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Abstract — Alkylthiochloroacetylenes dimerize at room temperature in the system sodium -sodfite
nonhydroxyl solvent (DMSO, DMF, HMPA) to form in 4863% yields ¥)-1,4-bis(alkylthio)-1,2-dichloro-1-
buten-3-ynes which are promising polyfunctional monomers and building blocks for fine organic synthesis.
The structure of the resulting dimers was established by means of IR Hrahd 13C NMR spectroscopy,
X-ray fluorescent analysis, and dielcometry and confirmed by mass spectrometry and elemental analysis.

Haloacetylenes are highly reactive compoundslkylthioacetylenes in the presence of the system
which react with various nucleophiles to give chlorinesodium sulfite DMSO, leading to dimers which were
substitution products and adducts by the triple bondssigned the structure of 1,4-bis(alkylthio)-1,2-di-
[1-10]. At the same time, to our best knowledge,chloro-1-buten-3-ynes [12]. It was also conjectured
there have been only two works concerning dimerizathat the dimerization proceeds by the scheme of
tion of haloacetylenes [11, 12]. As found in [11], catalytic vicarious nucleophilic substitution involving
under conditions of electrophilic catalysis aryliodo-the stage of one-electron transfer (Scheme 1). The
acetylenes dimerize in the presence of iodopyridiniuniadical-ion character of the reaction was evidenced,
fluoroborate to form 1,3-diaryl-4,4-iodobutenynes;among other things, by the fact that mixing the above
however, the structure of these products has not be?@agents was accompanied by development of an
proved unambiguously. intense reddish brown color, whereas the resulting

We reported recently the unexpected reaction ofompounds were isolated as fluid light yellow liquids.

Scheme 1.
one-electron
NaSO3 + RS —=—Cl — ™2 NaSO3[ RS —=— CII* 5= Nas0; [RS —=CII*
1< SR
SR SR SR
— > NaSO; | RS :/z ClI' <> RS :/z cr —>RS+/51%Q + NaSO7
Cl Cl Cl
R = Alk.

The aim of the present study was to examine theesulting dimers, and to obtain additional information
synthetic potential of the dimerization of alkylthio- on the ways of their formation.
chloroacetylenes, to assess the steric structure of the

Alkylthiochloroacetyleneda-Ic dimerize at room
temperature in the presence of sodium sulfite not only
1 For communication 1V, see. [1]. in DMSO, but also in other polar nonhydroxyl sol-
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vents, such as DMF and HMPA, to giv&){1,4-bis-
(alkylthio)-1,2-dichloro-1-buten-3-ynesla-lic. The
structure of the products was established by means f

IR and *H and3C NMR spectroscopy, X-ray fluore-
scent analysis, dielcometry, mass spectrometry, and
elemental analysis.
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The mass spectral behavior of 1,4-bis(alkylthio)-

and IR spectra are in agreement with published dath,2-dichloro-1-buten-3-yneda and lic is also con-

for analogous compounds, 1,4-bis(alkylthio)-1,2-disistent with their structure (Schemes 3 and 4). The
chloro-1-buten-3-ynes (Alk #-CgH, 5, n-CgH,,, t-Bu),  fragmentation pathway of the molecular ions of the
obtained by reactions of polychlorobutenes with alkalcompounds studies can be controlled both by the
metal thiolates [1517]. thioether and vinylacetylene groups. The molecular
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Table 1. Principal characteristic iofism/e (I,o;, %) in the  (100), [CH<]*, m/e 41 (65), and [Ef], m/e 29 (55).

mass spectra of compounta andlic, taken at 60 V The m/e 184 odd-electron ion of compourtt splits
off an HCI molecule rather than a chlorine ion; the
lon? lla llc mass spectrum also contains mge 139, 69, and 45
ion peaks typical of compounitee and showsn/e128,
M* 240 (2) 296 (2) 92, and 79 ion peaks. The intensity ratios of thve-{
[M — CHy™ 212 (100) | 240 (9) CHol"/[M — 2 CH,]" ion peaks are 1.1 and 0.2,
M - 2 CGH, ™ 184 (88) | 184 (53) respectively. The above findings point to another
[M - 2 CH,, - CII™ 149 (88) structure of them/e 184 ion of compoundic com-
[M - 2 CGH,, — HCII* 148 (31) pared with compoundla. The fragmentation pathway

of compoundllc, the structure of fragment ions and
a Based on3°Cl. The ratios of isotope peak intensities agreetheir m/e values and relative intensities are given
with calculation.? n = 2 (la) and 4 (Ic). in Scheme 4.

