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INTRODUCTION

The formation of carbon-oxygen single bond is 
one of the oldest and most widely used functional 
group transformation in organic synthesis. The Wil- 
lianson ether synthesis,1 with its modification, still a 
most widely used method, predates Wurtz’s report 
by 6 years.2 Other methods are ZnC^,3 Ni/silica,4 
Pd/C,5 Wilkinson catalyst,6 trialkylsilane/liquid acids 
(CF3COOH,7 BF3-OEt2,8 CF3SO3H9), Al-Mont,10 Fe- 
Mont,11 CF3SO3Si(CH3) 3/Et3SiH,12 BiX3 (Cl, Br)/ 
Et3SiH,13 trityl perchlorate,14 hydrosilane on solid 
acid and base,15 electolytic process,16 have been 
known as reagents for the ether syntheses from car
bonyl compounds. We recently described the prepa
ration of organosilane by hydrosilylation of olefin 
with alkylsilane such as phenylsilane, methylphe
nylsilane and methyloctylsilane.17

During the development of new hydrosilylation 
catalyst for the reaction of an alkylsilane with car
bonyl compounds using various metal halides as a 
catalytic system, we observed that dialkyl ether was 
formed from the corresponding carbonyls instead of 
silyl ether using antimony (III) iodide. In this com
munication, we now report the direct synthesis of 

symmetric ethers from carbonyl compounds using 
antimony (III) iodide/phenylsilane.

RESULTS AND DISCUSSION

The results of dialkyl ether formation from alde
hydes and ketones using antimony (III) iodide/phe- 
nylsilane are summarized in Table 1. Moderate 
yields with mild reaction condition are observed in 
most cases. In a general procedure, aldehyde (1 
mmol ), antimony (III) iodide (1 mmol) and phe
nylsilane (1.1 mmol) were added in dry tetrahydro
furan (5 ml). The reaction mixture was stirred under 
a nitrogen atmosphere for 1 hr. The work-up proce
dure was very simple. After the reaction, the sol
vent was evaporated. The residue was chromato
graphed on a short column of silicagel to give the 
corresponding dialkyl ethers (Table 1). Our yields 
are based on quantities obtained after this step. 
Each product was characterized by comparison of 
their IR, NMR and Mass spectra with those of 
authentic samples. Aldehydes, such as pentanal, 
nonanal and benzaldehyde gave the corresponding 
di-n-hexyl ether, di-n-nonyl ether and diphenyl ether 
in 34, 56 and 67% isolated yields respectively (entry
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Table 1. A PhSiH3 / Sbl3 promoted reduction of aldehydes and ketones to symmertric ether3

Entry Carbonyl Compounds Symmetric ethers Isolation Yield (%)

1 CH3(CH2)4CH CH3(CH2)5O(CH)5CH3 34

2
ch3(ch2)8ch CH3(C 너 2)9O(CH)9CH3 56

3
ph% Ph，"、Ph 67

4 ph“H
가！〜/O〜^Ph 92

5 O-oC 96

6 Oo-o 97

7 O-oO 72

8
4

(H3C)3C£>—CL〈>C(CH3)3 58

C(C 버 3)3

aReactions were run 1 mmol of carbonyl compound, 1 mmol of Sbl3, 1.1 mmol of PhSiH3 in 5 ml of THF for 1 hr under the 
nitrogen gas

1-3). We have examined this catalytic activity to 
cyclic ketones. As expected, using SbI3/PhSiH3, the 
corresponding symmetric ethers were formed in 
moderate yields under the same reaction conditions 
(entry 5-8). However, in case of trans-cinnamalde- 
hyde, hydrogenated diphenethyl ether was formed 
(entry 4). This result is rather not surprising, because 
phenylsilane has been known as a hydrogen source 
for hydrogenation reaction. 18

Unfortunately, ketones such as acetone or ace
tophenone did not give the corresponding dialkyl 
ethers. For example, when acetophenone (1 mmol) 
was treated with a mixture of antimony iodide (1 
mmol) and phenylsilane (1.1 mmol) in dry tetrahy
drofuran (5 mL) and stirred under nitrogen for 1 hr, 
acetophenone was recovered. But, phenylsilane was 
disappeared completely and some unidentified 
polymeric materials were appeared probably by the 
polymerization of phenylsilane (by GLC).

We have also examined the catalytic activities of 
other metal halides with phenylsilane for the forma

tion of dibenzyl ether from benzaldehyde. We found 
that using metal halides (such as NiI2, NiCl2, NiBr2, 
TiI4, MnCl2, or MnI2.) and PhSiH3 under the same 
reaction condition, dibenzyl ether was formed only 
5-40% (40% - NiI2: 35% - NiBr2; 18% - NiCl2: 18-5 
%; TiI4, MnCl2, or MnI2) along with unidentified by 
product by GLC. Heat to reflux or longer reaction 
time did not improve the yields. Phenylsilane was 
the best choice of silane as a hydrogen source for 
this investigation. For example, when benzalde
hyde (1 mmol) was treated with antimony iodide (1 
mmol) and methylphenylsilane (2 mmol) in dry tet
rahydrofuran (5 mL) and stirred under nitrogen for 
1 hr, only 20% of dibenzyl ether was formed and 
most of benzaldehyde was recovered even when 
methylphenylsilane was disappeared completely.

