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Abstract-A new general approach to anionic transformations of acetylenes using superbasic media has been 
developed. It allows series of new reactions which are not undergone by acetylene under conventional conditions. 
The triads Ss-KOH-dimethylsulfoxide (DMSO), %KOH-DMSO, Te-KOH-hexamethyl-phosphorictriamide 
(HPMA) are proposed as new effective reagents for the preparation of unsaturated compounds of sulfur, selenium 
and tellurium. A series of reactions of acetylene with sulfur, selenium and tellurium proceeding in DMSO or 
HMPA in the presence of alkali and water at 80-120” leading to divinyl sulfide, divinyl selenide and divinyl teluride 
in 254% yields have been found. Thiophen, di-l-(1,3-butadienyl) sulfide. l-vinyl-2-thiabicyclo[3.2.OJhep~-3cne, 
and dihydrothiophen have been obtained by the reaction of vinylacetylene with sulfur. The reaction of vinyl- 
acetylene with selenium affords selenophen, di-l-(1 $-butadienyl) selenide, l-vinyl-2-seienabicyclo[3.2.0]hept-3cne, 
methyl (l-(1,3-butadienyl) sulfide, and methylthiomethyl l-(1,3-butadienyl) selenide, vinyl l-(1,3-butadienyl) 
sulfide, and methylthiomethyl l-(1,3-butadienyl) seienide (the latter two with DMSO participation). The reaction of 
vinylacetylene with tellurium gives mainly di-l-(1,3-butadienyl) telluride. A series of reactions between DMSO and 
selenium leading to dimethyl sulfide, dimethyl sulfoselenide, and methylthiomethyl selenide have been observed. 

For the last decade we have been exploring systematic- 
ally a new approach to bring about anionic transfor- 
mations of acetylenes using superbasic systems.’ It 
affords a variety of unusual reactions.= Among them 
there are interactions of acetylene with sulfuP*’ and 
other chalcogens3J” in systems consisting of dimethyl 
sulfoxide (DMSO) or hexamethylphosphorictriamide 
(HMPA) and alkali metal hydroxides. 

In such conditions sulfur is readily transformed into 
divinyl sulfide 1 in about 80% yield based on two sulfur 
equivalents giving one equivalent of sulfide ions.’ The 
preferable temperature interval lies between 80” and 120”. 
Smalfamounts of water are necessary as a proton trans- 
fer agent.4 It should be emphasized that the solvent plays 

Reactions are of a rather general character and, as was 
already shown,3 applicable to not only acetylene itself 
but to substituted acetylenes as well. However, in the 
case of vinylacetylene (Scheme l), when the latter is 
reacting with sulfur in the KOH-DMSO system, some 
other reactions have been observed.8 Besides di(1,3- 
butadienyl) sulfide 2, 2,!+dihydrothiophen 3, I-vinyl-2- 
thiabicyclo[3.2.0]hept-3-ene 4, and thiophen 5 were 
isolated. The former two heterocycles could be expected 
to be formed knowing their easy formation from sulfide 
ions and vinyl acetylene under the same conditions’ 
(Scheme 2). 

The above bridgehead thiabicycloheptene 4 is believed 
to form through the cyclization of the intermediate dibu- 

; S. + KOH + HSO + HGCH OMSO 
Tcizi? 

2TSf== + K&z03 

a decisive role in this synthesis. Suitable results are 
attained only in such an aprotic dipolar solvent as DMSO 
and HMPA which are stable enough when heated in the 
presence of strong bases. In other solvents, there is no 
reaction at all or there is a very slow and ineffective one. 
For instance at 11&120“ in dioxan the yield of sulfide 1 
never exceeds 7%, while the yield in HMPA is 76%, and 
that in DMSO is 80%. 

Experiments show that at a higher temperature (130- 
140”) thiosulfate formed in the above reaction, reacts 
with acetylene affording sulfide 1 in about 40% yield. In 
the case of substituted acetylenes such as phenyl- 
acetylene, the corresponding substituted divinyl sulfides 
are formed. 

DMSO 1 K&Oa+H.O+HC=CH v 40% + KBO, 

tadienyl sulfide carbanion (Scheme 3), the latter resulting 
from the addition of butadienthiolate anion to vinyl- 
acetylene at position 3. The ion pair cyclization can be 
facilitated by a template effect of potassium cation, 
providing both the vicinity and polarization of the sys- 
tems. 

