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ABSTRACT

Grignard reagents (RMgX) / CuBr
R=Ph, 4-MeOCgHj,, 4-(CH,=CH)C¢Hy,

R F 1-Naphthyl, n-Bu, s-Bu, c-Hex etc. [H F
F  CO.Bn 54 ~ 98% vields R  CO.Bn
31:69~<1:99(E: 2
On treating readily prepared benzyl 2,3,3-trifluoroacrylate with various Grignard reagents, e.g., aryl-, alkyl-, or alkenylmagnesium halide, in the
presence of a catalytic amount of copper(l) salt in THF at =78 °C for 1 h, the corresponding o, f-difluoroacrylates were obtained in 54  —98%

yields with high  Z-selectivity.

o,B-Unsaturated carbonyl compounds occupy a central very useful synthetic intermediates. Several examples of the

position in organic synthesis owing to their wide utility as

E-selective synthesisof such vic-difluorinated carbonyl

potent synthetic blocks, particularly as Michael acceptors for compounds has appeared in the literature, while Zhe

conjugate addition reactiohsr dienophiles and dipolaro-
philes for cycloaddition reactiorfs? Fluorinated acrylates

selective synthesis of them has not been realized at all. We
wish to disclose the highlyZ-selective synthesis od.,3-

and their derivatives are likewise of great synthetic value as difluoroacrylate? based on the additierelimination reac-

building blocks for constructing various sorts of fluorine-
containing compounds,which attract much attention in
biological and materials chemistfy.

Therefore, it is a very significant subject to develop a

tion of 2,3,3-trifluoroacrylatel) with organocopper reagents.
The starting ester, benzyl 2,3,3-trifluoroacrylalg, vas
readily prepared in two steps as shown in Schertfe 1.
On treating 2-bromo-2,3,3,3-tetrafluoropropanoyl chloride

convenient and effective route to such fluorinated acrylates with benzyl alcohol in the presence of;Btin Et,O at room

and related compoundsOut of such compoundsy,S-
difluoro-a,5-unsaturated estérhave been recognized to be

temperature for 20 h, the corresponding benzyl ester was
obtained in 94% vyield. Subsequent reductive dehalogena-
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Scheme 1. Preparation of Starting Material Table 1. Reaction ofl with Organometallic Reage®a
0 0 - Ph—Met (3a) EoE
EtsN, BnOH 1.3 equi
FSC%C' E 3o 20 h FSC%OB" > < TH(F -7sq°ucl‘,V)1 h } <
F Br 10, 1, F Br F  CO.Bn : : PR CO,Bn
94% ] 2a
Zn (1.1 equiv) entry Met CuBr (equiv) yield® (%) of 2a E/Z=
Et,AICI (0.1 equiv) R F
P 1 Li none complex mixture
Et,0, t, 0.5 h
2 F COgBn 2b Li 1.30 0
72% 1 3¢ Li 0.65 0
4 Li 0.13 complex mixture
5 MgBr none 5 43:57
. . _ . 6 MgBr 1.30 60 9:91
tion by zinc dust in the presence of a catalytic amount of - MgBr 0.65 62 12:88
ELAICI provided benzyl 2,3,3-trifluoroacrylatel) in 72% 8 MgBr 0.13 94 (90) 14:86

yleld,', . . . apDetermined by!F NMR. Value in parentheses is of isolated yield.
Initially, the reaction ofL with organolithium reagent was b The starting material was recovered in 55% yield The starting material

investigated as shown in Table 1. Thus, treatmerit with 1was recovered in 42% yield.
1.3 equiv of phenyllithium in THF at-78 °C for 1 h gave
a complex mixture (entry 1). Even in the presence of CuBr
(1.3-0.13 equiv), any trace of the desired product was not
detected at all (entries-24). In sharp contrast, Grignard
reagent was found to be a good nucleophile in the presen
reaction as described in entries 8.

Although the reaction without copper(l) salt did not lead

to a satisfactory result (entry 5), the reaction in the presenc_

of 1.3 equiv of CuBr proceeded smoothly to give the desired ] _ i _ _
Table 2. Reaction ofl with Various Grignard Reagents in the

) o7 vy ) : L
2ain 60% yield (entry 6). In this case, high selectm;y Presence of a Catalytic Amount of CuBr
was observed. Eventually, we found that the optimum

RMgX (3) (1.3 equiv)

(3b) could also participate nicely in the reaction to
afford the corresponding-arylated produc®b in a highly
stereoselective manner. The position of a methoxy group on
tthe aromatic ring exerted much effect on the efficiency of
reaction. 2-Methoxyphenyl Grignard reagergd)(gave no

yield and stereoselectivity (94%, E/Z = 14/86) were F F CuBr (0.13 equiv) E F
achieved when 0.13 equiv of CuBr was employed £ co.B THF, 78°C,1h §F cos
(entry 8). No improvement of the yield and the stereoselec- 28N 250
tivity was observed in the reaction using 0.65 equiv of CuBr 1 2
(emry 7)- yield® (%) recovery® (%)
Subsequently, we examined the reaction$ with various entry R of 2 E/Za of 1
Grlgngrd reager.1t'§(a—o) in the presence of CuBr gnder the Ph (a) 94(90) 1486 0
optimized conditions. The results are tabulated in Table 2. 9 4.MeOC4H, (b) 93(84)  16:84 0
As shown in entry 2,4-methoxyphenylmagnesium bromide 3 3-MeOCgH, (c) 38 11:89 36
4> 3-MeOCsHy, (c) 56 (55)  12:88 20
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convenient and efficient entry to the preparatioruf,3-trifluoroacrylates

and their reaction with Grignard reagents in the presence of copper(l) salt. 2 Determined by°F NMR. Values in parentheses are the isolated yield.