But some unidentified polymeric materials appeared 
presumably from the polymerized methylphenylsi
lane (by GLC).19

For the sake of mechanistic study, a reaction mix
ture of benzaldehyde (1 mmol), antimony iodide (1 
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mmol) and phenylsilane (1.1 mmol) in THF (5 mL) 
was monitored using gas chromatography to mea
sure the disappearance of benzaldehyde and the 
appearance of dibenzyl ether along with others. We 
assumed that the corresponding alcohol could be 
formed as a transient intermediate.

Small aliquots of the reaction mixture were 
removed at appropriate time intervals (20 minutes), 
quenched in water, and extracted with methyle
nechloride, the organic solution was analyzed.

We found that benzyl alcohol was detected (> 5
10%) through the reactions. The results of such 
studies show that the dibenzyl ether could be 
formed via benzyl alcohol.

The concentration of dibenzyl ether increases 
gradually from the initial period as the benzyl alco
hol concentration increases. The concentration of 
benzaldehyde is dropped to zero after 1hr when the 
concentration of dibenzyl ether reaches its maxi
mum. In particular, benzyl alcohol appears in a 
small quantity (>5-10%) which suggests that diben
zyl ether may arise from the benzyl alcohol. Phe
nylsilane was disappeared completely.

Some unidentified polymeric materials (possibly 
from phenylsilane) were detected. We examined the 
possible formation of dibenzyl ether from the corre
sponding benzyl alcohol formation. Surprisingly, 
using Sb'/PhSiHa under the same reaction condi
tion, benzyl alcohol it self did not give the dibenzyl 
ether and neither the benzyloxyphenylsilane at all.20 
We also examined the formation of dibenzyl ether 
from the benzyl alcohol and benzaldehyde using 
SbI3/PhSiH3 under the same reaction condition. 
However, yields were dropped to 30% along with 
unreacted starting materials (by GLC).

We also attempted the preparation of asymmetric 
ether by the reaction of benzaldehyde and cyclo
hexanone using SbI3/PhSiH3 under the same reac
tion condition. However, the desired asymmetric 
ether such as benzyl cyclohexylether was only 
formed in minor product (less than 5%) and also 
yields of the corresponding symmetric ethers 
dropped to about 20% (dibenzyl ether ; 15% and 
dicyclohexyl ether ; 5%). The rest of starting mate
rial was remained by GLC analysis.

We also attempted to prepare the asymmetric 
dialkyl ether using butanal and hexanal under the 
same reaction conditions. But the asymmetric 
butylhexyl ether was formed 30% together with 
symmetric ether (29% of dibutyl ether and 20% of 
dihexylether)..

We found that symmetric dibenzyl ether was 
formed selectively in 72% isolated yield from a 
mixture of acetophenone and benzaldehyde under 
the same reaction condition. In this experiment, 
acetophenone was recovered quantitatively without 
formation the corresponding asymmetric ether. 
Similar result was obtained from the reaction of a 
mixture of 3-pentanone and cyclopentanone. Sym
metric dicyclopentyl ether was formed in 90% iso
lated yield without forming the corresponding 
asymmetric ether and 3-pentanone was recovered.

We are presently investigating the reduction of 
nitro group along with hydrogenation of olefins 
with SbI3/PhSiH3. The origin of the variation in 
scope and limitation of reactivity of the antimony 
(III)iodide/phenylsilane catalytic system to other 
organic functional group transformation as well as a 
mechanistic study will be discussed in more details 
in a subsequent paper.

Experimental Section
Materi시s. SbL and phenylsilane were prepared 

by the standard method. Carbonyl compounds was 
purchased from Aldrich and used without further 
purification. Tetrahydrofuran (THF) was distilled 
under nitrogen from sodium/benzophenone ketyl 
just prior to use. Phenylsilane was prepared by the 
reduction of the trichlorophenylsilane with lithium 
aluminum hydride in dry diethylether.

Gener시 Methods. 1H NMR and 13C NMR spec
tra were recorded on a Varian Inova 400 spectrom
eter at 400 and 100MHz, respectively. Chemical 
shifts were reported in ppm downfield from tetram
ethylsilane, and chloroform-^ was used as the sol
vent. Two-dimensional NMR; HETCOR (1H-13C) 
and NOESY (1H-1H) spectra were obtained using 
an Inova 400 spectrometer. Mass spectra (70 eV 
electron impact) were taken on a Finnigan 4510 
instrument equipped with a Finnigan-incos data 
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system. IR spectra were recorded on a Jasco 
Report-100 spectrophotometer.

