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Summary: In the presence of triphenylphosphinepalla- 
dium complexes, (trialkylstanny1)dimethylsilane rapidly 
reacted at  room temperature with terminal acetylenes to 
give 3,4-disubstituted l-silacyclopenta-2,4-dienes in mod- 
erate yield. The formation of 1-silacyclopentadiene de- 
rivatives is evidence for the generation of dimethylsilylene 
species from (trialkylstanny1)dimethylsilane. 

The chemistry of silylenes, which are carbene analogs 
with high reactivities, has attracted much attention in 
connection with the development of synthetic methodology 
for new silicon-containing compounds.' Several vigorous 
reactions, such as photolysis,2 pyrolysis,3 and transition 
metal-catalyzed reactions: of corresponding precursors 
are usually employed to generate silylene species. How- 
ever, few convenient room temperature methods for the 
generation of silylene species have been reported.4b We 
had predicted that in the presence of transition metal 
catalysts (trialkylstanny1)dimethylsilane (HSiMezSnRa; 
1) would easily provide dimethylsilylene species through 
the elimination of an H atom and the stannyl group, since 
the Si-Sn bond of 1 is weaker than the Si-Si bond of 
1,1,2,2-tetramethyldi~ilane.~~ 

We first investigated the reactivity of (tributylstan- 
ny1)dimethylsilane (HMezSiSnBua; lbIS toward pheny- 
lacetylene (2a) in the presence of transition metal catalysts 
at  25 "C. Actually, we found that l b  rapidly reacted with 
2a to give l,l-dimethyl-3,4-diphenylsilacyclopenta-2,4- 
diene (3a)B in good yield at 25 "C, using palladium com- 
plexes and a triphenylphosphine system. Formation of 
(2)-1-(tributylstannyl)-2-(dimethylsilyl)styrene (4a),7 (E)- 
2-(tributylstannyl)styrene (5a), 1-(tributylstanny1)styrene 
(6a), and hexabutyldistannane (7b) was also observed (eq 
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(6) (Trialkylstamy1)dimethylsiies [HSiMefinRs; R = Et (la), Bu 
(lb)? and Oc (IC)] were prepared by a coupling reaction of R&3nLi, 
generated from &SnCl and Li (2 equiv to W n C l )  in dry THF at 6 "C, 
and HSiMeCl. We thank Chieeo Corp. for a gift of HSiMelCl and 
Yoshitomi Pharmaceutical Industries, Ltd. for a gift of B G n C l  and 
OcsSnC1. 
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1). Employment of transition metal complexes with 
phosphine ligands afforded3a, and the use of PdClz(PPhd2 
gave the best result. In the absence of phosphine ligands, 
7b was the primary product, accompanied by a small 
amount of 3a, 4a, 5a, and 6a. On the other hand, the 
absence of 2a resulted in 7b only, and lH and l3C NMR 
spectra of this reaction mixture indicated the formation 
of polysilanes containing MeSi groups. However, the 
formation of HMezSiMezSiSnB~3~ was not detected. A 
platinum complex such as PtClz(PPh3)z mainly catalyzed 
the slow formation of 7b. On the other hand, nickel 
complexes such as NiClz(PPh312, NiClz[P(n-Bu)332, and 
NiClz(PEt3)z were not effective as catalysts for the reaction 
at 25"C,andonly lband2awererecovered. Withrhodium 
complexes such as RhCl(PPh& and RhCl(CO)(PPhs)z, 
mainly stannyl compounds were produced. Interestingly, 
the addition of triphenylphosphine to inactive palladium 
complexes such as PdClz(PhCN12, Pd(OAc)z, Pd(dba)z, 
and PdCL effectively promoted the formation of 3a, while 
the addition of triphenylphosphine to PdClz(PPh3)z 
prolonged the reaction time. The presence of diphe- 
nylphosphinoethane (dppe) or P(OEt)3 in the present 
catalysis system tended to decrease the formation of 3a. 
The presence of strong phosphine ligands significantly 
retarded the formation of 3a. The results of complex and 
phosphine variation in the present reaction of l b  and 2a 
are summarized in Table I. 

