Available online at www.sciencedirect.com

sc.ENCE@D.RECT@

Tetrahedron
Letters

Tetrahedron Letters 45 (2004) 7719-7721

A convenient and highly efficient method for the protection
of aldehydes using very low loading hydrous ruthenium(III)
trichloride as catalyst

Jian-Ying Qi,* Jian-Xin Ji,* Chi-Hung Yueng,** Hoi-Lun Kwong® and
Albert S. C. Chan™*

40pen Laboratory of Chirotechnology of the Institute of Molecular Technology for Drug Discovery and Synthesis and
Department of Applied Biology and Chemical Technology, The Hong Kong Polytechnic University, Hong Kong, China
®Open Laboratory of Chirotechnology of the Institute of Molecular Technology for Drugs Discovery and Synthesis and Department
of Biology and Chemistry, City University of Hong Kong, Hong Kong, China

Received 14 June 2004; revised 11 August 2004; accepted 13 August 2004

Abstract—A convenient method for the chemoselective protections of both aliphatic and aromatic aldehydes has been developed.
Ruthenium(III) trichloride (0.1 mol%) has found to be an highly efficient catalyst in the acetalizations of aldehydes with various
simple alcohols such as methanol, ethanol, or diols such as 1,2-ethylanediol and 1,3-propanediol under mild reaction conditions.

© 2004 Elsevier Ltd. All rights reserved.

The efficient and selective protection of carbonyl com-
pounds is an important subject in organic synthesis.!
Up to now, many methods have been developed for this
purpose by using various catalysts,> '3 such as protic or
Lewis acids (FeCl;, NH4NOs, BF5, ZnCl,, rare earth
metal chloride), alumina, and other organometallic
compounds. However, very few>° of them were reported
for the chemoselective protection of aldehydes in the
present of keto functionalities. Although Yadav
et al.'" recently developed a new method for the selective
acetalization of aldehydes by using 10% LiBF, as cata-
lyst and 2-mercaptoethanol as an acetal reagent in
acetonitrile, some ketones such as cyclohexanone and
tetralone were still acetalized in this catalytic system.
Besides, 2-mercaptoethanol and its corresponding
acetal products possess an unpleasant odor.”!?

Herein, we wish to report a convenient method for the
highly chemoselective acetalization of aldehydes with
different alcohols or diols using ruthenium(I1I) trichlo-
ride as catalyst under mild reaction conditions. Ruthe-
nium(I1I) trichloride has been widely used to catalyze
oxidation,'® reduction,!” or polymerization'® of organic
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compounds. In this study, we investigated the acetaliza-
tions catalyzed by ruthenium(III) trichloride and found
that a series of aliphatic and aromatic aldehydes includ-
ing acid-sensitive 2-furylaldehyde as well as aldehydes
containing keto functionalities such as 4-acetylbenzalde-
hyde could be efficiently converted to the corresponding
acetals in high yields by using only 0.1 mol% RuCls:
3H,0 as catalyst.

Initially, the acetalizations employing simple alcohols as
protective reagents were tested and the results'® were
listed in Table 1. Isobutyraldehyde was chosen as a
model substrate to react with methanol, ethanol, n-pro-
panol, or n-butanol, respectively (entries 1-4). Metha-
nol, the simplest alcohol, was preferred to other
alcohols and gave the best yield of 91%. Similarly, the
acetalizations of other aliphatic aldehydes with metha-
nol, such as n-butyraldehyde, n-heptaldehyde, n-nonyl-
aldehyde, and 3-phenylpropionaldehyde, were carried
out successfully and gave 84-90% yields (entries 5-8).
Compared with aliphatic aldehydes, benzaldehyde gave
a rather low yield of 45% (entry 9). Various ketones,
whether cyclic or acyclic ones, did not react under iden-
tical reaction conditions (entries 10-13).

In the subsequent investigation, the acetalizations using
1,2-ethanediol or 1,3-propanediol as protective reagents
were examined. The results'® summarized in Table 2
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Table 1. Acetalization of aliphatic aldehydes with simple alcohols®

RCHO + ROH ——RRUCLTIO0 o or
10h, rt \OR.

Entry RCHO (or ketone) R'OH Yield® (%)
1 i-PrCHO EtOH 85
2 i-PrCHO n-PrOH 83
3 i-PrCHO n-BuOH 81
4 i-PrCHO MeOH 91
5 n-PrCHO MeOH 90
6 n-C6H13CHO MeOH 84
7 I’l-CgH17CHO MeOH 87
8 PhCH,CH,CHO MeOH 85
9 PhCHO MeOH 45
10 Acetone MeOH 0
11 2-Pentanone MeOH 0
12 Acetophenone MeOH 0
13 Cyclohexanone MeOH 0

2The reactions were carried out according to the typical procedure."®
®Isolated yields.

