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the column was eluted with AcOEL. 'H NMR, 8: 5.85(d, 1 H,
Hg-cis, J =93 Hz); 6.15 (d, | H, Hy-trans, J = 16.3 Hz),
6.62 (dd, | H, H,); 7.50 (m, 5 H) (Ref 15 'H NMR
(CHCIy), 8: 5.63—6.17 (m, 2 H); 6.44—6.87 (m, 1 H); 7.10—
7.55 (m, 5 H)).

p-Chloropheny! vinyl sulfoxide (2¢) was isolated by analogy
with compound 2a without repeated separation, but with
subsequent distillation in vacuo. B.p. 140 °C (0.05 Torr).
'H NMR, 5: 5.89 (d, | H, Hg-cis, / = 9 Hz); 6.15 (d, | H,
HB-lmnx, J = 17 Hz), 6.60 (dd. I H, Hy); 7.50 (g, AB
system, 4 H).

This work was financially supported by the Russian
Foundation for Basic Research (Project No. 96-03-
33468a).
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A mechanism of the hydrogenation of the double bond in the synthesis
of allyl chalcogenides in the hydrazine hydrate—potassium hydroxide system

E. N. Deryagina,* N. A. Korchevin, N. V. Russavskaya, and V. N. Grabel'nykh

Irkutsk Institute of Chemistry, Siberian Branch of the Russian Academy of Sciences,
! ul. Favorskogo, 664033 Irkutsk, Russian Federation.
Fax: +7 (395 2) 35 6046. E-mail: admin@ijrioch.irk.ru

Allyl halides react with elemental selenium in the NiHy- H,;0—KOH system to give
dially! chalcogenides and allyl propy! chalcogenides. The latter form only in the presence of
oxygen when unsaturated intermediates CH,=CHCH,YK (Y = S and Se), which are soluble
in hydrazine hydrate, are hydrogenated with diinide.
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Symmetrical diorganyl chalcogenides R,Y (Y =
S, Se, or Te) can be readily synthesized by reaction of
elemental chalcogens Y with the N,H,-H,0—KOH
system followed by alkylation of chalcogenide anions
obtained with organyl halides.!2 Unsymmetrical organyl
chalcogenides RYR '™ are formed as a result of generation
of organyl chalcogenide anions from diorganyl dichalco-

genides R,Y; in the same system with subsequent alky-
lation with organy! halides.3—5

In some cases, reaction of allyl chloride with the
Se—N,H,* H;O0—KOH system affords not only diallyl
selenide but also allyl propyl selenide, the yield of which
can be as large as 38%.6 The authors of Ref. 6 have
explained the formation of the latter by hydrogenation
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of one of the double bonds of diallyl selenide with
diimide that is generated from hydrazine hydrate. How-
ever, since diimide is extremely unstable (its lifetime
does not exceed a few seconds”), it is unlikely that it was
present in the reaction mixture after complete dissolu-
tion of selenium and heating of the mixture at 60 °C for
2 h. We established with a great number of examples
that diallyl selenide is formed under similar conditions
in high yield, giving no admixture of products of hydro-
genation of the double bonds. 13

In our opinion, the only reason for allyl propyl
selenide to be formed in the synthesis of diallyl selenide®
is the presence of atmospheric oxygen in the system.
Oxygen is involved in the generation of diimide already
in the stage of formation of potassium allyl selenide
CH,=CHCH,SeK, which is dissolved in hydrazine hy-
drate and hydrogenated with diimide to form
MeCH,CH,SeK. The latter reacts with allyl chloride to
give unsymmetrical selenide. This assumption was con-
firmed by us experimentally.

Diallyl selenide was synthesized according to the
known proceduresh8 with introduction of atmospheric
oxygen into the reaction mixture and the use of various
atkylating agents CH,=CHCH,X.

2Se + NyHgHaO + 4 KOH —= 2 KySe + Ny + 5 Hy0

K,Se + CHy=CHCH,X KL CH,=CHCH,SeK + KX

1 2
1+2 X (CHy=CHCH,),Se + KX
X = CI, 8r, 1

Note that at X = ClI, the yield of diallyl selenide
amounts to 35% and the main reaction product is allyl
propyl selenide (yield 65%), while at X = Br or I, the
yield of the latter is not higher than 3—5%. In our
opinion, these results are due to the fact that the double
bonds of the substrate in the O;—N;H,* H,;0—-KOH
system are hydrogenated as the substrate and hydrazine
hydrate are in the same phase. The selenide 2 that forms
is soluble in hydrazine hydrate, and it is selenide 2 that
is hydrogenated by diimide generated from hydrazine
and atmospheric oxygen.

2 NyHy + 0y —= 2 NyHy + 2 H,0

2 + NyHy —= MeCH,CH,SeK + N,
3

3+ 1 —= CH,=CHCH,SeCH,CH,Me + KX

Under the conditions of continuous generation of
diimide in the system, the yield of allyl propy! selenide
is determined by the lifetime of potassium ailyl selenide
2 in solution, i.e., by the ratio of the rate constant of its
formation to that of its transformation into diallyl se-
fenide (k, and k5, respectively).

In many cases, alkyl chlorides in the NyH, - H,0—
KOH system react with the Se2” anjons faster than
bromides do.2 Apparently, allyl chioride reacts with the
Se?” anions quite rapidly, and the more stable potas-
sium allyl seienides 2 that are formed react further with
allyl chloride slowly (for X = Cl k& > k3). In the
presence of diimide, the double bond of selenide 2 has
enough time to be hydrogenated. At X = Br or [, an
opposite picture is observed, viz., k; < k5, and diimide
has no time to hydrogenate the double bond of selenolate
2, which 1s why, in this case, allyl propyl selenide is
practically not formed.