Furthermore, in varying the ratio between l b  and 2a, 
using PdClz(PPhs)z, the following results were obtained 

(6) A typical procedure follows. Under nitrogen, Pd(PPh&Cln (0.016 
mmol) waa added to a mixture of (trioctyletanny1)dmethylsilane (IC, 
0.60 "01) and phenylacetylene (2a, 2.0 "01) in dry benzene (2 mL), 
and the resulting solution waa stirred at 26 OC for 30 min afbr  the volatiles 
were removed at 26 OC/25 Torr and the catalyata were also removed by 
short silica gel column chromatography (hexane). The product waa 
purified by Kugelrohr distillation (l,l-dimethyl-3,4-diphenylsiicycl~ 
penta-2,4-diene (3a), 64%, isolated yield). 38: bp 60-100 'C/l.O Torr; 
mp97.6-98 "C; 1H-NMR 6 0.469 (s,6H, SiMe), 6.316 (e, 2H, vinyl H), and 
7.10-7.50 (m, 10H,Ph) [lit."mp 98-99 'C; lH-NMR80.37,6.1,and6.721. 
The other likely structural posaibility, l,l-dmethy1-2,6-diphenylsilacy- 
clopenta-2,4-diene, is a known compound with mp 133-134 OC and a 
differentNMRspectrum [lH-NMR80.66(8,6H,SiMe),7.32 (m, 12H)l.Sb 

(7) The coupling constant (74.2 and 77.6 Hz) of SnH in the NMR 
spectra of 4a waa in fair agreement with that (80.1 and 83.9 Hz) of (2)- 
l-(tributylstannyl)-2-(trimethylsilyl)styrene.1~b 

(8) Appler, H.; Neumann, W. J. Organomet. Chem. 1986, 314, 247. 
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Table I. Complex and  Phosphine Variation for Reactions of HMqSiSnBua ( lb)  wi th  Phenylaceylene (2a)a 
yields of productsc ( % ) yields of productsC (% ) 

h 3a 4a 5a 6a 7b complexesb h 3a 4a 5a 6a 7b comdexesb 
PdClz(PPhs)z 0.2 54 9 37 31 22 
Pd(PPhs)r 3.0 58 3 34 32 8 
PdCMdppe) 48 11 14 8 9 7 
PdClz(PhCN)z 3.0 5 9 4 4 57 
Pd(OAc)n 0.6 4 8 3 8 51 
Pd(dba)z 1.0 3 10 6 5 31 
NiClz(PEt& 24 0 0 0 0 0  
NiClz[P(n-Bu)3]2 6.5 0 0 0 0 0 
NiClz(PPh3)p 24 0 0 0 0 0  

PdC12(PhCN)z + 2PPhs 0.17 54 9 31 31 22 
Pd(0Ac)z + 2PPhs 0.25 44 7 29 32 22 
Pd(dba)z + 2PPh3 0.50 39 4 17 27 14 
PdClz + 3LiC1+ 2PPh3 3.0 32 8 12 20 28 
PdClz(PPh3)z + 2PPh3 23 50 1 10 25 5 
PdClz(PhCN)2+2P(OEt)3 8.0 13 49 8 16 t 
PtClz(PPh3)z 46 t 2 t t 3 4  
RhCl(PPh3)a 4.0 t 4 18 11 18 
RhCl(CO)(PPhs)z 2.0 1 5 23 11 14 

a The reactions were carried out with HMezSiSnBu3 (0.5 mmol), phenylacetylene (2.0 mmol), and complexes in benzene a t  25 OC. 3 mol 
% of complexes to 1. e GC yields baaed on 1. t = trace amount. 

Table 11. Palladium-Catalyzed Formation of l,l-Dimethyl-3,4-Disubstituted-l-silacyclopentadienes~ 
PQ(Pph3)3 

Benzene, 25 ‘C HMe2SiSnR3 + R‘-CmC-H - 
1 2 0.25-2.0 h 

R’ 
x S i c M e  Me 

R’ 3 

Yield of 3b ( % ) Yield of 3* (%) 

Etc Bud oce Bud OCC 
54 28 

24l 2b 

B ~ ~ C S C - H  
36 

40 18 C I a C s C - H  (76) (55) 

M 

M e d C = C - H  

Me 2f 

25 

2g 2h 

94 (74) 

Q0- 

2i 

PhCH,O- 86 (74) 

21 

a The reactions were carried out with HMezSiSnR3 (0.5 mmol), acetylenes (2.0 mmol), and PdClz(PPhs)z (3 mol 7% to 1) in benzene at  25 
OC for 0.25-2.0 h. b Isolated yields of baaed on 1. GC yields are in parentheses. Carried out with HMezSiSnEt3 (la). d Carried out with 
HMezSiSnBw (lb). e Carried out with HMezSiSnOc3 (lc).  

