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ABSTRACT

A convenient and efficient synthesis of r-aryl nitriles was developed by direct cyanation of alcohols with TMSCN under the catalysis of Lewis
acid. Using 5-10 mol % of InBr3 as the catalyst, a variety of benzylic alcohols can be converted to the corresponding nitriles in 5-30 min
with yields of 46-99%.

R-Aryl nitriles represent one class of important compounds
with extensive biological activities and utility in organic
synthesis. For example, verapamil (1)1 is used clinically for
the treatment of chronic obstructive pulmonary disease and
hypertension. As synthetic intermediates, R-aryl nitriles are
potentially valuable precursors for the synthesis of well-
known drugs such as indoprofen (2),2 cicloprofen (3),3 and
naproxen (4)4 as shown in Figure 1. Furthermore, R-aryl
nitriles are also versatile building blocks for constructing the
corresponding amides, aldehydes, ketones, primary amines,
and heterocycles.5 Accordingly, several useful strategies for
the synthesis of R-aryl nitriles have been developed over
the decades, typically including nucleophilic substitution of
a benzylic halide,6 photochemical aromatic cyanomethyla- tion,7 dehydration of amides,8 hydrocyanation of olefins,9

acylations of silyl ketene imines,10 and coupling reactions
of nitriles with aryl halides,11 among others.12 When an
alcohol is used as the starting material for the synthesis of(1) (a) Brogden, R. N.; Benfield, P. Drugs 1996, 51, 792–819. (b) Foot,

E. A.; Leighton, B. Diabetes 1994, 43, 73–79. (c) Holland, H. L.; Gu, J. X.;
Orallo, F.; Camina, M.; Fabeiro, P.; Willetts, A. J. Pharm. Res. 1999, 16,
281–287. (d) Prisant, L. M. Heart Dis. 2001, 3, 55–62. (e) Stewart, D.;
Pountney, E.; Fitchett, D. Can. J. Physiol. Pharmacol. 1984, 62, 1341–
1347.

(2) Allegretti, M.; Bertini, R.; Cesta, M. C.; Bizzarri, C.; Di Bitondo,
R.; Di Cioccio, V.; Galliera, E.; Berdini, V.; Topai, A.; Zampella, G.; Russo,
V.; Di Bello, N.; Nano, G.; Nicolini, L.; Locati, M.; Fantucci, P.; Florio,
S.; Colotta, F. J. Med. Chem. 2005, 48, 4312–4331.

(3) Stiller, E. T.; Diassi, P. A.; Gerschutz, D.; Meikle, D.; Moetz, J.;
Principe, P. A.; Levine, S. D. J. Med. Chem. 1972, 15, 1029–1032.

(4) Huerta, C.; Varas-Lorenzo, C.; Castellsague, J.; Garcia Rodriguez,
L. A. Heart 2006, 92, 1610–1615.

(5) (a) Bendale, P. M.; Khadilkar, B. M. Synth. Commun. 2000, 30,
1713–1718. (b) Pascal, C.; Dubois, J.; Guénard, D.; Tchertanov, L.; Thoret,
S.; Guéritte, F. Tetrahedron 1998, 54, 14737–14756. (c) Prashad, M.; Seth,
M.; Bhaduri, A. P. J. Indian Chem. Soc. 1980, 57, 1115–1117. (d) Convery,
M. A.; Davis, A. P.; Dunne, C. J.; MacKinnon, J. W. Tetrahedron Lett.
1995, 36, 4279–4282.

(6) (a) Friedman, L.; Schechter, H. J. Org. Chem. 1960, 25, 877–879.
(b) Soli, E. D.; Manoso, A. S.; Patterson, M. C.; DeShong, P.; Favor, D. A.;
Hirschmann, R.; Smith, A. B. J. Org. Chem. 1999, 64, 3171–3177.

(7) Kurz, M. E.; Lapin, S. C.; Mariam, K.; Hagen, T. J.; Qian, X. Q. J.
Org. Chem. 1984, 49, 2728–2733.

