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We developed a simple strategy for the synthesis of
arylacetonitriles from benzyl chlorides and trimethylsilyl
cyanide using a Ni(cod),/PPh; catalyst.

Arylacetonitriles are very important units for synthesizing
10 carboxylic acids, amides, aldehydes, and azaheterocyclic
compounds.! Additionally, these compounds are key
structures in many natural products and biologically active
substances,’ including verapamil, anastrozole, cilomilast, and
piritramide (Figure 1). Furthermore, transformation of
15 arylacetonitriles using transition-metal catalysts has been
investigated,”™ such as cycloaddition of alkynes and nitriles,’
carbocyanation of alkynes,4 and synthesis of 3,4-disubstituted
2-aminonapthalenes and 1,3-benzoxazines by the Pd-catalyzed
annulation of alkynes using (2-iodophenyl)acetonitriles.’
20 Arylacetonitriles have attracted considerable attention from
synthetic chemists for use in various reaction conditions.®
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Fig. 1. Biologically active compounds containing arylacetonitriles (red).
25
A strategy for preparing arylacetonitriles from aryl halides
using transition-metal catalysts has been reported.” For
example, cyanomethylation of aryl halides by the Pd-
catalyzed reaction with 4-isoxazolyl boronate,”® cyanoacetate
w0 salts,”® cyanoesters,”® or trimethylsilylacetonitrile’® used as
the cyanomethyl source has been reported. Recently, Wang
reported the cyanation of the benzylic position by the Cu-
catalyzed reaction of benzyl chlorides with K4[Fe(CN)g] as
the cyanating reagent.® This cyanation reaction is attractive in
;s terms of using a non-toxic cyanating reagent. However, 4-
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methoxybenzyl chloride and 1-phenylethyl chloride give the
corresponding cyanation products in low yield (33% and 8%,
respectively).

Alternatively, trimethylsilyl cyanide (TMSCN) has been
widely used as a cyanating reagent.” Many reactions have
been reported using TMSCN in the presence of transition-
metal catalysts, such as trimethylsilylcyantion of aldhydes,”
ketones,” and hydrazones,”® conjugated addition of cyanide to
enones,”® aminocyanation of alkenes,”® and hydrocyanative
cyclization of allene-ynes and bis-allenes.’

However, to our knowledge, transition-metal-catalyzed
cyanation of benzyl halides with TMSCN has not been
reported. The reaction of benzyl halides with TMSCN in the
presence of a stoichiometric amount of tetrabutylammonium
fluoride (F™ source) to give benzyl cyanides via hypervalent
silicate intermediates was reported by Deshong.10 However,
this reaction requires a stoichiometric amount of strong base
and some organic transformations are triggered by bases.
Additionally, F also sets off various reactions involving
Hiyama coupling'' and desilylation."?

In light of previous methods of cyanation, we have
developed a reaction scheme for the cyanation of benzyl
chlorides without base and F. We herein describe a
convenient synthetic method for producing arylacetonitriles
by the reaction of benzyl chlorides with TMSCN catalyzed by
a Ni complex under base-free and mild conditions.
Additionally, the reactants, catalysts, and ligands used are all
commercially available compounds.

Initially, benzyl chloride (1a) and TMSCN (2) were used as
model reactants for the optimization of the cyanation reaction
conditions, and the results are shown in Table 1. When 1a (1
mmol) was reacted with 2 (2 mmol) in the presence of
Ni(cod), (0.1 mmol, 10 mol%) (cod: 1,5-cyclooctadiene) in
toluene (1 mL) at 60 °C for 16 h, the reaction produced benzyl
cyanide (3a) in 29% yield (Table 1, entry 1). We next
examined using Ni(cod),/PPh; as a catalyst and found that the
reaction proceeded to give 3a in 93% yield, as well as 1,2-
diphenylethane in 6% yield (Table 1, entry 2). The results of
the investigation of various ligands, such as phosphine ligands
(PPh;, PCys, PCy,Ph, dppe (ethylenebis(diphenylphosphine)),
and dppf (1,1'-ferrocenebis(diphenylphosphine), Table 1,
entries 2—6), the 2,2-bipyridyl ligand (Table 1, entry 7), and
the NHC ligand (IMes, Table 1, entry 8), showed that the best
ligand is PPh;. It also should be noted that 3a was not

This journal is © The Royal Society of Chemistry [year]

[journal], [year], [vol], 00-00 | 1

Dynamic Article Links?®ge 2 of 4



Page 3 of 4

RSC Advances

obtained without catalyst and ligand (Table 1, entry 9).

