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1. INTRODUCTION 

As restrictive as the definition of carbon chloride sulfides C,Cl,S, may sound 
to the casual reader it allows for a remarkably rich chemistry and encom- 
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CARBON CHLORIDE SULFIDES 199 

passes, together with more exotic specimens, well-known chemical work- 
horses such as thiophosgene and trichloromethanesulfenyl chloride. One of 
us has, over almost four decades, gathered considerable experience in this 
area and we have therefore deemed it appropriate to present the state of the art 
to a broader audience. The chemistry of carbon chloride sulfides has benefited 
roughly equally from the efforts of industrial and academic chemists, a 
healthy state of affairs which adds to the fascination of this area of research. 

While a considerable number of mixed perhalo compounds (such as a 
plethora of trifluoromethyl compounds) would fit snugly into the frame- 
work depicted here this review has for practical reasons been restricted to 
the title compounds. Interested readers will be able to access this extended 
range of compounds via a large number of contemporary reviews on 
organic fluorine chemistry. 

1. SULFIDES 

1.1. Aliphatic Sulfides 

1.1.1. Alkyl sulfdes 

Bis(trichloromethy1) sulfide 1 (m.p. 17 "C, b.p. 47 "U0.2 mm Hg) has mainly 
been prepared by chlorination of dimethyl sulfide. Truce et al. prepared it in 
very low yield by chlorination of dimethyl sulfide with sulfuryl  chloride.^'' 
By-products were found difficult to remove. Boberg et a/.[*] prepared 1 by 
chlorination of dimethyl sulfide or a mixture of unsymmetric di-, tri-, and 
tetrachlorodimethyl sulfide with chlorine gas at 80 "C to give the product in 
60%. The main problem in the synthesis was that the highly chlorinated 
dimethyl sulfides formed from unsymmetric tetrachlorodimethyl sulfide are 
subject to competing chlorinolysis. 

CH3SCH3 - CH2CISCH3 - CHC12SCH3 

C13CSCC13 c-- CI3CSCH2CI C13CSCH3 
1 

chlorinol ysis 
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200 A. SENNING and S. EL KOUSY 

This chlorinolysis has being attributed to the poorer donor ability of 
the unbonded electrons on the sulfur atom of the highly chlorinated 
compounds. No chlorinolysis occurred for 1 until 80 0C.[2,31 Moltzen et al. 
prepared 1 in good yield by the desulfurization of dichloro(trich1oro- 
methylthio)methanesulfenyl chloride upon treatment with chlorine for 12 h 
at room temperature.L41 

Bis(pentachloroethy1) sulfide 2 could be prepared in good yield by chlo- 
rination of bis(tetrachloroethy1) sulfide with chlorine gas in carbon tetra- 
chloride in the presence of sulfuric acid.[51 

2 

1.1.2. Alkenyl sulfies 

Unsaturated sulfur-containing compounds have been found effective as 
fungicides. For example bis(trichloroetheny1) sulfoxide, prepared from 
bis(trichloroetheny1) sufide, is 100% effective for the control of 
Panagerellus and Rhabditis.[61 

Bis(trichloroetheny1) sulfide 3 (b.p. 71-3 "C/0.03 mm Hg) has been syn- 
thesized in 83% yield by addition of SC12 or trichloromethanesulfenyl chlo- 
ride to dichloroacetylene in the presence of ferric chloride during 3 h at 30 "C, 
or by reduction of bis(trichloetheny1) sulfoxide in a mixture of acetic acid and 
acetic anhydride with 20% TiC13 in concentrated hydrochloric acid.[71 

Bis( trichloroethenyl) sulfide is oxidized to the corresponding sulfoxide 
when treated with 30% hydrogen peroxide in acetic acid. 

c c &=CC 1-s-cc l=CC I* 
3 

Bis( 1,2,3,4,4-pentachloro- 1,3-butadienyl) sulfide 4 is formed in nanogram 
quantities upon high-temperature treatment of fly ash with sulfur.['] The 
metal catalyzed destruction of the macromolecules on the surface of the fly 
ash particles is dependent on the temperature (250-500 "C). The formation 
of 4 is favored over that of aromatic compounds at high temperatures. 

cc~=ccrcct=ccrs-ccl=ccl-cct=ccl2 
4 
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CARBON CHLORIDE SULFIDES 20 I 

1.1.3. Butenynyl sulfuies 

Four compounds of this group have been They have been 
synthesized by nucleophilic attack of sodium pentachlorobenzenethiolate 
on perchlorobutenyne and perchlorobutatriene, respectively. 

/ 
7 8 

The mechanism of the transformation of 7 to 8 is assumed to be as follows:‘”] 

RS? 
SR <SR 

RS SR 
SR 

SR 

1,1,2-Trichloro-4-(pentachlorophenylthio)- 1 -buten-3-yne 5 (m.p. 100- 
1 “C) was obtained when perchlorobutenye was stirred with a suspension of 
sodium pentachlorobenzenethiolate in DMSO for 5 h.liol 
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202 A. SENNING and S. EL KOUSY 

1,1 -Dichloro-2,4-bis(pentachlorophenylthio)-l-butenyne 6 (m.p. 18 1 "C) 
was similarly obtained in 85% yieId.l'*] 

Tetrakis(pentachloropheny1thio)- 1 -buten-3-yne 7 (m.p. 297°C) has been 
prepared from perchlorobutenyne in 49% yield,["l from 5 in 90% yieldti2] 
and from 6 in 68% yield.1121 

1.2. Aromatic Sulfides 

Silberrad utilized a mixture of disulfur dichloride and anhydrous aluminum 
chloride in sulfuryl chloride solution (BMC reagent) to obtain a polychlori- 
nated benzene.[l3] Kharasch and Ariyan,[14] Glidewell and Walton,[''] and 
Adrian et ~ 1 . ~ ' ~ ~  employed the same reagent to convert diphenyl sulfide to 
bis(pentachloropheny1) sulfide 9 (m.p. 265 "C) in about 60% yield. 

The pattern of reactivity of BMC with arenes showed that the perchlori- 
nation is controlled by a step involving attack on the aromatic nucleus of an 
electrophile which may be either SC13+ or ClS02+. 

Compound 9 could also be prepared when 1,2,4,5-tetrachIorobenzene 
was heated with chlorosulfonic acid.[''] The following equation shows the 
steps of the reaction. 

C1 

ClS03H , I 
SOZCl 
I 

Attempts to oxidize 9 to the corresponding sulfoxide or sulfone with 
peracetic acid or chromium trioxide in acetic acid were unsuccessful.['*] 
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CARBON CHLORIDE SULFIDES 203 

Irradiation for 150 h of a solution of 9 in carbon tetrachloride with a low 
pressure cold cathode mercury arc, housed in a Vycor 7910 tube, yields 
42% of octachlorodibenzothiophene.[’41 

Bis(pentachloropheny1) sulfide and related compounds have been used to 
prepare fire-resistant resins.‘”’ 

X-Ray spectroscopy has been used to determine the extent of conjugation 
between the sulfur atom and the aromatic rings of 9.1201 

2,3,5,6-Tetrachloro-l,4-bis(pentachlorophenylthio)benzene 10 has 
been prepared by heating of hexachlorobenzene with anhydrous sodium 
sulfide at 100 “C for 5 h in a nitrogen atmosphere.r211 Water was added to 
the reaction mixture to give the pure compound. 

