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ABSTRACT

A new series of selenium-containing diaryl retinoids have been prepared by a new direct nickel(II)-catalyzed coupling of a diselenide with an
iodoaryl in the presence of polymer-supported borohydride.

Retinoids (Figure 1), synthetic1 and natural analogues ofall-
trans or 9-cis-retinoic acid, exert profound effects on cell
differentiation and proliferation.2 These biological properties
are indicative of a high potential for the treatment of
hyperproliferative disorders such as psoriasis or cancer. Many
of their biological effects are mediated by activation of
nuclear receptors. There are two known types of retinoic acid
receptors, RAR (R,â, and γ)3 and RXR (R, â, and γ),4

located in the cell nucleus. In the presence of ligand, these
receptors form dimers which bind to DNA through distinct
response elements.

Others5 and us6 were interested in the synthesis of RXRs
selective diaryl sulfide compounds (CD2809). Recently we

reported the synthesis of a new series of selenium-containing
retinoids7 (CD3386) with potent RAR affinities. In regard
to the similarities between sulfur and selenium (structural,
potentially oxidable ...), we decided to synthesize a new series
of diarylselenium-containing RXR compounds.

A variety of synthetic routes to unsymmetrical diaryl
selenides have been described.8 Among them, the nickel-
(II)-catalyzed substitution of aryl halides by aryl selenolates9

is compatible with many functional groups. The method used
requires previous preparation of the anion from the corre-
sponding diselenide using sodium borohydride. We were
troubled with the foul smell of byproducts and by the rapid
conversion of the anion to the corresponding diselenide in
the presence of air. On the other hand, it has been shown
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that diphenyl diselenide can be readily converted to the
corresponding phenylselenolate anion by polymer-supported
borohydride.10 Therefore, we were interested in developing
a new practical methodology which avoided the preformation
of the selenolate mixing polymer-supported borohydride, the
catalyst, the iodide compound, and the diselenide compound.

This paper describes the development of this new synthesis
by direct nickel(II)-catalyzed coupling of a diselenide with
an iodoaryl in the presence of polymer-supported boro-
hydride. The effect of the catalyst was examined (Table 1).

Palladium catalyst was first assessed due to its commercial
availability, although to our knowledge there is no example
in the literature. The coupling of bis(4-chlorophenyl) di-
selenide with methyl 3-iodobenzoate and methyl 6-iodoni-
cotinate affords respectively products1 and2 with nickel9

or palladium catalyst. In both cases, the yields are better with
the nickel catalyst. The reactions are very clean as the
impurities are the starting materials.

The effects of temperature and halogenide were then
examined (Table 2). Bis(4-tert-butyl) diselenide was coupled
with methyl bromo- and iodobenzoate. The esters resulting
from transesterification with the alcohol used as solvent were
recovered. The lack of reactivity of the bromide compound
as compared to that with the iodide compound dramatically

reduced the rate of coupling. Ethanol, which is more easily
removed than butanol, gave the same yield in the case of an
aryl iodide.

The optimal procedure11,12was used to synthesize a library
(Table 3): (bpy)2NiBr2 as catalyst; ethanol and THF (4/1) to
improve solubility, as solvent, at 65°C during 16 h. The
resulting esters were saponified, providing the corresponding
carboxylic acids. Diselenide compounds were obtained from
the action oftert-butyllithium or -magnesium followed by
selenium.13 Final products were isolated by crystallization,
which explains the variability in the yields. Coupling of ethyl
2-iodonicotinate (entries6, 17, 21, and37) afforded ethyl
nicotinate as the major impurity, resulting from reduction
of iodine.
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122.3, 124.3, 128.6, 136.2, 136.7, 139.0, 144.1, 147.1, 150.6, 165.2, 166.1.

Figure 1.

Table 1. Effect of Catalyst on the Coupling Reactiona

a For the typical procedure for the coupling reaction, see ref 11. Methanol
was used as solvent. Temperature 60°C.

Table 2. Effects of the Temperature and the Aryl Halogenide
on the Coupling Reactiona

a For the typical procedure for the coupling reaction, see ref 11.
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Table 3. Diaryl Selenides Prepared According to the Optimized Procedure11,12
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Thiophenol and disulfide were also submitted to the same
procedure. Comparable results were obtained (Table 4).

In conclusion, the mildness and operational simplicity of
this new protocol allowed the preparation of a library of
diaryl selenides. Furthermore, the protocol was applied to
sulfur derivatives with success.

Various interesting products were obtained in this library.
Among them, new RXR antagonists were found. Compound
29 is 10 times more potent as an RXR agonist than its sulfur
analogue.
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(12)Typical procedure for saponification: the ester was stirred at 50
°C for 24 h in a 1 Msolution of sodium hydroxide/EtOH-THF (1:1). The
reaction mixture was concentrated, diluted with water, acidified with HCl
1 N, and extracted with diethyl ether in cartridges (Whatman phase
separation cartridge). The organic layer was dried with Na2SO4 (sample
drying device, Whatman), concentrated, and isolated by crystallization in
heptane or heptane/CH2Cl2. 6-(3,5,5,8,8-Pentamethyl-5,6,7,8-tetrahy-
dronaphthalen-2-ylselanyl)nicotinic acid (29):mp 258 °C. ESMSm/z
402 (m- H)-. 1H NMR (DMSO) δ: 1.06 (6H, s), 1.11 (6H, s), 1.49 (4H,
s), 2.14 (3H, s), 6.81 (1H, d,J ) 8.3 Hz), 7.24 (1H, s), 7.45 (1H, s), 7.86
(1H, dd,J ) 8.3 Hz,J′ ) 2.2 Hz), 8.70 (1H, d,J ) 2.2 Hz), 13.12 (1H, s).
13C NMR (DMSO) δ: 22.2, 31.6, 33.8, 34.0, 34.6, 122.5, 123.4, 124.3,
128.9, 135.6, 137.7, 138.9, 143.9, 146.9, 150.7, 164.2, 166.2. IR (cm-1):
1081, 1140, 1294, 1416, 1460, 1579, 1679, 2862, 2924, 2962.
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Table 4. Diaryl Sulfides Prepared According to the Optimized
Procedure11
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