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Aryl nitriles can be efficiently synthesized through transition-metal-mediated cyanation of aryl halides,
arenes, aryl boronic acids, and so on. Among those most commonly used transition-metals, copper cata-
lysts are surely much more inexpensive and easier to handle, compared to any other metal catalysts. Con-
sidering the high-efficiency of copper catalysts in the activation of C-X, C-H, and C-B bond as well as in
the formation of C-CN bond, this Letter summarizes various copper-mediated cyanations based on the
different kinds of cyanide reagents, such as metal cyanides, potassium hexacyanoferrate(Il), acetone cya-
nohydrins, DDQ, AIBN, benzyl cyanide, malononitrile, nitromethane, and DMF. Our group’s recent contri-
butions to this area are also demonstrated.

© 2014 Elsevier Ltd. All rights reserved.

Introduction

Aryl nitriles are an important class of organic compounds. They
are present as a key motif of natural products, pharmaceuticals,
agrochemicals, dyes, and herbicides.! Moreover, aryl nitriles are
well-known as versatile intermediates for the preparation of
amines, amidines, amides, aldehydes, carboxylic acids, and tetra-
zoles.? Take the synthesis of losartan, which is an angiotensin II
receptor antagonist, for example.® Losartan is a tetrazole derivative
like many other sartans drugs. The part of tetrazole structure can
be synthesized from aryl nitrile and sodium azide. Hence, 4'-
methyl-[1,1’-biphenyl]-2-carbonitrile is the key precursor in this
conversion (Scheme 1).

Undoubtedly, the preparation of aryl nitriles shows great
importance in organic synthesis. Among these preparation pro-
cesses, the most popular synthetic strategies are the classical
Rosenmund-von Braun reaction and Sandmeyer reaction, starting
from aryl halides and aryl diazonium salts, respectively
(Scheme 2).* However, both of them utilize stoichiometric
amounts of CuCN as cyanating reagent under relatively high tem-
perature, which indicates equal amounts of metal waste and
pollution.

The transition metal-mediated cyanation reactions have been
more and more attractive in these years, among which palladium
and copper are most commonly involved.® Researchers have estab-
lished lots of cyanation methods based on these metal catalysts
and also disclosed a series of cyanating reagents.®’” While compar-
ing to Cu-catalyzed cyanation reactions, Pd-catalyzed cyanation
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reactions suffer from several drawbacks, in spite of their high effi-
ciencies. The most obvious disadvantage is that many palladium
catalysts are relatively expensive, as are their corresponding li-
gands. Moreover, in some cyanation reactions, excess dissociative
cyanide anion (CN™) would poison the palladium catalyst and re-
strain the reactions, owing to the high affinity of CN~ to
palladium.®

Given the unfavorable factors mentioned above, copper cata-
lysts show several distinctive advantages in cyanation reactions.
Cheap and commercially available copper sources make various
cyanations possible under much milder reaction conditions,
including copper-mediated cyanation of aryl halides, arenes, as
well as aryl boronic acids. Most of them show great efficiency in
each reaction. Although several recent reviews about cyanation
reactions mainly discussed palladium-catalyzed cyanation of aryl
halides,>”< synthesis of aryl nitriles using nonmetallic cyano-
sources,” and transition-metal-catalyzed C-CN bonds couplings,>®
there are no specific reviews focused on the copper-mediated cya-
nation reactions. Herein, we describe recent developments in cop-
per-mediated cyanations, classified by the cyanide source.

Metal cyanides

Metal cyanide (MCN) has been commonly used in direct cyana-
tion reactions, such as KCN, NaCN, CuCN, Zn(CN),, AgCN, TMSCN,
etc. A serious issue in common with all is their high toxicity. How-
ever, such drawback has not limited their wide applications in
transition metal-mediated cyanation reactions. Besides palla-
dium-catalyzed cyanations with these cyanides, copper-catalyzed
cyanations are also universal.
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Table 1
Cyanation of aryl bromides with NaCN

10 mol% Cul, 20 mol% KI ~ cemmmmee e oo N
1.0 equiv ligand 1

: 7\
Ar—Br —mMmMm————————> — !
r—Br 1.2 equiv NaCN Ar—CN ! Me(H)N N(H)Me
i
I

Toluene, 110-130°C, 24 h o _______1_______ )

