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0-ALKYL CARBONODITHIOATE ANIONS 
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Favnrskv Street I, RU-664033. Irkutsk, Russia 
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(Alky1thio)chloroacetylenes react with potassium 0-alkyl carbonodithioates under mild con- 
ditions (25-3OOC. DMSO) to form an approximately equimolar mixture of 
O-alkyl-S-[2-(alkylthio)ethynyl] carbonodithioates and S-alkyl-S-[2-(alkylthio)ethynyl] car- 
bonodithioates in a total yield of up to 65%. The rearrangement is proved to occur in an ani- 
onic intermediate, probably, of the thiete structure. 

Keywords: (Alky1thio)chloroacetylenes; 0-alkyl carbonodithioates; O-alkyl-S-[2-(alkyltio) 
ethynyll carbonodithioates; S-alkyl-S-[2-(akylthio)ethynyl] carbonodithioates; rearragement 

INTRODUCTION 

(0rganylthio)chloroacetylenes are known to readily react with amines', 
pyrroles2, alcohols3, phosphines4, sodium sulfide5, thiols6, mercaptoacetic 
acid7 to afford both the products of substitution at the halogen atom' .4,6*7 

and adducts across the triple b ~ n d ~ . ~ . ~ ,  depending on the nature of nucle- 
ophile used and reaction conditions. At the same time, in the literature 
there are no data concerning the interaction of haloacetylenes with alkali 
metal 0-alkyl carbonodithioates (xanthates), although the reaction of the 
latter with alkyl halides is widely used in organic synthesis for the prepara- 
tion of dithiocarbonic acid esters'. An addition reaction of alkali metal 
xanthates with acetylenes"" and their functional derivatives12, which, 
under certain conditions, leads to vinyl sulfides has also been reported. 

* E-mail: bat@irioch.irk.ru, Fax: 7(3952)396046 
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82 SVETLANA G. D'YACHKOVA et af. 

In the present work, the reaction of (alky1thio)chloroacetylenes with 
potassium 0-alkyl carbonodithioates has been carried out and studied the 
first time with a goal of obtaining new information on the reactivity of 
haloacetylenes and xanthates and synthesizing their new derivatives. 

RESULTS AND DISCUSSION 

We have found that (alky1thio)chloroacetylenes 1,2 react with equimolar 
quantities of potassium 0-alkyl carbonodithioates 3, 4 in DMSO in a 
nucleophilic substitution mode to form not only the expected 
O-alkyl-S-[2-(alkylthio)ethynyl] carbonodithioates 5a-7a, but also their 
structural isomers S-alkyl-S-[2-(alkylthio)ethynyl] carbonodithioates 
5b-7b (Scheme 1). 

R~SC=CCI + R~O-C-SK - R'SC=CS-C-OR* + R'SC=CS-C-SR~ 

1: II 
S II - KCI S 

192 3.4 Sa-7s S M b  

The reaction is exothermic (the reaction temperature was maintained 
within the 25-30°C range by means of external cooling) and leads to an 
approximately equimolar mixture of isomers 5a,b-7a,b in a total yield of 
5 3 4 5 % .  It should be noted that the ratio of isomers remains practically 
unchanged after storing the mixture for a long time (e. g., 4 months, room 
temperature). Apparently, the obtained ratio of isomers 5a,b-7a,b is kinet- 
ically determined. Excess potassium 0-alkyl carbonodithioate does not 
have any effect on the isomer ratio and their yield. 

The IR spectrum of the obtained mixture of compounds 5a,b-7a,b shows 
absorption bands of stretching vibrations of C K  (2084 cm-'), C=O 
(1728 cm-') and C=S (1250 cm-') bondd3. In the initial (alky1thio)chlo- 
roacetylenes 1,2, the triple bond absorption band is observed at a higher 
frequency region (215&2160 cm-'). The 'H and 13C NMR spectra for the 
mixture of isomers 5a,b-7a,b are also in agreement with the proposed 
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 structure^'^^'^. In their 'H NMR spectra, together with signals of aliphatic 
protons, one can see signals of the SCH2 protons (at 2.70 ppm) in the 
alkylthio group at the acetylenic carbon atom as well as signals at the 3.06 
and 4.57 ppm region related to the SCH2 and OCH2 protons, respectively, 
in alkyl carbonodithioatic moieties R2SC=0 and R20C=S. In the I3C 
NMR spectrum, recorded for the mixture of isomers 7a,b, along with the 
signals of carbon atoms of the alkylthio and alkoxy groups, there are sig- 
nals of acetylenic carbon atoms (74.0 and 89.1 ppm) as well as signals at 
206.8 and 214.6 ppm corresponding to the carbon atoms of the C=O and 
C=S groups, respectively. 

