Tetrahedron Letters 55 (2014) 1057-1061

journal homepage: www.elsevier.com/locate/tetlet

Contents lists available at ScienceDirect

Tetrahedron Letters

Tetrahedron

Simple and catalyst-free method for the synthesis of diaryl selenides
by reactions of arylselenols and arenediazonium salts

@ CrossMark

Renata A. Balaguez, Vanessa Gentil Ricordi, Camilo S. Freitas, Gelson Perin, Ricardo F. Schumacher,

Diego Alves *

Laboratdério de Sintese Orgdnica Limpa, LASOL, CCQFA, Universidade Federal de Pelotas, UFPel, P.O. Box 354, 96010-900 Pelotas, RS, Brazil

ARTICLE INFO ABSTRACT

Article history:

Received 22 November 2013
Revised 18 December 2013
Accepted 23 December 2013
Available online 3 January 2014

yields.
Keywords:

Organoselenium compounds
Selenol

Arenediazonium salts
Hypophosphorous acid
Nucleophilic aromatic substitution

We describe here a simple and catalyst-free method to synthesize diaryl selenides by reaction of arene-
diazonium tetrafluoroborate salts with arylselenols, generated in situ by using diaryl diselenides and
hypophosphorous acid (H3PO,), using THF as solvent. This is a direct nucleophilic aromatic substitution
(SNAr) reaction performed with diaryl diselenides and arenediazonium salts bearing electron-withdraw-
ing and electron-donating groups affording the corresponding diaryl selenides in moderated to good

Crown Copyright © 2014 Published by Elsevier Ltd. All rights reserved.

Organoselenium compounds are attractive molecules due their
selective reactions' and the interest in the synthesis of these com-
pounds has increased in the last years because of their applicability
in materials® and biological areas.> Diaryl selenides are certainly
the organoselenium compounds most studied and a large number
of methodologies have been reported to prepare these com-
pounds.’®9 Additionally, diaryl selenides have attracted consider-
able attention because of their biological activities (e.g. anticancer,
antitumor, antiviral, antimicrobial, and antioxidant) and some bio-
logically important molecules containing the diaryl selenide skele-
ton are shown in Figure 1.*

Usually, the methodologies describe that the C,,~Se bond for-
mation requires long reaction times, harsh reaction conditions,
stoichiometric, or great amount of metallic reagents and some-
times the products are only generated in moderate yields.'*9 To
overcome these limitations, much attention has recently been fo-
cused to develop catalytic systems in transition metal-catalyzed
Ca—Se bond formation.® Generally these catalytic systems involve
particularly specific ligands, which may increase the cost and limit
the scope of applications.” Commonly, to avoid the foul smelling
nature of selenium reagents, diaryl diselenides are used instead
of arylselenols as coupling partners in the synthesis of diaryl sele-
nides.® However, sometimes these protocols suffer from long reac-
tion times, the necessity for high temperatures and are suitable for
a relatively narrow scope of substrates.” Furthermore, there is still

* Corresponding author. Tel./fax: +55 5332757533.
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an attention in developing of simple, selective, and catalyst-free
methodologies to produce diaryl selenides in high yields.

In this sense, the reactions of nucleophilic arylselenium species
with arenediazonium salts are an interesting approach for the syn-
thesis of diaryl selenides.® Arenediazonium salts have been utilized
as reactive aryl halide surrogates in transition metal-catalyzed
cross-coupling reactions for C-C and C-Heteroatom bond forma-
tion.” In the case of C-Se bond formation by using arenediazonium
salts, recently Ranu and co-workers described a great procedure for
the synthesis of diaryl selenides by the reaction of diazonium tet-
rafluoroborates and diaryl diselenides on alumina surface under
ball-milling without any solvent or metal.5® Reactions of arene-
diazonium salts with diaryl diselenides were also reported earlier
by the same author and in a simple one-pot reaction in the pres-
ence of Zn dust in dimethyl carbonate under microwave irradia-
tion. In this work are described a wide range of functionalized
diaryl chalcogenides obtained in high purity and good yields.®®

In view of the explained above and according to our interest in
the development of protocols correlated to the synthesis of diaryl
selenides,® we report here our contribution to the application of
arenediazonium salts in the synthesis of diaryl selenides. The pres-
ent methodology describes the simple and catalyst-free aromatic
nucleophilic substitution (SNAr) of arenediazonium salts with aryl-
selenols, generated in situ by reaction of diaryl diselenides with
hypophosphorous acid (H3PO;) (Scheme 1).

