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The introduction of an unsubstituted cyclopropyl moiety was efficiently accomplished via Negishi cross-
coupling of cyclopropylzinc bromide with functionalized aryl halides in high yields and fast reaction
rates. The stability and the efficient one-step synthesis of cyclopropylzinc bromide make this protocol
very valuable in particular for commercial applications.
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Molecules bearing cyclopropyl groups as structural motifs have
emerged as important synthetic intermediates and pharmaceutical
active molecules.1 In particular, the higher metabolic stability of
the cyclopropyl group compared to aliphatic residues toward
microsomal oxidation enables applications of these derivatives in
structure–activity relationship studies.2,4

The introduction of a cyclopropyl group can be accomplished by
several methods such as radical substitution on arenes by cyclo-
propyl radicals,3 cyclopropanation of vinyl arenes with diazometh-
ane,4 the classical Simmons–Smith reaction,5 transformations with
sulfonium ylids,6 or reactions with ferrocenyl carbenes.7 Although
the cyclopropanation toolbox provides versatile methods, the re-
quired vinyl arenes for the transformations are usually obtained
from aryl halides.

To circumvent this reaction sequence, the direct introduction of
the cyclopropyl group by cross-coupling reactions of the corre-
sponding cyclopropyl nucleophile with organic halides has been
reported by several groups from academia and industry.8 Kumada
coupling reactions with cyclopropylmagnesium halides can be per-
formed with nickel and palladium catalysts, however, the high
reactivity of organomagnesium reagents limits this technology to
substrates without sensitive functional groups.9,10 Knochel pub-
lished the in situ generation of functionalized cyclopropylmagne-
sium halides via Br–Mg exchange reactions using i-PrMgCl�LiCl.11

Most impressively, an ester group adjacent to the Grignard center
was tolerated when conducting the reactions at low temperatures
of �50 �C. Organotin compounds like cyclopropyl(tri-n-
butyl)stannane have not been frequently applied because of low
reactivity and limited scope.12 Gagnon et al. recently reported tri-
cyclopropylbismuth, generated from cyclopropylmagnesium bro-
mide and bismuth chloride, as a cyclopropanation reagent.
Although the cross-coupling with this novel reagent has a broad
scope and tolerates a broad variety of functional groups, the tricy-
ll rights reserved.

: +1 724 538 1258.
ner).
clopropylbismuth reagent is pyrophoric. This is a major drawback,
especially for applications at commercial scale.13

Wallace and Chen described the cross-coupling of cyclo-
propylboronic acid with aryl and vinyl halides employing an
in situ catalyst generated from Pd(OAc)2 and PCy3.14 Since cyclo-
propylboronic acid is prone to protodeboronation, which limits
its stability and shelf life, Molander and Gormisky developed a
cross-coupling protocol using the stable potassium cyclopropyltri-
fluoroborate as a nucleophile.15 Soderquist reported a method
which takes advantage of an in situ generation of a cyclopropylb-
orate complex from propargylic bromide and 9-borabicy-
clo[3.3.1]nonane.16,17 Although good to high yields and tolerance
to a broad variety of functional groups were observed under Suzuki
conditions,18 the multistep synthesis of cyclopropylboronic acid
derivatives often causes diminished yields of the nucleophile.

In 1996, Weichert et al. published a Negishi cross-coupling19

with cyclopropylzinc chloride, which was generated by cyclopro-
pylmagnesium chloride and zinc chloride by transmetallation,
and aryl bromides bearing functional groups such as methyl ester,
sulfone, or trifluoromethyl group. Reactions were conducted in the
presence of 5 mol % PdCl2dppf and the addition of 6–11 mol % of
CuI as co-catalyst was essential for high conversions and yields.20

Although the discussed protocols enable the direct introduction
of a cyclopropyl group by cross-coupling technology, to the best of
our knowledge there is no organometallic nucleophile which con-
solidates the following highly desirable properties: (1) synthesis of
the compound in high yield and few steps, (2) shelf life of several
months, (3) broad substrate scope and tolerance to sensitive func-
tional groups in cross-coupling reactions, and (4) convenient and
safe handling.

