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The nickel-catalyzed reactions of 1,4-bis(disilanyl)butl-en-3-ynes, 4(diailanyl)-l-(silyl)but-l-en-3-ynes, 
and l-(disilanyl)-4-(silyl)but-l-en-3-yne with methyldiphenylsilane have been investigated. Treatment 
of (E)-1,4bis(pentamethyl&ilanyl)but-l-en-3-yne with methyldiphenylsilane in the presence of a catalytic 
amount of NiC12(PEt,)2 at 200 "C gave trans-l,l-dimethyl-2-(2,2-diphenyltrimethyldisilanyl)-3,5-bis(tri- 
methyleilyl)-l-silacyclopent-3-ene. Similar reaction of (E)-l-(pentamethyldisilany1)-4-(l-phenyltetra- 
methyldisilanyl)but-l-en-3-yne produced a trans-l-silacyclopent-3-ene, while (E)-l,lt-bis(l-phenyltetra- 
methyldisilanyl)but-l-en-3-yne afforded two isomers of the 1-silacyclopent-3-ene. The reactions of 
(E) - 1 - (methyldiphenylsilyl) -4- ( pentamethyldisilany 1) but- l-en-3-yne, (E) - 1- (methyldiphenylsilyl) -4- (1 - 
phenyltetramethyldisilanyl)but-l-en-3-yne, and (E)-1,4-bis(methyldiphenyleilyl)but-l-en-3-yne with me- 
thyldiphenylsilane produced silylallene derivatives arising from 1,4-addition of the silane to enynes. Similar 
treatment of l-(disilanyl)-4-(silyl)but-l-en-3-yne afforded nonvolatile substances. 

Introduction 
The nickel-catalyzed reactions of phenylethynylpoly- 

silanes afford silapropadiene-nickel complexes,1*2 while 
similar reactions of vinyldisilanes produce silene-nickel 
complexes as reactive intermediates? We recently found 
that disilanyl-substituted enynes which can be readily 
obtained by the rhodium-catalyzed reaction of ethynyl- 
disilanes: (E)-l,4-bis(disilanyl)but-l-en-3-ynes and (E)-  
4-(disilanyl)-l-(silyl)but-l-en-3-ynes, react with di- 
phenylacetylene in the presence of a catalytic amount of 
dichlorobis(triethylphosphine)nickel(II) to give 1,4-disi- 
lacyclohexa-2,5-diene derivatives? In these reactions, the 
nickel catalyst adds to a triple bond in the enyne molecules 
to produce the 1,4-disilacyclohexa-2,5-dienes. For the 
mechanism of these reactions, we proposed the initial 
formation of the silapropadiene-nickel complex as a key 
intermediate. 

R: .H NIC12(PEtJb R: ,C=C ,H 
\ 

H eCSiMeR2SiMqR H CTCSiMeR%MqR2 
\ 

,c=c 

Ni(PEt3, 

R: /H H 
PhC.CPh "'\ ' ,c=c, - H ,C=C+iMeR-- ,c=C, R2 

R2Me2Si Ni(PEt,), H ,C=< _ -  
Megi; ISiMe, 

Ph/ Ph 
c=c, 

It is of interest to us to investigate the nickel-catalyzed 
reaction of the bis(disilany1) enynes with a hydroailane, 
because the products expected from addition of an Si-H 
bond to the silapropadienes might be obtained. In this 
paper we report the reactions of 1,4-bis(disilany1)but-1- 
en- 3-ynes, 4- (disilanyl) - 1 - (silyl) but- 1-en-& ynes, and 1 - 
(disilanyl)-4-(silyl) but-1-en-3-ynes with methyldiphenyl- 
silane in the presence of a catalytic amount of dichloro- 
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Scheme I 
H RhCI(pph \ , 

HCECSiMe$iMe, ,c=c 
H 'CECSiMesiMe, 

1 

Me,SiMe,Si \ , Me,SiSiMePhCL - MeLi ,c=c, 
H C E CLi 

Me,SiMe$i, , H 
,c=c 

H '  C ECSiePhSiMe,  

2 

Me,SiPhMeSi \ ,H 
RhCl(PPhJj ,c=c 

HC= CSiMePhSiMe, H \  CECSiePhSiMe,  

3 

Me, / c L ~ * H  
Si II 

Me" >q~c-SiMe, 
NiClXPEt ,I2 

1 + Ph@eSi-X 

X-H, D x,' -SiMe,SiMePh, 

4a, XI-X,-H 

4c, X,=H,X,=D 
4d, X,-X,-D 

4b, X,=D, Xz=H 

bis(triethylphoephine)nickel(II) in a degassed sealed tube. 

Results and Discussion 
We found that the rhodium-catalyzed dimerization of 

ethynylailanea and -dieilanea proceeds with high regie and 
stereospecificity to give (E)-1,4-bis(silyl)but-l-en-3-ynes 
and (E)-l,dbis(die~yl)but-l-en-~ynea in high yields, and 
treatment of the enynes thus obtained with 1 equiv of 
methyllithium in ether gives (E)-4-lithio-l-(silyl)but-l- 
en-3-ynes in almost quantitative  yield^.^ Using this me- 
thod, we prepared (E)-1,4-bis(pentamethyldisilanyl)but- 
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Scheme 111 
si' 

Si' si' si' 
1 s t  I I  

I +  + t t t  t. 
I I :-I1 

% E S I  

Figure 1. ' H s S i  COSY NMR spectrum of 4a. 

l-en-3-yne (l), (E)-l-(pentamethyldisilany1)-4-(l-phenyl- 
tetramethyldisilan yl) but- l-en-3- yne (2), and (E) - 1 ,Chis- 
(l-phenyltetramethyldisilanyl)but-l-en-3-yne (3), em- 
ployed as starting compounds (Scheme I). 

