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A three component efficient and facile procedure is developed for the synthesis of oi-aminonitriles from aromatic and aliphatic

aldehydes, amines, and trimethylsilyl cyanide in 1-butyl-3-methyl-1H-imidazolium perchlorate ([bmim][ClO,]) ionic liquid as the

reaction medium at room temperature. Excellent yields are obtained in this one-pot procedure with short reaction times and the

ionic liquid medium reused several times in a row.
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INTRODUCTION

Three component combinations of aldehydes, amines, and
cyanide, known as the Strecker reaction [1], facilitate the
formation of «-aminonitriles [2], which are equivalent
synthones to imminium moieties [3] and acyl anions [4].
These compounds are very versatile intermediates for the
synthesis of o-aminoacids [5,4b], 1,2-diamines [6], amides
[7], and various nitrogen containing heterocycles such as
thiadiazoles and imidazoles [8]. Many modifications to the
original procedure have been developed to enhance the
efficiency of this reaction [9]. However, because of the
reversible nature of the process, these modifications still suffer
from certain drawbacks such as tedious workup and
difficulties associated with the separation of the products from
unreacted starting materials and cyanohydrin by-products.

Recent progress such as development of one-pot
procedures for aminative cyanation of carbonyl compounds
[10], use of Lewis acidic conditions [11], and employment of

new cyanating reagents, especially trimethylsilyl cyanide
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(TMSCN) [12,1a], have contributed outstanding elaborations
to the Strecker reaction. However, use of expensive reagents
and strong acidic conditions, long reaction times, deactivation
and decomposition of the catalytic systems and production of
toxic disposals are still among deficiencies of many of these
Thus,
environmentally benign methodologies for the synthesis of the

methods. development of efficient, clean, and

title structures are still in demand. Recent advancement in

designing smooth and environmentally safe synthetic
transformations has given extremely important position to
ionic liquids as alternative recyclable media for organic
reactions [13]. Among various ionic liquids, those based on 1-
butyl-3-methyl-1H-imidazolium moiety have shown great
potential as eco-friendly catalytic systems for room
temperature organic transformations [14]. In continuation of
our previous experiences on the
[15],

introduce the first procedure for [bmim][ClO,] promoted

development of
environmentally safe reactions we would like to
combination of aldehydes, amines, and TMSCN leading to the
synthesis of oi-aminonitriles via imminium ion intermediates.
The procedure has successfully incorporated both aromatic
and aliphatic aldehydes (Scheme 1).
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Scheme 1
EXPERIMENTAL

Typical experimental procedure: A mixture of aldehyde (2
mmol) and amine (5 mmol) in 1.5 ml [bmim][CIO,] [16] was
stirred at room temperature for 15 minutes. TMSCN (2 mmol)
was added to this mixture and stirring continued for another
10-15 min until TLC and IR experiments showed completion
of the reaction. The product was extracted three times by 10
ml portions of diethyl ether and the combined etheral phases
were washed with brine and dried over sodium sulphate. The
solvent was removed under reduced pressure and the product
was purified by column chromatography over silica gel, if
necessary using EtOAc/hexane as an eluent. Products were
characterized by their NMR, IR, and mass spectra.

Selected Spectral Data

(4-Methoxy-phenyl)-piperidin-1-yl-acetonitrile (3c). 'H
NMR (80 MHz, CDCl3): 8 (ppm) 1.22-1.50 (m, 6H), 2.25-2.50
(m, 4H), 3.65 (s, 3H), 4.61 (s, 1H), 6.77 (d, J = 8 Hz, 2H), 7.27
(d, T = 8 Hz, 2H); *C NMR (80 MHz, CDCl;): & (ppm) 23.7,
25.5,504, 54.9, 61.9, 113.7, 115.5, 125.3, 128.7, 159.5; MS:
m/z 230 (M"), 204, 146, 121, 84; IR (neat) v 2224, 1513, 1250
em.

Piperidin-1-yl-thiophen-2-yl-acetonitrile (3d). 'H NMR
(80 MHz, CDCl;): 8 (ppm) 1.47-1.75 (m, 6H), 2.45-2.70 (m,
4H), 4.91 (s, 1H), 6.80-7.32 (m, 3H); >*C NMR (80 MHz,
CDCls): 8 (ppm) 23.7, 25.5, 50.7, 58.5, 114.7, 126.5, 126.7,
137.8; MS: m/z 206 (M"), 122, 97, 84; IR (neat) v 3107, 2937,
2368, 1442 cm™.