10 

Sodium pentachlorobenzenethiolate as a nucleophile attacks very easily 
perchlorobicyclo[4.2.O]octa- 1,5,7-triene at room temperature to give cis- 
2,3,4,5,7,8-hexachloro-7,8-bis(pentachlorophenylthio)bicyclo[4.2.O]octa- 
1,3,5-triene 11 (m.p. 297 0C).r221 

C1 c1 

11 

1.3. Heteroaromatic Sulfides 

n-Butyllithium in hexane has been added to a solution of terachlorothio- 
phene in ether at 15-20 “C to give 2,2’-thiobis(3,4,5-trichlorothiophene) 12 
(m.p. 97-9 “C) in 62% yield.[”’ 
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204 A. SENNING and S. EL KOUSY 

cl*syy' 
c1 c1 c1 CI 

12 

1.4. Polymeric Sulfides 

Pure polythio(2,3,5,6-tetrachloro- 1 ,Cphenylene) 13 has been prepared by 
heating of sodium pentachlorobenezenethiolate at 90- 170 "C in p~r id ine . [~~]  
Semi-conductive materials have been obtained from this compound. 

L 

13 
n 

2. DISULFIDES 

2.1. Aliphatic Disulfides 

2.1.1. Alkyl disulfies 

2.1.1.1. Alkyl monodisulfides Prey et al. prepared bis(trichloromethy1) 
disulfide 14 (b.p. 131-5 "C/l 1 rnm Hg) in 80% yield by photolysis of 
trichloromethanesulfenyl chloride in h e ~ a n e . [ ~ ~ ]  Kaae and Senning purified 
the crude disulfide by repeated distillation at 87 "CiO.5 mm Hg, then bub- 
bling through ozone/oxygen for complete decolorization.[261 

Hansen et al. prepared 14 in 8 1 % yield when trichlorornethanesulfenyl 
chloride and thiophosgene were allowed to react in acet~nitrile.[~'] 
Compound 14 could also be prepared in low yield when trichloromethane- 
sulfenyl chloride was allowed to react with methylphosphonous acid mono- 
or diesters.[281 
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CARBON CHLORIDE SULFIDES 205 

Christensen and Senning reported the presence of bis(trichloromethy1) 
disulfide as a 0.8% contaminant in commercial trichloromethanesulfenyl 
chloride, prepared by reaction of carbon disulfide with chlorine gas.'*'' The 
disulfide could be detected by gas chromatographic analysis. 

Wilkes detected the presence of bis(trichloromethy1) disulfide in a techni- 
cal grade of the fungicide captan [N-(trichloromethylthio)-4-cyclohexene- 
1,2-di~arboximide].['~~ It was assumed that the disulfide is a product of the 
thermal decomposition of  apta an.[^'^ A study of the genotoxicity of 14 
showed that it fails to induce a response in the small intestine nuclear aberra- 
tion assay in a wide dose range under a variety of experimental conditions.13*] 

c 1,c - s s - c c 13 
14 

It has been reported that bis(trichloromethy1) disulfide is extremely indif- 
ferent toward oxidizing agents.[26,33,341 Part' la1 hydrolysis leads to the forma- 
tion of the corresponding mono- and dicarbonyl 

Dear and Gilbert were able to effect a halogen exchange reaction 
when they treated bis(trichloromethy1) disulfide with potassium fluoride 
at 160 0C.[361 

Pentachloroethanesulfenamide was dissolved in excess acetone and left at 
room temperature for 1 1  d to give bis(pentachloroethy1) disulfide 15 (m.p. 
76-80 "C) in 13% yield rather than the expected imine.[371 

cI~c~-ss-c~cI~ 
15 

2. I. 1.2. Alkyl trisdisulfides Hansen and Senning reported that trichloro- 
methanesulfenyl chloride reacts very slowly with bis(trich1o-romethyl) pen- 
tathiodipercarbonate even when neat sulfenyl chloride is used as the 
solvent.['81 If acetonitrile is used as reaction medium the reaction rate is dra- 
matically enhanced.[391 Chlorotris(trichloromethy1dithio)methane 16 (m.p. 
78-9 "C) is formed in 49% yield. The pentachloroethyl derivative 17 (m.p. 
148-9 "C) could be similarly prepared in 56% yield. 
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206 A. SENNING and S. EL KOUSY 

2.1.2. Alkenyl disuljides 

Bis(trichloroetheny1) disulfide 18 has been reported in several 
 patent^.[^'-^^] Pentachloroethanesulfenyl chloride reacts with M(CO), 
(M = Cr, Fe, Ni; n = 6, 5 ,  4) under mild conditions to give the corres- 
ponding disulfide with subsequent partial dehalogenation yielding 18.1461 
Laifa et al. found that a 55% yield of 18 is obtained upon reduction of 
pentachloroethanesulfenyl chloride with aqueous potassium iodide and 
sulfur dioxide.in a diphasic dichloroethane/water system.[471 This occurs 
probably via bis(pentachloroethy1) disulfide, but other pathways cannot 
be ruled out. 

cl2c=ccl-ss-cckcc~ 
18 

2.2. Aromatic Disulfides 

The preparation of pentachlorophenyl trichloromethyl disulfide 19 is not 
reported in the references collected in our search. However, it has been 
claimed as a component of a rubber vulcanization mixture.[481 

Pentachlorobenzenesulfenyl chloride reacts with water and mineral 
acid to give a mixture of bis(pentachloropheny1) disulfide 20 and 
C15C6 S02SC6C15.[491 Compound 20 has been used in polyamide prepara- 
tion by polymerization of dicarboxylic acids with d iamine~. [~ '*~~I  It is 
also one of the components of a vulcanization mixture.[521 
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CARBON CHLORIDE SULFIDES 201 

2.3. Heteroaromatic Disulfides 

3,4,.5-Trichloro-2-thiophenethiol, dissolved in aqueous sodium hydroxide, 
can be oxidized with iodine to bis(3,4,S-trichloro-2-thienyl) disulfide 21 
(m.p. 78-9 "C) in 17% yield.[23-'31 

c1 CI 

21 

The oxidation of aromatic 1,4-dithiols has been the subject of many stud- 
ies. 1,4-Benzenedithiol has been reported to give polymeric d i~ul f ides . [ '~ .~~~ 
Raasch reported that tetrafluoro-l,4-benzenedithiol can be oxidized with 
DMSO to give the corresponding four-unit macrocyclic tetraki~disulfide.[~~] 
2,3,5,6-Tetrachloro- I ,4-benzenedithiol gave an oxidation product 22 (m.p. 
335-7 "C), but the determination of its molecular weight was precluded by 
its extreme insolubility. 

22 

3. OLIGOSULFIDES 

3.1. Aliphatic Oligosulfides 

3.1.1. Alkyl oligosulfies 

Trichloromethanethiosulfenyl chloride reacts with thiophosgene in aceto- 
nitrile or with hydrogen sulfide at 30 "C in a tube containing charcoal granules 
to give bis(trichloromethy1) trisulfide 23 (m.p. 54-6 "C) in 28% ~ i e l d . [ ~ ~ , ' ~ ]  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



208 A. SENNING and S. EL KOUSY 

c I$ - s s s -c c 13 
23 

Bis(trichloromethy1) trisulfide was detected by GUMS in a technical 
grade of the fungicide  apta an.[^'] 

Seventeen oxidation products of 23 are theoretically possible. However, 
none of them could be obtained. At room temperature 23 fails to react with 
ozone, nickel peroxide, or peracetic acid, while treatment with peracetic 
acid at higher temperatures only affords water soluble products. It does not 
react with chloramine-T in absolute ethanol.[261 

The kinetics[581 and the dynamic behavior of an isothermal continuously 
stirred tank reactor and of a 2-element series of continuously stirred tank 
reactors in the course of the reaction of 23 with aniline and methanol[591 
have been studied. The reaction is autocatalytic with a chain mechanism. 
The sulfur-sulfur bonds are probably the transferring part of the chain. The 
reaction is accelerated by nucleophilic agents (e.g. sodium methoxide, 
hydrogen sulfide, 2-mercaptobenzothiazole, and potassium iodide) even in 
very low concentrations. 

Bis(trichloromethy1) trisulfide 23 is useful as seed di~infectant.'"~ It also 
exhibits f ~ n g i c i d a l ~ ~ ' , ~ ~ ~ ~ ]  and i n s e c t i ~ i d a l [ ~ ~ ~ ~ ~ " ~  effects. 

