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The iridium-catalyzed hydrosilylation of alkynes in the
presence of 4,40,5,50-tetramethylbiphosphinine (tmbp) has been
explored. The hydrosilylation of alkynes in the presence of tmbp
proceeds effectively to give �-(E)-vinylsilanes highly selective-
ly in moderate to high yields, whereas a similar hydrosilylation
in the absence of tmbp produces �-(Z)-vinylsilanes selectively.
The stereoselectivity of these reactions suggests the importance
of the electron-withdrawing properties of tmbp coordinated to
iridium.

The hydrosilylation of alkynes with transition-metal cata-
lysts is a simple and valuable method for the synthesis of alkenyl
silanes, which are widely used for organic synthesis.1 Thus,
regio- and stereoselective reactions are indispensable for the
synthetic use of alkenyl silanes. For the hydrosilylation of the
terminal alkyne 1 with the silane 2, three possible alkenylsilanes
can be obtained, i.e., the �-(E)-adduct 4 (syn-addition), the �-
(Z)-adduct 5 (anti-addition), and the �-adduct 6 (Scheme 1).
As has been reported,2 the anti-addition product 5 is formed
by the insertion of the alkyne into an M–Si bond, followed by
the isomerization of a vinyl complex2a to give 5 via a less steri-
cally hindered intermediate. In addition to the steric effect, elec-
tron density at metal centers strongly affects the regioselectivity
of the hydrosilylation of alkynes.2b,3,4

Ligands containing sp2-hybridized phosphorus atom have a
strong�-acceptor property because of their remarkable tendency
to engage in metal-to-phosphorus � back donation, comparable
to that of the carbonyl ligand.5 Thus, these compounds are
expected to decrease the electron density at metal centers.
Recently, the characteristic catalytic activities of transition-
metal complexes with diphosphinidene–cyclobutene ligands
have been reported.6 Although phosphinines, which are phos-
phorus analogues of pyridines, function as �-acceptor ligands,
catalytic transformations using transition-metal complexes
bearing phoshinine ligands have been limited until now.5a,5e,7

We report herein the iridium-catalyzed hydrosilylation of 1
with a high stereoserectivity using 4,40,5,50-tetramethyl-2,20-bi-
phosphinine (tmbp, 3).8,9

First, the hydrosilylation of 1-octyne (1a) was attempted and

typical results are shown in Table 1. After some preliminary
experiments, we found that [Ir(COD)2][BF4] and [Ir(�5-C9H7)
(COD)] (�5-C9H7 = �5-indenyl) are ideal catalysts for the hy-
drosilylation of alkynes. Thus, the treatment of 1 equiv. of 1a
with 0.5 equiv. of PhMe2SiH (7) in THF at 40 �C for 24 h in
the presence of [Ir(COD)2][BF4] (0.005 equiv.) produced corre-
sponding vinylsilanes (4a, 5a, and 6a) in 94% total yield with �-
(Z)-5a as the major product (Table 1, Entry 1). However, 3
retarded the iridium-catalyzed hydrosilylation of 1a, and the
reaction of 1a with 7 under similar conditions led to the recovery
of 1a (95%) (Entry 2). In contrast, the hydrosilylation of 1a with
7 in the presence of [Ir(�5-C9H7)(COD)] gave different results.
Although the reaction of 1a with 7 in the presence of [Ir(�5-
C9H7)(COD)] (0.005 equiv.) in toluene at 80 �C for 24 h formed
the vinyl silanes 4a–6a in 34% total yield with Z-selectivity
(Entry 3), a similar reaction in the presence of 0.006 equiv. of
tmbp 3 produced the vinyl silanes in 96% total yield with 4a
as the major product (Entry 4). The reactions of 1a with 7
(1–2 equiv.) in the presence of [Ir(�5-C9H7)(COD)] (0.005
equiv.) and 3 (0.006 equiv.) also produced the vinyl silanes in
96–97% with a high selectivity of 4a (89–93%) (Entries 5 and
6). The results in Table 1 show that the combination of [Ir(�5-
C9H7)(COD)] with 3 in toluene at 80 �C produces vinylsilanes
in high yield with high E-selectivity, whereas the iridium-
catalyzed hydrosilylation of 1a with 7 in the absence of 3 forms
vinylsilanes in moderate to high yield with Z-selectivity.

