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Abstract: The cross-coupling reaction of fluorobenzene with aEtIIIZIng a number of activated aryl fluorides suchoas

NPT - .
aryl Grignard reagent has been reinvestigated which revealed t gtorObehzaIdlmm.é’ .ﬂléoroarene .Chromlum g;)mplék,
the reaction readily proceeds under ordinary conditions using a caHOroazine and diazin€,o-fluoronitro-benzene; and o-

alytic amount of NiC(dppp) even at room temperature. The use diuorobenzoate$ have appeared. Very recently, the
nickel catalysts and Grignard reagent is essential for the activatioross-coupling reaction of unactivated aryl fluorides was
of the carbon-fluorine bond. The palladium catalyst is also effectivfiso reported using a nickel catalyst with a bulky and
for the 1,2-difluorobenzene and trifluorobenzenes to selectivemgmy electron-donating carbene ligand by Herrntaon
produce the corresponding mono-coup_led products while the ni%— palladium catalyst with a microwave apparatus by
el-based catalyst system affords a mixture of the mono-coupIBd 16 L

: - ankwardt!® These publications prompted us to report
product and di- or tri-coupled product. ’ .

our recent results on the nickel- and palladium-catalyzed

cross-coupling reaction of fluoroarenes and fluoroalkenes
with Grignard or organozinc reagents.
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M onofluorobenzene Based on a previous observation

Since the early study of the reaction of aryl and alken¥{€ fir_st reexamined the reaction conditi(_)ns for the cross-
halides with Grignard reagents in the presence of an ir6RUPling reaction of fluorobenzeng) (with 4-methyl-

or nickel catalyst was independently reported by the rBhenylmagnesium bromideZ)(as a model reaction to
search groups of Kochi, Corriu, and Kumada in the eaﬂ?Vea}l_ that the reaction re_adlly procee(_js under ordinary
197082 the transition metal-catalyzed cross-coupling réonditions using 0.05 equivalents of Ni@ppp)® as a
action has become the most powerful and promising syf@talyst even at room temperature to afford 4-methyl-
thetic tool for the construction of carbon—carbon anBiPhenyl @) in 92% GC yield after 24 hours (Scheme 1).

carbon—heteroatom bond# variety of organometallic

reagents have already been successfully utilized for t (B"Egz‘,ﬁ‘;ﬂ/”))
catalytic system, as represented by the Suzuki—Miyau@F + MeOMgBr - o i Me
(B), Hiyama (Si), Negishi (Zn), and Kosugi—Migita—Stille ) rt,24h 3 92% GC yield

(Sn) reactions. On the other hand, recent interests in the |

cross-coupling reaction seems to be concentrated on thieemel Cross-coupling reaction of fluorobenzene with

development of reaction systems involving less reactiieMeCH,MgBr

substrates such as aryl chloridésaryl cyanides, and

aryl ethers. Other phosphine ligands examined in the screening of the

Until recently, aryl fluorides were regarded as an uncor%_?gl)zlsjtczy)ster&(\)l/veriliISE(SPgg;lctl\g%ﬁ(el\llfig)ﬁ(,digg;

mon coupling partner for the transition metal-catalyze 2\ et o 2 Co '
uping p ” yz 6%; NiClL(dppf), 65%. The catalyst loading can be re-

cross-coupling reaction due ttoe strong carbon—fluorine ) . ;
bond (154 kcal/mol for §F), and the resulting lack of re- duced to 0.01 equivalents without any loss in the product
yield, as optimized in another experiment. It should be

ivity f idati itiorf. Although th i .
activity for oxidative additio though the reaction ted that the palladium catalysts, such as RBEh),

conditions were not optimized at that time, however, o 3dC5(dppb), and PdG(dppf), were totally ineffective

of us, together with Kumada, had already found in 19 d the oth cal " h
that the nickel-catalyzed cross-coupling reaction was algg € other organometallic reagents such as organo-
oron, silicon, zinc, zirconium, and tin compounds pro-