When a mixture of 1,4bis(pentamethyldisilanyl)butcl- 
en-3-yne (1) and a slight excess of methyldiphenylsilane 
in the presence of a catalytic amount of dichlorobis(tri- 
ethylphosphine)nickel(II) in a degassed glass tube was 
heated at 200 OC for 20 h, an adduct was obtained in 63% 
yield, as the sole product (Scheme 11). No other products 
were detected by either spectrometric analysis or GLC 
analysis. The adduct could be readily isohted by prepa- 
rative GLC methods and identified as trans-1,l-di- 
methyl-2-( 2,2-diphenyltrimethyldirrilanyl)-3,5-bis(tri- 
methylsilyl)-l-silacyclopent-3-ene (4a) by spectroscopic 
analysis, as well as by elemental analysis. Thus, the 'H 
NMR spectrum of 4a shows the presence of two kinds of 
trimethylsilyl protons, five nonequivalent methylsilyl 
protons, two methine protons, and one olefinic proton, as 
well as aromatic ring protons. The 'W NMR spectrum of 
4a reveals resonances due to two kinds of trimethylsilyl 
carbons, five nonequivalent methylsilyl carbons, two dif- 
ferent methine carbons, two olefinic carbons, and four 
phenyl ring carbone, respectively. Its %i NMR spectrum 
indicatea the presence of five nonequivalent silicon atoms. 
Furthermore, the long-range ' W H  COSY spectrum shows 
that protons at 1.05 (Xl = H) and 1.40 ppm (X2 = H) 
couple with the C 2  and C-5 atoms in the ring, mpectively, 
while hydrogen on an olefinic carbon atom at 6.07 ppm 
couples with the C-4 atom. 

The ' H a S i  COSY NMR spectrum shown in Figure 1 
reveals that methyl protons at 0.06 (Me3 and 0.32 ppm 
(Meb) couple with a ring silicon atom, while the protons 
at 0.72 and 0.17 ppm couple with Si3 and Si4, reapectively. 
Similarly, two methyl protons at 0.29 (MeC) and 0.30 ppm 
(Med) couple with Si2. 

The trans confiiation for 4a was confirmed by NOE 
FID difference experiments at 270 MHz. Thus, saturation 
of trimethylsilyl protons (Mg) on the C-6 atom in the 
five-membered ring of 4a resulted in a strong enhancement 
of protons at C-2 and C-5 positions and protons of one 
methyl group (Meb) on the ring silicon atom. Irradiation 
of hydrogen (X2 = H) at the C-5 position led to the en- 
hancement of trimethylsilyl protons (Mg) on this carbon 
and all methyl protons on a disilanyl group, as well as 

Me,SiMe,Si , , H 

/C f C, 
NiCI2(PEtJG 1 + Ph,MeSiD 

H ~ 'CrCSiMe,SIMe, 
Ni, 

D' SiMePh, 

5 6 

I 4 

protons of one methyl group (Me") on the ring silicon atom 
and a proton on the C-4 atom. These results are wholly 
consistent with the structure proposed for 4a. 
As can be seen in the 'H NMR spectrum of 4a, two 

hydrogens are attached to different sp3 carbons and one 
hydrogen is attached to the sp2 carbon in the silacyclo- 
pentene ring, respectively. The question of which hydro- 
gen of these three came from a hydrosilane molecule was 
answered by the reaction of 1 with deuteriosilane. In- 
tarestingly, the nickel-catalyzed reaction of 1 with 2.1 equiv 
of deuteriomethyldiphenyleilane under the same conditions 
afforded two isomers of a monodeuterated derivative, 
trans-2-deuterio-l,l-dimethyl-2-(2,2-diphenyltrimethyl- 
disilanyl)-3,5bis(trime~y~yl)-l-s~~~opentc3-ene (4b) 
and trans-5-deuterio-l,l-dimethyl-2-(2,2-diphenyltri- 
methyldisilanyl)-3,5-bis(trimethylsilyl)-l-silacyclopent-3- 
ene (44, and a dideuterated compound, trans-2,bdi- 
deuterio-l,l-dimethyl-2-(2,2-diphenyltrimethylsilyl)-3,& 
bis(trimethylsilyl)-l-silacyclopent-3-ene (4d), in 57% 
combined yield. The ratio of 4b, 4c, and 4d was deter- 
mined to be 1.01.43.5 by mass and %I NMR spectrometric 
analyeis. The 2H NMR spectrum of this mixture shows 
two resonances at 6 1.02 and 1.38 ppm, indicating that 
deuterium atoms attached to two different sp3 carbons, 
reapectively. No signal due to the deuterium atom on the 
olefinic carbon can be detected by 2H NMR spectroscopic 
analysis. These results clearly indicate that one of two 
hydrogens of the starting compound can be replaced by 
deuterium of the deuteriosilane during the reaction. In 
fact, the 'H NMR spectrum of the recovered deuterio- 
methyldiphenylsilane reveals a quartet resonance at 5.18 
ppm attributed to an Si-H proton, and ita IR spectrum 
shows a strong absorption band at 2114 cm-' due to the 
Si-H stretching. 

