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R' =: ArCH, (1); Ph (2)
RZ = alkyl; X = |, Br, Cl

4or5
up to 99%

An efficient one-pot route to unsymmetrical diorganyl selenides has been developed by ruthenium-
(IIT) chloride catalyzed reactions of dibenzyl or diphenyl diselenides with alkyl halides in the
presence of zinc. Organic iodides, bromides, and activated chlorides underwent the reactions
efficiently. Unreactive organic chlorides also underwent the same type of selenation with sodium

bromide as the additive.

Introduction

Organic selenides have been used as versatile reagents
in organic synthesis and catalysis.! Cleavage of Se—Se
bonds, especially cleavage of diphenyl or other diaryl
diselenides, has recently received much effort for prepa-
ration of unsymmetrical diorganyl selenides (RSeR').
Chemical cleavage of Se—Se bonds in diaryl diselenides
were realized with reducing agents such as NaBHy,,
Na/NHj;, BusSnH, LiAlH,, etc.?2 However, catalytic pro-
cedures are considered more applicable for preparation
of functional unsymmetrical diorganyl selenides because
many functional groups cannot withstand the harsh
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conditions for chemical cleavage of Se—Se bonds. Direct
nickel(IT) bromide catalyzed coupling of a diaryl disele-
nide with an iodoaryl compound was realized in the
presence of a polymer-supported borohydride.? Using a
bimetallic (Sn(II)/Cu(Il)) system, reactions of reactive
organic bromides, i.e., allyl, propargyl, benzyl, and alky-
nyl bromides, with diorganyl diselenides gave unsym-
metrical monoselenides.* Iodine-catalyzed reactions of
diphenyl diselenide with organic halides in the presence
of stoichiometric amount of lanthanum metal afforded
unsymmetrical phenylselenides.? Indium(I) iodide pro-
moted formation of diorganyl selenides was achieved by
cleavage of diaryl diselenides and subsequent condensa-
tion with reactive alkyl or acyl chlorides.® In the presence
of magnesium, copper(I)-catalyzed reactions of diphenyl
diselenide with aryl iodides afforded unsymmetrical
diaryl monoselenides.” Palladium(0)-promoted cleavage
of diphenyl diselenide was also reported for phenylsel-
enation.® Recently, a Zn/AlCl; (4.6/2.0 equiv ratio) system
was employed to synthesize selenol esters by the reac-
tions of diphenyl and dibenzyl diselenides with acid
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chlorides.’® A modified Zn/AlCl; system was applied for
preparation of unsymmetrical diorganyl selenides from
the reactions of dibenzyl diselenide with reactive bro-
mides, i.e., benzyl bromide and ethyl o-bromoacetate, in
moderate yields.”? Cleavage of Se—Se bonds in diaryl
diselenides has received more attention than that of
dialkyl diselenides in the literature because diaryl dis-
elenides are more reactive, and only a few examples
involving reactions of dialkyl diselenides with reactive
organic bromides were reported.*

During our ongoing investigation on catalytic selena-
tion, we have recently developed two very efficient pro-
cedures to synthesize symmetrical dibenzyl diselenides
from the reactions of aldehydes'%? or imines of aldehydes
and ketones!'® with elemental selenium in the presence
of CO and water. Development of efficient catalytic
procedures to cleave these diorganyl diselenides to un-
symmetrical benzylselenides was one of our goals. Herein,
we report the ruthenium(III) chloride catalyzed synthesis
of unsymmetrical diorganyl selenides from the reactions
of dibenzyl and diphenyl diselenides with organic halides
including unreactive bromides and chlorides in the
presence of zinc. To the best of our knowledge, catalytic
reactions of dibenzyl and other di(substituted benzyl)
diselenides with organic iodides, unreactive organic
bromides, and chlorides have never been reported.

Results and Discussion

To cleave the Se—Se bond in dibenzyl diselenide (1a),
the reaction of 1a and 1-bromoheptane (3a) was initially
carried out in the presence of zinc (1.6 equiv) in DMF at
100 °C for 4 h, and only less than 5% of the desired
product, i.e., heptyl benzyl selenide (4a) was obtained
(Table 1, entry 1). When 2 mol % of RuCl;-3H;0 was used
as the catalyst, 4a was obtained in 85% isolated yield
(eq 1, Table 1, entry 2). At ambient temperature the
catalytic reaction gave 4a in <10% yield. Without using
zinc the same catalytic reaction did not undergo in DMF
at 100 °C for 4 h. These results reveal that both the
Ru(III) catalyst and zinc are necessary for the described
benzylselenation to undergo. A variety of organic halides
underwent the same type of reactions to afford unsym-
metrical diorganyl diselenides in good to excellent yields
(Table 1). 1-Iodoheptane (3b), organic bromides except
1-bromocyclohexane (3j), and reactive benzyl chloride
(3h) efficiently underwent the reaction to form 4. Unre-
active chlorides, i.e., 1-heptyl chloride (3¢) and 1-pentyl
chloride (3d), did not undergo the same type of benzylse-
lenation (Table 1, entries 4 and 5). Surprisingly, sodium
bromide remarkably promoted the reactions of the un-
reactive organic chlorides with 1a to afford the desired
unsymmetrical selenides (Table 1, entries 6 and 7). In
the cases using benzyl bromide (3g) and chloride (3h) as
the organic halides, the desired product, i.e., dibenzyl
selenide (4e), was obtained in 98% and 95% yields,
respectively (Table 1, entries 10 and 11). The correspond-
ing reaction of allyl bromide afforded the product in a
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TABLE 1. Catalytic Cleavage of (PhCH:Se)s (1a) to
PhCH:SeR2? (4)¢

