39(s), 139.77(s), 
(C6D ) 6-88.73 ; 

(M+). The structures of 1E and 2 were determine 8 by their 1H_~aT3C-~'5g~~f 

NMR, and Mass spectroscopic data in good agreement as alkylidenesilirane in 
comparison with that of 1~. 
With m-Butyldimethylallene. A cyclohexane solution of 3 (412 mg; 1.0 
mmol) with exess amount of 2,5,5-trimethyl-2,3-hexadlene was irradiated in 
similar method as above for 5.5h. The products were separated by preparative 
GLC and yields were determined by GLC with triphenylmethane as internal 
standard. l,l-Dimesityl-Z-~sopropylidene-3-tert_butylSilirane(4~: colorless 
oil, 'H-NMR (CDC13)6 l.OB(s,gH), 2.06(s,3H), 2.19(s,3H), 2.38(s,6H), 
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:;?',91b"n,_1;2yj, 7.01(s,4H). A ring proton was obscured in methyl or mesityl 
C-NMR (CDC13) 6 21.14(q), 24.01(q), 24.19(q), 24.89(q), 26.83(q), 

32.00(q), 34.70(s), 41.20(d), 128.34(d), 128.58(d), 129.40(s), 134.39(s), 
138.79(s), 139.03(s), 141.90(s), 144.55(s), 145.13(s); UV (Cyclohexane) 1 
(shoulder)= 238 nm (logs= 4.35); Mass m/e 39O(r+). 3-(Dimethylsilyl)-2,$?5 
trimethyl-1,3-hexadiene: colorless oil; 
1.83(brs,lH), 2.25(s,6H), 2.30(s,12H), 

H-NMR (CC14) 6 1.07(s,9H), 
4.71(vrs,lH), 4.81(brs,lH), 

5.28(~,1~), 5.66(s,lH), 6.77(~,4H); IR(CC14) 2130 cm- ; Mass m/e 390(M+). 
X-Ray Crystal Analysis for 1~. The crystals were monoclinic, space group 

with a = 15.230(5) 1, b = 23.649(7) 1, c = 12.776(5) 1, 8= 92.04(3)O 
= 1.0476 for 8 = 8. 

?:I? was approximately 
The size of the crystal used for data 

0.4x0.3x0.5 mm. The intensity data were 
measured on a Nicolet P3/F four circle diffractometer with graphite 
monochromated CuKa radiation (3'&28(120'). Because the intensities of five 
standard reflections were gradually reduced owing to crystal deterioration 
during data collection, following correction was made for crystal 
determination. IO = (l-N/l&;;O~PEZue:r~-,~; Cbserved intensity N; The 
number of measuring order. ections measured of which 3745 
has intensities greater than 3olFOI, and were ufgd for structure analysis. 
The structure was refined to an R value of 0.114. 
Reaction of Alkylidenesiliranes with Nucleophiles: General Procedure. In an 
NMR tube, to a benzene-d6 solution of lK, lE, or 2 and hexamethylcyclotri- 
siloxane as internal standard, in almost cases, three equivalents of 
nucleophile wa 

e 
added. After the reaction was completed, the yields were 

determined by H- NMR. The products were separated on HPLC or preparative 
GLC. This procedure was performed on following reactions unless otherwise 
noted. Same products were obtained in similar yields by large scale 
performance in a flask. 
Reaction of 12 with Methanol. 1Z (36 mg; 0.1 mmol) was reacted with 
methanol at r.t. for 12 h, to give 1-(dimesitylmefhoxysilyl)-4,4-dimethyl-2- 
pentene (5) in quantitatively as colorless oil: 
2.04(dd,2H; J= 1.8 and 4.2 Hz), 

H-NMR (CC14)6 0.80(s,9H), 
2.21(s,lEH), 3.3O(s,3H), 5.06(m,2H), 

6.62(s,4H) ; 
32.82(s), 49.67(q), 119.30(d), 128.87(d), 131.75(s), 138.56(s), 12491??(:;r 

