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Abstract: The highly chemoselective hydrosilylation
of aldehydes was achieved using a ruthenium cata-
lyst activated by a household fluorescent light
(30 W) at or below room temperature. The hydrosi-
lylation was almost exclusive to aldehydes over ke-
tones and olefins.
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The hydrosilylation of carbonyl compounds is a fun-
damental transformation which has broad applications
in organic synthesis and materials science.[1] This reac-
tion is particularly attractive because it provides silyl-
protected alcohols in a single step. A number of
metal-catalyzed protocols have been developed,[2] all
aiming at the hydrosilylation of ketones.[3] On the
other hand, protocols for the selective hydrosilylation
of aldehydes are limited. For example, the well-
known Stryker�s reagent [Ph3P ACHTUNGTRENNUNG(CuH)]6 shows a good
selectivity for the hydrosilylation of aldehydes in the
presence of ketones.[4] However, it has a strong prefer-
ence for the competing 1,4-reductions in the hydrosi-
lylation of a,b-unsaturated aldehydes. Recent studies
on the chemoselective hydrosilylation of aldehydes
using other metal catalysts also suffer from the low
chemoselectivity, high catalyst loading, limited scope
of the silanes, requirement of additives, and harsh
conditions.[5]

Recently, we have reported the simple synthesis of
an isolable diruthenium complex (1) and its conver-
sion to a catalytic species that is active for the racemi-
zation of secondary alcohols simply by illuminating its
solution.[6] We envisioned that the ruthenium hydride

species, which has been proposed as a key catalytic
species for the racemization, might also be active for
the reduction of other functional groups. In this com-
munication, we wish to report the utility of 1 for the
chemoselective hydrosilylation of a wide range of al-
dehydes, which allows the use of various silanes under
mild conditions and does not require additives.

Initially, the reaction conditions were optimized in
the hydrosilylation of benzaldehyde (Table 1). A fluo-
rescent light (30 W) was needed to activate the ruthe-
nium complex 1 (entry 1), because the reaction car-
ried out without the fluorescent light showed no con-
version (entry 2). Interestingly, however, illumination
just for 30 min at the beginning of the reaction was
enough to generate the catalytic species (entry 3).
Lowering the temperature to 0 8C still maintained the
catalytic activity (entry 4). Notably, the hydrosilyla-
tion showed complete conversion even at �78 8C with
an extended reaction time (entry 5). Meanwhile, anal-
ogous diruthenium complexes such as [Cp*Ru(CO)2]2

and [CpRu(CO)2]2 were practically ineffective for the
hydrosilylation (entries 6 and 7).

Next, the scope of silanes was investigated in the
hydrosilylation of benzaldehyde (Table 2). The reac-
tion with tert-butyldimethylsilane was also successful
to give the corresponding silyl ether in high yield, al-
though it was slower than that with triethylsilane
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(entry 1). The reactions with triphenylsilane and
methyldiphenylsilane were comparable to that with
tert-butyldimethylsilane (entries 2 and 3), while the
reaction with triisopropylsilane was much less effi-
cient (entry 4).[2b]

Under the optimized conditions, the hydrosilylation
using the ruthenium complex 1 and triethylsilane was
tested for various aldehydes (Table 3). The hydrosily-
lation of aromatic aldehydes was not affected signifi-
cantly by the ring substituents except for a nitro
group (entries 1–5).[7] Chloro and ester groups re-
mained intact during the hydrosilylation (entries 2
and 3). ortho-Methyl groups appeared to slow the hy-
drosilylation, while ortho-methoxy groups did not
show retarding effect (entries 4 and 5). Notably, only
1,2-addition was observed in the hydrosilylation of

a,b-unsaturated aldehydes (entries 6 and 7).[7] Ali-
phatic aldehydes were also good substrates for the hy-
drosilylation, although the reactions were slower than
those of aromatic ones (entries 8–11). Interestingly,
the steric effect of the alkyl groups was not signifi-
cant, as shown by the effective reaction of isobutyral-
dehyde (entry 10) and pivalaldehyde (entry 11). The
furan ring did not interfere with the catalytic hydrosi-
lylation (entry 12). Also, the hydrosilylation of thio-