Initially, we choose diphenyl diselenide 1a (0.25 mmol) and 4-
methoxyphenyl diazonium tetrafluoroborate 2a (0.5 mmol) as
model substrates to establish the best conditions for this reaction
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Scheme 1. General scheme of the reaction.
Table 1
Optimization of reaction conditions
1) HaPO, / THF/ t. a., Ny
PhSeSePh — 56 Meo—QSePh
MeO NzBF4
1a 3a
2a
Entry H3PO, (mL) Solvent Arenediazonium salt 2a (mmol) Time® (h) Yield of 3a” (%)
1 0.1 THF 0.5 5 54
2 0.1 DMF 0.5 24 41
3 0.1 EtOH 0.5 9 45
4 0.1 Glycerol® 0.5 24 36
5 0.1 Toluene 0.5 24 30
6 0.1 MeCN 0.5 24 —
7 0.1 CH,Cl, 0.5 24 —
8 0.1 H,0 0.5 24 —
9 0.1 THF 0.5¢ 5 65
10 0.05 THF 0.54 5 69
11 0.05 THF 0.75¢ 5 76
12 0.05 THF 1.04 5 76
13 0.05 THF 1.5¢ 5 78
14 0.025 THF 0.75¢ 5 65

2 This time include preliminary 1 h of diphenyl diselenide cleavato in situ formation of benzeneselenol.

b Yields are given for isolated product 3a.
¢ The in situ formation of benzeneselenol was performed at 90 °C for 6 h.

4 Arenediazonium salt 2a was added in 4 portions during an interval of 30-30 min.

and some experiments, including solvent tests and stoichiometry,
were preformed to synthesize diaryl selenide 3a (Table 1). Accord-
ing to the literature, diorganyl diselenides are reduced to the cor-
responding organyl selenols by treatment with HsPO, and this
fact encouraged us to use this reducing agent to obtain in situ
the nucleophilic selenium species of our reaction.® While the
arylselenol is generated in situ under nitrogen atmosphere, the
bad smell of this selenating agent does not become an
inconvenience.

Thus, a mixture of diphenyl diselenide 1a and 0.1 mL of H3PO,
(50 wt % in H,0) in THF (1.0 mL) was stirred at room temperature
for 1 h under N, atmosphere to afford in situ the benzeneselenol.
The diphenyl diselenide cleavage was accompanied by the change
in the reaction solution color, from yellow to colorless. After this
arenediazonium salt 2a (0.5 mmol) was added in the reaction ves-
sel and the reaction remained at room temperature for additional

4 h. Under these reaction conditions, the product 3a was obtained
only in moderate yield (Table 1, entry 1). Regarding the influence
of the solvent on the reaction, a range of polar and apolar solvents
were tested on the same protocol described above and the desired
product 3a was obtained in lower yields comparing reaction per-
formed in THF (Table 1, entries 1 vs 2-5). When the reactions were
performed using MeCN, CH,Cl,, and H,0 as solvents, the benzene-
selenol formation was not observed (Table 1, entries 6-8). Interest-
ingly, when we carried out the reaction in THF and after the
formation of benzeneselenol we added the arenediazonium salt
2a in four portions during an interval of 30-30 min followed for
additional 2 h, the yield of product 3a was increased to 65%
(Table 1, entry 9). This good result prompted us to perform this
reaction decreasing the quantity of H3PO, and keeping the addition
of the arenediazonium salt 2a in four portions. To our satisfaction,
the use of 0.05 mL of H5PO, furnished the desired product 3a in
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Table 2
Generality of the reaction of arenediazonium tetrafluoroborates with in situ generated arylselenols®
Z s
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Table 2 (continued)

