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We present herein our results on the nucleophilic addition of imidazole to a range of arylselanylalkynes
by simple heating in DMF without any additives to give (Z)-1-(1-organyl-(2-arylselanyl)vinyl)-1H-imida-
zoles. The reactions were performed under mild conditions with a range of arylselanylalkynes in good
yields and with high regio- and stereoselectivity to give the respective (Z)-arylselanyl alkene as the only
isomer.

� 2013 Elsevier Ltd. All rights reserved.
Heterocyclic nitrogen-containing substrates are common con-
stituents of natural products, agrochemicals, pharmaceuticals and
are also useful intermediates in a number of microbial transforma-
tions and industrial processes.1,2 Imidazole rings are incorporated
in a large number of well-known drugs, such as Alcaftadine, used
for the prevention of itching associated with allergic conjunctivi-
tis;1a,3 Liarozole, used for the treatment of ichthyosis4,5 and Zolpi-
dem, used to treat anxiety and insomnia6,7 (Fig. 1).

Among nitrogen-containing heterocycles, N-alkenyl imidazoles
are a very interesting sub-group, both in organic synthesis, as a
building block in intramolecular cyclizations,8 and as antifungal
agents.9 In a general way, the described methods to synthesize
N-alkenyl imidazoles are of two types: reactions involving the
hydroamination of alkynes or the coupling of imidazole with vinyl
halides. The hydroamination of alkynes using imidazole as nucleo-
phile includes the reaction in the presence of phosphazene base
(tBu-P4) and DMSO, which affords a mixture of (E)- and (Z)-N-alke-
nyl imidazoles.10 By starting from alkynones and phenacyl sulf-
ones, a mixture of (E)- and (Z)-b-(1-imidazolyl)enones was
obtained in reasonable to good yields.11 When NaOH/TBAI/DMSO
were used instead Et3N, (E)-N-alkenyl-b-phenacyl imidazole was
obtained exclusively in 66% yield.12 (Z)-N-Alkenyl-b-bromo imid-
azole was obtained as a co-product in the reaction of bromoalkynes
with imidazole in the presence of CuO/KOH/1,4-dioxane13 or CuI/
Cs2CO3/PEG-400.14 In these reactions, N-alkynyl substituted imida-
zoles were preferentially obtained, except when a bromide source
[(Bu)4NBr] was present.14 Interestingly, if the mixture of imidazole
and bromoalkyne is heated at 150 �C for 2–24 h, (Z)-N-alkenyl-b-
bromo imidazoles are obtained exclusively in good yields.15 In a
similar approach, (Z)-N-alkenyl-b-(p-bromophenyl) imidazole
was selectively prepared by the copper-catalyzed nucleophilic
addition of imidazole to [(4-bromophenyl)ethynyl]trimethylsilane
in the presence of BtH/KOH/DMSO.16 The hydroamination of conju-
gated symmetrical 1,4-diaryl-1,3-diynes via a modified Ullmann
condensation was efficiently used to prepare several N-alkenyl-b-
alkynyl imidazoles. The reaction affords a mixture of E and Z iso-
mers (with preference for the Z one) in good yields by heating
the reagents at 100 �C for 16 h in the presence of 1,10-phenanthro-
line and Cs2CO3 in DMSO.17 Electron-rich terminal arylalkynes
reacted with imidazole in the presence of KOH/DMSO at 120 �C
to afford (Z)-b-imidazolyl styrenes in good yields.18 The addition
of imidazole to alkynyl phosphonium salts (acetonitrile, 80 �C,
27.5 h) followed by base hydrolysis (aq NaOH, reflux, 13.5 h) affor-
ded gem-N-alkenyl imidazole (26% yield, 2 steps).19

The methods starting from vinyl halides include the reaction of
b-chloroenones with imidazole in the presence of Et3N to prepare
(E)-N-alkenyl-b-phenacyl imidazoles selectively.11 Several cata-
lysts and ligands were used to perform the coupling of vinyl bro-
mides with imidazole, including CuI/DMEDA in the presence of
Cs2CO3, TBAF.3H2O in DMF20 and CuI/EDA/K3PO4.21 Depending on
the starting vinyl bromide, (Z)- or gem-N-alkenyl imidazoles were
selectively obtained, but in moderated to poor yields, even after
heating the mixture for 2 days at 110 �C.21 The oxidative amination
of styrene using a polymer-bound oxidovanadium(IV) complex22

was also used to prepare gem-N-alkenyl imidazoles. In this case a
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Figure 1. Drugs containing imidazolyl moiety in their structures.

