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The reaction of ethynyl-substituted mono- and di-silanes with tolan in the presence of a catalytic amount of 
Ni(PEt3)4 affords dienynes. 

During the course of our studies on the transition-metal 
catalysed formation of unsaturated silicon compounds,1-3 we 
found that the nickel-catalysed reactions of ethynyl-substi- 
tuted disilanes in the presence of tolan afforded a dienyne 
system. Thus, heating a benzene solution of a 1 : 1 mixture of 
ethynylpentamethyldisilane (1) and tolan in the presence of a 
catalytic amount of tetrakis(triethylphosphine)nickel(O) at 
100°C for 20 h gave a dienyne whose spectral data identified 
it as (E,E)- bis( pent ame thyldisilanyl)-5,6-diphenylhexa-3,5- 
dien-1-yne (2)T in 60% yield, in addition to a small amount of 

1- All new compounds gave satisfactory analytical and spectroscopic 
data. Selected data for compound (2): 400 MHz *H n.m.r., 6 (CDC1,) 
0.05 (9H, s, Me,Si), 0.07 (6H, s,  Me&), 0.14 (9H, s, Me3Si), 0.25 
(6H, s, Me2Si), 6.50 (lH, d,  J 0.73 Hz, Ha), 6.93-7.32 (10H, m, ring 
protons), 7.37 (IH, br. s, Hb); *3c n.m.r., 6 (CDC13) -4.2, -2.6, 
-2.4, -1.8 (C-Si), 107.5, 107.9 ( G C ) ,  127.0, 127.3, 127.8, 128.5, 
129.6,129.7,130.7,132.3,136.9,140.1,140.3,147.1(ringcarbonsand 
olefinic carbons); m.s., mlz 490 ( M + ) ;  i.r., vczc 2100 cm-1. 

Compound (5 ) :  100 MHz 1H n.m.r. 8 (CC14) -0.04 (9H, s, Me,Si), 
0.18 (9H, s, Me,Si), 0.28 (3H, s,  MeSi), 0.53 (3H, s, MeSi), 6.55 (lH, 
br. s,  Ha), 6.71-7.71 (21H, m, ring protons and Hb); I3C n.m.r., 6 
(CDC1,) -5.2, -3.9, -2.3, -1.3 (C-Si), 105.3, 108.7 ( C X ) ,  
127.0-129.9 (0-, m-, and p-carbons for four phenyl rings), 134.2, 
134.8, 137.4, 140.7, 141.7, 147.3 (ips0 carbons and olefinic carbons); 
m.s., mlz 614 ( M + ) ;  i.r., vcEc 2100 cm-1. 

Compound (9): 400 MHz 1H n.m.r., 6 (CDCl,) -0.02 (6H, s, 
Me,Si), 0.18 (6H, s, Me2Si), 0.85 (9H, s, But), 0.97 (9H, s, But), 6.55 
(lH, d ,J0.87 Hz, Ha), 6.93-7.31 (lOH, m, ringprotons),7.50(1H, 
br. s, Hb); 13C n.m.r., 6 (CDC1,) -6.1, -4.3 (C-Si), 16.7, 17.9 
(C-Me), 26.3, 26.9 (Me3C), 106.9, 107.1 ( G C ) ,  127.1, 127.4, 127.8, 
128.5, 129.5, 129.8, 130.7, 132.7, 136.9, 138.5, 139.9, 149.6 (phenyl 
and olefinic carbons); m.s., mlz 458 ( M + ) ;  i.r. vCeC 2100 cm-1. 