Scheme I11 illustrates a possible mechanistic interpre- 
tation of the observed reaction course. The mechanism 
involves the coordination of the nickel species to a car- 
bon-carbon double bond, followed by a 1,2-trimethylsilyl 
shift to a terminal sp2 carbon to give the silene-nickel 
complex 5, which would be transformed into the silyl- 
nickel complex 6. The silyl-nickel complex 6 undergoes 
intramolecular isomerization, giving the silapropadiene- 
nickel complex 7. Finally, hydrosilylation at a silicon- 
carbon double bond and then formation of the five-mem- 
bered ring, accompanied by the reductive elimination of 
the nickel species, produces product 4. The similar nick- 
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Scheme IV 
Me$, ,.H 

Me, ,C'~-H 
2 + PhfleSiH - Si I/ 

Me'" \ ,C, ,% SiMe3 
H SiMePhSiMePh, 

8 

Zshikawa et al. 

9a 9b 

el-catalyzed reactions of 1,4-bis(disilanyl)but-l-en-3-ynes 
with diphenylacetylene proceed with the coordination of 
the nickel species to a carbon-carbon triple bond, giving 
2-(diailanyl)-1,4disiicyclohexa-2,bdien~~ In the present 
reactions, it seem likely that the nickel species coordinata 
to a carbonwbon triple bond in the b t  step. The nickel 
complex thus obtained would be transformed into a ki- 
netically favored complex, a disilanyl-substituted olefin- 
nickel complex, which would undergo isomerization to give 
the silene-nickel complex 5, although evidence for the 
coordination to the double bond has not yet been obtained. 

The presence of deuterium atoms on sps carbons in the 
silacyclopentenyl ring and of methyldiphenylsilane in the 
recovered deuteriomethyldiphenyldane can be underetood 
by hydmgen-deuterium exchange between Ni-D and C-H 
bonds in the nickel complex 6-7 and by exchange between 
coordinated methyldiphenylsilane (MePhai-Ni-H) and 
free deuteriomethyldiphenylsilane. 

That the addition of a methyldiphenylsilyl group to a 
silicon-carbon double bond took place in the present re- 
action was conf i ied  by the fact that the reaction of 4a 
with hydrogen chloride in benzene at room temperature 
and then treatment of the resulting cleavage product with 
methylmagnesium iodide afforded 1,l-diphenyltetra- 
methyldisilane in 21% yield. 

The formation of the l-sihcyclopent-3-ene as shown in 
Scheme 111 is remarkably general for the nickel-catalyzed 
reactions of 1,4bis(disilanyl)but-l-en-3-ynes with the hy- 
droeilane. Thue, treatment of compound 2 with methyl- 
diphenylsilane in the presence of a nickel catalyst under 
the same conditions gave tmm-l,l-dimethyl-2-(1,2-di- 
methyltriphenyldisilanyl)-3,5-bis( trimethylsily1)-l-sila- 
cyclopent-3-ene (8) in 66% yield, as the sole product 
(Scheme IV). The structure of 8 was confiimed by 
spectrometric analysis, as well as by elemental analysis. 
Similar treatment of compound 3 with methyldiphenyl- 
silane, however, afforded two isomers of a l-silacyclo- 
pent-3-0110 derivative in 65% combined yield. The ratio 
of the isomers was calculated to be approximately 1:l by 
the 'H NMR spectrometric analysis. All attempts to 
separate one isomer from the other were unaucceasful. In 
all cases, a mixture of two isomers .was obtained, but the 
isolated mixtures showed different ratios of the iaomers. 
Therefore, we could identify two isomers tentatively as 
t-24 1,2-dimethyl-1,2,2-triphenyldieilanyl)-l-methyl-r-l- 
p h e n y l - 3 , c - b b i s ( t r i m e t h y ~ i l ~ ) ~ ~ o ~ ~ ~ n e  (9a) and 
c-2-(1,2-dimethyl-l,2,2-triphenyld~ilanyl)-l-methyl-r-l- 
phenyl-3,t-5-bis(trimethylsilyl)silacyclopent.-3-ene (9b). 

In the 'H NMFt spectrum of 98, the trimethylsilyl pro- 
tons at the C-5 poeition in the five-membered ring showed 
an upfield shift, due to the phenyl ring current. For this 
reason, we thought that the phenyl group on the ring 

Scheme V 

,c=c + Ph@eSiH 
PhfleSi, , H 

H '  CSCSiMeR'R' 

10. R1-Me, R2-Me3Si 
1 1 .  RL=Ph , RZ=Me3Si 
12. R1-R2=Ph 

, SiMePh, 

SiMeR'R' 
CH,-CH=C=C, NiC12(PEI& phflesi 

13. RL=Me, R*=M~,SI 
14. R'=Ph, R2=Me3Si 
15. R1=RZ=Ph 

silicon atom of 9a should be cis to this trimethylsilyl group, 
while the phenyl group of isomer 9b should be located at 
the trans position. 

