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Data concerning synthesis of thiophene, alkyithiobutenynes and esters of dithiocarbamic
acids and related compounds with utilization of diacetylene are briefly summarited.
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1. INTRODUCTION

The high and multi-facet reactivity of diacetylene offers a broad
opportunity for preparing diverse unsaturated heteroatom com-
pounds, which possess a number of specific properties and are of
great interest in many technological aspects [1, 2].

Among these compounds, sulfur derivatives of diacetylene occupy
a remarkable place. During the recent years, particular attention has
been drawn to sulfur-containing diacetylenic monomers capable of
topopolymerization to afford self-assembled mono- and multi-layers
possessing non-linear optical properties [3—11]. Just as examples,
there are to be mentioned diacetylene-bis(p-toluenesulfonate) [3];
dodeca-5,7-diyn-1,12-ylene-bis(p-toluenesulfonate) [4]; bis(p-toluene-
sulfonate) of 2,4-hexadiyne-1,6-diols [5]; asymmetrical diacetylenes
with substituents like MeC¢H,SO,CH,0 and FC4H4SO,CH,0O and
their thermal polymers [6]. Others include, monomer diacetylene with
bis(p-fluorobenzenesulfonate) moieties and their corresponding poly-
mers [7]; new asymmetrical diacetylene sulfur derivatives such as 1-(4 -
fluorobenzenesulfonyloxy) - 6 - (4-trifluoromethylbenzenesulfonyloxy)-
2,4-hexadiyne, which polymerize thermally in the solid state and have
polar (“ferroelectric”) individual chains [8]. The multi-stage synthesis
of long-chain tetrathiafulvalenes containing a diacetylene group at
different distance from tetrathiafulvalene moiety was described [9]. w-
Functionalized alkane thiols containing a conjugated diacetylene were
also synthesized [10]. These molecules spontaneously self-assembled
onto gold surface and are polymerized by UV irradiation [10]. The
formation of self-assembled dialkyl disulfide-functionalized mono-
layers containing diacetylene was also reported [11].

The synthesis of novel, high density diacetylene monomers was
achieved by the preparation of mono- and bis(pentafluorosulfur)-
diacetylene. The derivatives are readily prepared by the addition of
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pentafluorosulfur bromide (SFsBr) to diacetylene and subsequent
dehydrobromination [12].

At present there is a real possibility of using diacetylene, an
inevitable product of industrial synthesis of acetylene [13], in the
production of a series of practically important organosulfur products.
Diacetylene and its derivatives provide convenient starting materials
for the creation of new fungicides [14], drugs [15], polymeric materials
[16,17] and unsaturated compounds [18]. In the present review real
possibilities of synthesizing organosulfur compounds based on di-
acetylene are discussed.

2. SYNTHESIS OF THHOPHENE

Thiophene and its derivatives find many uses in different fields of
science and technology. On the basis of thiophene some methods for
the synthesis of polyorganylsiloxanes possessing unique properties,
[19, 20] herbicides [21], physiologically active [22] and fragrant com-
pounds [23] have been developed and a series of drugs [24], includ-
ing antibiotics [25] have been obtained. The compositions containing
thiophene and its derivatives can be used for the treatment of central
pervous system and as anti-inflammatory, cardiac-vascular, anti-
histamine agents, ezc., [25, 26].

Summarized data on thiophene were published in 1985 in
Gronowiz’s monograph {27), where some methods for the preparation
of thiophene by a ring closure reaction and from other cyclic systems
were described and the pharmacological activity of thiophene and its
derivatives was considered [28].

The existing industrial methods for the preparation of thiophenes
are considered in the review [29]. All these methods are based on the
interaction of hydrocarbon feedstock C4-Cg with hydrogen sulfide at
sufficiently high temperatures (560 —700°C) in the presence of various
catalysts. The yield of thiophene is 50—-70% [30].

Thiophene can also be synthesized from slate semicoking gases or
coal resin benzene fraction [31].

