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ABSTRACT: Herein, we report an efficient method for synthesis of novel
selenocyanates of amino pyrazole, amino uracil, and amino isoxazole
derivatives using in situ triselenium dicyanide from the combination of
malononitrile and selenium dioxide in DMSO medium. Using the same
combination but changing the stoichiometry of reagents and sequence of
addition and temperature, symmetrical selenoethers of amino pyrazoles and
amino uracils were prepared in good yields. Furthermore, selenocyanates of
amino pyrazoles were utilized for the synthesis of corresponding alkynyl
selenides in the presence of CuI and Cs2CO3. The salient features of this
methodology are inexpensive starting materials, short reaction time, and good
to very good yields. This method is also applicable for the gram-scale
synthesis of selenocyanates of amino pyrazoles and amino uracils.

■ INTRODUCTION
Selenium-containing organic molecules exhibit a wide
spectrum of medicinal properties, such as antiviral, anti-
hypertensive, antioxidant, antimicrobial, and antitumor proper-
ties.1 In addition to these, organoselenium compounds are
used as enzyme inhibitors, cytokine inducers, immune
modulators, and stimulators for catalytic functions of several
enzymes.1,2 Organic selenocyanates have been studied for
anticancer properties.3 Apart from their pharmaceutical
importance, organoselenium compounds are also very useful
as intermediates as well as in catalysis.4 Among organo-
selenium compounds, selenocyanate derivatives have many
applications, as this group can be easily transformed into other
functional groups such as selenoethers, diselenides, trifluor-
omethyl selenides, and selenic acids.5

Functionalized pyrazoles are widely found in many natural
products and in a variety of synthetic bioactive molecules.6

Amino pyrazole derivatives are considered as one of the
privileged molecules because of their enormous medicinal
properties.7 Pyrazole-linked selenoethers were used as ligands
for palladium catalysis and for the preparation of coordination
polymers.8 Apart from these, pyrazole-linked selenoethers also
exhibit glutathione peroxidase-like catalytic activities.9 Similar
to amino pyrazoles, amino uracils are also useful starting
materials for synthesis of diverse bioactive molecules.10

Considering the widespread applications and bioactive proper-
ties of pyrazole, uracil, and selenoethers, we turned our
attention toward developing an efficient method for the
synthesis of compounds having pyrazole or uracil-linked
selenocyanates and selenoethers. To date, many methods are

reported in the literature for selenocyanation of alkenes,
alkynes, aryl, and heteroaryl systems by using salt of -SeCN
and oxidizing agents.11 Selenocyanation using elemental
selenium in combination with TMSCN is also reported.12

Similar to selenocyanation, selenoether formation can also be
achieved under different conditions.13

A comparison of a few recent methods for the construction
of C−Se bonds in different moieties and our present protocol
is shown in Scheme 1. Kachanov et al. reported selenocyana-
tion of diketones by utilizing in situ generated triselenium
dicyanide from malononitrile and selenium dioxide (Scheme
1a).14 Redon et al. reported a direct method for the synthesis
of 3-seleno cyanatoimidazo[1,2-a] pyridine derivatives by using
in situ triselenium dicyanides (Scheme 1b).15a They also used
the combination of SeO2 and malononitrile in other trans-
formations.15b−d Xiao et al. developed a method for
selenocyanation of enolizable carbonyl compounds by employ-
ing selenocyano-benziodoxolone (BI-SeCN), a hypervalent
iodine reagent, under solvent and oxidant-free grinding
reaction conditions (Scheme 1c).16 Sun et al. reported
oxidative selenocyanation of aromatic ketones by using
KSeCN, a catalytic amount of molecular iodine, and TBHP
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as an oxidizing agent (Scheme 1d).17 Yang et al. synthesized
selenocyanates of pyrrolo[1,2-a]quinoxaline in the presence of
1.5 equivalent of NCS as an oxidant (Scheme 1e).18 Zhu et al.