Next we turned our attention to l-(silyl)-C(disilanyl)- 
but-l-en-3-ynes to obtain more information about the 
nickebcatalyzed reaction of silyl-substituted enynes with 
the hydrosilane. (E) - 1- (methyldiphenylsily1)-4- (penta- 
methyldisilanyl) but- l-en-3-yne (lo), (E)- 1-( methyldi- 
phenylsilyl)-4-(l-phenyltetramethyldisilanyl) but- 1-en-3- 
yne (1 I), and @)-1,4-bis(methyldiphenylsilyl)but-l-en-3- 
yne (12) were prepared by a method similar to that shown 
in Scheme I. 

The reaction of 10 with methyldiphenylsilane in the 
presence of a catalytic amount of dichlorobis(triethy1- 
phosphine)nickel(II) at 200 OC for 20 h produced 1,Cbis- 
(methyldiphenylsily1)- 1- (pentame thyldisilanyl) buta- 1,2- 
diene (13) in 73% yield, aa the sole product The structwe 
of 13 was confirmed by spectroscopic analysis and the 
chemical reaction, as well as by elemental analysis. Thus, 
the IR spectrum of product 13 shows a strong absorption 
band at 1908 cm-l due to stretching frequencies of an 
allenic bond. Treatment of 13 with hydrogen chloride in 
diethyl ether at room temperature afforded chloropenta- 
methyldiailane and chloromethyldiphenylsilane in 31 and 
50% yielda, respectively. No l-chloro-2,2-diphenyltri- 
methyldisilane was detected in the reaction mixture. 
These results dearly indicate that this reaction does not 
involve addition of methyldiphenylsilane to a l-silapro- 
padiene intermediate arieing from a 1,3-trimethylsilyl shift 
in compound 10 but involves l,&addition of the hydro- 
silane to the starting compound 10. Presumably, the rate 
of the hydrosilylation is faster than that of a 1,3-silyl ehift, 
giving the silapropadiene under the conditions used. 
Similar reaction of 11 with methyldiphenylsilane gave 
1,4-bis(methyldiphenylsilyl)-l-( l-phenyltetramethyldi- 
silanyl)buta-1,2-diene (14) in 60% yield, while compound 
12 yielded 1,1,4tris(methyldiphenyleilyl)buta-1,2-diene 
(15) in 49% yield. In these reactions, no other products 
were detected by either spectrometric analysis or GLC 
analysis (Scheme V). 

In all cases, hydroeilylation products arising from 1,4- 
addition of methyldiphenylailane, in which a methyldi- 
phenyhilyl group added to the sp carbon atom bearing a 
silyl or disilanyl group, were produced. No products de- 
rived from addition of the eiiyl group to an sp2 carbon were 
detected by either spectrometric analysis or GLC analysis. 
In contrast to the similar reactions of 1-3, the nickel 
species probably coordinates to a carbon-carbon triple 
bond in the enynes in the initial step. It has been reported 
that the hydrosilylation of an acetylenic bond in the enynes 
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Silicon-Carbon Unsaturated Compounds 

takes place much faster than that of the olefinic bond. In 
fact, the reaction of vinylacetylene with hydrogilanes in 
the presence of a platinum catalyst gives 1-(sily1)buta- 
1,3-dienes?J It has been also found that the hydro- 
silylation of 2- (triethylsily1)- 1 ,4-bis( trimethylsilyl) but- 1- 
en-3-yne with triethylsilane in the presence of a platinum 
catalyst produced 1,3-bis(triethylsiiyl)-l,4bis(trimethyl- 
silyl)buta-l,a-diene derived from 1,4-addition of the hy- 
drosilane.* 

We also carried out the nickel-catalyzed reaction of 
1-( 1-phenyltetramethyldisilanyl)-4-(trimethylsilyl)but-1- 
en-3-yne (16) with methyldiphenylsilane under the same 
conditions. Thus, when 16 was heated with methyldi- 
phenylsilane in the presence of a nickel(II) catalyst under 
the same conditions, nonvolatile substances were produced. 
Neither the 1-silacyclopenM-ene derivative nor the allene 
derivative was detected by either GLC or thin-layer 
chromatographic analysis. The lH NMR spectrum of the 
nonvolatile producta reveals broad resonances in the me- 
thylsilyl region. 

In conclusion, the nickel-catalyzed reaction of 1,4-bis- 
(disilanyl)but-l-en-3-ynes with methyldiphenylsilane af- 
forded 1-silacyclopent-3-enes arising from the addition- 
cyclization of a hydrosilane to a silapropadiene-nickel 
complex. Similar reactions of 4-(disilanyl)-l-(silyl)but-l- 
en-3-ynes gave producta derived from 1,4hydroeilylation 
of the silane to the enynes, while the reaction of l-(di- 
silanyl)-4(silyl)but-l-en-3-yne produced nonvolatile s u b  
stances. 

