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Phase transfer alkylation of arylacetonitriles revisited
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Abstract—Phase transfer alkylations of phenylacetonitrile derivatives carried out in the presence of 60–75% aqueous KOH, instead
of the typical 50% NaOH, provide substantial improvements in the overall yields and purity of products. Reactions with simple
secondary alkyl halides, as well as cycloalkylations with 1,2- and 1,3-dihaloalkanes proceed with good yields. Increasing the con-
centration of base diminishes the formation of by-products from competitive b-elimination processes.
� 2006 Elsevier Ltd. All rights reserved.
Phase transfer catalysis (PTC) is now a well established
method in organic synthesis applicable to reactions of
inorganic and organic anions and other active species
with organic compounds.1 PTC reactions are carried
out in two-phase systems of negligible mutual solubility—
organic and aqueous. Reacting anions are continuously
introduced into the non-polar organic phase as ion
pairs with lipophilic cations—most often tetraalkyl-
ammonium cations—supplied by the catalyst. Further
reactions of these ion pairs proceed in the organic phase.
Of particular importance are processes in which
carbanions are produced in situ in the presence of
aqueous NaOH. Since the pioneering work of Mąkosza
in the mid 1960s on the alkylation of phenylacetonitrile
(1),2 these reactions have been thoroughly studied, as
many pharmaceuticals contain the arylacetic acid
moiety.3 This method was later extended, for example,
for the generation and reactions of carbenes,4 and for
enantioselective synthesis5 or co-catalytic processes.6

High yields of products of monoalkylation of arylaceto-
nitrile carbanions are as a rule obtained with primary
alkyl bromides in the presence of 50% aqueous NaOH
and a lipophilic quaternary ammonium salt catalyst.7

However, this protocol has numerous drawbacks,
namely, (a) yields of reactions with sec-alkyl bromides
are usually moderate and seldom exceed 60%;2b (b)
introduction of the second alkyl group to the 2-aryl-
alkanenitriles proceeds with difficulty; (c) yields of
1-aryl-1-cyanocyclobutane derivatives in reactions with
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1,3-dibromopropane are low;2f (d) cyclopropanation of
1 with 1,2-dichloro- or 1,2-dibromoethane does not pro-
ceed, but dehydrohalogenation of the dihaloalkane
takes place instead. It was suggested that b-elimination
is induced by the phenylacetonitrile carbanion in the
organic phase and not by the hydroxide anion.2f On
the other hand, reaction of 1 with 1-bromo-2-chloro-
ethane under PTC conditions leads to the cyclopropane
derivative 3 in 62% yield.8,9

In this letter, we present that exchanging 50% aqueous
NaOH for 60–75% KOH solution overcomes all of the
problems mentioned above. Since a saturated aqueous
solution of potassium hydroxide at room temperature
has a concentration close to 60%,10,11 in some cases we
can take advantage of the greater solubility of KOH
at higher temperatures (6111 �C), where concentrations
of solutions up to 75% are available.

Initially we investigated simple alkylations of 1 with
moderately active secondary alkyl bromides.12 Products
2a–c were obtained in high yields and selectivity toward
monosubstitution in the presence of 60% KOH and 2%
mol tetrabutylammonium bromide (TBAB) as catalyst
(Table 1).13 Under slightly forced conditions, even the
product of diisopropylation 2d could be synthesized in
high yield. It is worthy to note that the reaction with
cyclohexyl bromide, carried out in the presence of 50%
NaOH, resulted in dehydrobromination of the alkylating
agent.2b

We next studied more challenging cycloalkylation
processes and noticed that, contrary to the literature,2f

the reaction of 1 with 1,2-dichloroethane (1:5 molar
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Table 1. Alkylation of 1 with sec-alkyl bromides in the presence of 60% KOH13

Ph CN + RBr 60% KOH
Ph CN

R

1
TBAB

2a-d

R 1:RBr:KOH Temp. (�C) Time (h) Yield (%) Bp (�C/Torr) Purity (%)a

i-Pr 1:1.1:5 45 3.5 2a, 93 114–115/7 98
sec-Bu 1:1.05:5 45 2.5 2b, 92 69–70/0.2 99
c-C6H11 1:2:7 70 2 2c, 84 106–110/0.2b 99
i-Pr 1:5:12 55–60 5 2d, 92c 82–84/0.3 99

a According to GC.
b Mp 56–58 �C (MeOH).
c Diisopropylation product.
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ratio), carried out in the presence of 50% NaOH and
benzyltriethylammonium chloride (TEBA), gave 1-
cyano-1-phenylcyclopropane (3) in 63% isolated yield
and 98.5% purity (GC), although dehydrochlorination
of the alkylating agent proceeded to some extent. The
use of 1,2-dibromoethane gave a similar result (60%
yield). Again the 75% aqueous KOH/TBAB system gave
better results; with 1,2-dibromoethane the yield of 3 was
74%, while with 1-bromo-2-chloroethane the yield was
90% (Scheme 1).14