Figure 1. Verapamil and some derivatives of R-aryl nitriles.
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the corresponding nitrile, at least two viable synthetic routes
can be envisaged, i.e., a prior transformation of the alcohol
into the corresponding halide or related compounds that have
good leaving potential followed by cyanation or, alterna-
tively, via direct conversion of the corresponding alcohols
using various cyanating reagent systems.13 Although direct
cyanation of alcohols constitutes a particularly attractive
synthetic route to nitriles in terms of both starting material
accessibility and economy concerns, unfortunately many of
the direct cyanation protocols developed suffered from
shortcomings such as the use of stoichiometric activating
reagents and (or) tedious workup procedures, which would
to some extent hamper their practical utilizations.13

Recently, direct substitutions of the hydroxyl group in
alcohols by various nucleophiles such as allyl-, alkynyl-, and
propargylsilanes,14 1,3-dicarbonyl compounds,15 amides16 or
amines,17 and so on18 under the catalysis of Lewis acids (such

as FeX3, BiX3, or InX3, etc. X ) Cl, Br, or OTf) have been of
much research interest. In these reactions, the hydroxyls in
alcohols can be directly substituted by the desired nucleophiles
without the need for prior transformation into the groups that
have good leaving potentials. It has been assumed that at least
in some of these reactions the alcohols are activated toward
nucleophilic substitution by interaction with the oxophilic Lewis
acids.14c Inspired by these results, we envisaged that a direct
transformation of alcohols to the corresponding R-aryl nitriles
might also be feasible in the presence of a suitable Lewis acidic
catalyst/cyanating agent combination. Herein, we report an
InX3

14a-c,15a,19 catalyzed cyanation protocol for R-aryl al-
cohols using TMSCN (trimethylsilyl cyanide) as the cyanat-
ing agent, affording the corresponding R-aryl nitriles effi-
ciently in high yields under mild reaction conditions.

The work was started by testing the cyanation of allylic
alcohol 5a with TMSCN in dichloromethane in the presence
of a catalytic amount (10 mol %) of FeCl3. The reaction
proceeds smoothly at room temperature with complete substrate
conversion in 30 min, albeit with only a moderate yield of
isolated allylic cyanide 6a (41%). Encouraged by this result,
various Lewis acids as well as the reaction conditions were
further screened for the catalysis (Table 1). As shown in Table

1, the bismuth(III) halides (BiCl3 or BiBr3) are more efficient
for the reaction than FeCl3, affording the target nitrile in good

(8) (a) Kuo, C. W.; Zhu, J. L.; Wu, J. D.; Chu, C. M.; Yao, C. F.; Shia,
K. S. Chem. Commun. 2007, 301–303. (b) Narsaiah, A. V.; Nagaiah, K.
AdV. Synth. Catal. 2004, 346, 1271–1274.

(9) Yan, M.; Xu, Q.-Y.; Chan, A. S. C. Tetrahedron: Asymmetry 2000,
11, 845–849.

(10) Mermerian, A. H.; Fu, G. C. Angew. Chem., Int. Ed. 2005, 44,
949–952.

(11) (a) Wu, L.; Hartwig, J. F. J. Am. Chem. Soc. 2005, 127, 15824–
15832. (b) You, J.; Verkade, J. G. Angew. Chem., Int. Ed. 2003, 42, 5051–
5053. (c) You, J.; Verkade, J. G. J. Org. Chem. 2003, 68, 8003–8007.

(12) (a) Caron, S.; Vazquez, E.; Wojcik, J. M. J. Am. Chem. Soc. 2000,
122, 712–713. (b) De Luca, L.; Giacomelli, G. Synlett 2004, 2180–2184.
(c) Loupy, A.; Philippon, N.; Pigeon, P.; Sansoulet, J.; Galons, H. Synth.
Commun. 1990, 20, 2855–2864. (d) Makosza, M.; Podraza, R.; Kwast, A.
J. Org. Chem. 1994, 59, 6796–6799. (e) Sommer, M. B.; Begtrup, M.;
Bøgesø, K. P. J. Org. Chem. 1990, 55, 4817–4821.

