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Abstract: The treatment of diselenides with different perfluoro-
alkyl iodides in the presence of sodium hydroxymethanesulfinate
led to perfluoroakyl selenides in fair to good yields. The reaction
between benzyl perfluorooctyl selenide and chlorine, or sulfuryl
chloride, gave rise to the corresponding selenyl chloride and repre-
sents an easy route to perfluoroalkylselenyl chlorides.
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The introduction of the trifluoromethylthio group has be-
come an important field in organic chemistry.? Both the
high lipophilicity and the e ectron-withdrawing abilities
of this substituent modify the properties of molecules and
its introduction is of great interest to the pharmaceutical
and fine chemical industries.? The trifluoromethylseleno
group is considered to show similar effects and it is thus
very important to develop new approaches to perfluorom-
ethyl selenides and their homol ogues.

Existing routes to perfluoroalkyl selenides are not numer-
ous and usually employ toxic or expensive reagents.
Moreover, these methods are often specific to trifluorom-
ethyl alkyl- and aryl selenides and are not suited to long
perfluoroalkyl chains. Some of them appear to be limited
to aromatic substituents. Their synthesis was first de-
scribed by Emeléus.® Methyl- and ethyl trifluoromethyl
selenide were obtained by treatment of the corresponding
alkyl iodide with bis(trifluoromethylsel enyl) mercury, the
latter prepared from selenium and mercury. Y agupol skii
has described two methods to obtain various aryl perfluo-
roalkyl selenides. The first involves treating arylselenols
or arylselenolates with perfluoroalkyl iodides (CF;l or
C,F,1) under irradiation.* The second is the substitution of
different aryl iodides by toxic trifluoromethylseleno- and
pentafluorophenyl selenocopper compounds prepared by
reaction between copper and the corresponding perfluoro
diselenides.® More recently, Langlois has described two
efficient syntheses of aryl- and akyl trifluoromethyl se-
lenides. The former were prepared by reaction of the sele-
nocyanates with Ruppert's reagent (CF;SiMe;).6 The
second approach involved the addition of either Ruppert's
reagent or the hemiaminal of trifluoroacetaldehydeto dis-
elenides.” Finally, trifluoromethy! selenides are accessible
to the nucleophilic displacement of chlorinein trifluorom-
ethylselenyl chloride by various carbanions. This method
isefficient but islimited by the difficult preparation of the
latter compound.&P

Work within our group has demonstrated that disulfides
can be employed as precursors for perfluoroalkyl sulfides
in the presence of sulfoxylate anion radicals.>® Aliphatic,
aromatic and heteroaromatic disulfides are susceptible to
perfluoroalkylation by perfluoroalkyl halides in the pres-
ence of sulfur dioxide radical anion. Among a variety of
precursors for sulfur dioxide radical anion, sodium hy-
droxymethanesulfinate, NaO,SCH,OH (Rongalite®),
proved to be one of the simplest and most efficient. It was
thus thought that a similar process should work with the
anal ogous diselenides (Scheme 1).

Rel, NaOoSCHL0H
R—Se-Se—R > Rp—Se—R
DMF, H0, rt

R=Ph,Me,Bn 1a-c 2ag

Scheme 1

Thus, treatment of diphenyl diselenide 1a with arange of
readily available perfluoroalkyl iodides gives rise to per-
fluoroalkyl selenides 2a-e (Table; entries 1, 2, 3, 4 and
5).1011 This method is also efficient in the alkyl series as
benzyl- and methyl perfluoroalkyl selenides 2f-g are iso-
lated in excellent yields (entries 6 and 7).

The mechanism of thisreaction is thought to involve gen-
eration of the perfluoroalkyl radical by reaction of the per-
fluoroalkyl halide with SO, radical anion.® A direct attack
of the perfluoroalkyl radical at the selenium-selenium
bond can give rise to the perfluoroalkyl selenide and to a
selenyl radical, which probably dimerizes (Scheme 2). In
all experiments, Rongalite® was added in portions over
several hoursto the reaction. In theory, this alowsfor the
continuous production of sulfur dioxide radical anion and
should thus facilitate radical formation over alonger time
period. However, a selenide anion can be produced under
these conditions by in situ reduction of the diselenide.*?
Thus, it isunclear asto whether the perfluoroalkyl radical
is formed from the halide by direct reaction with the sul-
foxylate radical anion or with the selenide anion.®® Never-
theless, diselenides can be formed again from