Experimental Section 
General Procedure. All reactions for the synthesis of the 

starting compounds 1-3 and l e 1 2  were carried out under a 
purified argon atmosphere. The nickel-catalyzed reactions of 
compounds 1-3,10-12, and 16 were carried out in a degassed, 
sealed glaee tube (1.0 cm X 20 cm). Gas chromatographic sepa- 
rations were carried out by using a column packed with 30% SE30 
silicone on Chromosorb P. NMR spectra were determined with 
a JEOL Model EX-270 spectrometer. Masa spectra were mea- 
sured on a Shimadzu Model GC-MS-QP lo00 instrument. In- 
frared spectra were recorded on a Perkin-Elmer 1600 FT-IR 
spectrophotometer. Gel permeation chromatographic separation 
was performed with a Model LC-908 Recycling Preparative HPLC 
instrument (Japan Analytical Industry Co., Ltd.). Yields of the 
producta were calculated by analytical GLC with the use of an 
internal standard. 

Materials. (E)-l,4-bis(pentamethyldisilanyl)but-l-en-3-yne 
( 1) , (E)-l,dbis( l-phenyltetramethyldisiiyl)but.l-en-3-yne (3), 
l-(pentamethyldisilany1)-44methyldiphenylailyl) but-1-en-3-yne 
(lo), 1-( l-phenyltetramethyldisilanyl)-4-(methyldiphenylailyl)- 
but-1-en-3-yne (1 l), and (E)-l,4bis(methyldiphenylsilyl)but-1- 
en-3-yne (12) were prepared as reported previously.'$ 
(E)-l-(Pentamet4ld~ilanyl)-4-( 1-phenyltetramethyldi- 

silanyl)but-l-en-3-yne (2). In a 30-mL two-necked flask fitted 
with a condenser and a dropping funnel was placed 1.4151 g (4.54 
mmol) of 1,4-bis(pentamethyldisilanyl)bu~l-en-3-yne (1) in 15 
mL of dry ethyl ether. To this was added 3.7 mL (5.55 mmol) 
of a methyllithium-ether solution at -78 OC for 2 min. The 
mixture was warmed to 0 "C, and 1.3 g (5.69 mmol) of 1- 
chloro-1-phenyltetramethyldisilane in 5 mL of ether was added 
to the mixture, which was then stirred for 5 h at room temperature. 
The mixture was hydrolyzed with water, and then the organic 
layer was separated and the aqueous layer was extracted with 
ether. The organic layer and extracts were combined, washed 
with water, and dried over calcium chloride. The solvent ether 
was evaporated, and the residue was chromatographed on silica 
gel with hexane as eluent, to give 0.6579 g (39% yield) of 2: MS 
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m / e  374 (M+); IR Y M  2148 cm-'; 'H NMR (CDC13) b 0.08 (8, 9 
H, Meail, 0.14 (br s; 6 H, Me& 9 H, Me&), 0.48 (s,3 H, MeSi), 
5.99 (d, 1 H, HC-C, J = 19 Hz), 6.75 (d, 1 H, H C 4 ,  J = 19 
Hz), 7.33-7.37 (m, 3 H, ring protons), 7.55-7.59 (m, 2 H, ring 
protons); 13C NMR (CDClS) b -4.62 (Me&), -4.15 (MeSi), -2.37 
(Me&), -2.32 (Me3Si), 90.80 and 109.24 (C=C), 123.37 (0421, 
127.85,128.81,134.12, and 136.01 (ring carbons), 146.34 (C-C). 
Anal. Calcd for Cl&&: C, 60.89; H, 9.14. Found C, 60.82; 
H, 9.04. 

trans - l,l-Dimethyl-2-(2,2-diphenyltrimethyldisilanyl)- 
3P-bis(trimet~~~yl)s~acyclopent-3-en (4a). A mixture of 
0.2598 g (0.83 mmol) of 1, 0.2473 g (1.25 mmol) of methyldi- 
phenylsilane, and 0.0230 g (0.082 mmol) of dichlorobis(tri- 
ethylphosphine)nickel(II) was heated at 200 OC for 20 h. The 
mixture was chromatographed on a short Florisil column with 
hexane as eluent, to remove nickel species from the reaction 
mixture. The product 4a (63% yield) was isolated by preparative 
GLC: MS m/e 510 (M+); 'H NMR (Cas) b 0.06 (8, 3 H, MeSi), 
0.12 (e, 9 H, Me@), 0.17 (s,9 H, Me&), 0.29 (8, 3 H, MeSi), 0.30 
(8, 3 H, MeSi), 0.32 (8, 3 H, MeSi), 0.72 (8, 3 H, MeSi), 1.05 (br 
8, 1 H, HC), 1.40 (br d, 1 H, HC, J = 1.5 Hz), 6.07 (br d, 1 H, 
H W ,  J = 1.5 Hz), 7.22-7.68 (m, 10 H, ring protons); I3C NMR 
( C a d  6 -4.22 (MeSi), -3.26 (MeSi), -2.10 (MeSi), -0.86 (MeSi), 
0.28 (Me3Si), 0.46 (MeSi), 0.51 (MesSi), 20.35 and 26.35 (HC), 
129.08 (phenyl ring carbon), 129.11 (olefinic ring carbon), 135.22 
and 135.30 (phenyl ring carbons), 140.76 (olefinic ring carbon), 
147.17 (phenyl ring carbon); %i NMR ( C a d  6 -22.59, -16.31, 
-6.89, -0.12,28.63. Anal. Calcd for CnHlsSi5: C, 63.46; H, 9.07. 
Found C, 63.39; H, 9.07. 

