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Neopentyl arenesulfonates were reacted with methyl and
primary alkylmagnesium bromides in the presence of dp-
peNiCl2, via the nucleophilic aromatic substitution of neo-
pentyloxysulfonyl groups by the primary alkyl nucleophiles,
to produce the corresponding alkylarenes in good yields. This
result shows that the alkyloxysulfonyl group might be a
suitable alternative to halides and triflate in some circum-
stances.

Transition-metal-catalyzed coupling reactions are among
the most powerful synthetic tools for the construction of
carbon-carbon bonds.1 In particular, the nickel- and
palladium-catalyzed coupling reactions of organic elec-
trophiles with organoboronic acids,2 organostannanes,3
organozincs,4 alkenes,5 and aryl Grignard reagents6 have
emerged as extremely powerful methods during the past

few decades. However, the electrophilic components of
these reactions have been limited to organic halides and
triflates in most reports, despite the enormous effort that
has been made to diversify the leaving groups of the
electrophiles.

We recently reported that neopentyloxysulfonyl groups,
directly attached onto arenes, could act as excellent leav-
ing groups in the nickel-catalyzed reactions with aryl-
magnesium bromides.7 Surprisingly, neopentyl arene-
sulfonates did not undergo the famous coupling reaction
with arylmagnesium bromides via the displacement of
the arenesulfonates under the standard reaction condi-
tion.8 On the basis of this result, it was anticipated that
alkyloxysulfonyl groups would act as chemoselective
leaving groups in the presence of a nickel catalyst,
because they are not reactive toward palladium catalysts
at all. Indeed, the stepwise palladium- and nickel-
catalyzed reaction of bromobenzenesulfonates has been
successfully demonstrated to be a promising and concep-
tually straightforward route for preparing unsymmetrical
terphenyls.9 However, in previous reports, the nucleo-
philic substrates that could be used were restricted to
arylmagnesium bromides.

Although aryl nucleophiles have been thoroughly
investigated in most transition-metal-catalyzed couplings
and applied to a wide array of endeavors, the use of
unactivated alkyl nucleophiles has been less explored.10

Only a limited number of methyl and primary alkyl
Grignard reagents have been reported to react with aryl
or vinyl halides in the presence of a Ni(0) catalyst to give
the corresponding coupling products in moderate yields.11

Moreover, the reactions of secondary or tertiary alkyl-
magnesium halides have usually resulted in disappoint-
ing yields as a result of the isomerization of the alkyl
groups.12 Therefore, the development of a general coup-
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ling procedure utilizing unactivated sp3 nucleophiles
represents an interesting challenge in the field of organic
synthesis.

We recently found that neopentyl arenesulfonates
undergo nickel-catalyzed reactions with methyl and
primary alkylmagnesium bromides to produce the cor-
responding alkylarenes in good yields (Scheme 1). This
was particularly noteworthy, because neopentyl iodides
are known to react with methylmagnesium bromide13 and
dimethylzinc14 to give neopentylmethanes via the dis-
placement of iodide in the presence of the same nickel
catalyst. The preliminary results of this new coupling
reaction between alkyloxysulfonylarenes and primary
alkylmagnesium bromides are presented and discussed
below.

In this study, the alkyl arenesulfonates 1a-d are
prepared by employing a previously reported procedure.7
Two types of neopentyl moieties, 2,2-dimethyl-3-phenyl-
1-propyl and neopentyl, were selected as the alkyl groups
for the sulfonates, to avoid the competitive substitution
and elimination of arenesulfonate anions in the reaction
with these alkyl nucleophiles. The alkyl biphenylsul-
fonates 1e-i and terphenylsulfonate 1j were prepared
by the palladium-catalyzed coupling reaction of 2,2-
dimethyl-3-phenyl-1-propyl 4-bromobenzenesulfonate with
the corresponding arylboronic acids in good yields.9,15 The
displacement of the arenesulfonates and neopentyloxy-
sulfonyl groups was not observed under the standard
Suzuki-Miyaura reaction conditions.

The cross-coupling reactions of 1b with methylmag-
nesium bromide, 2a, were preliminarily investigated in
order to determine the optimum reaction conditions
(Table 1). The addition of the Grignard reagent was
carried out in two steps, 3 equiv initially and then 2 equiv
after 6 h, and the reaction mixture was heated for 12 h
overall at reflux. The naphthalenesulfonate 1b reacted
with 2a in the presence of [1,1′-bis(diphenylphosphino)-
ferrocene]dichloronickel(II) (dppfNiCl2), which gave the
best result for the reactions of the arylmagnesium
bromides,7 in good yields (entries 1 and 2). However, 1,2-
[bis(diphenylphosphino)ethane]dichloronickel(II) (dppeN-
iCl2) proved to be the best catalyst in the reaction of 2a
(entries 3-5). A brief solvent survey indicated that the
reaction efficiencies were generally highest when THF
was used as the solvent (entries 2, 4, 7, and 9). In
summary, these optimization studies demonstrated that