Losartan

Scheme 1. Preparation of Losartan from 4’-methyl-[1,1’-biphenyl]-2-carbonitrile. : “
91% (110°C) 90% (130 °C) 98% (130 °C)
CuCN
Ar—X — > Ar—CN (Rosenmund-von Braun reaction)
150-250 °C
X=1,Br
CuCN 80% (110°C, 20 h)  70% (130 °C) 70% (130 °C)
Ar—N,"X" = > Ar—CN (Sandmeyer reaction)
60-100 °C
Scheme 2. Classical Rosenmund-von Braun reaction and Sandmeyer reaction.
Table 2

Cyanation of heteroaryl bromides with NaCN

aryl bromides via a halide exchange (Scheme 3).° They disclosed 10:molth Cul, 20 molté KI Pt i

In 2003, Buchwald demonstrated copper-catalyzed cyanation of

1.0 equiv ligand 1 ! /\ '
that Cul worked much better than CuBr or CuCN in the cyanation Het=Br —  equvNacN . Het=CN iMe(HN  N(H)Me ;
of aryl bromides. The result was explained as copper-catalyzed Toluene, 110 °C, 24 h R 1 '

conversion of aryl bromide into aryl iodide, which was more reac-
tive in cyanation reaction. Thus, by addition of 20 mol % KI to the m Q—X }CN
reaction, the efficiency of this cyanation reaction was improved.

Moreover, addition of ligand seemed to be very beneficial for this 95% 74%

% 80%
cyanation. This reaction had a wide substrate scope with a great o
tolerance of functional groups (Table 1). And various heteroaryl
bromides also preformed excellently via this cyanation, including
some indoles, benzothiophenes, quinolines, and pyrazoles
(Table 2).
In 2010, Daugulis and co-workers reported a copper-catalyzed Table 3 ) )
. . . CuCN-catalyzed cyanation with NaCN
cyanation of heterocycles using copper cyanide as catalyst, NaCN CuCN (10 mol%)
as the cyanide source, and iodine as an oxidant (Table 3).'° The phenanthroline (20 mol%)
cyanation was thought to be a stepwise reaction. Benzothiazole Ar—H 1, NaCN, fBuOLi Ar=CN
was firstly iodinated to 2-iodobenzothiazole under the help of t- dioxane/m-xylene, 110 °C
BuOLi, followed by a copper-catalyzed cyanation with NaCN as Me Ph

. . i 0, S N N
cyanating reagent. In relation to the substraFe scope, many hetero @[N/>_ oN @[Nb_ on C[ puy ’\|‘|\ N o
N N

cycles were cyanated smoothly in good yields. Furthermore, by

minor modifications of general conditions, N-methylindole and 63% 729% 51% 71%
azulene could be cyanated via this method. N . CN CN
CuCN can function as both copper catalyst and cyanating /@\ @ @E\g
reagent.'’ One classical example is the Rosenmund-von Braun ph™ N CN NP en N
reaction, which is both catalyzed and cyanated by CuCN at a high 8 Me
temperature (150-250 °C). As a modification of Rosenmund-von 71% 53% 90% 36%
Braun reaction, Ding and co-workers reported L-proline-promoted
CuCN-mediated cyanation of aryl halides in 2008 (Table 4).!2
Employing L-proline as ligand, the reaction occurred at a lower
temperature (80-120 °C) than in its absence. Table 4
Cheng and co-workers also reported a copper-mediated cyana- Cyanation of aryl halides with CuCN
tion with CuCN in the cyanation of boronic acids (Table 5)."* Here, f-g Zqﬂ:z E_”fo’\l‘ine
CuCN activated the C-B bond and served as a cyanide source. Reac- o D'MFq p AN
tions were conducted under much milder reaction conditions, R X=1,80°C, 24 h R
which were run in DMF solution at 60 °C for 2 h. Various boronic X =Br,120°C, 45 h
acids, with different functional groups, afforded the corresponding eN cN oN
aryl nitriles in good yields. /©/ /©/ ©/
In the same report,'”> TMSCN, AgCN, and Zn(CN), were also MeO 0N
examined as cyanide sources (Table 6). 0.55 equiv of Cul was X =1 98% X =1, 92% X= 1. 90%
X = Br, 81% X = Br, 56% X = Br, 76%
CN
MCN M /©/CN S
Ar—Br ’ Ar—I ]MAr—CN o OO Meo” N
X = Br, 85% X=Br, 87% X = Br, 78%

Scheme 3. Halide exchange in cyanation.
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