We next examined Ni(0) precursors not containing Ni(cod),
for the reaction (Table 1, entries 10 and 11). When
NiCly(PPh;),/Zn"* and NiBr,(DME)/Zn'* were used as the

s Ni(0) precursor in the reaction, benzyl cyanide (3a) was not
obtained. When Pd(dba), was used as the catalyst, the
cyanation product 3a was not formed (entry 12). In these
reactions, benzyl chloride (1a) was observed by GC.
Therefore, we selected Ni(cod), as a model catalyst for the

10 reaction.

Additionally, we found that the optimized reaction ratio of
la:2a was 1:4, with which 3a was obtained in 97% yield with
excellent chemoselectivity (Table 1, entry 13).

Under the optimized reaction conditions (Table 1, entry 13),

1s we investigated the scope of the Ni-catalyzed cyanation
reaction using various substituted benzyl chlorides (Table 2).
Various electron-withdrawing and -donating groups at the
para position of the benzyl chlorides were investigated (Table
2, entries 1-5).

20

Table 1 Optimization of model reaction”

cat Ni(cod),
©AC' + MesSi—CN Hgand ©/\ CN
Toluene
60°C, 16 h
1a 2 3a
Yield (%)

Entry Catalyst Ligand (x mmol) 3a

1 Ni(cod), - 29

2¢ Ni(cod), PPh; (0.2) 93

3 Ni(cod), PCy; (0.2) 85

44 Ni(cod), PCy,Ph (0.2) 89

5 Ni(cod), dppe (0.1) 77

6 Ni(cod), dppf (0.1) 55

7 Ni(cod), 2,2-bipyridyl (0.1) 59

8 Ni(cod), IMes (0.1) 78
9 - - n.d.®
10 NiCly(PPh;),/Zn PPh; (0.2) n.d.®
11° NiBr,(DME)/Zn PPh; (0.2) n.d.®
12 Pd(dba), PPh; (0.2) n.d.®
13/ Ni(cod), PPh; (0.2) 97(83)

“ Reaction conditions: 1a (1 mmol), 2 (2 mmol), catalyst (0.1 mmol) and
ligand (x mmol) in toluene (1 mL) at 60 °C for 16 h under Ar. * Yields
were determined by gas chromatography on the basis of the quantity of 1a
used. The number in parentheses shows the isolated yield. © In addition to
3a, 1,2-diphenylethane (6%) was formed. ¢ The reaction was performed at
100 °C. ¢ Zn (0.2 mmol) was used. 7 2 (4 mmol) was used. dppe =
Ethylenebis(diphenylphosphine), dppf = 1,1-
Ferrocenebis(diphenylphosphine), IMes = 1,3-Dimesitylimidazol-2-
ylidene. ® Not detected by GC.

4-Methylbenzyl chloride (1b), 4-(chloromethyl)anisole (1c),
4-fluorobenzyl chloride (1d), and methyl4-
25 (chloromethyl)benzoate (1e) were used in the reaction and the
corresponding benzyl cyanide derivatives (3b—3e) were
obtained in 85-96% yield (Table 2, entries 2-5).
The reaction was successful using benzyl chloride with an
alkoxysilane substituent. When 4-

30 (chloromethyl)phenyltrimethoxysilane (3f) was used, the
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desired cyanation product (3f), which can be used in the
Hiyama-coupling reaction, was obtained in 84% yield (Table
2, entry 6). It is noteworthy that the desilylation products were
not all observed by gas chromatography because this reaction
does not use base or acid.