Table 2. Acetalization of aldehydes with diols

9 O—CH
RCHO + HOCH,(CH,),CH,0H _ OTRRUCh SO RCH< 2>(CH2)n
it O—CHy
n=0or1
Entry RCHO n Yield?® (%)
1 n-PrCHO 0 81
2 i-PrCHO 0 91
3 n-Ce¢H 3CHO 0 81
4 PhCH,CH,CHO 0 82
5 n-PrCHO 1 94
6 i-PrCHO 1 95
7 n-CgH;,CHO 1 83
8 n-CgH,7,CHO 1 850
9 PhCH,CH,CHO 1 81
10 PhCH,CH,CHO 1 81°
11 PhCHO 1 51
12 PhCHO 1 91°
13 p-MeO-PhCHO 1 72
14 p-MeO-PhCHO 1 82°
15 0-MeO-PhCHO 1 91°
16 p-F-PhCHO 1 93b
17 0-F-PhCHO 1 85°
18 p-Br—-PhCHO 1 86°
19 0-Br—PhCHO 1 81°
20 2-Furylaldehyde 1 90°
21 p-MeCO-PhCHO 1 95be

#TIsolated yields.

®The reactions were carried out in the presence of 10mmol of anhy-
drous Na,SO, and other conditions were according to the
typical procedure.”

“Mono protection of aldehyde was observed.

showed the scope and generality of the acetalizations of
various aliphatic and aromatic aldehydes with these two
kinds of diols. In most cases, the reactions of aldehydes
with 1,3-propanediols gave slightly higher yields than
those with 1,2-ethanediol or methanol. For example,
the yields of isobutyraldehyde with 1,3-propanediol,
1,2-ethanediol, and methanol were 95%, 91%, and
91%, respectively.

Since water was a concomitant by-product in the acetal-
izations, it was estimated that adding a dehydration rea-
gent might increase the yield of acetal products. In this
study, the addition of anhydrous Na,SO, to the reaction
system did not show any improvement of the yield of the
acetals of aliphatic aldehydes (entries 7-10). In contrast,
the acetal products of aromatic aldehydes increase sig-
nificantly in the presence of anhydrous Na,SO,. For
example, the acetal yield of benzaldehyde with 1,3-pro-
panediol was only 51% in the absence of Na,SO, (entry
11). After adding anhydrous Na,SQO,, the yield was in-
creased to 91%. The reactions of other aromatic alde-
hydes with 1,3-propanediol also gave high yields in the
presence of anhydrous Na,SOy (entries 14-21). In addi-
tion, the properties of the substituent groups in the aro-
matic ring, whether electron-donating groups (p-MeO
and 0-MeO) or electron-withdrawing groups (p-F, o-F,
p-Br, and p-Br), had no obvious effect on the acetaliza-
tion under the reaction conditions. Furthermore, the
acid-sensitive substrate 2-furylaldehyde was also effi-
ciently protected in excellent yield without the formation
of any by-products, which were normally encountered
under acidic conditions (entry 20). It was noteworthy
that the mono protection of aldehyde was observed
when using multifunctional 4-acetylbenzaldehyde as
substrate (entry 21). This result clearly showed that the
method is particularly useful for the chemoselectivity
protection of aldehydes in the presence of keto groups.

In summary, ruthenium(III) trichloride has been found
to be a highly efficient catalyst in the chemoselective pro-
tection of aldehydes including acid-sensitive 2-furylalde-
hyde and multifunctional 4-acetylbenzaldehyde. Various
alcohols such as methanol, ethanol, and diols such as
1,2-ethanediol, 1,3-propanediol can be used as acetalat-
ing reagents at ambient temperature. This new protec-
tive method for aldehydes is attractive for its high
chemoselectivity, low catalyst loading, operational sim-
plicity, high yields, and mild reaction conditions.
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Typical procedure. A solution of an aldehyde (10 mmol),
alcohol (2ml), and hydrate RuCl; (10->mmol) was stirred
at ambient temperature for 10h. The reaction mixture was
diluted with water and extracted twice with dichlorometh-
ane (2 x 10ml). The combined organic layers were dried
over anhydrous Na,SO,, concentrated in vacuo, and
purified by distillation or column chromatography on
silicon gel (Merck, 70-230 mesh, ethyl ether-hex-
ane = 1:20) to give a pure acetal.
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