Thus, the common direction in the mass-spectral
gmentation of dimerdla and lic is sequential
loss by their molecular ions of two molecules of the
orresponding olefin.

ions of thioethers and vinylacetylenes are characteri§F a

tically very stable. Alkyl substitution in vinylace-

tylene lowers the stability of the molecular ion, and,

as the length of the alkyl chain grows, the intensity of

the M*" peak drops down to 1% [18]. Compounta However, the parameters of the IRH and 1°C

andllc give weak molecular ion peaks (Table 1). TheNMR spectra, and mass spectra of the dimers formed

common fragmentation pathaway involves sequentidly the reaction under study (Scheme 2) gave no un-

loss of two molecules of the corresponding olefinequivocal evidence for the structure of the products,

from M™. The fragmentation scheme, structura/e since they are consistent not only with the proposed

values, and relative intensities of ions for compoundstructurell , but also with structureA-C (Scheme 5).

Ila are presented in Scheme 3. The base peak in the

mass spectrum of compounth is formed by the Scheme 5.

odd-electron ion M — C,H,]" (m/e 212), and the

second in intensity is arlM — 2 C,H,]™" ion peak (n/e 1 C1 C1

184). The high intensity of the peak at/e 212 is Cl % SR % SR

presumably due to formation of a stable unsaturated R54%: Cl— Cl—=

heterocycle, 2,3-dichloro-5-(ethylthio)f.hioph_ene, as a SR SR Cl

result of skeletal rearrangement ™", typical of

alkynes under electron impact [19, 20]. Loss of a A B c

second olefin molecule from the alkyl substutent in

them/e212 ion is accompanied by enlargement of the At the same time, the X-ray fluorescent spectra rule

thiophene ring to give a stable radical cation of 3,4-out structureB and C. Thus, the observation in the

dichloro-1,2-dithiyne,m/e 184. The observation of a spectrum of dimerlla of a broadened IS line

peak of am€mm/e 139 ion containing two chlorine atoms, strongly proposes the presence in this compound of

as well as ofm/e69 and 45 ion peaks provide further two different sulfide atoms [21] linked to & and G,

evidence for the proposed fragmentation scheme.atoms. Below are given the shifts of the sulfikio
lines (ASKa, relative to Q) and their half-widths

Replacement of the ethyl radical in dimdc by (W, confidence level 95%).
iso-butyl results in appearance in the spectrum of

strong peaks of hydrocarbon ions. This can probably Compound ) Dimer lla
be connected with the fact that the positive charge in ASKa, eV 0.00 -0.05 (1)
the molecular ion of compounidc is mainly localized Wy, eV 2.36 (1) 2.39 (2)
on theiso-butyl radical, thus causing an alternative frag-

mentation pathway. The intensity of thel|C H,]" Moreover, formation of structureB and C is in-

ion peak in the mass spectrum of compouin is consistent with the chemistry of both organylthio-
lower than in the spectrum of diméf, being as low chloroacetylenes and organylethynyl sulfides, since in
as 9% (Table 1). The intensity ratios of tM"/[M —  the literature there are no examples of easy transfer of
C.H," ion peaks for compoundfia and llc are the alkylthio group with SCs,, bond cleavage, es-
0.02 and 0.2, respectively, i.e. they differ by an ordepecially in as mild conditions as in the case of the
of magnitude. The main contribution to the total ionreaction under study. At the same time, the chlorine
current is made by the hydrocarbon ions [Buh/e57 atom in chloroacetylenes is rather active and can
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Table 2. Synthesis of 1,4-bis(alkylthio)-1,2-dichloro-1-buten-3-yikas-lic by dimerization of alkylthiochloroacetylenes
la-lc in the system NsSO;-organic solverit

RSC=CClI .
No. Nﬁrsnour(]rtnr?]ijl) Solvent (ml) Dimer 1l comYIc)elljcrI1d(lJlf %
R mmol 2S0s P ’
1 n-Pr 6.50 6.50 DMSO (10) lib 60
2 n-Pr 5.50 5.50 HMPA (10) b 27
3 n-Pr 5.50 5.50 DMF (10) lib 30
4 Et 5.50 5.50 Dioxane (10) b b
5 Et 21.60 21.60 DMSO (20) lla 63
6 i-Bu 13.50 13.50 DMSO (20) lic 40
7 n-Pr 6.40 12.80 DMSO (20) b 61
8 n-Pr 14.90 7.45 DMSO (20) lib 60
9 n-Pr 10.00 1.00 DMSO (10) b 61
10 Et 5.50 c DMSO (10) d d