5 2 mol% RuCl3 1 5
R'SeSeR! + 2R°—X ———————— 2R'Se-R (1)
Zn, DMF, 60-100°C
1or2 3 4or5
Entry Halide Temp. Time Yield”

R*X (3) © (h) (%)

1®  CgHig " Br 5, 100 4 da <5
2 CeHig Br 5, 100 1 4a 85
3 CeHig ™1 4, 100 4 da 75

4 CeHisCl 5, 100 4 4a 0

5 CHgCl 54 100 4 4b 0

6  CgHig Cl 5, 100 2 4a 85
7 CHgCl 54 100 2 4b 71
8 CsH/ 7"Br 5, 80 4 4 R

9 CyHps " Br 5 100 4 4d” 82

10  PhCH.Br 100 1 4e? 98

11 PhCHyCI 3n 1000 1 4e? 95

2 ABr L 60 8 a4 28

13 QBr 100 24 4g <l
3j

a Isolated yield based on 1a. ® No catalyst. ¢ Additive NaBr (1.2
mmol) was added. ¢ Reaction conditions: diselenide 1a, 0.5 mmol;
halide, 1.2 mmol; Zn, 0.8 mmol; catalyst RuClz-3H20, 2.6 mg (0.01
mmol); solvent DMF, 3 mL.

low yield (28%) as a result of the high volatility of allyl
bromide under the reaction conditions (Table 1, entry 12).
It is unclear why 1-bromocyclohexane (3j) hardly under-
went the reaction (Table 1, entry 13). When the present
methodology was applied to the analogues of 1a, i.e., di-
(substituted benzyl) diselenides (1b—f), the corresponding
unsymmetrical diorganyl selenides were obtained with
organic bromides and benzyl chloride as the halides in
good to excellent yields (Table 2). Organic iodides and
unreactive organic chlorides in the presence of sodium
bromide underwent the same type of benzylselenation,
and the relevant results will be published in a separate
paper.

Diphenyl diselenide (2) is more reactive than 1 and is
much more easily cleaved.*? Usually, organic iodides,
bromides, and reactive chlorides such as benzyl, allyl, and
acid chlorides and tert-butyl chloride were used in the
cleavage reactions of 2. The only exception is that an
unreactive organic chloride, i.e., dodecyl chloride, was
used as the organic halide in the iodine-catalyzed cleav-
age of 2 with stoichiometric amount of lanthanum metal.?
The results for catalytic cleavage of 2 using the present
methodology are summarized in Table 3. Organic iodide,
bromides, and reactive chloride (i.e., PhCH,Cl) efficiently
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TABLE 2. Catalytic Cleavage of (ArCH2Se)s (1) to

ArCH,SeR? (4)°

Zhao et al.
SCHEME 1
RSeSeR + Zn
1o0r2
RSeR' RuCl,
R R
4ors [RSeZnSeR] nxe lZn Jose!
RuXs A RuCly
ZnX2
R'X Zn
3
RSeRuXy (a) (RSe),RuX RuClpX (b)  RSeRuCl
C B E D
RSeR' R'X RSeR’ R'X
4or5 3 4or5 3

Entry (ArCH,Se), Halide Temp. Time Yield”
(1) R’X (3) e M (%)
Se
! g e CeHy3 Br 100 4 4n 81
Me 1b
2 1b CaH7 7 Br 80 8 4i 8l
3 1b PhCH,Br 100 4 4§ 93
4 1b PhCH,CI 100 4 4 91
Se
5 z CeH43 Br 100 4 4k 71
Me 1c
6 1 C3H; " Br 80 20 4 58
7 1c PhCH,Br 100 4 4m™94
8 1c PhCH,CI 100 4 4m™90
Se
9 g " CeHis Br 100 4  4n s4
Cl 1d
Sey
10 g CeHig Br 100 4 40 72
MeO le 6113
Se¥ PN
11 CeH Br 100 4 4 7
OMe " 613 P

@ Isolated yield based on 1. ® Reaction conditions: diselenide 1,
0.5 mmol; halide, 1.2 mmol; Zn, 0.8 mmol; catalyst, RuCls-3H3O,
2.6 mg (0.01 mmol); solvent DMF, 3 mL.