Reaction of 4a with Hydrogen Chloride. In a 30-mL flask 
fittad with a condenser and an inlet capillary tube for hydrogen 
chloride wan placed 0.0960 g (0.19 "01) of 4a in 1 mL of benzene. 
Into this flask was introduced hydrogen chloride for 3 h. Afbr 
the solvent benzene and ex- hydrogen chloride were removed 
under reduced pressure, 0.5 mL (0.69 "01) of a methyl- 
magnesium iodideether solution was added to the resulting 
mixture. The mixture was stirred for 5 h at room temperature 
and then hydrolyzed with water. The organic layer was analyzed 
as being 1,l-diphenyltetramethyldisilane (21 % yield). The re- 
tention time for GLC and mass fragmentation pattern for 1,1- 
diphenyltetramethyldisilane were identical with those of an au- 
thentic sample. 

trans -2-l)euterio-l,l-dimethyl-2-(2,2-diphenyltrimet41- 
di~i lanyl ) -3P-bi~( tr imet~ls~yl ) - l - s i~cyc lo~nt-~ne  (4b), 
trans -&-Deuterio- 1,l-dimet hy l-2- (22-diphenyltrimet hyldi- 
e i l a n y l ) 3 ~ b ~ ( t l ) - l - s ~ y c l o ~ n t - ~ n e  (4c), and 
trans -2,S-Dideuterio-l,l-dimethyl-2-(2,2-diphenyltri- 
met hy lei1 y 1) -3,s-bis (t rimet hylsily1)- 1 -silacyclopent-3-ene 
(4d). A mixture of 0.1962 g (0.63 "01) of 1,0.'2677 g (1.35 "01) 
of deuteriomethyldiphenylailane, and 0.0177 g (0.063 mmol) of 
dichlo~b~(trienylphosp~e)nickel(~) was heated at 200 "C for 
20 h. The mixture was chromatographed on a short Florisil 
column to remove nickel species from the reaction mixture. A 
mixture of 4 W  (57% yield) was isolated by preparative GLC: 
MS m / e  511 (M+) for 4b,c and 512 (M+) for 4d, 'H NMR ( C a d  
6 0.05 (8, 3 H, MeSi), 0.12 (8,  9 H, Me3Si), 0.17 (8, 9 H, Me3Si), 
0.29 (e, 3 H, MeSi), 0.30 (s,3 H, MeSi), 0.32 (s,3 H, MeSi), 0.72 
(e, 3 H, MeSi), 1.05 (br 8, 0.24 H, HC), 1.40 (br d, 0.17 H, HC, 
J = 1.5 Hz), 6.07 (br d, 1 H, H W ,  J = 1.5 Hz), 7.24-7.73 (m, 
10 H, ring protons); '% NMR ( C a d  6 -4.22 (MeSi), -3.26 (MeSi), 
-2.10 M i ) ,  -0.86 (MeSi), 0.28 (Me&), 0.46 (MeSi), 0.51 (Me&), 
20.35 and 26.35 (HC), 129.08 (phenyl ring carbon), 129.11 (olefinic 
ring carbon), 135.22 and 135.30 (phenyl ring carbons), 140.76 
(olefinic ring carbon), 147.17 (phenyl ring carbon); '% NMR ( C a d  
6 1.02, 1.38. 

trans -l,l-Dimethyl-2-( 1,2-dimethyltriphenyldieilanyl)- 
3,s-bis (t rimet hylsily1)- 1 -silacyclopent-3-ene (8). A mixture 
of 0.2473 g (0.66 mmol) of 2,0.1742 g (0.88 "01) of methyldi- 
phenylaiiane, and 0.0188 g (0.067 mmol) of dichlorobis(tri- 
ethylphosphine)nickel(II) was heated at 200 "C for 20 h. The 
mixture was chromatographed on a short Florieil column to re- 
move nickel species from the reaction mixture. The product 8 
(66% yield) was isolated by preparative GLC Ms m / e  572 (M+); 
lH NMR (C&& 6 -0.08 (8, 9 H, MesSi), 0.19 (e, 3 H, MeSi), 0.22 
(e, 9 H, Me3Si), 0.35 (e, 3 H, MeSi), 0.36 (8,  3 H, MeSi), 0.71 (E, 
3 H, MeSi), 1.22 (br s, 1 H, HC), 2.03 (br d, 1 H, HC, J = 2.0 Hz), 

(6) Petrov, A. D.; Sadykh-Zade, S. I. Zzv. Akad. Nauk SSSR, Ser. 
Khim. 1968,513. 

(7) Ojima, I. In The Chemistry of Organic Silicon Compounds; Patai, 
S., Rappoport, Z., Eds.; W h y :  New York, 1989; Part 2, Chapter 25. 