Additionally, formation of S-n-butyl-S-[2-(alkylthio)ethynyl] carbon- 
odithioate 7b has been also proved in a chemical way. Thus, n-butylmer- 
captan, evidently formed as a result of alkaline hydrolysis of the 
dithioether 7b was identified (GLC) in the reaction mixture resulting from 
the consecutive treatment of the net product (7a+7b) with 
KOH-DMSO-EtOH system and 3% aqueous HCl (Scheme 2). 

KOH 
7b - n-PrSC=CSK + n - B S K  + K2C03 + H 2 0  + 

HCVH2O - n-BSH + n-PrSCECSH -P n-PrSCH=C=S 3 P m r  

SCHEME 2 

As inferred above, the formation of S-alkyl-S-ethynylcarbonodithioates 
5b-7b along with 0-alkyl-S-ethynyl carbonodithioates 5a-7a probably 
occurs during the reaction and is not a result of rearrangement of the final 
products (5a-7a #> 5b-7b). This is in keeping with the fact that isomeriza- 
tion of this kind in xanthates is readily accomplished only for 0-ally1 car- 
bonodithioates and followed, as a rule, by ally1 shift in the migrating 
groupI6, whereas 0,s-dialkyl and 0,s-diary1 carbonodithioates are prone 
to isomerization to the Corresponding S,S-dialkyl and S,S-diary1 carbon- 
odithioates either in the presence of equimolar quantities of AIC13'70r at a 
high temperature (200-300°C)18. 

A conceivable anionic rearrangement during the acetylenic nucleophilic 
substitution of the chlorine atom by the xanthate anion may look as fol- 
lows (Scheme 3): 
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8 9 5b7b 
SCHEME 3 

The driving force of the rearrangement is assumed to be the stabilization 
of the intermediate anion 8 by the intramolecular interaction of the devel- 
oping negative charge with the electron-deficient thiocarbonyl center. This 
leads to the charge transfer to the thionic sulfur with the closing of the thi- 
ete ring to form intermediate 9, which finally decomposes as shown in 
Scheme 3. The normal products 5a-7a are originated through releasing 
chloride ions from the open intermediate 8. 

Similar kinetic rearrangements have been earlier observed in the reac- 
tion of xanthates with acetylenes under the action of the same 

Replacement of DMSO by dioxane in the reaction of chloroacetylenes 1, 
2 with carbonodithioates 3, 4 leads to an abrupt decrease in the reaction 
rate: some initial chloroacetylene remains unreacted even 17 h after the 
reaction start. In diethyl ether the reaction fails to occur. 

Carbanions 8 and 9 may in a minor degree be quenched with protogenic 
impurities to give the addition products of the types 10-13 and their poly- 
mers (Scheme 4). 

The contamination of the major products 5-7 with these minor ones and 
also those formed by the alternative addition to the carbon atom adjacent 
to the sulfur atom explains the presence of small quantities of chlorine in 
the net reaction products. 

KOH-DMSO ~ y s t e m l ~ - ~ l .  

EXPERIMENTAL 

IR spectra were recorded on a Specord IR-75 instrument in a microlayer 
for 400-4000 cm-' range. 'H and 13C NMR spectra were taken on a Jeol 
FX-90Q spectrometer using CDCI, as solvent and HMDS as internal 
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R'S CI 

S + A- 
HA b( 

8 -  R20A 
S 

10 

11 12 13 

SCHEME 4 

standard. The reaction mixture analysis and purity control for the obtained 
compounds were performed using TLC (on plates with A1203 layer in hex- 
ane, 1, as a developer) and GLC (gas-liquid chromatograph Chrom-4, steel 
columns (2.4 m), sorbents: NaCl + 1% PEG 2oooO (0.16-0.25) and Iner- 
ton-AW-DMCS, 0.2-0.25 + 10% PEG 20000, gas carrier - helium). 

Compounds 5-7 are likely to contain some impurities of the minor prod- 
ucts 10-13, which may account for the presence of chlorine ( 1 4 %  by ele- 
mental analysis data) in the isolated products. 