Bis(trichloromethy1) tetrasulfide 24 (m.p. 38 "C) has been prepared in 
92% yield by treatment of a solution of trichloromethanethiosulfenyl chlo- 
ride in carbon tetrachloride with an aqueous solution of potassium 
iodide.'"' It could also be prepared in 52% yield when disulfur dichloride 
and thiophosgene were allowed to react in acetonitrile.[261 Steudel recently 
prepared 24 in 20% yield by reaction of the dinuclear titanocene oligosul- 
fide (C5H4CH&Ti2S4 with trichloromethanesulfenyl chloride.[651 

cl~c-ssss-ccl~ 
24 

Trichloromethanesulfenyl chloride reacts with titanocene pentasulfide, 
(C5H5),TiS5, in carbon disulfide within 12-15 h. After removal of the by- 
products bis(trichloromethy1) heptasulfide 27 (m.p. 38 "C) can be obtained 
in 50% yield.[651 

Bis(trichloromethy1) heptasulfide is stable for weeks at 4 "C; however, 
prolonged heating to 40 "C or above results in a reaction according to the 
following 
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CARBON CHLORIDE SULFIDES 209 

This reaction was followed by reversed-phase HPLC and all members of 
the series with 4-1 2 sulfur atoms were observed.[651 

c13c-s,~-cc13 
24-32: 

n = 4-12 

Pentachloroethanethiosulfenyl chloride and thiophosgene, when allowed 
to react in acetonitrile at 40 "C for 5 h, afford pentachloroethyl tri- 
chloromethyl trisulfide 33 (m.p. 5 1-3 "C)in 7 1 % yield.'271 

CI 5C2-SSS-CCI 3 

33 

Bis(pentachloroethy1) tetrasulfide 34 (rn.p. 158 "C) has been prepared 
according to the following 

Reaction of pentachloroethanesulfenyl chloride with hydrogen sulfide 
requires elevated temperature and extended time. Instead of the expected 
bis(pentachloroethy1) trisulfide only the pentasulfide 35 could be isolated as 
a yellow oil in 36% yield.'"' 

Cl5C2-S5-C2C15 
35 

A suspension of bis(pentachloroethyldithio)chloromethanesulfenyl 
chloride in acetonitrile was stirred at room temperature for 7 d to give 
dichloro(pentachloroethy1dithio)rnethyl pentachloroethyl trisulfide 36 
(m.p. 45-49 0C).[3yl 

c1 ~c~-sss-ccI 2-SS-C&I 5 

36 
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210 A. SENNING and S. EL KOUSY 

A mixture of pentachloroethanethiosulfenyl chloride and bis(pen- 
tachloroethyl) pentathiodipercarbonate was stirred overnight in acetonitrile 
at room temperature to give chlorobis(pentachloroethy1dithio)methyl pen- 
tachloroethyl trisulfide 37 (m.p. 116-8 "C) in 4% yield.[271 

(CI ~c2ss)2ccI-sss-c2cl~ 
37 

Chloromethylidenetris(trichloroethy1 trisulfide) 38 (m.p. 98-9 "C) has 
been prepared in 13% yield by reaction of trichloromethanethiosulfenyl 
chloride and barium trithiocarbonate in a~etonitrile.['~' 

(c1~csss)~ccl 
38 

3.1.2. Alkenyl oligosulfdes 

Kohn prepared bis(trichloroetheny1) trisulfide 39 by the reaction of tetra- 
chloroethanesulfenyl chloride with hydrogen sulfide in ether at 20 "C 
for 64 h.[661 

The reduction of pentachloroethanesulfenyl chloride with aqueous 
potassium iodide/sodium thiosulfate in dichloroethane/water gives 39 in 
45% yield.[471 

Bis(trichloroetheny1) trisulfide has been claimed as a seed disinfectant.[661 

c12c=c CI-s SS-CCI=CCl2 
39 

3.2. Aromatic Oligosulfides 

Pentachlorophenyl trichloromethyl trisulfide 40 (m.p. 107-9 "C) has been pre- 
pared in 84% yield by reaction of equimolecular amounts of pentachlorothio- 
phenol and trichloromethanethiosulfenyl chloride in an inert solvent.[671 

cl~c~-sss-ccl~ 
40 
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CARBON CHLORIDE SULFIDES 21 1 

Pentachorobenzenesulfenyl chloride in methylene chloride reacts rapidly 
with sodium trithiocarbonate to give bis(pentachloropheny1) trisulfide 41 
(m.p. 193-6 0C).[391 

Compound 41 has been used in the preparation of a vulcanization 
mixture.[48~"~ 

Bis(pentachloropheny1) tetrasulfide 42 has been described a component 
of a vulcanization mixture.[".681 Its preparation is, however, not reported in 
the references collected in our search. 

3.3. Heteroaromatic Oligosulfides 

3,4,5-Trichloro-2-thiophenesulfenyl chloride reacts with hydrogen sulfide to 
give bis(3,4,5-trichlorothienyl) trisulfide 43 (m.p. 84-7 "C) in 12% yield.[531 

43 

Compound 43 exhibits marginal pesticidal activity.[531 

4. HETEROCYCLIC COMPOUNDS 

4.1. Thiiranes 

Phenyl(bromodichloromethyl)mercury has been found to react with sulfur, 
thiophosgene, carbon disulfide, or with alkyl isothiocyanates to give 2,2,3,3- 
tetrachlorothiirane 44 (b.p. 36-8 "C/O. 1 mm Hg) in moderate  yield^.^^^-'^] 
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212 A. SENNING and S. EL KOUSY 

Schork and Sundermeyer found that 2,2,4,4-tetrachloro- 1,3-dithietane 
1,l -dioxide can be converted to 44 by heating in a mixture of acetic acid 
and water.17 ' 

44 

Pyrolysis of the neat dioxide at 450 "C in vacuo gave 44 in 85% yield.[711 
Tetrachlorothiirane is stable at room temperature. Desulfurization can be 

accomplished by treatment with phosphorus trichloride or with triph- 
enylphosphine in ether. Reaction with diethylamine in benzene at 50 "C 
gives a yellow-brown nonvolatile product. Anhydrous hydrogen chloride is 
without effect on tetrachlorothiirane at room temperature. Chlorination at 
room temperature results in desulfurization, giving hexachl~roethane.[~*-~~~ 

Compound 44 is useful in the manufacturing of polymers, as vulcanizing 
agent, insecticide and in flameproofing.[681 
2,3-Bis(trichloromethylthio)-2,3-dichlorothiirane 45 (m.p. 83-5 "C) 

could be obtained as a minor by-product during the synthesis of trichloro- 
methyl chlorodithioformate by the reaction of carbon monosulfide with 
trichloromethanesulfenyl chloride.1721 

4.2. Dithiiranes 

Dichlorodithiirine 125 has been postulated as an elusive intermediate 
(cf. Section 7.6). 