The development of catalytic methods is restricted by the absence
of fairly stable catalysts, therefore thermal methods of thiophene



12: 23 25 January 2011

Downl oaded At:

280 A. N. VOLKOV et al.

synthesis from organosuifur compounds holds much promise [32, 33].
There are some data concerning thiophene synthesis by pyrolysis of
dibutyl disulfide at 500-600°C [34,35], divinylsulfoxide (400°C,
thiophene yield to 60%) [36], disulfide oil (5.5% yield) [37], dimethyl
sulfide and mustard gas (400—700°C, yield to 50%) [38].

A one-pot synthesis of thiophene and thiophene derivatives from
vinyl chloride, hydrogen sulfide and acetylene has been elaborated
(500-700°C, with excess vinyl chloride the yield of thiophene
approaches 80%) [39]. All the above methods have substantial
shortcomings: comparatively high reaction temperature, use of
catalysts, and the presence of impurities in the final product.

In 1962, Schulte et al., [40] undertook synthesis of thiophene (yield
20%) by condensation of diacetylene with gaseous hydrogen sulfide in
aliphatic alcohol or acetone in the presence of IN NaOH (pH 9-10,
20-80°C, 4—20h). However, the authors failed to increase the yield
of thiophene in the reaction of diacetylene with saturated aqueous
sodium sulfide. By this reason the process was not put into practice.

Later [41-46], a process for the preparation of thiophene by inter-
action of diacetylene with hydrated sodium sulfide in a superbase me-
dium (KOH-DMSO) at 20— 100°C (yield to 94%) has been worked out.

The reaction can be performed without catalyst, however the yield
of thiophene does not exceed 54% in this case, whereas in the presence
of equimolar amounts of KOH (relative to Na,S) the yield is nearly
quantitative (Tab. I).

== + NeSoHO FF>| ) | — (D

1

SCHEME 1

TABLE 1 Effect of the reaction conditions on the yields of thiophene in DMSO [41, 45]

Reaction conditions Amount of reagent, mol Yield of 1,
T°C Time, h Na,S 9H,0 CyH; KOH %
20 15 0.108 0.054 4.1
55 1.25 0.083 0.038 0.08 93.9
70 1.5 0.061 0.120 54.6

100 1.25 0.140 0.072 40.0
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SCHEME 2

The use of a highly boiling solvent allows preparation of thiophene
free from impurities. The purity of thiophene isolated from the
reaction mixture by evacuation without supplementary purification is
about 99% (GLC).

In the aqueous medium the highest yield of thiophene (52%, purity
98.5%) is achieved when the reaction is carried out with large excess
of concentrated sodium sulfide solution (9:1 relative to diacetylene) in
the presence of KOH (70°C, 1.75h) [45]. These results show good
reproducibility and can serve as a basis for the thiophene production.
In a column reactor of continuous performance at 70°C the yield
of thiophene approaches 71%, thus supporting once more the high
potential of this method [41]. A procedure for preparation of the 7.7%
diacetylene solution in DMSO with the only impurity being benzene
(~0.4%) from industrial hydrocarbon gas mixture was patented [47].

The reaction of diacetylene with hydrogen sulfide in liquid ammonia
[48], which simultaneously serves as a solvent and an ionizing agent,
gave not thiophene, but di(1-buten-3-ynyl)sulfide 2, the product of
sulfide-anion addition to two diacetylene molecules (Scheme 2) [46].

The sulfide 2 obtained in 89.5% yield shows a Z,Z-configuration,
that points to a high trans-stereospecificity of the reaction. Structure 2
was proven by 'H NMR spectrum (6, ppm): 6.66d (H,), 5.55dd Hp),
Thanp=10Hz, Ty up=2.5Hz

3. SYNTHESIS OF ALKYLTHIOBUTENYNES

3.1. Reaction of Diacetylene with S-alkylisothiouronium Salts

The nucleophilic addition of thiols to diacetylene is readily effected by
alkalis in various solvents to lead to alkylthiobutenynes [1]. However,
the reaction is complicated by further addition of the thiol to the
thioether and this significantly decreases (to 60%) the yield of the
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SCHEME 3

latter. A high stereospecificity of the thiylation reaction, which strictly
follows the rule of trans-addition, has been established [49]. Solvents
prone to form complexes involving hydrogen diacetylene disobey this
rule [50], whereas in methanol only Z-adducts are formed.