When the selenium triad (Se-KOH-DMSO) interacts 
with acetylene, 2-vinyloxy-1,3-butadiene 6 is formed 
along with expected divinyl selenide 7, the latter yield 
(26%) being in agreement with the reaction scheme that 
three equivalents of selenium give two eqUiVdentS of 7.5 

Se,+ KOH+ YO+ H(XH DMso - 

6, -20% 7, 26% 

K&z03 + Hz0 + HCkCPh = (PhCH=CH)aS + K&O. ,65-,,5” Vinyloxylbutadiene 6 results from the hydration-tri- 
merization processes of acetylene.” This reaction pro- 

-40% ceeds well in the absence of selenium in only the super- 
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t S, + KOH + DMSO 

HsO 95” 

I 1 I I 

3 4 5 
J -10% 

- 5% 

Scheme 1. 

, HS-, S2-, HzO, 

=t// - 

DMSO 70-l 00” 

2 3 4 

- go%* - 98%* - 30%* 

*depending on conditions* 
Scheme 2. 

did not happen, only traces of divinyl selenide were 
found in the reaction mixture. Thus, though divinyl 
sulfide is preferably formed through the sultide ion,” the 
divinyl selenide formation goes in another way. 

As is known,‘3 selenides are oxidized even by air in an 
alkali medium. Apparently, in our conditions, a rapid 
oxidation of selenide ions by DMSO is likely to occur. 

The triad Te-KOH-DMSO also interacts with acety- 
lene to give divinyl telluride 8. The temperature range of 
the reaction is 110-120“. We have found conditions 
affording divinyl telluride in a yield as high as 54%.’ In 
this case, HMPA happened to be more effective than 
DMSO, in which the yield of divinyl telluride is not 
higher than 30%. 

Te + KOH + H,O + HGCH 
ii!s -Te- 

8. 54% 

I -KSH+=: - n 

S-K+ 
SK’ 

1 =J . <-A_ =_A ] 

I HJJ 

4 +KOH 

Scheme 3. 

basic KOH-DMSO system. As our investigations show, 
under specific conditions the yield of diene 6 can be as 
hi as 80% (based on acetylene consumed).” 

It seemed possible that sodium selenide, like sodium 
sulfide,‘* would react with acetylene to afford divinyl 
selenide. Contrary to these expectations, however, this 

Na& f HCECH 
H,O. DMSO 

a 1 
900 

90% 

Na,Se + HCkCH HP’ DMSo x+ 7 

A direct synthesis of divinyl telhuide from tellurium 

In superbasic systems (KOH-DMSO and KOH- 

and acetylene opens up a new route to unsaturated 

HMPA), vinyl acetylene reacts with selenium at 100-120“ 

tellurium compounds. 

to form selenophen 9, di-I-(l$-butadienyl) selenide 10, 
and 1-vinyl-2-selena-bicyclo[3.2.0]hept-3-ene Il.” From 
the reaction mixture, methyl l-(1,3-butadienyl) sulfide 12 
and methylthiomethyl l-( 1,3-butadienyl) selenide 13 were 
also isolated, indicating DMSO participation in the reac- 
tion.ls 

Unlike the reaction of vinylacetylene with sulfur in 
which 2,5dihydrothiophen is formed, no 25dihy- 
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Se,,+KOH+H,O+ ~1 $$ 

9, 25% 10. 20% 11. 5% 

+ =FLJMe 
12, 7% 

+ 

droselenophen was found in the reaction mixture. We 
could expect such a result, since the intermediate l-(1,3- 
butadienyl) selenide anion should be more easily oxi- 
dized than its sulfur analogue. 

In the superbasic system, tellurium also reacts with 
vinylacetylene at loo” to form a multi-component mix- 
ture containing more than 50% of di-1-(ld-butadienyl) 
telltide 14, the yield of which is about 3% (based on 
tellurium).‘6 

The isomer ratio (Table 1) of di(l,3-butadienyl-l)- 
cogenides 2, 10, 14 obtained varies depending on the 
reaction temperature and isolation procedure. In Table 1, 
the data for the samples prepared at 90-100” are presen- 
ted. The trend to retain a cis-configuration on going from 
sulfur to tellurium is remarkable.16 

The structure of all the compounds synthesized is 
reliably determined by a variety of spectral methods (IR, 
NMR,16 and mass spectroscopy”). NMR spectra are 
especially informative in this respect. Figure 1 shows the 
‘H NMR spectrum of 1-vinyl-2-selenabicyclo[3.2.0]hept- 
3-ene taken at 360MHz. At such a frequency the spec- 
trum can be easily analyzed by first order rules. 

