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Due to the strong bonding energy of a carbdélnorine bond, 3 mol % NiCl.(PPh foct
. . n Ph % NiCly(PPhg), Ph
organofluorides have been thought to be one of the most inert Oct-X + " MgBr X Npn @)

classes of organic compounds. As for the aryl fluorides, both 25°C,6h "Oct 4

catalytic and stoichiometric reactions have already been developed 69% (X=F), 40% (X=Cl), 18% (X=Br)

to replace the fluorine atom with other atoms or grotipwever,

synthetic application of alkyl fluorides still remains undeveloped. When a reaction ofi-octyl fluoride with vinyl Grignard reagent

We have recently developed a cross-coupling reaction of alkyl was quenched with {©, deuterated compourid(d-content> 93%)
fluorides with Grignard reagents with the aid of Ni or Cu catalyst Was formed in 92% yield (eq 5). When G@as introduced after
under mild condition$. Here, we disclose that Ni catalyzes the the reaction, carboxylic acifl was obtained in 85% yield (eq 5).
alkylative dimerization reaction of vinyl Grignard reagents using These results imply that the butenyl Grignard reageistformed
alkyl fluorides under mild conditions, giving rise to 2-alkyl-3- in the present reaction.

butenyl Grignard reageni) (eq 1).

3 mol % NiCla(PPhg),
Ni "Oct- a - 7 B F MgCl
MIE /\MgCI cat. Ni /\(\MQCI ) Oct-F  + Z “MgCl 25°C, 2h [Arg; ¢ }
Alkyl
7
1 +
D
. . . 7
For example, when a reaction wfoctyl fluoride (1 mmol) with /\rg;D 5, 92% (93%0)
vinylmagnesium chloride (3 mmolL M in THF) was conducted ' ©)
in the presence of Nigl(0.03 mmol) at 25°C for 7 h, 3-methyl- [ GO/ AN cooH
1-undecen® was obtained after protonolysis in 94% yield based "Oct 6, 85%

on n-octyl fluoride as the sole product (eq 2, entry 1). It should be

noted that the present reaction proceeds exclusively in the case of As a synthetic application of the thus-form&dwe undertook
alkyl fluorides, whereas the corresponding chlorides, bromides, andfurther alkylation by Ni-catalyzed cross-coupling reaction with alkyl
iodides undergo reduction, elimination, or cross-coupling with vinyl halides? Into a solution of7 prepared in situ under conditions
Grignard reagent either concomitantly (entry 2) or predominantly similar to those of eq 2 were added stearyl bromide (3.0 mmol)

(entries 3 and 4). and 1,3-butadiene (1 mmol). After stirring at 26 for 14 h, the
, . desired coupling produ& was obtained in 80% vyield, where two
3 mol % NiCly H . . . :
"Oct-X + Z>Mgel c @ different alkyl groups are introduced regioselectively to the butenyl
THF, 25°C, 7 h . ; ;
1 mmol 3 mmol skeleton derived from the vinyl Grignard reagent (eq 6).
NF
Z r + "Oct._~ + "Octane + Octenes ' n/
Oct PN 3 mol % NiCl, CqgH37-Br _ .
enty X 2 - MICl ~pec 7n 257 1ah /\n/ C1gHa7 (6)
1 F 94% 0% 0% 0% Oct
2 cl 63% 0% 20% 0% 8,80%
3 Br 2% 5% 34% 1% . . ) . .
° > ’ ° To elucidate the reaction pathway, we first tested the intermediary
4 I <1% 9% 44% 2%

of alkenes, which may be formed by cross-coupling of alkyl fluo-
When cyclohexyl fluoride was employed, the corresponding rides with vinyl Grignard reagents, since it is known that Ni cata-

product3 was formed in 75% yield, although a longer reaction lyzes carbomagnetization of alkerfe&.reaction ofn-octyl fluoride

time was required, indicating that secondary alkyl groups can be with vinyl Grignard reagent was carried out in the presence of 1-un-

introduced by this reaction (eq 3). decene (1 mmol) at 2%C for 2 h under conditions identical to those
3mol % NiCk(PPhe)y  H' / pf eq 2. Quenchlng the reaction mixture it N HCI afforded2 .
Hex-F  + 7 “MgCI 25°C. 20N ®) in 91% yield, and unreacted 1-undecene was recovered (eq 7). This
' 5 75% result clearly indicates that 1-alkenes are not involved as intermedi-
e ates.

