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The efficient reductive etherification of aromatic or aliphatic
aldehydes using a reducing system that combines Zn(OTf)2 with
either TMDS or Et3SiH is described. The present reducing
system can also be applied to the hydrosilylation of aromatic
aldehydes having either a strong electron-withdrawing group or
a pyridine ring.

Synthesis of ethers is one of the most widely investigated
methods in organic chemistry. Among the various methods
available, the Williamson ether synthesis and its modification
under basic conditions have been widely developed for this
purpose.1 As a further extension of this method, several groups
have demonstrated the combination of a Lewis or Brønsted acid
with a hydrosilane such as BF3­Et3SiH,2 TrClO4­Et3SiH,3 TMSI
or TMSOTf­Et3SiH,4 BiCl3 or BiBr3­Et3SiH,5 SbI3­PhSiH3,6

FeCl3­Et3SiH,7 I2­PMHS [poly(methylhydrosiloxane)],8 TfOH­
Et3SiH,9 and Cu(OTf)2­TMDS (1,1,3,3-tetramethyldisiloxane)10

to promote the reductive homocoupling of carbonyl compounds
or heterocoupling of carbonyl compounds with silyl ethers,
which yields symmetric or unsymmetrical ethers. Reducing
systems consisting of a zinc catalyst and a hydrosilane have also
recently been used in a variety of functional group trans-
formations involving the hydrosilylation of ketones,11 deoxyge-
nation of carbonyl compounds12 or amides,13 and reductive
amination.14

In this context, during further research on the reductive
transformation of a typical functional group with a carbon­
oxygen bond by using a reducing system that combined an
indium compound with a hydrosilane,15 we found that unlike
conventional conversions using a zinc catalyst, as shown above,
a Zn(OTf)2­TMDS or Et3SiH reducing system promoted the
reductive coupling of aromatic and aliphatic aldehydes, afford-
ing symmetric ethers. This type of reducing system could also be
applied to the hydrosilylation of aromatic aldehydes with a
pyridine ring. In this letter, we report the preliminary results of
this transformation.

The reduction of p-chlorobenzaldehyde (1a) with a zinc
catalyst and a hydrosilane was initially examined as a model
reaction (Table 1).16 For example, when the reaction was
conducted with 0.05 equiv of ZnCl2 and 4 equiv (Si­H) of
Et3SiH in CHCl3 at room temperature, the reduction proceeded
in a clean manner to produce the unexpected symmetric ether 1
in 60% yield, with the corresponding silyl ether 1¤ in 20% yield
(Entry 1). ZnI2 was ineffective for the reduction, and most of
the starting aldehyde was recovered (Entry 2). By contrast, a
relatively strong Lewis acid among the zinc catalysts, Zn(OTf)2,
showed high catalytic activity for this reduction (Entries 3­5).
PhSiH3 and TMDS as a hydrosilane showed moderate to good
selectivity, respectively, but a polymer-like PMHS did not

afford the desired product (Entry 6). When the reduction was
conducted in a typical coordinate solvent such as CH3CN and
THF, unfortunately, a small amount of silyl ether was obtained
without the ether. On the other hand, when a similar reaction
was performed using InBr3 instead of the zinc catalyst, the
corresponding silyl ether 1¤ was selectively obtained (Entry 7).
Consequently, a reducing system composed of 5mol% of
Zn(OTf)2 and 4 equiv of TMDS in CHCl3 provided the best
result, but with the isolation of either the ether or the silyl ether,
the conditions using Et3SiH were also acceptable.

