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Catalytic aldol reactions of several aldehydes with trimethylsilyl enol ethers are
effectively performed by combined use of diphenyltin sulfide (Ph,Sn=S) and silver
perchlorate (AgClQg4) or Lawesson’s reagent (2,4-bis(4-methoxyphenyl)-1,3-dithia-2,4-

diphosphetane-2,4-disulfide) and silver perchlorate under mild conditions.

The reaction of carbonyl compounds activated by Lewis acids with carbon nucleophiles is one of the most
efficient synthetic tools for carbon-carbon bond formation. Rather strong Lewis acids such as TiCly, SnCly,
BF5-Et20, etc. 1) have frequently been used in many examples, especially in cross-aldol and related reactions.
Therefore, exploration of new and mild catalysts still remains as one of the challenging topics in organic
synthesis.

We have recently reported an efficient method for the synthesis of f-D-ribofuranosides from 2,3,5-tri-O-
benzyl-1-O-iodoacetyl-D-ribofuranose or 2,3,5-tri-O-benzyl-D-ribofuranose and trimethylsilylated alcohols or
alcohols by a combined catalyst system of [PhySn=S/silver salt] or [ Lawesson’s reagent/silver salt] under mild
conditions.2) Now, in this communication, we would like to report catalytic aldol reactions of aldehydes with
trimethylsilyl enol ethers which proceed under mild conditions by employing the above mentioned catalyst
systems composed of neutral melocules and a very weak Lewis acid as AgClOg4.

In the first place, the reaction of benzaldehyde (1) with 1.1 equiv. of 1-phenyl-1-trimethylsiloxyethylene
(2) was tried in dichloromethane at -78 °C by using a catalyst generated in situ from PhySn=S (15 mol%) and
AgClO4 (5 mol%) at room temperature, and the corresponding aldol adduct was obtained in 85% yield. Next, the
effect of concentration of 1 was examined in the above reaction, and the best result was given when the reaction
was carried out in 0.16 M solution (Table 1, Entries 1, 2, and 4). Then, the effect of solvents (Table 1, Entries 2,
5, and 6) was examined under the conditions, and the best result was given in dichloromethane while the adduct
was obtained in low yield along with the by-product (4, 4% yield) when toluene was used as a solvent. It is
interesting to point out that even 1 mol% of the catalyst system gave good result (Table 1, Entry 3). Furthermore,
the order of the addition of substrates 1 and 2 was studied. In the above experiments, a mixture of 1 and 2 was
added to the catalyst system (method A). When 1 was added before 2 (method B) in the presence of 1 mol% of
AgClO4 and 3 mol% of PhySn=S, the corresponding adduct was obtained in 86% yield whereas the inversed
addition (method C) gave the desired adduct in 93% yield. On the basis of these results, subsequent experiments

were carried out according to the method C.
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A similar result was obtained (89% yield) when the above reaction was carried out by using a catalyst
generated in situ from AgClO4 (1 mol%) and PhySn=S (3 mol%) at -78 °C . Accordingly, the catalyst system,
pre-treated at -78 °C, was employed in subsequent experiments. The yield was increased up to 95% when the
amount of the catalyst system was decreased down to 0.25 mol% of AgClO4 together with 0.75 mol% of
PhySn=S. Then, the effect of the ratio of PhpSn=S to AgClO4 was examined. When the reactions were tried by
using catalyst systems, PhoSn=S/AgCl0y4 1/1, 2/1, and 3/1, the adduct was obtained in almost the same yields
(89-90%). On the basis of the above results concerning the ratio of PhySn=S to AgClO4 and the amount of
catalyst system, the reaction was carried out by using 0.25 mol% of AgClO4 and 0.25 mol% of Ph,Sn=S, and
the adduct was obtained in excellent yield (95%).

Ph,Sn=S (15 mol%) Ph Ph
OTMS  AgCIO, (5 mol%) OH ©Q YOY
PhCHO + CH,Cl, -78°C, 3h _ Ph Ph °© 0 90
1 2 Ph Fre mm 3 4 Ph/K/U\Ph
(1.1 equiv.)

Table 1. Effect of Concentrations and Solvents

Entry Solvent  Concentration of 1/M  Yield / %
1 CH,Cl, 0.032 71
2 CH,CI, 0.16 85
3% CH LI, 0.16 89
4 CH,CI, 0.33 78
5 Toluene 0.16 40
6 EtCN 0.16 15

a) One mol% of AgClO4 and 3 mol% of PhrSn=S was used. b) Isolated
yield.

Next, Lawesson’s reagent was used as a partner of AgClO4. As Lawesson’s reagent exists as a dimeric
structure, a ratio of this reagent to AgClOy4 1:2 was chosen. The reaction of 1 with 2 was carried out by using
0.25 mol% of AgClO4 and 0.125 mol% of Lawesson’s reagent and the corresponding aldol adduct was obtained
in good yield (89%).

As demonstrated in Table 2, the corresponding aldol adducts were obtained from aldehydes and silyl enol
ethers or silyl ketene acetals in good yields.

A typical experimental procedure for the reaction of 1 with 2 is as follows; to a stirred suspension of
AgCl0O4 (0.0077 mmol) in dichloromethane (1.6 ml) was added a solution of PhySn=S (0.0077 mmol) in
dichloromethane (1.1 ml) at -78 °C. After stirred for S min (15 min in the case of Lawesson’s reagent), solutions
of 2 (3.4 mmol) in dichloromethane (1.1 ml) and 1 (3.1 mmol) in dichloromethane (1.1 ml) were successively

added. After stirred for 3 h, the reaction was quenched with phosphate buffer (pH 7). After extraction and
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Table 2. Aldol Reaction Catalyzed by [PhoSn=S/AgClO4] and [Lawesson’s Reagent/AgClO4]

Combined Systems

Entry Aldehyde Silyl enol ether  Catalyst / mol% 2) Time / h Yield/ %b)Syn / Anti ©)
1 OTMS A (0.25) 3 95 -
PhCHO
2 Ph B (0.25) 3 89 -
3 A (0.25) 3 88 1/1.1
(Oy-ome
4 B (0.25) 3 88 1/16
OTMS d)
5 A (5.0) 3 85 1719
6 SEt B (20) 5 77 17199
OTMS d)
7 A (10) 5 88 1/1.1
8 OMe B (0.25) 21 84 1/1
9 OTMS A (3.0) 3 81 -
10 Ph B (0.25) 3 80 -
11 A (3.0) 3 82 1/12
(y-ome
12 B (0.25) 20 73 1/1
13 OTMS A (10) 21 72 1/12
14  sEt B (20) 5 59 1711
15 OTMS A (1.0) 3 83 1/1.1
16 " OMe B (5.0) 3 80 1714
17 OTMS A (0.25) 3 95 -
C;H,CHO
18 Ph B (1.0) 3 76 -
19 OTMS A (0.25) 8 82 -
Cyclohexyl-CHO
20 Ph B (1.0) 3 78 -

a) Catalyst A: [PhaSn=S/AgCl04(1/1)], catalyst B: [Lawesson’s reagent/AgCl0O4(1/2)]. b) Isolated yield.

¢) Determined by IH-NMR analysis. d) Ratios were determined by isolated yields.
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evaporation of the solvent, the residue was treated with THF/IN-HCI (20/1) at 0 °C. Usual work up and
separation by TLC afforded the aldol adduct in 95% yield.
Thus, aldol reactions of aldehydes with trimethylsilyl enol ethers or silyl ketene acetals are smoothly carried

out by using a catalytic amount of [PhySn=S/AgClO4] or [Lawesson’s reagent/AgClO4] under mild conditions.
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