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Abstract—Arylzinc reagents were readily prepared from aryl iodides using a Zn—Cu couple in a microwave environment. A
sequential arylzinc formation-Negishi cross-coupling protocol suitable for parallel high-throughput synthesis has been developed.
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Microwave dielectric heating has become an important
tool in organic chemistry and, particularly, in high-
throughput synthesis.! Many chemical reactions can be
performed more rapidly and in higher yields under
microwave irradiation than using conventional condi-
tions. Among these, the advantages of diclectric heating
have been demonstrated in transition metal catalyzed
C-C bond forming reactions involving organozinc
reagents.”> However, the generation of organometallic
species directly from metals under dielectric heating
conditions has found only very limited application in
organic synthesis.> To the best of our knowledge, there
is no report on the synthesis of main group organo-
metallic and organozinc reagents from the correspond-
ing metals in a microwave environment.

A complicating factor in the heating of a metal-organic
solvent system by microwaves is destructive electrical
arcing. Whittaker and Mingos have demonstrated that
the use of low microwave power and small, well-dis-
persed metal particles in a polar, high boiling point
solvent can substantially diminish the arcing.* These
findings have opened doors to synthetic applications of
metals under microwave conditions. Given the impor-
tance of arylzinc reagents in C—C bond forming chem-
istry,> we decided to apply microwave dielectric heating
to facilitate generation of arylzinc species from aryl
iodides and zinc.®
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Initially, we made certain that the microwave irradiation
of zinc in organic solvents can be carried out safely
under the conditions reported by Whittaker and Min-
gos.” Thus, dielectric heating of zinc dust® at various
temperatures was performed in DMF as well as in
ethereal solvents such as 1,4-dioxane, THF and DME,
which are routinely used for the preparation of
organozinc species. To our delight, temperature and
pressure profiles of the heating did not show any un-
usual behavior such as a quick rise in temperature or a
sudden change of pressure, demonstrating that micro-
wave irradiation of zinc dust under the tested conditions
is a safe and reliable procedure.’ These results rendered
further studies of microwave assisted zinc insertion into
aryl-iodine bonds feasible. Ethyl 4-iodobenzoate 1a was
chosen as the substrate and yields of the corresponding
arylzinc iodide 2a were determined by performing a GC
analysis of the hydrolysis and iodolysis products.!’

Activation of zinc dust is necessary to initiate the
insertion of the metal into an aryl-iodine bond. There-
fore, representative activation protocols such as treat-
ment with aqueous HCI prior to use!' as well as addition
of 1,2-dibromoethane/TMS-CI'> and iodine!®> were
examined. None of these activation methods brought
about the formation of the desired arylzinc iodide 2a
under the conditions tested (Table 1, entries 1-3). At-
tempts using 0.5 equiv of Cul as an additive'* (entry 4)
and replacing the zinc dust with the commercially
available Zn—Cu couple!® (entry 5) also proved to be
unsuccessful. In contrast, the Zn—Cu couple prepared
from zinc dust according to the LeGoff procedure'®
afforded the arylzinc reagent 2a in reasonable yields
(entry 6). Consequently, further studies were carried out
using the in-house prepared Zn—Cu couple.
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Table 1. Evaluation of zinc activation methods for the generation of organozinc iodide 2a

0
O
o

Zn source

o)
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Etl additive, solvent  EtO
1a Mw
2a

Entry Zn source Additive or activation method  Solvent Temp (0°C) Time (min) Yield of 2a (%)*
1 Dust HCI wash DMF 100 10 6°
2 Dust Iodine DMF 100 10 3b
3 Dust 1,2-DBE, TMSCI DMF 100 10 7°
4 Dust Cul°® DMF 100 10 14°
5 Zn—Cu couple? — DMF 100 10 ob
6 Zn—Cu couple — DMF 100 10 87
7 Zn—Cu couple TMEDA' T™U 100 15 55
8 Zn—Cu couple® — DMF 100 10 72
9 Dust 1,2-DBE, TMSCI DME 160 30 4>
10 Zn—Cu couple — DME 160 30 52
11 Zn—Cu couple TMEDAS DME 140 30 81
12 Zn-Cu couple TMEDAS THF 140 30 80

#Reactions were run using 1.0 mmol of aryl iodide, 6.0 mmol of the zinc source in 2.0 mL of solvent; yields were determined by GC analysis of

hydrolyzed and iodolyzed aliquot.
®The major product was the unreacted starting iodide 1a.
©0.5mmol of Cul was added.
9The Zn—Cu couple was purchased from Aldrich and Acros.
¢ Twofold increase in concentration of reactants was employed.
"1 mmol of TMEDA was added.

Zinc insertion readily occurs in polar solvents such as
DMF" and 1,1,3,3-tetramethylurea (TMU) (entries 6—
7). Arylzinc iodide 2a was also formed in less polar
ethereal solvents such as DME and THF"® provided that
lequiv of TMEDA was added (Table 1, entries 10—
12)." A typical concentration of aryl iodide la was
0.5M and a sixfold excess of the Zn—Cu couple was
required to achieve the best yields of arylzinc iodide 2a.
Higher concentrations of both reactants caused a slight
attenuation in yield, presumably due to diminished
stirring efficiency (Table 1, entry 8 vs entry 6).