the highest yields were obtained when using dppeNiCl2

as the catalyst in refluxing THF.
The results of the cross-coupling reactions between the

various arenesulfonates 1 and the primary alkylmagne-
sium bromides 2, performed in the presence of 5 mol %
of dppeNiCl2 in refluxing THF, are summarized in Table
2. Most of the arenesulfonates reacted with 2a within
24 h to give the corresponding methylarenes 3a-i in high
yields (entries 1-10). 4,4′-Biphenyldisulfonate 1d reacted
with 2 equiv of 2a to generate 4,4′-dimethylbiphenyl 3d
with a good yield (entry 4). Methoxybiphenylsulfonate 1h
also gave a competitive yield without undergoing any
secondary cross-coupling reaction with excess Grignard
reagents via the cleavage of the carbon-oxygen bonds
(entry 8). Only vinylbiphenylsulfonate 1i failed to un-
dergo the coupling reaction with 2a (entry 9). The
reactivity of terphenylsulfonate 1j toward 2a was even
higher, being completely consumed within 15 h (entry
10). The faster reaction of the more conjugated arene-
sulfonates has been consistently observed in their reac-
tions with aryl nucleophiles.7,9

Primary alkylmagnesium bromides, not possessing a
â-hydrogen to magnesium, were adopted for the reactions
with 1. Two neopentylmagnesium bromides, 2b and 2c,
showed high reactivity toward the arenesulfonates. The
reactions of 2b with 1e and 1f and the reactions of
2-methyl-2-phenylpropylmagnesium bromide, 2c, with
1b, 1e, and 1h produced the corresponding neopentyl-
arenes 3j-n in good yields under the standard reaction
conditions (entries 11-15). However, the reaction of
benzylmagnesium bromide, 2d, with 1b afforded the
desired product, 3o, in reduced yield (entry 16).

It is noteworthy that the purification of the products
3 can be easily performed by chromatography, because
the amount of byproduct originating from the excess alkyl
nucleophiles is relatively small after the standard work-
up. In the reactions of the arylmagnesium bromides, the
large amount of biphenyls produced by the dimerization
of the aryl groups made the purification of the desired
cross-coupling products difficult in most cases.7 The
availability of a convenient method of purification would
allow this reaction to be useful, when a clean and
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SCHEME 1 TABLE 1. Effect of Catalyst and Solvent on the
Reaction of 1b with 2aa

entry solvent catalyst yield (%)b

1 Et2O dppfNiCl2 65
2 THF dppfNiCl2 89
3 Et2O dppeNiCl2 55
4 THF dppeNiCl2 96
5 DME dppeNiCl2 87
6 Et2O dpppNiCl2 62
7 THF dpppNiCl2 74
8 Et2O (PPh3)2NiCl2 55
9 THF (PPh3)2NiCl2 35

a Reactions of 1b (0.30 mmol) with 2a (1.5 mmol) were carried
out at the refluxing temperature of the indicated solvent (10 mL)
by using the indicated catalyst (0.015 mmol). b GC yield based on
1b.
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TABLE 2. Coupling Reactions of 1 with 2a

a Reactions of sulfonates 1 (0.30 mmol) with 2 (1.5 mmol) were carried out at the refluxing temperature of THF (10 mL) by using
dppeNiCl2 (0.015 mmol). b Yields of chromatographically isolated products based on 1. c GC yield based on 1.
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versatile means of cleaving the carbon-sulfur bond is
required, such as in the cleavage of polymer-bound
substrates in solid-phase organic synthesis (SPOS).

In summary, various neopentyl arenesulfonates were
reacted with methyl and primary alkylmagnesium bro-
mides in the presence of dppeNiCl2 to give the corre-
sponding alkylarenes in good yields. This reaction rep-
resents a novel method allowing the efficient and creative
substitution of sulfur-containing groups in aromatic
compounds. It also shows that the alkyloxysulfonyl group
might be a suitable alternative to halides and triflate in
some circumstances, especially when a chemoselective
leaving group, which is inert toward palladium catalysts
but reactive with nickel catalysts, is desirable. The
reactions of arenesulfonates with various alkylmagne-
sium halides are currently under investigation and will
be reported in due course.

Experimental Section

General Procedure for Preparation of Arenesulfonates
(1). To 2,2-dimethyl-3-phenyl-1-propanol (5.52 mmol) in chlo-
roform (12 mL) at 0 °C were added pyridine (0.85 mL, 10.5 mmol)
dropwise over a period of 20 min and sulfonyl chloride (5.25
mmol) in small portions. The reaction mixture was stirred at
room temperature for 12 h and diluted with Et2O. The organic
layer was washed with 0.1% aqueous HCl, water, and brine;
dried over MgSO4; and concentrated in vacuo. The crude
sulfonates 1 were purified by either column chromatography or
recrystallization.