TABLE 3. Catalytic Cleavage of (PhSe): (2) to PhSeR?
(5)°

Entry Halide Temp. Time Yield”
R’X (3) ©) (M (%)

1 CeHi ™I 100 05 5™ 99

2 CgHy Br 100 1 Sa* 97

3 CGH13/\BI' 100 2 Saz° 88

4 CyqHyaBr 100 1 sp° 98

58 CgHiyg Cl 100 1 5a* 93

6 C4HgCl 100 1 58 95

7 PhCH,Br 100 05 54 95
8 PhCH,CI 100 1 5d% 98
9 A~Br 60 2 5¢° 77
10 <:>—Br 100 24 5 57

@ Isolated yield based on 2.° Additive NaBr (1.2 mmol) was
added. ¢ Reaction conditions: diselenide 2, 0.5 mmol; halide, 1.2
mmol; Zn, 0.8 mmol; catalyst RuCls-3H20, 2.6 mg (0.01 mmol);
solvent, DMF, 3 mL.

underwent phenylselenation to afford unsymmetrical
diorganyl monoselenides 5 in excellent yields (Table 3).
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In the presence of sodium bromide, phenylselenation of
unreactive organic chlorides also gave 5 in excellent
yields (Table 3, entries 5 and 6). Allyl bromide afforded
the corresponding phenylselenide in 77% yield (Table 3,
entry 9), demonstrating a yield much higher than 28%
for its corresponding benzylselenation (Table 1). 1-Bro-
mocyclohexane underwent phenylselenation to afford its
corresponding phenylselenide in 57% yield (Table 3, entry
10), whereas no reaction occurred for 1a under the same
conditions (Table 1, entry 13).

As mentioned in the introduction session zinc directly
causes cleavage of reactive diaryl diselenides, i.e., 2, in
the presence of a limited number of reactive organic
bromides and chlorides to form unsymmetrical diorganyl
selenides. With reactive organic bromides, i.e., benzyl
bromide and ethyl o-bromoacetate, zinc also causes
cleavage of 1a in the presence of AlCl;. Ruthenium(III)
chloride hydrate is easy to manipulate as a catalyst in
organic synthesis.!! For ruthenium(I1I) chloride catalyzed
cleavage of Se—Se bonds in 1 and 2 or their analogues, a
mechanism with two paths is proposed as shown in
Scheme 1. In path a, elemental zinc initially reacts with
diorganyl diselenide 1 or 2 to form di(benzylselenyl)zinc
or di(phenylselenyl)zinc A. The Ru(Ill) catalyst then
reacts with A to afford Ru(IIl) species B, which undergoes
coupling with organic halide R'X (3), giving unsym-
metrical diorganyl selenide 4 or 5 and species C. Further
reaction of C with 3 affords 4 or 5 and regenerates the
catalytic species RuX; (X5 = Cls, CIBry, or ClI; depending
on the starting organic halides). In path b, elemental zinc
reduces Ru(III) chloride to Ru(II) species RuCls, which
reacts with 1 or 2 to form D by oxidative addition.
Further reaction of D with organic halide 3 to afford
diorganyl monoselenide 4 or 5 and generate Ru(IIl)
species E. Reduction of E with zinc regenerates the
catalytic species RuCl,. Detailed study of the reaction
mechanism is under way.

Conclusion

In conclusion, we have developed an efficient one-pot
method for the synthesis of unsymmetrical diorganyl
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selenides via cleavage of dibenzyl and diphenyl dis-
elenides using ruthenium(III) chloride as the catalyst in
the presence of zinc. Organic iodides, reactive or unre-
active organic bromides, or chlorides can be used for the
benzyl- and phenylselenation under relatively mild con-
ditions.

Experimental Section

General Procedure for Preparation of Unsymmetrical
Diorganyl Selenides. Synthesis of Heptyl Benzyl Se-
lenide (4a). Under nitrogen atmosphere, to a mixture of
dibenzyl diselenide (1a) (170 mg, 0.5 mmol), zinc (52.3 mg,
0.8 mmol), and ruthenium(III) chloride hydrate (2.6 mg, 0.01
mmol) were successively added DMF (3 mL) and 1-bromohep-
tane (215 mg, 1.2 mmol). The mixture was stirred at 100 °C
for 1 h. After the mixture was cooled to ambient temperature,
10 mL of water was added, and the resultant mixture was
extracted with diethyl ether (3 x 20 mL). The combined
organic phase was washed with brine, dried over anhydrous
MgSOy,, and filtered through Celite. All volatiles were removed
under reduced pressure, and the crude product was purified
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by silica gel column chromatography using petroleum ether
(830—60 °C) or petroleum ether (30—60 °C)/CH2Cl; (ca 10:1, v/v)
as the eluent. In most cases, the products were originally
colorless liquids or oils, but they usually became slightly yellow
when they were isolated or kept in air for a while.

The products were characterized by NMR and compared
with the authentic samples for known compounds or further
analyzed by elemental analysis for new compounds. No
satisfactory elemental analysis results were obtained for 4b
and 4f because of decomposition of the compounds. For all
other products >98% purity was obtained by "H NMR mea-
surements.
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