502: + Rgl e RF. + I+ SO,
Re + R—SeSeR —»> R—Se-R + R-Se
Scheme 2
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Table Preparation and NMR characteristics of perfluoroakyl selenides 2a-g
Entry R Rp Product Yield 1H NMR2 19 NMR
[%] {8 in ppm] [8 in ppm]
7.79-7.74 (m, 2H, Hyp,) -36.6
1 Ph CF;3 PhSeCF3 2a 28 7.52-7.46 (m, 1H, Hp;)
7.44-7.37 (m, 2H, Hp,)
7.79-7.73 (m, 2H, Hyp,) -833
2 Ph CoFs PhSeC,Fs 2b 62 7.54-7.47 (m, 1H, Hpp) -92.1
7.45-7.37 (m, 2H, Hp,)
7.80- 7.74 (m, 2H, Hp,) -81.6
3 Ph C4Fy PhSeCy4Fg 2¢ 57 7.54-7.47 (m, 1H, Hap) - ig%
7.45- 7.37 (m, 2H, H B
(m An) -126.2
7.79- 7.73 (m, 2H, Hp,) -814 -123.3
4 Ph CeF13 PhSeCgF3 2d 67 7.54- 7.47 (m, 1H, Hpy) -87.0 -126.6
: -118.4
7.45-7.37 (m, 2H, Hpp) e
7.81-7.73 (m, 2H, Hpa,) -81.3 - 122.4 (4F)
5 Ph CgFy7 PhSeCgFy7 2e 71 7.54- 7.47 (m, 1H, Hap) - 87.0 -123.3
-118.3 -126.7
7.45-7.37 (m, 2H, Hpp) 1o
2.38 (s, 3H, Me) -834 -122.5 (4F)
6 Me CgFy7 MeSeCgFy7 2f 79 -89.7 -123.3
-119.0 -126.7
-121.9
7.36-7.23 (m, SH, Hp,) -81.2 - 122.3 (4F)
7 Bn CgF17 BnSeCgF)7 2g 80 4.30 (s, 2H, CHp) -87.2 -123.2
-118.7 -126.6
-121.8

a) Bruker AC300; solvent CDClj; references: TM'S and CFCl..

alkylselenide anions and perfluoroalkyl halides, by analo-
gy with the behavior of alkylthiolates.** Consequently, the
proposed mechanism (Scheme 2) seems reasonable, at
least for aliphatic diselenides.

Previous work in our laboratory described an efficient
synthesis of trifluoromethanesulfonyl chloride by oxida-
tive chlorination of benzyl trifluoromethyl sulfide in
agueous medium.’® Thus, treatment of benzyl perfluo-
roocty! selenide 2g with chlorine under non oxidative con-
ditions (CCl, as solvent) givesrise to a mixture of benzyl
chloride 4 and perfluorooctylselenyl chloride 3 in quanti-
tative yield.’% Interestingly, the same result is obtained
when compound 2g is treated with sulfuryl chloride in
dichloromethane. Cleavage of the carbon-selenium bond
is easy in the case of abenzyl substituent (Scheme 3).

No trace of perfluorooctylselenyl trichloride was detected
by 7"Se NMR.Y” The crude mixture was purified by pre-
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cr
Cly, CCly i )
CgF y7—Se—8Bn ———» + o
ot 0°C, > 95% Canije——CHz———Ph
2g
(EtO,C),CHNa
CeF1—Se—Cl| + BnCl ——————> (EtO,C);CHSeCyF17
Ether,
3 4 -40°C to0 0°C 5

Scheme 3

parative GC and the selenyl chloride 3 was characterized
by NMR analysis (*°F, 7’Se) and HRM S.*® The crude mix-
ture can be used in further experiments without any puri-
fication (Scheme 3). Direct addition of sodium
diethylmalonate in ether in the previous mixture givesrise
to the corresponding selenoether 5.18
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In summary, we have shown that aryl- and alkyl perfluo-
roalkyl selenides can be obtained in one step from dise-
lenidesin asimple way and in good yields. We have also
developed a new access to perfluoroalkylselenyl chlo-
rides.
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