(13) (a) Brett, D.; Downie, I. M.; Lee, J. B. J. Org. Chem. 1967, 32,
855–856. (b) Biogegrain, R.; Castro, B. R.; Selve, C. Tetrahedron Lett. 1975,
16, 2529–2530. (c) Camps, F.; Gasol, V.; Guerrero, A. Synth. Commun.
1988, 18, 445–452. (d) Davis, R.; Untch, K. G. J. Org. Chem. 1981, 46,
2985–2987. (e) Hughes, D. L. Org. React. 1992, 42, 358–359. (f) Mori, N.;
Togo, H. Synlett 2005, 1456–1458. (g) Iida, S.; Togo, H. Synlett 2007, 407–
410. (h) Iranpoor, N.; Firouzabadi, H.; Akhlaghinia, B.; Nowrouzi, N. J.
Org. Chem. 2004, 69, 2562–2564. (i) Kanai, T.; Kanagawa, Y.; Ishii, Y. J.
Org. Chem. 1990, 55, 3274–3277. (j) Mizuno, A.; Hamada, Y.; Shioiri, T.
Synthesis 1980, 1007–1009. (k) Schwartz, M. A.; Zoda, M.; Vishnuvajjala,
B.; Mami, I. J. Org. Chem. 1976, 41, 2502–2503. (l) Soltani Rad, M. N.;
Khalafi-Nezhad, A.; Behrouz, S.; Faghihi, M. A. Tetrahedron Lett. 2007,
48, 6779–6784.

(14) (a) Yasuda, M.; Saito, T.; Ueba, M.; Baba, A. Angew. Chem., Int.
Ed. 2004, 43, 1414–1416. (b) Saito, T.; Yasuda, M.; Baba, A. Synlett 2005,
1737–1739. (c) Saito, T.; Nishimoto, Y.; Yasuda, M.; Baba, A. J. Org.
Chem. 2006, 71, 8516–8522. (d) Georgy, M.; Boucard, V.; Campagne, J. M.
J. Am. Chem. Soc. 2005, 127, 14180–14181. (e) Braun, M.; Kotter, W.
Angew. Chem., Int. Ed. 2004, 43, 514–517. (f) Zhan, Z. P.; Yang, W. Z.;
Yang, R. F.; Yu, J. L.; Li, J. P.; Liu, H. J. Chem. Commun. 2006, 3352–
3354. (g) Zhan, Z. P.; Yu, J. L.; Liu, H. J.; Cui, Y. Y.; Yang, R. F.; Yang,
W. Z.; Li, J. P. J. Org. Chem. 2006, 71, 8298–8301. (h) Rubin, M.;
Gevorgyan, V. Org. Lett. 2001, 3, 2705–2707.

(15) (a) Yasuda, M.; Somyo, T.; Baba, A. Angew. Chem., Int. Ed. 2006,
45, 793–796. (b) Rueping, M.; Nachtsheim, B. J.; Ieawsuwan, W. AdV.
Synth. Catal. 2006, 348, 1033–1037. (c) Liu, P. N.; Zhou, Z. Y.; Lau, C. P.
Chem.-Eur. J. 2007, 13, 8610–8619. (d) Noji, M.; Konno, Y.; Ishii, K. J.
Org. Chem. 2007, 72, 5161–5167. (e) Rueping, M.; Nachtsheim, B. J.;
Kuenkel, A. Org. Lett. 2007, 9, 825–828. (f) Jana, U.; Biswas, S.; Maiti, S.
Tetrahedron Lett. 2007, 48, 4065–4069. (g) Huang, W.; Wang, J.; Shen,
Q.; Zhou, X. Tetrahedron Lett. 2007, 48, 3969–3973.

(16) Qin, H.; Yamagiwa, N.; Matsunaga, S.; Shibasaki, M. Angew.
Chem., Int. Ed. 2007, 46, 409–413.

(17) Defieber, C.; Ariger, M. A.; Moriel, P.; Carreira, E. M. Angew.
Chem., Int. Ed. 2007, 46, 3139–3143.

(18) (a) Yasuda, M.; Yamasaki, S.; Onishi, Y.; Baba, A. J. Am. Chem.
Soc. 2004, 126, 7186–7187. (b) Liu, J.; Muth, E.; Flörke, U.; Henkel, G.;
Merz, K.; Sauvageau, J.; Schwake, E.; Dyker, G. AdV. Synth. Catal. 2006,
348, 456–462. (c) Vicennati, P.; Cozzi, P. G. Eur. J. Org. Chem. 2007,
224, 8–2253. (d) Toshimitsu, A.; Nakano, K.; Mukai, T.; Tamao, K. J. Am.
Chem. Soc. 1996, 118, 2756–2757.