Entry ArSeSeAr ArN,BF,4 Product Yield (%)"
O Se
13 /©/ Se 2a 0 0 80
\o 3m
1f
Se,
14 2a 63
o~
1g 3n

¢ The reactions were performed using diselenide 1a-g (0.25 mmol), HsPO, (50 wt % in H,0; 0.05 mL), THF (1.0 mL), and arenediazonium tetrafluoroborate salt 2a-h

(0.75 mmol), at room temperature under N, atmosphere.
b Yields are given for isolated products.

approximately the same yield after 5 h (Table 1, entry 10). Grate-
fully, when the reaction was performed using 0.05 mL of H3PO,
and using an excess of arenediazonium salt 2a, the corresponding
product 3a was obtained in good yields (Table 1, entries 11-13).
When we used 0.025 mL of H3PO, a slight decrease in the yield
of product 3a was observed (Table 1, entry 14).

Analysis of the results showed in Table 1 indicated that the
optimum condition were the previous reaction of diphenyl disele-
nide 1a (0.25 mmol) with H3PO, (0.05 mL) in THF (1.0 mL) at room
temperature for 1 h under N, atmosphere to in situ formation of
benzeneselenol. Following, arenediazonium salt 2a (0.75 mmol)
was added in 4 portions during an interval of 30-30 min and the
stirring continued at room temperature for additional 2 h.'®

In order to demonstrate the efficiency of this reaction, we ex-
plored the generality of our method extending the conditions to
other diaryldiselenides 1a-g differently substituted and different
aromatic diazonium salts 2a-h, and the results are summarized
in Table 2.

The results disclosed in Table 2 reveal that the reaction worked
well with a range of substituted aromatic diazonium salts 2, afford-
ing moderated to good yields of the desired diarylselenides 3. Our
results reveal that the reactions are not sensitive to the electronic
effect of the aromatic ring in the arenediazonium salt. Therefore, a
comparison between the entries 1-3 versus 5-8, which used
arenediazonium salts substituted with electron-donating groups
(EDG) and electron-withdrawing group (EWG), displays similar
yields for the obtained products.

In addition, the possibility of performing the reaction with other
diaryl diselenides 1b-g was also investigated. 4-Methoxyphenyl
diazonium tetrafluorborate 2a was efficiently reacted with a range
of diaryl diselenides containing EDG and EWG groups at the aro-
matic ring, affording the respective diarylselenides 3i-n in accept-
able yields (Table 2, entries 9-14). We also observed that the
reactions are not sensitive to the electronic effect of the aromatic
ring in the arenediazonium salt (Table 2, entries 9-11 vs 12-13).
We found little influence of steric effects on the course of the reac-
tion, once that by using the diselenide 1g containing a mesityl
group, a lower yield of the desired product 3m was achieved
(Table 2, entry 14). These results demonstrated that several sub-
stituents/functional groups such as Me, OMe, Cl, F, and CF3 are
compatible with these reaction conditions.

In summary, we developed a simple and catalyst-free method
to synthesize diaryl selenides by reactions using arenediazonium
tetrafluoroborate salts. The aromatic nucleophilic substitution
(SNAr) of arenediazonium salts with arylselenols, generated in situ
by reaction of diaryl diselenides with hypophosphorous acid

(H3PO,), was performed using THF as solvent at room temperature
and establishing a new route to obtain diaryl selenides containing
electron-withdrawing and electron-donating groups in moderate
to good yields.
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resulting solution was stirred for 1h at room temperature, when its color
changes from yellow to colorless. After this arenediazonium tetrafluoroborate
salt 2a-h (0.75 mmol) was added in 4 portions during an interval of 30-
30 min, and the reaction remained at room temperature for additional 2 h.
After that, the reaction mixture was received in water (20 mL), extracted with
ethyl acetate (3 x 5 mL), dried over MgSO4, and concentrated under vacuum.
The residue was purified by column chromatography on silica gel using ethyl
acetate/hexane as the eluent. Selected spectral and analytical data for 4-
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