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Abstract: Stereoselective construction of 3-trifluoromethyl conjugated
dienoates or enynoates was achieved from ethyl (Z)-4,4,4-trifluoro-3-
iodobutenoate and alkenyltin or alkynyltin reagents through the Stille
reaction. Reduction of ethyl 3-trifluoromethyldienoates using DIBAL-H
selectively afforded allylic alcohols.

Functionalized molecules bearing fluorine atoms, which modify their
bioactivity by enhancement of both nucleophilicity and electronic
properties, are often required in medicinal chemistry.1,2,3 Among these
molecules, trifluoromethyl substituted α,β-unsaturated esters are
important.4,5 Trifluoromethyl substituted polyenes have previously been
obtained by Wittig Horner olefination of trifluoromethyl ketones or
phosphonates,6 or through sulfone-based cross coupling.7 These major
routes have been successfully applied to the synthesis of a
trifluoromethyl substituted juvenile hormone,8 retinal or retinoic acid.9

Nevertheless, the weak E/Z selectivity of the created trisubstituted
double bond containing a trifluoromethyl group constitutes the major
drawback of such approaches.

Following our previous work describing the synthesis of (Z)- or (E)-3-
methylalk-2-enoic or 3-substituted but-3-enoic acids,10 we decided to
examine the possibility of extending this methodology to the direct
synthesis from 4,4,4-trifluoro-3-iodobutenoate esters of dienoic esters
bearing a trifluoromethyl group. Moreover, a recent paper describing the
synthesis of trifluoromethyl substituted enynes from 2 under Heck-
Sonogashira conditions prompted us to report our results in this field.11

In this paper we report the stereoselective synthesis of functional dienes
from ethyl (Z)-4,4,4-trifluoro-3-iodobutenoate 2 via the Stille reaction. 

The starting ethyl (Z)-4,4,4-trifluoro-3-iodobutenoate 2 was obtained by
addition of hydroiodic acid12 on 1.13

Scheme 1

The addition on the triple bond occurs with clean Z-stereoselectivity.14

It should be noted that temperature, reaction time and purity of
hydroiodic acid are critically important parameters in obtaining a pure
Z-stereoisomer. Because of the high volatility of 1, the use of a
hydroiodic solution at 0°C instead of the sodium iodide/acetic acid
system was an appealing procedure.15

Attention was next directed to the synthesis of trifluorodienoates by
palladium complex mediated cross-coupling between 2 and organotin
reagents as described in Scheme 2.16

Scheme 2

Vinyltin compounds were used with 3% of dichlorobis-
(acetonitrile)palladium(II) using DMF as solvent. The mild
experimental conditions of the Stille cross-coupling reaction resulted in
good yields of dienes 3 and no polymerisation products were detected.
Results are shown in Table 1. NMR studies on 3a confirmed the
retention of the Z stereochemistry of the α-double bond.14 Cross
coupling of 2 with (E)-1,2-bis(tributylstannyl)ethylene (1.6 eq.) (entry
6) under the same experimental conditions, provided a separable
mixture of dienyltin compound 3f and bis coupling product 3g. When
0.51 equivalent of (E)-1,2-bis(tributylstannyl)ethylene was used (entry
7), 3g was obtained as the sole product, indicating the high reactivity of
2 towards vinyltin in comparison with our previous results where no bis-
cross-coupling product was obtained.17 Finally, to extend this
methodology to other tin reagents, we found that alkynyltin reagents led
to functional enynes (entries 8 and 9) in good yields and with a complete
retention of the double bond configuration.

The synthetic potential of compounds 3a-i has not been completely
studied to date. However, saponification reaction with lithium hydroxide
in a 1/1 water/ethanol mixture at 20°C gave the corresponding acids in
fair yields [3c’(83%), 3d’(73%), 3e’(69%)].18 Finally, selective
reduction of the ester function into the primary alcohol was investigated
in order to preserve the trifluoromethyl diene moiety. Treatment of
dienes 3 with DIBAL-H (2 eq.) at -78° C afforded quantitatively dienyl
alcohols 4 (Scheme 3).19

Scheme 3

DIBAL-H treatment of 2 under the same experimental conditions also
gave the corresponding (Z)-4,4,4-trifluoro-3-iodobutenol in 50 % yield.

In summary, we have shown that Stille cross-coupling of ethyl (Z)-4,4,4-
trifluoro-3-iodobutenoate with tin reagents constitutes a facile method
for a selective synthesis of functional dienes or enynes bearing a
trifluoromethyl group. Application to the synthesis of trifluoroterpenoic
structures are in progress and will be reported in due course.
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