reported temperature-dependent iodine-catalyzed chalcocya-
nation and chalcogenation of imidazopyridines by using
KSeCN and KSCN as a source of chalcogens and a

Scheme 1. Comparison of Some Reported Methods for Selenocyanation with Our Work (a−h)
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stoichiometric amount of PIDA as an oxidant (Scheme 1f).19

Myrboh and co-workers reported selenocyanation of enolizable
ketones and chalcones using in situ triselenium dicyanide
obtained from malononitrile and selenium dioxide (Scheme
1g).20 Herein, we report a straightforward method using in situ
triselenium dicyanide obtained from malononitrile and
selenium dioxide for the preparation of selenocyanates and
selenoethers of amino pyrazole and amino uracils (Scheme
1h).
Recently, we reported a H2O2-mediated thiocyanation of

amino pyrazole and amino uracil moiety,21 and rose Bengal-
catalyzed phenylselenylation of amino pyrazole and amino
uracils in the presence of visible light.21 In continuation of our
work on sp2 C−H functionalization, especially on C−S and
C−Se bond-forming reactions, we turned our attention toward
developing an efficient and straightforward method for the
functionalization of amino pyrazole and amino uracil
derivatives. Triselenodicyanide is considered as an ideal
electrophilic source, especially considering its simple and
easy generation from malononitrile and selenium dioxide.
However, to the best of our knowledge, this has not been
explored for the synthesis of selenocyanates and selenoethers
of amino pyrazole and amino uracils. Thus, we wanted to
investigate and explore the reactivity of triselenodicyanides for
selenocyanation of various pyrazole and uracil moieties.

■ RESULTS AND DISCUSSION
We started our preliminary investigation on selenocyanation by
choosing 5-amino-3-methyl-1-phenyl-1H-pyrazole (1e) as a
model substrate. The reaction of 1e with selenium dioxide (3)
and malononitrile (2) under various reaction conditions was
performed to find out the optimum reaction conditions for this
transformation (Table 1). Initially, a reaction using 0.5 mmol
of 5-amino-3-methyl-1-phenyl-1H- pyrazole (1e), 0.75 mmol
(1.5 equiv) of malononitrile (2), and 1.5 mmol of selenium
dioxide (3) in 2.0 mL of DMSO was tried keeping the reaction
temperature at 40 °C. To our delight, an 80% yield of our

desired corresponding selenocyanated product 4e was
obtained within a short reaction time (entry 1, Table 1). It
is noteworthy to mention that we did not observe any
oxidation of amine functionality in this reaction. Next, the
same reaction was tried at 25 °C, and to our surprise, the
reaction provided only 15% yield even after a 12 h reaction
time (Table 1, entry 2). We also varied the stoichiometry of
malononitrile and SeO2 keeping the solvent DMSO and the
temperature at 40 °C (fixed) to check their effect on the
observed yield. Only 43% yield was observed using 1.0 equiv of
malononitrile and 1.0 equiv of SeO2 (entry 3, Table 1).
Interestingly, in the presence of 1.0 equiv of malononitrile and
2.0 equiv of SeO2, a slightly better result was observed (entry
4, Table 1). Next, we performed the reaction for a longer
reaction time (3 h) and ended up with lower yields. Similarly,
another reaction was investigated at a slightly higher
temperature (55 °C); in this case also relatively lower yield
was observed (entry 6, Table 1). When the same reaction was
performed in DMF medium instead of DMSO, only 47% yield
was observed. Solvents like water, acetonitrile, THF, and
toluene were not found suitable for this transformation (Table
1, entries 8−11).
Among all of the screened solvents, DMSO was found to be