@ Reaction temperature 202°C, reaction time 24 P No reaction occurs, the starting acetyldads practically fully recovered from
the reaction mixture® Was not used? Instead of the expected diméa, products of polymerization of ethylthiochloroacetylene
are formed.

easily be substituted by various nucleophiles [6, 9, 102.11 D), and 4,4-bis(methylthio)-1,3-dichloro-1-buten-

Dimer B is also unlikely to be formed because 0f3-yne VI, 1 3.03 D), modeling dimerdl and A-C.

the presence in its molecule of bulky geminal substi-
tuents (alkylthio and chloroethynyl groups). Apparent-
ly, the same is true of isomek which can only be
formed via a strained transition stalewith eclipsed
alkylthio groups and chlorine atoms.

To illustrate, the experimental dipole moment
(n 2.53 D) of dimerlla most closely fits the dipole
moment (1 2.43 D) calculated for4)-1,4-bis(methyl-
thio)-1,2-dichloro-1-buten-3-ynell(b ). Consequent-
ly, the above results indicate that the dimers formed

RS— Cl by the reaction (Scheme 2) have the structure of the
RS-__ Cl Z isomers of 1,4-bis(alkylthio)-1,2-dichloro-1-buten-
D 3-ynes (I).

Examining the preparative possibilities of the reac-
The regio- and stereoselectivity of the dimerizatiortion we showed that the highest yield of dimetsis

reaction also follow from dielcometric data and theattained in the system N8O,-DMSO (Table 2).
nonemiprically (HF/6-31© calculated dipole Changing DMSO to HMPA or DMF results, all other
moments of Z)- and E)-1,4-bis(methylthio)-1,2-di- conditions being the same, in a markedly decreased
chloro-1-buten-3-yneslifa and lllb, p 1.56 and vyield (from 60 to 27430%) of the product (Table 2,
2.43 D), 2,4-bis(methylthio)-1,1-dichloro-1-buten-3-run nos. 13). In dioxane, the reaction failed to occur
yne (V, n 3.07 D), @- and E)-1,2-bis(methylthio)- (Table 2, run no. 4). Alkylthiochloroacetylenes with
1,4-dichloro-1-buten-3-ynesvé and Vb, p 2.40 and normal alkyl radicals (Et,n-Pr) dimerize more ef-

fectively thaniso-butylthiochloroacetylene (Table 2,
Cl MeS
SM Cl
s s q
cl

run nos. 1, 5, and 6).

It is to be noted that the yield of butenyndsis
practically the same both with excess sodium sulfite
and in the presence of catalytic amounts of the salt

a Hib (10 wt%) (Table 2, run nos. 1 and-9), which means
MeS that the effect of the latter is catalytic in nature.
SMe Cl %»SMe Moreover, the reaction (Scheme 2) gives viscous dark
C'4<} C'J - brown undistillable substances whose elemental com-
SMe SMe Cl position |s close to that of the starting chloroacetyle-
Va vb VI nesl. ThelH NMR spectra of these by-products show

unresolved multiplets in the region characteristic of
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tion of two signals with much different widths and
close g factors AH, 0.44 mT, g 2.0057 andAH,

@) 0.055 mT,g 2.0043). One more day after, the broad
signal disappeared, and the spectrum contained a
single symmetic signal of the Lorentz shape witH,
0.055 mT andg 2.0043. The observed signals, by
analogy with polyacetylene [23, 24], can be assigned
to polyalkylthiochloroacetylene. The parameters of
the signals agree with published evidence for the soli-
ton nature of paramagnetic centers. The observation
of two signals of different width may imply formation,
in the course of polymerization of alkylthiochloro-

0.45mT acetylenes, of thermodynamically stable molecules of
— trans and cis configuration. Thecis form first pre-
(b) vails but then gradually transforms into ttransform

which gives the observed single symmetrical signal of
the Lorentz shape in the ESR spectrum.