(4-Chloro-phenyl)-pyrrolidin-1-yl-acetonitrile (3g). 'H
NMR (80 MHz, CDCl;): 6 (ppm) 1.59-1.88 (m, 4H), 2.42-2.59
(m, 4H), 4.91 (s, 1H), 7.20 (d, J = 7 Hz, 2H), 7.38 (d, J = 7 Hz,
2H); °C NMR (80 MHz, CDCly): & (ppm) 23.3, 50.0, 58.5,
115.6, 128.6, 128.7, 132.7, 134.5; MS: m/z 220 (M), 221,
222,150, 125, 109; IR (neat) v cm’™ 2968, 2360, 1598, 1092.

Morpholin-4-yl-phenyl-acetonitrile (3i). 'H NMR (80
MHz, CDCl;): 6 (ppm) 2.48-2.54 (m, 4H), 3.57-3.70 (m, 4H),
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4.73 (s, 1H), 7.35-7.60 (m, 5H); *C NMR (80 MHz, CDCl5): &
(ppm) 49.7, 62.1, 72.1, 115.0, 127.3, 128.5, 128.7, 132.3.

RESULTS AND DISCUSSION

The initial experiment was carried out by reacting a
benzaldehyde and piperidine mixture with TMSCN in a
[bmim][CLO,] ionic liquid at room temperature (Table 1).
Formation of the imminium intermediate was detected by IR
monitoring during the reaction course [17]. TLC showed
complete disappearance of the aldehyde and formation of 3a
(entry 1). Control experiments illustrated the catalytic role of
the reaction medium. In the absence of the ionic liquid,
reactions conducted in THF, dichloromethane, or under neat
conditions resulted in the formation of less than 20% of the
desired product after several hours. Similar reactions using
other aromatic aldehydes and cyclic amines were conducted
under the same conditions. Consequently, products 3b-3j were
all easily obtained in 90-97% yield in less than 40 min (entries
2-10).

The procedure was further explored using acyclic amines.
Reactions between N-trimethylsilyldimethylamine
(TMSNMe,) with benzaldehyde (Table 1, entry 11) or with p-
methylbenzaldehyde (entry 12) resulted in rapid formation of
products 3k (96%) or 31 (88%), respectively. The use of
aliphatic aldehydes was also successfully examined by
conducting a reaction between 3-phenylpropanaldehyde and
piperidine (entry 13) leading to formation of 3m (85%).
Applicability of the procedure for aromatic amines was
attempted next using a reaction between aniline and
benzaldehyde. As a result, 3n was formed in 86% yield (entry
14). All products were identified by '"H NMR, "*C NMR, IR,
and mass spectroscopic methods and the results were
confirmed by comparison with those available in the literature.
Table 2 compares the features of the previously reported
procedures with those of the present methodology for products
3i and 3n.

In summary, we have demonstrated the first efficient and
environmentally friendly use of [bmim][CLO,] ionic liquid as
the catalytic recyclable media for three-component conversion
of aldehydes, amines, and TMSCN to o-aminonitriles at room
temperature. The versatility of the reaction, production of pure
isolated compounds, easy procedure and work up, without the
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Table 1. Room Temperature [bmim][ClO,] Ionic Liquid Promoted Synthesis of a-Aminonitriles

Entry Aldehyde Amine Product Yield (%)*
1 C¢HsCHO piperidine JCi\T 3a 95
(e,
2 (p-Me)C¢H,CHO piperidine )C\N 3b 94
O\I C H,(Me-p)
3 (p-OMe)C¢H,CHO piperidine )Ci 3c 93
O\T C,H,(OMe-p)
4 2-thiophen-CHO piperidine CN 3d 93
SRV
|/
5 (p-Me)C¢H,CHO pyrrolidine JCE 3e 92
@ CyH,(Me-p)
6 (p-OMe)C¢H,CHO  pyrrolidine JCE 3f 97
@ CH,(OMe-p)
7 (p-C)C¢H,CHO pyrrolidine CN 3g 90

@\I J\CGHA(Cl—p)

8 2-thiophen-CHO pyrrolidine CN 3h 91
Y
SRY
9 CcHsCHO morpholine CN 3i 92
N
O\) C6H5
10 (p-Me)C¢H,CHO morpholine JCS 3j 90
Q CHH,(CLp)
11 C¢HsCHO TMSNMe, CN 3k 96
~N
1TI C()HS
12 (p-Me)C¢H,CHO TMSNMe, )Ci\f 31 88
\Iﬁ CeH,(Me-p)
13 C¢HsCH,CH,CHO  piperidine JCi\T/\ 3m 85
OI C6H5
14 C¢HsCHO aniline CN 3n 86
PN e,
H

Isolated yields.
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Table 2. Comparison of the Present and other Available Methodologies