Table 1. Catalytic hydrosilylation of benzaldehyde using 1.[a]

Entry Ru Temp. Time [h] Yield[b] [%]

1 1 r.t. 12[c] >99
2 1 r.t. 12[d] 0
3 1 r.t. 12[e] 98
4 1 0 8C 12 94
5 1 �78 8C 48 90
6 ACHTUNGTRENNUNG[Cp*Ru(CO)2]2 r.t. 24 3
7 ACHTUNGTRENNUNG[CpRu(CO)2]2 r.t. 24 0

[a] A solution of benzaldehyde (0.50 mmol), Et3SiH
(0.50 mmol), and 1 (0.50 mol%) in tetrahydrofuran
(THF) (0.5 mL) was illuminated with a household fluo-
rescent light (30 W) under an argon atmosphere.

[b] Measured by GC equipped with a TR-5 column using
trans-stilbene as an internal standard.

[c] The reaction mixture was illuminated throughout the re-
action (12 h).

[d] The reaction was carried out in the dark.
[e] The reaction mixture was illuminated for 30 min at the

beginning of the reaction.

Table 2. Hydrosilylation of benzaldehyde with various si-ACHTUNGTRENNUNGlanes.[a]

Entry Silane Time [h] Yield[b] [%]

1 t-BuMe2SiH 24 93
2 Ph3SiH 24 90
3 Ph2MeSiH 24 90
4 ACHTUNGTRENNUNG(i-Pr)3SiH 24 13[c]

[a] A solution of benzaldehyde (0.50 mmol), a silane
(0.50 mmol), and 1 (0.50 mol%) in THF (0.5 mL) was il-
luminated with a household fluorescent light (30 W) for
1 h at room temperature under an argon atmosphere.

[b] Isolated yield of silyl ether.
[c] Measured by 1H NMR using 1,2-dichloroethane as an in-

ternal standard.

Table 3. Hydrosilylation of various aldehydes.[a]

Entry Aldehyde Time
[h]

Product Yield[b,c]

[%]

1 10
>99
(97)

2 10 96 (94)

3 12 98 (96)

4 17 98 (96)

5 10 95 (95)

6 24 90 (88)

7 24 96[d] (94)

8 24 96 (92)

9 24 94[e] (91)

10 24 96[d] (83)

11 24 85 (75)

12 12 98 (93)

13 24
81[d,f]

(76)

14 36
85[d,f]

(83)

[a] Typical procedure: A solution of aldehyde (0.50 mmol),
Et3SiH (0.50 mmol), and 1 (0.50 mol%) in THF (0.5 mL)
was illuminated with a fluorescent light (30 W) at room tem-
perature.

[b] Measured by GC equipped with a TR-5 column using trans-
stilbene as an internal standard.

[c] Numbers in the parenthesis are isolated yields.
[d] Measured by 1H NMR using 1,2-dichloroethane as the inter-

nal standard.
[e] 1.0 mol% of 1 was used.
[f] Two equivalents of Et3SiH and 2 mol% of 1 were used at

80 8C.
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phenyl- and pyridylaldehydes was successful with a
higher catalyst loading under elevated temperature
(entries 13 and 14).