applicable to aryl fluoride&!® This was the first demon-

stration of the catalytic cleavage of thé-sprbon—fluo- %]ueci%gg?{ciy?getﬁ?g?ggﬁéng%rggﬁghgorr?%s(‘)ounngjsr e

rin nd. Twen rs later, the rhodium- lyzed ™. o X ; )
e bond enty years later, the rhodium-cataly “hains to be clarified, but the interaction between the mag-

hydrogenation of aryl fluorides was reported by Aizen-"“". : ; >
berg and Milstein in 199%Since then, several reports on1€S!UM atom and the fluorine atom might play an essential

the transition metal-catalyzed cross-coupling reactior'tigle in the oxidative addition process. The reaction condi-

ions for the cross-coupling reaction of fluorobenzee (
with n-butylmagnesium bromide were also screened in a
SYNLETT 2005, No. 11, pp 1771-1774 similar manner to reveal that NiQdppp) is still the most
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Tablel Cross-Coupling Reaction of Difluorobenzenes with oxidative addition of the carbon—fluorine bond, but all
4-MeGH,MgBr® attempted reactions with 2-methoxy-, 2-chloro-, and 2-
Fu= catalyst hydroxyfluorobenzenes resulted only in the formation of
N MeOMgBr T undesired products.
reflux, 48 h

4 2 Trifluorobenzene The coupling reaction was extended to

'V'e\@\ the reaction of 1,2,3- and 1,3,5-trifluorobenzerésh)
Fur—= — with the aryl Grignard reager® as summarized in
@_Q_Me " @_Q_Me Table 2. In the reaction of 1,2,3-trifluorobenzefia) (us-

5 6 ing the nickel catalyst, the corresponding di-coupled prod-
uct 9a?! was exclusively obtained in 41% vyield (entry 1),
while the reaction of 1,3,5-trifluorobenzentd) afforded

Entry  Substrate Catalyst Yield (%) the tri-coupled productOb in 60% vyield along with the
di-coupled produc®b? in 7% vyield (entry 3): in the di-

a: 1,2-isomers, b: 1,3-isomers, ¢: 1,4-isomers

> 6 coupled produc®a, the steric hindrance around the re-

1 F NiCl,(dppp) 38 40 mainingortho-fluorine atom could be responsible for pre-
2 GF NiCly(dppp¥ 24 40 venting any further reaction. On the other hand, the
3 PdCl(dppf) 91 0 reactions with palladium catalysts, such as Rd@pf)

fa and PdCJ(PPh),, almost exclusively afforded the corre-
4 R NiCl,(dppp) 37 36 sponding mono-coupled produ@a?® and8b in 69% and
g GF Eldccli((gngp)y ié 7g 60% yields, respectively (entries 2 and 4).

ab The higher reactivity of the trifluorobenzenes than the di-
7 NiCl,(dppp) 23 45 fluorobenzenes (entry 4, Table 2 vs. entry 6, Table 1) is
8 F@F NiCl,(dppp} 10 87 obviously attributable to the successive introduction of
9 4c PdCh(dppf) 6 0 the electronegative fluorine atom.

gem-Difluor oalkene Finally, we applied the catalyst sys-

@ Reaction conditions: difluorobenzed¢1.0 mmol), . . .
¢ ) tem to the cross-coupling reactiongein-difluoroalkene

4-MeC;H,MgBr (2, 1.5 mmol), and catalyst (0.01 mmol), THF

(5.0 mL), reflux, 48 h. 11 (Scheme 2).
b Determined by GC and NMR analysis with eicosane and 1,3,5-tri
methoxybenzene as an internal standard, respectively. F

¢ Larger amounts of catalyst (0.05 mmol) and the Grignard reagent ) F
(5.0 mmol) were employed. O PdCl,(dppp)(0.01 mol %)
H o+ Me—@—ZnCI
O THF, reflux, 48 h