If allyl selenides are removed from the solution in
hydrazine hydrate to give a separate organic phase, they
do not undergo further hydrogenation. This is confirmed
by the synthesis of unsymmetrical allyl chaicogenides
RI'YR2(Y =8, Se¢, and Te; R = CH,=CHCH,; R? =
Me, Et, Pr", Ph, erc.) from dialkyl or diaryl dichalco-
genides, which is based on generation of chalcogenide
anions with subsequent alkylation with allyl halides,
where no hydrogenation product is observed both in an
inert atmosphere and in the presence of atmospheric
oxygen.3* Conversely, thiolate anions generated from
allyl mercaptan or selenolate anions generated from
diallyt diselenide in the NyH,+ H;0—KOH system ac-
cording to the known procedure? in the presence of
atmospheric oxygen are alkylated with alky!l halides to
give the corresponding saturated dialky! sulfides or dialkyl
selenides in almost quantitative yields. In an inert atmo-
sphere, only the expected alkyl allyl sulfides or alkyl
allyl selenides are formed (Table 1).

KOH, NH, - H,0

RY RYK
4a-—d
4a—d + R'’X — RYR ™ + KX
A'X .
4a,c + NyH, —= MeCH,CH,YK T MeCH,CH,YR

RY = AHSH (a), EtSSEt (b), AliSeSeAll (c), Bu"SeSeBu" (d);
R'X = EtBr, Bu"Br, AllCI

Thus, the double bond of potassium allyl chalco-
genides dissolved in hydrazine hydrate is hydrogenated

Table L. Synthesis of unsymmetrical dialkyl chalcogenides and
alky! allyl chalcogenides from RY and R"X in the N,H, - H,0—
KOH system

RY R'X RY : R'X Medium RYR’ Yicid (%)
AlSH EtBr 1 N, AlISEt 95
AllSH EtBr Lol 0, Pr'SEt 94
EtSSEt AlCI .2 N, AlSEL 93
EtSSEt AlCI 12 0O, AllISEL 87
AliSeSeAll Bu"Br 12 N AliScBu 73
AliSeSeAll Bu"Br 1:2 0, PriSeBu 72
Bu"SeSeBu"  AlICI 12 N, AllSeBu 68
Bu"SeSeBu®  AlICI 1:2 0, AilScBu 65
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in the synthesis of allyl chalcogenides in the Y—
N,H, - H,O0—KOH system in the presence of atmo-
spheric oxygen, which can explain why subsequent alky-
lation gives both alky!l allyl and unsymmetrical dialky!
chalcogenides.

Experimental

The reaction products were analyzed by GLC on an
LKhM-8MD-2 chromatograph (stainless steel column
(2000%3 mm), liquid phase XE-60, 5% on Chromaton-
N-AW-HMDS, helium as carrier gas). The tcmperature was
programmed linearly from 30 to 200 °C at a rate of 12 deg per
min. 'H NMR spectra were obtained on a Tesla BS 567 A
instrument (100 MHz) in CDCl; (HMDS us the intemnal
standard).

Synthesis of allyl chalcogenides (general procedure). Reac-
tions were cartied out in a flask equipped with an etfective
stirrer, a reflux condenser, a dropping funnel or a wbe for
introduction of selenium, and a bubbling tube for inlet of
either CO,-free air or nitrogen. Temperature conditions and
ratio of reagents correspond to the literature data, 236

Diallyl selenide was obtained by dissolution of selenium
(11.1 g) in the NyH, - HO—KOH system in an atmosphere of
nitrogen (or argon) with subsequent alkylation by allyl chloride
(21.4 g}. The organic layer was washed, dried, and distilled to
give the target product (95%); b.p. 6770 °C (50 Torr), which
coincides with the literature data 2

Allyl propyl selenide in 3 mixture with dially! selenide was
obtained similarly, but in an air atmosphere. Yield according
to GLC was ~63%. The characteristics of the product isolated
by preparative GLC coincide with the literature data $

Unsymmetrica! allyl and propyl chalcogenides (see Table 1)
were obtained according to the procedures described eartier.38
Pure allyl derivatives were obtained in a flow of an inert gas.
Allyl ethyl suifide: b.p. 120 °C, ,,020 1.4837. Found (%):
C, 58.76; H, 9.73; S, 31.45. CsH S, Calculated (%): C, 58.82;
H, 9.80; S, 31.30. {H NMR, &: 1.19 (1, 3 H, CHjy); 2.65 (q,
2 H, CH,;CHjy); 349 (m, 2 H, CH,C=C); 495 (m, 2 H,
=CH,); 5.80 (m, 1 H, —CH=). Allyl butyl selenide: bp.
{70 °C. Found (%): C, 47.23; H, 793; Se, 44.82. C;H,4Se.
Calculated (%): C, 47.19; H, 7.87; Se, 44.94. 'H NMR, &:
1.00 (t, 3 H, CH3); 1.40—1.90 (m, 4 H, CCH,C); 2.64 (¢,
2 H, ScCH,CH,): 3.15 (d, 2 H, SeCH,CH=CH,;): 4.96 (dd.
2 H, =CH,); 582 (m, I H, —CH=).

Propy! selenides and propyl sulfides were isolated with
minor admixtures of the corresponding alkyl allyl sulfi-
des(scienides). Their yields were calculated from GLC data
and from 'H NMR spectra by comparing them with the
spectra of authentic samples. The 'H NMR spectra of allvi
chalcogenides exhibit signals of the allyl groups (& 3.15—5.85),
the integral intensity of which was used for calculation of the
content of allyl ethyl sulfide in a mixture with ethyl propyl
sutfide? or allyl butyl selenide in a mixture with buty! propvl
selenide 8
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