The only exception are the protons in position 7. 
Degeneracy due to a coincidence of their chemical shifts 
has been found in the double resonance spectrum under 
irradiation of these protons by second radiofrequency 
field. 

As it has been noted above, there are some cases when 
DMSO itself takes part in the reactions. These processes 
are especially prominent in the selenium triad (Se-KOH- 
DMSO). After heating in this system the following 
products were formed: dimethyl sulfide, dimethyl di- 
sulfide, dimethyl diselenide, dimethyl sulfoselenide 15 
and methylthiomethyl methyl selenide 16.” These reac- 
tions display a higher reactivity of DMSO in the presence 
of selenium. In analogous conditions, but without 

Table 1. Isomer ratios of (CH&H-CH=CHhE* after ‘H NMR spectra 

B Configuration Ratio, p 

C18, CiB 15 

8 OLS, trana 70 
trans, trana 15 

oie, CiB &I 

SO Dill, trane 33 

trane, tralla 7 

tie, Cl6 

To tie, trane 

trarla, trans 

*All compounds were obtained at !90-loo”. 

90 

6 

4 

6 

TO 90 aI 4.0 WJ co 
Fig. 1. ‘H NMR spectrum of I-vinyl-2-selenabicyclo[3.2.0l-hept-3~ne (11) at 360 MHz. 
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Me*SO + KOH + Se8 ‘lo” * Me8 + Me& + Me,Se, + 

0% 3% 0.2% 

+M;s\se/Me + M/s//s’i,e 
15, 0,5% 16, 0.1% 

selenium, DMSO is stable. Selenium is known to play a 
catalytic role in a number of chemical and biochemical 
processes.” Obviously, in the reaction with DMSO, 
selenium behaves not only as a reagent but as a catalyst 
as well. 

All the reactions considered occur in only superbasic 
systems of the KOH-DMSO type. The latter can be 
successfully substituted by HMPA in only some limited 
cases. The superbasicity of such systems is partly related 
to the ion pair separation by a strong specific solvation of 
the cation, on one hand, and formation of a highly basic 
and poorly solvated dimsylate ion, on the other hand. 

It is known that in such systems the basicity esti- 
matedI from the acidity function, increases by many 
powers of ten and the free energy of anions rises shar- 
ply?’ These desolvated anions become supernucleo- 
philes capable to incorporate very smoothly into the 
triple bond. Since in such media the proton activity is 
lower, the role of the counter-ion in the transition state 
may belong to the cation of the alkali metal. The ab initio 
calculation performed recently by Eisenstein et aL,2’ has 
shown such a transition state to be more preferable, i.e. 
the alkali metal cation makes the nucleophile addition 
essentially easier than the proton does. 

In the triads used, the initial anions are not 
monosulfides, selenides or tellurides but the relevant 
polychalocogen ones (for instance, polysulfide ions) hav- 
ing a higher nucleophilicy. 

Stripping off the element atom, the initial adducts of 
such anions to acetylene, can be transformed into more 
stable divinyl derivatives with a single atom of the ele- 
ment. In fact, in the KOH-DMSO system at 11&120”, 
alkali metal polysulfides react with acetylene very 
smoothly to form divinyl sulfide in 70-90% yield (one 
equivalent of divinyl sulfide is formed from one poly- 
sulfide equivalent). Under milder conditions, sodium di- 
sulfide and acetylene afford, along with divinyl sulfide, 
1,2di(vinyltbio)ethene 17 in 10% yield?’ Its precursor 
seems to be divinyl disulfide 18 which adds to acetylene. 

s’,- + HGCH KoH’s;,so) A,@V 

cis : tram = 1 : 1 17, 10% 

+ HCzCH f KOH, OMSO 

18 

We have previously shown that such a reaction of 
acetylene with organic disulfides proceeds readily in the 
superbasic system consisting of DMSO and potassium 
t-butoxide.23 

The reactions of triads in question with acetylene are 
complicated multistep processes, both nucleophilic and 
redox. The latter can be accelerated by the KOH-DMSO 
system, since the dimsylate anion is known to facilitate 

one-electron transfer as for reduction of ketones to the 
corresponding radical anions.” 