Most notably, this catalytic system showed remark-
able chemoselectivity towards aldehydes over ke-
tones. For example, 3-acetylbenzaldehyde was almost
exclusively transformed into the corresponding pri-
mary silyl ether in the reaction with an equimolar
amount of triethylsilane under the optimized condi-
tions [Eq. (1)].[8] Moreover, only the formyl group
was reacted in the hydrosilylation of 6-oxoheptanal
[Eq (2).][9]

Although further studies are required to elucidate
the mechanism of the catalytic hydrosilyliation, prob-
able pathways are proposed in Scheme 1 on the basis
of the chemistry known for ruthenium complexes re-
lated to 1 and the results described above.[10] The low
energy light (l>400 nm) transforms the bridged form
into a terminal form (A).[10a,b] This initial step would
be followed by the cleavage of the Ru�Ru bond and
the subsequent reaction with a trialkylsilane to form a
ruthenium hydride (B) and a silyl ruthenium species
(C).[10c,11] The reaction of B with an aldehyde to form
a ruthenium alkoxide E would occur after the libera-
tion of CO from B to generate a low-coordinate

ruthenium hydride (D). The reaction of a trialkylsi-
lane with E produces the silyl ether product with re-
generation of D. In fact, the ruthenium hydride B was
observed in the reaction mixture during the hydrosily-
lation.[12,13] In a separate experiment, we confirmed
that the catalytic hydrosilylation can be effected using
the ruthenium hydride B with comparable efficiency
to that under the optimized conditions.[14] The inter-
mediacy of E is also supported by the recent reports
that suggest an analogous ruthenium alkoxide species
as the key intermediate for the catalytic racemization
of alcohols.[15] Meanwhile, the direct reaction of C
with an aldehyde to give the intermediate G cannot
be ruled out, which can react with a silane to give the
silyl ether product with regeneration of C.

In summary, we have demonstrated a highly effi-
cient and practical hydrosilylation of aldehydes using
a readily available and isolable diruthenium complex
(1) under mild conditions without any additives. The
reaction is applicable to a wide range of aldehydes,
and is exclusively selective for the aldehydes over ke-
tones and olefins.

Experimental Section

General Procedure of the Hydrosilyation of
Benzaldehyde

In a J-Young flask a mixture of benzaldehyde (50 mL,
0.50 mmol), SiEt3H (80 mL, 0.50 mmol), and Ru complex 1
(2.3 mg, 0.0025 mmol) in THF (0.5 mL) was illuminated
with fluorescent light (30 W) at room temperature under
argon atmosphere. After the reaction mixture had been con-
centrated, the crude product was purified by column chro-
matography (silica gel; hexane: ethyl acetate= 20:1) to give
PhCH2OSiEt3; yield: 110 mg (96%).

Scheme 1. Proposed pathway for the photoinduced hydrosilylation of aldehydes.

Adv. Synth. Catal. 2011, 353, 3363 – 3366 � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim asc.wiley-vch.de 3365

Highly Efficient and Chemoselective Ruthenium-Catalyzed Hydrosilylation of Aldehydes

http://asc.wiley-vch.de


Acknowledgements

We are grateful for the financial support from the Korea Re-
search Foundation (No. 20090087801) and KOSEF through
EPB center (2011-0001019).

References

[1] For reviews, see: a) J.-F. Carpentier, V. Bette, Curr.
Org. Chem. 2002, 6, 913; b) O. Riant, N. Mostefai, J.
Courmarcel, Synthesis 2004, 2943; c) B. Marciniec, in:
Hydrosilylation : A Comprehensive Review on Recent
Advances, (Eds.: B. Marciniec), Springer, Netherlands,
2009, chap. 9.

[2] a) B. L. Tran, M. Pink, D. J. Mindiola, Organometallics
2009, 28, 2234; b) H. Dong, H. Berke, Adv. Synth.
Catal. 2009, 351, 1783; c) J. Yang, T. D. Tilley, Angew.
Chem. 2010, 122, 10384; Angew. Chem. Int. Ed. 2010,
49, 10186; d) S. Park, M. Brookhart, Organometallics
2010, 29, 6057.