Reaction of (ethy1thio)chloroacetylene 1 with potassium 0-ethyl 
carbonodithioate 3 

A. To a suspension of 1.34g (8.3 mmol) of salt 3 in 20ml of DMSO, 
1.00 g (8.3 mmol) of acetylene 1 was added dropwise upon stirring. 
Since the reaction was found to proceed exothermically, the tempera- 
ture was kept in the range of 2530°C using external cooling with a 
cold water bath. After addition of acetylene 1, the reaction mixture was 
stirred for another 2 h at 20-25OC, poured into 40 ml of cold water 
(solution pH = 8-9) and extracted with ether (3 x 20 ml). The ether 
extract was washed with water (3 x 10 ml) and dried over MgS04, the 
ether was evaporated, and the residue was dried in VQCUO to give 1.02 g 
(60%) of isomer 5a,b mixture, viscous liquid of cherry color. IR: 2976, 
2924, 2850 (v, C-H), 2082 w (v, C g ) ,  1729 (v, C=O), 1432, 1410, 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
4
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



86 SVETLANA G. D'YACHKOVA e? al. 

1376 (6, C-H), 1250 (v, C=S), 1210,1104 (v, C-0-C), 1050,1024,954 
(6, C-H), 752, 690 (v, C-S) cm-l. 'H NMR (ppm, CDC13): 6 1.27 (t, 

The isomer ratio is about 1:l according to this spectrum. Anal. Calcd 
for C7H100S3: C, 40.74; H, 4.88; S, 46.62. Found: C, 39.85; H, 4.12; 
S, 47.52; C1, 1.05 %. 

B. Under analogous conditions, from 1.00 g (8.3 mmol) of acetylene 1 
and 2.67 g (16.6 mmol) of salt 3 in 20 ml of DMSO, 0.90 g (53%) of 
an approximately equimolar mixture of isomers 5a,b was prepared. 

CH3), 1.35 (t, CH,), 2.79 (9, CH2S), 3.09 (t, CH,S), 4.58 (t, CH20). 

Reaction of (ethy1thio)chloroacetylene 1 with potassium 0-n-butyl 
carbonodithioate 4 

A. To a suspension of 1.90 g (10.0 mmol) of salt 4 in 20 ml DMSO, 1.20 g 
(10.0 mmol) of acetylene 1 was added dropwise upon stirring. The 
temperature of the reaction mixture was kept at 25-30°C using a cold 
water bath. After addition of acetylene 1, the mixture was stirred for 2 
h at 20-25"C, poured into 40 ml of cold water (solution pH 8-9) and 
extracted with ether (3 x 20 ml). The ether extract was washed with 
water (3 x 10 ml) and dried over MgS04. The ether was evacuated, the 
residue was dried in vucuo to afford 1.52 g (65%) of isomer 6a,b mix- 
ture. IR: 2956, 2928, 2884 (v, C-H), 2084 (v, C e ) ,  1728 (v, C=O), 
1500, 1456, 1384 (6, C-H), 1256 (v, C=S), 1200, 1142 (two intense 

cm-I. 'H NMR (ppm, CDC13): 6 0.94 (t. CH3), 1.37 (m, CH3), 1.78 
(m, CH2), 2.71 (q, CH2S), 3.06 (t, CH2S), 4.57 (t, CH20). Judging 
from the spectrum, the isomer ratio is nearly 1:l. Anal. Calcd for 
C9HI40S3: C, 46.12; H, 6.02; S, 41.04. Found: C, 47.37; H, 6.26; S, 
40.74; C1,3.91 %. 

B. To a suspension of 1.90 g (10.0 mmol) of salt 4 in 20 ml of dioxane, 
1.20 g (10.0 mmol) of acetylene 1 was introduced dropwise upon stir- 
ring at 20-22°C. The reaction mixture was stirred at 20-22°C during 
17 h, then 40 ml of water was added (solution pH = 8-9) and the solu- 
tion was extracted with ether (3 x 20 ml). The ether extract was washed 
with water and dried over MgS04. The solvent was removed, and the 
residue was dried in vucuo to give 1.00 g (42.9%) of yellow liquid con- 
taining initial chloroacetylene and the products of its polymerization 
('H NMR, GLC and elemental analysis data). IR: 2970,2942,2884 (v, 

bands, V, C-0-C), 1042, 970, 914 (6, C-H), 814, 770, 670 (v, C-S) 

' 
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C-H), 2156 (v, C=C, corresponds to initial chloroacetylene l), 1728 (v, 

1070, 1056, 956, 914 (6, C-H), 800, 790 (v, C-S) cm-'. NMR 'H 
(ppm, CDCl3): 6 0.92 (t, CH3), 1.37 (t, CH3), 1.70 (m, CH,), 2.73 (q, 
CH,S), 3.05 (t, CH2S), 4.57 (t, CH20). Anal. Calcd for C9HI40S3: C, 
46.12; H, 6.02; S, 41.04. Found: C, 43.59; H, 5.35; S, 34.17; C1, 
13.01 %. 

