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Synthesis of diaryl selenides using the in situ reagent SeCl2
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Abstract—Reactions of in situ prepared SeCl2 with Grignard reagents (prepared from bromobenzene, o-tolyl bromide, 2,6-dimethyl-
4-tert-butyl-1-bromobenzene, and 1-bromo-2-methylnaphthalene) and dilithiated benzamides (prepared from N-phenyl, N-cyclo-
hexyl, and N-isopropyl benzamide) are described.
� 2004 Elsevier Ltd. All rights reserved.
The preparation of divalent selenium compounds has
attracted considerable efforts due to the fact that these
compounds have widespread applications.1 Diarylsele-
nides with amino and amide groups, ebselen (2-phenyl-
1,2-benzisoselenazol-3(2H)-one) and its analogues, and
selenium analogues of 2,3-dihydrobenzofuranol with
Se(II) instead of oxygen are useful antioxidants.2 The
ligand chemistry of divalent selenium compounds is a
well-developed branch of selenium chemistry.3 Several
chiral diorganoselenides have been utilized as ligands
in chiral catalysis.4

The synthesis of diorganoselenides has been approached
by various routes, which include; (i) the reaction of sele-
nium dianions with aryl/alkyl halides, (ii) the reaction of
aryl/alkyl metal selenolates with alkyl/aryl halides, (iii)
the reaction of organometallic species (e.g., Grignard
reagents, organolithiums) with selenium dications, (iv)
reduction of diselenides by metals to monoselenides.1

The selenium dianion can be produced easily by the
treatment of elemental selenium with superhydride,5

sodium borohydride,6 sodium hydride7 or directly by
treating selenium with alkali metals in various solvents
in the presence8 or absence9 of an electron carrier. Sub-
sequent reaction of the selenium dianion with the alkyl/
aryl halide affords the diorganoselenide. Using this
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route, dialkyl selenides can be obtained in excellent
yield. However, this route is not suitable for unactivated
or electron rich aryl halides as these reactions require
elevated temperature (130–170 �C) with highly polar sol-
vents (like HMPA, DMF, and NMP) and long reaction
times (>24 h), and the reaction yields are unsatisfactory
(<30%).9 The alternative approach for the preparation
of diaryl selenides and other Se(II) systems involves an
electrophilic Se2+ source such as selenium diethyl-
dithiocarbamate [Se(dtc)2].

10 However, the synthesis of
Se(dtc)2 is a multi-step process and requires the expen-
sive precursor selenium dioxide.11

In view of the above we considered the use of SeCl2 as a
source of Se2+ for preparing diaryl selenide and related
systems, in particular, ebselen. The synthesis of SeCl2
in pure and stable form has always been difficult. Whilst
a number of attempts have been made to prepare pure
SeCl2/SeBr2. In the preparation of the [1,4,2,3]-diselena-
dizolyl radical and its dimer, SeCl2 was synthesized in
situ by the disproportionation of SeCl4 and Se.12 Milne
has synthesized SeCl2/SeBr2 in acetonitrile and studied
their stability and composition in different solvents.13

Bryce and Chesney reported PhSO2SeCl as a synthetic
equivalent for SeCl2 for the formation of C–Se and N–
Se bonds.14 Recently, Chivers and co-workers developed
a novel reaction to prepare SeCl2 in THF using Se pow-
der and sulfuryl chloride as synthons.15 The stability
of SeCl2 in various solvents has been investigated by
77Se NMR. The prepared SeCl2 was further character-
ized by Raman spectroscopy and by X-ray structures
of its adducts with tetrahydrothiophene and tetra-
methylthiourea. The authors extended their studies by
reacting SeCl2 with bis(trimethylsilylamino)sulfane to
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obtain cyclic compounds, which mimic the structures of
(SN)x polymers.16 They also studied the reaction of
SeCl2 with t-butylamine producing different interesting
acyclic and cyclic compounds having selenium and
nitrogen backbones.17 However, the application of
SeCl2 for the preparation of organoselenium com-
pounds has not been demonstrated. In this report, we
have investigated the utility of SeCl2 as a dicationic
Se2+ source for the preparation of several organosele-
nium compounds.

Selenium dichloride was conveniently generated in situ
by the treatment of elemental selenium with SO2Cl2 in
THF.15 The reaction yields a clear brownish red solu-
tion, which was used for further reactions. The Grignard
reagents 1 and 2 were prepared by stirring a THF solu-
tion of bromobenzene and o-tolyl bromide with Mg
turnings for 6 and 4 h, respectively. On addition of the
SeCl2 solution at �78 �C, the turbid solutions changed
to orange after which the reaction mixtures were
allowed to warm to the room temperature. After usual
work-up and purification,18 the monoselenides 3 and 4
were obtained as yellow oil and a colorless solid in good
yields (Scheme 1).19

The Grignard reagents 520 and 821 were prepared by re-
ported methods. A similar procedure to that described
above was followed to obtain the monoselenide 622

(Scheme 2) and 923 (Scheme 3).

