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The divww biological activity of fluorine-containing amino acids has generated a great deal of attention to 

the preparative synthesis of this class of unusual man-made amino acids.2 Taking into account the rigid 

requirements which have recently been established with ngatd to the chirality of pharmaceutical products,3 the 

development of potent appmaches to enantiomerically pun fluorine-containing amino acids is an atea of research 

of critical impanance in the application of these compounds to the various fields of medicinal chemistry, drug 

and peptide design. The moat fruitful strategy in this area is an adaptation of the basic methodology of 

asymmetric processes which has been developed in hydrocarbon chemistry for the fluorocarbon chemistry of 

flustmtes.4 However, the strongly electronegative natme of fluorine can disturb or alter the course of nacticms 

established for hydrocarbon patterns. Thus, this strategy often encounters the problems of regio- and 

stemoselectivity which arise from specific influence of fluorine atom(s).5 

Recently, we have started a new research project on the ste=lective synthesis of fluorine-containing 

amino acids by means of homogeneous catalysis6 which provides a sophisticated but the most direct and 

convenient route to optically active compounds. 7 As a first goal we chose fluorine-containing a-amino-p- 

hydmxycarboxylic acids which despite their attractive structural features and in-sting biologicaI activity have 
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Figure 1. Propod Transition-States Models for the GokLCatalyxed Aldol Reaction 

In the next experiments with .di-, tri-, tetra- and pentafluorosubstituted benxaldehydes 2d-g, which were 

done in similar conditions at 0 ‘C using 1 mol % of the catalyst (Au(I)/3a). our surprise was gradually 

increasing by the addition of each fluorine atom into the phenyl ring of a benxaldehyde under investigation 

(entries 8-l 1). Thus, each further addition of fluorine atom brought about gradual increase of the ratio of cis- 

oxazolines 5 and also their enantiomeric purity. On the other hand, the ee values of the cotresponding zrans- 

oxaxolines 4 gradually dtopped down. As it is shown in the Table (entries 10, 11). tetrafluoro- (2f) and 

pentafluorobenxaldehyde (2g), in sharp contrast to benxaklehyde (2h) or monofluotosubstituted ones 2a-c, 

gave nearly 1 to 1 mixture of tranr-oxazolines 4 and cis-oxaxolines 5 with high ee (89% for ST and 78% for 

Sg) of c&5 and quite low ee (48 and 39%) of tranr-4. Such surprising differences in the stereoselectivity 

between benzaldehyde (III) and fluomsubstituted benxaldehydes wete totally unexpected. Whatever the aigins 

of the puxxled influence of fluorine on the stemochemical outcome of the Au@catalyxed aldol tea&on. the 

gradual shift in the stereochemical results brought about by fluorine atoms is impressive. The highest cis- 

selectivity, 63% of Sg (86% ee) and 62% of St (90% ce). was achieved using morpholino derived ligand 3bk 

(entries 12.13). For comparison the reaction of p-fluorobenxaldehyde (b) with Auo/3b catalyst gave similar 

stereochemical outcome to that of benxaldehyde (lh) (entries 14.15). 

Acidic hydrolysis of 4g and Sg gave (2&3R)-6g ([a]$ +3.0 (c 1.6 N HCl), lit.se [a]# +13.03) and 

(2&3S)-7g ([a]$1 +35.8 (c 1.6 N HCl), lit.% [aID= +37.4), respectively. It follows that cis-oxazoline Sg 

has (4.9,55’)-absolute con&uation and tram4g posscsscs (4$5R)-one. This stereochemistry of the products 

suggests that favorable electrophilic attack of benzaldehyde (2h) and pentafluorobenxaldehyde (2g) occurs on 

the same enolate x-face (Figure 1; A. B) while the carbonyl x-face selectivities of 2h and 2g am different. 

Although rationalization of the cis-selectivity observed in this study is presently premature, smrically 

unfavorable transition-state structure B, which leads to formation of cis-(4$5s)-oxaxoline, could be stabilized 

by x-p interaction between electron deficient pentafluotophenyl ring and negatively charged enolate anion. We 

believe that the first case of predominant cis-selectivity described here will have a strong impact on a mom deep 

understanding of the mechanism of the catalytic asymmetric aldol reaction of a-isocyanoacetic acid derivatives 

with aldehydes. because previous transition-state models of this reaction were designed to explain high rruxs- 

selectivity and high ee of rrarrs-isomer.~ 

Further works on gold(I) and silver(I)-catalyxed asymmetric aldol reaction of methyl isocyanoacetate and 

its derivatives with flustrates (fluotine-containing aldehydes and ketones) ate now under active investigations. 
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