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Summary: A highly reactive nickel like Rieke’s nickel can
be prepared by electrolysis of a DMF solution containing
0.3 M BusNBF4 in an undivided cell with a platinum
cathode and a nickel anode without massive deposition
onto the cathode at a constant current of 10 mA/cm? at
0 °C under an argon atmosphere. The transmission
electron micrograph of the electrogenerated nickel shows
the particle size to be 2—3 nm. The Ullmann-type
reaction of aryl halides with the reactive nickel proceeded
with approximately the same yields when using Rieke’s
metal.

Introduction

There are many reports on the methods of metal
activation.! The typical examples of metal activation
are Rieke’s method,? the metal vaporization method,3
metal—graphite reagent,* and the ultrasound method.®
Each method has its own advantageous features. How-
ever, highly reactive metals have been generally pre-
pared by the reduction of metal halides with lithium
naphthalenide (Rieke’s metal).267 Other reductive
methods for the preparation of highly reactive metals
such as Reike’s metal have not been reported. But, in
many cases Rieke's method usually requires a long
reaction time and complete removal of large amounts
of naphthalene before or after the desired metal-induced
reaction. For example, the preparation of active nickel
using Rieke’s method required stirring at room temper-
ature for 12 h.

On the other hand, an electrochemical method for the
preparation of reactive zinc has been reported.8~1 The
electrogenerated zinc was used for the oxidative addition
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reaction of allyl halides®~1° and benzyl halides.* How-
ever, this electrogenerated zinc has not been used for
the oxidative addition reaction of aromatic halides.

Although, Périchon and co-workers have recently been
the first to report!? the preparation of 3-thienylzinc
bromide as an arylmetal reagent from 3-bromothiophene
by an electrochemical method, this method is not similar
to the preparation of active zinc, which is used for the
oxidative addition of aryl halides, and requires elec-
trolysis in the mixture of aryl halides and a supporting
electrolyte. During the electrolysis, aryl halides, as a
starting material, might be limited in use, because the
aryl halides can possibility be oxidized or reduced by
the electrolysis.

If the metals generated by the electrolysis have a high
reactivity like Rieke's metal, this method would be
considered to have a wide use in synthetic organic
chemistry. Recently, Reetz and co-workers reported!3
the preparation of electrogenerated nickel, but the
report was focused on the structural study of electro-
genelated nickel and the reactivity for [3+2] cycloaddi-
tion reaction with the nickel as a catalyst. We now
report a method for the preparation of a reactive nickel
and the Ullmann-type reaction of aryl halides with the
reactive nickel in order to demonstrate the high reactiv-
ity, as compared with Rieke’s nickel. For general and
wide use in synthetic organic chemistry, the nickel was
prepared by electrolysis in an undivided cell at a
constant current without potentiostatic control.

Results and Discussion

A highly reactive nickel was prepared by electrolysis
in a DMF solution containing 0.3 M BusNBF, using an
undivided cell with a platinum cathode (1 x 2 cm) and
a nickel anode (1 x 2 cm). Electrolysis was carried out
without massive deposition on the cathode at a constant
current of 10 mA/cm? at 0 °C under an argon atmo-
sphere to give a nickel-DMF suspension. During the
electrolysis, a nickel anode was dissolved to give nickel
ions, which were reduced at the platinum cathode to
give nickel metal. The nickel, electrolyzed at 0 °C, has
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Table 1. Reaction of Ethyl 4-lodobenzoate with
Nickel Preparated at Various Temperatures

temp., 10 mA/cm?
0.3 M BuyNBF4-DMF m

MeOOC
o ®
DMF, 100°C, 30 min O
MeOOC COOMe

preparation of

Pt (cathode)-Ni (anode)

nickel temp (°C) yield (%)
room temp 0
20 56
0 90
—20 41

0°C, 10mA/cm?

Pt (cathode)-Ni (anode) ———=————~—»
0.3M DMF-BuyNBF,

Eg-Ni

80

1 2 3 4 5 6 7 8

Columb (x 96.5)
Figure 1. Amount of Eg-Ni powder against coulombs.

a high reactivity for an Ullman-type reaction. However,
when the electrolysis was carried out at room temper-
ature or —20 °C, the Ullmann-type reaction with the
nickel produced low yields (Table 1).

First, the amount of nickel produced by electrolysis
was investigated. As shown in Figure 1, 579 C (ca. 2
h) was needed for the generation of 1 mmol of nickel
(59 mg). The electrolysis time depended on the electrode
area.

One of the most important factors for the high
reactivity of active metal is considered to be the particle
size (or surface area).’* Therefore, we investigated the
particle size of the electrogenerated active nickel by
transmission electron micrograph (TEM). The TEM
shows the particle size to be 2—3 nm, as shown in Figure
2. These results show that the electrogenerated active
nickel is the same size as Rieke's metals!* and metal
graphites.1®

After the electrolysis, the nickel-DMF suspension
was transferred to a reaction flask using a syringe and
was used for the Ullmann-type reactions. As shown in
Table 2, the reaction of various 4-substituted iodoben-
zenes with the nickel suspension (1.5 equiv of nickel for
iodobenzenes based on Figure 1) proceeded to give the
corresponding biphenyls in good yields. The reaction
of 4-iodobenzonitrile and 4-iodoanisol with the electro-
generated nickel gave the corresponding biphenyls in
68% (Table 2, entry 4) and 75% (Table 2, entry 5) yields,
respectively. The yields are almost the same, 85% and
68%, using Rieke’s active nickel. On the other hand,
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Figure 2. Transmission electron micrograph of electro-
generated nickel.