4.3. Dithietanes 

Photochemical dimerization of thiophosgene by UV light leads to the for- 
mation of 2,2,4,4-tetrachloro- 1,3-dithietane 46. [72-751 

Bose et al. studied the crystal structure of 46.L761 Its UV spectrum was 
interpreted in terms of DZn symmetry with the aid of computer resolution 
and CNDO calculations.[771 
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CARBON CHLORIDE SULFIDES 213 

Oxidation of 46 with potassium permanganate in glacial acetic acid leads 
to the formation of the 1,l-dioxide. [71-7y1 Oxidation with m-chloroper- 
benzoic acid at 0 "C leads to the corresponding monoxide, then to the 1,3- 
dioxide. A direct oxidation to the 1,3-dioxide is also pos~ible.["~ 

Cathepsine D, obtained from bovine spleen, was inactivated by 46.['*' 

46 

MCPB - 
CI so 

truns-2-4-Bis(trichloromethyl)-2,4-dichloro-1,3-dithietane 47 (m.p. 
2 I 8  "C) has been prepared by the facile photodimerization of trichloro- 
thioacetyl chloride in concentrated methylene chloride solution in 23% yield.1801 
The tmns-structure was established by X-ray crystallography. Pyrolysis of 47 
regenerates the monomer.[*"' Compound 47 can be reduced electrochemically 
in an H-cell at room temperature according to the following equation.Ix'1 

2,4-Bis(dichloromethylene)- I ,3-dithietane 48 (m.p. 125-6 "C) could also 
be obtained from the reaction of 2-nitrophenyl 1,2,3-trichloroethenyI disul- 
fide with 1,4-diazabicyclo[2.2.2]octane (DABCO) in dry THF.[8',821 

48 - Cl,C=C=S 
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214 A. SENNING and S. EL KOUSY 

Dichlorothioketene could be generated by flash vacuum pyrolysis of 48.[s31 
2,4-Bis( 1,2,3,3-tetrachlor0-2-propenylidene)- 1,3,-dithietane 49 has been 

prepared by reaction of 2-nitrophenyl 1,2,3,4,4-pentachlorobuta- 1,3,-dienyl 
disulfide with DABCO in dry THF.[s21 

S 

S 
cc 12=CC I- CCI+ >cCCI-C  Cl=C Cl, 

49 

Chlorosulfenylation and chlorothiosulfenylation of 4,4-dichloro- 1,3- 
dithietane-2-thione proceeds rapidly in acetonitrile according to the follow- 
ing 

RSS 

CI x;xa C1 

c1 
C1 X;X;; 

50: R =  CCI3 52: R=CC13 

51: R = CzCls 53: R =  C2Cl5 

The high reactivity of this dithietanethione can be explained by reduction 
of ring strain upon sp2+sp3 rehybridization of C-2 of the dithietane system. 
2,2,4-Trichloro-4-(trichloromethyldithio)-1,3-dithietane 50 (m.p. 59- 

6 1 "C), 2-(pentachloroethyldithio)-2,4,4-trichloro- 1,3,dithietane 51 (m.p. 
125-6 "C), 2,2,4-trichloro-4-(trichloromethylt1ithio)- 1,3-dithietane 52 (m.p. 
1 12-3 "C), and 2-(pentachloroethyltithio)-2,4,4-trichloro- 1,3-dithietane 53 
(m.p. 115-22 "C) have been obtained from 4,4-dichloro-l,3-dithietane-2- 
thione and the appropriate sulfenyl or thiosulfenyl chlorides, respectively. 

4.4. Dithioles 

3,4,5-Trichloro-l,2,-dithiolium chloride reacts with a solution of thioacetic 
acid in dry benzene to give 4,5-dichloro-3-thioxo-3H- 1 ,2-dithiole 54 (m.p. 
76 "C) in 35% yield.[*'] 
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CARBON CHLORIDE SULFIDES 215 

54 

Compound 54 reacts with N,N-dichlorobenzenesulfonamide and N,N- 
dichloro-N',N'-dimethylsulfamide to give the corresponding N-(4,5- 
dichloro-3H- 1,2-dithiol-3-ylidenyl)amides. 

It reacts with nucleophilic agents (e.g., sodium benzenesulfinate, mor- 
pholine, thiophenol, and aniline) to give the corresponding derivatives.['*] 

Hexachloropropene and sulfur has been heated at 180-90 "C for 8 h in 
the absence of moisture to afford 3,3,4,5-tetrachloro-3H- 1,2-dithiole 55 
(m.p. 2 15-20 "C) in 30% yield.['6J 

It has also been reported that lowering of the reaction temperature to 
160 "C increas.es the yield to 65%.[871 

The dichloromethylene group of 55 could be easily attacked with water 
or methanol to give 3,4-dichloro- 1,2-dithi0l-2(2H)-one.[~~~'~~ 
4,5-Dichloro-2-(4,5-dichloro- I ,3-dithiol-2-ylidene)- 1,3-dithiole 56 (m.p. 

221-3 "C) could be prepared when a solution of 2-( 1,3-dithiol-2-ylidene)- 
1,3-dithiol in dry THF was lithiated with phenyllithium, butyllithium, or 
lithium diisopropylamide, followed by chlorination with hexachloroethane 
or p-toluenesulfonyl chloride [ss-9"1 
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216 A. SENNING and S. EL KOUSY 

The crystal structure,[901 cyclic voltammetric data,[901 and MNDO calcula- 
tions'"] of 56 have been reported. 

A mixture of hexachloropropene and sulfur was heated at 180-190 "C 
until disulfur dichloride started to reflux. The reflux continued 90 min to 
give 3,4,5-trichloro-l,2-dithiolium chloride 57 (m.p. 235 "C) in 65% yield. 
This compound is easily hydrolyzed with water at room temperature to 43- 
dichloro- 1,2-dithi01-2(2H)-one.[~*~ 

CP 
c1 c1 

57 

A solution of disodium disulfide (prepared from sodium sulfide and sul- 
fur) was allowed to react with octachloronaphthalene to give hexachloro- 
naphtho[ 1 ,8-cd]-l,2-dithiole 58 (m.p. 283-5 "C) in 88% yield.[93*941 Its 
crystal structure has been r e p ~ r t e d . [ ~ ~ . ~ ~ I  

c1 c1 

s-s 
58 

Oxidation of 58 with chromium trioxide in boiling acetic acid gives the 
1 -oxide. Treatment of 58 with Raney nickel in 2-(diethylamino)ethanol 
at 160 "C for 60 min leads to the formation of 2,3,4,5,6,7-hexachloro- 
naphthalene.[941 
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CARBON CHLORIDE SULFIDES 217 

The trinuclear nickel complex [Ni3(PPh3)3(S2CloC16)3] has been pre- 
pared by reaction of equimolecular amounts of [Ni(cycloocta- 1,5-diene), 
PPh,, and 58.[97' The latter also reacts with RhC(PPh& to give the follow- 
ing compIe~ .~~*]  

c1 CI 

Fusion with sulfur at 320 "C converts 58 into a bis-1,2-dithiole deriva- 
t i ~ e . l ~ ~ ]  

A mixture of octachloronaphthalene and sulfur was fused to give 3,4,7,8- 
tetrachloronaphtho[ 1 ,3-cd:4,5-c'd1;]bis[ I ,2]dithiole 59 (m.p. 347-9 "C) in 
73% yield.[93,991 

The electric conductivity and the electronic structure of this compound 
have been studied.[Im1 

s - s  

59 

Oxidation of 59 with chromic acid in acetic acid gives the corresponding 
tetraoxide.["] It gives a complex titanocene compound upon treatment with 
titanocene chloride in the presence of sodium tetrahydridoborate and tetra- 
n-butylammonium bromide in DMF.L'o'l Compound 59 reacts with 
Pt(PPh,), to give a platinum complex with interesting electrochemical 
properties.["*] It mixes with linear, branched, or crosslinked polymers to 
produce antistatic and electrically conductive polymers and molding com- 
positions containing charge transfer 
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4.5. Thiophenes 

4.5.1. Monocyclic thiophenes 

The chlorination of thiophene at 100 OC and under a pressure of 30 atm. with 
chlorine leads to the formation of octachlorotetrahydrothiophene 60."04] 
Chlorination of tetrachlorothiophene or hexachloro-2,5-dihydrothiophene 
also leads to 60 in good 

60 

This compound showed good fungicidal activity.['051 It is oxidized to 
octachlorotetrahydrothiophene 1, l-dioxide when treated with chromium tri- 
oxide in acetic acid.["*' It can be hydrolyzed with sulfuric acid to give 
dichloromaleic anhydride and tetrachlorosuccinic anhydride."061 Fluorination 
with anhydrous HF in the presence of SbC15 gives tetrachlorothiophene and a 
mixture of polychlorofluorotetrahydrothiophenes.~'091 

