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Abstract: Aldol reactions on solid phase have been achieved. In the presence of  a 
catalytic amount of scandium triflate (Sc(OTJ93), polymer-supported silyl enol ethers 
reacted with aldehydes to afford the corresponding ~-hydroxy thioester derivatives, 
which were reduced to 1,3-diol and [J-hydroxy aldehyde derivatives, or hydrolyzed to 
[J-hydroxy carboxylic acid derivatives. Copyright © 1996 Elsevier Science Ltd 

While large numbers of useful synthetic reactions have been developed, a few have been applied to the 

reactions on solid phase so far.l Therefore, development of basic carbon-carbon bond-forming reactions on 

solid phase is one of the most important tasks, especially in combinatorial synthesis of lower molecular organic 

compounds. 2 In our previous paper, we reported the first synthesis of polymer-supported silyl enol ethers 

(thioketene silyl acetals) and their reactions with imines for the construction of an amino alcohol library. 3 

Since silyl enol ethers are versatile reagents in organic synthesis, 4 other carbon-carbon bond-forming reactions 

using the polymer-supported silyl enol ethers have been investigated. In this paper, we describe aldol 

reactions with aldehydes for the construction of 1,3-diol, ~hydroxy aldehyde, and ~hydroxy carboxylic acid 

libraries. 

The aldol reaction of silyl enol ethers with aldehydes (Mukaiyama aldol reaction) 5 is known as one of the 

most important and fundamental carbon-carbon bond-forming reactions. Although the original report requires 

a stoichiometric amount of TiCI4 to promote the reaction, we found that a catalytic amount of scandium triflate 

(SC(OTf)3) 6 accelerates this reaction efficiently. 7 In the aldol reaction of polymer-supported silyl enol etbeTS 

with aldehydes, it was also revealed that Sc(OTf)3 effectively catalyzed the reaction. The effect of the amount 

of the catalyst and reaction temperature in the model reaction of copoly-(styrene- l%-divinylbenzene) resin- 

based silyl enol ether 13 with benzaidehyde is shown in Table 1. While a low yield was obtained at room 

temperature, the yield was improved at lower temperatures. Moreover, use of 20 tool% of Sc(OTf)3 gave 

better results than use of 10 tool% of the catalyst. Silyl enol ether 1 reacted with benzaldehyde in 

dichloromethane at -78 °C to afford the corresponding aldol adduct, which was reduced with LiBH4 to give the 

1,3-diol. The yield was determined to be 82%, based on the loading level of the silyl enol ether. 3 
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0 7 PhCHO (1.2 eq.) ,~,,,,y,1~. S Ph LiBH4 OH 

Sc(OTf)a (x moW=; ~ Et20. I1 ~ HO Ph 
temp. (°C) 
CH2CI2 

Table 1. Effect of the amount of the catalyst and temperature 

Sc(OTf)3/x moP/. TempJ°C Yield/*/. 

10 ~ 20 

10 -10 63 

10 -40 73 

10 -78 73 

20 -78 82 

As polymer-supported silyl enol ethers are prepared from thiol 3, 3 preparation of a 1,3-diol library is 

performed starting from 3. An example is shown in Scheme 1 using two acid chlorides and six typical 
aldehydes including aromatic, aliphatic, (z,~-unsaturated, and heterocyclic aldehydes. In all cases, the 

reactions proceeded smoothly to afford the corresponding 1,3-diols in good yields. 8 In addition, polymer- 

supported silyl enol ether 4, which was prepared from 3 and hydrocinnamoyl chloride, reacted with p- 

anisaldehyde, followed by reduction with LiB[-I4 to afford 1,3-diol $ in a 72% yield based on the starting 

chloromethyl resin ('/6% yield based on 4). An aldol reaction using a zinc enolate on solid phase was recendy 

