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Abstract—Allyl trifluoroethyl ethers 2a–2d were prepared; each underwent efficient dehydrofluorination/metallation and trapping
to afford a range of difluoroenol silanes and stannanes which rearranged easily and efficiently to the acyl metals. Fluoride-medi-
ated benzylation and allylation of an acylsilane, and Stille coupling of the vinyl- and acyl-stannane were achieved in moderate to
good yield. © 2001 Elsevier Science Ltd. All rights reserved.

In 1985, Metcalf, Jarvi and Burkhart published a semi-
nal paper which showed how the [3,3]-Claisen rear-
rangement could be used to generate a range of
�,�-difluoroketone structures from allyl trifluoroethyl
ethers (Scheme 1).1

The idea was revisited recently by Taguchi and co-
workers2 as they sought to develop an enantioselective
Claisen rearrangement. Both groups used a dehy-
drofluorination reaction to create the vinyl component
of the Claisen system. We noted that the former group

had progressed a simple allyl trifluoroethyl ether to a
metallated difluoroenol ether which they were able to
quench with water or a silicon electrophile to afford an
aldehyde, or more efficiently, an acyl silane after rear-
rangement. We were unable to find many examples of
this chemistry or of reactions of the acylsilane, apart
from a single example reported by McCarthy,3a while
Normant, Sauvêtre and Dubuffet3b had isolated a simi-
lar acylsilane species from the solvolysis of a difluori-
nated epoxysilane. We wondered if useful coupling or
transfer reactions could be available from the
difluoroacyl metals or from the difluorovinyl metal
precursors (as none had been reported); we were also
aware that acylstannanes possessed useful properties
for C�C bond forming reactions,4 and that the �,�-
difluoro species would be novel. Furthermore, the vinyl
stannane intermediates would offer the possibility of
coupling reactions5 allowing access to a wide range of
aryl difluoroketones. We therefore synthesised a range
of allyl trifluoroethyl ethers 2a–2d designed to test the
scope of the dehydrofluorination/metallation chemistry
(Scheme 2).

Scheme 1. (a) F3CCH2ONa, THF, reflux, 63%; (b) 3.3 equiv.
LDA/TMSCl, THF, −100°C, 88%; (c) CCl4, reflux, unknown
yield.

Scheme 2. (a) 50% NaOH, Bu4NHSO4, Bu4NI, 1a,1b or 1d; (b) 1,1�-(azodicarbonyl)dipiperidine, Bu3P, PhH, 6 h, rt, 1c.
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Different substitution patterns in the allyl system were
of interest and we wished to use the chemistry to attach
chains to rings. We were able to use phase transfer-
catalysed allylation of trifluoroethanol very
successfully6 and also the Mitsunobu procedure
described by Falck7 in the case of 2c for which the
halide was less readily available than the alcohol. The
former method was also used to prepare 2a on a 0.1
mol scale in quantitative yield (Table 1).

The dehydrofluorination/metallation (Scheme 3) could
be achieved8 at −78°C with n-BuLi (2 equivalents) for
the preparation of the vinylsilanes 3a–3d or -stannanes
4a–4d, in contrast to the Metcalf report in which it was
necessary to use a larger excess of strong base (3.3
equivalents) and trapping conditions (LDA/TMSCl) at
lower reaction temperature (−100°C) to prepare the
silane shown in Scheme 1 in good yield. This observa-
tion indicates that the thermal stability of the simple
metallated difluoroenol ether is sufficient at −78°C for
rapid trapping to be achieved even in the absence of
inductively electron-withdrawing9 or co-ordinating sub-
stituents,10 or chelation within a part-polyether struc-
ture,11 features we believed necessary to reduce the rate
of the antiperiplanar elimination of LiF.

19F NMR spectra of the crude material in each case
revealed relatively clean product mixtures; flash column
chromatography on silica gel or alumina delivered pure
silane or stannane, respectively (to 98% purity by GC).8

Rearrangements of 3a–3c and 4a–4c occurred smoothly
(Table 2) neat or in toluene at 110°C in Ace® tubes,12

whereas 3d and 4d rearranged much more slowly, con-
sistent with steric hindrance in the transition states as
the bulky trialkylmetal and cyclic array are forced
together.