A cold solution of tetrachlorothiophene in carbon tetrachloride was satu- 
rated with chlorine gas and then exposed to sunlight for 10 d to give 
2,2,3,4,5,5-hexachloro-2,5-dihydrothiophene 61 (m.p. 40 "C) in 85% 
yield.['071 

61 

Chlorination of 61 leads to 60.[1071 The dechlorination of 61 to tetra- 
chlorothiophene can be accomplished by heating with sulfur for 4 h at 
200 0C[107~'001 or by heating with SC12 or copper powder.['071 Hydrolysis 
with sulfuric acid leads to the formation of tetrachloro-2,5-dioxotetrahydro- 
thiophene.[lo7-" ' I  

Hexachloro-2,3-dihydrothiophene 62 has been assigned a CAS registry 
number without reference to any document. 
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CARBON CHLORIDE SULFIDES 219 

62 

Chlorination of thiophene in the presence of ferric chloride gives 2,3,4,5- 
tetrachlorothiophene 63 (b.p. 6 1 4  "C1'1.2 mm Hg, m.p. 29-30 "C) in 48% 
yield.["'] 

Compound 63 could also be prepared when a solution of 2,5-dichloroth- 
iophene in thionyl chloride reacted with aluminum chloride.L"21 It has fur- 
thermore been prepared by dechlorination of 60 or 61.r'093' '",' ''] Sulfur 
reacts with perchlorobutadiene to give 63.[92' 

63 

Swindlehurst reported that 63 is a pollutant in the Mediterranean 
region.["'I It has been described as one of the organic compounds in haz- 
ardous waste incinerator flue gas and has been detected by capillary gas 
chromatography.[' ''I 

It can be chlorinated to 60L'"] and 61.L'"7' 2,3,5-Trichlorothiophene can be 
produced by entrainment Grignard reaction of 63, followed by hydrolysis."'21 

Silver difluoride reacts with 63 at 0 "C to give 2,2,5,5-tetrafluoro-3,4- 
dichIor0-2,5-dihydropthiophene.[''~~ Halogen-metal exchange of tetra- 
chlorothiophene with butyllithium at -70 "C gives 3,4,5-trichloro- 
2-thienyllithi~m.~' 1 6 ]  Electrochemical trimethylsilylation of 63 has been 
carried out. The reduction potential of 63 has been determined by cyclic 
voltammetry.[' I 7 l  

Compound 63 has been used in the synthesis of thienylpyrrole fungi- 
cides" '*] and thienylpyrrolecarbonitrile insecticides and acaricides." ''I 

When chlorine was passed through a solution of 2,5-bis(dibro- 
momethyl)-3,4-dibromothiophene in carbon tetrachloride with UV irradia- 
tion for 24 h 2,5-bis(trichloromethyI)-3,4-dichlorothiophene 64 (m.p. 83- 
6 "C) was obtained in low yield.["'] 
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64 

Treatment of 64 with silver difluoride results in the exchange of the side 
chain chlorine atoms by fluorine to give 2,5-bis(trifluoromethyl)-3,4- 
dichlorothiophene." j 3 ]  

2,3,4-Trichloro-5-(pentachlorophenyl)thiophene 65 has been prepared 
by coupling of (pentachloropheny1)copper with 2,3,4-trichloro-5-iodothio- 
phene in a high boiling ether.[lZo1 

65 

Halogen-metal exchange reactions of 65 with n-butyllithium give the 
corresponding mono- and dilithium reagents in good yields, magnesium 
reacting preferentially in the homocyclic part of the molecule.[12'] 

4.5.2. Dithienyls 

Hexachloro-2,2'-dithienyl 66 (m.p. 187-9 "C) has been prepared by an 
intermolecular Ullmann reaction. Thus, a suspension of 2,3,4-trichloro-5- 
iodothiophene and copper bronze in DMF was stirred under reflux during 
1 h to give 66 in 75% yield.""' It could also be prepared by self-condensation 
of 2,3,4-trichlorothiophene in the presence of Al(OH)3 as a catalyst or from 
61 and Al(OH)3.[1231 

66 
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2,2’,4,4’-Tetrabromo-3,3’-dithienyl has been treated with chlorine in car- 
bon tetrachloride to give hexachloro-3,3’-dithienyl 67 (m.p. 130-2 “C) in 
8 1 % yield.[’’‘I 

CI HSC’ CI CI 

67 

2,2’-( 1 ,2-Ethynediyl)bis(3,4,5-trichlorothiophene) 68 has been prepared 
from (trichlor0-2-thienyl)copper.~’~~~ 

68 

4.5.3. Trithienylmethyls 

Tris(3,4,5-trichloro-2-thienyl)methyl radical 69 and tris(2,4,5-trichloro- 
3-thieny1)methyl radical 70 have been formed from the corresponding 
carbinols by treatment of their solutions in acetonitrile/trifluromethane- 
sulfonic acid with tetrabutylammonium iodide. 

These radicals were then studied by ESR spectroscopy. The 2-thienyl 
radical is unstable, disappearing within tens of minutes at 23 “C. The 3- 
thienyl radical is stable €or many hours.[”‘l 
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4.5.4. Condensed Thiophenes 

2,5-Dichlorothietano[2]thiophene 71 (m.p. 80 "C, dec.) has been prepared 
by reaction of 3,4-dichloro-2,5-dihydrothiophene with disulfur dichloride 
in 90% yield."261 

c1 

b1 71 

Chlorine reacts with benzothiophene in the presence of iodine to form 
octachloro-2,3-dihydrobenzothiophene 72 (m.p. 1 17-8 "C) in 59% yield.[i081 

c1 

72 

Oxidation of 72 with chromium trioxide in acetic acid provides the cor- 
responding l,l-dioxide."O*l Pyrolysis of 72 at 240 "C or treatment with zinc 
gives hexachlorobenzothiophene[i081 73 (m.p. 158-9 "C). 

Neumann and Bender prepared 73 by reaction of benzothiophene with 
chlorine at 300 "C in a fixed or fluidized bed reactor in the presence of a 
halogenating catalyst (active carbon, coke, A1203, silica gel, or mixtures 
thereof) .[ *'I 

c1 
I 
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Compound 73 has been identified in waste gas washing water.['281 
Oxidation of 73 with pertrifluoroacetic acid gives the corresponding 

1,1 -dioxide;['291 oxidation with chromium trioxide in acetic acid gives 
hexachloro-2,3-dihydrobenzothiophen-2-one.~'08J It reacts with one 
equivalent or excess butyllithium to give the 2-lithio or 2,6-dilithio deriv- 
ative, respectively. It gives with magnesium a mixture of the 2- and 
2,6-Grignard reagents. Its reaction with LiAlH4 results in hydrodechlo- 
rination at C-2. 

Sodium benzenethiolate replaces randomly the chlorine atom of the five- 
membered ring, while monosubstitution can be achieved by reaction with 
sodium isopropoxide in pyridine. Catalytic hydrogenation gives 4,5,6,7- 
tetrachlorobenzothiophene.ll?gl 

Treatment of dibenzothiophene with chlorine in the presence of iodine 
in a pressure vessel''0x1 or in the presence of iron(iii) chloride[' '"I gives 
octachlorodibenzothiophene 74 (m.p. 304-7 "C) in 84% yield. Compound 
74 could also be prepared in  62% yield when a solution of penta- 
chlorobenzenesulfenyl chloride in carbon tetrachloride was irradiated 
for 150 h in  a low pressure cold cathode mercury arc, housed in a Vycor 
7910 tube.['41 

Miltsov et a/. prepared 74 by reaction of polychlorobiphenyl with 
ClS03H to give the corresponding sulfone which was subsequently reduced 
by treatment with LiAlH4.['711 

CI CI 

4.6. Dithianes and Dithiins 

Octachloro- 1,2-dithiane 75 (m.p. 218 "C) has been obtained as a by-product 
of the reaction of tetrachloroethylene with disulfur dichloride in the pres- 
ence of anhydrous aluminum 
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75 

A solution of tetrachloro- 1 ,4-dithiin in carbon tetrachloride was saturated 
for one week with chlorine in the dark at room temperature to give 
octachloro-1,4-dithiane 76 (m.p. 174 "C) in 50% yield."321 Addition of 
anhydrous aluminum chloride increases the yield to 85%. 