With the optimized conditions found in Table 1, the scope
of this reaction was examined with aromatic aldehydes
containing a variety of functional groups (Table 2).17 In all
cases using aromatic aldehydes having either a relatively weak
electron-withdrawing group such as a halogen or an electron-
donating group such as a methyl or methoxy substituent, the
etherification proceeded smoothly, producing the corresponding
symmetric ethers 2­4 in good yields. When the reaction was
conducted with 2-naphthaldehyde or benzaldehyde, the corre-
sponding ethers 5 and 6 were obtained in good yields. On the
other hand, the use of benzaldehyde with an o-methyl substituent
led to a decrease in the yield and recovery of the starting
aldehyde, probably due to steric hindrance.18 By contrast, when
the reaction was carried out using benzaldehydes with a strong
electron-withdrawing group such as a trifluoromethyl, cyano, or
nitro group, contrary to our expectation, the corresponding silyl
ether derivatives 8­10 were selectively obtained via hydro-
silylation.19 Interestingly, although a pyridine ring with a basic

Table 1. Examinations of reaction conditions

Cl

O

Lewis acid (0.05 equiv)
silane (Si-H : 4 equiv)

CHCl3, rt, 24 h

CHO

Cl

Cl1

1a Cl

O-Si

1'

or

Entry Lewis acid Silane
Yield/%a

1 1¤

1 ZnCl2 Et3SiH 60 20
2 ZnI2 Et3SiH NR
3 Zn(OTf)2 Et3SiH 60 trace
4 Zn(OTf)2 PhSiH3 66b ND
5 Zn(OTf)2 TMDS 88 (78) trace
6 Zn(OTf)2 PMHS NR
7c InBr3 Et3SiH trace (84)

aGC (isolated) yield. bThe starting aldehyde was recovered in
25% yield. cBath temperature: 60 °C, reaction time: 1 h.
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nitrogen atom generally deactivates a Lewis acid catalyst to
preclude the desired functional group conversion, chloroform
reflux conditions in the presence of 0.2 equiv of Zn(OTf)2 gave
the silyl ether derivative 11 in good yield. With the noted
exception of some examples with a complicated transition-metal
complex involving Fe,20a,20b Ru,20c Rh,20d Ni,20e and Cu,20f,20g

this was a unique example of the hydrosilylation of an aromatic
aldehyde with a pyridine ring by the combination of a typical
metal catalyst, zinc triflate, and an easy-to-handle hydrosilane.21

However, hydrosilylation of other heteroaromatic aldehydes
such as pyrrole-2-carboxaldehyde and furfural did not proceed.
This Zn(OTf)2­Et3SiH reducing system could also be applied to
the reduction of aliphatic aldehydes. Without reference to a
steric obstacle next to a carbonyl group, in all cases, the desired
etherification proceeded in a clean manner to give the symmetric
ether derivatives 12­14 in good yields. Unfortunately, the
Zn(OTf)2­TMDS or Et3SiH reducing system did not promote
the reductive coupling of an aromatic ketone.

For a better understanding of the reaction pathway for the
etherification, several experiments were conducted (Scheme 1).
When the heterocoupling of benzaldehyde with benzyl triethyl-
silyl ether 5¤, which was prepared from benzyl alcohol and
Et3SiCl, was initially carried out with 1 equiv of Et3SiH in the
presence of Zn(OTf)2, the reduction proceeded smoothly to
afford the corresponding ether 5 in nearly quantitative yield.
However, when the reaction was carried out without either
Zn(OTf)2 or 1 equiv of Et3SiH, the heterocoupling did not occur.
These results strongly implied that the silyl ether was the
intermediate through the reduction series and showed that a
combination of the zinc catalyst and the hydrosilane was
indispensable for this etherification. Moreover, when the cou-
pling of benzaldehyde with an isolated benzylsilyl ether having a
cyano group 9 was conducted under same conditions, a mixture
of 5 and 5¤ was obtained, with quantitative recovery of 9.

On the basis of these results, a plausible reaction path for the
etherification is shown in Scheme 2. As with the etherification
using a conventional reducing system, the reaction of the silyl
ether, which was formed by hydrosilylation, with an activated
aldehyde initially produced a silylated hemiacetal, followed by a
second reduction of the acetal with another hydrosilane to afford
the corresponding symmetric ether. Further, for the formation of
the silyl ether, it seemed that introduction of a strong electron-
withdrawing group on the benzene ring remarkably lowered the
nucleophilicity of the in situ formed silyl ether, which led to the
preclusion of a subsequent addition.