Reactants Conditions Solvent Product  Yield (%) Reference

Benzaldehyde + Morpholine  [bmim][ClO,4], 0.5 h - 3i 92 This work
BiCl;, 7h CH;CN 3i 89 [11a]
Silica sulfuric acid, 9 h CH,Cl, 3i 81 [111]
I,,2h CH;CN 3i 78 [11b]
NiCl,, 12 h CH;CN 3i 74 [11h]
LiClO, - - NR? [11e]

Benzaldehyde + Aniline [bmim][ClO4], 0.5 h - 3n 86 This work
BiCl;, 10 h CH;CN 3n 84 [11a]
Silica sulfuric acid, 6 h CH,Cl, 3n 88 [111]
Montmorillonite, 3.5 h CH,Cl, 3n 90 [10]
I,,1h CH;CN 3n 94 [11b]
NiCl,, 12 h CH;CN 3n 92 [11h]

*No reaction.

use of extra additives or Lewis acids are other advantages of

the present method.

ACKNOWLEDGMENTS

The Ministry of Science, Research, and Technology of Iran

is gratefully acknowledged for partial financial support of this

work.

REFERENCES

(1]

96

a) A. Strecker, Limbi's, Ann. Chem. 75 (1850) 27; b) H.
Visitant, S. Komiyama, Y. Hasegawa, S. Kobayashi, J.
Am. Chem. Soc. 122 (2000) 762; c) L. Yet, Angew.
Chem. Int. Ed. 40 (2001) 875.

a) D. Enders, J.P. Shilvock, Chem. Soc. Rev. 29 (2000)
359; b) M. North, Angew. Chem. Int. Ed. 43 (2004)
4126.

a) D.B. Grotjahn, R.J. Albers, J. Beckman, Synlett.
(2000) 633; b) G. Stork, Pure & Appl. Chem. 61 (1989)
439; ¢) R.B. Woodward, F.E. Bader, H. Bickel, A.J.
Frey, R.W. Kierstead, J. Am. Chem. Soc. 78 (1956)
2023; d) R.B. Woodward, F.E. Bader, H. Bickel, A.J.
Frey, R.W. Kierstead, J. Am. Chem. Soc. 78 (1956)
2657.

(4]

(5]

(6]

(7]

(8]

(9]

a) C.R. Hauser, HM. Taylor, T.G. Ledford, J. Am.
Chem. Soc. 82 (1960) 1786; b) J.D. Albright,
Tetrahedron 39 (1983) 3207; c¢) H.M. Taylor, C.R.
Hauser, J. Am. Chem. Soc. 82 (1960) 1790.

a) A.J. Davies, M.S. Ashwood, LF. Cottrell, Synth.
Commun. 30 (2000) 1095; b) W.H.J. Boesten, J.P.G.
Seerden, B. Lange, H.J.A. Dielemans, H.L.M.
Elsenberg, B. Kaptein, H.N. Kellogg, Q.B.
Broxtermann, Org. Lett. 3 (2001) 1121; ¢) Y.M.
Shafran, V.A. Bakulev, V.S. Mokrushin, Russ. Chem.
Rev. 58 (1989) 148.

E. Leclerc, P. Mangency, V. Henryon, Tetrahedron:
Asymmetr. 11 (2000) 3471.

a) D. Enders, A.S. Amaya, F. Pierre, New J. Chem. 23
(1999) 261; b) T.H. Chuang, C.C. Yang, CJ. Chang, J.
M. Fang, Synlett (1990) 733.

a) L.M. Weinstock, P. Davis, B. Handelsman, R. Tull, J.
Org. Chem. 32 (1967) 2823; b) W.L. Matier, D.A.
Owens, W.T. Comer, D. Deitchman, H.C. Fergusen, R.J.
Seidehamel, J.R. Young, J. Med. Chem. 16 (1973) 901;
c) J.P. Leblanc, H-W. Gibson, J. Org. Chem. 59 (1994)
1072; d) J.A. Gonzalez-Vera, M.T. Garcia-Lopez, R.
Herranz, J. Org. Chem. 70 (2005) 3660.

a) J.T. Su, P. Vachal, E.N. Jacobsen, Adv. Synth. Catal.
343 (2001) 197; b) F.A. Davis, S.Lee, H. Zhang, D.L.