Reduction of 76 with zinc in acetic acid gave the corresponding tetra- 
chlor~di thi in . [ '~~~ 

Tetrachloro-1,2-dithiin 77 (m.p. 138-9 "C) has been prepared in 13% 
yield by reaction of octachloro- 1,2-dithiane with zinc in acetic acid.['321 

CI 
I 

77 

Tetrachloro-l,2-dithiin 78 (m.p. 129 "C) was formed as a by-product 
during the reaction of tetrachloroethylene with disulfur dichloride and 
anhydrous aluminum chloride in 6% 
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c‘yx“ C1 c1 

78 

The oxidation of 78 with hydrogen peroxide in acetic acid affords 
the corresponding monosulfoxide. Chlorination with chlorine leads to the 
formation of octachloro- 1,4-dithiat1e.[’~’I The reaction of 2,5-dichloro-3, 
4-dilithiothiophene with an equivalent amount of disulfur dichloride gave 
a mixture of products. Tetrachloridithieno[3,4-b:3’,4’-e][ 1,4]dithiin 79 
(m.p. 283 “C), the major product, was obtained in 35% yield.i”6.’”1 

4.7. Trithianes 

2,4,6-Tris(dichloromethylene)-l,3,5-trithiane (m.p. 126 “C) has been pre- 
pared by dehydrochlorination of 2,4,6-tris(trichloromethyl)- 1,3,5-trithiane. 
Its chlorination yields 2,4,6-trichloro-2,4,6-tris(trichloromethyl)- 1,3-5- 
trithiane (m.p. 175 0C)12331 while its pyrolysis fails to generate the expected 
dichlorothioketene 113 (cf. Section 7.2).r2341 

4.8. Tetrathianes 

3,3,6,6-Tetrachloro- 1,2,5,6-tetrathiane is formed in miscellaneous reactions, 
most likely by dimerization of the hypothetical chlorothiocarbonylsulfenyl 
chloride 127.[2351 

4.9. Thianthrenes 

Reaction of sulfur with tetrachloro-o-phenylenemercury trimer (HgC6CL&, 
the heterocycle Te2(C6CI,), hexachlorobenzene or with pentachloro- 
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iodobenzene in the presence of iodine gives octachlorothianthrene 80 
(m.p. > 360 0C).[143134.1351 

Compound 80 was isolated after photolysis of pentachlorobenzene- 
sulfenyl chloride in carbon tetrachloride for 24 h as a highly insoluble crys- 
talline pr~duct."~] 

c1 c1 

c1 
80 

c11 

It has been detected as a pollutant formed from the pentachlorothio- 
phenol used in vulcanization. It is assumed to originate by condensation of 
pentachlorobenzenethiolate.""bl 

Octachlorothianthrene is used as a co-catalyst with SbC13, FeC13, or PbS 
in the chlorination of alkylbenzene~.~'"~ 

Decachloro[ I ,4] benzodithieno[2,3-b]thianthrene 81, and dodecachloro- 
[ 1,4]dithien0[2,3-h:5,6-b]dithianthrene 82 can be obtained from hexa- 
chlorobenzene and excess sulfur at 300 0C.['351 
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4.10. Seven-membered Rings 

3,4-Dilithio-2,5-dichlorothiophene reacts with two equivalents of sulfur 
to give (C4C12S)(SLi)2, which can be converted to 6,8-dichlorothieno- 
[3,4-f][ I ,2,3,4,S]pentathiepin 83 (m.p. 126 “C) by treatment with sulfur 
dichloride.”261 

\ 
S-S 

c1 
83 

1,3,6,X-Tetrachlorodithieno[3,4-c:3’,4’-f][ 1,2,S]trithiepin 84 has been 
obtained as one of a range of compounds resulting from the reaction 
between 2,.5-dichloro-3,4-dilithiothiophene and disulfur dichloride. 
Compound 84 was detected by mass 

4.11. Macrocycles 

1,3,6,8-Tetrachlorodithieno[3,4-c:3’,4’-g]tetrathiocin 85 (m.p. 17 1 “C) and 
1,3,6,8,IO, 12-hexachlorotrithieno[3,4-c:3’,4’~3”,4”-~]tetrathionin 86 (m.p. 
224 “C) could be isolated from a mixture of compounds obtained by reac- 
tion of 2,S-dichloro-3,4-dilithiothiophene with sulfur dichloride by frac- 
tional crystallization from toluene or by column chromatography on 
alumina.~”81 A polymeric material could be obtained from the above reac- 
tion with the structure [(C,CI,S),],. This material could be depolymerized 
in boiling nitrobenzene to give 85.1’rh1 

2,3,5,7,9,1 I -Hexachlorotrithieno[3,4-/~:3’,4’-e:3”,4”-h][ 1,4,7]trithiecin 87 
could be obtained from the same mixture and was detected by mass spec- 
troscopy.“26’ 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



228 A. SENNING and S. EL KOUSY 

c1 Cl 

&s+ c1 

CI 

CI 

CI 

1 

c1 c1 sK-sd s-s c1 

86 85 

CI “‘sl 
S 7 s-s 6‘ 
C c1 

87 

1,3,7,9-Tetrachlorodithien0[3,4-d:3’,4’-i][ 1,2,3,6,7,8]hexathiecin 88 
(m.p. 228 “ C )  has been prepared by reaction between sulfur dichloride 
and (C4C12S)(SLi)2, obtained from 2,5-dichloro-3,4-dilithiothiophene 
and sulfur.[’261 

CI 

c1 
88 

The commercial dyestuff indanthrene olive GG has been obtained by the 
action of disulfur dichloride on anthracene. It was assumed that this dye has 
the structure tetrachlorohexacyclopenta[mno]pentaleno[2,1,6,5-jghi]ace- 
anthrylene 89.[13’1 
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89 

5. SULFENYL CHLORIDES 

5.1. Monosulfenyl Chlorides 

The commercially available trichloromethanesulfenyl chloride 90 is pre- 
pared by chlorination of carbon disulfide in the presence of iodine, or of 
thi~phosgene.['"~'~'] 

Compound 90 reacts with titanocene pentasulfide (CsHs)TiSs to give the 
heptasulfane (CCI3)& and with (CSH4CH3).,Ti2S4 to yield the tetrasulfane 

Highly dienophilically reactive allenyl trichloromethyl sulfoxides were 
obtained from the reaction of propargyl alcohol with 90 according to the 
following 

(cc13)2s4.'5y' 

- 
R' 
I R'-c =c -c--R3 
\ c1,cso 

R' 
I 

\ 
OH 

R!-C=C--€-~ + Cl3CSCl CH2C,2 

- 

R' \ C=C=C, / . ' J  
R' SCCI, 

II 
0 

Compound 90 reacts with different N-monosubstituted benzophenone 
hydrazone derivatives to give the corresponding N-sulfenyl derivatives with 
excellent insecticidal activity combined with low mammalian toxicity.L14y'.'S"1 

It is used to introduce a trichloromethylthio group in different phenylpyra- 
zoles to give compounds having arthropodicidal, nematocidal, protozoa- 
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cidal, and anthelmintic activities.['521 It reacts with thioacetamide and 
thiobenzamide in refluxing chloroform to give 3-methyl- and 3-phenyl- 
1,2,4-dithiazole-5-thione, respectively.[2381 Bis(trichloromethy1) pentathiodi- 
carbonate is formed by reaction of 90 with metal tr i thio~arbonates.[~~] 
Gaseous carbon monosulfide reacts with 90 to give trichloromethyl 
chlorodithioformate in high yield.[721 