Presented at the 13th European Symposium on Fluorine Chemistry, ® A large excess amount of organocopper reagent (RMgBr, 5.0 equiv; CuBr,

Bordeaux, France, July 20, 2001, 1-P6. 0.25 equiv) was used.Benzylmagnesium chloridegk) was employed as
(11) The stereochemistry of products was determined on the basis of athe Grignard reagent.

coupling constande—¢ (= 6.5 Hz).
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product2d, and 3-methoxyphenylmagnesium bromi@e)(
provided the produc2cin only 38% vyield (entries 5 and 3,
respectively). Tolyl- 8e), 4-vinylphenyl- @f), anda- and
B-naphthyl Grignard reagent8d and3h) were found to be

somewhat less reactive, the desired products being produced

in 70%, 51%, 36%, and 46% vyields, respectively (entries 6,
8, 10, and 12). The reaction with Grignard reagent bearing

an electron-withdrawing group on the benzene ring, such as

4-(trifluoromethyl)phenylmagnesium bromidai), did not
give a satisfactory result (entry 14). In the case of alkyl
Grignard reagents such asBu- (3j), s-Bu- (3m), and
¢c-CeH11MgBr (3n), the corresponding-alkylated difluoro-
acrylates?j, 2m, and2n were obtained in 9194% yields
with high Z-selectivity (entries 15, 20, and 21). However,
the reaction with benzyBk) or 4-pentenyl Grignard reagent
(31) led to a significant decrease Bfselectivity or chemical
yield (entries 16 and 18).

Additionally, the reaction with an alkenyl Grignard
reagent, such g&styrylmagnesium bromide3¢), gave the
corresponding3-vinylated product2o only in 22% vyield,
together with a large recovery of the starting edtéentry
22).

We further attempted to improve the chemical yield for
the less effective Grignard reagents. Thus, the reactidn of
was carried out by employing 5.0 equiv of Grignard reagent
in the presence of 0.25 equiv of CuBr in THF-a78 °C for
1 h. Reactions witl8e—h k,l,0 provided with good results,
the corresponding products in #87% yields with high
Z-selectivity.

Interestingly, when allylmagnesium chlorid8pj was
employed as Grignard reagent, the 1,2-addiiand the
1,2- and 1,4-addué&p were obtained in 74% and 22% yields,
respectively (Scheme 2).

Scheme 2. Reaction ofl with Allylmagnesium Chloride 3p)
in the Presence of CuBr

R F

F>:3/7Allyl
o
Allyl—MgCl (3p, 5.0 equiv) 4p (74%)
R F CuBr (0.25 equiv) .
F CO,Bn THF,-78°C, 1 h
Allyl F
1 F Allyl
o
5p (22%)
ElZ = 52/48

A plausible mechanism for the reaction bfwith orga-
nocopper reagents is outlined in Scheme 3. The in situ

Scheme 3. Plausible Reaction Mechanism

R
R—bu"\;ﬂgBr
R;CuMgBr F: O
F OBn
F/L\T)kOBn
F
1 a-Complex
Blr
F 9
Fo/ ™, OBn SN
F ;0;40 F/A &O
0 (= ﬁ' Renf
R—Curm Mg F OBn
R Br RCu F
Int-A Int-B
O
-MgBrF
> F OBn
F
2
Z-Selective!

olefinic double bond accompanying an interaction between
the magnesium (Mg) and a carbonyl oxygen atom to form a
m-complex. Subsequent oxidative addition of the copper
species intd leads to an enolate-like intermediatat{A ),
which will be in a rigid conformation due to a double
interaction of Mg with the copper and a fluorine atéfn.
Then, the reductive elimination of the copper specieSyR
takes place to fornnt-B, followed by simultaneous elimina-
tion of MgBrF, leading to the final product,Z)-a,5-
difluoroacrylate2.

In conclusion, we have demonstrated that the reaction of
benzyl 2,3,3-trifluoroacrylate 1) with various Grignard
reagents in the presence of a catalytic amount of CuBr
proceeded effectively to provide the correspondidgd,3-
difluoroacrylates2 in good to excellent yields with high
Z-selectivity. The present reaction will serve as the first
efficient means for th&-selective synthesis af,5-difluoro-
o,(f-unsaturated esters.
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data andH NMR and*3C NMR spectra oRa—2h,2j—20.
This material is available free of charge via the Internet at
http://pubs.acs.org.

OL052897G

(12) For related reports on the interaction between metal and fluorine

atom, see: (a) Yamazaki, D. Synth. Org. Chem. Jp2004 62, 911—

918. (b) Ishihara, TJ. Synth. Org. Chem. JpriLl999 57, 313-322. (c)
Ooi, T.; Furuta, K.; Maruoka, KChem. Lett1998 817-818. (d) Ooi, T.;
Kagoshima, N.; Uraguchi, D.; Maruoka, R.etrahedron Lett1998 39,
7105-7108. (e) Ooi, T.; Kagoshima, N.; Maruoka, &. Am. Chem. Soc.
1997, 119 5754-5755. (f) Ooi, T.; Uraguchi, D.; Kagoshima, N.; Maruoka,
K. Tetrahedron Lett1997 38, 5679-5682. (g) Yamazaki, T.; Kitazume,

T. J. Synth. Org. Chem. Jprl996 54, 665-674. (h) Yamazaki, T.;
Shinohara, N.; Kitazume, T.; Sato, .0rg. Chem1995 60, 8140-8141.

generated copper reagent may make coordination with an(i) Hanamoto, T.; Fuchikami, TJ. Org. Chem199Q 55, 4969-4971.

Org. Lett, Vol. 8, No. 5, 2006

845