Analytical gas chromatography (GLC) were car
ried out on a Varian 3300 Model equipped with a 
FID detector and stainless steel column packed with 
10% OV-101, Chromosob W HP 80/100 (2m x 1/8 
in). Column chromatography was performed on 
Merck silica gel 60(70-230 mesh). Thin layer chro
matography was carried out on silica gel plate (E. 
Merck, 60, No. 5539). Melting point was deter
mined with an Electrothermal apparatus and was 
uncorrected.

General procedure for the ether formation from 
carbonyl compounds using antimony (III) iodide/ 
phenylsilane.

To a dry reaction vessel equipped with a mag
netic stirring bar was charged with SbI3 1mmol 
(0.502 g), carbonyl compounds (1 mmol) and freshly 
distilled THF (5 ml). Phenylsilane (1.1 mmol) were 
added dropwise. The reaction mixture was stirred 
for one hour under the nitrogen atmosphere. The 
progress of the reaction was monitored by GLC. 
After the reaction was completed, tetrahydrofuran 
was evaporated and a mixture of solvent (dichlo
romethane: hexane, v/v, 1:1) were added. The solu
tion was filtered to remove the catalyst through a 
pad of silica gel column (1cm diameter x 6cm 
packed) using n-hexane:dichloromethane (1:1, v/v) 
as an eluent. The products were isolated by column 
chromatography using either hexane/ethylacetate 
(30:1, v/v) or hexane/chloroform (1:1, v/v) as an 
eluent. All products were identified by GC/MS, IR 
and NMR analysis.

Dihexyl ether
Yields (%): 34%

1H-NMR (CDCl3): 5 3.3 (t, 4H, OCH3), 1.6 (m, 
14H, (CH3) 4, 0.9 (t, 6H, CH3)

GC/MS (m/e): No parent M+, 186 (M+-4, 11), 
100 (64), 82 (40), 55 (100), 41 (70)

FT-IR (NaCl, cm-1): 1109 (C-O)

Didecyl ether
Yields (%): 56%
1H-NMR(CDCl3): 5 3.3 (t, 4H, OCH2), 1.2(s,

14H, (CH2) 8), 0.9 (t, 6H, CHV3)
GC/MS (m/e): 298 (M+, 1.8), 140 (9.4), 71 (58), 

43 (100)
FT-IR (NaCl, cm-1): 1112 (C-O)

Dibenzyl ether
Yields (%): 67%
1H-NMR (CDCl3): 5 7.3 (s, 10H, C6H5), 4.5 (s, 

4H ,OCH2)
GC/MS (m/e): No parent M+, 187 (M+-11), 85 

(57), 56 (56), 43 (100)
FT-IR (NaCl, cm-1): 1090 (C-O)

Bis (3-phenyl-1-propyl) ether
Yields (%) : 92%
1H-NMR (CDCl3): 5 7.18 (s, 10H, C6H5), 3.3 (t, 

4H, OCH2 ), 2.05-1.78 (m, 4H, CH2)
GC/MS (m/e): 254 (M+, 2), 118 (100), 91 (83), 

65 (17)
FT-IR (NaCl, cm-1): 1115 (C-O)

Dicyclopentyl ether
Yields (%): 96%
1H-NMR (CDCl3) : 5 3.94 (m, 1H, OCH), 3.4-3.1

(dt, 1H, OCH), 1.9-0.9(m, 16H, (CH2) 4)
GC/MS (m/e): 154 (M+, 75), 85 (47), 41 (100)
FT-IR (NaCl, cm-1): 1098 (C-O)

Dicyclohexyl ether
Yields (%): 97%
1H-NMR (CDCl3): 5 3.32 (br, 2H, OCH), 1.9-0.9 

(m, 20H, (CH2) 5)
GC/MS (m/e): 182 (M+, 11), 100 (62), 55 (100),

41 (70)
FT-IR (NaCl, cm-1): 1090 (C-O)

Dicycloheptyl ether
Yields (%): 72%
1H-NMR (CDCl3): 5 3.32 (m, 2H, OCH), 1.9-0.9 

(m, 24H, (CH2) 6)
GC/MS (m/e): 210 (M+, 2), 114 (19), 55 (100),

41 (40)
FT-IR (NaCl, cm-1): 1074 (C-O)

Bis (4-t-butylcyclohexyl) ether
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Yields (%): 58%
(a.a)-Bis (4-t-butylcyclohexyl)ether (49%) and 

(a.e)-Bis (4-t-butylcyclohexyl) ether (51%) (a.a)- 
Bis (4-t-butylcyclohexyl) ether

1H-NMR (CDCl3): 5 3.5 (m, 2H. OCH), 1.8 (m 
8H, CH2 ), 0.8 (m, 9H,顷。民)3)

GC/MS (m/e): 294 (M+, 4), 237 (2), 138 (21), 57 (100) 
FT-IR (NaCl, cm-1): 1109 (C-O).
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