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As has been reported earlier1 the reaction between bis(2-bromoethyl) selenide and

the selenocyanate ion gives diselenocyanatoethame,ethylene and elemental selenium

as products. The reaction has been performed in a number of solvents : for examp-

le,acetone,DMF,DMSO and ethylacetate,giving diselenocyanatoethane ir varying yie-
lds. Bis(2-chloroethyl) selenide has also been used as substrate for this reac-

tion,giving the same products as mentioned above.

A number of nucleophiles have now been allowed to react with bis(2-bromoethyl)

selenide, giving different products (Scheme 1).
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Scheme 1.
For the sake of comparisom the reaction between bis(2-bromoethyl) sulfide and

thiocyanateE,as well as selenocyanate ion have been studied. In both cases the

normal substitution products have been obtained (Scheme 2).
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Reactions 3 and 4 in scheme 1 give normal substitution products. The problem is
now to propose a mechanism for reactions 1,2 and 5.

Ta mechanism was proposed for the reaction between bis&

In the preceding paper
(2-bromoethyl) selenide and selenoayanate ion. The first step in that mechanism
consisted of the formation of a cyclic selenonium ion followed by attack by the
nucleophile on: the carbon a to the positive selenium atom to give 1-bromo-2-sel-
enocyanatoethane and episelenide., This mechanism cannot however explain all the
re;ctions in scheme 1. Reactions 1,2 and 5 can be satisfactorily explained if we

presume that the nucleophilic attack takes place on the positive selenium atom of

the selenonium ion (Scheme 3).
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The reactions between the analogous substrates (2~bromoethyl)-phenyl selenide
and (2-bromoethyl)-p-tolyl selenide and selenocyanate ion have been studied.
Ethylene was evolved in this case as well and selenium and the corresponding se-

lenocyanates could be isolated (Scheme 4).

SeCN™
R—@—Se—CHZ—CHz—Br —_— R—@-SeCN + CHy=CH; + Se + Br’

(R—= H- or CH3-)
Scheme 4

When treating (2-bromoethyl)-phenyl selenide with iodide ion immediate form-
ation of iodine and ethylene was observed,and diphenyldiselenide could be isol-

ated from the reaction mixture. The results of the reactions using aromatic sub-
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strates could also be explained by attack of the nucleophile on the positive sel-.
enium atom of a cyclic selenonium ion.

The formation of cyclic selenonium ions as intermediates has up to now been
proposed only. sparingly. In the works of F. LautenschlaegerB,C.D. Hurd and O.Fan-
4

cher’ and H.dJd. Reich5 episelenonium ions are,however,mentioned as intermediates.
In contrast to this,episulfonium ions are frequently discussed as intermediates,
for example in the work of P.D. Bartlett and C.G. Swain6 on bis(2-chlorocethyl)
sulfide. A number of stable episulfonium salts have also been synthesized,which
have been subjected to nucleophilic substitution reactions giving competing att-
ack on positive sulfur as well as on carbon7,in the same way as in this work.
During these nucleophilia: substitution reactions an intermediate has been detec-
ted, the structure of which has been proposed to be anxepisulfuraneB. Quite re-
cently an analogous episelenurane has been isolated when reacting p-toluenesel-

enenyl chloride with:ethylene9

. The episelenurame isomerizes on standing to give
(2-chloroethyl)-p-tolyl selenide. The addition of a selenenyl halide over ethy-
lene can be considered the reverse of the nucleophilic substitution reactions
mentioned here,that give ethylene as a product. An episelenurane could also be
proposed as an intermediate in this case,based on the principle of microrevers-
ability,although no: such intermediate has been isolated. A general scheme encom-
passing all the reactions discussed here will now be presented (Scheme 5). & sch-
eme concerning analogous reactions in sulfur chemistry has earlier been proposed

by G.K. Helmkamp1o

. The addition of selenium trihalides over a double bond dem-
onstrated in scheme 5 does not necessarily mean a direct addition. An equilibr-
ium between selenium trihalide and selenenyl halide could firsi be established
whereupon the selenenyl halide would act as the electrophile and the product fo-
rmed would then be trapped by free halogen11. A number of reactions published in
earlier paper33’4’5’12’13 as well as the new nucleophilic reactions discribed
here may well be explained in terms of scheme 5 if suitable relative rates and
equilibrium constants are asumed. A more detailed sccount of tnis work will be
published later.
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