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(TRIFLUOROMETHYL)KETENE SILYL ACETAL AS AN EQUIVALENT TO THE TRIFLUOROPROPIONIC
ESTER ENOLATE: PREPARATION AND ALDOL-TYPE REACTIONS WITH ACETALS

Tsutomu YOKOZAWA, Takeshi NAKAI,* and Nobuo ISHIKAWA

Department of Chemical Technology, Tokyo Institute of Technology, Meguro, Tokyo 152, Japan

SUMMARY: The title reagent, readily prepared from methyl 8,8,B-trifluoropropionate with
trimethylsilyl triflate, is shown to react with a broad variety of acetals to provide the
corresponding a-CF3 g-alkoxy esters in good yields.

In view of the central role of enolate chemistry in organic synthesis, a-trifluoromethyl
(CF3)-ester enolate should serve as an extremely versatile building block for otherwise
difficult preparations of a wide variety of u-CF3 esters,] a class of compounds which have
received much interest because of their possible biological activities.2 However, no study
has been reported on the generation and synthetic utilization of any u—CF3—ester enolates (or
the equivalents) except for our recent work on a-CF3 ma]onates3 mainly because such enolates

are anticipated to undergo extremely facile defluorination prior to trapping (eq 1). In fact,

| -0 i
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CF3—C—-C\.ORI > CF,=C COZR + F (1)

we observed complete defluorination in the reaction of methyl 8,8,8-trifluoropropionate (TFPE)4

with Tithium diisopropylamide in THF at -78 °C. Herein we wish to report the successful
preparation of the ketene silyl acetal (1) from TFPE and demonstrate its synthetic potential
as an a-CF3—ester enolate equivalent in the aldol-type reaction with acetals which permits

ready access to a broad variety of a-CF3 g-methoxy esters (g) (eq 2).

Me3S10Tf / NEt3 /,051M93 R ?
CF5CH,CO,Me > CF,CH=C — R -C
CH,C1,, 20-25 °C OMe R

TFPE 1
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First of all, we found that the transformation of TFPE into the ketene silyl acetal 1 was
best carried out by using trimethylsilyl triflate/triethylamine system without an appreciable
extent of def]uorination.5’6 Thus, TFPE was treated with Me3SiOTf (1.7 equiv) and triethyl-
amine (1.1 equiv) in dichloromethane at room temperature for 18 h to give l_in 92% yield (]gF
NMR assay). The E/Z ratio for ] was found to be 1 : 4 by NMR ana]ysis.7 The exclusive
0-silylation on TFPE is in stark contrast to the C-silylation in preference to O-silylation
(9 ¢ 1) reported for a similar reaction of methyl propionate.8 The ketene silyl acetal ] is
thermally less stable than the non-fluorinated counterpart and gradually decomposes over 50 °C
to produce methyl g,g-difluoroacrylate; however, ] can be isolated by careful distillation
under reduced pressure at lower than 50 °C.

In order to demonstrate the synthetic utility of ] as an u—CF3-ester enolate equivalent,
we first attempted the reaction with acetals since non-fluorinated ketene silyl acetals (and
5a

silyl enol ethers) are known to react well with acetals under the catalysis of Me3SiOTf.

Thus, the ketene acetal 1, prepared in situ from TFPE with a little excess of Me3Si0Tf (1.2

equiv), was allowed to react with a dimethyl acetal at -78 °C for 4.5 - 9 h. Usual workup
afforded the corresponding a—CF3 g-methoxy ester (g) in good yields (Table 1).

Inspection of the results in the table reveals some characteristic features of the
reactivity of 1. (1) The ketene acetal 1 is quite reactive toward a broad variety of acetals
including the orthoformate {entry 6). (2) The observed levels of diastereoselection are very
Tow (entries 2-4) in analogy with the ‘low stereoselectivities reported for similar reactions

5a (3) The reaction with 4-t-butylcyclohexanone acetal

of the non-fluorinated counterpart.
afforded the single diastereomer (entry 5), althouh the stereochemistry has not been assigned
yet.

Entry 4 deserves a special comment. Erythro-2d easily separated via column chromatography
could serve as a key intermediate for synthesis of the trifluoro analogue (ﬁ) of antibiotic

oudemansin Qg) since the non-fluorinated counterpart (3) has been used as the key intermediate

by Oishi and co-workers for their total synthesis of (i)ig.g

OMe OMe COZMe
@WCOZME ____________ > M
CX3 CX3 0Me
2d, =F ) =

¢
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X=F
, X=H (oudemansin)
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Table 1. Reactions of lwith Acetals

19 \mRR gyields
Entry Acetal Product? s, ppm (J, Hz) (diastereomeric ratio)g'
Me CF3
Me -16. .3 74
1 Me,C(OMe), %cozm 16.1 (9.3)
OMe
CFy
M -13.8 (7. 81
2 MeCH(OMe), N o, me 13.8 (7.7)
2 -13.9 (9.8) (55 :45)
OMe
CF
3 -
3 PhCH (OMe), Ph\‘)\co e 14.1 (8.0) 89
2 -14.4 (8.0) (67 :33)
OMe
CFy
4 (E)-PhCH=CHCH(OMe), Ph%(k -14.0 (7.0) %2
CO,Me -14.1 (7.0) (55 :45)
OMe
CF
3 82
-17.4 (9.8
> %O'OMG ><Q/'\cozrfne (2.8) (100 :0)
OMe OMe
CF4
6 HC(OMe), MEON/K -13.4 (7.9) 76
0, Me
OMe 2

2 products exhibited spectral (NMR and IR) data in accord with the assigned structures.
b Measured in carbon tetrachloride by using trifluoroacetic acid as external standard.
£ Isolated yields based on TFPE. 4 Determined by ]9F NMR analysis

Finally, we found that a similar reaction of ] with benzaldehyde instead of an acetal
gave a diastereomeric mixture (60 : 40) of the a-CF3 B-hydroxy ester 6 in 93% y1‘e1d.]0

Surprisingly, however, aliphatic aldehyde did not react with 1 under similar conditions but

PhCHO H(') ('ZF3
TFPE —————=» [l] —_—— Ph-CH-—-CHCOzMe
s
TFPE was largely recovered. Furthermore, an attempted reaction of 1 with propanal in the

presence of titanium(W) chloride resulted in a considerable extent of defluorination in

contrast to the high-yild formation of the aldol adduct reported for similar reactions with

non-fluorinated ana]ogs,” Further efforts are in progress to expand the sythetic potential

of 1.
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