(19) For references on In(III)-catalyzed reactions, see: (a) Lin, M. J.;
Loh, T. P. J. Am. Chem. Soc. 2003, 125, 13042–13043. (b) Zhao, J. F.;
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Table 1. Optimization of the Reaction Conditions for Lewis
Acid Catalyzed Cyanation of 5aa

entry cat.
TMSCN
(equiv) solvent

time
(h)

yield
(%)b

1 FeCl3 2 CH2Cl2 0.5 41
2 BiCl3 2 CH2Cl2 0.5 88
3 BiBr3 2 CH2Cl2 0.5 73
4 AuCl3 2 CH2Cl2 2 82
5 In(OTf)3 2 CH2Cl2 2 78
6 InCl3 2 CH2Cl2 0.5 93
7 InBr3 2 CH2Cl2 0.1 98
8 / 2 CH2Cl2 10 0
9 InBr3 1 CH2Cl2 0.5 67
10 InBr3 2 THF 2 trace
11 InBr3 2 dioxane 2 23
12 InBr3 2 toluene 0.5 81
13 InBr3 2 ClCH2CH2Cl 0.5 99
14 InBr3 2 CH3CN 0.5 87
15 InBr3 2 n-hexane 5 41
16c InBr3 2 CH2Cl2 1 95

a All the reactions were carried out by dropwise addition of a solution
of 5a in the specified solvent to a stirred suspension of TMSCN and the
metal salt (10 mol %) in the same solvent over 30 min (or less), and the
resulting mixtures were stirred therein at room temperature for the specified
time periods. b Yield of the isolated product. c 0.05 equiv of InBr3 was used.
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yields under identical conditions (entries 2 and 3). AuCl3 and
In(OTf)3 were also found to be effective catalysts for the
reaction, giving the cyanation product in good yields (78-80%)
in somewhat prolonged reaction periods (entries 4 and 5).
Among the examined metal salts, InCl3 and InBr3 turned out
to be optimal in terms of reaction efficiency, affording the

cyanation product in excellent yields within short reaction
periods (entries 6 and 7), presumably as a result of the moderate
Lewis acidity and water/alcohol tolerance of the indium(III)
species.14c,20 A control experiment indicated that under the

(20) Augé, J.; Lubin-Germain, N.; Uziel, J. Synthesis 2007, 1739–1764.

Table 2. InBr3-Catalyzed Direct Cyanation of Alcohols 5a-5u with TMSCNa

a Reaction conditions: a solution of 5 (0.25 mmol) in CH2Cl2 (0.5 mL) was added dropwise to a suspension of TMSCN (0.5 mmol) and InBr3 (10 mol
%) in CH2Cl2 (0.5 mL) over the specified time period (<30 min) at room temperature, followed by stirring the resulting mixture for an extended time period
or immediate workup. b InCl3 was used as the catalyst instead of InBr3.
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test conditions the reaction was negligible in the absence of
a catalyst (entry 8). Lowering the amount of the nucleophile
TMSCN from 2 equiv (relative to that of the alcohol) to 1 is
obviously unfavorable for the reaction, as the yield of the
desired product decreased considerably, probably owing to
more side product formation (chalcone and 1,3-diphenyl-
propene were isolated from the reaction system as the
byproducts due to the disproportionation of 5a under the
experimental conditions) by competing reactions under lower
nucleophile concentration (entries 9 vs 7). Screening the
solvents for InBr3-catalyzed reaction revealed that CH2Cl2
or 1,2-dichloroethane (DCE) was optimal (entries 7 and 13),
whereas coordinating solvents such as THF or dioxane were
deleterious to the catalysis (entries 10 and 11). Furthermore,
when the catalyst loading of InBr3 was reduced to 5 mol %,
the cyanation product could still be obtained in high yield
within a slightly prolonged reaction period (entry 16).