Purification at the vinylmetal stage is not necessary;
isolation may even be avoided. For example, crude 4c
rearranged to 6c successfully (88% based on starting
ether). In one case, the THF reaction solution of 3b was
refluxed for 20 h to afford 5b in ca. 50% yield along

Table 2. Synthesis of vinyl metals and acyl metals

Acyl metal (%)d Time (h)Ether Vinyl metal (%)a

42a 3a 10090b 5a
6a 100c 3.5854a
5b 1002b 103b 85

77 6b 96 104b
2c 78 5c 100 103c

888e6c704c
5d2d 953d 12090

108906d804d

a At 5 mmol scale.
b 66% at 100 mmol scale.
c Yield for rearrangement in toluene.
d Yield for neat rearrangement.
e Yield for purified stannane from unpurified vinylmetal.

with several other (minor) fluorinated products, sug-
gesting that a one-pot preparation of the acylsilanes
may be available. However, we have not yet optimised
these procedures and recommend at least isolation of
the vinylmetal intermediates.

Acylsilane 5a was transformed into ketone 7 (54%)
when treated with TBAF in the presence of benzyl
bromide.13 The reaction with allyl bromide afforded a
mixture of ketones 8a and 8b (46%, 1:1.2), indicating
that double bond migration occurs under the reaction
conditions; further applications of this chemistry are
under investigation (Scheme 4).

The vinyl stannane seems an obvious substrate for Stille
coupling, given our findings that related difluoroenol
carbamates can be used successfully.5b The issue of
interest here is the possibility of competitive and
destructive Pd(II)-catalysed reactions of the allyl ether
moiety. Attempting to minimise the possibility of com-
peting rearrangement, we worked at room temperature
and though the reaction was slow (72 h for consump-
tion of starting material) we were able to isolate
ketones 9 and 11 cleanly and in good yield (60 and
72%, respectively) following exposure (5%
Pd2dba3·CHCl3, 20% CuI, 10% tris(2-furyl)phosphine,
DMF, rt then KF work-up)14 of 4a to iodobenzene or
10, respectively (Scheme 5).

Product 9 was also obtained in 52% yield from
iodobenzene and 6a under the same conditions. Expo-
sure of 4a to the Stille catalyst/co-catalyst but in the
absence of an electrophile consumed the stannane but
formed a complex product mixture which contained
only a small amount of 6a, suggesting that there is no

Table 1. Synthesis of ethers

Allyl fragment (%)Trifluoroethyl ether Method

2a1a 100a a
2b1b 85 a
2c1c 100 b

1d 2d 100 a

a At 5 and 100 mmol scales.

Scheme 3. (a) i, 2.0 n-BuLi, THF, −78°C; ii, 1.0 Me3SiCl; (b) i, 2.0 n-BuLi, THF, −78°C; ii, 1.0 Bu3SnCl; (c) � (110°C, Ace®

tube).
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Scheme 4. TBAF, THF, rt, 12 h and (a) PhCH2Br or (b) H2C�CHCH2Br.

Scheme 5. (a) PhI or 10 (from 4a only), 5% Pd2dba3·CHCl3, 20% CuI, 10% P(2-furyl)3, DMF, rt, 72 h.

Scheme 6.

simple catalysis of the rearrangement reaction system
under the coupling reaction conditions. The timing of
the two events (coupling versus rearrangement) is
unknown and we are trying to ascertain their sequence.

These short sequences provide a very general route to
fluoroketones of general type 12 from trifluoroethanol.
An alternative synthesis could start from an aryl
acylsilane and prepare the difluoroenol silyl ether, sub-
jecting the intermediate to allylation, as described by
Portella15 (Scheme 6).

A similar approach can be made using the reductive
defluorination chemistry of Uneyama.16 Various meth-
ods have been described for the synthesis of 2,2-
difluoropent-4-enoic acid derivatives which could then
be elaborated through Weinreb amides and reaction
with the Grignard reagents; Gelb’s route17 uses tetra-
fluoroethylene which is not particularly convenient,
while the Reformatsky–Claisen reaction described by
Lang18 has proved both very difficult to repeat and
non-general in our hands. We contend that the method
described herein is at least competitive with these more
established approaches and represents a direct and reli-
able route to 2,2-difluoropent-4-enones with variable
substitution at C-1, C-3, C-4 and C-5.
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