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Abstract—The regioselective hydrosilylation of the acetylenedicobalt complex on the terminal acetylene with special reference to the
ligands to produce a vinylsilane is described. It was found that the use of the ligands exchanged dicobalttetracarbonyl bis(diphenyl-
phosphino)methane complex dramatically changed the regioselectivity compared to the corresponding dicobalthexacarbonyl
complex.
� 2004 Elsevier Ltd. All rights reserved.
Vinylsilanes are very useful intermediates in synthetic
organic chemistry.1 The hydrosilylation of an acetylenic
compound is one of the general methods to produce a
vinylsilane.2 We have developed the reductive decom-
plexation of the acetylenedicobalthexacarbonyl complex
with a trialkylsilane to produce the corresponding
vinylsilane (hydrosilylation).3 In the course of the
syntheses of marine natural products, the hydrosilyla-
tions of the internal acetylenedicobalt complexes such
as 1 and 3 usually exhibited an extremely high regiose-
lectivity (Scheme 1).3a,4 However, the same hydrosilyl-
ation reaction of the terminal acetylene with an
acetylene–Co2(CO)4dppm complex. We found a signifi-
cant improvement in the regioselectivity by changing
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Scheme 1. Hydrosilylations of internal acetylene Co2(CO)6 complexes.
to a dicobalttetracarbonyl bis(diphenylphosphino)-
methane (Co2(CO)4dppm) complex from a dicobalt-
hexacarbonyl (Co2(CO)6) complex in the terminal
acetylene.

The results of hydrosilylations with the Co2(CO)6 com-
plexes and Co2(CO)4dppm complexes5 are shown in
Table 1. In all cases, the results of the Co2(CO)4dppm
complexes exhibited high regioselectivity. The Co2(CO)6
complexes of the sugar acetylene derivatives 11, 15, 18,
22, 26, and 30 were readily prepared by mixing the
corresponding sugar acetylene compounds6–8 with
Co2(CO)8. The dppm complexes were prepared by the
following sequence (Scheme 2).
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Scheme 2. Preparation of Co2(CO)4dppm complex.
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The complex 6 could be directly obtained from sugar
acetylene 56 by treating with Co2(CO)6dppm, which
was easily prepared by Co2(CO)8 and dppm,9 therefore
610 was cleanly produced as a single diastereomer in
90% yield.

We first examined the hydrosilylation with the Co2(CO)6
complexes (Table 1, entries 1, 3, 5, 7, 9, 11, 13, and 15).
In every case, the hydrosilylations were completed in 1–
3 h by heating at 65 �C with triethylsilane and bis(tri-
methylsilyl)acetylene (BTMSA)3d to give the vinylsilanes
Table 1. Hydrosilylations with acetylenedicobalt complexes

Entry Substrate X Temp

(�C)
Time

(h)

1 7: Co2(CO)6 65 1

2 8: Co2(CO)4dppm Refluxd 16

3 11: Co2(CO)6 65 1

4 12: Co2(CO)4dppm
c Refluxd 27

5 15: Co2(CO)6 65 1.5

6 6: Co2(CO)4dppm
c Refluxd 23

7 18: Co2(CO)6 65 2

8 19: Co2(CO)4dppm
c Refluxd 25

9 22: Co2(CO)6 65 2

10 23: Co2(CO)4dppm
c Refluxd 46

11 26: Co2(CO)6 65 2

12 27: Co2(CO)4dppm
c Refluxd 64

13 30: Co2(CO)6 65 2.5

14 31: Co2(CO)4dppm
c Refluxd 63

15 34: Co2(CO)6 65 3

16 35: Co2(CO)4dppm Refluxd 35

BTMSA = bis(trimethylsilyl)acetylene.3d

a All products were inseparable mixtures.
b The ratios of the products were determined from the 1H NMR data (400 M
cDppm complexes were unstable under the heating condition.
d Reflux temperature is 83 �C.
as a mixture of regioisomers in high yields. However, the
regioselectivity was low, and most of the major products
were vinylsilane A which has an internal silyl group.