Subsequently, we proceeded to examine the substrate
scope of the alcohol cyanation protocol for the preparation
of R-aryl nitriles with InBr3 as the catalyst (Table 2). As
shown in the table, most of the tested benzylic alcohols can
smoothly react with TMSCN in high efficiency (usually less
than 10 min) under the optimized conditions, giving the
corresponding nitriles in good to excellent yields. For the
reaction involving the dissymmetric allylic alcohol 5b, only
one of the two potential isomers was isolated in good yield
(entry 2).21 While only moderate yield of the nitrile was
obtained for the cyanation of ortho-methoxy substituted
1-phenyl ethanol 5d (entry 4), the presence of the same
substituent at the para-position of the R-phenyl ring of the
substrate was obviously beneficial for the reaction (entry 5).
Although the exact reason for such a dramatic difference in
reactivity is unclear, the electronic and/or steric effect of the
ortho-methoxy group in substrate 5d should be responsible
for the result observed. For the reactions of other analogous
substrates, it is obvious that the electron-donating groups at
the para-position of benzylic alcohols consistently gave the
corresponding nitriles in high yields (entries 6-14). Fur-
thermore, for the cyanation of the sterically more demanding
tertiary alcohols, which are known to be difficult substrates
for other cyanation approaches, good to excellent yields of
nitriles were obtained (entries 15-17). To our delight, the
precursors for cicloprofen and indoprofen, respectively, can
also be efficiently obtained in high yields by this protocol
(entries 18 and 19). Intriguingly, when alcohol 5t was
subjected to the cyanation condition with InBr3 as the
catalyst, an intractable mixture was obtained. Further screen-
ing of a variety of Lewis acids revealed that InCl3 was an
effective catalyst for the transformation of 5t, affording the
nitrile product 6t, a key intermediate, in 56% yield (entry
20). Therefore, the present protocol has provided an alterna-
tive facile synthesis of verapamil.10,11a

However, it is worth noting that alcohol substrates
including primary alcohols, such as PhCH2OH,
4-MeOC6H4CH2OH, or (E)-3-PhCHdCHCH2OH, and sec-
ondary 1-phenyl ethanol were found to be not amenable to
this catalytic cyanation protocol. In the reactions of alcohols
bearing electron-deficient aryl substituents, such as 1-(4-
fluorophenyl)ethanol, 1-(4-nitrophenyl)ethanol, or 1-(pyridin-
2-yl)ethanol, the corresponding cyanation products were not
obtained under otherwise identical reaction conditions, which
might be attributed to the difficulty in the formation of a
carbo-cationic intermediate.

Although the exact mechanism of this In(III)-catalyzed
cyanation reaction is unclear at the present stage, we
speculate that the catalytic cycle might involve some type
of carbenium intermediates14c,15d formed by the heterolytic
cleavage of the C-O bond of the alcohols with the assistance
of Lewis acidic In(III) (and TMSCN). Experimental evidence
in support of this proposal was observed in the cyanation of
enantioenriched (S)-5e (90% ee), where racemic cyanation
product 6e was isolated in high yield (92%). In addition,
when (E)-1-phenylbut-2-en-1-ol (5u), a regioisomer of 5b,
was submitted to the cyanation reaction, the essentially
identical yield of 6b (entry 2 vs 21 in Table 2) and
regioisomer distribution21 of cyanation products to the case
of 5b were observed (see also pp S54-55 in Supporting
Information), indicating the involvement of a delocalized
carbocation in the catalytic process.

In summary, we have developed a new and efficient
catalytic protocol for the preparation of R-aryl nitriles via
a direct cyanation of appropriate alcohols. Using InX3 (X
) Br or Cl) as the catalyst, a variety of R-aryl alcohols
can be converted to the corresponding nitriles commonly
within 5-30 min in good to excellent yields under mild
reaction conditions. Of special importance, the method
was demonstrated to be very convenient for the synthesis
of the key nitrile precursors for some clinically important
compounds such as verapamil (1), indoprofen (2), ciclo-
profen(3), and naproxen (4). Further development of a
catalytic asymmetric version of this method is in progress
in our laboratory.
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(21) 1H NMR spectrum of the crude reaction products indicated that a
regioisomer of 6b is also formed as the minor product (14%) (see page
S55 in Supporting Information).
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