1-Alkylthio-1-buten-3-ynes 3 were obtained in 60—70% yield from
the reaction of diacetylene with S-alkylisothiouronium salts in the
presence of alkali in protic or aprotic solvent (alcohol, DMF, DMSO)
in a temperature range from —1 to +50°C (Scheme 3) [51].

The generation of thiolate-ion from S-alkylisothiouronium salts dir-
ectly in the reaction mixture in the presence of alkalis makes it possible
to do without free thiols and, consequently, avoid a competing free-
radical reaction, which easily occurs even under nitrogen [52].

Taking into account that the isothiouronium salts are readily
prepared by thiourea alkylation and can be used without preliminary
isolation, the present method provides a one-pot route to the sulfides
3 based on halogen derivatives and diacetylene. This method is
especially convenient in the cases when the corresponding free thiols
are volatile (methanethiol) or unstable (propargylthiol).

3.2. Reaction of Diacetylene with Thioacetates

A process for the preparation of sulfides 3 from alkylthioacetates has
been developed [53]. As in an alkaline medium [54] the alkylthioace-
tates form thiols in high yields on hydrolysis, the reaction was carried
out in the presence of KOH (1.2mol per 1mol of the initial thio-
acetate, methanol being employed as a solvent). The alkaline agent
induces alcoholysis of the initial esters of thiolic acids to thiol and
simultaneously catalyzes the nucleophilic addition of thiolate-ion
to diacetylene. This allows the sulfides 3 to be obtained in yields of up
to 80% (Scheme 4).
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3.3. Nucleophilic Addition of Thiols to Diacetylene
in Liquid Ammonia

Volkov et al. [55,56] have studied in detail the interaction of
diacetylene with thiols in liguid ammonia and aqueous-ammonia
medium at ammonia concentration of 25-75% in the temperature
range from —40 to +20°C. In the development of this method an
account was taken of the high solution ability of ammonia for different
classes of organic compounds, which is caused by moderate dielectric
permeability and polarity, comparatively strong basicity (K, =4.75)
and ability to form hydrogen bonds. The basic properties of ammonia
facilitate not only the solubility of proton-donating substances, but
also the formation of ammonium salts with thiols. In the ammonium
solution the thiols seem to exist as both contact ion pairs with am-
monium counterions and free anions. In this case, the thiolate-ion
becomes more reactive because it is poorly solvated by ammonia
molecules. The addition of thiols to diacetylene in liquid ammonia
proceeds under exclusively mild conditions (—33°C, 2-3h) and is
over immediately after the addition of thiol. This is not affected by the
diacetylene — thiol molar ratio, since in all ratios (1:0.5,1:1.1,1:1.2,
1:2) only enyne sulfides 3 are isolated in 84--98% yield (Tab. II). This
rules out the secondary reaction leading to 1,4-dialkylthio-1,3-buta-
dienes (Scheme 5).

The sulfides 3 prepared in liquid ammonia, represent a 6: 1 mixture
of Z,E-isomers, the spectra of which display proton signals of Z,E-
ethylene fragments with typical spin-spin coupling constants (10 and
15Hz, respectively). The portion of E-isomer increases with the size
of the R radical and approaches a maximum (30%) when R=
(Me);SiCH,. This indicates a noticeable contribution to steric inter-
actions in the transition state since the E-isomer percentage remains
constant prior to and after thermal treatment of the above
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TABLE II Effect of the reaction conditions on the yield of sulfides 3 [56]