The ESR spectrum of the reaction mixture obtained
under the conditions of dimerization of acetylelze
in the system Ns5O,-DMSO (Table 2, run no. 5)
contains a weak signab(2.0052). Analysis of pub-
lished data allows us to assign this signal to the
radical anion SQ Specifically, the direct registration
in the ESR spectrum of a weak singlet of the radical
ESR spectra of the reaction mixture obtained under the anjon SQwith the sameg factor of 2.0052 in the oxi-
conditions of dimerization of chloro(ethylthio)acetylene dation of sodium sulfite with peroxidase has been re-
(1a) in the system NgSO;-DMSO in the presence of a  ported [25]. Moreover, as shown in [25, 26], this radi-
spin trap {-BuNO). Amplitude modulation, mT: cal anion is captured by nitroso compounds, e.g. nitro-
(@) 0.0125 and (b) 0.125. sobenzene or 2-methyl-2-nitrosopropanieBNO).

alkylthio groups. Thé3C NMR spectra contain, along ~ Addition of t-BuNO into the reaction mixture ob-
with aliphatic carbon signals, signals in the regiontained under the conditions of run no. 5 (Table 2)
characteristic of ¢, atoms, and the IR spectrum dis- resulted in appearance in the ESR spectrum of this
plays a broad absorption band in the region 1530mixture of three signals (see picture). One of them
1680 cm® characteristic of polyacetylenes and lacksoelongs to the radicat-Bu,NO (ay 1.555 mT, g
bands due to €C stretching vibrations [22]. These 2.0060). The second signal is a nitrogen triplet with
viscous undistillable producte are presumably formeéy 1.400 mT andg 2.0057 (these characteristics are
by polymerization of the starting acetylenés very close to those for the spin adduct of 2-methyl-2-
nitrosopropane and the radical anion ;S@iven in
In the absence of sodium sulfite, no dimerization26]). The third signal €, 1.310 mT, g 2.0062)
reaction takes place (Table 2, run no. 10). Neverthezvidently belongs to the spin adduct 8BBUNO with
less, under these conditions we were able to isolai@dicals formed from the starting acetylene. In fact, in
the product of polymerization of the starting acetylenehe ESR spectrum of a mixture of acetylete,
la. DMSO, andt-BuNO we observed the same signal.

~ The IR spectrum of this polymer showed no absorp- The higher effectiveness of the dimerization reac-
tion bands of the triple bond, and itst NMR spec- tion in DMSO as compared with the other solvents
trum contained unresolved multiplets in the regionTable 2) is in line with the reported ability of DMSO

characteristic of alkylthio groups. On keeping CthfO-to initiate radical anion reactions [27].
(ethylthio)acetylene in the resonator of an ESR spec-

trometer, we observed, already within 0.5 h, a weak Thus, the above evidence is not in conflict with the
asymmetric signal g 2.0049) whose intensity grew earlier proposed scheme of dimerization of alkylthio-
for some hours. We failed to obtain a well-resolvedchloroacetylenes in the system J$£,-DMSO,
signal, while it is evident that it consisted of severalwhich involves the stage of one-electron transfer
components. After 20 h, the spectrum was a superpogBcheme 1).
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The detection of the radical anion $i@ the course 1.64 g (63% per taken acetylene) of compolinas a
of the reaction under study can be explained by #ght yellow liquid, bp 4244°C (3 mm),n3° 1.5341.
secondary process involving escape from the solveiR spectrum (microlayer), cht 2970, 2928, 2814

cage of NaS@and its subsequent decay. [v(C-C)], 2142 p(C=C)], 1528 p(C=C)], 1442, 1414,
1370, 1314 §(C-H)], 1256, 1170, 1128, 1056
NaSQ, — SO; + Na'. [v(C-C), 8(H-C-H), §(C-C-S)], 942, 900, 800

[v(C-S)], 770 p(C-CI)], 628 (C-S)]. H NMR

EXPERIMENTAL spectrum (CDC@, 8, ppm: 1.37 d. t (6H, Ch), 2.59

m (4H, CHZS).1 C NMR spectrum (CDG), 8., ppm:

The IR spectra were recorded on a Sgecord IR-784.97, 28.15 (S@¢H;), 15.81, 29.49 (S¢H;), 59.84,
spectrometer in microlayers. Th#d and 1°C NMR  69.84 (Gp» 114.24, 127.95 (Gz). Found, %: C 40.00;
spectra were taken on Jeol FX-90Q (90 MHz) andd 3.98; Cl 29.06; S 26.54. {8,,Cl,S,. Calculated,
Bruker DPX-400 (400 MHz) spectrometers in CRQCI %: C 39.84; H 4.18; Cl 29.40; S 26.59.

internal reference HMDS. The residue (0.65 g) after distillation of compound
The mass spectra were run on an LKB-2091lla was a dark brown viscous material which could