Interestingly, during crystallization of the crude product
9, both yellow and red crystals were obtained, which
were separated manually. Characterization of these
two different colored compounds revealed that the yel-
low and red crystals were monoselenide 923 and disele-
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nide 10,21,23 respectively, in an 11:1 ratio. The
formation of the diselenide may be due to oxidation of
some Se to Se2þ2 in addition to Se2+.

Heteroatom directed aromatic lithiation is a key step in
the synthesis of various heterocyclic ring systems and
naturally occurring compounds.24 Recently, this strat-
egy has been found to be a promising approach for
the synthesis of various organoselenium compounds.25

The dilithiated species 15–17 were produced by treat-
ment of benzamides 12–14 with 2 equiv of n-BuLi at
0 �C. Interestingly, in the reaction of dilithiated benzani-
lide with SeCl2, only a cyclization reaction was observed
affording ebselen 18 in 40% yield (Eq. 1, Scheme 4).26

Although ebselen is a major GPx mimic, its synthesis
has been a challenge27 ever since it was first prepared
in 1924.28 In the earliest and most direct approach,
2,20-diselenobis(benzoic acid) was converted to a selenen-
yl chloride benzoyl chloride, which was treated with
aniline to give ebselen.27c The most expedient method
was reported by Engman and Hallberg et al.27d and uti-
lized a one-pot procedure in which benzanilide was
ortho-lithiated and treated with selenium powder, fol-
lowed by cuprous bromide-mediated oxidative ring clo-
sure. A free radical synthesis of ebselen has been
achieved by intramolecular homolytic substitution with
amidyl radicals.27e,f In contrast, the reaction of SeCl2
with dilithium salt 16 afforded monoselenide 19 in mod-
erate yield (Eq. 2, Scheme 3).29 However, the treatment
of SeCl2 with dilithium salt 17 afforded only a black,
sticky material, which decomposed to give an insoluble
material on passing through a silica gel column.

Organoselenenyl chlorides have potential applications in
organic synthesis to manipulate unactivated carbon–
gBr

R

Se

SeCl2 + SO2

0.5 equiv. SeCl2
THF

)
2

H
Me

3 R = H
4 R = Me

MgBr

SeCl

Se

0.5 equiv. SeCl2,
THF

)
2

6

7

1 equiv.
SeCl2



Br MgBr

SeCl

Se

Se

Mg, THF

)
2

)
2

+

red

yellow

8 9

10

1 equiv.
SeCl2

11

0.5 equiv. SeCl2,
THF

Scheme 3.

NHPh

O

NHPri
O

NPri
O

LiLi

NPh

O

LiLi

NHPri
O

Se

NHc-Hex

O

Nc-Hex

O

LiLi

Se
N

O

Ph

NHc-Hex

O

Se

Se
N

O

Pri

2 equiv. n-BuLi 0.5 equiv. SeCl2

SeCl2, THF

2

SeCl2, THF

2

12

14

13

15 18

17 20

21

16 19

eq. 1

eq. 2

or

Black, sticky
material

eq. 3

THF, 0 ºC → rt
-78 ºC → rt

2 equiv. n-BuLi

2 equiv. n-BuLi

THF, 0 ºC → rt

THF, 0 ºC → rt

-78 ºC → rt

-78 ºC → rt

Scheme 4.

S. S. Zade et al. / Tetrahedron Letters 46 (2005) 665–669 667
carbon double bonds as well as to prepare organosele-
nium compounds.30 In this regard, the synthesis of
arylselenenyl halides 7 and 11 was attempted. However,
all attempts to prepare the aryl selenenyl chlorides by
treatment of Grignard reagents/lithiated intermediates
with 1 equiv of SeCl2 were unsuccessful, in all cases
the disubstituted products were obtained (Schemes 2
and 3).

The newly-synthesized compounds were characterized
by 1H, 77Se NMR and mass spectroscopy, and elemental
analysis. In the case of 9, the signal for the C-8 proton
was shifted considerably downfield compared to the
other aromatic protons. This is probably due to a 1,8-
peri interaction. Compound 9 was additionally charac-
terized by single crystal X-ray crystallography.31

In summary, the treatment of SeCl2 with Grignard
reagents (1:2) prepared from bromobenzene, o-tolyl
bromide, 2,6-dimethyl-5-t-butyl-1-bromobenzene, and
1-bromo-2-methylnaphthalene afforded the correspond-
ing monoselenides in very good yields. However, the 1:1
reactions did not afford the expected selenenyl halides.
The reaction of SeCl2 with dilithiated benzanilide affor-
ded the cyclized product, ebselen in moderate yield. Fur-
thermore, N-alkyl analogues of benzanilide did not
afforded cyclized products, but gave the corresponding
monoselenides instead.
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