Dineopentyl 4,4′-biphenyldisulfonate (1d) was prepared
by the reaction of neopentyl alcohol (0.63 g, 7.13 mmol) with
sulfonyl chloride (1.0 g, 2.85 mmol). The crude compound was
purified by recrystallization from n-hexane to give 1d (1.08 g,
83%) as a white solid: TLC Rf 0.74 (EtOAc); mp 193-194 °C
(uncorrected); 1H NMR (300 MHz, CDCl3) δ 0.93 (s, 18H), 3.75
(s, 4H), 7.79 (d, J ) 8.56 Hz, 4H), 8.03 (d, J ) 8.56 Hz, 4H); 13C
NMR (75 MHz, CDCl3) δ 26.1 (×6), 31.8 (×2), 80.1 (×2), 128.4
(×4), 128.9 (×4), 136.3 (×2), 144.6 (×2); HRMS (EI, 70 eV) calcd
for C22H30O6S2 (M+) 454.1484, found 454.1480. Anal. Calcd for
C22H16O6S2: C, 58.12; H, 6.65; S, 14.11. Found: C, 58.16; H,
6.32; S, 14.03.

General Procedure for the Cross-Coupling Reactions
of 1 with 2. To a stirred solution of sulfonate 1 (0.30 mmol)
and dppeNiCl2 (0.015 mmol) in THF (10 mL) was slowly added
Grignard reagents 2 (0.90 mmol) at room temperature. The
reaction mixture was heated at reflux for 6 h and cooled to room
temperature, and an additional 0.60 mmol of 2 was added to
the solution. The resulting mixture was heated at reflux for 6
h, cooled to room temperature, and diluted with Et2O. The
organic layer was washed with 1% aqueous HCl, water, and
brine; dried over MgSO4; and concentrated in vacuo.

N,N-Dimethyl-5-methyl-1-naphthalenamine (3c) was pre-
pared by the reaction of 1c (119 mg, 0.30 mmol) with methyl-
magnesium bromide 2a (3.0 M in Et2O, 0.30 mL, 0.90 mmol +
0.20 mL, 0.60 mmol) in the presence of dppeNiCl2. The crude
compound was purified by column chromatography (ethyl acetate:
n-hexane ) 1:10) to give 3c (43.9 mg, 79%) as a yellow oil: TLC
Rf 0.53 (Et2O/n-hexane ) 1:4); 1H NMR (300 MHz, CDCl3) δ 2.68
(s, 3H), 2.89 (s, 6H), 7.10 (d, J ) 7.22 Hz, 1H), 7.28-7.45 (m,
3H), 7.69 (d, J ) 8.39 Hz, 1H), 8.14 (d, J ) 8.39 Hz, 1H); 13C
NMR (75 MHz, CDCl3) δ 19.9, 45.4 (×2), 114.1, 119.3, 122.7,
125.0, 125.8, 126.8, 129.2, 134.2, 134.8, 151.6; HRMS (EI, 70
eV) calcd for C13H15N (M+), 185.1204, found 185.1286.

4-Methyl-4′-neopentylbiphenyl (3k) was prepared by the
reaction of 1f (136 mg, 0.30 mmol) with neopentylmagnesium
bromide 2b (0.5 M in THF, 1.80 mL, 0.90 mmol + 1.20 mL, 0.60
mmol) in the presence of dppeNiCl2. The crude compound was
purified by column chromatography (EtOAc/n-hexane ) 1:10)
to give 3k (55.78 mg, 78%) as a white solid: TLC Rf 0.74 (EtOAc/
n-hexane ) 1:4); mp 69-70 °C (uncorrected); 1H NMR (300 MHz,
CDCl3) δ 0.94 (s, 9H), 2.39 (s, 3H), 2.53 (s, 2H), 7.18 (d, J ) 8.1
Hz, 2H), 7.24 (d, J ) 8.1 Hz, 2H), 7.48 (d, J ) 8.3 Hz, 2H), 7.50
(d, J ) 8.3 Hz, 2H); 13C NMR (75 MHz, CDCl3) δ 21.1, 29.4 (×3),
31.8, 49.8, 126.1 (×2), 126.8 (×3), 129.4 (×2), 130.8 (×2), 136.7,
138.5, 138.6. Anal. Calcd for C18H22: C, 90.70; H, 9.30. Found:
C, 90.53; H, 9.21.