Next, we investigated the reaction with the ligands
exchanged Co2(CO)4dppm complexes (Table 1, entries
2, 4, 6, 8, 10, 12, 14, and 16). The reaction of a simple
aliphatic compound 8 and triethylsilane in 1,2-dichloro-
ethane with BTMSA3d at reflux for 16 h gave 9 and 10 as
an inseparable mixture with the ratio of 6:94 in 70%
yield (entry 2). For the sugar acetylene complexes 12,
6, 19, 23, 27, and 31, which were prepared from the
corresponding sugar acetylene, the reactions proceeded
very slowly to give the vinylsilanes with high regioselec-
tivity in moderate yields (entries 4, 6, 8, 10, 12, and 14).
The moderate yields may be responsible for the instabil-
ity of the dppm complexes under the heating conditions.
Productsa Yield

(%)

Ratio

(A:B)b
A B

+

9
10

99 55:45

70 6:94

+

13
14

90 56:44

44 7:93

+

16 17

95 63:37

70 8:92

+

20
21

97 55:45

49 6:94

+

24 25

83 87:13

56 2:98

+

28 29

96 71:29

54 0:100

+

32 33

97 57:43

44 0:100

+

36 37

89 26:74

80 15:85

Hz).
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The regioselectivity was pronounced in entries 10, 12,
and 14, particularly 27 and 31 afforded 2911 and 33 as
a single regioisomer. In the reaction of an aromatic com-
pound 35 (entry 16), no dramatic effect of the ligands
was observed, which might be probably attributed to
an electronic factor of the aromatic ring.

In a hydrosilylation, platinum or rhodium catalysts have
often been used with a trialkylsilane to produce a
vinylsilane.1,2 Therefore, we also examined the reaction
of 38, 39, and 40 with a platinate catalyst (Na2PtCl6)
as the most typical catalyst (Table 2). The reactions were
completed in 10–30 min by heating with triethylsilane at
65 �C to afford the vinylsilanes 9, 10, 24, 25, 36, and 37.
In these cases, the major products were vinylsilane B
which has a terminal silyl group, and the regioselectivity
was low, especially in entry 2. This system was usually
carried out by simple heating of the reaction mixture
under air atmosphere,12 but various side reactions
occasionally occurred, such as the intramolecular
isomerization of an olefin, and the silylation of a free
alcohol, thus a mild condition which is applicable to
complex compounds is desired. The fact that the small
Table 2. Hydrosilylations with Na2PtCl6

Entry Substrate Temp (min)

A

1

38

10 9

2

39

30 24

3

40

30 36

aNa2PtCl6 was added as a 0.01 M solution in 2-propanol.
bAll products were inseparable mixtures.
c The ratios of the products were determined from the 1H NMR data (400 M

Figure 1. NOE�s correlations observed in 8, 26, and 27.
amount of some products should be generated by the
side reactions was observed in entry 2.

The hydrosilylation mechanism via the acetylenedico-
balt complex has not yet been clarified, however the
significant difference in the selectivity between the
Co2(CO)6 and Co2(CO)4dppm complexes should be
explained on the basis of the configuration of the reac-
tant system. The configurations of 8, 26, and 27 were
confirmed by the NOESY spectra (Fig. 1). The terminal
position of the Co2(CO)4dppm complex in 8 is very
hindered, judging from the NOE�s correlations between
the ligand-aromatic protons of dppm and the terminal
proton of the cobalt complex. Furthermore, in the case
of 27, the terminal proton had correlations at the ligand-
methylene protons of dppm as well as the C6 position on
the dihydropyrane ring. Thus, as a plausible explana-
tion, the hydride should approach the less hindered
internal carbon to produce a vinylsilane B as 29. While,
the terminal proton of Co2(CO)6 complex in 26 had
a correlation at the C2 position on the dihydro-
pyrane ring. Thus, the terminal carbon should be
attacked by the hydride in the Co2(CO)6 complexes,
Productsb Yield (%) Ratio (A:B)c

B

+ 10 94 22:88

+ 25 80 31:69

+ 37 89 13:87

Hz).
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since the internal carbon would be hindered by the
dihydropyrane ring. However, the steric hindrance of
the Co2(CO)6 complex was smaller than that of the
Co2(CO)4dppm complex, therefore the regioselectivity
of the Co2(CO)6 complex may be slightly lower than
that of the Co2(CO)4dppm complex.

In conclusion, we have successfully improved the
regioselectivity of the hydrosilylation by using a
Co2(CO)4dppm complex on the terminal acetylene
derivatives. Further developments of this reaction, such
as catalytic reactions and synthetic applications, are now
in progress.
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