Reagents, mol Solvent, Time, Diacetylene
R Diacetylene  Thiol ml T°C h  Conversion, % Yield, %
Et 0.146 0.272  liq.NH,(100) -133 2.5 ~ 100 89
n-Bu 0.104 0.124  lig.NH;(75) -33 3.0 ~ 100 87
n-Bu 0.060 0.042  liq.NH;(55) -33 2.0 82
Et 0.100 0.120 70% NH,(75) -15 1.5 ~ 100 83
n-Bu 0.058 0.070  50% NH;(90) 5 1.0 86 71
n-Bu 0.048 0.058 25% NH;(50) 20 2.4 80 72
Et 0.072 0.085 Pyridine (30) 20 1.5 98 ~0
Et 0.040 0.048 Pyridine (15) 50 3.0 ~ 100 4
n-Bu 0.043 0.050 Et3N (15) 30 1.0 86 56
Et 0.080 0.096 Et,N (15) 60 2.0 ~ 100 68
Et 0.084 0.098 DMSO (15) 60 3.0 ~ 100 ~0
Et 0.080 0.096 DMF (15) 60 3.0 ~ 100 ~0
Et 0.067 0.132  20% NaOH (85) 20 2.5 19 10
n-Bu 0.031 0.040 20% NaOH (95) 60 1.0 84 52

— HSR = HSR _
== 5 ///_\SR ——9(—>NH3 RSE/—\ SR
3

R = Alk, Ar, (AlkO);(CH,),, HOCH,CH,, HOCH,CH(OH)CH,,
(Me);SiCHz

SCHEME 5

compounds. The reaction is considered to involve the formation of an
intermediate carbanion followed by protonation, that allows the
formation of both Z- and E-sulfides (Scheme 6).

The authors [56] could isolate individual Z- and E-sulfides 3 by
preparative GLC.

The same sulfides 3 were obtained in industrial solutions of di-
acetylene in ammonia [55, 57].

— _ _u =_H SR, _
“—’/%R——*ﬁ N

SCHEME 6
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Diacetylene thiylation can be performed in aqueous ammonia
solutions to give the adducts 3 in fairly high yields, though the
diacetylene conversion drops to 80% (Tab. II).

The reaction of diacetylene with thiols in a weaker basic solvent
such as pyridine, for example, (pK;, = 9.38) proceeds very slowly since
pyridine does not favor the formation of active thiolate-ion. In a
stronger base, like triethylamine (pK, = 3.12), the reaction occurs at
a higher temperature, the yield of sulfides 3 not exceeding 68% [56].
In the diacetylene thiylation in diethylamine one could expect the
formation of 1-diethylamino-1-buten-3-yne [1]. However, thiols win
the competition for the triple bond, which results in the isolation of
only the sulfides 3 in a yield of up to 90% [58]. In aqueous methyl-
amine, the formation of aminovinylketones could be expected [59], but
in this case again the thiolate-ion activity remains very high, and only
the sulfides 3 were isolated from the reaction mixture [58]. Evidently,
the thiol activation with liquid ammonia, primary, secondary and
tertiary amines and aqueous solutions thereof is common in the re-
actions of nucleophilic addition of thiols to diacetylene.

The method of diacetylene thiylation in liquid ammonia was
successfully employed for the preparation of silicon-containing sulfides
[60], especially, 1-(trialkoxysilylalkylthio)-1-buten-3-ynes, which can-
not be obtained in the presence of alkalis. Mild reaction condi-
tions enable the involvement of thiols containing other functional
groups. For example, with 2-mercaptoethanol and 1,2-hydroxy-3-
mercaptopropanol the reaction occurs involving exclusively the thiol
group, the corresponding sulfides 3 being obtained in ~ 100% yield
[58].

The same method is applicable for the preparation of 1-arylthio-1-
buten-3-ynes. Carrying out the reaction in liquid ammonia makes it
possible to avoid the use of alkali and to increase the yield of the target
product to 97%, as well as to prepare new l-arylthio-1-buten-3- ynes 3
[58,61]. Yields and characteristics of the sulfides 3 are presented in
Table ITI.

