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ABSTRACT
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The combination of diethyl phosphite and DMAP as ligands for nickel in an 8:1 THF

—N-ethylpyrrolidinone (NEP) mixture allows a very efficient

cross-coupling reaction to be performed between various functionalized arylzinc halides and aryl bromides, triflates and activated chlorides.

The reaction proceeds at 25

°C within 1 -48 h and requires only 0.05 mol % of the nickel catalyst.

Transition-metal-catalyzed cross-couplings between aryl or- insertiod or by an 1/Zn-exchange reactidnPalladium-
ganometallics and aryl or heteroaryl halides are quite catalyzed cross-couplings require typically3 mol % of a

important in modern organic chemistry, and a number of palladium phosphine complex. Both catalyst components
the resulting biaryl products are of great industrial ise. (palladium and the phosphine) are expensive and complicate
Although arylboronic acids and derivativeare favorite large-scale applications. In light of this, we have turned our
nucleophiles for performing such cross-couplings due to their attention to the use of nickel, an intrinsically more active
good availability and excellent stability, in many cases metal. Various Ni-catalyzed Suzuki cross-coupling reactions
polyfunctional aryl or heteroaryl zinc reagents are an have been describédyhereas only a few nickel-catalyzed
attractive alternativé The required arylzinc compounds can cross-couplings of organozinc derivatives are kndwn.
be prepared by transmetalation from the correspondingHerein, we wish to report a new highly efficient nickel-
magnesium or lithium organometallitsby direct zinc catalyzed cross-coupling between aryl and heteroaryl bro-
mides, chlorides or sulfonates)(and arylzinc reagent®),
using very small amounts of nickel salts (0.05 mol %) and
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ligands (diethyl phosphite and DMAP, 0.2 mol % each) at
room temperature in THF, usidrethylpyrrolidinone (NEP)
as cosolvent (Scheme 1).

Scheme 1. Ni-Catalyzed Cross-Coupling Reaction of Arylzinc
Derivatives with Aryl Halides and Sulfonates

NiCl, (0.05 mol%)
\ X ZnBr - THF-NEP (8:1) FGFG2
FG + FG (EtORP(O)H (0.2 mol%)
1 2 DMAP (0.2 mol%)
25°C, 1-48 h

3: 68-94%

In preliminary studies, we investigated the cross-coupling
reaction between 4-methoxyphenylzinc bromide and 4-bro-
motoluene and found that the reaction took place in the
presence of 0.05 mol % of Night room temperature without
a ligand wherN-methylpyrrolidinone was used as a cosolvent
(THF—NMP 5:2). Other polar solvents such as DMSO,
DMAC, DMPU or EgN were not effective as cosolvents.
Having examined varioull-substituted pyrrolidinones, we
observed thatN-(2-methoxyethyl)- and especialli-eth-
ylpyrrolidinone (NEP) gave much better results than with
NMP (88% conversion in the presence of NEP within 6 h
against 44% for NMP). We have further optimized the
cosolvent ratio and found that 8:1 THREP mixture gives
the best results. We next screened this reaction with a broa

number of ligands such as phosphines, diphosphines, phos

phites and varioubl-heterocycles. Surprisingly, from all the

ligands checked, diethyl phosphite gave the highest reaction

rate and the minimum amount of the arylzinc homocoupling

product. Interestingly, triphenylphosphine, also enhanced the

coupling rate but did not inhibit the reaction even when
present at 25-fold higher levels than Ni catalyst. Ratios of
NiCl,—(EtO)LP(O)H greater than 4:1 led to slower reaction
rates and extensive homocoupling. Other dialkyl and diaryl
phosphites were much less efficient.

We have also observed that the addition of 4-(dimethyl-
amino)pyridine (DMAP® in equimolar ratio to the ligand
amount provides a further rate acceleration, whereas DMAP
itself as a ligand showed poor results. The optimized
conditions allowed us to perform a broad range of cross-
coupling reactions within+20 h at room temperature (Table
1). Thus, 4-methoxyphenylzinc bromid@a, 1.2 equiv),
obtained from the corresponding arylmagnesium redgent
by a transmetalation with ZnBrreacted with 3-bromo-1-
fluorobenzene (1a) in the presence of Ni(®.05 mol %),
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(EtO)RP(O)H (0.2 mol %) and DMAP (0.2 mol %) at 2&

to give the cross-coupling produgain 79% vyield after 2 h
(entry 1, Table 1). Similarly, the reaction @& with ethyl
3-bromobenzoate (1b) furnished the expected prodhét
91% yield (entry 2) within a 6 h reaction time. We have
noticed that electron-rich arylzinc reagents react especially
well with aryl bromides under our conditions. Thus, the
cross-coupling of ethyl 4-bromobenzoat&c)( with 2a
provided the biphenyBcin 87% yield within a 6 h reaction
time (entry 3). Aryl bromides, bearing a ketone function,
are compatible with the mild cross-coupling conditions, and
4-bromobenzophenone reacted smoothly \RéHeading to