(8) Kueumoto, T.; Hiyama, T. Chem. Lett. 1985, 1405. 
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6.21 (br d, 1 H, H C 4 ,  J = 2.0 Hz), 7.24-7.68 (m, 15 H, ring 
protons); 13C NMR (Cells) 6 -4.31 (MeSi), -3.30 (MeSi), -2.62 
(MeSi), -1.76 (MeSi), 0.37 (2 Mes&), 17.17 and 27.05 (HC), 129.10 
and 129.13 (phenyl ring carbon), 129.80 (olefinic ring carbon), 
135.04, 135.22, 135.28,135.33, and 138.17 (phenyl ring carbons), 
140.54 (olefinic ring carbon), 147.14 (phenyl ring carbon). Anal. 
Calcd for C32H,,&3iS: C, 67.06; H, 8.44. Found C, 66.91; H, 8.37. 

t -2- ( 1 ,2-dimet hyl- 1 ,2,2-triphenyldisilanyl)- l-met hyl-r - 1 - 
phenyl-3,c-5-bis(trimethylsilyl)silacyclopent-3-ene (98) and 
c-24 1,2-Dimethyl-1,2,2-triphenyldi~ilanyl)-l-methyl-r-l- 
phenyl-3,t-5-bis(trimethylsilyl)silacyclopent-3-ene (9b). A 
mixture of 0.3618 g (0.83 mmol) of 3, 0.1973 g (1.00 "01) of 
methyldiphenylsilane, and 0.0251 g (0.090 mmol) of dichloro- 
bis(triethylphosphine)nickel(II) was heated at 200 OC for 20 h. 
The mixture was chromatographed on a short Florisil column to 
remove nickel species from the reaction mixture. A mixture of 
9a and 9b (65% combined yield) was isolated by preparative 
MPLC: MS m / e  572 (M'); 'H NMR (C8De) 6 -0.12 (a, 9 H, 
Me3Si), -0.09 (a, 9 H, Me3Si), 0.06 (a, 3 H, MeSi), 0.16 (e, 9 H, 
Me&), 0.16 (e, 3 H, MeSi), 0.19 (a, 9 H, Me$%), 0.40 (s,3 H, MeSi), 
0.58 (a, 3 H, MeSi), 0.67 (s, 3 H, MeSi), 0.69 (a, 3 H, MeSi), 1.14 
(br s, 1 H, HC), 1.17 (br a, 1 H, HC), 2.23 (br d, 1 H, HC, J = 
1.7 Hz), 2.34 (br d, 1 H, HC, J = 1.7 Hz), 6.40 (br d, 1 H, HC-C, 
J = 1.7 Hz), 6.46 (br d, 1 H, HC=C, J = 1.7 Hz), 6.90-7.61 (m, 
40 H, ring protons); '3c NMR (Cas) S -5.37 (MeSi), -4.02 (MeSi), 
-3.84 (MeSi), -3.71 (MeSi), -2.85 (MeSi), -2.55 (MeSi), 0.33 
(Me3Si), 0.47 (Me3Si), 0.51 (Measi), 0.82 (Me3Si), 18.33, 18.89, 
26.98, 27.21 (HC), 127.84, 128.25, 128.90, 129.17 (2 C), 129.24, 
129.51,129.80,134.69,134.94,135.12,135.17,135.43,135.46,135.53 
(2 C), 137.11, 137.20,137.33, 137.56, 137.94 (2 C), 138.05, 138.33, 
141.19, 141.57, 146.78 (2 C) (phenyl ring carbons and olefinic 
carbons). Anal. Calcd for Cs7H&3i6: C, 69.96; H, 7.93. Found 
C, 69.85; H, 7.84. 
1,4-Bis (met hyldiphenylsily1)- 1- (pentamet hyldisilany1)- 

buta-l,2-diene (13). A mixture of 0.3224 g (0.85 mmol) of 10, 
0.2001 g (1.01 "01) of methyldiphenylsilane, and 0.0240 g (0.086 
mmol) of dichlorobis(triethylphosphine)nickel(II) was heated at 
200 OC for 20 h. The mixture was chromatographed on a short 
Florid column to remove nickel speciea from the reaction mixture. 
The product 13 (73% yield) was isolated by preparative GLC: 
MS m / e  576 (M'); IR Y- 1908 cm-'; 'H NMR ( c a s )  S 0.14 
(a, 9 H, Me3Si), 0.16 (a, 3 H, MeSi), 0.22 (a, 3 H, MeSi), 0.44 (a, 
3 H, MeSi), 0.67 (a, 3 H, MeSi), 1.97 (d, 2 H, HC, J = 8.0 Hz), 
4.52 (t, 1 H, H M ,  J = 8.0 Hz), 7.22-7.26 (m, 10 H, ring protons), 
7.467.51 (m, 5 H, ring protons), 7.66-7.70 (m, 5 H, ring protons); 
13C NMR (C6Da) 6 -4.47 (MeSi), -1.97 (MeSi), -1.58 (Me3Si and 
MeSi), -1.31 (MeSi), 13.91 (CH2), 72.58 (HC=), 84.39, (C=), 
129.46 (2 C), 134.85,134.88,135.26,135.44,136.81,137.38 (phenyl 
ring carbons), 215.15 (+-). Anal. Calcd for C d & :  C, 72.85; 
H, 7.68. Found: C, 72.90; H, 7.76. 
Reaction of 13 with Hydrogen Chloride. Into a solution 

of 0.003 g (0.0052 mmol) of 13 in 3 mL of ether was introduced 
hydrogen chloride for 1 h with ice cooling. The mixture was 
analyzed by GLC as being chloropentamethyldisilane (31% yield) 
and chloromethyldiphenylailane (50% yield). The retention time 
for GLC and mass fragmentation pattern obtained for chloro- 
pentamethyldisilane and chloromethyldiphenylsilane were iden- 
tical with those of the authentic samples. 