With the purpose to design a reagent which addresses these
desirable requirements and is in addition scalable for manufactur-
ing of commercial quantities, we investigated cyclopropylzinc bro-
mide in more detail.21 The reagent is known in the literature but
applications are rare and often it is generated in situ by
transmetallation.2b
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Table 1
Palladium-catalyzed cross-coupling reactions of aryl halides with cyclopropylzinc bromid

Ar-X + ZnBr

Pd
1-

RT

Entry Substrate Catalystb React

O
X

1 X@I Pd(PPh3)4, 2.5% 1/65
2 X@Br PEPPSI, 1% 1/65
3 X@Cl PEPPSI, 1% 4/65

4

OMe

O
Br PEPPSI, 1% 1/rt

5 OCH3I PEPPSI,1% 4/65

6 CNBr Pd(PPh3)4, 2.5% 18/65

7

CN

Br

Pd(PPh3)4, 2.5% 18/65

8

CN

Br

Pd(PPh3)4, 2.5% 24/65

9

N

S
Br PEPPSI, 1% 8/65

10

N Br
Pd(PPh3)4, 2.5% 24/65

11 PEPPSI, 0.1% 24/rt

12

N

Br

Pd(PPh3)4, 2.5% 4/65

13 NO2I Pd(PPh3)4, 2.5% 1/rt
14 PEPPSI, 1% 4/rt

a Isolated yields unless stated otherwise. Reactions conducted in THF on 10 mmol sca
b Catalyst loadings are not optimized.
c Cyclopropylzinc bromide was prepared as 1 M solution in THF by BASF.
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As depicted in Scheme 1, cyclopropylzinc bromide was conve-
niently prepared in one step by employing the Rieke active zinc
technology.22 We conducted the synthesis on multikilogram scale,
which provided the product as 1M solution in THF in excellent
yields of 80–90%.

The excess of Zn* was filtered off and the organozinc compound
obtained as a solution in THF. In contrast to other nucleophiles, we
were able to demonstrate in ongoing room temperature shelf life
studies for the first time that cyclopropylzinc bromide is stable
over six months and can be stored under an inert atmosphere
without loss of reactivity.23 In addition we found that the organo-
zinc reagent is non-pyrophoric as a 1 M solution in THF.

In order to evaluate the full scope and limitations of cyclopro-
pylzinc bromide in the Negishi cross-coupling reaction, we started
ec
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our studies with the conversion of 4-bromobenzotrifluoride in the
presence of 1% Pd(PPh3)4 in THF (Scheme 2). Very satisfyingly, we
observed a complete conversion of the aryl bromide to the desired
cross-coupling product after 20 h at room temperature. The reac-
tion proceeded cleanly and only a trace amount of the homocou-
pling by-product (<5%) of the electrophile was observed.
Interestingly, copper salts as co-catalyst, as reported by Weichert
et al., were not required to obtain high conversions.20

We evaluated the substrate scope using Pd(PPh3)4 and PEPPSI,
which was developed by Organ and co-workers,24 as catalysts. As
depicted in Table 1, a broad variety of aryl halides bearing sensitive
functional groups such as ketone, methyl ester, ether, nitrile, and
nitro group can be tolerated under the described reaction condi-
tions.25 No side products by an uncatalyzed nucleophilic attack
of the organozinc reagent on these functionalities were observed.
In the case of 4-chloro-acetophenone, PEPPSI was applied as cata-
lyst to accomplish high conversions (Table 1, entry 3). In other
reactions, PEPPSI was employed due to its good stability to air
and moisture, making its handling under an inert atmosphere
unnecessary (Table 1, entries 2–5 and 9).26 In the case of 2-bromo
pyridine, the cross-coupling could be conducted efficiently with
0.1 mol % PEPPSI at room temperature. Interestingly, 1-iodo-4-
nitrobenzene showed low conversions with PEPPSI whereas
Pd(PPh3)4 gave complete conversion after 1 h and the final product
was isolated in 77% yield (Table 1, entries 13 and 14). The influence
of the substitution pattern of the aryl halide had no significant im-
pact on the reaction rate. For example, 2-, 3-, and 4-bromo benzo-
nitrile were converted with comparable high reaction rates
providing isolated yields up to 91% (Table 1, entries 6–8). The reac-
tion with heterocycles like 2-bromo-thiazole, 2-bromo-pyridine,
and 2-methyl-4-bromopyridine gave good yields (56–99%) of the
corresponding cross-coupling product (Table 1, entries 9–12).

In conclusion, we have developed a powerful protocol for the
Negishi cross-coupling of functionalized aryl halides with cyclo-
propylzinc bromide. The method outperforms competitive tech-
nologies because the organozinc reagent can be synthesized in
excellent yields in only one step on multikilogram scale, shows
high reactivity, is compatible to sensitive functional groups and
convenient to apply. To the best of our knowledge, we are report-
ing for the first time, thermal stability data of cyclopropylzinc bro-
mide. In ongoing stability studies, no significant loss of reactivity
or decomposition of this non-pyrophoric reagent was observed.
This is of particular interest for applications at commercial scale.
The cyclopropyl Negishi cross-coupling protocol is very user
friendly and no diligent optimization of catalysts, additives, or sol-
vents was required to obtain high yields of the final products.
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