Table 1
Optimization of reaction conditionsa

C6H5 +SeC6H5

N

N
H

N

N

C6H5
SeC6H5

1a 2 3a

conditions

Entry 2 (equiv) Solvent Temp. (�C) Time (h) Yield of 3ab (%)

1 2.0 DMF 90 120 47
2 2.0 DMF 120 120 58
3 2.0 DMF 145 48 73
4 1.5 DMF 145 48 48
5 3.0 DMF 145 48 71
6 2.0 PEG-400 145 48 n.r.
7 2.0 DMSO 145 72 n.r.
8 2.0 THF reflux 72 n.r.
9 2.0 DCM reflux 72 n.r.

a Reactions performed using 1a (0.5 mmol), imidazole 2 and solvent (5.0 mL).
b Yields are given for isolated product 3a.
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mixture of the Markovnikov and anti-Markovnikov adducts was
obtained.

The biological activity23 and usefulness of selenium-containing
compounds in organic synthesis24 are well documented, including
a number of books25 and reviews.26 Of special interest are the
nitrogen-functionalized organoselenium compounds, which pres-
ent interesting pharmaceutical properties, including antimicro-
bial,27 antioxidant,28 and antidepressant-like.29 Besides, catalytic
amounts of optically active amino diselenides were used in the
synthesis of valuable chiral building blocks in organic synthesis.30

Thus, the search for general and selective methods to prepare
highly functionalized nitrogen-containing organoselenium com-
pounds has attracted the attention of organic synthetic chemists
in the last years.

Recently, we have described the use of selanylalkynes as starting
material in the hydrochalcogenation of alkynes to prepare vinyl
chalcogenides.31,32 The nucleophilic chalcogenolate anions were
generated in situ by using the system (RY)2/NaBH4/PEG-400 (Y = S,
Se, Te)31 or KF/Al2O3.32 In this context, we report herein the selective
preparation of N-alkenyl-b-arylselanyl imidazoles by the additive-
free nucleophilic addition of imidazole to arylselanylalkynes
(Scheme 1).33

Initially, we chose 1-phenylselanyl-2-phenylethyne 1a
(0.5 mmol) and imidazole 2 (1.0 mmol) as the standard starting
materials to establish the best reaction conditions for the synthesis
of N-alkenyl-b-arylselanyl imidazole 3a (Table 1). We examined
the influence of temperature, solvent, as well as the amount of
imidazole 2. When the reaction was performed at 90 �C in DMF
(5 mL) under air atmosphere, it proceeded slowly to give 3a in
47% yield after stirring for 5 days and a large amount (49%) of start-
ing 1-phenylselanyl-2-phenylethyne 1a was recovered (Table 1,
entry 1). The temperature was then increased to 120 �C and only
58% yield of 3a was formed after a long reaction time (Table 1,
entry 2). Fortunately, when the reaction was performed at
145 �C, the desired product (Z)-3a was obtained in 73% yield after
stirring for 48 h (Table 1, entry 3). In this reaction, a small amount
(13%) of starting 1-phenylselanyl-2-phenylethyne 1a was isolated
during the step of purification of the product. The yield of 3a, how-
ever, remained almost the same even after stirring for more time at
145 �C.

Aiming to increase the yield of 3a as well as the consumption of
1a, we examined the influence of the amount of substrate 2 under
R SeR1
N

N
H

N

N
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Scheme 1. General scheme of the reaction.
the same reaction conditions described in Table 1, entry 3. Unfor-
tunately, when the reactions were performed using 0.75 mmol (1.5
equiv) of imidazole 2, product 3a was obtained only in 48% yield
(Table 1, entry 4). When 1.5 mmol (3 equiv) of imidazole 2 was
used, no increasing in yield was observed compared to the use of
2 equiv (Table 1, entries 5 vs 3). These results suggest that the
use of an excess of imidazole is preferable to afford good yields
of 3a. The unreacted 1-phenylselanyl-2-phenylethyne 1a was eas-
ily recovered to be used in further reactions. When the reactions
were carried out using other solvents, such as PEG-400, DMSO,
THF, and DCM, no product was observed after 72 h and compound
1a was recovered (Table 1, entries 6–9).

Thus, in an optimized reaction, 1-phenylselanyl-2-phen-
ylethyne 1a was reacted with imidazole 2 (2 equiv) in DMF at
145 �C during 48 hours under air atmosphere, yielding (Z)-1-(1-
phenyl-(2-phenylselanyl)vinyl)-1H-imidazole 3a in 73%. In
contrast to the previously described methods to prepare N-alke-
nyl-imidazoles,10–22 to our satisfaction the reaction described here
was 100% stereo- and regioselective, giving exclusively the
(Z)-alkene 3a.

To evaluate the efficiency and generality of our protocol and to
examine the reactivity of imidazole 2 against different aryl-
selanylalkynes, the method was extended to different aromatic,
propargylic (alcohol derivatives) and aliphatic alkynes and also a
sort of arylselenides (Table 2).