Thus, one may see that a set of new monomers, 
chemicals and synthons are now becoming available 
owing to the above reactions of sulfur, selenium and 
tellurium with acetylene and its substitutes in superbasic 
media. Below are given only some illustrations (Scheme 
4) concerning divinyl sulfide. 

(a) Divinyl sulfide as a cross-linking agent affords 
macroreticular polymers. Ion-exchangers made of them 
possess an almost theoretical capacity with the ion 
exchange rate nearly as high as that of homogeneous 
reactions. 

Sufilde 1 can be useful as a vinyl synthon. Various types 
of protogenic compounds readily undergo the base- 
catalysed addition to divinyl sulfoxide*’ which in turn is 
easily obtained from divinyl sulfide. On pyrolysis, the 
adducts eliminate vinylsulfenic acid to recover the 
vinylated addend. 

(b) Divinyl sulfide can also be used as a “building 
block” in the synthesis of new heterocyclic compounds. 
Scheme 4 shows the cycloaddition of thiourea to give 
2,6dihydro-2,6dimethyl-4-amino-1,3,5dithiazine.% 

The results imply that the reactions of sulfur and other 
chalcogens with acetylene and its homologues in super- 
basic systems can provide useful starting materials for 
new reactions. 

(a) Cross-linking agent 

7,/= - macroreticular copolymers - 

- ion-exchangers of high capacity 

CHa=CH - Synthon 

(b) “Building block” for heterocyclic syntheses 

NH, NH, 

Scheme 4. 

‘H NMR spectra were measured on Varian XL-100, Bruker 
WH-270. Bruker WH-360 instruments. “C NMR soectra were 
recorded on a Varian CFT-20 spectrometer opera& in Fourier 
mode. The NMR chemical shifts, S, were in ppm and coupling 
constants, J, in Hz. Following abbreviations were used: doublet 
of singlets (ds), doublet of doublets (dd), quartet (g), muitiplet 
(m). Mass spectra were taken on an MX-1303 instrument optrat- 
ing at SOtV. IR spectra were obtained with UR-IO and UR-20 
instruments in films in the 40&3600cm-‘. Following ab- 
breviations were used: strong (s), middle (m), weak (w)! shoulder 
(sh). The glc analysis of tht reaction mixtures was camtd out on 
a LHM-72 instrument, with a Katharomtttr as a detector; 
column: 1 m X 4 mm with 15% Silicon DC-550 on Chromaton 
N-AW-DMCS or with 15% Carbowax 20 M on Chtzasorb AW. 
Preparative chromatoeranhy (P GLC) was run using a PAHV-07 
in&umtnt, with a c&&mkttr as. a detector; c&mn: 2 m x 
40 mm packed as analytical one. 

Reaction of acetylene with sulfur 
(a) Powdered sulfur (6.4 g), KOH (22.4 g), Hz0 (3.6 ml) in DMSO 
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(100 ml) were heated in 1 I rotating steel autoclave at 1 l&120” for 
3 hr under acetylene pressure (initial-12 atm, residual-5 atm, 
251 of C,H, in total). The reaction mixture was diluted with 
water and extracted with EtaO. The extracts were washed with 
water, dried over K&O1; the ether was evaporated. After dis- 
tillation residue gave 6.9 g (80.2%) of divinyl sultide 1. B.p., 84’, 
dda” 0.9098, noa 1.5045, M+’ 86 (lit.,n b.p.,a w, nDm 1.5060). 
The ‘H NMR spectrum (in CCL+ with TMS as internal standard): 
5.26 (=CH*, dd, chemical shifts of both protons coincide), 6.39 
(=CH, q, zb = 9.8, J,,..,,, = 16.7). Dipole moment 1.20 D. 

(b) Powdered sulfur (6.4 g), KOH (22.4 g), Hz0 (7.2 ml) in 
HMPA (1OOml) were heated in a 1 I steel rotating autoclave at 
110-120” for 3 hr under the acetylene pressure (initial-lOatm, 
residual-2 atm, 20 I of CzH2 in total). After the above work up, 
6.5 g (75.6%) of 1 was isolated. 

fc) When dioxan instead of DMSO of HMPA was used in the .~. 
conditions of run (b) (initial pressure of &H&l atm, residual- 
4 atm, 23 1 of &Ha in total), only 0.6 g (7%) of 1 was isolated. 