Pentachloroethanesulfenyl chloride 91 has been prepared by the reaction 
of tetrachloroethylene with sulfur dichloride in the presence of benzoyl or 
cumene peroxide as 

c l ~ c 2 - s c l  
91 

Compound 91 is reduced with SnC1, and HCl to give the unstable 
trichlorothioacetyl ~ h l o r i d e . ~ * " - ' ~ ~ ~  Laifa et al. reduced 91 with S02/I- to 
yield 18, with Sz02-/I- to give 39, and with H2S to give 35.L561 Compound 
91 adds to 4,4-dichloro- 1,3-dithietane-2-thione in acetonitrile solution.[s41 

Reaction of 91 with ammonia and amines gives the corresponding pen- 
tachlor~ethanesulfenamides.~'~~.'~~~ It reacts with imidazolidinedione deri- 
vatives to give the corresponding N-pentachloroethylthio derivatives which 
are active against Botryris cinerea on 

Chlorine in carbon tetrachloride has been added to a solution of 
trichloromethyl chlorodithioformate in the same solvent at 0 "C to give 
dichloro(trichloromethy1thio)methanesulfenyl chloride 92 (m.p. 134-7 "C/ 
11 mm Hg) in 60% yield.[721 

cgc-s-ccl~-scl 
92 

Chlorine desulfurizes 92 to give 1 in good yield. Compound 92 reacts 
with tetrahydrophthalimide anion, thioacetic acid, and carbon monosulfide, 
respectively, to give the following products:[41 

CI3CSCCl2-SS-COCH3 

c I3C sc c h- s- c s- CI 
0 
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Dichloro(trichloromethyldithio)methanesulfenyl chloride 93 has been 
prepared by treatment of chlorothiocarbonyl trichloromethyl disulfide with 
SO2CI2 in methylene chloride in 90% yield. Attempts at purification, both 
by distillation and by chromatography, resulted in decomposition of the 
compound.['58i 

cl~c-ss-ccl~-scl 
93 

Dichloro(pentach1oroethyldithio)methanesulfenyl chloride 94 (b.p. 
1 14-5 "C/0.3 mm Hg) has been prepared by reaction of chlorothiocarbonyl 
pentachloroethyl disulfide with SO2CI2 in 50% 

cI~c~-ss-cc12-scl 
94 

Chlorine and bis(trichloromethy1) pentathiodipercarbonate give chloro- 
bis(trichloromethyldithio)methanesulfenyl chloride 95 (m.p. 4 1-2 "C) in 
90% yield.['81 

(c1~css)2ccI-scI 
95 

Compound 95 converts to 36 when allowed to stand in acetonitrile at 
ambient temperature for some days or in chloroform with HgCI2 as a cata- 
lyst.13y1 It reacts with p-toluenethiosulfonate to give the corresponding 
dithiopero~ysulfonate:~~~~ 

The reaction of 95 with tetrahydrophthalimide anion gives the expected 
product: 

0 
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Chlorobis(pentachloroethy1dithio)methanesulfenyl chloride 96 (m.p. 
85-7 "C) has been prepared in 97% yield by reaction of bis(pentachloroethy1) 
pentathiodipercarbonate and 

( c I ~ c ~ s s ) 2 c c I - s c I  
96 

Ozonization of trichloroethenesulfenyl chloride 97 in dry chloroform 
gives the corresponding sulfinyl chloride.['591 

cl~c=CcI- sc1 
97 

Compound 97 reacts with different 2,6-dialkylphenols to give the corre- 
sponding 4-(trichloroethenylthio) derivatives which are useful as insecti- 
cides for the control of Aedes aegypti and as mosquito larvicides."6G'621 It 
reacts with different formamide and carboxamide derivatives to give the 
corresponding N-[(trichloroethenyl)thio] derivatives which exhibit pestici- 
dal a ~ t i v i t y . [ ' ~ ~ - ' ' ~ ~  

It reacts with benzoxathiazinone to give the corresponding N-[(trichloro- 
ethenyl)thio] derivative with activity against Pythirium ultimunz.11681 

To a solution of hexachloro-1,3-butadiene in abs. ethanol and tert- 

butanethiol was added a solution of sodium hydroxide in abs. ethanol. After 
30 min tert-butyl pentachloro- 1,3-butadienyl sulfide was formed which 
gave a 6% yield of pentachloro- 1,3-butadiene-l-sulfenyl chloride 98 (b.p. 
73.6 "(20.4 mm Hg) when treated with ~h lo r ine . [ ' ~~1  

Cl2C=C CCC cl=c c1- sc 1 
98 

Compound 98 reacts with hydrocarbon elastomers such as crepe rubber 
to form flame-resistant plastic po~ymers . "~~]  

Pentachlorobenzenesulfenyl chloride 99 (m.p. 99-1 00 "C) was prepared 
in 92% yield by Putnam and Sharkey"''] by passing dry chlorine through a 
solution of pentachlorobenzenethiol in refluxing carbon tetrachloride con- 
taining a few crystals of iodine. 
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CARBON CHLORIDE SULFIDES 233 

When 99 reacts with water and optional mineral acid it affords a mixture 
of bis(pentachloropheny1) disulfide and sulfone derivatives. It can be 
reduced to penta~hlorobenzenethiol.L4’~ Bis(pentachloropheny1) pentathio- 
percarbonate has been synthesized by reaction of 99 with metal trithiocar- 
bonates; the heptathio analog was prepared similarly.[791 Compound 99 
reacts with ammonia, aniline, sulfonamides, and ethylendiamine, respec- 
tively, to give the corresponding sulfenamides which exhibit fungicidal and 
bactericidal activity.[’711 

2-Oxazolidinone and 2-thiazolidinone derivatives were treated with 99 in 
chloroform at room ternperature to yield the corresponding N-(penta- 
chloropheny1)thio derivatives which were recognized as antiasthmatics, 
inhibiting both leukocyte migration and l i p ~ x y g e n a s e . ~ ” ~ ~  

Prior to the introduction of a methoxy group in the 7-position of 
cephalosporins the latter were treated with 99 to protect the amino group at 
this position according to the following scheme:“731 

Compound 99 condenses with different enamine derivatives which can 
be oxidized to the corresponding sulfones and then cyclized with butyl- 
lithium to give benzothiazine  derivative^:^'^"'^^^ 

I I 
CI Rl 
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Transformation of penicillins into cephalosporins has been performed by 
ring opening of the thiazoline moiety with 99, followed by ring closure with 
ammonia in DMF.['771 

Dichloro(pentachlorophenylthio)methanesulfenyl chloride 100 (m.p. 
88-90 "C) has been prepared in 93% yield by the reaction of chlorine with 
pentachlorophenyl chlorodithioformate.['781 

The reaction of 100 with sodium trithiocarbonate gives pentachloro- 
phenyl chlorodithioformate and a second product assigned the following 
structure:["] 

3,4,5-Trichlorothiophenethiol has been treated with chlorine to give 
3,4,5-trichloro-2-thiophensulfenyl chloride 101 (b.p. 78 "C/O. 1 mm Hg) in 
75% yield.['791 

101 

Compound 101, when treated with ammonia, phthalimide anion, mor- 
pholine, or thioacetic acid, gives the corresponding N-thio derivative~.l'~~I It 
reacts with tetrachlorothiophene and butyllithium to give 43. Treatment of 
101 with hydrogen sulfide gives 43.rZ3] 

5.2. Disulfenyl Dichlorides 

Dichloromethanedisulfenyl dichloride 102 (b.p. 36-7 "C/0.03 mm Hg) has 
been prepared by the chlorination of (acetyldithio)dichloromethanesulfenyl 
chloride (CH3COSSCClZSCl).r41 It has also been prepared by photochemi- 
cal chlorination of carbon disulfide.['80~18'1 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



CARBON CHLORIDE SULFIDES 235 

CIS-ccly SCl 
102 

Christensen and Senning detected by gas chromatographic analysis the 
presence of 102 as a contaminant in commercial trichloromethanesulfenyl 
chloride prepared by iodine catalyzed chlorination of carbon d i ~ u l f i d e . ~ ~ ~ ~  