the most suitable solvent for the synthesis of selenocyanates
using this method. From this investigation, it was realized that
1.0 equiv of 5-amino-3-methyl-1-phenyl-1H-pyrazole (1e), 1.5
equiv of malononitrile (2), and 3.0 equiv of selenium dioxide
(3) in DMSO medium at 40 °C provide the optimum yield for
the selenocyanated product (4e). With this optimal reaction
condition in hand, we further turned our attention to checking
the generality and scope of this selenocyanation methodology.
A wide variety of amino pyrazole derivatives with R1 = H, CN,
Me, C(CH3)3, Ph, 4-Me-Ph, 4-OMe-Ph, 4-Cl-Ph groups and
R2 = Me, Ph, 4-Cl-Ph, 4-Br-Ph, and 2,6-dichloro-4-trifluor-
omethylphenyl groups were found suitable for selenocyanation
and the corresponding selenocyanates were obtained in good
to very good yields (Table 2). A relatively lower yield of 4q
was obtained and it took a longer reaction time (6 h), which
may be due to the presence of an electron-withdrawing group
-CN in the Phenyl ring tethered with N1. Amino pyrazole
derivatives having NH−Ac group also provided the corre-
sponding selenocyanated product 4r without affecting the
protecting group.
After the successful application of this methodology for

selenocyanation of amino pyrazoles, next, we turned our
attention to explore this method for selenocyanation of amino
uracil derivatives. Under standard reaction conditions, it was
observed that 6-amino uracil provides the corresponding
selenocyanated product 6a in 78% yield. Likewise, mono-
substituted and disubstituted 6-amino uracils with methyl
groups were reacted, and the corresponding selenocyanated
products 6b and 6c were obtained in very good yields (75−
76%). Likewise, 6-amino uracil having diethyl and dipropyl
groups also provided selenocyanated products 6d and 6e in 77
and 73% yield, respectively, under standard reaction
conditions. Next, we turned out our attention on the synthesis
of selenium-bridged symmetrical selenoethers of 5-amino
pyrazole derivatives. For this purpose, we initially carried out
a one-pot two-step procedure. First, we carried out
selenocyanation of 5-amino-3-methyl-1-phenyl-1-H-pyrazole
(1e) under standard reaction conditions. After the full
consumption of 1e as monitored by the TLC, we added one
more equivalent of 1e, and the resultant reaction mixture was

Table 1. Optimization of the Reaction Conditions for the
Synthesis of 4ea

entry
substrate 2
(equiv)

SeO2
(equiv) solvent

temp
(°C) time

yieldb
(%)

1 1.5 3 DMSO 40 30 min 80
2 1.5 3 DMSO 25 12 h 15
3 1 1 DMSO 40 2 h 43
4 1 2 DMSO 40 2 h 61
5 1.5 3 DMSO 40 3 h 62
6 1.5 3 DMSO 55 30 min 73
7 1.5 3 DMF 40 30 min 47
8 1.5 3 H2O 40 30 min Traces
9 1.5 3 acetonitrile 40 30 min Traces
10 1.5 3 THF 40 30 min Traces
11 1.5 3 toluene 40 30 min Traces

aReaction conditions 1e (0.5 mmol,1.0 equiv). bYield of the isolated
product.
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stirred for 2 h at 70 °C until the selenocyanated product was
fully consumed (monitored by TLC). Interestingly, in this
reaction, the corresponding symmetrical selenoether 7b was
obtained in 73% yield (Table 3). After this, following this one-
pot two-step strategy and just varying amino pyrazole
derivatives, we prepared other symmetrical selenoethers 7a,
7c, and 7d in good yields, and the results are summarized in
Table 3.
All of these products were fully characterized by recording

1H and 13C NMR and HRMS. In addition to these, the

structure of 7d was further unambiguously confirmed by
single-crystal XRD as shown in Figure 1. Next, to generalize
this method, we also applied the same one-pot two-step
procedure for the synthesis of symmetrical selenoethers of
amino uracil derivatives, i.e., selenocyanation followed by the
addition of one more equivalent amino uracil derivatives under
standard reaction conditions at 70 °C. Interestingly, amino
uracil derivatives having methyl, ethyl and propyl groups were
also found suitable for this one-pot symmetrical selenoether

