
Pergamon Tetrahedron Letters 39 (1998) 8465-8466 

TETRAHEDRON 
LETTERS 

Triphenyiphosphine/Scandium(IIl) Trifluoromethanesulfonate: 
A New Agent for the Reformatsky Reaction of tx-Bromo Carboxylic Acid 

Derivatives with Aldehydes 

Hirotaka Kagoshima, Yukihiko Hashimoto,* and Kazuhiko Saigo* 

Department of Chemistry and Biotechnology, Graduate School of Engineering, The University of Tokyo, 
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan 

Received 15 July 1998; revised 31 August 1998; accepted 4 September 1998 

Abstract: The Ph3P/Sc(OTf)3 combination was found to be effective for the Reformatsky reaction; 
when ~-bromo carboxylic acid derivatives were allowed to react with aldehydes in the presence of the 
Ph3P/Sc(OTf) 3 combination, the corresponding [3-hydroxy carboxylic acid derivatives were obtained in 
good yields with excellent diastereoselectivity. © 1998 Elsevier ScieneeLtd. All rights reserved. 

Recently, we have reported that a new reducing agent, a combination of Ph3P and GeCI4, was very useful 
for the reduction of various a-bromo carboxylic acid derivatives 1 under mild conditions (Scheme 1).1 The 
facile reduction of 1 by the Ph3P/GeC14 combination would be attributed to the activation of the carbon-halogen 
bond in 1 upon coordination of GeCI4 as a Lewis acid to their carbonyl oxygen. In this reaction, the formation 
of an intermediary germanium(IV) enolate 2 is plausible. Here, if 2 reacts with an aldehyde 4 instead of water 
as an electrophile, the Reformatsky reaction, giving ~-hydroxy carboxylic acid derivatives 5, can be achieved. 
This hypothesis prompted us to apply the present reduction, using the Ph3P/Lewis acid combination, to the 
synthetically useful Reformatsky reaction. Although a number of metals and low-valent metal compounds have 
been proved to promote the Reformatsky reaction until now, 2 there is no report on the Reformatsky reaction 
mediated by phosphorous(III) compounds, which act as reducing agents. Herein, we demonstrate that the 
Ph3P/Sc(OTf)3 combination can effectively mediate the Reformatsky reaction of a-bromo carboxylic acid 
derivatives with aldehydes. 
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Our initial study was focused on the Reformatsky reaction of ~-bromo amide l a  with benzaldehyde (4a) 
using various Ph3P/Lewis acid combinations (Table 1, entries 1-5). Of the Lewis acids examined, Sc(OTf)3 
was a quite excellent promoter with regard to both yield and diastereoselectivity (84% yield, syn:anti = 98:2, 
entry 5). 4 Next, the Reformatsky reaction of various tx-bromo carboxylic acid derivatives with aldehydes was 
carried out in the presence of the Ph3P/Sc(OTf)3 combination (entries 5-9). 5 The reaction of l a  with nPrCHO 
(4b) in the presence of the Ph3P/Sc(OTf)3 combination also proceeded smoothly to give the corresponding ~- 
hydroxy an'fide 5b in good yield with excellent syn-diastereoselectivity (entry 6). The substituents on the 
nitrogen atom in tx-bromo amides strongly influenced the rate of the reduction; in contrast to the ease of ct- 
bromo amide l a ,  the reduction of ct-bromo amide l b  did not proceed in the presence of the Ph3P/Sc(OTf)3 
combination, and no adduct 5b was obtained (entry 7). Although tx-bromo ester l e  was not a good 
Reformatsky donor (entry 8), tx-bromo imide l d  was readily reduced with the Ph3P/Sc(OTf)3 combination to 
give the corresponding [3-hydroxy imide 5e in good yield with moderate anti-selectivity (entry 9). 
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Table  1. T h e  R e f o r m a t s k y  Reac t ion  o f  c t -Bromo Carboxy l i c  Ac id  Der iva t ives  1 wi th  

A l d e h y d e s  4 in the  P resence  o f  the  Ph3P /Lewis  Ac id  C o m b i n a t i o n  

0 + RCHO H ~  " ~ X  PhaP, Lewis acid 
Br 4 CH2CI 2, rt • R X 

1 5 

Entry Lewis acid 1 (X =) 4 (R =) Condition a Reaction time 5 Yield b (%) syn : anti c 

1 BF3oOEt NPh 2 (la) Ph (4a) A 48 h 5a 82 

2 TiCI4 la  4a A 15 min 5a 92 

3 Yb(OTf)3 l a  4a A 15 h 5a 83 

4 Sc(OTf)3 la  4a A 15 rain 5a 93 

5 Sc(OTf)3 la  4a B 15 h 5a 84 

6 Sc(OTf)3 nPr (4b) B 24 h 5b 71 

7 Sc(OTf)3 ~ (lb) 4a B 24 h 5¢ 0 

8 Se(OTf)3 O(CH2)3Pb (lc) 4a B 24 h 5d 9 

O 
9 Sc(OTf)3 ,.,,Jl~^ (ld) 4a B 24 h 5e 62 

%Y 

95 5 

76 24 

83 17 

98 2 

98 2 

97 3 d 

35 65 

11 89 

aA; 4:l:Ph3P:Lewis acid = 1:2:2:2. B; 4:l:Ph3P:Lewis acid = 1:1.2:1.2:1.2. /'Isolated yields. CDetermined 
by 300 MHz IH NMR. dDetermined by GC analysis of the trimethylsilylated adducts. 3 

In s u m m a r y ,  the  c o m b i n a t i o n  o f  P h 3 P  and  Sc (OTf)3  was  found  to be  a new,  e f f ic ien t  r educ ing  agen t  for  

the  R e f o r m a t s k y  react ion.  Fu r the r  inves t iga t ion  on the  ex t ens ion  o f  the  p resen t  reac t ion  and  the  m e c h a n i s m  is 

cur ren t ly  in p rogress .  
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