The above results suggest that the sulfides 3 owing to their
accessibility become promising intermediates and monomers, which
can be used as bioactive compounds [62, 63] and flotation reagents
[64]. They can also find application in preparative chemistry.
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TABLE Il Yields and characteristics of the sulfides 3 (HC = CCH=CH - SR)
[51,55, 56, 58, 60, 61]

IR spectra
Yield Bp.,°C Ratio (film),
R % (mm Hg) % ar Z.E v, em™!
Me 84  56-58(20) 1.5606 0.9763 6:1 1560, 2100,
3030, 3290
Et 89  67-68(17) 1.5420 0.9581 5:1 1560, 2100,
3045, 3290
n-Pr 98  58-60(5) 1.5341 0.9383 8:1 1560, 2090,
3035, 3290
i-Pr 87  51-53(5) 1.5290 0.9270 7:1 1560, 2103,
3035, 3290
n-Bu 87  73-75(6) 1.5250 09135 10:1 1565, 2100,
3040, 3300
i-Bu 84  71-72(6) 1.5231 0.9103 6:1 1560, 2105,
3040, 3290
+Bu 89 70-73(12) 15230 09145 10:1 1560, 2095,
3040, 3288
n-CeH3 85  92-93(2.5) 1.5135 5:1 1560, 2100,
3035, 3290
HOC,H, 95  84(1) 1.5795 6:1 1560, 2100,
3030, 3290
HOCH,
CHOH)CH, o3 1.5818
CH,=CHCH, 60 46-484) 1.5545 09275 10:1 1565, 1635,
2100, 3040,
3085, 3290
HC=CCH, 71 65—66(1.5) 1.5730  0.9267 10:1 1540, 1570,
2100, 2140,
3050, 3295
Ph 97 118(5) 1.6303 0.9158 10:1 1552, 1580,
2100, 3060,
3085, 3300
0-HOOCC(H, 95 144-147M.p.) 1:0 1560, 1585,
2100, 3280,
3440
0-NH,CeH,4 79 1.6510 1:0 1590-1610,
2100, 3015,
3280, 3460
p-CH30C¢H, 89  89-93(5) 1.6143 1:0 1600, 2100,
3040, 3080,
3290
PhCH, 49  140-1434) 1.6115 09149 1:0 1570, 1660,
2100, 3025,
3060, 3300
(MeO);SiCH; 94  77-80(1) 15053 09126  2:1 1570, 2100,
29585, 3320
(MeQ),
SiCH,CH, 92 110-112(3) 1.5040 0.9138 5:1 1570, 2100,
2955, 3300
(Me);SiCH, 96  63-64(5) 1.5208 0.9142 2:1 1565, 2100,

3035, 3320
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TABLE III (Continued)

IR spectra

Yield Bp.,°C tio (film),

R % (mm Hg) ny az Z:E v,em™!
(Me);Si(CHz)s 97 84-85(3) 1.5123 09042 7:1 1565, 2100,
3035, 3320
(E1);SiCH, 91  112(5) 1.5143 09173  2:1 1565, 2100,
3040, 3320

The nucleophilic thiylation of diacetylene in liquid ammonia or
aqueous-ammonia opens a door for the practical application of dia-
cetylene and the production of unsaturated sulfides.

4. PREPARATION OF ALKYLTHIOENYNE
ALCOHOLS AND GLYCOLS

The condensation of diacetylene with ketones in liquid ammonia is
considered to be promising from the point of using diacetylene formed
as a side product in the acetylene manufacturing [65]. The same is
applied to the preparation of tertiary 1-alkylthioenyne alcohols 4—6
[66] and ditertiary glycols 7—13 [67, 68].

The method is based on the reaction of diacetylene with ketones in
the presence of catalytic amounts of NaOH or KOH in liquid
ammonia followed by treatment of the reaction mixture with the
corresponding thiols, which react with diacetylene alcohols A or
glycols B (Scheme 7).