13C-NMR (CDC13) 6 20.96(q), 23.60(q), 25.36(t), 

143.73(s), ; Mass m/e 394(M+), 297((Mes SiOMe)+); Elemental analysis, Calci 

for C$6H38 0.91: C;79.12, H;9.70, Found: C?;79.38, H;9.81 . 
React on of 1E with Methanol. 1E (36 mg; 0.1 mmol) was reacted at r.t. for 
8 h, to give two kinds of adducts; 2-(dimesitylmethoxysilyl)-4,4-dimethyl-E- 
2-pentene (15) and 2-(dimesitylmethoxysilyl)-4,4-dimethyl-I-pentene (16) in 
27 and 58% yields, respectively, after the separation by preparative GLC. 15: 
Colorless 011; 'H-NMR (Ccl?) 6 !.lO(s,gH), 1.94(d,3H\3CJ_;M;.;cD;f)j 
2.24(s,18H), 3.40(~,3H), 5.9O(q, H; J- 1.5 Hz), 6.78(~,4H) ; 
6 16.20(q), 21.08(q), 29.59(q), 30.18(q), 34.52(s), 129 93(dj 
131.69(s), 134.56(s), 138.50(s), 144.48(s), 151.65(d) ; Ma5sl;4s?jz);37(M+.-tertl 
Bu), 297((Mes2SiOMel+). Stereochlemistry was determined by lH-NMR NOE 
observation. 16: Colorless oil; 
3.39(s,3H), 

H- NMR (CC14) 60.92(s,9H), 2.24(~,18~), 
5.65(d,lH; J= 2.4 Hz), 5.82(d,lH; J= 2.4 Hz), 6.83(s, 4H) ; Mass 

m/e 362(M+-MeOH), 337(M+-tert-Bu), 297((Mes SiOMel+). 
Reaction of 2 with Methanol. 2 (32 mg; 0.06 mmol) was heated with methanol 
at 70 a C for 7 h to give 15 in 74% conversion yield along with 31% of 
remained 2. 15 was separated by preparative GLC. 
Reaction of 12 with Benzaldehyde. 
benzene solution of 12 (72 mg; 

In a 5 ml of round bottomed flask, to a 
0.2 mmol), three equivalents of benzaldehyde 

was added through syringe under nitrogen atmosphere and the mixture was 
stirred at r.t. for 18 h to give 6 and 7 in 40 and 30% yields, respectively, 
Tfter the separation on HPLC. 
H-NMR. 

The ratio of cis and trans-6 was determined by 
~-6 was purified by recrystallizaxn from hexane, and its stereo- 

chemistry was shown by X-ray studies in reference 7. The spectroscopic data 
were as follow. 3,4-~-4-~-Butyl-2,2-dimes~tyl-3-methylene-5-phenyl-l- 
oxa-2-silacyclopentane (w-6): colorless crystals; m.p. 165-166.5 'C; 'H- 
NMR (CC14) 6 0.69(s,9H), 2.17(s,3~), 2.20(~,3~), 2.37(s,6H), 2.47(~,6~), 



2.83(d,lH; J= 6.0 Hz), 5.$$(d,lH; J= 6.0 Hz), 5.95(s,2H), 6.61(~,2H), 
6.67(~,2~), 7.0-7.5(m,5H) ; C- NMR (CDCl ) 6 20.99(q), 21.08(q), 22.66(q), 
23.31(q), 29.41(q), 33.29(s), 62.82(d), 20.37(d) 
127.99(d), 128.93(d), 129.10(d), 130.86(s), 132.51(:), 

127.05(d), 127.58(d), 
138.91(s), 139.03(s), 

142.02(s), 143.55(s), 143.90(s), 154.06(s) ; Elemental analysis, Calcd for 
c 2H4qOSi: C;81.99, H;8.60, Found: C;81.82, ~;8.62. 3,4-trans-Isomer (w- 
61: H-NMR (CDC13) 6 0.85(s,9H), 2.18(~,6H), 2.21(~,6H), 
2.84(d,lH; 

2.43(~,6~), 
J= 5.4 Hz), 4.97(d,lH; J= 5.4 Hz), 5.88(d,lH; J= 2.4 Hz), 

5.98(d,lH; J= 2.4 HZ), 6.62(s,ZH), 6.77(s,2H). 2,2-Dimesityl-4-Z-neo- 
pentylidene-5-phenyl-I-oxa-2-silacyclopentane (7): colorless oil; 'H- NMR 
(CDC13) 6 l.O7(s,9H), 2,2l(s,3H), 2.23(s,6H), 2.24(s,3H), 2.43(s,6H), 
5.45(~,1~), 6.23(s,lH), 6.69(s,2H), 6.76(~,2H 