No reaction took place with either MeGFCHMgBr or CH=

CMeMgBr under conditions identical to those of eq 2, and alkyl "ootF ¢ MGl + 2 Nonyl 3mol % NiCly(PPhg),  H*
fluorides were recovered. Interestingly, PEBHMgBr gave 25°C,2h @
double alkylative vinyl coupling produétin 69% yield as the sole

. . = >
product E/Z = 62/38) (eq 4). In comparison to alkyl fluorides, /\R/\H + Z ~"Nonyl
reactions using alkyl chloride (40%) and bromide (18%) were less 2,91% (R = "Oct) >99% recovered
efficient. 0% (R = "Nonyl)
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When the reaction depicted in eq 8 was run employing 6-fluoro-
1,1-diphenyl-1-hexene as an alkyl fluoride, diehevas obtained
as the sole coupling product in 71% yield, without formation of
any cyclopentane derivatives, which may arise from ring-closing
of the 6,6-diphenyl-5-hexenyl radical if generafe@his result
would rule out a radical mechanism.

3 mol % NiClx(PPhg), H*
PhWF + /\MgCI 2 2
Ph 25°C,6h
®)
= H
Ph -
Ph 9, 71%

It is known that alkyl iodides, bromides, or chlorides react with
(2-butene-1,4-diyl)magnesiurhO at a y-vinylic carbon to give
2-alkyl-3-butenyl Grignard reagents’ So we carried out the direct
reaction ofn-octyl fluoride with 1.5 equiv ofl10 in the presence
and absence of a catalytic amount of N{€Ph),. The time course
of the formation of2 was plotted in Figure 1 together with the
result of the catalytic reaction depicted in eq 10. At any stage of
the reaction2 was formed more efficiently in the catalytic system

than in the direct reactions. These results would suggest that a mor

reactive intermediate in comparison 10 might be formed in the
present catalytic system.

!

H* /\(\H ©

"Oct-F  + 5
Mg THF, 25 °C "ot
10 2
3 mol % NiCl,(PPhg), H*
"Oct- N 1
Oct-F  + 2 “MgCl THF. 25 °C 2 (10)
yield of 2
eq 10
50 [ ( A
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L)
30 f -
eq 9 with 3 mol % NiCly(PPhs),
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10 s eq9
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Figure 1. Time course of the formation & in eqs 9 and 10.

Although the detailed mechanism of this coupling reaction has
not been clarified yet, plausible reaction pathways are shown in
Scheme 1. Nickel dichlorides react with 2 equiv of vinyl Grignard

Scheme 1. Plausible Reaction Pathways
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reagents to generate divinylnickel complek which readily forms
nickel-butadiene compleX2 via reductive coupling.Then, 12

reacts again with the vinyl Grignard reagent to glvevia nickelate
complex13.° Subsequent transmetalationlgfwith vinyl Grignard
reagent regeneratdd along with allylic Grignard reageritO or

15, which reacts with alkyl fluorides, giving rise o Alternatively,
direct reaction ofL3 with alkyl fluorides leading tal6 followed

by transmetalation with vinyl Grignard reagent also affotd$n

this system, cationic magnesium would activate theFhond by
the eminent Mg-F interaction??

When PhCH=CHMgBr is used, the reaction follows a similar
pathway via metallacyclopentene intermediafés and/or 13,
which react with 2 equiv of alkyl halides at both benzylic positions
(eq 12).

1) Alkyl-F
2) PhCH=CH-MgBr
3) Alkyl-F
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In conclusion, a novel dimerization coupling reaction of vinyl
Grignard reagents with alkyl fluorides has been developed with
the aid of Ni catalysts. The present study provides the first example
of a catalytic reaction that demonstrates the superiority of alkyl
fluorides as alkylating reagents over the corresponding bromides

and iodides as well as chloridé& which may undergo oxidative
addition toward Ni(0) such &2 or electron transfer frorh3 leading

to the formation of reduction or cross-coupling products. On the
other hand, alkyl fluorides are inert for such reactions, and this is
key to accomplishing this clean reaction.
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