To synthesize the alcohols 4—6 it is convenient to carry out the
reaction with a 6—10% diacetylene solution in liquid ammonia at the
ammonium boiling temperature and the diacetylene :ketone :thiol
ratio=1:0.5:1.2; 1:0.75:1.2 or 1:1:1.2 in the presence of 0.1-0.01
mole of alkali metal hydroxide. The nucleophilic addition of thiol to
the terminal bond of diacetylene alcohol A proceeds in a regiospecific
manner in accord with the trans-addition rule (Jyuy = 10 Hz).

Excess of diacetylene relative to ketone is necessary to direct the
reaction toward alcohols A only and rule out formation of glycols B.
In this case the sulfides 3 were prepared as side products in a yield of
20-30% based on the diacetylene taken. The alkali catalyzes the con-
densation of diacetylene with ketones and simultaneously accelerates
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SCHEME 7

the reaction of diacetylene alcohol A and the residual diacetylene with
thiols, which are taken in small excess and participate in the synthesis of
tertiary alcohols 4—6 isolated in 83-96% yield (Tab. IV).

By varying the ratio of components the reaction can be directed
toward the formation of glycols B. For example, glycols 7—-13 were
obtained in 89 - 95% yield at the diacetylene- ketone- thiol molar ratio
equal to 1:(2.3-2.7):(1.1-1.3) in the presence of 0.19-0.27mol of
alkali metal hydroxide. Characteristics of the alcohols 4—6 and glycols
7-13 are presented in Table V.

TABLE IV Effect of the reaction conditions on yields of the alcohols 4—6 and Diols

7-13 [66—68]
Reaction conditions (—30 to —33°C)

Reagents, mol Time, NH;
Cpd. Yield, %  Diacetylene  Ketone Thiosl  NaOH h lig
4 83 0.15 0.1 0.21 0.012 8 100
5 96 0.10 0.07 0.12 0.009 6 70
6 88 0.10 0.07 0.12 0.008 6 70
7 96 0.07 0.20 0.10 0.015 12 200
8 95 0.01 0.03 0.15 0.003 8 90
9 87 0.02 0.05 0.02 0.005 11 85
10 89 0.01 0.03 0.02 0.002 10 85
11 94 0.01 0.03 0.02 0.003 12 85
12 95 0.08 0.19 0.10 0.019 16 250
13 94 0.01 0.03 0.01 0.002 14 160
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The conjugated multiple bonds and reactive hydroxyl groups
present in the molecules of alkylthicenyne alcohols 4—6 secure their
high synthetic potential. Furthermore, the availability of a technolo-
gically feasible process of their production opens up a new promising
trend in the industrial application of diacetylene.

5. REACTION OF DIACETYLENE WITH CARBON
DISULFIDE IN AMINES

Thio and dithiocarbamic acid derivatives, in particular, esters find many
uses as flotation reagents [69], antioxidants [70], vulcanization accel-
erators [71]. They enhance the anti-wearing and anti-fretting properties
of lubricant oils and have fungicidal and herbicidal activity [72, 73].

The process of production of dithiocarbamic acid esters normally
involves the reaction of ammonium salts or the salts of alkali metal
dithiocarbamate {74] with various compounds [75-86].

It has been found [87, 88] that dithiocarbamic acid esters 14—20 can
readily be obtained by the reaction of diacetylene and carbon disulfide
either in the presence of secondary amines or directly from diacetylene
and ammonium dithiocarbamates in protic or aprotic solvents
(Scheme 8).

The reaction is performed without catalyst by passing gaseous dia-
cetylene through a mixture of secondary amine and carbon disulfide in
a solvent or directly through a solution of ready dithiocarbamate at
20-30°C, and leads to esters 14—20 in a yield of up to 94% (Tab. VI).