the ketonedd in 73% yield within a 3 hreaction time (entry

4). 4-Bromo-acetophenonék) reacted witl2b within 2.5

h affording the methyl keton&8g in 77% yield (entry 8).
Electron-poor aryl chlorides are also suitable electrophiles
under the reaction conditions we are advocating. Thus, the
reaction of2awith ethyl 4-chlorobenzoate gave the expected
product 3c within 48 h at 25°C in 83% yield (entry 5).
Heterocyclic halides such as 3-bromopyridine (1f) reacted
with 2a within 2 h at 25 °C, leading to the pyridinge in
81% vyield. Scaling up the reaction using 20 mmaf)(
provided the cross-coupling prodiBein a comparable yield

of 82%. By using 3-chloropyridine, the same cross-coupling
reaction required 12 h and ga@ein 68% vyield (entry 6).
The presence of an electron-withdrawing group allowed

across-coupling of 2-chloropyridine derivatives. Thus, the

reaction of methyl 6-chloronicotinatdd) with 3-methoxy-
phenylzinc bromide (2b) furnished the pyrididé¢ in 74%
yield after 24 h (entry 7). 3-Pyridylzinc bromide displayed

a reduced reactivity and reacted with 2-bromobenzophenone
only at 50°C, giving the keton&h in 76% yield within a 3

h reaction time (entry 9). Various substituted arylzinc
reagents such a&d or 2e reacted with 5-bromopyrimidine
(1f), leading to the product’i (82%) and3j (60%). In the
case of an electron-deficient arylzinc hali@e)(the reaction

had to be performed at 5@C within a 24 h reaction time
(entries 10 and 11). Aryl nonaflates proved especially
convenient substrates for the cross-coupling reaction as they
were usually easier to purify and more reactive than the aryl
triflates1? Thus, the reaction of the zinc reagéitwith the
nonaflatelk provided the quinolingk in 88% yield (entry

12). 2-ZincatedN-methylpyrrole (2g) obtained from the
corresponding lithium reagéritand ZnBp underwent a
smooth cross-coupling with 3-bromopyridingf) at 70°C
leading toS-nicotyrine3l in 62% yield (entry 13), a natural
product with insecticidal activify (Scheme 2).

Other arylzinc bromides such azh or 2i having a
trifluoromethyl- or a 1,3-dioxolane group provided the
corresponding biphenyBm—o in 68—94% vyields (entries
14—-16). Finally, for the cross-coupling of triflatél, we
probed the effect of the nature of the halide in the arylzinc
component. Thus, the cross-coupling reaction after the
transmetalation of 1-naphthylmagnesium bromide with ZnCl
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Table 1. Cross-Coupling Products of Type 3, Obtained by a Nickel-Catalyzed Cross-Coupling between Aryl Halides and Sulfonates
with Functionalized Arylzinc Compounds in the Presence of (ERG))H and DMAP

Entry Arylzinc of type 2 Aryl halide of type 1 Product of type 3 Reaction Yield (%)°

time (h)*
L O
MeOOhEr Br R O R
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aReaction time at 258C. P Yield of analytically pure product Reaction time and yield, obtained by using 3-chloropyridine as a substiReaction
performed at 50C. ¢ Reaction performed at 7%C. ' Yield obtained by using 1-naphthylzinc chloride as a reage®®. mmol scale reaction.
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Scheme 2. Synthesis off-Nicotyrine
ZnBry-THF (1.0 equiv)
// \\ BuLi-TMEDA 7 3-bromopyridine (1.0 equiv)
N hexane QU

\ Ni-cat. (0.05 mol%})
Me 55°C,15min Mo THF-NEP (8:1), 70 °C, 22 h
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or ZnBr, proceeded with practically the same yields 77
79%, entry 17).

In many cases, our cross-coupling reaction can be per-
formed with even much lower catalyst loadings. For instance,
the cross-coupling between 4-methoxyphenylzinc bromide
and ethyl 4-bromobenzoate or 5-bromopyrimidine were
complete at room temperature in the presence of NiCl
(0.0025 mol %), (EtQP(O)H (0.01 mol %), DMAP (0.01
mol %) catalyst after 24 h. In these cases, even nickel that
was present as an admixture in commercial ZnBbout 1

ppm, measured by atomic absorption spectroscopy method)

caused the formation of significant amounts of the cross-
coupling products. The source of such high efficiency of
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(EtO)LP(O)H and the role of DMAP in the ligand complex
is not yet clear, and the reaction mechanism is currently under
further investigation in our laboratory.

In summary, we have developed an efficient Ni-catalyzed
cross-coupling reaction of arylzinc halides with aryl bro-
mides, triflates and activated chlorides, using very small
amount of NiC} (0.05 mol %) with (EtO)P(O)H and DMAP
(0.2 mol % each) as ligands. The reaction scope is broad
and most of the cross-couplings proceed at room temperature.
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