Table 2. Substrate Scope for Selenocyanation of Amino pyrazole 1 and Amino uracil Derivatives 5a,b

aReaction conditions: 1 or 5 (0.5 mmol), 2 (0.75 mmol), and SeO2 (1.5 mmol) in DMSO (2.0 mL), 40 °C, 15−30 min. bYield of the isolated
product.
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formation reaction and the corresponding symmetrical
selenoethers 8a−8c were prepared in good to very good yields.
The feasibility of gram-scale synthesis of selenocyanated

products by this method was also determined. For this
purpose, we took amino pyrazole 1e in 5.0 mmol and 7.5
mmol malononitrile and 15.0 mmol selenium dioxide in 20.0
mL of DMSO, and the reaction mixture was stirred under
standard reaction conditions for 40 min. After completion of
the reaction, the corresponding selenocyanated product 4e was
obtained in 78% yield as shown in Scheme 2. Similarly,
selenocyanate 6c was prepared in a 5.0 mmol scale.
Finally, we tried to utilize our selenocyanated products for

the synthesis of alkynyl selenides tethered with amino pyrazole
moiety. From the literature, we found that alkynyl sulfides can
be prepared by utilizing copper catalysis using thiocyanates and
alkynes at ambient temperature.22 However, to the best of our

knowledge, to date, synthesis of alkynyl selenides tethered with
amino pyrazole is not known. Thus, we carried out the reaction
by taking selenocyanates 4e (0.3 mmol), phenylacetylene 9
(1.5 equiv), Cs2CO3 (1.0 equiv), and CuI (20.0 mol %) in 4.0
mL of acetonitrile in a 10 mL round-bottom flask and the
reaction was performed under a nitrogen atmosphere.
Interestingly, after stirring for 2 h at room temperature, the
corresponding alkynyl selenoether 10e was obtained in 71%
yield. Next, we tried to optimize this reaction by using different
organic solvents such as THF, DCE, toluene, DCM, ethanol,
and DMSO at room temperature conditions; among all of the
screened solvents, acetonitrile provided the best result. Thus,
using selenocyanate 4l and phenyl acetylene under standard
reaction conditions, we prepared the corresponding alkynyl
selenides 10b in 67% yield as shown in Table 4.

Table 3. Substrate Scope for the Synthesis of Symmetrical Selenoethers of Amino pyrazole 7a−7d and Amino uracil
Derivatives 8a−8ca,b

aReaction conditions: 1 (0.5 mmol), 2 (0.75 mmol), and SeO2 (1.5 mmol) in DMSO (2.0 mL), at 40 °C, 15−30 min. After 30 min again 1 or 5
(1.0 equiv) was added. bYield of the isolated product.

Figure 1. Single-crystal X-ray structure of 7d (CCDC 2256632).
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Phenyl acetylene derivatives having substituents such as 4-
NO2 and 4-CF3 also reacted with 4e to provide corresponding
alkynyl selenoethers 10c and 10d in good yields under
standard reaction conditions. In the case of 1,4-diethynylben-
zene under standard reaction conditions, we only obtained
mono alkynyl selenide 10e in a satisfactory yield.
The plausible reaction mechanism for the formation of

selenocyanate and selenoether is shown in Scheme 3. Based on
the literature reports on preparation and application of
triselenium dicyanide in organic synthesis,12,13,18 we proposed
the mechanism for this reaction. It is believed that amino
pyrazoles act as a C-nucleophile due to enamine-like properties
and attack the in situ generated electrophilic selenocyanating
reagent triselenium dicyanide (I) to give intermediate II. Next,
deprotonation of intermediate II provides the desired
selenocyanated product 4e. Formation of selenoether 8a goes
via a nucleophilic substitution of cyanamide from 4e by
another molecule of amino pyrazole as shown in Scheme 3.
Likewise, alkynyl selenides form via the formation of an organo
copper intermediate, which acts as a nucleophile for the
substitution of CN− from 4e.