GC-MS system (ionizing voltage 60 V) with both not be distilled in vacuo (b mm) even at 15@00°C.
chromatographic and direct sample inlet (ion sourc# was insoluble in water but soluble in organic sol-
temperature 24T); glass capillary column, length Vents. IR spectrum (microlayer), ch 2976, 2914,
30 m, stationary phase SE-54, injection temperaturé860 M(C-H)], 1680-1535 [(C=C)], 1500, 1446,
270°C, temperature programming at a rate oft380, 1314 §(C-H)], 1246, 1056, 980 {(C-C),
16 deg/min from 50 to 25C. S(H-C-H), 5(C-C-S)], 946, 890 }(C-S)], 800, 750
_ _ _ &V(C—CI)], 552 [v(C-S)]. "H NMR spectrum (CDG)),
The dielectric constants of benzene sloluthnls 0 , ppm: 1.041.40 m (CH), 2.40-2.80 m (CF&S)_BC
compoundila were measured on an Epsilon dielco-\yyip spectrum (CDGY, 5., ppm: 13.88, 14.07, 14.26,
meter (Angarsk; Experimental Design Office ofq, 4,14 77 1491 26,67, 27.20 (C, AIKS), 119.43,

Automation Joint-Stock Company). The dipole120 70, 12951 (G). Found, %: C 40.20; H 3.99;
moments were calculated by the second Deby&I 28 4'18' S' 27 80. o ’ ’

method using the Higasi extrapolation formula [28]. ,

The semiempirical calculations of the dipole moments 1Ne check run was carried out by the same proce-
were made by the PM3 method. The nonempiricafiure. It was shown (Table 2, run no. 10) that in the
(HF/6-31G) calculations of the dipole moments of absence of sodium sulfite no dimka is formed from

the model compounds were performed using th@cétylenela in DMSO at room temperature for 24 h.
GAUSSIAN 98 program package [29]. Under these conditions we isolated the product of

_ olymerization of the starting acetyleria. IR spec-

The ESR spectra were taken on a Radiopan SE/ %rum (microlayer), cm: 2948, 2910, 2890, 2850
2547 (Poland) radiospectrometer equipped with &,(C-C)], 1640 br p(C=C)], 1448, 1360 J(C-H)],
magnetometer in special cells under argon. Thepg9g 1260, 1112, 1080, 892, 884v(¢-C),
sensitivity of the instrument was>&L0™ spin/mT,  §(H-C-H), 5(C-C-S)], 628 M(C-C)]. *H NMR spec-

resolution <0.006 mT. trum (CDCL), 8, ppm: 1.041.50 m (CH), 2.40-
Alkylthiochloroacetylenes were prepared by the2:78 m (CHS).
procedure described in [30]. 1,4-Bis(propylthio)-1,2-dichloro-1-buten-3-yne

The reaction mixtures and the obtained compound lb) (Table 2, run no. 1). To a suspension of 0.82 g

L f sodium sulfite in 10 ml of DMSO, 0.87 g ddce-
Yggre?r almalyzed by TLC on alumina in hexane, OIevefylene Ib was added dropwise for 10 min at room
2.

temperature with stirring. The reaction mixture was
1,4-Bis(ethylthio)-1,2-dichloro-1-buten-3-yne stirred for 24 h at 2622°C and then poured into
(la) (Table 2, run no. 5). To a suspension of 2.72 dlO0 ml of cold water and extracted with diethyl ether
of sodium sulfite in 20 ml of DMSO, 2.60 g aice- (3x15 ml). The ether extract was washed with water
tylene | was added dropwise at 202°C for 10 min  (2x5 ml) and dried with MgSQ The ether was
with stirring. The reaction mixture was stirred for 24 hremoved in vacuo to obtain 0.74 g of crude pro-
at 20-22°C and then poured into 10 ml of cold water duct. Distillation gave 0.52 g (60%) of compouhd
and extracted with diethyl ether €35 ml). The ether as a light yellow liquid, bp 5254°C (3 mm), nZ
extract was washed with water X3 ml) and dried 1.5368. IR spectrum (microlayer), chn 2970, 2928,
with MgSQ,. The ether was removed in a vacuum t02884 [v(C-H)], 2142 [v(C=C)], 1524 p(C=C)], 1450,
obtain 2.30 g of crude product. Distillation gavel414, 1370, 13285[C-H)], 1294, 1228, 1156, 1142,
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