Firstly, different phenylselanylalkynes 1a–f were reacted with
imidazole 2 under our optimal conditions (Table 2, entries 1–6).
As it can be seen in Table 2, the reactivity of alkynol derivatives
is influenced by steric effects. Thus, the unsubstituted phenylsela-
nyl alkynol 1b and the dimethylated derivative 2b afforded,
respectively 3b and 3c in 61 and 70% yields after 48 h (entries 2
and 3). When phenylselanyl alkynols containing sterically hin-
dered substituents (1d and 1e) were used, only reasonable yields
of the respective alkenes 3d and 3e were isolated, even after 96 h
of reaction (Table 2, entries 4 and 5). To our satisfaction, the reac-
tion of 2 with hex-1-ynyl(phenyl)selanyl 1f gave 3f in 70% yield
after 96 h (Table 2, entry 6). Despite a small amount of the E-iso-
mer was observed here, Z:E ratio = 97:3, this is a very interesting
result, once the selective preparation of vinyl selenides from low
reactive aliphatic alkynes is not trivial.26a

The NOESY spectrum of 3c (see in Support information) in
CDCl3 shows NOE cross peak of the vinylic hydrogen at 6.97 ppm
(H-4, Fig. 2) to the methyl ones of the carbinol moiety at
1.31 ppm (H-1, Fig. 2). These observations corroborate for a



Table 2
Scope of the synthesis of N-alkenyl-b-arylselanyl imidazoles 3a

Entry Arylselanylalkyne 1 Product 3 Yieldb (%) Entry Arylselanylalkyne 1 Product 3 Yieldb (%)

1
C6H5 SeC6H5

1a

N

N
Se

3a

73 6c,d

SeC6H5

1f
3

N

N
Se

3f
3

70

2
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HO 1b

N

N
SeHO

3b

61 7c

Se
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N

N
Se

3g

61
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HO
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HO
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HO
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Se

1i
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N
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HO N

N
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HO

3e

47 10c

Se

1j

ClHO
N

N
Se
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HO
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a Reactions were performed using 1a (0.5 mmol), imidazole 2 (1.0 mmol) and DMF (5 mL) at 145 �C for 48 h under air atmosphere.
b Yield after purification by column chromatography. In these reactions a small amount (5–15%) of 1-phenylselanyl-2-phenylethyne 1a was recovered.
c Reactions were performed for 96 h.
d Z:E ratio = 97:3.
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Figure 2. NOE correlation observed between CH3-1 and vinylic H-4 in CDCl3.
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(Z)-stereochemistry in the double bond in 3c, resulted of an anti-
addition of the imidazole 2 to the triple bond in 1c.

Following, we studied the effect of different substituents in the
arylselanyl moiety of the arylselanylalkynes (Table 2, entries 7–
10). The reaction works with both, electron-donating (–CH3) and
electron-withdrawing groups (–Cl) at the aromatic ring of the
arylselanyl group. It was observed, however, that a longer reaction
time was necessary for the aryl-substituted selanylalkynes. Thus,
mesitylselanylalkyne 1g and 1h reacted with imidazole 2 to afford,
after 96 h, the respective N-alkenyl-b-mesitylselanyl imidazoles 3g
and 3h in 61% and 65% yield, respectively (entries 7 and 8). When
p-chlorophenylselanylalkyne 1i and 1j were used, the yields of the
respective alkenes 3i and 3j were slightly lower, of 40% and 50%
(Table 2, entries 9 and 10).

It is important to point out that our protocol is suitable for both,
aromatic and aliphatic selanylalkynes and, except for the alkene
derived from hex-1-ynyl(phenyl)selanyl 1f, all the products were
obtained with 100% of regio- and stereoselectivity, giving exclu-
sively the N-alkenyl-b-arylselanyl imidazoles 3.34 Besides, it is
important to note that the previously described synthesis of
N-alkenyl heteroarenes makes use of catalysts and others addi-
tives. More specifically, stereoselective methodologies to access
imidazole-functionalized (Z)-arylselanyl alkenes were not reported
yet. We believe that this good result suggest the anti-addition
across the triple bond with abstraction of hydrogen of the second
equivalent of imidazole to give the desired products 3 in excellent
regio- and stereoselectivity.35

In conclusion, we have demonstrated for the first time the effi-
cient synthesis of new (Z)-1-[1-organyl-(2-arylselanyl)vinyl]-1H-
imidazoles by simple nucleophilic addition of imidazoles to a range
of arylselanylalkynes. By this new protocol, under additive-free
conditions and with simple experimental operation the products
were obtained in good yields and with high regio- and
stereoselectivitiy.
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