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The titanium catalyst, which was generated in situ from titanocene dichloride and 2 equiv of butyllithium, was found to catalyze hydrosilation
of a variety of alkynes with excellent regio- and syn-selectivity.

Alkenylsilanes have been used as important building blocks catalyzed reactions have encountered difficulty in controlling
in organic synthesis. In addition to classical organic trans- stereochemistry of alkenylsilane produttfor instance,
formation of alkenylsilane’,novel applications of these hydrosilation of terminal alkyne RECH often afforded a
compounds to transition metal catalyzed reactions have beemmixture of three isomerd—Ill and complete control of
developed recently that have enhanced synthetic usefulness stereochemistry in the hydrosilation of alkynes remains to

of alkenylsilanes.
However, the utility of alkenylsilanes has been somewhat

reduced by a lack of regio- and stereoselective synthetic
methods of these compounds. Among the synthetic methods

of alkenylsilanes, hydrosilation of alkynes is one of the most
straightforward methods and the most attractive one from
an atom-economical point of viefvLate transition metal

catalysts of Pt, Pd, Rh, etc. have been frequently used for

hydrosilation of alkynes; however, the late-transition metal
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In this paper, we wish to report highly regioselectsya-
hydrosilation of alkynes catalyzed by titanocene species.
Although titanocene derivatives have been utilized for
hydrosilation of olefing, ketone<, imines? and pyridines,
to the best of our knowledge, this is the first example of the
alkyne hydrosilation catalyzed by a group 4 metal catalyst
except Lewis acid-catalyzedans-hydrosilation of alkynes
using MClL (M = Ti, Zr, and Hf)? This paper also represents
a rare example of hydrosilation of alkynes using early
transition metal catalysts.
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Scheme 1 Table 1. Titanium-Catalyzed Hydrosilation of Alkyngs
: Buli R? entry alkyne hydrosilane alkenylsilane yield (%)
R—— 2+ HiS] Cp,TiCla/n-BuLi o \}\ ry alky y y : (%)
THF, 1 h [Si] 1 1a 2a n-CaH” SiHPhy 87 (70)
1 2 3 n-CzHy (32)
1a: R' =R2=n-C3Hy 2a: [Si] = SiHPh, SiHPh
1b: R' =R? = Et 2h: [Si] = SiHMePh 2 Ib 2a Cp Hs/\( e 96 (67)
1¢c: R' = n-Cy4Hg, RZ=H 2¢: [Si] = SiHoPh CoHs (3b)
1d: R =n-CsH 1y, RZ=H )
1e: R1 = n—CGH13, R2 =H 3 13 2b n-C H7 N SiHMePh 97 (66)
1f. R' = n-CgHy7, R =H s o
1g: R' = SiMes, R? =Me et (3c)
4 e 2a -G -SHPh2 (3d 78 (59)
It was found that hydrosilation of alkynes was efficienty 5  1d 2a -Gt N-STHP2 (3e) 72 (58)
catalyzed by a titanium species, which was generated in situ ~_SiHMePh
from titanocene dichloride and 2 equiv of butyllithium 6 le 2b n-CaHys” > (31 82 (63)
(Scheme 1). Generally, reactions proceeded smoothly at room .
X . - SiHMePh
temperature. A representative procedure for the Ti-catalyzed 7 1f 2b n-Cehy 7 (3g) 92 (67)
hydrosnatlon of alkyne is as fo!lows. To a solution of £p & 1f 2¢ PSHPEN SiHPh 52 31)
TiCl, (50.0 mg, 0.200 mmol) in THF (5 mL) was added 817 2 Q)
n-BuLi hexane solution (1.60 mol/'L, 0.25 mL, O..4O mmol) 9 1g 2b Ve Si/\/siHMeph 82 (54)
at—78°C. After the solution was stirred fd. h atthis temp- 3 " )
erature, 4-octynel@; 110 mg, 1.00 mmol) and diphenylsilane : ()
(2a;, 203 mg, 1.10 mmol) were added subsequently by means 10 1g 2¢ Me Si/\rSngPh 68 (44)
of syringe. The reaction mixture was warmed to room temp- ¢ CHs i)
J

erature and stirred for 1 h. After aqueous workup, GC ana-
lysis of the reaction mixture showed formation of 4-(diphe-
nylsilyl)-4-hexene3a in 87% yield (Table 1, entry 1).

The geometry of3a was determined to be (E) by
comparison of the!H and 3C NMR spectra with those
reported previousl§* No formation of the corresponding)¢
isomer was detected by NMR and GC analysis. TEg (
geometry ind3aindicates that the reaction proceeded through
asyn-addition of the hydrosilane to the carbaarbon triple
bond inla. Analogous highly selectiv@/naddition was also
observed for the reaction dfb and 2a (entry 2). With
hydrosilane2b, the reaction proceeded as well giving &jr(
product3c exclusively (entry 3).