In conclusion, we found an efficient dimerization of
aromatic or aliphatic aldehydes via a Zn(OTf)2­TMDS or
Et3SiH reducing system that aids the preparation of symmetric
ethers. We also found that the present reducing system could be
applied to the hydrosilylation of aromatic aldehydes having
either a strong electron-withdrawing group or a pyridine ring.
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Si-O O

R R

O

R R

R H

O
Zn

R H

O
Si

H

R H

O
Zn

Si-H Si-H

Si-O-SIZn: Zn(OTf)2
Si-H : hydrosilane

Scheme 2. Plausible reaction path for the etherification.

490

© 2013 The Chemical Society of JapanChem. Lett. 2013, 42, 489­491 www.csj.jp/journals/chem-lett/

http://dx.doi.org/10.1002/9780470572689
http://dx.doi.org/10.1002/9780470572689
http://dx.doi.org/10.1016/S0022-328X(00)87264-2
http://dx.doi.org/10.1246/cl.1985.743
http://dx.doi.org/10.1246/cl.1985.743
http://dx.doi.org/10.1016/S0040-4039(00)73357-0
http://dx.doi.org/10.1016/S0040-4020(01)86635-7
http://www.csj.jp/journals/chem-lett/


T. Oriyama, Synthesis 1999, 1561.
5 a) N. Komatsu, J.-y. Ishida, H. Suzuki, Tetrahedron Lett.

1997, 38, 7219. b) M. Wada, S. Nagayama, K. Mizutani, R.
Hiroi, N. Miyoshi, Chem. Lett. 2002, 31, 248.

6 J.-Y. Baek, S.-J. Lee, B.-H. Han, J. Korean Chem. Soc. 2004,
48, 220.

7 K. Iwanami, K. Yano, T. Oriyama, Chem. Lett. 2007, 36, 38.
8 J. S. Yadav, B. V. S. Reddy, K. S. Shankar, T. Swamy,

Tetrahedron Lett. 2010, 51, 46.
9 B. A. Gellert, N. Kahlcke, M. Feurer, S. Roth, Chem.®Eur.

J. 2011, 17, 12203.
10 Y.-J. Zhang, W. Dayoub, G.-R. Chen, M. Lemaire, Tetra-

hedron 2012, 68, 7400.
11 a) A. Tsuhako, J.-Q. He, M. Mihara, N. Saino, S. Okamoto,

Tetrahedron Lett. 2007, 48, 9120. b) T. Inagaki, Y. Yamada,
L. T. Phong, A. Furuta, J.-i. Ito, H. Nishiyama, Synlett 2009,
253. c) S. Enthaler, K. Schröder, S. Inoue, B. Eckhardt, K.
Junge, M. Beller, M. Drieß, Eur. J. Org. Chem. 2010, 4893.
d) S. Enthaler, B. Eckhardt, S. Inoue, E. Irran, M. Driess,
Chem.®Asian J. 2010, 5, 2027.

12 Z. Li, G. Deng, Y.-C. Li, Synlett 2008, 3053.
13 a) S. Das, D. Addis, S. Zhou, K. Junge, M. Beller, J. Am.

Chem. Soc. 2010, 132, 1770. b) S. Das, D. Addis, K. Junge,
M. Beller, Chem.®Eur. J. 2011, 17, 12186.

