Palladium-Catalyzed, Copper(l)-Mediated

Coupling of Boronic Acids and

ORGANIC
LETTERS

2006
Vol. 8, No. 19
4331—4333

Benzylthiocyanate. A Cyanide-Free

Cyanation of Boronic Acids

Zhihui Zhang and Lanny S. Liebeskind*

Department of Chemistry, Emory University,
1515 Dickey Drive, Atlanta, Georgia 30322

chemLL1@emory.edu

Received July 16, 2006

ABSTRACT

R'B(OH), + R2S-CN

R'= aryl, alkenyl, heteroaryl
R? = alkyl, aryl

Pd cat., CuTC
_—
dioxane, 100 °C

R'-CN

typical isolated
yields: 75-95%

A new method for the synthesis of nitriles is described. As a complement to the classic cyanation of aryl halides using cyanide sources and
a transition metal catalyst, the palladium-catalyzed cross-coupling of thiocyanates with boronic acids in the presence of copper(l) thiophene-

2-carboxylate (CuTC) affords nitriles in good to excellent yields.

Aryl nitriles are an important class of compounds. They are aryl nitriles. Unfortunately, various problems limit the
key components of pharmaceuticals and natural products andefficiency of this process. For example, mechanistic studies

appear as basic constituents of dyes and herbitideariety

of processes for the introduction of cyanide functionality into
aromatic compounds have been describé@he Rosen-
mund-von Braun reaction, a traditional method for preparing
aryl nitriles, involves the direct reaction of copper(l) cyanide
with aryl halides! The reaction usually proceeds at high
temperature and with prolonged times. More recently,

revealed that excess cyanide significantly inhibits the transi-
tion metal catalyst by formation of inactive complexékhis
problem can be circumvented by careful control of the
concentration of dissolved cyanide ions. Thus, nonpolar
solvents, such as toluene or xylene, were used to maintain
low concentrations of cyanide salts, such as KCN and Zn-
(CN), in solution® Another novel way to overcome this

transition-metal-catalyzed cyanations of aryl halides have problem was achieved by employing a slow dosage of liquid
been developed as a useful alternative for the preparation ofcyanide precursors, such as TMSCN or acetone cyanohydrin,
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to maintain a low concentration of cyanide, but these sources
are prone to liberate hydrogen cyanideecently, potassium
hexacyanoferrate (ffFe(CN)]) was introduced as a nontoxic
cyanide source for metal-catalyzed cyanatidi®@ther de-
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velopments are represented by the cyanation of aryl bromides With these results in hand, the scope and the possible
through a copper-catalyzed domino halide exchange and thdimitations of this new protocol were studied. As shown in
use of specific amines (TMEDA or 1,1-methylenedipiperi- Table 1, a variety of different boronic acids were tested in
dine) as co-catalystsi® Herein is reported the cyanide-free

cyanation of boronic acids with organic thiocyanates as a_

complementary methqd for the Syn.theSIS of nltrll_es. Thls. mild Table 1. Pd-Catalyzed Cyanation of Boronic Acids Mediated
and general protocol is an extension of a growing family of