11 
7.2-7.4(m,SH) ; Mass m/e 468 

(M+). The stereochemistry was determined by H-NMR NOE observation. 
Reaction of 1E with Benzaldehyde. IE (52 mg; 0.14 mmol) was reacted with 
benzaldehyde in the general procedure at r.t. for 20 h to give stereoisomeric 
mixture of 6 in a ratio of 1:l in 70% yield, after the separation on HPLC. 
The ratio was determined by 'H-NMR. 
Reaction of 2 with Benzaldehyde. 2 (50 mg; 0.14 mmol) was heated with 
benzaldehyde at 60 OC for 12 h to give 2,2-dimesityl-3-E-neopentylidene-5- 
phenyl-1-oxa-2-silacyclopentanf (17) in 75% yield, after the separation on 
HPLC. 17: Colorless oil; H-NMR (CDC13) 6l.l3(s,9H), 2.27(~,6H), 
2.34(s,6H), 2.39(s,6H), 2.43(ddd,lH; J= 2.6, 10.3, and 15.6 Hz), 3.46(ddd,lH; 
J= 1.7, 5.1, and 15.6 Hz), 5.07(dd,lH; J= 5.1 and 10.3 Hz), C.Ol(dd,lH; J= 
1.7 and 2.6 Hz), 6.79(s,4H), 7.2-7.3(m,5H) ; HRMS m/e Calcd for 

'i 
32H4OOSi: 

468.2848, Found: 468.2873. The stereochemistry was determined by H-NMR NOE 
observation. 
Reaction of IZ with g-Benzylphenylimine N-Oxide. IZ (40 mg; 0.11 mmol) was 
reacted with nitrone (25 mg; 0.12 mmol) l'n o-dichlorobenzene at 80 'C for 16 
h to give 2-benzyl-6,6-dimesityl-4-~-neope~tylidene-3-phenyl-l-oxa-2-aza-6- 
silacyclohexane (8) in 83% yield after the separation by HPLC. 8: White 
crystals, m.p.= 122-129 'C; 'H-NMR (CDC13)6 0.94(s,9H), 1.78(d,lH; J= 13.8 
HZ), 2_18(~,12H), 2.32(~,6H), 3.ll(d,lH; J= 13.8 Hz), 3.70 
Hz, Av = 22.2 Hz), 4.89(fjlH), 5.04(s,lH), 6.49(s,2H), 
6.8(m,4fiB, 7.1-7.6(m,6H); C-NMR .(CDC13) 6 21.00(q), 23.64(q), 29.31(t), 
31.36(q), 33.52(s), 61.19(t), 69.85(d), 126.25(d), 127.30(d), 127.42(d), 
129.36(d), 128.65(d), 128.82(d), 129.00(d), 132.39(s), 132.57(s), 134.32(f), 
136.60(d), 137.25(s), 138.36(s), 143.68(s), 143.92(s); IR (NaC1) 1140 cm- (- 
0-N:); Mass m/e 573(M+); Elemental analysis, Calcd for C3gH470NSi: Ci81.62, 
H;8.26, N;2.44 

Y 
Found: C;81.86, H;8.29, N;2.27. The stereochemistry was 

determined by H-NMR NOE observation. 
Reaction 12 with Diphenyl Sulfoxide. 1Z (30 mg; 0.083 mmol) was heated with 
diphenyl sulfoxide (24 mg; 0.12 mmol) in benzene-d6 in an NMR tube at 80 'C 
for 20 h to,give 2,2-dimesityl-4-g-neopentylidene-1,2-oxasiletane (9) in 70% 
yield. 9: 
1.8 HZ), 

4.,";;:"1~P63~~78~~~'H'=,:9H~~6~~~~~~~~),32.4'~:bi~~(~~2.66(d.2H; “: 
C-NMR (C D ) 6 21.52(q) 

23.50(q), 28.77(i), . 32.28(s), 112.52(d), . 136.82(s), 
140.80(s), 144.61(s), 151.22h; IR (NaCl) 1675 cm-'(Si-O-C=;)* 
378(~+), 