Table 2 illustrates the scope of the procedure.?’ The time
and temperature profiles of the oxidative addition of
zinc depended on the structure of the aryl iodide.?! For
aryl iodides possessing electron withdrawing substitu-
ents, microwave heating at 100 °C for 10 min was suffi-
cient to form the corresponding organozinc species 2a—d
in 70-87% yields (Table 2, entries la, 2-4). ortho-
Substituted iodo-arene?* 1k as well as heterocyclic iod-
ides 11-m required even milder conditions to generate
the corresponding organozinc species (Table 2, entries
11-13). In contrast, higher temperatures and longer
times were required in the case of the less reactive aryl
iodides 1g—i possessing electron donating substituents
(Table 2, entries 7-9). Selective formation of bromo- and
chloro-substituted arylzinc iodides 2h,j (Table 2, entries
8,10) was possible, as aryl bromides and chlorides were
completely unreactive under standard conditions. Poor
yields in the case of the ketone le (Table 2, entry 5)
could be attributed to the undesired quench of the
generated arylzinc iodide 2e by a proton from the ketone
moiety. This assumption was supported by the particu-
larly high amount of deiodinated product (55%, GC
yield) observed after iodolysis of the reaction aliquot.

To demonstrate the suitability of this methodology for
high-throughput synthesis, the design of a sequential

microwave assisted arylzinc formation-Negishi coupling
protocol was addressed. 4-Bromobenzaldehyde was
employed in the cross-coupling with the arylzinc species
under microwave conditions (see Table 2). Among the
various catalysts tested, (PPh;),PdCl, was the most

Table 2. Microwave assisted preparation of arylzinc iodides 2 and
Negishi cross-coupling with 4-bromobenzaldehyde

o)
Zn-Ci & /H
n-Cu 0]
//
R@' DMF R@n (PPh,),PdCl, R Q H
1 or 2 or 3
THF-TMEDA (PPh,),NiCl,
Entry  Aryl iodide Temp Time  Yield of Yield of
(Arl) °C) (min)  ArZnl 2 aldehyde 3
o
CO,Et
la Q 100 10 87 85
! la
1b la 140 30 80 71¢
|
2 @ 100 10 70 82
CO,Et
1b
CN
3 /©/ 100 10 87 95
I
1c
CF
4 /©/ 100 10 77 85
|
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Table 2 (continued)
Entry  Aryl iodide Temp Time

Yield of  Yield of

(ArI) (°C) (min) ArZnl 2 aldehyde 3
(%) (%)
COMe
5 100 10 15 N/A
: le
|
6 ©/ 100 15 89 784
1f
OMe
7 Q 125 15 75 76°
|
1g
|
8 /©/ 125 15 86 67
Br
1h
Me |
9 C&Me 130 15 7 57
Me
1i
|
10 Qg 100 2 81 82
F
1j
CF,
1 @ 80 2 60 87
|
1k
|
AN
12 \ 80 5 7 92
o
N
11
/A
13 ,@ 60 3 79 96

=

#Reactions were carried out using 1.0 mmol aryl iodide 1, 6.0 mmol of
a Zn—Cu couple in DMF (2.0mL); yields were determined by GC
analysis of hydrolyzed and iodolyzed aliquot.

®Reactions were run using a solution of arylzinc reagent, 0.7 mmol of
4-bromobenzaldehyde and 0.03 mmol (PPh;),PdCl, in 1.0mL DMF
at 120 °C for 5min; yields of isolated products were calculated based
on 4-bromobenzaldehyde.

°The reaction was run using a THF solution of arylzinc reagent,
0.7mmol of 4-bromobenzaldehyde and 0.03 mmol (PPh;),NiCl, in
1.0mL THF at 120°C for 5min; the yield of isolated product was
calculated based on 4-bromobenzaldehyde.

9The Negishi cross-coupling was performed at 120 °C for 10 min.

®The Negishi cross-coupling was performed at 100 °C for 15 min.

efficient in DMF as solvent, while (PPh;),NiCl, was the
catalyst of choice for the cross-coupling reaction in
THF. Heating the arylzinc iodide 2a and 4-bromo-
benzaldehyde in DMF at 120°C for 5min in the pres-
ence of 3mol% of (PPh;),PdCl, afforded an 85%
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Figure 1. Conversion rates of iodo-mesitylene 1i to mesitylzinc iodide
2i under conventional heating conditions (oil bath) and under micro-
wave irradiation.

isolated yield (based on 4-bromobenzaldehyde) of biaryl
aldehyde 3a. The analogous Ni-catalyzed reaction in
THF was slightly less efficient affording 71% of the
desired product 3a. Although both catalyst systems
demonstrated comparable efficiency in the Negishi
reaction, the superiority of DMF as the solvent for the
microwave assisted generation of arylzinc species dic-
tated the application of (PPh;),PdCl, to catalyze the
cross-coupling reaction. Subsequently, a series of biaryl
aldehydes 3 (Table 2) was synthesized in good to
excellent yields using the sequential microwave assisted
arylzinc formation-Negishi coupling protocol.?’

Additional experiments were conducted to study the
possible acceleration of the reaction by microwaves.
Thus, the rates of formation of the mesitylzinc iodide 2i
were measured both under dielectric heating conditions
and in an oil bath? (Fig. 1). Indeed, initial acceleration
of the reaction rate under dielectric heating conditions
was observed (56% vs 10% after 2min and 79% vs 52%
after S5min) and this could be attributed to the more
rapid dielectric heating process.

In conclusion, we have shown that the use of a Zn—Cu
couple under dielectric heating conditions allows the
preparation of arylzinc species directly from aryl iod-
ides. The reaction benefits from reduced reaction time,
operational simplicity and ease of automation. To
demonstrate the suitability of the methodology devel-
oped for parallel high-throughput organic synthesis, a
sequential arylzinc formation-Negishi cross-coupling
protocol has been designed. Further studies to expand
the application of the Zn—Cu couple in conjunction with
microwaves are currently in progress.

Note added in proof: Related work on the generation of
arylzinc halides from Rieke zinc and subsequent Negishi
coupling under microwave conditions has recently appeared:
Walla, P.; Kappe, C.O. Chem. Commun. 2004, 564.
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