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During last two decades, a growing number of papers dealing with fluorine-containing amino acids have 

demonstrated the usefulness of these amino acids in the design of novel biologically active compounds as well 

as in the study of the biological chemistry. 2 A large number of fluoroamino acids have been synthesizzcl and 

some of them are nowadays used as chemotherapeutic agents. 3 In recent years the design of new typies of 

fluorine-containing amino acids has amacted particular attention. The rapidly increasing interest in new 

fluoroamino acids is caused not only by curiosity in their potential biological activity but also by their apparent 

importance as conformational modifiers in the &sign of physiologically active peptide~.~ Having started new 

research project on stereoselective synthesis of fluorine-containing amino acids by means of homogeneous 

catalysis we zport hexein our preliminary results toward synthesis of fluorinated analogs of p-hydroxy-a-amine 

acids, which am of considerable current interesk5 

Aldol reaction bctwetn carbonyl compounds and derivatives of isocyanoacetic acid has been continuously 

demonstrated to be of fundamental importance in the construction of p-hydroxy-a-amino acids’ framework.6 

While the old-fashioned version of this reaction, with alkaline metal derived base as a catalyst, has found wide 

application, relatively little attention has heen paid until recently to the more sophisticated variant using 

homogeneous catalysis by transition metals. Studies primarily by Y. Ito have &fined many of the key 

parameters of the copper-catalyzed reaction’ and several elegant synthetic applications have appeared.* 
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Table I. Catalytic Aldol Reaction of Octafluoroacetophenone (lb) with Methyl Isocyanoacetate (2) 

Enay Ketone Catalyst Conditionsa Yieldb, 9b Ratioc 
cis-3 trans-4 

1 PhcDMe 10% cl@ 24h.50”C 80 54 .44 
2 c6jscocF3 10% cu(lP 10 min, 23 “C 93 91 9 
3 c6;gcocF3 1%und 10 h, 23 “C 91 90 10 
4 GP5==F3 1% Au(I)C 4h,23”C 95 
5 caFscocF3 1% Ag(I)f 3.5 h, 23 “C 92 z : 

a All reactions were M in 1.2~dichlcuue~. b Isolated yield. c Detemind by GLC and *H NMR analysis. 
d -3. e [Au(c-HexNCh]BF@t3. fAgClO@Eg. 

However, nearly entirely this reaction was studied in aldehydes series and examples with involvement of 

ketones are notably rare. Nevertheless, it was shown, that Cu20_catalyzed (20 mol %) reaction of ethyl 

isocyanoacetate with acetophenone provides a 1: 1 mixtu= of the diastereoisomeric oxazolines.~ 

We began with the reaction of acetophenone (la) with methyl isocyanoacetate (2) using 10 mol 96 of 

CuCl/NEt~ as a catalyst. As it is shown in Table 1 (entry 1). in our hands, the sluggish reaction (for 24 h at 50 

“C) afforded 80% yield of a 1.2: 1 mixture of oxazolines 3a and 4a. In sharp contrast the exothermic maction of 

octafluoroacetophenone (lb), in the p=sence of the same CuCVNEt3 catalyst (10 mol 96) llesulted in excellent 

isolated yield (93%) of conesponding oxazolines 3b and 4b with unexpectedly high diastexeomeric excess (9:l 

ratio) of one of them (entry 2). To determine the relative configuration of dominant diastereoisomer we 

performed X-ray analysis of the crystalline N-benzoyl derivative Sb, which was obtained from the dominant 

isomer 3b.9 Figure 1 shows the molecular saucture of compound 5b.10 Thus, the relative configuration of 

dominant diastereoisomer 3b is unambiguously determined to be zR*,3R* (or cis in respect of relationship 

between pentafluorophenyl and methoxycarbonyl groups). In apement with the X-ray crystallographic 

analysis, tH NMR spectra of 3b and 4b show the methyl protons of methoxycarbonyl group of cis-3b. owing 

to an effect of aromatic ring, atrc shifted upfield (3.7 1 ppm) in comparison with those of the trum-4b (3.86 

ppm). 
Having this interesting result, we decided to explore a possibility to affect diastereoselectivity in the 

catalytic aldol reaction. First of all we investigated the catalytic ability of gold(I) and silver(I) derivatives whict 

previously were used along with chiral fmenylphosphine ligands in asymmetric version of the aldol &on 

of isocyanoacetate 2 with aldehydes.l* The results (Table I, entries 3-5) llevealed that 1 mot % of homogcncous 