2-(2-Methyl-2-phenylpropyl)naphthalene (3l) was pre-
pared by the reaction of 1b (106 mg, 0.30 mmol) with 2-methyl-
2-phenylpropylmagnesium chloride 2c (0.5 M in Et2O, 1.8 mL,
0.90 mmol + 1.2 mL, 0.60 mmol) in the presence of dppeNiCl2.
The crude compound was purified by preparative TLC in
n-hexane to afford 3l (58.58 mg, 75%) as a white solid: TLC Rf
0.72 (EtOAc/n-hexane ) 1:4); mp 68-69 °C (uncorrected); 1H
NMR (500 MHz, CDCl3) δ 1.37 (s, 6H), 3.03 (s, 2H), 6.88 (dd, J
) 8.40, 1.61 Hz, 1H), 7.18-7.23 (m, 1H), 7.27-7.34 (m, 5H),
7.37-7.43 (m, 2H), 7.58 (d, J ) 8.40 Hz, 1H), 7.66 (dd, J ) 6.66,
2.42 Hz, 1H), 7.75 (dd, J ) 6.66, 2.42 Hz, 1H); 13C NMR (75
MHz, CDCl3) δ 28.4 (×2), 39.1, 51.4, 125.4, 125.8, 126.0, 126.5,
126.9 (×2), 127.7, 127.8, 128.2 (×2), 129.1, 129.4, 132.3, 133.4,
136.8, 149.2; HRMS (EI, 70 eV) calcd for C20H20 (M+) 260.1565,
found 260.1554. Anal. Calcd for C20H20: C, 92.26; H, 7.74.
Found: C, 91.98; H, 7.72.

4-(2-Methyl-2-phenylpropyl)biphenyl (3m) was prepared
by the reaction of 1e (114 mg, 0.30 mmol) with 2-methyl-2-
phenylpropylmagnesium chloride 2c (0.5 M in Et2O, 1.8 mL, 0.90
mmol + 1.2 mL, 0.60 mmol) in the presence of dppeNiCl2. The
crude compound was purified by recrystallization in ethanol to
afford 3m (52.41 mg, 61%) as a white solid: TLC Rf 0.72 (EtOAc/
n-hexane ) 1:4); mp 94-95 °C (uncorrected); 1H NMR (500 MHz,
CDCl3) δ 1.35 (s, 6H), 2.91 (s, 2H), 6.87 (d, J ) 8.11 Hz, 2H),
7.18-7.22 (m, 1H), 7.28-7.34 (m, 5H), 7.36-7.42 (m, 4H), 7.55
(d, J ) 7.24 Hz, 2H); 13C NMR (75 MHz, CDCl3) δ 28.4 (×2),
39.0 (×2), 50.9, 125.9, 126.4 (×2), 126.5 (×2), 127.2 (×2), 127.2,
128.2 (×2), 129.0 (×2), 131.1 (×2), 138.3, 139.0, 141.3, 149.3;
HRMS (EI, 70 eV) calcd for C22H22 (M+) 286.1721, found
286.1726. Anal. Calcd for C22H22: C, 92.26; H, 7.74. Found: C,
92.18; H, 7.65.

4-Methoxy-4′-(2-methyl-2-phenylpropyl)biphenyl (3n) was
prepared by the reaction of 1h (123 mg, 0.30 mmol) with
2-methyl-2-phenylpropylmagnesium chloride 2c (0.5 M in Et2O,
1.8 mL, 0.90 mmol + 1.2 mL, 0.60 mmol) in the presence of
dppeNiCl2. The crude compound was purified by recrystallization
in ethanol to afford 3n (62.66 mg, 66%) as a white solid: TLC
Rf 0.54 (EtOAc/n-hexane ) 1:4); mp 112-113 °C (uncorrected);
1H NMR (500 MHz, CDCl3) δ 1.35 (s, 6H), 2.90 (s, 2H), 3.84 (s,
3H), 6.85 (d, J ) 8.16 Hz, 2H), 6.94 (d, J ) 8.77 Hz, 2H), 7.18-
7.22 (m, 1H), 7.28-7.34 (m, 6H), 7.48 (d, J ) 8.77 Hz, 2H); 13C
NMR (75 MHz, CDCl3) δ 28.3 (×2), 39.0 (×2), 50.9, 55.5, 114.4
(×2), 125.9, 125.7 (×2), 126.5 (×2), 128.2 (×2), 128.2 (×2), 131.1
(×2), 133.9, 137.7, 138.6, 149.3, 159.3; HRMS (EI, 70 eV) calcd
for C23H24O (M+): 316.1827. found 316.1811. Anal. Calcd for
C23H24O: C, 87.30; H, 7.64. Found: C, 86.94; H, 7.52.

Supporting Information Available: Detailed experi-
mental procedures and spectroscopic data for 1a-1j and 3c,
3f, 3g, and 3i-3o. This material is available free of charge
via the Internet at http://pubs.acs.org.
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