C=O), 1456, 1384 (6, C-H), 1256 (v, G S ) ,  1214, 1114 (v, C-0-C), 

Reaction of (n-propy1thio)chloroacetylene 2 with potassium 0-n-butyl 
carbonodithioate 4 

To a suspension of 4.06g (21.48 mmol) of salt 4 in 20ml of DMSO, 
2.86 g (21.48 mmol) of acetylene 2 was added dropwise with stirring. A 
cold water bath was used to maintain the reaction temperature at 25-30°C. 
After addition of acetylene 2, the mixture was stirred for 2 h at 20-25"C, 
poured into 40 ml of cold water (solution pH = 8-9) and extracted with 
ether (3 x 20 ml). The ether extract was washed with water (3 x 20 ml) and 
dried over MgS04. The solvent was removed, and the residue was dried in 
vucuo. A total of 3.30 g (62%) of isomer 7a,b mixture was isolated. IR: 

C-H), 1228 (v, C=S), 1200,1114 (two intense bands, v, C-0-C), 1042,900 
(6, C-H), 800, 742 (v, C-S) cm-'. 'H NMR (ppm, CDC13): 6 0.97 (m, 
CH3), 1.31-1.71 (m, CH3, CH2), 2.70 (m, CH2S), 3.10 (t, CH2S), 4.57 (t, 
CH20) (the isomer ratio - 1: 1). 13C NMR (6, ppm, CDC13): Structure 7a: 
n-BuO - 12.92 (CH3). 18.96, 30.28 (CH2), 73.20 (CH20); n-PrS - 13.94 

Structure 7b: n-Bus - 12.59 (CH3), 29.95, 30.08 (CH2), 30.02 (CH,S); 
n-PrS - 13.37 (CH3), 22.34 (CH,), 35.74 (CH2S), 74.04, 89.13 (S), 
206.77 (C=O). Anal. Calcd for CIOHI60S3: C, 48.35; H, 6.49; S, 38.72. 
Found: C, 48.16; H, 6.81; S, 38.27; CI, 1.74 %. 

2970,2942,2884 (v, C-H), 2084 (v, C S ) ,  1728 (v, G O ) ,  1456, 1370 (6, 

(CH3), 21.82 (CH,), 35.29 (CHZS), 74.04, 89.13 (S), 214.57 (C=S). 

Solvolysis of the product 7b 

To a solution of 0.84 g (3.38 mmol) of product 7 dissolved in a mixture of 
5 ml of DMSO and 5 ml of ethanol, 0.9 g (13.52 mmol plus excess calcu- 
lated for 15% H20 content) of KOH was added and the solution was 
stirred for 3 h at 20-22°C. Then 3 ml of cold 3% HCl was added, the solu- 
tion was stirred another at the same temperature and extracted with ether 
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88 SVETLANA G. D’YACHKOVA et al. 

(3 x 10 ml). The ether extract was washed with water (3 x 10 ml) and dried 
over MgS04. The GLC analysis revealed the presence of n-butylmer- 
captan in the reaction mixture (comparison with the authentic sample 
through two different columns). The solvent was removed and after drying 
in vucuo, 0.10 g of a dark-brown tarlike product was isolated. IR: 2956, 

1288, 1042, 1026, 898,798, 728 cm-’. ’H NMR (ppm, CDC13): 6 0.98 (t, 
3H, CH,), 1.24 (t, 3H, CH3), 1.55 (m, 2H, CH,), 2.69 (m, 2H, CH2S), 
6.22, 6.69 (s, lH, =CH). Anal. Calcd for C5H8S2: C, 45.41; H, 6.10; S, 
48.49. Anal. Calcd for C7H12S2: C, 52.45; H, 7.54; S, 40.01. Found: C, 
50.57; H, 7.39; S, 37.54 %. 