14 S. Enthaler, Catal. Lett. 2011, 141, 55.
15 a) N. Sakai, T. Miyazaki, T. Sakamoto, T. Yatsuda, T.

Moriya, R. Ikeda, T. Konakahara, Org. Lett. 2012, 14, 4366.
b) T. Moriya, S. Yoneda, K. Kawana, R. Ikeda, T.
Konakahara, N. Sakai, Org. Lett. 2012, 14, 4842. c) N.
Sakai, Y. Usui, T. Moriya, R. Ikeda, T. Konakahara, Eur. J.
Org. Chem. 2012, 4603. d) N. Sakai, Y. Usui, R. Ikeda, T.
Konakahara, Adv. Synth. Catal. 2011, 353, 3397. e) N.
Sakai, K. Nagasawa, R. Ikeda, Y. Nakaike, T. Konakahara,
Tetrahedron Lett. 2011, 52, 3133. f) N. Sakai, K. Kawana, R.
Ikeda, Y. Nakaike, T. Konakahara, Eur. J. Org. Chem. 2011,
3178. g) N. Sakai, K. Moritaka, T. Konakahara, Eur. J. Org.
Chem. 2009, 4123. h) N. Sakai, T. Moriya, K. Fujii, T.
Konakahara, Synthesis 2008, 3533. i) N. Sakai, K. Fujii, T.
Konakahara, Tetrahedron Lett. 2008, 49, 6873. j) N. Sakai,
T. Moriya, T. Konakahara, J. Org. Chem. 2007, 72, 5920. k)
N. Sakai, M. Hirasawa, T. Konakahara, Tetrahedron Lett.
2005, 46, 6407.

16 General procedure for etherification of aldehydes: To a
freshly distilled CHCl3 solution (0.60mL) in a screw-capped
vial under N2 atmosphere were successively added a
magnetic stirrer bar, an aldehyde (1.0mmol), Zn(OTf)2
(0.050mmol, 18mg), and TMDS (4.0mmol, 350¯L) or

Et3SiH (4.0mmol, 600¯L). The vial was sealed with a cap
contained a PTFE septum. During stirring of the reaction
mixture, the reaction was monitored by TLC until con-
sumption of the starting aldehyde. After 24 h, the resulting
mixture was directly subjected to silica gel without the
common work-up, and was purified by flash column
chromatography (hexane­AcOEt) to give the corresponding
ether or silyl ether. Selected spectral data for the formed
ether or silyl ether: Bis(4-chlorobenzyl)ether (1): 1HNMR
(500MHz, CDCl3): ¤ 4.47 (s, 4H), 7.29­7.33 (m, 8H);
13CNMR (125MHz, CDCl3): ¤ 71.4, 128.6, 129.0, 133.4,
136.5; MS (EI): m/z 266 (M+). 2-Triethylsiloxymethylpyr-
idine (11): 1HNMR (500MHz, CDCl3): ¤ 0.68 (q, 6H,
J = 8.0Hz), 0.99 (t, 9H, J = 8.0Hz), 4.85 (s, 2H), 7.12 (t,
1H, J = 5.0Hz), 7.53 (d, 1H, J = 8.0Hz), 7.68 (t, 1H,
J = 8.0Hz), 8.49 (d, 1H, J = 5.0Hz); 13CNMR (125MHz,
CDCl3): ¤ 4.3, 6.6, 65.6, 119.9, 121.6, 136.4, 148.5, 161.2;
MS (EI): m/z 223 (M+).

17 When the crude product was measured with GC, a trace
amount of the corresponding silyl ether was observed.
However, we could not isolate them by a common
purification.

18 According to the reviewer comments, when the reaction was
carried out with 1-naphthaldehyde, the corresponding ether
was isolated in 57%. The result also showed that a steric
hindrance around an aldehyde group had an effect to a
decrease in the yield.

19 When the reaction was carried out with the substrate having
a CF3 group, a trace amount of the corresponding ether was
observed.

