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Abstract : Stereoselective construction of ethyl (13E)-trifluoromethylretinoate was achieved through two
successive Stille reactions. The coupling of (E)-1,2-bis(tributylstannyl)ethene and ethyl (Z)-4,4,4-trifluoro-3-
iodobut-2-enoate was performed first and followed by iododestannylation. The second step involved another
vinyltin which was synthetised by stannylmetallation of the Negishi dienyne 4¢ derived from B-ionone. Certain
yne analogues were also prepared through Sonogashira coupling with 4¢,d and ethyl 5-iodo-3-trifluoromethyl-
pent-2,4-dienoate 3. © 1999 Published by Elsevier Science Ltd. All rights reserved.
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Due to their unique physiological and physical properties, trifluoromethylated compounds have been
widely used in various fields.! Their synthesis has thus become very important in organic and medicinal
chemistry.2:3 However the methodologies available for the preparation of trifluoromethylated compounds are
very limited because of the low reactivity of various trifluoromethylated reagents and because of the need for
strict experimental conditions. Among these compounds, trifluoromethyl substituted o,B-unsaturated esters and
trifluoromethy! substituted polyenes, which are valuable intermediates in synthetic organic chemistry,5 have
previously been obtained by Wittig-Horner olefination of trifluoromethyl ketones, from phosphonates® or
sulphones? bearing a trifluoromethyl group. These major routes have been successfully applied to the synthesis
of trifluoromethyl-substituted juvenile hormone,® retinal® or retinoic acid.!® Nevertheless, the low E/Z
selectivity of the trisubstituted double bond created constitutes the major drawback of these approaches. We have
recently described a new approach for the synthesis of ethyl 3-trifluoromethyldienoate derivatives, with a fixed
configuration based on the Stille reaction.!! Following a similar approach, we now wish to report a
stereocontrolled synthesis of ethyl (13E)-trifluoromethyl retinoate 1 and some of its analogues.
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Our retrosynthetic strategy (Scheme 1) is based on the coupling of two building blocks, A and B, and
starts from the commercially available and inexpensive f—ionone and ethyl 4,4,4-trifluorobut-2-ynoate.
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Scheme 1

The construction of fragment A (Scheme 2) began with hydroiodation of ethyl (Z)-4,4,4-
triflucrobutynoate with a 57% hydroiodic acid solution.!1.!2 The pure (Z)-vinyliodide 2 underwent Stille
coupling with (E)-1,2-bis-(tributylstannyl)ethylene (1.2 eq.) in the presence of a catalytic amount (3%) of
dichlorobis-(acetonitrile)palladium(IT) to provide the corresponding dienyltin in 84% yield with retention of the
configuration of both double bonds.!3 Subsequent iododestannylation of the dienyltin adducts in ether at room
temperature yielded the pure dienyliodide ester (E,E)-3 (95%).14
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We first investigated the synthesis of yne analogues of trifluororetinoic acid under Heck-Sonogashira
conditions. Different experimental conditions recommended for such cross coupling have already been tested.
We found that, with trimethylsilylacetylene or phenylacetylene, the combination of tetrakis(triphenylphosphine)
palladium(0), copper iodide and butylamine gave dienynes 5a and 5b respectively in fair yields.!5 As already
observed, !¢ products resulting from the duplication reaction of terminal alkyne were detected in each case
leading to the use of a slight excess of alkyne. Extending this procedure to enynes derived from p- or o-ionone
(obtained in 75-80% yield according to the Negishi procedure!7), the expected trifluororetinoids Sc and 5d were
obtained with retention of configuration of the double bond.!8 it should be noted that, using enyne 4d (entry 4),
the conjugated product Sc was not detected.