Table 2. Ullmann-Type Reaction with Aryl

Halides
DMF, temp, time
2
entryno. X R temp (°C) time (h) vyield (%) 2
1 | COOMe room temp 0.5 20 a
2 | COOMe 50 0.5 60 a
3 | COOMe 100 0.5 90 a
4 | CN 100 1 68 (852 b
5 | OMe 100 1 75 (68)2 ¢
6 | H 100 1 58 d
7 | NO- 100 4 b
8 Br COOMe 100 6 5 a
9 Br COOMe 130 6 37 a
10 Br OMe 130 1 (0)2
11 Br CN 130 3 77 (712 b
12¢ | COOMe 100 24 0

a Figures in parentheses are yields using Rieke’s nickel. ® Prod-
uct is 4-iodoaniline (29%). ¢ Yield using commercial available Ni
(3—7 um, 10 equiv).

the reaction using 10 equiv of commercially available
nickel powder (3—7 um) gave no corresponding biphenyl
derivative (Table 2, entry 12).

Conclusion

The results of this work show that the nickel, which
was prepared by electrolysis using BusNBF, as the
supporting electrolyte, has a high reactivity for Ull-
mann-type reaction, and TEM shows that the particle
size of the active nickel is 2—3 nm. This method can
be concluded to produce highly reactive nickel without
using lithium naphthalenide, the preparation of which
is somewhat complicated.

Experimental Section

All melting points and boiling points are uncorrected. The
TEM was a JEOL JEM2000EXII with an acceleration voltage
of 200 kV. The samples were under a nitrogen atmosphere.
IR spectra were measured on a JASCO IR-810 spectropho-
tometer. *H NMR spectra were recorded on a Varian Gemini
2000 (300 MHz). Chemical shifts are expressed in d (ppm)
values with tetramethylsilane (TMS) as the internal reference,
and coupling constants are expressed in hertz (Hz). The
following abbreviations are used: s = singlet, d = doublet, t
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= triplet, dd = double doublet, and dt = double triplet. Mass
spectra (MS) and high-resolution mass spectra (HRMS) were
recorded on JMS-DX303 and JMS-AX500 instruments, respec-
tively.

Preparation of Electrogenerated Nickel. A platinum
sheet (1 x 2 cm?) as the cathode and a nickel sheet (1 x 2
cm?) as the anode were placed in a 15 mL H-shaped undivided
cell which contained 0.3 M Bus,NBF,—DMF (8 mL). Electroly-
sis was carried out under an argon atmosphere at a constant
current of 10 mA/cm? at 0 °C until 675 C of electricity was
passed, producing a black suspension containing the active
nickel (85 mg, 0.75 mmol based on Figure 1).

Construction of the Coulomb—Nickel Graph. After
electrolysis, dry THF (30 mL) was added to the black nickel
suspension, the mixture was centrifuged (3500 rpm, 1 h), and
the supernatant was discarded. Dry THF was added to the
precipite, the mixture was stirred and centrifuged (3500 rpm,
10 min), and the supernatant was discarded. The precipitate
was then dried under reduced pressure.

General Procedure for the Ullmann-Type Reaction of
Aryl Halides. The mixture of aryl halides (0.5 mmol) and
elecrogenerated nickel was heated. After cooling, the reaction
mixture was filtered through a Celite pad. The filtrate was
extracted with Et,0 (30 mL x 3), dried over MgSQO,, and
evaporated under reduced pressure. The crude product was
purified by column chromatography followed by distillation or
recrystallization.

Notes

4,4'-Dimethoxycarbonylbiphenyl (2a): mp 204—206 °C
(lit.*6 208—212 °C); IR v (neat) 1719, 1281 cm™%; 'H NMR
(CDClg) 6 3.96 (6H, s), 7.70 (4H, d, J = 8.5 Hz), 7.80 (4H, d, J
= 8.5 Hz).

4,4'-Dicyanobiphenyl (2b): mp 234-236 °C (lit.*” mp
237-238 °C). IR v (KBr) 2230 cm™%; 'H NMR (CDCl3) 6 7.70
(4H, d, 3 = 8.5 Hz), 7.80 (4H, d, J = 8.5 Hz).

4,4'-Dimethoxybiphenyl (2¢): mp 177—-178 °C (lit.®* mp
171-174 °C); IR v (KBr) 1250 cm™*; *H NMR (CDCls) 6 3.85
(6H, s), 6.96 (4H, d, J = 8.5 Hz), 7.48 (4H, d, J = 8.5 Hz).

Biphenyl (2d): mp 68—69 °C (lit.*®* mp 71 °C); *H NMR
(CDCls) 6 7.37 (2H, t, J = 6.9 Hz), 7.45 (4H, d, J = 6.9 Hz),
7.60 (4H, d, J = 6.9 Hz).
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