The titanium-catalyzed hydrosilation could be applied to
terminal alkyne substrates. A reaction of 1-hexyhe) @nd
2ain the presence of 20 mol % of the titanocene catalyst
afforded an alkenylsilan&d in 78% yield (entry 4). ThéH
and 3C NMR analysis of the product revealed th2d
consisted of a single isomer. A mode of the addition reaction
was found to be 2-hydro-1-silation, and the large coupling
constant between the two olefinic hydrogens8t(3Jyy =

aThe reaction was carried out with(1.0 mmol) and2 (1.1 mmol) in
THF at room temperature in the presence of titanocene catalyst (20 mol %
to 1) generated in situ from GpiCl, andn-BuLi (2 equiv to CpTiCly)
unless otherwise noteBGC yields. Isolated yields are given in parentheses.
¢ At 50 °C with 2c (0.55 mmol).

titanocene-catalyzed hydrosilation is highly stereoselective
in the reactions of other terminal alkyndsl—f as well
(entries 5—7). All the products were 1-silylalkenes B
isomers exclusively, and no other regio- or geometrical
isomers were detected.

When a reaction was carried out using sterically compact
phenylsilan€c at room temperature, a product was obtained
as a complex mixture, which contained a single-hydrosilation
product3h (15% GC yield), a hydrogenated proddct18%

GC yield), and other uncharacterized products (Scheme 2).
However, a double-hydrosilation produgivas prepared in

18.3 Hz) indicates the product being an (E)-isomer. The Scheme 2
Ti-cat. 1-Cathr~ 2~ ginph
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(b) Sudo, T.; Asao, N.: Yamamoto, ¥. Org. Chem1999,64, 2494. (c) s s T > N
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moderate yield (52%) at higher temperature {&) with a
molar ratio of1f/2c = 2.0/1.1 (Table 1, entry 8). Each step
of the hydrosilation reactions giving also took place in a
stereoselective manner, and tlixwas obtained as a single

isomer. Analogous double-hydrosilation was not observed

with the disubstituted dihydrosilan@a or 2b, and no triple-
hydrosilation was detected witc.

The highly regio- andsyn-selective hydrosilation could
be realized for a certain unsymmetrically substituted internal
alkyne. The titanocene-catalyzed reaction of 1-(trimethyl-
silyl)propyne (1g) with2b gave an 1,2-disilyl olefir8i of
(E)-geometry in 82% vyield as a sole hydrosilation product
(Table 1, entry 9). With this internal alkyrieg, the mono-
phenyltrinydrosilane2c reacted cleanly to give a single-
hydrosilation produc8j in 68% vyield (entry 10).

The present catalytic hydrosilation of alkynes is charac-
teristic to titanocene species among group 4 metals. Zir
conocene and hafnocene species do not catalyze the reactio

under the analogous conditions, although zirconium and
hafnium complexes have been known to catalyze hydrosi-

lation of olefins®*~912 A transient divalent zirconocene &p
Zr'", which is generated in situ by thermal decomposition of
CpZr(n-Bu),,™2 reacts with 2 equiv of alkynes to form a
stable zirconacyclopentadiene speéf@d.The zirconacy-

clopentadiene is inert to hydrosilanes, and thus a catalytic

cycle of alkyne hydrosilation is not operative with the

zirconocene species. Indeed, aqueous workup of a reactio

mixture of CpZr(n-Bu), 1la, and2a afforded a substituted
butadiene derivativé with unreacted2a, but no3a was
detected (Scheme 3).
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Two possible paths have been suggested for the zir-
conocene-catalyzed olefin hydrosilation (Scheme 4, top).
One is oxidative addition of anHSi bond to a divalent Zr
center, and the other is via a zirconitmlefin—silane
complex CpZr(y?-olefin)(7>-H-SiRs). It is reasonable to
assume that the present titanocene-catalyzed hydrosilation
of alkynes also proceeds through a reaction mechanism
similar to either of the two. Recently, Rosenthal and co-
workers reported d@rans-i7-alkyne complex of titanocene
n@) in which strong 4-Si-H)—Ti agostic interaction was
evident!® Although we have no evidence supporting either
of the two (or other) possible reaction paths, Rosenthal’s
complex could be regarded as a stabilized intermediate of
the latter reaction path (A).

In summary, we have developed a novel catalytic hydrosi-
lation reaction of alkynes using the titanocene derivative as
a catalyst. The reaction proceeded with excellent regiose-
lectivity, andsyn-addition products were obtained exclusively
ri‘or a variety of substrates.
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