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Alcohols, ethers, and esters were directly converted to the
corresponding alkyl phenyl selenides by the reaction of diphen-
yl diselenide and the La/Me3SiCl/**1,/*“Cul. It was suggest-
ed that alkyl phenyl selenides were formed by the Sy2 type re-
action of diphenyl diselenide with alkyl radicals generated from
alcohols, ethers or esters.

Since the phenylseleno group can be easily transformed in-
to various useful functional groups, organoselenium compounds
are used as valuable intermediates in organic synthesis.1 In the
organoselenium chemistry, alkyl phenyl selenides are often uti-
lized as a key intermediate, and much effort is being devoted to
accomplish the synthesis of these selenides. The alkyl phenylse-
lenides are generally synthesized by the following two methods.
One of the methods involves the reaction of the phenylseleno-
late anion with electrophiles such as alkyl halides.” Another
one consists of the reaction of diphenyl diselenide with carbon
nucleophiles such as alkyl or aryl metal compounds and metal
enolates.’ However, there are some disadvantages in both meth-
ods; (i) instability of selenium reagents used as selenium sour-
ces toward air and moisture, (ii) instability of carbon nucleo-
philes toward air and moisture, (iii) basic reaction conditions,
and (iv) low yield of tertiary alkyl phenyl selenides.

We have recently reported a new method for the deoxygen-
ative dimerization of alcohols, ethers or esters using the La/
Me;3SiCl/“T, /**Cul system giving the corresponding alka-
nes.* On the basis of a number of experimental observations,
it was suggested that the reaction proceeded via alkyl radical in-
termediate generated by the reduction of alcohols, ethers or es-
ters using the La/Me3SiCl/““1,/°*Cul. It is then expected that
if diphenyl diselenide is added to this reaction system as an ef-
ficient radical scavenger, alkyl phenyl selenide can be produced
by the reaction of the alkyl radical.>® In this study, we show a
one-pot synthesis of alkyl phenyl selenides via the Sy2 reaction
of diphenyl diselenide with alkyl radicals, generated by the
treatment of oxygen-containing compounds, alcohols, ethers
and esters, with La/Me3SiCl/**"1,/*Cul (Scheme 1).
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Scheme 1.

When 2-phenyl-2-propanol (1a) was treated with lantha-
num metal, chlorotrimethylsilane, and a catalytic amount of io-
dine and copper(I) iodide in the presence of diphenyl diselenide
in acetonitrile as the solvent at 82 °C for 1 h, the phenylselenyl-
ation of 1a proceeded to give 2-phenyl-2-phenylselenopropane
(10) in 86% yield (Entry 1). In the absence of Cul, the yield
of 10 was very low (Entry 2). Similarly, 2-methoxy-2-phenyl-

propane (1b) and 2-acetyl-2-phenylpropane (1¢) were converted
into 10 by the addition of a catalytic amount of H,O (Entries 3
and 4). It is interesting to note that two phenylseleno groups in-
cluded in diphenyl diselenide were efficiently utilized in the re-
action, and furthermore, a tertiary alkyl phenylselenide was suc-
cessfully obtained in good yield by this method.

Various alcohols, ethers, and esters were allowed to react
with diphenyl diselenide using the La/Me;SiCl/“"I,/"Cul,
and the results are shown in Table 1. Tertiary alkyl phenyl se-

Table 1. Synthesis of benzylic and allylic phenyl selenides®

Entry Substrate Product Yield /%"
1 OR ia:R=H SePh 36
2° ph/ﬁ\ ia:R=H Ph/ﬁ\ 10 3
34 1b: R= Me 84
44 1c:R=Ac 89

OH SePh
5° Ph/ﬁ\/ 2 Ph/}\/ s
6 OH 3: Ar=CgHs SePh 12 48
7 Ar 4: Ar = p-MeCgH, Ar 13 91
8 5: Ar = p-MeOCgH,4 14 59
9 6: Ar = p-CICgHy4 15 4

10 PhOH 7 Ph” >SePh 16 27

11 ‘R= 67
GOR 8a:R=H C>—Seph 17
124 8b: R = Me 49
13¢ 8c:R=Ac 49
OH

14 Ph)\/ 9

4Reaction  conditions:  substrate (1.0 mmol), PhSeSePh
(0.5 mmol), La (1.0 mmol), Me3SiCl (2.0 mmol), I, (0.2 mmol),
Cul (0.2mmol), and CH;CN (3.0mL) at 82°C for 1h. °GC
yield based on substrate. °In the absence of Cul. ‘H,O
(0.2mmol) was added. ®For 3h. f3-phenylseleno-1-propene
(7%) was formed.

