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Abstract—The nickel catalyzed cross-coupling of alkyl and alkenyl Grignard reagents with aryl nitrile derivatives affords good
yields of the corresponding aryl alkanes or aryl alkenes via activation of the C—-CN bond. To prevent direct addition of the
nucleophile to the nitrile group, the reactivity of the Grignard reagent was modulated by reaction with either LiO#-Bu or PhSLi
prior to cross-coupling. The optimum catalyst was determined to be NiCl,(PMe,),, which is a convenient air stable commercially

available complex. © 2003 Published by Elsevier Science Ltd.

Transition-metal (usually as Pd(0) or Ni(0) complexes)
coupling reactions have taken a prominent role in the
formation of C-C bonds. The cross-coupling of
organozinc, organoborane, organomagnesium, and
organostanannes with aryl or alkenyl halides are all
standard procedures in modern organic synthesis.! In
most cases the corresponding organohalide derivatives
are utilized as the coupling partner. Recently, efforts
have been made to expand the scope of the reaction
and substrates which were previously deemed unreac-
tive (e.g. aryl fluorides, carbamates, thioethers) have
now been found to be suitable in transition-metal cross-
coupling procedures.” Interestingly, the activation of
the C—CN bond of benzonitriles using nickel catalysis
has been previously described.> However, until our
recent disclosure, this C—C bond cleavage reaction had
not been exploited in a synthetically useful fashion. We
reported last year that the NiCl,(PMes;), mediated
C-CN bond activation of benzonitriles could be par-
layed into a wuseful preparation of unsymmetrical
biaryls.* For example, the coupling of benzonitrile with
p-tolMgCl/t-BuOLi in the presence of this nickel cata-
lyst provides an 88% yield of the desired coupling
product Ph-tol. The Grignard reagents were typically
modified by the addition of either -BuOLi or PhSLi to
reduce the amount of nucleophilic addition to the
nitrile group during the cross-coupling event. The pur-
pose of this Letter is to expand the synthetic scope of
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this Ni-catalyzed coupling reaction to allow use of alkyl
and alkenyl Grignard reagents (RMgX/z-BuOLi or
PhSLi).

A survey of catalysts indicated that NiCl,(PMe;), was
generally superior to other Ni or Pd based catalyst
systems.>¢ It is interesting to note that palladium cata-
lyst precursors (Pd(dba),, PMe;) could participate in
the cross-coupling of the nitrile substrates, however, the
yields were too low for the reaction to have any syn-
thetic value. For example, under the Pd(0) conditions
described above, the reaction of 4-methoxybenzonitrile
and l-propenyl magnesium tert-butoxide provided a
small amount (8/1 mixture of 1a and 3a) of the cross-
coupling product 3a.

The synthetic scope of the cross-coupling of various
benzonitriles with modified Grignard reagents is illus-
trated in Table 1 and Scheme 1. As can be seen from
the list of results the coupling procedure can be applied
to benzonitrile derivatives with both electron donating
substituents (entries 1-5) in the para position as well as
electron withdrawing functionality (entry 13). In gen-
eral, the alkenyl Grignard reagent 2a (E/Z mixture)

= CN NiCly(PMes), = R'
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Scheme 1. Nickel(0) promoted cross-coupling of alkyl- and
alkenylmagnesium reagents and benzonitriles (see Table 1).
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Table 1. NiCl,(PMe;,), catalyzed cross-coupling of ArCN with organomagnesium reagents®*

Entry Aromatic Nitrile Grignard Product Temperature Yield %
(C)
1 /©/ N Nt 60 70%®
- MgOt-Bu Q/\/ :
MeO HaC™ 2a MeO 3a
la
Me
MgOt-Bu
2 60 56%
HyC 2b MeO 3b
3 /@A 60 33%
[>—mgot-Bu 2 \eo 3
4 /©//_\ 60 64%°
>—MgSPh 2d MeO 3¢
5 O/ N e 60 55%¢
~MgOt-Bu /©/\’ 6
MeN HyC™ Y g 2a MeN 3d
1b
CN MgOt-Bu e
6 /©/ /J\ 60 53%
Me 1a  HC 2b Me 3e
Me
7 CH;MgOt-Bu 2¢ /@/ 60 66%
Me 3f
n-Bu
8 /©/ 60 43%
n-BuMgO-tBu Me 3g