. . . X . : . . by CuTCS®
thioorganic/boronic acid cross-couplings discovered in this 3 mol % PA(PPha),
laboratory* and extended in othets. SCN 4 Rp(OH), -5-30equlvCuTC
. . . . . 2 —————— RCN
Initially, the coupling of boronic acids with several ©/\ Dioxane, 100 °C
thiocyanates was investigated (Scheme 1). Both catalytic 12h
yield
entry R RCN (%)
. ) - 14 phenyl @CN 90
Scheme 1. Variation of Thiocyanates for the Cyanation of oN
Boronic Acids 24 2-naphthy! 90
OMe OMe CN
., RSCN 3 mol % Pd(PPhs) 3 1-naphthyl 82
1.0 equiv 15 iv CuTC
(HO)B 5 equiv CuTC  Ng “ 4-(N,N- N _@_
OMe THF. 50°C, 12h OMe 4 dimethylamino)phenyl N o %
. CN
1.5equiv. g isolated yield « ~
Y 5 2,5-dimethoxyphenyl e OOMe 90
Et 70%
PhCH 90% _</ \}
Ph 2 900/: 6" 2,3 4-trimethoxyphenyl MeO CN 85
p-NOoPh 92% MeO ?AMG
e
7¢ 2.4 6-trimethylphenyl MeQCN 76
palladium and stoichiometric copper(l) carboxylate are o Me
reguwed for th(_a cross—cqupllng of bc_>ron|c acids and organic 3-(acetyDphenyl e cN %6
thiocyanates, just as with other thioorgantmronic acid
cross-coupling$t? Among the systems studied for the ob 4-(methoxycarbonylphenyl  Me0,C @CN %
. . - 2
cyanative cross-coupling, the Pd(RRICUTC system gave
the best results, and 1.5 equiv of boronic acids was used to  10° 4-chlorophenyl CIOCN 80
optimize the cross-coupling yields. In all cases, the cyanation ;. 4-cyanophenyl N @CN 30
products were obtained in good to excellent yields{92%) o
in THF at 50°C. 12¢ 3-nitrophenyl @CN trace*
As probed by the examples depicted in Scheme 1, the .
nature of the organic thiocyanate did not seem critical to 13¢ 3-thienyl U 83
the reaction, so commercially available benzyl thiocyanate g
was employed as the cyanide source in subsequent experi- " > methoxv-S-puridiny] B CN 0
. . . -MEthoXy-3-pyriaimn
ments and served as an excellent cyanide source in boronic yopyridimy MeQ” N
acid cross-coupling reactiof. 150 E-styyl ©/\/CN o
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acids were generally less reactive and led to incomplete
conversion under the same conditions. To overcome this  gcheme 2. Proposed Mechanism for Thiocyanate/Boronic
problem, a variety of Pd catalysts and ligand systems were Acid Coupling
screened, but the survey did not lead to improved results.

R'CN
Fortunately, the use of an excess of CuTE 82equiv) at a \ /“ Pd®) ﬂ('

higher reaction temperature (100) in 1,4-dioxane afforded

RS—-C=N

much higher yields. Other solvents tested (DMF, DMA, '-'/'.Pd:'- Lo ol
NMP, toluene) were not as effective. Under such conditions, R CN RS” CN

all but the most electron-deficient aryl boronic acids gave

the corresponding benzonitriles in good vyields. Sterically )’\ CuTC
congested substrates (entries7 undergo cyanation ef- b /og o XL
ficiently. The cyanation of heteroaryl boronic acids is also /F’d\"-s/va.,U )J\ RS” OGN
possible. 3-Thiopheneboronic acid and 2-methoxy-5-py- L / /B\\b 2-thienyl L
ridineboronic acid gave corresponding nitriles in 83 and 84% R OH hel

yields, respectively (entries 13 and 14). With the exception z_thieny[/&o
of 3-nitrophenylboronic acid (entry 12jelectron-deficient
substrates can be effectively cyanated (entries 8, 9, and 11).
It is worth noting that alkenyl nitriles, as well, can also be
obtained in good yields by this new method (entries 15 and
16). Unlike the Suzuki—Miyaura cross-coupling of orga-
noboron reagents, where the presence of a base is es$entia
the CuTC-mediated reaction proceeds efficiently under non-
basic conditions. This offers the possibility of the synthesis
of base-sensitive compounds. Finally, in contrast to boronic
acids, neither boronate esters nor boroxines (boronic acid
anhydrides) were effective in this new cyanative coupling.
From a mechanistic perspective, the coupling may start
with an oxidative addition of the thiocyanate to Pd{0),
followed by a transmetalation from boron to palladium
(Scheme 2). Reductive elimination would afford the expecte
nitrile and regenerate a catalytically active Pd(0). On the basis
of previous observations, it is suggested that the copper(l)
carboxylate functions as a unique, dual activator; the soft

R'B(OH),

Cu(l) ion acts as a thiophilic agent to help polarize the
Ipalladium thiolate bond, while simultaneously providing
‘borophilic activation by coordination of the carboxylate to
the trivalent boron atorft2 The much greater reactivity of
boronic acids compared to that of boronate esters and
boroxines is consistent with the proposal of the hydrogen
bonded, ternary complex depicted in Scheme 2 as the reactive
intermediate.

In summary, a new cyanide-free cyanation of boronic acids
has been developed through the use of a palladium-catalyzed,
d copper(l)-mediated coupling of benzylthiocyanate with bo-
ronic acids. Using this protocol, a variety of nitriles can be
easily synthesized in high yields. The method is a useful
complement to the traditional synthesis of nitriles through
transition-metal-catalyzed cross-coupling of aryl halides/
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