2928, 2870 (v, C-H), 1728 w (v, G O ) ,  1500, 1456, 1414, 1370, 1298, 

Acknowledgements 
The financial support of Russian Foundation for Basic Research (grant No 
99-03-32-939) is gratefully acknowledged. 

References 
I .  A. N. Mirskova, S. G. Seredkina, and M. G. Voronkov, Zh. Org. Khim., 21, 2506 

(1985). 
2. L. N. Sobenina, S. G. D’yachkova, Z. V. Stepanova, D.4 .  D. Toryashinova, A. I. Alba- 

nov, I. A. Ushakov, A. P. Demenev, A. I. Mikhaleva, and B. A. Trofimov, Zh. Org. 
Khim., (1999). in the press. 

3. A. N. Mirskova, S. G. Seredkina, I. D. Kalikhman, V. A. Shagun, N. V. Lutzkaya, and 
V. B. Modonov, M. G. Voronkov, Izv. A M .  Nauk SSSR, Ser: Khim., 612 (1988). 

4. S.  G. D’yachkova, N. K. Gusarova, M. V. Nikitin, E. A. Beskrylaya, S. F. Malysheva, 
M. L. Al’pert, and B. A. Trofimov, Khimia i primeneniefosfor-, sera- i kremniyorgan- 
icheskikh soedineniy (S.-Petersburg, the conference on chemistry of organophosphorus 
compounds “Peterburgskie vstrechi-98. 1998). P. 152. 

5.  S.  G. D’yachkova, A. V. Afonin, N. A. Kalinina, E. A. Beskrylaya, A. G. Mal’kina, E. 
I. Kositsina, and B. A. Trofimov, Sulfur Lett., 22,57 (1999). 

6. S. G. Seredkina, V. E. Kolbina, V. G. Rozinov, A. N. Mirskova, V. I. Donskikh, and M. 
G. Voronkov, W. Obshch. Khim., 52,2694 (1982). 

7. S. G. Dyachkova, E. A. Beskrylaya, A. I. Albanov, L. M. Sinegovskaya, A. G. 
Mal’kina, T. A. Skotheim, and B. A. Trofimov, Mendeleev Commun., 185 (1998). 

8. Comprehensive organic chemistry, Ed. D. Neville Jones (Pergamon press, Oxford, 
New York, Toronto, Sydney, Paris, Frankfurt), 3. 

9. B. A. Trofimov. S. V. Amosova, N. K. Gusarova, S. E. Korostova, F. G. Salimgareeva, 
N. N. Skatova, and M. G. Voronkov, (Alma-Ata, IV All-union conference on the acety- 
lene chemistry, 1972), 2,455. 

10. A. N. Volkov, A. N. Vavilova, and B. A. Trofimov, Izv. Akad. Nauk SSSR, Ser: Khim., 
2808 ( I  982). 

11. B. A. Trofimov, Sulfur Rep., 3,83 (1983). 
12. V. N. Drozd, M. L. Petrov, 0. A. Popova, and A. S. Vyazgin, Zh. 05. Khim., 20, 1 189 

( 1984). 
13. L. J. Bellamy, The lnfra-Red Spectra of Complex Molecules (Methuen & Co. Ltd, Lon- 

don; John Wiley & Sons, Inc., New York, 1957). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
4
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



(ALKYTHIO) CHLOROACETYLENES 89 

14. A. J. Gordon and R. A. Ford, The ChemisrS Companion, a Handbook of fracrical 
Dara. Techniques. and References (A Wiley-interscience publication, John Wiley and 
Sons, New York-London-Sydney-Toronto, 1972). 

15. J. B. Stothers, Ccrrbon-’jC NMR Specrroscopy (Academic press, New York, London, 
1972). 310 p. 

16. C. Christophesen and A. Holrn,Acta Chem. Scand., 24, 1512 (1970). 
17. T. Kawata, K. Harano, and T. Taguchi, Chem. fharm.  Bull. (Japan), 21,604 (1973). 
18. A. Yoshiaki, Bull. Chem. Soc. Japan, 43,252 (1970). 
19. B. A. Trofimov, S. V. Amosova, and 0. A. Tarasova, Zh. Org. Khim., 11,2224 (1975). 
20. B. A. Trofimov and S. V. Amosova, Divinylsuljide and Its Derivatives (Nauka, Novosi- 

birsk, 1983). p. 112. 
21. B. A. Trofimov and S. V. Amosova, Sulfur Rep., 3,323 (1984). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
4
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1


