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o-Fluoro-B-amino acrylaldehydes (2), readily available
from the reaction of polyfluoroalkenyl tosylates (1) with
dialkylamines in the presence of triethylamine and a catalytic
amount (10 mol%) of tetrabutylammonium fluoride (TBAF),
reacted smoothly with various organolithium reagents at -78 °C
for 0.5 h, followed by hydrolysis with 10% hydrochloric acid at
room temperture for 1 h to afford the corresponding (Z)-o-
fluoro-B-substituted acrylaldehydes (3) via allylic
rearrangement in good to excellent yields.

Considerable attention has been recently focused on the
trans-fluoroolefinic moiety (-CH=CF-) as a chemically-stable
enol mimic! or a non-hydrolyzable amide isoster.2 In close
connection with the circumstances, a-fluoro-f-substituted
acrylaldehydes are one of the most important and pervasive
intermediates in constructing a variety of fluorine-containing
bioactive compounds, such as dipeptide isosters,2 insect sex
pheromones,3 enzyme inhibitors,* as well as heteroaromatic
compounds.’

For the preparation of o-fluoro-Balkyl or aryl
acrylaldehyde,5 to our best knowledge, there exist only several
methods which suffer from a couple of disadvantages, such as
variable yields of the product or limitation of the applicable
functional groups. It is of great value, therefore, to develop an
effective method for the synthesis of functionalized o-fluoro-f-
substituted acrylaldehyde bearing a stereodefined olefinic
moiety .7 This communication describes a new highly efficient
and stereoselective access to « -fluoro-f-substituted
acrylaldehyde based on the coupling reaction of o-fluoro-f-
aminoacrylaldehyde with various organolithium reagents.8
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Scheme 1. Reagents and conditions: i, R*R3NH, E;N, 10 mol%
TBAF, MeCN or DMSO, r.t. or 70 °C; ii, R4Li, THF, -78 °C; iii, 10%
HCl aq., .t

o-Fluoro- B-(diaikylamino)acrylaldehyde (2) was obtained
in 78-99% yields from the reaction of fluorinated enol tosylate 1
with the corresponding amine in the presence of triethylamine
and a catalytic amount (10 mol%) of TBAF according to our
previous report.72 The reaction of 1¢ with diethylamine was
smoothly proceeded by use of dimethyl sulfoxide as a solvent
under forced conditions (70 °C, 3 h) to provide the
corresponding 2d in 84% yield.

When a-fluoro-f-(diethylamino)acrylaldehyde (2a) was
treated with 1.2 equiv of phenyllithium (PhLi) in
tetrahydrofuran (THF) at -78 °C for 0.5 h under an argon
atmosphere, followed by treatment with 10% hydrochloric acid
at ambient temperature for 1 h, (2)-o-fluoro-f-
phenylacrylaldehyde (3a) was obtained predominantly in 93%
yield, as shown in Table 1 (Entry 1). The results of the reaction
are summarized in Table 1.

Use of diethyl ether as a solvent led to the formation of 3a
in nearly comparable yield (Entry 2). Substitutions on the
nitrogen atom did not have influence upon the yield of product
(Entries 1 and 3). Other commercially available alkyllithium,
such as n-butyllithium (n-BuLi) (Entry 5), s-butyllithium (Entry
6) and z-butyllithium (Entry 7), could participate nicely in the
reaction to afford the corresponding a-fluoro-B-substituted
acrylaldehyde 3 in moderate to excellent yields. However, the
reaction using 2-naphthyllithium, which had been generated
from 1.2 equiv each of 2-bromonaphthalene and »-Bulli,
resulted in a lower yield of the product 3f than that of
commercially available lithium reagents (Entry 8). The
employment of 3 equiv of 2-naphthyllithium was found to give
the excellent yield (93%) of the product (Entry 9). Similarly, 2a
reacted smoothly with various aryllithiums, prepared by use of
halogen—lithium exchange reaction, to provide the
corresponding a-fluoro-B-aryl acrylaldehyde 3g-k in moderate
to excellent yields (Entries 10-14). It is very valuable that other
lithium reagents!0 participate nicely in the reaction to give the
corresponding aldehyde 3 in moderate to good yields (Entries
15 and 16). '

It should be noted that the reaction of deuterio-
aminoacrylaldehyde (2c, R1 = D) with PhLi under the same
conditions provided the only B-deuterio aldehyde 3b, whose
structural assignment was made by 1H and 19F NMR analyses
(Entry 4). We assume that the reaction of 2 with organolithium
reagents might proceed as follows. That is, 1,2-addition of
various lithium reagents towards 2a and 2b is likely to occur
through the interaction between lithium metal and oxygen atom
as well as a fluorine!l to give the lithium alkoxide, which is
followed by allylic hydrolysis leading to o-fluoro-B-substituted
acrylaldehyde.

Of much signifcance is that the present reaction exclusively
provides the (Z)-isomer of ¢ -fluoro-B-substituted
acrylaldehydes 3. This result can be attributed to relative
stability of allyl cation intermediate, in which 1,3-allylic strain
plays a critical part in determining the stereochemical course of
the hydrolysis.12

At present, the coupling reaction was not applicable for 2d
to give the stereoisomer of 2-fluoro-3-phenyl-2-butenal 3n
(36%, Z/E = 45/55) and (Z)-3-fluoro-4-phenyl-3-buten-2-one 4
(9%), which were formed via 1,2- and 1,4-addition of PhLi,
respectively. Further studies on stereoselective synthesis of
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Table 1. Preparation of a-fluoro acrylaldehydes (3)

Entry 2 RLj (equiv) Aldehyde 3 Y(lZellg‘; l/’%
1 2a PhLil2) H R' (R'=H) 3a 93 (>99/<1)
2° 2a (R'=H) 3a 94 (>99/<1)
3 2b o Ph (R'-H) 3a 93 (>99/<1)
4 2 F (R'=D) 3b 96 (>99/<1)

H H
5 2a nBuLi(l2) o Bu 3c 86 (>99/<1)
F
H H
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H H
7 2a tBuLi(1.2) 0)\%\'&1 3e 46 (>99/<1)
F
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(1.2) 0 &
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(3.0 H H
10¢ 2a  4-CICgH,Li 04‘\2\@ 3g 72 (>99/<1)
3.0 :
(3.0 F o
H H
11° 2a  4MeCeHili ¢ 3h 96 (>99/<1)
(3.0) E
Me
H H
12¢ 2a 4-MeOCgH,Li o 3i 90 (>99/<1)
(3.0) L
OMe
H H
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(3.0) L
CFq
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@ Tsolated yields. ® Determined by ’FNMR. © Performed in diethyl
ether, ¢ Bromides were used. ¢ Iodides were employed. / Carried out
at0°C.

multi-functionalized ea-fluoro-a, -unsaturated carbonyl
compounds are now in progress in our laboratory.
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In conclusion, the treatment of 2a,b with various
organolithium reagents followed by allylic hydrolysis gave the
corresponding (Z)-oa-fluoro-B-substituted acrylaldehydes 3
exclusively in good to excellent yields. The present reaction
will constitute highly efficient route to (Z)-stereoselective
preparation of o-fluoro-B-functionalized acrylaldehydes.
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