Reaction of vinylacetylene with S-KOH-DMSO triad. Vinyl- 
acetylene (13g) was bubbled through a flask equipped with a 
condenser and a stirrer, which contained sulfur (9.7g), KOH 
(9.5 g), Hz0 (20.4 g) in DMSO (100 ml). The reaction mixture was 
heated at 95” for 7hr, allowed to cool to room temperature, 
diluted with water (50 ml) and extracted with Et&. The extracts 
were washed thrice with water and dried over CaCI,; the ether 
was evaporated. Vacuum distillation of the residue followed by 
glc analysis using authentic samples gave 1.63g (3.9%) of 2, 
0.2a (0.7%) of 3. 0.5~ (1.2%) of 4. and 2.512 (9.8%) of 5. Yields 
were calcmated based& the’ sulfur need. - ’ 

Di-1-(1,3-buradienyl) suede (2). A mixture of NqS9HrO 
(57.6 g), KOH (1.7 g), vinylacetylene (25 g). and DMSO (100 ml) 
was heated (9&l 10”) in a rotating autoclave for 4 hr. then poured 
into water, and extracted with Et,O. The extracts were washed 
with water and the solvent was removed. Vacuum distillation of 
the residue gave 20.1 g (90.5%) of 2, b.p., 75“, non’ 1.6053, M+’ 
138. JR spectrum was discussed in Ref. 8. 

From the reaction mixture was also isolated 0.9g (4.1%) of 4, 
b.p., 85”. nom 1.5415, M+’ 138. 

2,5-Dihydmthiophen (3). Vinylacetylene (13 g) was bubbled 
through a vigorously stirred mixture consisting of NaSH (14.5 g), 
Hz0 (4.5 g) and DMSO (100 ml) at 90” for 4 hr. The mixture was 
poured into water, extracted with Et,O. The extracts were 
washed with water and dried over Car&. Distillation of the 
residue gave 3 (10.4 g, 97.8%), b.p.lo 45”, nom 1.5282. M” 86 
(lit.? b.p., 60”, no” 1.5284). ‘H NMR was discussed in Ref. 9a. 

Reaction of acetylene with Se-KOH-DMSO triad. A mixture 
of powdered selenium (15.8g), KOH (33.6g), Hz0 (10 ml) and 
DMSO (200ml) was heated (11&120”) in a 21 steel rotating 
autoclave for 5 hr under the acetylene pressure (initial-12 atm, 
residual-2 atm. 46 I of C,& in total). The reaction mixture was 
distilled in vacuum to coiect 21.7 g of products including 2g of 
water in the cooled trap. The organic layer was dried over K2C!03 
and distilled in vacuum to aive 12~ of 6 (20% yield, based on 
acetylene consumed) and 4.6g (26%) of 7, b.p.7, llo”, nom 
1.5390, M+’ 132 (litn b.p.7, 103-104”, nom 1.5385). ‘H NMR 
(CC&): 5.51 and 5.72 (=CH,, dd, Jci, ~9.4, J,,= 17.9) 6.68 
(=CH, q). IR spectrum: 1585 (vC=C), 3005, 3035, 3090 (V=CH2, 
=CH). 890 (&CH,). 955. 1260 &CH). 555 (X-Se). 

2-Viny/oxy-l$-j;;tadiene 6. ‘A mixture of H20 (1.8 ml), KOH 
(1.68 g),. K3P0,.7H20 (6.76 g) and DMSO (2tkIml) was heated 
(120--130”) in a 11 steel rotatina autoclave for 2.5 hr under acetv- 
Irene pressure (initial-14 atm: residual4 atm, 27 1 of C2Hz in 
total). The reaction mixture was distilled to give 9g of the run 
with b.p.,,,, 70-90” consistina of 7a of 6 (77% yield, based on _ .- 
the acetylene consumed) and 1.5 g of benzene. P glc-purified 6: 
b.o.,m 83”. dArn 0.8308. nnm 1.45%. M+’ %. ‘H NMR and JR . ,- 
spectra were hiscussed’in Ref. 5. 