R R 
\C=c'H + 

H /  \Ni-C=CR H 

(6)  R = Me3SiSiMePh 

R C F C H  
I 

\ /H 
R 

HC=CR N i ( PE13 )4  i i  ,c=c 
/ \  R C E C  \ y i - H  

(1)  R = Me3SiSIMe2 H C-CR I I 

PhC=CPh i 
R 

RC EC P h  '/ 
L 

II 
H A C h  1 

Ph 
( 2 )  R = MejSiSiMe2 
( 5 )  R = Me3SiSiMePh 
( 9 )  R = ButMe2Si 

Scheme 1 



J.  CHEM. S O C . ,  CHEM. COMMUN., 1988 

(el 

805 

i 
C c 

t I I 

7 
6 

Ph Ph 

I 1 I 
I 0 

\ /  
/c=c\ 

Hh c=c 
C=CS iMe2Bu' 
/ 

Ha ' 'SiMe~But 
c d  

( 9 )  

Figure 1. N.0.e.-f.i.d. difference spectra of compound (9): (a) 400 MHz 1H n.m.r. spectrum of (9) in CDC13; (b) irradiation of Hb 
proton; (c) irradiation of Ha proton; (d) irradiation of t-butyl protons; (e) irradiation of dimethylsilyl protons. 

an enyne , 4 - - 8  (E)-( pentamethyldisilanyl)-3,4-diphenylbut-3- 
en-1-yne (3) (9%). 

Similar nickel-catalysed reaction of l-ethynyl-l-phenyl- 
tetramethyldisilane (4) with tolan under the same conditions 
afforded (E,E)-1,3-bis(tetramethylphenyldisilanyl)-5,6- 
diphenyl-3,5-dien-l-yne ( 5 )  in 60% yield, in addition to the 
homo-coupling product (6)  (10%) and the cross-coupling 
product (7) (8%). 

Ethynyl-substituted monosilanes also react with tolan to 
give the dienyne system, analogous to the reaction of the 
ethynyldisilanes. When a 1 : 1 mixture of ethynyl-t-butyl- 
dimethylsilane (8) and tolan was heated in the presence of the 
nickel(0) catalyst at 100 "C, (E7E)-1,3-bis(t-butyldirnethyl- 
silyl)-5,6-diphenylhexa-3,5-dien-l-yne (9) was obtained in 
49% yield, in addition to (E)-1-t-butyldimethylsilyl-3,4- 
diphenyl-3-en-1-yne (10) (15%). All products were isolated by 
1.p.c. In all cases, only a single regio- and stereo-isomer is 
observed for the dienyne system. The (E,E)-geometry of 
products (2), ( S ) ,  and (9) was easily established from their 
nuclear Overhauser effect-free induction decay (n.0.e.- 
f.i.d.) difference spectra. Figure 1 shows the results of n .0 .e .  
experiments for product (9) as a typical example. 

Scheme 1 illustrates a possible mechanistic interpretation. 
The formation of the dienyne system requires activation of a 
carbon-hydrogen bond, followed by successive formation of 
two carbon-carbon bonds. In fact, the reaction of 1,3- 
bis(pentamethyldisilanyl)but-3-en-l-yne (11) prepared by an 

independent route with tolan in the presence of Ni(PEt,), 
under the same conditions gave no dienyne system, but the 
starting (11) was recovered unchanged. 

This research was supported in part by a Grant-in-Aid for 
Scientific Research on Priority Areas (Advanced Molecular 
Conversion). 

Received, 9th November 1987;$ Com. 1621 

References 
1 M. Ishikawa, S. Matsuzawa, T. Higuchi, S .  Kamitori, and K. 

2 M. Ishikawa, J. Ohshita, and Y. Ito, Organornetallics, 1986, 5 ,  

3 M. Ishikawa, J .  Ohshita, Y. Ito, and J. Iyoda, J .  Am.  Chern. SOC. ,  

4 H. Singer and G. Wilkinson, J .  Chern. SOC. ( A ) ,  1968, 849. 
5 L. Carton and G .  Read, J .  Chem. SOC., Perkin Trans. I ,  1978,1631. 
6 G. Giacomelli, F. Marcacci, A. M. Caporusso, and L. Lardicci, 

7 M. Akita, H. Yasuda, and A.  Nakamura, Bull. Chern. SOC. Jpn., 

8 M. Trost and R. Walchi, J .  Am. Chern. Sac., 1987, 109, 3487. 

Hirotsu, Organornetallics, 1985, 4, 2040. 

1518. 

1986, 108, 7417. 

Tetrahedron Lett., 1979, 3217. 

1984,57,480. 

$ Received in revised form, 2nd March 1988. 