Next we investigated the synthesis of cyclobutane
derivatives from arylacetonitriles and 1,3-dibromopro-
pane, described previously as being unselective and
yielding only 18% of 4a.2f As cyclization to four-
membered rings is usually much slower than to three-
membered ones,15 formation of polymeric side products
of competitive intermolecular alkylations of intermedi-
ates was initially observed. To avoid this problem, we
diluted the organic phase with toluene (135 mL for
0.05 mol of 1), which favored the cyclization to
cyclobutane derivatives. The influence of temperature
on the reaction course was also apparent, since at
Ph CN
3

X
X NaOH or KOH

TEBA or TBAB
+1

X = Cl, Br

Scheme 1. Reaction of 1 with 1,2-dihaloethanes under PTC
conditions.14

Table 2. Alkylations of phenylacetonitrile with 1,3-dibromopropane in the p

Br
KO

to
Br+1

Concentration of KOH (%) Time (min)

75 80
70 80
65 120
60 220
55 250
70 (reaction at 70 �C) 105
60 (reaction at 70 �C) 120

a According to GC, the distillate contained mono- and diallylphenylacetonit
70 �C the yield of the product was lower than at reflux
(about 110 �C). In reactions performed with 60%
aqueous KOH, 1-aryl-1-cyanocyclobutanes were formed
in moderate to good yields. However, under these
conditions variable amounts of by-products of allylation
and diallylation of the starting nitrile were formed,
making isolation of the product difficult.16 We observed
that by increasing the concentration of potassium
hydroxide above the 60% limit, formation of inseparable
by-products of mono- and diallylation was substantially
diminished. We systematically investigated this
phenomenon on two model systems: with compound 1
(Table 2) and with 3,4-dimethoxyphenylacetonitrile
(Table 3). In both cases we observed gradual changes
in the amounts of inseparable contaminants in isolated
products 4a and 4b, respectively.

This effect can be rationalized as follows. The b-elimina-
tion process is induced by hydroxide anions, but not by
carbanions, as suggested in the literature.2f Hydroxide
ions are generated and subsequently liberated in the
organic phase by the reaction of a carbanion with a
water molecule, which hydrate the ionic pair of
carbanion with the quaternary ammonium salt. Thus,
a higher concentration of potassium hydroxide reduces
the accessibility of water17 and prevents the residual
hydration of ion pairs.18 A second possible explanation
involves a kinetic effect, since for more concentrated
solutions of hydroxide, alkylation proceeds much faster
and dominates over side reactions.
resence of KOH at different concentrations10

H / H2O
TBAB,
luene,
reflux

Ph CN
4a

Isolated yield (%) Purity (%)a

61 98.5
63 98
64 96
61 92
61 86
50 98
46 96

rile as by-products.



Table 3. Alkylations of 3,4-dimethoxyphenylacetonitrile with 1,3-
dibromopropane in the presence of KOH at different concentrations10

CN

Br
KOH / H2O

TBAB,
toluene,

reflux

Br+

OMe
MeO

OMe
MeO

CN

4b
Concentration
of KOH (%)

Time
(min)

Isolated yield
(%)

Purity
(%)a

75 105 60 98
70 180 59 96
65 420 55 92
60 300 61 82

a According to GC, the distillate contained a-allyl- and a,a-diallyl-3,4-
dimethoxyphenylacetonitrile as by-products.

Table 4. Alkylations of arylacetonitriles with 1,3-dibromopropane in
the presence of 75% KOH19

Br
75% KOH

TBAB,
toluene,

reflux

Ar CNBr+

4c-f

Ar CN

Ar Isolated yield (%) Bp (�C/Torr) Purity (%)a

4-MeO–C6H4 4c, 55 117–119/0.3 95
4-Me–C6H4 4d, 64 92–93/0.3 96
4-Cl–C6H4 4e, 72 110–112/0.5 98.5
4-F–C6H4 4f, 71 148–150/20 98

a According to GC.
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Finally, we applied our optimized conditions19 to the
synthesis of other 1-aryl-1-cyanocyclobutane derivatives
4c–f (Table 4).

In conclusion we have substantially improved the proce-
dure for alkylation of phenylacetonitrile derivatives
under PTC conditions. The use of concentrated aqueous
solutions of potassium hydroxide allows the alkylations
with moderately active secondary bromides to proceed
in good yields. Also, the synthesis of 1-phenyl-1-cyano-
cyclopropane 3 and 1-aryl-1-cyanocyclobutanes (4a–f),
described previously as ineffective,2f was successfully
realized. Additionally, higher concentrations of KOH
(>60%), available under elevated temperatures, dimini-
shed the amounts of inseparable side products from
the competitive b-elimination process in the reactions
of 1 and its derivatives with 1,3-dibromopropane.
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17475e; (e) Mąkosza, M.; Serafinowa, B. Roczn. Chem.
1965, 39, 1805–1810; Chem. Abstr. 1966, 64, 17475g; (f)
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Fedoryński, M.; Marciniak, K., unpublished results.