Reaction of acetylene with Te-KOH-HMPA triad. A mixture 
of Te (19.2 g), KOH (16.8 g). Hz0 (8 ml) and HMPA (165 ml) was 
heated (1 l&120”) in a 11 steel autoclave under initial acetylene 
pressure of 1Oatm (211 of C2H2 in total) for 6 hr. The reaction 
mixture was distilled to give Il.1 g of 8 (54.3%, based on the eq.: 
4 Tea + 3 Te*- t Te*+) b p , . .7m 131-132’, drrn 1.7065, num 1.6120. 
‘H NMR (Ccl,, TMS): 7.05 (=CH, q), 6.38 and 5.84 (=CH,, dd, 

J& = 10.2, J- = 17.6). JR spectrum: 1572 @CC), 2928, 2985, 
3018,3066 (t&H,, =CH), 905,%2,1230,1370 (8 CHr, =CH), 515, 
550 (vC-Te). (Found: C, 25.95; H, 3.22; Te, 70.18. Calc. for 
C&Te: C, 26.44; H, 3.33; Te, 70.23%). 

Reaction of vinylacetylene with SerKOH-DMSO t&d. 
Vinylacetylene (32.6g) was bubbled through a suspension con- 
sisting of Ses (16.7 g), KOH (17.4g), H@ (7.9 g) and DMSO 
(lOOmI) at 110” for 6 hr. The reaction mixture was poured into 
water and extracted with Et.@. The extracts were washed with 
water, dried over CaCla and after the solvent removal, distilled in 
vacuum to give the run (6 g) with b.p., 25-l lo” of the following 
composition (glc): 0.5g of 12 (0.8% basing on vinylscetylene), 
O.lg(O.S%)of 9, 1.4g(5.4%)of 11,4.6g(17.6%)of lOandO.lg 
(0.4%) of 13. Compounds 9-13 were isolated by P glc. The 
cis:trans ratio of 12 is 9: 1 (‘H NMR).” NMR (‘C and “Se) 
spectra of 9 were discussed in Ref. (14). 11, ng 1.5760, NMR 
(‘H, t3C) spectra were discussed in Ref. 9b, 10, bp, loo”, nb 
1.6150, M+’ 186.” IR spectrum: 618 (v CSe), 1570,162O (V C=C), 
910 (overtone 1820), 998, 1310, 1420 (6 =CH, =CH&, 3010 (v 
=CH), 3090 (v =CH&. The NMR spectra were discussed in Ref. 
16. (Found: C, 51.44; H, 5.34; Se, 42.90. Calc. for CsHn,Se: C, 
51.92; H, 5.40; Se, 42.67%). 13 (the cis-trans ratio 1: I), M” 194.” 
NMR (‘H, t3C) and fR spectra were discussed in Ref. 14. 

Reaction of vinylacetylene with Te-KOH-DMSO triad. A 
mixture of Te (25.9g), KOH (2Og), Hz0 (10.9ml) and DMSO 
(lOOmI) was heated (1100) with vinylacetylene (31.78) in a 11 
steel rotating autoclave for 3 hr. The reaction mixture was 
poured into water, and extracted with EtrO. The extracts were 
washed with HzO, the solvent was stripped off and the residue 
was distilled in vacuum to collect the run with b.p., 80-86” (2.2 g) 
consisting of 14 (1.1 g). After P gic isolation it has nom 1.6310, 
M+’ 236. fR spectrum: 605 (v C-Te), 907 (overtone 1814). 988 (6 
=CH). 1564. 1623 Iv C=C). 3090 Iv =CH3. NMR (‘H. ‘C) in 
agreement with the‘data iuRef. 14.’ -. 

Reactions in the Se-KOH-DMSO svstem. A suaoension of Se 
(28.4g), KOH (25.9g). Hz0 (11.6ml), and DMSO (108ml) was 
heated (1 IO”) with stirring for 6 hr, volatile products beii trap- 
ped at -40”. The reaction mixture was poured into water and 
extracted with EfO. The extracts were washed with Ha0 and 
dried over CaCl*, then the solvent was removed. The residue 
(6.1 g) was shown (glc) to consist of 4.4g (3.3%) of dimethyl 
disuhide, 0.5g (0.2%) of dimethyl diselenide, l.Og (0.5%) of 
dimethyl sulfoselenide 15, and 0.2g (0.1%) of methyl methyl- 
thiomethyl selenide 16. Among the products trapped 7.2 g (8.2%) 
of dimethyl sulfide was identified. The yields (tigures in paren- 
thesis) were estimated based on the DMSO taken. The mass and 
NMR spectra of the products (isolated by P glc) were in 
agreement with data in Ref. 29. 