Ph"X"geph 18 45

lenides were synthesized in moderate to good yields by this
method (Entries 1, 3, 4, and 5). When phenethylalcohol (3)
and p-methyl, p-methoxy, and p-chloro substituted phenethyl-
alcohols were treated with diphenyl diselenide in this reaction,
the corresponding «-phenylselenoethylbenzene derivatives
were formed in 41-91% along with the formation of homo cou-
pling products (Entries 6-9). This method is applicable to the
conversion of an allylic alcohol into an allylic phenyl selenide.
Similar treatment of 2-cyclohexene-1-ol (8a) and its ether and
ester derivatives with diphenyl diselenide produced 3-phenyl-
seleno-1-cyclohexene (17) in moderate yields (Entries 11-13).
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The reaction of 1-phenyl-2-propene-1-ol also gave 1-phenyl-3-
phenylseleno-1-propene in 45% yield along with the formation
of 3-phenyl-3-phenylseleno-1-propene (7%). The reaction of
tertiary aliphatic alcohol such as 2-methyl-2-tridecanol resulted
in the formation of 2-methyltridecane, and 2-methyltridecene
and 2-methyl-1-tridecene, in 51, 20, and 4% yields, respective-
ly, in preference to phenylselenated product (5%).

A similar method to the synthesis of alkyl phenyl selenides
was examined for the synthesis of fert-alkyl phenyl sulfide us-
ing diphenyl disulfide as the radical scavenger.7 It was con-
firmed that tertiary alkyl phenyl sulfides was synthesized by a
similar method (Scheme 2).

; onsspn MegSiCl, %1, ®tCul SPh
a =+ CH3CN Ph
19 (54%)
Scheme 2.

A possible reaction pathway for the formation of alkyl
phenyl selenides is shown in Scheme 3 on the basis of the reac-
tion path for the deoxygenative dimerization of oxygen-contain-
ing compounds.4 The first step involves the generation of iodo-
trimethylsilane by the halogen exchange reaction of
chlorotrimethylsilane with lanthanum iodide generated in situ
by the reaction of lanthanum metal with iodine. Iodotrimethyl-
silane reacts with an alcohol forming the corresponding alkyl
iodide. Subsequently, the alkyl iodide is reacted with zerovalent
copper generated in situ by the reduction of copper(l) iodide®
with lanthanum metal giving the corresponding alkyl radical
followed by the reaction with diphenyl diselenide in an Sy2
fashion to produce alkyl phenyl selenide and phenylseleno rad-
ical. The phenylseleno radical is readily dimerized to reproduce
the diphenyl diselenide.”

La
R—-SePh >
Me,SiCl
Lal,
LaCl
PhSe:  pphge. La "
Cul Me;Sil
R Cu

PhSeSePh

R-I

R-OH
R-OSiMe,

MesSiOH R-OSiMeg
Scheme 3. A possible reaction path.

In summary, it was found that alkyl phenyl selenides could
be synthesized by the reaction of oxygen-containing compounds
with diphenyl diselenide using the La/Me;SiCl/®"1,/*Cul. It
is interesting to note that the synthesis of tertiary alkyl phenyl
selenides was successfully achieved, and two phenylseleno
groups involved in diphenyl diselenide molecule are efficiently
utilized in this reaction. The present phenylselenylation is con-
sidered to proceed via an alkyl radical followed by the Sy2 type
reaction with diphenyl diselenide.

The application of the reaction system, La/Me;SiCl/“"I,/
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aCul, in organic synthesis is now in progress.
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