On the basis of the optimized conditions (Table 1, Entry 5),
the hydrosilylation of various alkynes was examined (Table 2).10

Similarly to that of 1a, the reaction of phenylacetylene (1b) and
its derivatives 1c and 1d with 7 in the presence of [Ir(�5-

R H SiR'3+

H

SiR'3
R

H

R

SiR'3

SiR'3

R

+ +

[Ir],
P P

1 2

tmbp (3)

β-(E )-4 β -(Z )-5 α-6

H

H

H

H

H

Scheme 1. Iridium-catalyzed hydrosilylation.

Table 1. Iridium-catalyzed hydrosilylation of 1-octynea

n-C6H13 + PhMe2SiH
1a 7 4a   +   5a   +   6a

[Ir] cat.

(tmbp 3)
β -(E ) β -(Z ) α

CH2Cl2

CH2Cl2

Toluene

Toluene

Toluene

Toluene

Solvent

[Ir(COD)2][BF4]

[Ir(COD)2][BF4]-3

Ir(η5-Ind)(COD)-3

Ir(η5-Ind)(COD)-3

Ir(η5-Ind)(COD)

Ir(η5-Ind)(COD)-3

Ir catalystEntry

1d

2

4

5e

3d

6f

Temp.
/°C

40

40

80

80

80

80

Yieldc

/%

94

0

34

96

96

97

Silane ratio/%b

6a

1



12

4a

1



21

94

93

89

5a

98



67

4

4

7

2

3

4

aReaction conditions: 1a (1.0mmol), 7 (0.5mmol), and Ir com-
plex (0.005mmol) in the presence or absence of 3 (0.006mmol)
for 24 h. bRatio was determined on the basis of 1HNMR data.
cGLC yield based on 7. dWithout 3. e7 (1.0mmol) was used.
f7 (2.0mmol) was used.
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C9H7)(COD)] (0.5mol%) and 3 (0.6mol%) at 80 �C for 14–
24 h produced vinylsilanes in 84–88% yields with E-selectivity
(84–91%) (Table 2, Entries 1–3). The bulky acetylenes 1e and
1f underwent a similar reaction to give the corresponding E-ad-
ducts 4e and 4f in moderate yields (Entries 4 and 5). The reac-
tions of the alkynyl alcohols 1g–1i with 7 at 80 �C for 32–60 h
also produced E-adducts 4g–4i with high selectivity, although
1g was obtained in low yield presumably owing to the interac-
tion of the iridium catalyst with hydroxy group of 1g. The enyne
1j selectively reacted with its acetylenic bond to produce 4j and
5j with E-selectivity. In spite of the vinylsilane formation from
terminal acetylenes, internal acetylenes such as diphenyl acety-
lenes, 1-phenyl-1-propyne, and 4-octyne were unreactive under
these conditions.

To obtain information on the mechanism of the iridium-
catalyzed hydrosilylation of alkynes in the presence of 3, the
reaction of 2-deuteriophenylacetylene (PhCCD, 1b-d1) with 7
was carried out under the same conditions shown in Table 2
(Supporting Information).11 The reaction produced 4d-d1 and
5d-d1 (88:12) in 84% total yield, and deuterium remained only
at the �-position of the phenyl group. The deuterium content
of 1b-d1 was maintained in 4d-d1 and 5d-d1. Therefore, such hy-
drosilylation proceeded without a shift of deuterium in its tran-
sition state or intermediate formation.

In the hydrosilylation of terminal acetylenes, the first step is
the oxidative addition of [Ir(�5-C9H7)(COD)] to 2, yielding �3-
indenyl iridium(III) species. The insertion of 1 into an Ir–Si bond
produces the vinyl iridium species 8 (Scheme 2). Since 8 is ther-
modynamically unstable in the absence of 3, the isomerization of
8 via 9 forms the less hindered intermediate 10, and the reductive
elimination of 10 produces the Z-adduct 5. However, 3 has a
strong �-acceptor property and can accelerate such reductive

elimination. Therefore, the reductive elimination of 8 is expect-
ed to proceed smoothly to give 4 faster than the isomerization of
8 to 9.
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Table 2. Iridium-catalyzed hydrosilylation of 1-alkynes
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aIsolated yield based on 1-alkyne 1.
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Scheme 2. Possible intermediates 8–10 for the hydrosilylation
of 1 to yield �-(Z)-5.
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