REFERENCES 
‘B. A. Trotimov, S. V. Amosova, A. I. Mikhaleva, N. K. Gus- 
arova and E. P. Vyalikh, Fundament. isseldovaniya Khim. 
Nauki, Nat&a, Novosibirsk, 174 (1977). 

ZB. A. Trofimov, N. K. Gusarova, S. V. Amosova and A. S. 
Atavin, USSR Pat. 387982. Priority 16.07.71. Bull. Zzobr. No. 28 
(1973); B. A. Trohmov and S. V. Amosova, Brit. Pat. 1369288 
(1974). CA. 83, P 27563 (1975); B. A. Trofimov and S. V. 
Amosova, US Pat. 3887623 (1975) Q&ial Gazette 935, No. 1 
(1975); B. A. Trofimov and S. W. Amosova, Qfenlegungssch- 
rift, BDR 2260434 (1974), CA., 81, P 136916 (1974); B. A. 
Trotimov, S. V. Amosova, V. V. Kryuchkov, G. A. Kalabm, 
V. K. Voronov and M. V. Sigalov, VZZntem. Symp. on *anic 
.%/fur Chemistry, p. D 24 Bangor (1974); B. A. Trofhnov, S. V. 
Amosova, V. V. Kryuchkov and G. K. Musorin, VZZ Intern. 
Symp. on Organic Svlfrr Chemistry. p. 120. Hamburg (1976); 
B. A. Trothuov, G. A. Kalabin, V. V. Kryuchkov, V. V. Keiko, 
S. V. Amosova, V. M. Bxhesovsky, V. K. Voronov, D. F. 
Kushnarev, V. Yu. Vitkovsky, L. K. Lavlinskaya and V. A. 
Pestunovich, Khbn. Geterotsikl. Soedinenii 895 (1976); B. A. 
Trotimov, E. P. Vyalii and S. F. Malisheva, zh. Org. Khim. 
12,2469 (1976). 

‘B. A. Trofhnov, S. V. Amosova, N. K. Gusarova and G. K. 
M&w(?~~~ Intern. Symp. on Organic Sulfur Chemistry p. 88. 



718 B. A. TROP~MOV et al. 

‘P. A. Trotimov, N. K. Gusarova, S. V. Amosova and M. G. 
Voronkov, USSR Pat. 568638. Priority 26.10.73. Bull. Izobr. No. 
30 (1977). 

‘B. A. Trofimov, S. V. Amosova, N. K. Gusarova, 0. A. 
Tarasova and hf. Cl. Voronkov, Zh. Org. Khim. l&2225 (1975). 

6B. A. TrotImov. N. K. Gusarova, S. V. Amosova and E. A. 
Polukbina, USSR Pat. 660974. P.&&y 14.07.77. Btdl. Zzobr. 
No. 17 (1979): B. A. TroBmov. N. K. Gusarova and S. V. Amo- 
sova, Zh Oi. Khbn. 13,456 (1977). 

‘M. G. Voronkov, N. S. Vyazankin, E. N. Deryagina, A. S. 
Nakbmanovich and V. A. Usov, Reahtsii sery s organich. 
soed. Nauka, Novosibirsk (1979). 

sB. A. Trolimov, S. V. Amosova, G. K. Musorin, D. F. Kush- 
narev and G. A. Kalabin, Zh. Org. Khbn. 15,619 (1979). 

%S. V. Amosova, B. A. Trofimov, G. K. Musorin and M. G. 
Voronkov, USSR Pat. 594120. Priority 14.07.76. Bull. Zzobr. 
No. 7 (1978): bB. A. Trotimov, G. A. Kalabm, S. V. Amosova, 
G. K. ~Musorin, V. V. Keiko and V. V. Kryucbkov, Khim. 
Geterotsti. Soedinenii 285 (1976). 

‘OB. A. Trobmov, S. V. Amos&a, M. L. Alpert and 0. A. 
Tarasova, Zh. Org. Khim. 13,223O (1977). 

“B. A. Trofimov. S. V. Amosova and 0. A. Tarasova. Zzobr. II 
SSSR iza rubezhom, uyp. 55, No. 11,78 (1980). 

‘*S. V. Amosova, B. A.-Trofimov, V. V. Kryucbkov and V. I. 
Parvaina. Zh. Ore. Khim. 14.48 (1978). 