(given as lb/2a, reaction time, yield (%) of 3a): 1/1,3 h, 
28%; 1/2,0.25 h, 54%, 1/4,0.25 h, 72%. By variation of 
the substituents on the tin atom of 1, the following results 
were obtained (given as stannyl group, reaction time, yield 
( 5 % )  of 3a): Et3Sn (la), 0.25 h, 86%; BuaSn (lb), 0.25 h, 
72 5% ; OcsSn (IC), 0.5 h, 66 % . The reaction that employed 
la gave the best result. The use of IC facilitated the 
separation of the desired l-silacyclopentadiene 3. The 
results of reactions of 1 with substituted terminal acetylene 
2 are summarized in Table 11. In particular, the conden- 
sation of arylacetylenes provided 3,4-bis(4’-halophenyl)- 
l-silacyclopentadiene 3c and 3d, bearing substituents on 
the aryl groups that could be further functionalized. 
Compounds 3b-j and 4a are new. 

In contrast, internal acetylenes such as 4-octyne and 
1,2-bis(trimethylsilyl)acetylene were not reactive to dim- 

ethylsilylene generated from lb, and these reactions only 
provided 7b derived from decomposition of lb. 

These observations suggest that the present reaction 
entails the generation of a palladium-dimethylsilylene 
species 89 as an intermediate. The proposed routes of the 
generation of 8 and 3 are shown in Scheme I. In the first 
step, oxidative addition of the Si-Sn bond of 1 to the 
palladium complex occurs to produce a HMezSiPdSnRs 
complex.10 The elimination of an H atom and stannyl 
group from this complex gives a palladium-dimethylsi- 
lylene species 8, and the insertion of 2 into 8 proceeds 

(9) Platinum,*Jl nicke1,uandRhodium”silylene complexes have been 
reported in recent years. 

(10) (a) Chenard, B. L.; Van Zyl, C. M. J. Org. Chem. 1986,51,3561. 
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U. Zbid. 1987,52,4868. (c) Murakami. M.: Morita. Y.: Ito. Y. J. Chem. 
Soc., Chem. Commun. 1990,428. 
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Scheme I 

stepwise to produce 1-palla-4-silacyclohexa-2,5-diene in- 
termediate 9.11 In the final step, reductive elimination of 
3 from 9 regenerates a zero-valent palladium complex. On 
the other hand, the formation of (tributybtanny1)styrenes 
(5a and 6a) and hexabutyldistannane (7b) may be ac- 
counted for by the known palladium-catalyzed hydrostan- 

(11) Yamashita, H.; Tanaka, M.; Goto, M. Organometallics, 1992,11, 
3221. 
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nylationl2 of acetylenes by HSnBua, generated from lb, 
and dehydr~genation'~ of HSnBu3, respectively. 

The present reaction provides not only a convenient 
method for the generation of dimethylsilylene species but 
also a novel synthetic approach to 3,4-disubstituted 
l-silacyclopenta-2,4-dienes. Detailed studies concerning 
the reaction mechanism and synthetic utility of 3 are in 
progress. 

Acknowledgment. The present work was partially 
supported by a Grant-in-Aid for Scientific Research (Nos. 
04740306 and 05740402) from the Ministry of Education, 
Science, and Culture of Japan. 

Supplementary Material Available: Characterization data 
for the compounds reported (3a-j and 48) (4pages). This material 
is contained in libraries on microfiche, immediately follows this 
article in the microfilm version of the journal, and can be ordered 
from the ACS; see any current masthead page for ordering 
information. 

(12) Ichinose, Y.; Oda, H.; Oshima, K.; Utimoto, K. Bull. Chem. SOC. 
Jpn. 1987,60,3468. Kikukawa, K.; Umekawa, H.; Wada, F.; Matauda, 
T. Chem. Lett. 1988,881. Miyake, H.; Yamamura, K. Chem. Lett. 1989, 
981. ~ .~ 

(13) Bumagin, N. A.; Gulevich,Y. V.; Beletakaya, I. P. Zzu. Akad. Nauk. 
SSSR, Ser. Khim. 1982, 2639. 