entry 4 5 Yield (%)
1 MesSi—=—=—H 4a 5a 48
2 Ph——==—H 4b 5b 75
e
3 4c 5c 64
s
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Attention was next directed to the synthesis of ethyl (13E)-trifluoromethylretinoate. The synthesis of
fragment B (Scheme 3) began with stannylcupration of dienyne 4¢.!° Treatment of 4¢ with 1.1 equivalent of
lithium butyltributylstannylcyanocuprate (Lipshutz reagent) at -90 °C yielded the intermediate vinylcuprate which
was trapped with an excess of methyl iodide (10 eq.) in the presence of HMPA (4 eq.) to afford (7E,9E)-
dienylstannane 6 mixed with a small amount of the internal vinylstannane (terminal/internal = 92/8).20
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Scheme 3

Finally, Stille cross-coupling?! of 6 with 3 gave the desired ethyl (13E)-trifluoromethylretinoate 1 in 95 %
yield22 in the presence of a catalytic amount of dichlorobis(acetonitrile)palladium(II) (3%). It is interesting to
note that, starting from the mixture of vinylstannanes 6 and its internal isomer, only the terminal regioisomer led

to the desired coupling product.

In conclusion, an efficient and concise synthesis to geometrically pure ethyl (13E)-trifluoromethylretinoate
and some of its analogues was achieved in fair overall yields (40-55 %, 4 steps) from ethyl (Z)-4,4.4-
trifluorobutynoate and inexpensive ionones.
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(3.15 mmol) of 3 and 30 mg (0.16 mmol) of cuprous iodide were added to the solution. The mixture was
stirred for 12h at room temperature then hydrolysed with a saturated ammonium chloride solution (30 mL).
After usual work-up the crude product was purified by column chromatography on silica gel (petroleum
ether/CH,Cly: 90/10) ; IR (cm!) : 3080, 2175, 1723, 1620, 1574; 'H NMR (200 MHz) (CDCI3) &ppm):
1.07 (6H, s), 1.35 (3H, t, J = 7.1Hz), 1.45-1.67 (4H, m), 1.77 (3H, s), 2.06 (2H, bt, J = 6.1Hz), 4.28
(2H, q, J = 7.1Hz), 5.69 (1H, dd, J = 16.3Hz, J = 2.3Hz), 5.76 (1H, s), 6.38 (1H, d, J = 16.8Hz), 6.74
(1H, d, J = 16.3Hz), 7.82 (1H, d, J = 16.8Hz).1*C NMR (50.3 MHz) (CDCl3) &ppm): 13.9, 18.9, 21.5,
28.6, 33.2, 33.9, 39.5, 61.0, 89.0, 97.7, 111.3, 119.1, 120.0 (q, 3Jc.F = 6Hz), 122.2 (q, Jc.F =
277Hz), 128.8, 132.8, 136.9, 139.5 (q, ?Jc.F = 30Hz), 143.0, 164.2 .F NMR § (ppm) (183.3 MHz,
CDCl3) (using CF3COOH as external standard, upfield positive): 9.75 ( q, “Jy.Fr = 1.3Hz); MS (70 eV):
m/z = 366 (M, 18), 351(13), 305(26), 278(11), 277(41), 251(23), 249(10), 237(14), 223(24), 183(10),
171(10), 165(15), 153(13), 152(10), 146(12), [45(16), 143(10), 141(13), 131(14), 129(16), 128(16),
119(14), 115(23), 91(33), 69(71), 55(49), 43(70), 41(100).

Lipshutz, B.H.; Ellsworth, E.L.; Dimock, S.H.; Reuter, D.C. Tetrahedron Lett. 1989, 30, 2065-2068.

Thibonnet, J.; Abarbri, M.; Duchéne, A.; Parrain, J.-L. Synlert 1999, 141-143,
SnBuj

ab X SnBug PN
d¢c — +
terminal internal

a) Stille, J.K. Angew. Chem., Int. Ed. Engl. 1986, 25, 508; b) Mitchell, T.N. Synthesis 1992, 803.

. Spectroscopic data of 1 are in agreement with those reported in the literature (ref 10b).