4 Mass m/e 
363(M+-Me). The stereochemistry was determined by H-NMR NOE 

observation. 
Reaction of 1Z with Cyclohexyldimethylamine J-Oxide. A benzene solution of 
12 (80 mg; 0.22 mmol) was heated with amine N-oxide (100 mg; 0.70 mmol) at 80 
'C under argon atmosphere for 1 h, 2,2-dimesityl-3-Z-neopentylidene-1,2- 
oxasiletane (10) was obtained in 40% yield aftef the separation by silica gel 
followed by HPLC. 10: Colorless oil; H-NMR (CC14) 60.93(s,9H), 
f523,2.31(2s,18H), 4.77(d,2H; J= 2.0 Hz), 5.83(t,lH; J= 2.0 Hz), 6.68(st4H); 

133.27(s), 139.99(s), 143.83(s), 145.62(d), 149.90(s); HRMS m/e Calcd for 
C-NMR (C6D6)6 21.13(q), 23.67(q), 28.93(q), 34.67(s), 74.49(t), 129.53(d), 

F25Hi40Si: 
378.2379, Found: 378.2411. The stereochemistry was determined by 

H-N R NOE observation. 
Reaction of 12 with LiA1B4, To a THF suspension of LiAlH4 (15 mg; 0.40 
mmol) was added a benzene solution of IZ (29 mg; 0.08 mmol) at r.t. under 
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nitrogen atmosphere. The mixture was stirred at r.t. for 2 h and subjected 
in preparative GLC to give 2-(dimesitylsilyl)-4,4-dimethyl-2-E-pentene (11) 
and 1-(dimesitylsilyl)-4,4-dimethyl-2-E-pentene (12) in 20 and 14% yields, 
respectively. The yields were 

B 
etermined by GLC with n-eicosane as internal 

standard. 11: Colorless oil; H- NMR (CC14) 61.09(s,9H), 1.91(d,3H; J= 1.8 
Hz), 2.22(~,18~), 5.09(s,lH), 5.7l(q,lH; J= 1.8 HZ), 6.63(s,4H) ; IR (NaC1) 
2120 cm-' (Si-H) ': 364.2585, Found: 364.2572. 
12: Colorless oil; 2_13(dd,2H; J= 4.8 and 5.5 
Hz), 2.24(s,6H), 

' '~~~N~~"(~~~~~~O~~~~~~~~~~ 
2.32(s,l2H), . ; J= 4.8 Hz), 5.26(t,lH; J= 5.5 Hz), 

5.26(s,lH), 6.77(s,4H) ; IR (NaCl) 2'130 cm-' (Si-H) ; HRMS m/e Calcd for 
C2ZH36Si: 364$585, Found: 364.2610. The stereochemistry of 11 and 12 were 
de ermined by H-NMR NOE observation. 
Reaction of 1Z with Trifluoroacetic acid. In the general procedure, 12 (36 
mg; 0.10 mmol) was reacted with trifluoroacetic acid (11.3 mg; 0.099mmoi) at 
r-t. for 5 min to afford 1:l mixture of 13 and 14 in 80% yield after the HPLC 
separation. These isomers were separated by preparative GLC. 2-(Dimeaityl- 
trifIuoroacetoxysilyl)-4,4-dimethyl-2-Z-pentene (13): colorless oil; H-NMR 
(CC14) 6 0.88(s,9H), 2.02(d,3H; J= 1.8 H_z], 
Hz), 6.69(s,4H) ; IR (NaCI) 1760 cm 

2:26(s,l8H), 6.2O(q,lH; J=l.8 
(C-O) ; HRMS m/e Cal-cd for 

476.2357 Found: 
~~7r?I~~&?FI?& observa;ion. 

476.2357. The sterechemistry was determined 
1-(Dimesityltrifluoroacetoxysilyl)-4,4-dimethyi- 

2-E-pentene (14): colorless oil; 'H- NMR (CDCl 16 0.88(s,9H), 2.25(s,6H), 
2.30(2,12H), 2.45(d,2H; J= 7.3 Hz), 5.06(dt,?H; 
5.34(d,lH; J= 15.5 Hz), 6.78(s,4H) ; 13C-NMR 

