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A novel and convenient three-component coupling reaction of nitromethane, aromatic aldehydes and tri-
methylsilyl cyanide (TMSCN) or ammonium thiocyanate has been developed for an expeditious synthesis
of b-nitrocarbonitriles or b-nitrothiocyanates, respectively, via C–C and C–S bond-forming reactions. The
synthetic protocol strategically involves a one-pot sequential Henry reaction and a Michael addition effi-
ciently promoted by the same ionic liquid [bmim]OH. The main advantages of the present approach
include the use of inexpensive simple substrates and an ionic liquid as an efficient reaction promoter
for the mild synthesis in a one-pot procedure.

� 2008 Elsevier Ltd. All rights reserved.
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Modern synthetic design demands high efficiency in terms of
minimization of synthetic steps together with maximization of
complexity.1 One of the ways to fulfil these goals is the develop-
ment and use of multicomponent reactions (MCRs) which consist
of several simultaneous bond-forming reactions and allow a highly
efficient synthesis of complex molecules starting from simple sub-
strates in a one-pot procedure.2–4 Ionic liquids (ILs) have attracted
increasing interest in organic synthesis owing to their great poten-
tial not only as environmentally benign reaction media but also as
new catalysts and reagents, and because they are also easy to
recycle.5

The importance of nitroalkanes in organic synthesis is tied up to
their propensity to undergo facile a-alkylation reactions and inter-
conversions to other important organic functional groups.6

Aliphatic nitro compounds have proven to be valuable intermedi-
ates, and are powerful synthetic tools because they facilitate the
carbon–carbon bond-forming processes.7 Most importantly, the
nitro group can be converted to a carbonyl compound using
the Nef reaction.8 An efficient nitroalkane-mediated cyclopropana-
tion is a key step in the synthesis of b-amino acid analogues of Pre-
gabalin and Gabapentin that target the a2–d protein.9

Hydrocyanation or hydrothiocyanation of nitroalkenes affords
straightforward access to nitroalkanes bearing a nitrile or thiocya-
nate functionality of considerable synthetic utility. The diverse
transformations in which nitriles participate (for example,
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RCN?RCO2H, RCONH2. RCHO, RCH2NH2 and RCN4, as well as Pin-
ner and Ritter reactions) place them among the most versatile
intermediates in organic chemistry.10–23 Furthermore, organic
thiocyanates have gained considerable importance in various areas
of organosulfur chemistry24 and are useful scaffolds for the synthe-
sis of various heterocycles, some of which are associated with her-
bicidal and other important biological activity.25,26 Moreover, the
thiocyanato group occurs as an important functionality in certain
anticancer natural products formed by deglycosylation of glucosin-
olates derived from cruciferous vegetables.27,28

Considering the above points along with earlier reports on
hydrocyanation of alkenes29 and our ongoing efforts to develop
new one-pot synthetic processes,30 we report herein the first ionic
liquid [bmim]OH-promoted synthesis of hitherto unknown
b-nitrocarbonitriles 2 and b-nitrothiocyanates 3 using a three-
component coupling (3cc) strategy (Scheme 1). After some preli-
minary experimentation, it was found that b-nitrocarbonitriles 2
Ar H
3
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Scheme 1. One-pot synthesis of b-nitrocarbonitriles 2 and b-nitrothiocyanates 3.
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Scheme 2. Two-step synthesis of b-nitrocarbonitriles 2 and b-nitrothiocyanates 3.

Table 1
Optimization of the catalyst for the one-pot synthesis of 2-nitro-1-(4-nitro-
phenyl)ethyl thiocyanate (3d)a

Entry Catalyst Timeb (h) Yieldc (%)

1 NH4OH (20 mol %) 9 36
2 Bu4NF (20 mol %) 9 41
3 NH4OAc (20 mol %) 9 48
4 [bmim]Br (20 mol %) 9 40
5 [bmim]PF6 (20 mol %) 9 43
6 [bmim]BF4 (20 mol %) 9 44
7 [bmim]OH (10 mol %) 9 83
8 [bmim]OH (15 mol %) 8 87
9 [bmim]OH (20 mol %) 6 94

10 [bmim]OH (25 mol %) 8 94

a For the experimental procedure, see Ref. 35.
b Time for completion of the reaction at 85–90 �C as indicated by TLC.
c Yield of isolated and purified product.
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Scheme 3. Plausible mechanism for the formation of b-nitrocarbonitriles 2.
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Scheme 4. Plausible mechanism of the formation of b-nitrothiocyanates 3.
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and b-nitrothiocyanates 3 can be synthesized in moderate overall
yields (53–58%) by following a two-step process (Scheme 2).
The first step is the preparation of b-nitrostyrenes 4 by the Henry
reaction31,32, and the second step is a hitherto unreported
ionic liquid 1-butyl-3-methylimidazolium tetrafluoroborate
[bmim]BF4-promoted Michael addition of trimethylsilyl cyanide
(TMSCN) or ammonium thiocyanate to b-nitrostyrenes 4 to afford
hydrocyanated and hydrothiocyanated products 2 and 3. In order
to improve the overall yields and synthesize products 2 and 3
expeditiously from nitromethane in a one-pot procedure, we
devised a novel ionic liquid [bmim]OH-promoted three-compo-
nent coupling reaction of nitromethane, aromatic aldehydes 1
and TMSCN or NH4SCN, which works well for the high yielding
synthesis of b-nitrocarbonitriles 2 or b-nitrothiocyanates 3
(Scheme 1). Interestingly, no formation of the corresponding cya-
nohydrin trimethyl ethers (an adduct of an aldehyde and trimeth-
ylsilyl cyanide) was observed under these conditions (Scheme 2).

