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Abstract

The treatment of -bromo- , -unsaturated esters with FSOR,CO,Me and Cul in DMF/HMPA constitutes
a new synthetic scheme for the preparation dfifluoromethyl- , -unsaturated esters. © 2000 Elsevier Science
Ltd. All rights reserved.
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Trifluoromethylated organic molecules often confer significant changes in chemical and physical
properties. The importance of the effect of the trifluoromethyl group on biological activity is well
known. Therefore, methods for the synthesis of tifluoromethylated compounds have received a growing
interest in recent yeafsTrifluoromethylatiod and halogen-exchange reacfi@re possible methods for
constructing trifluoromethylated compounds, but these suffer from low reactivity and low selectivity. An
alternative approach is the preparation and application of trifluoromethylated building Bléoksng
these, -trifluoromethyl- , -unsaturated esterk have served as building blocks for the preparation
of trifluoromethylated biologically active compountiSeveral years ago, Lang et®teported that
the Reformatzky reaction of methyl 2,2-dichloro-3,3,3-trifluoropropionate with aldehydes followed by
acylation and reductive elimination gave compoundébrmed as nearly a 1:1 mixture &- and Z-
isomers. We describe herein a new method for the predominant preparatigj oftriffluoromethyl-

, -unsaturated esteis

The new route to -trifluoromethyl- , -unsaturated estefswas based on the trifluoromethylation
of bromo- , -unsaturated estel3 (Scheme 1). Ylide2 was prepared from triphenylphosphine and
ethyl bromoacetate in four steps in 50% overall yielfhe Wittig reaction of aldehydes with ylid2
provided theZz-isomer of -bromo- , -unsaturated esteBas the major product in high yield (Table 1).
The Z- andE-isomer of compoun@®c and3d can be separated by column chromatography. However,
otherZ- andE-isomers of -bromo- , -unsaturated esters could not be separated and the mixture was
directly used in the next reaction. Although the reaction of the in situ generated trifluoromethylcopper
reagent (CECu) with alkenyl and aryl halides is useful for direct introduction of the trifluoromethyl
group into a moleculé the coupling of in situ generated @Eu with -halo- , -unsaturated ester has
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Scheme 1.

not been reported. We were delighted to observe that the treatment of an 83:17 mixuendE-3a
with FSQ,CFR,CO,Me and Cul in DMF/HMPA at 75°C gave a 61:39 mixture @ andE-1ain 90%
isolated yield. Various kinds of bromo alkeng@svere used for the preparation oftrifluoromethyl-

, -unsaturated estefisunder the same reaction conditions (Table 1). The configuration of the double
bond in1 was determined by chemical shifts of the alkenyl proton: The alkenyl proton id-te@mer
appeared at lower field than in tEeisomer® The following points derived from the trifluoromethylation
are noteworthy: (1) an excess of F&CO,Me (3.0—4.5 equiv.) was necessary for the total conversion
of bromo- , -unsaturated esteB; otherwise, the pure compouiddvas not obtained, becauseand3
could not be separated by column chromatography; (2Xtisemer of compound was produced as the

Table 1
Synthesis of -trifluoromethyl- , -unsaturated estets
Entry Aldehyde Intermediate 3 Product 1
B Yield (% )* Z:E Yle]d(%) ZE'
e S EE R
l @—cn—uo C> \YCO&HE, 3a <:> \{co ,C.Hs  1a
Br
67; 83:17 90; 61 39
H
CH o—< >—CH0
2 ’ CHO < > \:\/cozcsz 3b < > '\1\/co CH, 1b
Br
89; 92:8 93; 7624
3
< > \:/CO ,CHs  1ce
87; 89.11
4
1de
CO,CH,
H  CF,
87; 79:21 42; 80:20
5 CHO H  COCH, H  COCH,
'
1) ¢ Br CF,
x O>< 3e o ¢ 1e
67, 92:8 68; 89:11
6 CHO H  COCH; H  COCH

74, 95:5 62; 76:24

Yields were bascd on aldehydes; ® This ratio was determined by 'H NMR; ¢ Yields were based on 3; ¢ This ratio was
determined by '°F NMR; ¢ These compounds were prepared from the Z-3
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major product, but the double bond was isomerized in this reaction. A mixtuZe afid E-isomers of
compoundlcandld was formed from th&-isomer of compoun@c and3d, respectively, (entries 3 and
4). When a mixture ofZ- andE-isomers of compoun8 was used for the trifluoromethylation, teE
ratio of compound. decreased (entries 1, 2, 5 and 6); (3) in the case of compddi(ehtry 4), the yield
was low (42% isolated yield) because fluoro-containing by-products were produced and detééfed by
NMR of the reaction mixture.

The preparation of -trifluoromethyl- , -unsaturated esters is illustrated by the synthesikcoAA
solution of FSQCRCO,CHz (1.80 ml, 14.15 mmol) in DMF (3.6 ml) was added dropwise over a
period of 2 h to a mixture o-3c (1.00 g, 3.34 mmol), Cul (1.60 g, 8.39 mmol) and HMPA (1.5 ml)
in DMF (9.0 ml) at 75°C. The reaction mixture was stirred at 75°C for 10 h before being cooled to
room temperature. Saturated aq. M} (10 ml) was added and the mixture was extracted wittOEt
(3 15 ml). The organic layer was washed with water, brine and dried oveb®a The solvent was
removed in vacuo. Purification of the residue by column chromatography on silica gel and elution with
15:1 hexanes:ethyl acetate to affatd.c (0.74 g, 77% isolated yield) as a white solid &&d.c (96 mg,

10% isolated yield) also as a white solfd.

In summary, a new method for the synthesis efrifluoromethyl- , -unsaturated esters was develo-
ped. We are currently trying to apply these developed procedures to the synthesis of nucleosides bearing
trifluoromethyl groups.
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