■ CONCLUSIONS
In summary, we developed an efficient method for
selenocyanation of amino pyrazole, amino isoxazole, and
amino uracil derivatives as well as symmetrical selenoethers of
amino pyrazole and amino uracils using in situ triselenium
dicyanide from the combination of SeO2 and malononitrile.
The salient features of this method are: inexpensive starting
materials, shorter reaction time, wide substrate scope, and
applicable for gram-scale synthesis. The prepared selenocya-
nates of amino pyrazoles have been converted to alkynyl
selenides using copper catalysis.

■ EXPERIMENTAL SECTION
Experimental Procedure. General Procedure for the

Synthesis of 4a−4r and 6a−6e. In a 10.0 mL round-bottom
flask, malononitrile (50 mg, 0.75 mmol, 1.5 equiv), SeO2 (166
mg, 1.5 mmol, 3.0 equiv), and 2.0 mL of DMSO were
transferred and the resulting mixture was stirred for five
minutes at 40 °C. Then, amino pyrazole/amino isoxazole/
amino uracil (0.5 mmol, 1.0 equiv) was transferred to this
mixture and again stirred for 30 minutes. The progress of the
reaction was monitored by TLC. After completion of reaction,

Scheme 2. Gram-Scale Synthesis of 4e and 6c

Table 4. Substrate Scope for the Synthesis of Alkynyl Selenides 10a−10ea,b

aReaction conditions: 4e or 4l (0.3 mmol, 1.0 equiv), phenylacetylene derivative 9 (1.5 equiv), Cs2CO3 (1.0 equiv), and CuI (20.0 mol %) in 4.0
mL of CH3CN, N2, rt.

bYield of the isolated product.
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the reaction mixture was transferred to a separating funnel and
10.0 mL of water was added and extracted three times with
ethyl acetate (3 × 10.0 mL). The resultant organic layer was
dried over anhydrous sodium sulfate and concentrated by
using a rotavap. The crude product was purified by silica-gel
column chromatography to get the pure products 4a−4p,
while the selenocyanated products 6a−6e were obtained by
addition of water followed by simple filtration and column
chromatography.
General Procedure for the Synthesis of Symmetrical

Selenoethers 7a−7d and 8a−8c. In a 10.0 mL round-bottom
flask, malononitrile (50 mg, 0.75 mmol, 1.5 equiv), SeO2 (166
mg, 1.5 mmol 3.0 equiv), and 2.0 mL DMSO were transferred.
The resulting mixture was stirred for five minutes at 40 °C.
Then, amino pyrazole/amino uracil (0.5 mmol, 1.0 equiv) was
added to this mixture and again stirred for 30 minutes. After
the completion of the reaction, one equivalent of amino
pyrazole/amino uracil (0.5 mmol, 1.0 equiv) was added and
the reaction mixture was kept under heating condition (at 70
°C) with constant stirring for 2−3 h. After completion of the
reaction, 10.0 mL of water was added to the reaction mixture
and extracted three times with ethyl acetate (3 × 10.0
mL).The resultant organic layer was dried over anhydrous
sodium sulfate and concentrated by using a rotavap. The pure
product was isolated by column chromatography.
General Procedure for the Synthesis of Alkynyl Selenides

10a−10e. In a 10.0 mL round-bottom flask, a mixture of
selenocyanated product 4e or 4l (0.3 mmol, 1.0 equiv),
phenylacetylene 9 (1.5 equiv), Cs2CO3 (1.0 equiv) and CuI
(20.0 mol %) and 4.0 mL of acetonitrile was transferred and
flushed with nitrogen gas to create an inert atmosphere. The
reaction mixture was stirred for 2 h and the progress of the
reaction was monitored by TLC. After completion of the
reaction, the mixture was passed through a pad of Celite and

the filtrate was concentrated in reduced pressure. Then, 5.0 mL
of water was added to the crude product and the mixture was
transferred to a separating funnel and extracted three times
with ethyl acetate (3 × 10.0 mL). The resultant organic layer
was dried over anhydrous sodium sulfate and concentrated by
using a rotavap. Finally, the crude product was purified by
silica-gel column chromatography to get pure products 10a to
10e.
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