‘W. V~Yamtskii and V. N. ZeIinokaite,‘Trudy ANLatu. SSR, B, 
4, (63), 47 (1970). 

“B A. Trotimov, G. K. Musorin, G. A. Kalabin and S. V. 
Amosova, Zh. Org. Khim. 16,518 (1980). 

lsG. K. Musorin, B. A. Trofimov, S. V. Amosova, V. Yu. Vit- 
kovsky and G. A. Kalabm, Zh. Obshch. Khim. 49,831 (1979). 

‘6G. A. Kalabin, B. A. Trofimov, G. K. Musorin, D. F. Kush- 
narev and S. V. Amosova, Zzv. Akad. Nauk SSSR, Ser. Khim. 
1305 (1980). 

“B. A. Trofimov, V. Yu. Vitkovsky, G. K. Musorin, S. V. 
Amosova and V. V. Keiko, Zh. Obshcb Khim. 49, 393 (1979). 

IaN. Sonoda, T. Yasuhara, K. Kondo, T. Ikeda and S. Tsutsumi, 
J. Am Chem. Sot. 93,6244 (1971); D. Dieterich, Synthesis 631 
(1972). 

19E. Stewart, J. P. O’Donnell, D. J. Cram and B. Rickbom, 
Tetrahedron 18,917 (lW2); D. Dolman and R. Stewart, Can. .Z. 
Chem. 4,911 (1967). 

q. G. Cox, Gaiz. Ita/. 106,817 (1976). 
*‘O Eisenstein, G. Procter and J. D. Dunitz, He/c. Chbn. Acta 

6i, 2538 (1978). 
**B. A. Trotimov, N. K. Gusarova and S. V. Amosova, Zh. Org. 

Khim. 10. 128 (1974). 
23N. K. Gusarova, B.‘A. Trobmov, A. S. Atavin, S. V. Amosova 

and A. V. Gusarov, Ibid. 7,178O (1971). 
w. A. Russell, V. Malateska, T. Morita, C. Osuch, R. L. 

Blankespoor, D. Trabanovsky and E. Goettert, J. Am. Chem. 
Sot. 101,2112 (1979). 

2-‘B. A. Trofimov, N. K. Gusarova, G. G. Efremova, S. V. 
Amosova, V. A. Babkin and L. K. Lavlinskaya, USSR Pat. 
507565. Priority 04.11.74. Bull. Zzobr. No. 11 (1976); N. K. 
Gusarova, G. G. Efremova, S. V. Amosova, B. A. Trofimov and 
M. G. Voronkov, USSR Pat. 535303. Priority 02.04.75. Bull. 
Zzobr. No. 42 (1976); N. K. Gusarova, G. G. Efremova, V. A. 
Babkin, S. V. Amosova and B. A. Trofimov, Zh. Org. Khim. 14, 
2009 (1978); B. A. Trobmov, N. K. Gusarova, G. G. Efremova, 
S. V. Amosova, E. 0. Tsetlina and V. A. Babkin, Ibid. 13,246l 
(1977); B. A. Trofimov, N. K. Gusarova, G. G. Efremova, S. V. 
Amosova and E. 0. Tsetlina, USSR Pat. 676591. Priority 
07.03.78. Bull. Zzobr. No. 28 (1979); M. G. Voronkov, F. P. 
Kletsko, N. N. Vlasova, N. K. Gusarova, G. G. Efremova, 
V. V. Keiko and B. A. Trobmov, Zzv. Akad. Nauk SSSR, Ser. 
Khim. 1690 (1978). 

mB. A. Trofimov, G. M. Gavrilova, G. A. Kalabin, V. V. Bairov 
and S. V. Amosova. Khim. Geterotsikl. Soedinenii 1466 (1979). 

*‘L. Brandsma and J.‘P. Areas, Rec. trau. chim. 81,33 (1962). ’ 
%R. H. Everhardus, R. Grafig and L. Brandsma, Ibid. 95, 153 

(1976). 
29J. H. Karchemer, The Analytical Ckemistty of Sulfur and its 

Compounds, Vol. 3, p. 39. Wileybterscience, New York 
(1971); American Petroleum Institute, Research Project 44, 
Mass Spectral Data, N.Y., 1952; J. H. Bowie, S. 0. Lawesson 
and J. 0. Madsena, J. Chem. Sot. (B) 946 (1966). 