1,4-Bis(methyldiphenylsilyl)-l-( l-phenyltetramethyldi- 
silany1)buta-lf-diene (14). A mixture of 0.3156 g (0.72 "01) 
of 11,0.1645 g (0.83 "01) of methyldiphenylsilane, and 0.0201 
g (0.072 mmol) of dichlorobis(triethylphosphine)nickel(II) was 
heated at 200 "C for 20 h. The mixture was chromatographed 
on a short Florisil column to remove nickel species from the 

Ishikawa et  al. 

reaction mixture. The product 14 (50% yield) was isolated by 
preparative MPLC: MS m / e  638 (M'); IR Y- 1908 cm-'; 'H 
NMR (C6D6) 6 0.15 (8, 9 H, Me&, 0.17 (a, 9 H, Me3Si), 0.30 (a, 
3 H, MeSi), 0.32 (a, 3 H, MeSi), 0.34 (a, 3 H, MeSi), 0.36 (a, 3 H, 
MeSi), 0.42 (a, 3 H, MeSi), 0.48 (a, 3 H, MeSi), 2.01 (d, 2 H, HC, 
J = 8.0 Hz), 4.55 (t, 1 H, HC=C, J = 8.0 Hz), 7.14-7.56 (m, 25 
H, ring protons); '%! NMR ( c a s )  6 -4.56 (MeSi), -3.77 (MeSi), 
-1.54 (Me&), -1.41 (MeSi), 13.75 and 14.02 (HC), 72.73 and 72.80 
(HC=), 83.08 (C=), 128.81,128.88,129.40,129.51,134.65,134.79, 
134.85, 134.94, 135.21, 135.44, 136.49, and 137.53 (phenyl ring 
carbons), 216.64 (=C=). Anal. Calcd for C&&i,: C, 75.17; 
H, 7.25. Found: C, 75.32; H, 7.32. 
l,l,4-Tris(methyldiphenylsilyl)buta-1,2-diene (15). A 

mixture of 0.4391 g (0.99 mmol) of 12,0.2077 g (1.05 mmol) of 
methyldiphenylsilane, and 0.0291 g (0.10 "01) of dichlorobis- 
(triethylphosphine)nickel(II) was heated at 200 OC for 20 h. The 
mixture was chromatographed on a short Florisil column to re- 
move nickel species from the reaction mixture, and the product 
15 (49% yield) was isolated by preparative MPLC: mp 84-86 
"C (after recrystallization from hexane); MS m / e  642 (M+); IR 
v- 1911 cm-'; 'H NMR (Ca6) 6 0.29 (a, 3 H, MeSi), 0.54 (a, 
6 H, 2 MeSi), 1.83 (d, 2 H, HC, J = 8.0 Hz), 4.49 (t, 1 H, HC-C, 
J = 8.0 Hz), 7.11-7.62 (m, 30 H, ring protons); lSC NMR (c&) 
6 -4.72 (MeSi), -1.72 (MeSi), 13.21 (HC), 73.75 (HC=), 83.35 (e), 127.93, 128.13, 129.42, 134.86, 135.44, 136.81, 137.18, and 
137.22 (phenyl ring carbons), 218.06 (=C=). Anal. Calcd for 
CaHd2Si3: C, 80.31; H, 6.58. Found: C, 80.22; H, 6.51. 

(E)-  1-( l-Phenyltetramet hyldiailanyl)-4-( trimethylsily1)- 
but-l-en-3-yne (16). In a 30-mL two-necked flask fitted with 
a condenser and a dropping funnel was placed 1.1872 g (2.72 
"01) of 1,4-bis(l-phenyltetramethyldisilanyl)but-l-en-3-yne (3) 
in 15 mL of dry ethyl ether. To this was added 2.4 mL (3.60 "01) 
of a methyllithium-ether solution, and the mixture was cooled 
to -78 "C for 2 min. The mixture was warmed to 0 OC, and 0.50 
g (4.61 "01) of chlorotximethy~e in 5 mL of ether was added. 
After the mixture was stirred for 5 h at room temperature, it was 
hydrolyzed with water. The organic layer was separated, and the 
aqueous layer was extracted with ether. The organic layer and 
extracts were combined, washed with water, and dried over 
calcium chloride. The solvent ether was evaporated, and the 
residue was chromatographed on silica gel with hexane as eluent, 
to give 0.6599 g (77% yield) of 16: MS m / e  316 (M+); IR Y M  
2154 cm-'; lH NMR (CDCld S 0.15 (8, 9 H, Me3Si), 0.24 (a, 9 H, 
Meai), 0.42 (a, 3 H, MeSi), 5.85 (d, 1 H, H W ,  J = 19 Hz), 6.60 
(d, 1 H, H W ,  J = 19 Hz), 7.08-7.45 (m, 5 H, ring protons); 
NMR (CDC1,) 6 -5.88 (MeSi), -1.93 (Me3Si), -0.09 (Me3Si), 94.99 
and 105.38 (C=C), 124.94 (C=C), 127.92, 128.84, 134.42, and 
136.38 (ring carbons), 143.69 (W). Anal. Calcd for Cl7H%Si3: 
C, 64.48; H, 9.14. Found C, 64.44; H, 8.86. 
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