The position of the methyl substituent on the phenyl ring
had an effect on the yield (Table 2, entries 2, 7-9). When 4-
methylbenzyl chloride (1b) and 3-methylbenzyl chloride (1g)
were used in place of benzyl chloride in this reaction, 1b and
1g smoothly converted to the desired benzyl cyanide
derivatives. Benzyl chloride with ortho-Me substituents, such
as 2-methylbenzyl chloride (1h) and 2,4,6-trimethylbenzyl
chloride (1i), were applied to the reaction. 2-Methylbenzyl
cyanide (3h) and 2,4,6-trimethylbenzyl cyanide (3i), were not
obtained in high yield (72% and 76%, respectively) because of
steric hindrance on the phenyl ring.

Additionally, 2-(chloromethyl)naphthalene (1j) was applied
to the reaction, and the corresponding product (3j) was
obtained in 96% yield (Table 2, entry 10). Furthermore, we
found that 2-phenypropanenitrile (3k) was obtained in 93%
yield with excellent chemoselectivity (Table 2, entry 11).

Table 2 Scope of the reaction of 1 with 2¢

Products (3) yield”

55

cat-Ni(cod),
PPh
Ar->Cl + MeySi—CN : A CN
Toluene
1 2 60°C, 16 h 3
1 2 3
@/\CN /@/\CN /@/\CN
Me MeO

3a, 83% 3b,91% 3¢, 85%

4 5ed 6
/@/\ CN /@ACN /@/\CN

F MGOZC (MeO)3S|

3d, 95% 3e, 96% 3f, 84%
7 8 9

CN Me
CN
CN
Me
Me Me Me

3g,97% 3h, 72% 3i, 76%

104 114
CN Me
©)\CN
3j, 96%

3k, 93%

“ For reaction conditions, see optimized conditions (Tablel, entry 13).°

>

Isolated yields. © Dioxane (2 mL) was used as solvent. ¢ The reaction
Toluene

was performed at 100 °C. ¢ 2 (2 mmol) was used.
©/K _PCy,Ph 4+ 2 ©/\CN
l\lll
Cl 0
6 100°C, 40 h 3a

yield 29%
Scheme 1. Reaction of Ni-allyl complex (6) with 2
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Previously, Jamison reported that Ni-catalyzed Heck-type
reactions of benzyl chlorides with simple olefins gave
functionalized allylbenzenes."* This reaction initiates
oxidative addition of benzyl chlorides to Ni(0) and forms the
Ni(n*-CH,Ph)(PCy,Ph)Cl complex. Our developed cyanation

[

method using benzyl chlorides might proceed in the same way.

Therefore, we performed the reaction of Ni(n’-
CH,Ph)(PCy,Ph)C1 (6) (0.4 mmol) with TMSCN (2) (1.6
mmol) in toluene (3 mL) at 100 °C for 40 h to determine the
reaction mechanism (Scheme 1). This reaction gave benzyl
cyanide (3) in substantial yield (29%). The result of this
experiment indicates that 6 is the intermediate of the
cyanation reaction.

Based on these experiments, we propose the cyanation
mechanism shown in Scheme 2. The reaction is initiated by
oxidative addition of the NiP,(0) complex to benzyl chloride
(1a) to form the Ni(n*-CH,Ph)(dicyclohexylphosphine)Cl
complex (A) and the Ni(n'-
CH,Ph)bis(dicyclohexylphosphine)Cl complex (B). In this
2 case, A is more stable than B. Then, complex (A) rapidly
reacts with trimethylsilyl cyanide (2), and the cross-coupling
product (3a) is obtained via C. Furthermore, the reaction
proceeds without base despite the existence of halogenated
starting materials. We might expect that Me;SiCl'® is
generated from the reaction of complex (A) with TMSCN (2).

In conclusion, we have discovered a practical, general, and
efficient method for the synthesis of arylacetonitrile
derivatives. This synthetic method is Ni(cod),/PPh;-catalyzed
cyanation of aryl chlorides with TMSCN under base- and F~
source-free condition to give arylacetonitriles with high
chemoselectivity.
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Scheme 2. Plausible reaction mechanism for the reaction of 1a with

PNlP—gNIP+P
/@P

MesSi—Cl  MesSi—CN
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