[3] a) O. Niyomura, M. Tokunaga, Y. Obora, T. Iwasawa,
Y. Tsuji, Angew. Chem. 2003, 115, 1325; Angew. Chem.
Int. Ed. 2003, 42, 1287; b) O. Niyomura, T. Iwasawa, N.
Sawada, M. Tokunaga, Y. Obora, Y. Tsuji, Organome-
tallics 2005, 24, 3468; c) G. Hamasaka, A. Ochida, K.
Hara, M. Sawamura, Angew. Chem. 2007, 119, 5477;
Angew. Chem. Int. Ed. 2007, 46, 5381; d) G. Hamasaka,
S. Kawamorita, A. Ochida, R. Akiyama, K. Hara, A.
Fukuok, K. Asakura, W. J. Chun, H. Ohmiya, M. Sawa-
mura, Organometallics 2008, 27, 6495; e) M. Tan, Y.
Zhang, J. Y. Ying, Adv. Synth. Catal. 2009, 351, 1390;
f) T. Fujihara, K. Semba, J. Terao, Y. Tsuji, Angew.
Chem. 2010, 122, 1514; Angew. Chem. Int. Ed. 2010, 49,
1472.

[4] B. H. Lipshutz, W. Chrisman, K. Noson, J. Organomet.
Chem. 2001, 624, 367.

[5] For metal-catalyzed hydrosilylation of aldehydes, see
a) for Ag: B. M. Wile, M. Stradiotto, Chem. Commun.
2006, 4104; b) for Au: D. Lantos, M. Contel, S. Sanz,

A. Bodor, I. T. Horvath, J. Organomet. Chem. 2007,
692, 1799; c) for Fe; N. S. Shaikh, K. Junge, M. Beller,
Org. Lett. 2007, 9, 5429.

[6] Y. Do, I. C. Hwang, M.-J. Kim, J. Park, J. Org. Chem.
2010, 75, 5740.

[7] p-Nitrobenzaldehyde, styrene, and phenylacetylene
were unreactive under the silylation conditions; more
than 96% of the starting aldehydes remained in reac-
tion mixture after 12 h.

[8] The use of two equivalents of triethylsilane gave the
same product selectively in 95% yield.

[9] 6-Oxoheptanal was prepared from 1-methylcyclohex-
ene according to a known procedure: K. C. Nicolaou,
V. A. Adsool, C. R. H. Hale, Org. Lett. 2010, 12, 1552.

[10] a) T. E. Bitterwolf, Coord. Chem. Rev. 2000, 419, 206;
b) T. E. Bitterwolf, J. C. Linehan, J. E. Shade, Organo-
metallics 2000, 19, 4915; c) C. P. Casey, T. E. Vos, S. W.
Singer, I. A. Guzei, Organometallics 2002, 21, 5038;
d) C. P. Casey, T. E. Vos, G. A. Bikzhanova, Organome-
tallics 2003, 22, 901.

[11] V. K. Dioumaev, L. J. Procopio, P. J. Carroll, D. H.
Berry, J. Am. Chem. Soc. 2003, 125, 8043, and referen-
ces cited therein.

[12] The characteristic hydride peak for B was observed at
�9.6 ppm in the reaction mixture (C6D6) by 1H NMR.

[13] The ruthenium hydride B was recovered in the form of
the corresponding chloride complex in 94% yield by
treating the reaction mixture with chloroform, which
can be reconverted to B through the reaction with 2-
propanol in the presence of sodium carbonate. See:
J. H. Choi, Y. K. Choi, Y. H. Kim, E. S. Park, E. J. Kim,
M.-J. Kim, J. Park, J. Org. Chem. 2004, 69, 1972.

[14] The hydrosilylation of benzaldehyde (0.50 mmol) using
1 mol% of B gave benzyloxytriethylsilane in 80% yield
under the optimized conditions.

[15] a) J. Nyhlen, T. Privalov, J.-E. B�ckvall, Chem. Eur. J.
2009, 15, 5220; b) J. B. �berg, J. Nyhl�n, B. Mart�n-
Matute, T. Privalov, J.-E. B�ckvall, J. Am. Chem. Soc.
2009, 131, 9500.

3366 asc.wiley-vch.de � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Adv. Synth. Catal. 2011, 353, 3363 – 3366

COMMUNICATIONS Youngshil Do et al.

http://asc.wiley-vch.de