20 For selected recent papers of hydrosilylation of carbonyl
compounds having a heterocyclic ring with a transition-
metal complex, see: Fe: a) N. S. Shaikh, K. Junge, M. Beller,
Org. Lett. 2007, 9, 5429. b) F. Jiang, D. Bézier, J.-B. Sortais,
C. Darcel, Adv. Synth. Catal. 2011, 353, 239. Ru: c) Y. Do, J.
Han, Y. H. Rhee, J. Park, Adv. Synth. Catal. 2011, 353, 3363.
Rh: d) G. Hamasaka, S. Kawamorita, A. Ochida, R.
Akiyama, K. Hara, A. Fukuoka, K. Asakura, W. J. Chun,
H. Ohmiya, M. Sawamura, Organometallics 2008, 27, 6495.
Ni: e) S. Chakraborty, J. A. Krause, H. Guan, Organo-
metallics 2009, 28, 582. Cu: f) S. Díez-González, H. Kaur,
F. K. Zinn, E. D. Stevens, S. P. Nolan, J. Org. Chem. 2005,
70, 4784. g) K. Junge, B. Wendt, D. Addis, S. Zhou, S. Das,
M. Beller, Chem.®Eur. J. 2010, 16, 68.

21 In comparison with this reducing system, when pyridine-2-
carboxaldehyde was treated with InBr3 and triethylsilane, the
expected etherification did not occur, see ref 15e.

491

© 2013 The Chemical Society of JapanChem. Lett. 2013, 42, 489­491 www.csj.jp/journals/chem-lett/

http://dx.doi.org/10.1055/s-1999-3564
http://dx.doi.org/10.1016/S0040-4039(97)01720-6
http://dx.doi.org/10.1016/S0040-4039(97)01720-6
http://dx.doi.org/10.1246/cl.2002.248
http://dx.doi.org/10.5012/jkcs.2004.48.2.220
http://dx.doi.org/10.5012/jkcs.2004.48.2.220
http://dx.doi.org/10.1246/cl.2007.38
http://dx.doi.org/10.1016/j.tetlet.2009.10.063
http://dx.doi.org/10.1002/chem.201101819
http://dx.doi.org/10.1002/chem.201101819
http://dx.doi.org/10.1016/j.tet.2012.06.080
http://dx.doi.org/10.1016/j.tet.2012.06.080
http://dx.doi.org/10.1016/j.tetlet.2007.10.123
http://dx.doi.org/10.1055/s-0028-1087663
http://dx.doi.org/10.1055/s-0028-1087663
http://dx.doi.org/10.1002/ejoc.201000648
http://dx.doi.org/10.1002/asia.201000317
http://dx.doi.org/10.1055/s-0028-1083627
http://dx.doi.org/10.1021/ja910083q
http://dx.doi.org/10.1021/ja910083q
http://dx.doi.org/10.1002/chem.201101143
http://dx.doi.org/10.1007/s10562-010-0463-4
http://dx.doi.org/10.1021/ol302109v
http://dx.doi.org/10.1021/ol302168q
http://dx.doi.org/10.1002/ejoc.201200552
http://dx.doi.org/10.1002/ejoc.201200552
http://dx.doi.org/10.1002/adsc.201100524
http://dx.doi.org/10.1016/j.tetlet.2011.04.029
http://dx.doi.org/10.1002/ejoc.201100161
http://dx.doi.org/10.1002/ejoc.201100161
http://dx.doi.org/10.1002/ejoc.200900566
http://dx.doi.org/10.1002/ejoc.200900566
http://dx.doi.org/10.1055/s-0028-1083191
http://dx.doi.org/10.1016/j.tetlet.2008.09.086
http://dx.doi.org/10.1021/jo070814z
http://dx.doi.org/10.1016/j.tetlet.2005.07.118
http://dx.doi.org/10.1016/j.tetlet.2005.07.118
http://dx.doi.org/10.1021/ol7021802
http://dx.doi.org/10.1002/adsc.201000781
http://dx.doi.org/10.1002/adsc.201100426
http://dx.doi.org/10.1021/om800683g
http://dx.doi.org/10.1021/om800948f
http://dx.doi.org/10.1021/om800948f
http://dx.doi.org/10.1021/jo050397v
http://dx.doi.org/10.1021/jo050397v
http://dx.doi.org/10.1002/chem.200902442
http://www.csj.jp/journals/chem-lett/