J= 7.3 and 15.5 Hz), 
(CDC13) 6 21.07(q), 23.57(q), 

25.19(t), 29.42(q), 30.01(s), ll7.l8(d),,l~2$~;(d), 140.20(s), 1.43.67(s), 
143.94(d), 144.70(s) ; IR (NaCl) 1760 cm The stereochemistry was 
assumed from the J value (15.5 Hz). 
Reaction of 1Z with Propanal or 2-Methylpropanal. In an NMR tube, 12 (36 
mg; 0.1 mmol) was reacted with aldehyde at r.t. for 70 h. Hoth of aldehydes 
afforded a complex mixture and the separation by routine method was not be 
successful. 
Attempted Reaction of 1Z with Acrolein, Mesityl Oxide, or Acetophenone. In 
the general procedure, no reaction had occurred in spite of heating at 70 'C 
for 20 h, in each case. 
Pd-Catalyzed Reaction of 1X: General Procedure. To a benzene or toluene 
solution of 1~ (72 mg; 0.20 mmol) and 5-10 mol% of Pd catalyst, unsaturated 
comoound was added and heated at 80 'C for 0.5-40 h. The reaction was 
monitored by TLC. The separation by preparative TLC gave products. l,l- 
Dlmes~tyI-4-~~neo~enty~idene-l-silacyclopent-2-ene (18a): white crystals 

m.p.= 91-93 C; H-NMR (CDCl ) 6 1.14(s,9H), 2.14(d,2H; J= 1.2 Hz), 
2.21(s,6H), 2.28(s,l2~), 5.54(dd, H; ;I J= 1.2 and lrg Hz), 6.5l(dd,1H; J= l-8 
and 10.2 Hz), 6.71(~,4H), 7.6O(d,lH; J= lo.2 Hz); C-NMR (CDC13) 621.00(q), 
23.81(q), 26.50(t), 32.00(q), 33.41(s), 128.82(d), 133.44(s), 137.19(d), 
137.48(d), 138.53(s), 138.83(s), 143.51(s), 146.78(d); Mass m/e 388(M+); 
Elemental analysis, Calcd for C27H 

The stereochemistry was V+: 
C;83.44 

H;9.46. de ermined by 'I 
H;9.34, Found: C;83.61, 
H-NMR NOE observation. 

Characterization for 18b and 19b were described in reference 13. 3-E-4-Z- 
Bis(neopentylidene)-I-siIacycIopentane (20): white crystals m.p.= 146-147.5 
Oc; 'H-NMR (CDC13) 6 l.O9(s,9H), l.l2(s,9H), 2.12(d,2H; J= 1.5 Hz), 
2.23(s,6H), 2.3l(s,l2H), 2_4l(brs,2H), 5.16(brs,lH), 5.51(t,lH; J= 1.5 Hz), 
6.74(s,4H); 
31.00(q), 

13C-NMR (CDC13) 6 20.97(q), 23.95(q), 24.27(t), 29.69(t), 
31.69(q), 33.32(s), 33.64(s), 128.83(d), 134.14(d), 134.62(s), 

136.09(s), 136.30(d), 138.42(s), 142.42(s), 143.29(s); Mass m/e 458(M+); 
Elemental analysis Calcd for ~32~4 Si: C;83.77, H;lO.ll, Found: Ci83.96, 
H;l0.34. 3-m-Butyl-2-methylene- 
(21): colorless oil; 'H-NMR (CDCi$8-0 86(S 9H) 

z neopentylidene-1-silacycIopentane 
l.O3(s,9H), 2.16(s,6H), 

2.2l(s,3H), 2.24(s,3H), 2.40(~,6H), 
3 
2.82ibrs,iH),' 5.25(d,lH; J= 3.0 Hz), 

5.7l(dd,lH; fs 3.0 and 1.5 Hz), 5.90(d,lH; J= 1.5 Hz), 6.72(~,2H), 
6.77(s,2H); C-NMR (CDC13) 6 21.57(q), 21.72(q), 25.18(q), 25.48(q), 
25.98(t), 30.01(q), 31.69(q), 33.77(s), 35.54(s), 70.72(d), 129.52(d), 
129.77(d), 131.50(t), 133.11(s), 136.46(s), 138.22(d), 136.62(s), 139.01(s), 
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U;.f;;;), 143.98(s), 145.49(s), 155.721s); HRMS m/e Calcd for C 
. , Found: 458.3383. The stereochemistry was determined by 1H?&6;;; 

observation. 
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