X Me
9 h. o\ MgOtBu /©/\’ 60 80%*
3 2a Me 3h
10 @/”‘B“ 60 53%"
©\ n-BuMgSPh 2g 3i
CN 1i

51%°
60

=
o
o
[=
w
=

n-BuMgOt-Bu 2f

60 77%"

5
5/
5

X MgOt-Bu
HyC 2a 3
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Table 1. (Continued)

CN
= T
F

Hy C’P\/ MgOt-Bu

le 2a
MgOt-Bu
14
Is B
X MgOt-Bu
QCN It Hso-"'\/ g 2a
16 B
X MgOt-Bu
0" CN 1 HyC™ 19 2a
17 ® X MgOt-Bu
N“CN  1h HsC 2a
18 n-BuMgOt-Bu 2f

(a) E/Z mixture.

(b) The addition product of the Grignard to benzonitrile was formed in 7% yield.
(c) The addition product of the Grignard to benzonitrile was formed in 26% yield.

Me 60 66% 0

/@ 60 46%"
F 3l

S

Ci/
@

TN e 60 46%"
9) 3n
[ 23 59%
N/ 7 Me 3o

AN
| 23 68%

-

N" "n-Bu 3p

(d) For representitive procedure see reference 8. All cross-coupling reactions were run overnight (15-18 h).

(e) All yields were determined by GC using an internal standard.

(f) Activation of the C-F bond also occurs in the reaction of 4-fluorobenzonitrile with the modified alkenylmagnesium Grignard. The resulting cross-
coupling provided trace amounts (5%) of the 1,4-dialkenylbenzene derivative by GC/MS.

provides styrene adducts (3a, d, h, j, m—o0) as a mixture
of E and Z isomers. Kumada has demonstrated that the
coupling of stereodefined Grignard reagents under
Ni(0)-catalysis produces a mixture of (£) and (Z) alke-
nes via isomerization of the nickel coordinated alkenyl
magnesium reagent.” More sterically demanding
organomagnesium reagents such as (2b) are also com-
patible to the Ni catalyzed cross-coupling methodology
affording synthetically useful yields of the desired sty-
rene compounds (3b,e, and 1). The cyclopropyl Grig-
nard reagent couples efficiently, however, the yield of
the reaction is superior if the thiophenoxide derivative
(2d) is used as the cross-coupling partner (compound
3c, entries 3 and 4). In addition, heterocyclic nitrile
compounds such as 2-thiophene carbonitrile 1f and
2-furan carbonitrile 1g are also effective substrates in
this nickel catalyzed carbon—carbon bond forming pro-
cedure (entries 15 and 16). This Ni(0)-catalyzed method
is ideal for the construction of alkylarenes via the
coupling of benzonitriles with modified alkyl Grignard
reagents. Thus, the coupling of either MeMgOz-Bu or
n-BuMgO¢-Bu with p-methylbenzonitrile 1d provides
the desired arene compounds p-xylene and n-butyl-
toluene in 66% and 43% yield respectively (entries 7 and
8).

In summary, the nickel catalyzed cross-coupling of aryl
nitriles and Grignard reagents provides an efficient
method for the preparation of styrene and alkyl arene
derivatives via activation of the C-CN bond by Ni
catalysis. We are continuing to pursue other related
transformations of this novel chemistry in our
laboratories.
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methylbiphenyl) failed to provide any of the desired
styrene adduct 3a resulting in complete recovery of the
benzonitrile starting material (1a). Pd(¢-Bu;P), was also
found to be ineffective as a catalyst in this cross-coupling
reaction. A combination of 5 mol% Pd(OAc), and 2-(dicy-
clohexylphosphino)-2'-methylbiphenyl (7.5 mol%) afforded
small amounts of the desired styrene compound with the
starting benzonitrile as the major component (1/9.8 3a/la
by GC).
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reaction was heated to 60°C for 15 h. An aliquot was
withdrawn and quenched with 1 M solution of sodium
citrate. GC analysis indicated the formation of 3¢ (1.21
mmol, 64%) and the -cyclopropyl(4-methoxyphenyl)-
methanone (0.21 mmol).
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