17. We observed the gradual dependence of the boiling
(reflux) temperature of reaction mixtures as a function of
concentration of base in both of the series investigated
(from 103 �C for 55% KOH to 111 �C for 75% KOH, at
the beginning of reaction). One may assume that this effect
is related to the amount of water ‘accessible’ in this system
and the boiling points of ‘effective azeotropic mixtures’
above the liquids.

18. For a similar interpretation see: (a) Landini, D.; Maia,
A. M.; Montanari, F. J. Chem. Soc., Chem. Commun.
1975, 950–951; (b) Landini, D.; Maia, A. M.; Montanari,
F. J. Am. Chem. Soc. 1978, 100, 2796–2801; (c) Landini,
D.; Maia, A. M.; Rampoldi, A. Gazz. Chim. Ital. 1989,
119, 513–517.
19. Typical procedure for the synthesis of 1-cyano-1-phenyl-
cyclobutane (4a). A mixture of solid KOH (22.4 g,
0.4 mol), water (7.5 g), phenylacetonitrile (5.86 g,
0.05 mol), 1,3-dibromopropane (10.1 g, 0.05 mol), TBAB
(0.16 g, 0.5 mmol) and toluene (135 mL) was heated to
�100 �C with only occasional slow stirring to facilitate
liquification of the inorganic phase. Heating was removed
and the mixture was vigorously stirred (see Ref. 21). A
water bath was used at the beginning to avoid overboiling
(CAUTION! exothermic effect, reaction vessel should be
at least double the volume as compared to the reactants).
Then the mixture was refluxed with continuous vigorous
stirring for 1 h. After work-up the product was isolated by
vacuum distillation at 83–85 �C/0.3 Torr (lit.2f 107 �C/
8 Torr) to give 1-cyano-1-phenylcyclobutane (4.80 g, 61%)
as a colorless liquid. Physicochemical data of products 4c–e
were consistent with the literature. For characterization
data of compounds 4b and 4f see Ref. 22.

20. Küntzel, H.; Wolf, H.; Schaffner, H. Helv. Chim. Acta.
1971, 54, 868–897.

21. Vigorous mechanical stirring of mixtures is crucial to
reproduce all of the presented results (especially yields
and amounts of by-products in the syntheses of
cyclobutanes).

22. Characterization data for new compounds: Compound 4b:
Oil, bp = 156–159 �C/1.4 Torr. 1H NMR (CDCl3,
200 MHz): d 6.82–6.98 (m, 3H), 3.90 (s, 3H), 3.88 (s,
3H), 2.70–2.88 (m, 2H), 2.27–2.69 (m, 3H), 1.94–2.14 (m,
1H). 13C NMR (CDCl3, 50 MHz): d 149.2, 148.6, 132.2,
124.5, 117.7, 111.1, 108.9, 55.9 (overlapped), 39.9, 34.7,
16.9. MS (EI, relative intensity) m/z = 217 (M+, 26), 202
(4), 189 (100), 186 (23), 174 (31), 119 (33). IR (neat): 2953,
2837, 2228, 1591, 1519, 1465, 1413, 1258, 1172, 1142, 1027,
809, 765, 643, 622 cm�1. Anal. Calcd for C13H15NO2: C
71.87, H 6.96, N 6.45. Found C 71.59, H 7.07, N 6.35.
Compound 4f: Oil, bp = 148–150 �C/20 Torr. 1H NMR
(CDCl3, 200 MHz): d 7.29–7.46 (m, 2H), 7.00–7.15 (m,
2H), 2.70–2.92 (m, 2H), 2.30–2.69 (m, 3H), 1.96–2.20 (m,
1H). 13C NMR (CDCl3, 50 MHz): d 162.1 (d, 1JC–F =
246 Hz), 135.6, 127.3 (d, 3JC–F = 8.4 Hz), 124.1, 115.7 (d,
2JC–F = 22 Hz), 39.6, 34.7, 17.0. MS (EI, relative intensity)
m/z = 175 (M+, 8), 160 (1), 147 (100), 133 (5), 120 (15). IR
(neat): 2998, 2954, 2231, 1602, 1511, 1233, 1163, 1102,
1014, 833, 596, 549, 622 cm�1. Anal. Calcd for C11H10NF:
C 75.41, H 5.75, N 7.99. Found C 75.52, H 5.71, N 8.05.


	Phase transfer alkylation of arylacetonitriles revisited
	Acknowledgements
	References and notes