11 12

effective to affordn-butylbenzene in 93% vyield after 24

Me Me
hours of stirring under reflux. O O
Difluorobenzene We next examined the cross-coupling R
reaction of 1,2-, 1,3-, and 1,4-difluorobenzends—) O / O Me O Vau O / O Me
with the aryl Grignard reagefitas shown in Table 1. Un- H + Ho o+ H
der the optimized conditions using 0.01 equivalents < O O

NiCl,(dppp) and 1.5 equivalents of the Grignard reage (213 70% 5 14 23%

L . (E)-13 0%
2, a mixture of the corresponding mono-coupled product
5 and di-coupled produétwas obtained in the total yields Scheme2 Cross-coupling reaction gem-difluoroalkene with an
ranging from 68% to 78% (entries 1, 4, and°A\hen the arylzinc reagent
amounts of the nickel catalyst and the Grignard reagent
were increased to 0.05 and 5 equivalents, respectively, tfiee palladium-based catalyst system with B@ppp)
di-coupled producé dominated over the mono-coupledwas most effective for the selective formation of mono-
products (entries 5 and 8), except for 1,2-difluorobenzeneoupled productZ)-132* and, in sharp contrast to the re-
(4a) probably due to the steric hindrance between thetions of fluroarenes, arylzinc reagétvas found to be
ortho substituents (entry 2). In our efforts to determine th@ore effective than the Grignard reagent to produce the
catalyst system suitable for the selective formation of tieono-coupled produci}-13 in 70% yield after 48 hours
mono-coupled producs, PdCl(dppf) was found to be of stirring under reflux, along with di-coupled product
exceptionally effective for the coupling reaction of 1,2-di14%%in 23% yield; the formation of an isomé#)¢{13 was
fluorobenzene 4g) to exclusively afford the corres- not observed. In a similar reaction using N{@bpp) and
ponding mono-coupled produsa in 91% yield (entry 3). an excess amount of the aryl Grignard rea@etite di-
Based on the observation that the other difluorobenzergsipled product4 was obtained in 58% yield as a major
were ineffective in the palladium-based catalyst systeproduct. It is noted that the coupling reaction of the di-
(entries 6 and 9), a chelating effect of the adjacent fluorifi@oroalkenell with the aryl Grignard reageBiproceed-
atom was expected to play a crucial role in promoting thel even in the absence of the transition metal catalysts
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Table2 Cross-Coupling Reaction of Trifluorobenzenes with 4-Mé&MgBr?

R R
}\j>7 catalyst —
F/\‘ Y, F + MeOMgBr THE F/\‘ /
7 o reflux, 48 h 8
a: 1,2,3-isomers, b: 1,3,5-isomers
Entry Substrate Catalyst Catalyst (equiv) 2 (equiv) Yield (%%
8 9 10
1 FOF NiCl,(dppp) 0.05 6.0 0 41 0
2 @F PdChL(dppf) 0.01 15 69 9 0
7a
3 F NiCl,(dppp) 0.05 6.0 0 7 60
4 QF PAChL(PPh), 0.01 15 60 9 0
F 7o

aReaction conditions: trifluorobenzer¢l1.0 mmol), 4-Me@H,MgBr (2, 6.0 or 1.5 mmol), catalyst (0.05 mmol or 0.01 mmol), THF (5.9,mL

reflux, 48 h.

b Determined by GC and NMR analysis with eicosane and 1,3,5-trimethoxybenzene as an internal standard, respectively.

probably due to the addition—elimination mechanism, but(3) (a)Metal-Catalyzed Cross-Coupling Reactions; Diederich,

the geometry of the double bond was confused thereby

producing a mixture of the isomerg){13 and €)-13,2°

in the ratio of 1:4 in 50% total yield (68% conversion after

48 h of stirring under reflux).

In summary, the cross-coupling reaction of fluoro-arenes
with Grignard reagents was reexamined and revealed tha!)
the use of nickel catalysts and the Grignard reagent is
essential for the activation of the carbon-fluorine bond.
The palladium catalyst was also effective for the poly-
fluorinated arenes and alkenes to selectively afford the

corresponding mono-coupled products.
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