[12]

Environmentally Friendly Room Temperature Strecker Reaction

Fanelli, J. Org. Chem. 65 (2000) 8704; c) F.A. Davis,
P.S. Portonovo, R.E. Reddy, Y.H. Chiu, J. Org. Chem.
61 (1996) 440; d) M.S. Sigman, E.N. Jacobsen, J. Am.
Chem. Soc. 120 (1998) 4901; e) G. Jenner, R.B. Salem,
J.C. Kim, K. Matsumoto, Tetrahedron Lett. 44 (2003)
447; f) P.P. Sun, C.T. Qian, L. M. Wang, R.F. Chen,
Synth. Commun. 32 (2002) 2973.

J.S. Yadav, B.V.S. Reddy, B. Eshwaraiah, M. Srinivas,
Tetrahedron 60 (2004) 1767.

a) S.K. De, R.A. Gibbs, Tetrahedron Lett. 45 (2004)
7407; b) L. Royer, S.K. De, R.A. Gibbs, Tetrahedron
Lett. 46 (2005) 4595; c) M. Suginome, A. Yamamoto,
Y. Ito, Chem. Commun. (2002) 1392; d) L. Bernardi,
B.F. Bonini, E. Capit, G. Dessole, M. Fochi, M. Comes-
Franchini, A. Ricci, Synlett. 1778 (2003); e) N. Azizi,
M.R. Saidi, Synth. Commun. 34 (2004) 1207; f) R.
Yousefi, N. Azizi, M.R. Saidi, J] Organomet. Chem. 690
(2005) 76; g) B.C. Ranu, S.S. Dey, A. Hajra,
Tetrahedron 58 (2002) 2529; h) S.K. De, J. Mol. Catal.
A: Chem. 225 (2005) 169; I) S.K. De, R.A. Gibbs,
Synth. Commun. 35 (2005) 961; j) E. Takahashi, H.
Fujisawa, T. Yanai, T. Mukaiyama, Chem. Lett. 34
(2005) 318; k) S.K. De, Synth. Commun. 35 (2005) 653;
1) W.Y. Chen, J. Lu, Synlett (2005) 2293.

a) A.S. EI-Ahl, Synth. Commun. 33 (2003) 989; b) M.
Takamura, Y. Hamashima, H. Usuda, M. Kanai, M.
Shibasaki, Angew. Chem. Int. Ed. 39 (2000) 1650; c) M.
Takamura, Y. Hamashima, H. Usuda, M. Kanai, M.
Shibasaki, Chem. Pharm. Bull. 48 (2000)1586; d) M.

[13]

[14]

[15]

[16]

(17]

Chavarot, J.J. Byrne, P.Y. Chavant, Y. Vallee, and
Tetrahedron: Asymmetr. 12 (2001) 1147; e) K. Mai, G.
Patil, Tetrahedron Lett. 25 (1984) 4583.

a) Z.L. Shen, S.J. Ji, T.P. Loh, Tetrahedron Lett. 46
(2005) 3137; b) J.S. Yadav, B.V.S. Reddy, B.
Eshwaraiah, M. Srinivas, P. Vishnumurthy, New J.
Chem. 27 (2003) 462.

a) M.J. Earle, P.B. McCormac, K.R. Seddon, Green
Chem. 1 (1999) 23; b) J.G. Huddleston, H.D. Willauer,
R.P. Swatloski, A.E. Visser, R.D. Rogers, Chem.
Commun. (1998) 1765. ¢) J.S. Wilkes, Green Chem. 4
(2002) 73; d) C.J. Bradaric, A. Downard, C. Kennedy,
A.J. Robertson, Y. Zhou, Green Chem. 5 (2003) 143; e)
R. Sheldon, Chem. Commun. (2001) 2399.

a) M. Nooshabadi, K. Aghapoor, H.R. Darabi, M.M.
Mojtahedi, Tetrahedron Lett. 40 (1999) 7549; b) M.M.
Heravi, D. Ajami, M.M. Mojtahedi, M. Ghassemzadeh,
Tetrahedron Lett. 40 (1999) 561; ¢) A. Sharifi, M.M.
Mojtahedi, M.R. Saidi, Tetrahedron Lett. 40 (1999)
1179; d) M.M. Mojtahedi, M.R. Saidi, M. Bolourtchian,
M.M. Heravi, Phosphorus, Sulfur, and Silicon, 177
(2002) 289; e) M.M. Mojtahedi, M. R. Saidi, J.S. Shirzi,
M. Bolourtchian, Synth. Commun. 32 (2002) 851.

a) T. Fischer, A. Sethi, T. Welton, J. Woolf, Tetrahedron
Lett. 40 (1999) 793; b) L.S. Hegedus,
Synthesis, John Wiley & Sons, Vol. 79, 2002.
J.H. Atherton, J. Blacker, M.R. Crampton, C. Grosjean,
Org. Biomol. Chem. 2 (2004) 2567.

Organic

97