&)

3.4
== + CS,+ RR™NH 1 - RRN
\ — R R”N%s/\\\
14-20
4
R Rlecésm SlClNR:"R‘
21,22
R'=R?= Alk (14,15); R'-R?= (CH,)s (16); R'- R* = (CH,),0(CH.), (17);
R! =R?=HOCH,CH, (18); R' = R =H (19); R = H, R*= Me (20);
R'=R*=R*=R*=Et(21); R'=R?*=Ft, R*-R* = (CH,); (22)

SCHEME 8
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TABLE VI The product yields and conditions of the reactions of ammonium dithio-
carbamates with diacetylene [87, 88]

Diacetylene Dithiocarbamate, Solvent, Time, Product,
mol. mol. ml. T, °C h %
0.06 0.03 MeOH, 30 40 2 14(50),
21(43)
0.05 0.05 MeOH, 40 40 2 14(16),
21(46)
0.025 0.05 MeOH, 40 40 2 21(92)
0.08 0.03 Et3N, 30 30 2 14(68)
0.05 0.05 THF, 15 30 3 14(60),
21(24)
0.06 0.06 PhH, 15 30 2 14(68),
21(15)
0.03 0.03 Ether, 20 5 3 14(57),
21(13)
0.08 0.10 NH; lig., 70 -33 3 14(79)
0.10 0.05 NH,; liq., 80 -33 5 14(81)
0.04 0.04 Etanol, 20 20 2 15(83)
0.10 0.09 NH,; lig., 70 -33 3 16(94)
0.09 0.09 THF, 50 50 2 16(67)
0.06 0.06 DMSO, 40 40 2 17(25)
0.04 0.02 Acetone, 50 50 3 17(80)
0.09 0.09 MeOH, 20 50 3 18(60)
0.10 0.10 NH; lig., 70 -33 5 19(20)
0.10 0.10 NH, lig., 50 -33 3 20(90)

Mild reaction conditions are due to the high nucleophilicity of the
dithiocarbamate ion, on the one hand, and by the high electrophilicity
of the diacetylene triple bonds, on the other hand. In all the cases Z-
isomers of the esters 14—20 were isolated, that indicates stereoselec-
tivity of the process.

The reaction of diacetylene with diethylammonium diethyldithio-
carbamate does not cease on the stage of addition of 1 mole of diethyl-
dithiocarbamate, but gets involved in further formation of butadiene
bis(dithiocarbamate) 21. By varying the component ratios and reaction
conditions it is possible to obtain either the ester 14 or the diester 21.

Ammonia turned out to be the most powerful agent to suppress the
second reaction stage. In this case only the ester 14 was produced. In
contrast, under more harsh conditions with the diacetylene: ammo-
nium dithiocarbamate molar ratio of 1:2, the diester 21 was the major
reaction product (Tab. VI).

The diester 21 can also be prepared by reaction of the ester 14 with
ammonium diethyldithiocarbamate in methanol. The reaction with
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other dithiocarbamates occurs in an analogous manner. With the
reaction carried out in methanol, one could expect the formation of
the xanthic acid derivatives, however, no esters of xanthic acid have
been isolated. Basing on '"H NMR spectra, the compounds 21,22 were
assigned a structure with a Z,Z-array of substituents, which indicates
the ionic character of reaction stage 2, because, when the reaction
follows a free-radical mechanism, the process is non-stereospecific.

Ammonium dithiocarbamates prepared from primary amines or
ammonia also react with diacetylene. However, the resultant esters 19,
20 are rather unstable and their isolation in the individual form is
difficult. The ester 19 was characterized only by spectral methods,
while the major product is represented by oligomer.

The characteristics of compounds 14—22 are presented in Table VII.

Among the synthesized compounds 1422, some are promising for
the use in diverse fields of industry [88]. These are, for example, ethers
14-17, which serve as thermal stabilizers of thiuramic resins, or
compound 14 which activates the fluororubber vulcanization. Com-
pounds 15, 17, 21 and 22 turned out to be more effective light resin
antiozonants than tributylthiourea. Thus, the vulcanizers modified
with 17 and 22 show a 66 and 44% strength gain, respectively, com-
pare with that of trimethylurea-modified samples.

6. CONCLUSION

The present review summarizes briefly the data, which clearly demon-
strate that diacetylene can successfully be used for building struc-
turally and functionally diversified organic sulfur compounds. The
interest in these compounds as potent building blocks, monomers and
auxiliaries is expected to grow as the problem of diacetylene utilization
will soon be showed.
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