We set up a series of experiments to optimize the reaction con-
ditions. Indeed, we used a very straightforward protocol and exam-
ined various basic catalysts as well as ionic liquids for the synthesis
of representative compound 3d (Tables 1 and 2). Among the cata-
lysts tested, the best result was obtained with [bmim]OH; this evi-
denced the catalytic efficacy of [bmim]OH in the reaction affording
3d in excellent yield (Table 1, entry 9). This is in accordance with
the earlier observations of Ranu et al. who introduced the basic
ionic liquid [bmim]OH for organic reactions for the first time.33

The use of other ionic liquids and basic catalysts resulted in a con-
siderable drop in yields (Table 1, entries 1–6). The optimum cata-
lyst loading for the ionic liquid [bmim]OH was found to be
20 mol % (Table 1, entry 9). It is noteworthy that a decrease in
the catalyst amount decreased the yield considerably (Table 1,
entries 7 and 8). However, a catalyst loading higher than
20 mol % did not appreciably increase the yield (Table 1, entry 10).

Next, optimization of the solvent for the synthesis of 3d was
investigated and it was found that among methanol, ethanol, 1,4-
dioxane and acetonitrile, the best solvent in terms of yield was
acetonitrile. In view of the above findings, stirring the reaction
mixture in acetonitrile with catalyst [bmim]OH (20 mol %)
at 85–90 �C configures the optimized reaction condition. In order
to investigate the substrate scope of the reaction, a wide range of
substituted aldehydes were subjected to this procedure. The
results are summarized in Table 2. Both electron-donating and
electron-withdrawing substituents are tolerated to afford the
corresponding products 2 and 3 in consistently good yields. After
isolation of the product, the catalyst could be easily recycled and
reused without loss of efficiency.34,35

The 3cc approach reported herein for the envisaged synthesis of
b-nitrocarbonitriles 2 or b-nitrothiocyanates 3 was successfully
realized by stirring an equimolar mixture of an aldehyde, nitro-
methane and cyanating/thiocyanating agents, that is, TMSCN/
NH4SCN with 20 mol % of ionic liquid [bmim]OH as catalyst in
acetonitrile at 85–90 �C for the time specified in Table 2. Isolation
and purification afforded analytically pure compounds 234 and 335

in 81–94% yields. The requisite ionic liquids were prepared
employing known methods.33a,36–38 Plausible mechanisms for the
formation of 2 and 3 are depicted in Schemes 3 and 4.

In conclusion, we have demonstrated a novel, convenient and
expeditious method for the synthesis of b-nitrocarbonitriles and
b-nitrothiocyanates in excellent yields via a one-pot three-compo-



Table 2
One-pot [bmim]OH-promoted reaction of nitromethane with aldehydes and nucleophiles to afford products 2 and 3

Entry Aldehyde 1 Nucleophile (TMSCN/NH4SCN) Product 2 or 3 Timea (h) Yieldb,c (%)

1

CHO

TMSCN C6H5

NO2

H

NC

2a 

8 83

2

CHO

Cl

TMSCN 4  ClC6H4

NO2

H

NC

2b 

7 89

3

CHO
Cl TMSCN 2  ClC6H4

NO2

H

NC

2c 

8 84

4

CHO

NO2

TMSCN 4  O2NC6H4

NO2

H

NC

2d 

6 92

5
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NO2
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3  O2NC6H4

NO2

H

NC

2e 

8 85

6
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TMSCN 4  H3COC6H4

NO2

H
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2f 

9 81

7
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F TMSCN 2  FC6H4

NO2

H

NC
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Table 2 (continued)

Entry Aldehyde 1 Nucleophile (TMSCN/NH4SCN) Product 2 or 3 Timea (h) Yieldb,c (%)

13

CHO

OCH3

NH4SCN 4  H3 COC6H4

NO2

H

NCS

3f 

9 85

14

CHO
F NH4SCN 2  FC6H4

NO2

H

NCS

3g 

7 90

a Stirring time at 85–90 �C.
b Yield of isolated and purified products.
c All compounds gave C, H and N analyses within ±0.37% and satisfactory spectral (IR, 1H NMR, 13C NMR and EIMS) data.
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nent coupling of aldehydes, nitromethane and TMSCN/NH4SCN
using ionic liquid as an efficient promoter. The present protocol
for the synthesis of various functionalized nitroalkanes has high
potential for its application in organic chemistry.
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