reported to give the same diol ($) in a 26% yield. 9 

1. Ci,/~.,-"~ph OSiMe3 1. p-MeO-PhCHO OH 

2. TMSOTf/Et3N Ph 2. LiBH4 

4 

Following is a typical experimental procedure for the reaction of I with benzaldehyde: A mixture of 

benzaldehyde (25.4 mg, 0.24 retool), I (224.0 mg, 0.20 mmol), and Sc(OTf)3 (19.6 mg, 20 mol%) in 

dichloromethane (2 ml) was stirre, d for 20 h at -78 °C. The reacdon was then quenched by adding dioxane- 

water-HC1. The resin was washed with water, dioxane, and Et20 successively, and dried under reduced 

pressure. The resin was then treated with lithium borohydride (21.8 mg, 1.0 mmol) in ether (4 ml) at rt for 12 

h. Phosphate buffer (pH = 7) was added and the aqueous layer was extracted with ether. The organic layers 

were combined and dried (Na2SO4). After removal of the solvent, the crude product was purified by 

preparative TLC to afford the corresponding 1,3-diol (2?.2 rag, 0.16 mmol, 82% yield). The resin was 

recovered as a thiol form (3), which could be used for the second reaction. 

While 1,3-d/ols are successfully cleaved from the support by treatment with LiBH4, it is also possible to 

produce ~-hydroxy aldehydes or ~-hydroxy carboxylic acids directly (Scheme 2). 



5571 

CP SH 

3 
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A-J 

OSiMe, 

s/LOSn 

1. ff CHO, sc(Olf), (20 mot%) 

a PhCHO 82% d p+CHO SW 

b GH,&HO 66% l OI S CHO 7Wb 

I b C d 0 f 

l PhCHO 77% d p+CHO ~6% 

b CgH,@iO 70% 
’ &HO Bow 

c u CHO W4 
f &HO 72% 

Scttetna 1. 1,3-Dial Library Based on Aklol Reactions 

0 OH 
DIBALH 

Ph 
0 OH ) HxT 

S 
r< 

CHsCIs, -78 “c, 19 h 

Ph 
73% (based on 3) 

0 OH 

2 1 N NaOH-Diixane (1:4) 
Ph 

100 “C, 8 h * ,OV 

58% (based on 3) 

Scboma 2. Conversion to 5-Hydroxy Aklehyde or 5-Hydroxy catboxylii Acid 

When a-substituted silyl enol ethers were used, the desired aldol reactions proceeded smoothly. On the 

other hand, a lower yield was observed when an a-unsubstituted silyl enol ether was used in the reaction with 

benzaldehyde. In order to improve the yield, several reaction conditions were examined and finally it was 

found that the yield was improved when r-butyldimethylsilyl enol ether 6 was used (Table 2).t” 

In summary, the aldol reaction of polymer-supported silyl enol ethers with aldehydes, a basic carbon- 

carbon bond-farming reaction on solid phase, has been successfully carried out using Sc(OTf)3 as a catalyst. 

It has also been demonstrated that the reaction is useful for the construction of 1,3-dial. p-hydrcxy aldehyde, 

and P-hydroxy carboxylic acid libraries. It is noted that on solid phase, the Lewis acid-catalyzed aldol 

reaction is superior to the aldol teaction of zinc enolates with aldehydes under basic conditions. 
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OTBS 0 OTBS 
RCHO (1.2 eq.) , ~ " , ~ S , , , ~ , ' J ~ R  

Sc(OTf)3 (20 mol%) 
CH2CI 2, -78 °C 

Table 2. Aldol Reactions of 6 with Aldehydes 

RCHO Yield/% 

PhCHO 69 a) 

Pi1/%~ CHO 91 b) 

~ C H O  95c1 

Containing 1,3-diols; a) 9%; b) 13%; c) 14% 

LiBH 4 • . ~ . . ~ S  

Et20, rt HO 

"rBS - tBuMe2Si 

Further studies to prepare useful libraries using the present aldol reaction as well as to develop new 

methodologies for combinatorial synthesis are now in progress. 
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