Au(I)/NEts and Ag(I)/NEts is sufficient to obtain oxazolines 3b and 4b in excellent isolated yield within a 

re 1. X-ray Structure of cis-5b 
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Table IL Silver(I)/Triethylamine-Catalyzed Aidol Reaction of Fluorinated KetonesCr 

Enay Ketone (1) Condition& Yie1dC.Q 
cis (3) rra?rs (4) 

:. @)W5c=F3 (e) cgFgoocH3 48h 5h 92 85 z 2 

: (d) caHsCC=F3 (e) 4-~3-G@4cocp3 5h 5 h 92 94 86 88 14 12 

2 (0 4-~3o-c6H4~~3 6 h 
13 

5h 9”6 E 7 
7 6h 93 95 5 

convenient time span. The latter proved to be superior, affotding 92% yield of the oxaxolines with 94% ci& 

(2!?*.3R*)-selectivity and was therefore used in the rest of this study. 

We turned next to the reactions of pentafluorophenyl methyl ketone (lc) and phenyl uifluotomethyl keton 

(Id) with isocyanoacetate 2, which would enable us to address whether a pentafluorophenyl or uifluoromethyl 

group alone is sufficient to achieve the high diastereoselectivity. The reactions, conducted under the same 

conditions, resulted in quite opposite stereochemical outcome to each other Fable II, entries 2.3). The aldol 

reaction of lc favored the formation of truns-oxazoline 4c. while Id gave cis-oxazoline 3d as a main product. 

These findings clearly demonstrate that the presence of trifluoromethyl group in the starting ketone is crucial to 

the high cis-diastemoselectivity. 

The high c&selectivity (in respect of relationship between aromatic ring and methoxycarbonyl groups) 

was also observed in the series of silver-catalyzed (1 md %) reactions of various fluoroalkyl aryl ketones, 

which possess electron-withdrawing (CF3) and electron-releasing (CK!JS3) groups in aromatic site and other 

substituents than a trifl wmmethyl gtoup in the alkyl site. Thus, in the aldol reaction of p-trifluoromethyl- and 

p-metboxy-substituted trifluoromethyl ketones le (Table II, entry 4) and If (entry 5) much the same cis- 

selectivity (88% for le and 89% for lf) like in the case of unsubstituted triflu oroacetophenone ld (86%) was 
achieved. A modification of the alkyl side chain of starting ketone with mote bulky chlotodifluotomethyl lg 
(entry 6) and pentafluoroethyl groups lh (entry 7) sizably increases cis-selectivity up to 93% for lg and 95% 
for lh. These results demonstrate a generality of the present reaction and its potential for diastemoselective 

synthesis of hitherto unknown type of fl-(fluoro)aryl-P-fluoroalkyl-P-hydroxy-u-amino acids. 

We am continuing to study the reasons for the remarkable differences in the diastereoselectivity of an 

oxazoline ring formation in the aldol reaction of fluoroalkyl-containing ketones and acetophenone by examiniq 

on substituent effects as well as the design of new homogeneuos catalytic systems to further enhance 

diastereoselectivity and applying this reaction to the synthesis of interesting and important previously unknown 

fluorine-containing amino acids. 

Adcn~. We thank the JSPS Foundation, Ministry of Education, Japan, for a Gtant-in-Aii 

for Scientific Research, and Uehara Memorial Foundation for partial financial support of this wotic. 
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