Compound 102 reacts with A',"-bis(trimethylsilyl)sulfur diimide 
(Me3SiN=S=NSiMe3) to give 6,6-dichloro-l,3,5,2,4-trithiadia~ine.~'~"~ 

Nielsen and Senning could prepare I ,  I ,2,2-tetrachloro- 1,2-ethanedisulfenyl 
dichloride 103 in  32% yield when 2,3-bis(4-methylphenyl)-S,5,6,6-tetra- 
chloro-2,3,5,6-tetrahydro- I ,4,2,3-dithiadiazine was treated with gaseous 
hydrogen chloride.' ' 82J 

c1 

c1 ,N-k  
c1 

Compound 103 reacts with phenylmethanethiol to furnish the corre- 
sponding bisdisulfide.r'8'1 

3,4,5,6-Tetrachloro- 1,2-benzenedisulfeny1 dichloride 104 is utilized in 
the preparation of the complex [Fe(S2ChC14)2]n used in the preparation of 
3,4,5,6-tetrachlorobenzene- 1,2-dithiol.[ 'R3,1841 

c1 

(51 
104 
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3,4-Dichloro-2,5-thiophenedisulfenyl dichloride 105 could be prepared 
by chlorination of 3,4-dichlorothiophene-2,5-dithiol in carbon tetrachloride. 
This compound is very unstable. After removal of excess chlorine with a 
stream of nitrogen it could be derivatized by treatment with rnorph~line."~~' 

105 

6. THIOSULFENYL CHLORIDES 

Trichloromethanethiosulfenyl chloride 106 (b.p. 55-65 "C/2.5-3.8 mm Hg) 
is formed when a mixture of trichloromethanesulfenyl chloride, sulfur, and 
triethyl phosphate is heated for 7 h at 140-5 0C.118s1 

Compound 106 reacts with terminal alkynes and butyllithium to give the 
corresponding alkynyl disulfides.1'8h1 (5-Chloro-2-thienyl) trichloromethyl 
trisulfide could be obtained from the reaction between 106 and 5-chloro- 
thiophene-2-thi0l.~'~~~ The reaction of 106 with sodium trithiocarbonate 
gives the corresponding heptathio compound:[39' 

c i3c-ssc l  + Na2CS3 - (Cl$SSshC=S 

Thioacetic acid reacts with 106 at ambient temperature to yield acetyl 
trichloromethyl trisulfide." ''I It reacts with alkoxydithioformate anions 
ROC(S)5 to give the corresponding alkoxythiocarbonyl trichloromethyl 
trisulfides CI,CS,C(S)OR.L1s91 Reaction of 106 with carbon monosulfide 
leads to the formation of chlorothiocarbonyl trichloromethyl disulfide.['s8] 
Compound 106 reacts with thiophosgene to give 23.[27' It reacts with 4,4- 
dichloro- 1,3-dithietane-2-thione to yield 52.[841 

Compound 106 is useful for the introduction of the trichloromethyldithio 
group into different nitrogen-containing heterocycles which have been 
tested in v i m  for their fungicidal activity.["01 

The reaction of 91 with thioacetic acid gives the corresponding disulfide 
which can be chlorinated with chlorine to give pentachloroethanethio- 
sulfenyl chloride 107 (b.p. 77-80 "U0.35 mm Hg) in 73% I9'l  
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91 + CH3COSH - Cl5C2-SS-COCH3 c'z b cI~c~-sscl 
107 

Compound 107 reacts with thioacetic acid to yield acetyl pentachloro- 
enthyl trisulfide.l'XR1 Its reaction with sodium trithiocarbonate affords the 
corresponding heptathio compound.l"l It reacts with CS according to the 
following equation:""' 

It reacts with thiophosgene in  acetonitrile to give 34.'"' With 4,4- 
dichloro- I J-dithietane-2-thione 53 is formed.[84' 

Bis(trichloromethy1) pentathiodipercarbonate was dissolved in sulfur 
dichloride at 0 "C and allowed to react overnight at room temperature to 
give chlorobis(trichloromethyldithio)methanethiosulfenyl chloride 108 as a 
yellow oil in high yield. This compound decomposes rapidly on silica gel 
pIates.l'*I 

(cl~css)2ccrsscl 
108 

The reaction of 108 with p-toluensulfinate gives the corresponding 
di thioperoxysulfonate.1381 

Chlorobia(pentachloroethyldithio)methaneth~osulfenyl chloride 109 
(m.p. 67-70 "C) has been prepared in quantitative yield by reaction of sul- 
fur dichloride with bis(pentach1oroethyl) pentadithiopercarbonate.l"l 

(cl5c~ss~cctssci 
109 

Dichloro( pentachlorophenylthio)methanethiosulfenyl chloride 110 (m.p. 
75-9 "C) has been prepared in 80% yield from pentachlorophenyl 
chlorodithioformate and sulfur dichloride.' "'I 
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Cyclohexyl isocyanide is inserted into the S-C1 bond of 110 to give the 
following p r o d u ~ t . ~ " ~ ~  

6,9,12, IS, 18-Pentachloro-l-(chlorodithio)-l,6,9,12,1S,28-hexahydro[5,6]- 
fullerene-C,-I,, 111 may be represented by the formula Cf,Cls(SSCl). In this 
formula, Cf, is a fullerene having at least one corrannulene ring structure. 
Compound 111 can be made by prolonged heating of the appropriate 
fullerene with sulfur dichloride."92J 

7. THIOCARBONYL COMPOUNDS 

7.1. Thioketones 

The perchlorinated 1,3,4-methen0-2H-cyclobuta[cd]pentalene-2-thione 
112 has been prepared from the corresponding hexachlorocyclopentadiene 
dimer, probably by sulfhydr~lysis. ' '~~~ 

112 

It is a fire retarding pigment and can be added to conventional decorative 
paint. It is insensitive to water.['"] 

7.2. Thioketenes 

Dichlorothioketene 113 could be generated by flash vacuum pyrolysis of 
the 1,3-dithietane 48 at 820 "C/104 mm Hg. For the trapping of the 
thioketene produced the pyrolysis products were allowed to condense on a 
matrix of solid 1,3-cyclopentadiene kept at -196 0C.[831 
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Compound 113 could also be obtained by cycloreversion of appropriate 
13dithiolane derivatives. However, upon attempted trapping with elec- 
trophiles oligomerization pre~ai l s .~ ' "~ ' "~  

Mutagenic effects have been observed with the thioketene 114 and 
related compounds. This mutagenicity is dependent on the ability of the 
compound to react with DNA  constituent^.^'^^.^^^^ 

cl2c=ccl-ccl=c=s 
114 

7.3. Thiocarbonyl Chlorides 

Several reviews' 19x-2""1 have been published describing the synthesis, prop- 
erties, reactions and applications of thiophosgene 115 (b.p. 80 "C). 

The commercially applied method for the synthesis of thiophosgene is 
the reduction of trichloromethanesulfenyl chloride with hydrogen sulfide at 
110-1 14 "C (96% yield).l2"I1 

reduclial C13C-SCl - qc=s 
90 115 

A number of other reducing agents have been used,'2021 e.g. tin in conc. 
hydrochloric acid.['031 A number of procedures have been developed 
to optimize the yield of thiophosgene obtained from the thermal decom- 
position of suitable trichloromethylthio compounds, in particular with 
sulfuric acid in the presence of a catalyst (disulfur dichloride, sulfur dichlo- 
ride, alkali metal iodide, and/or i ~ d i n e ) . [ ~ " ~ - * ~ ~ ~  Co mpound 115 could 
also be prepared by reduction of trichloromethanesulfenyl chloride with 
sulfur dioxide in the presence of potassium iodide and disulfur dichlo- 
ride.12"8~2"91 Replacement of disulfur dichloride with hydrogen sulfide 
increases the yield.12'0J 

The recent literature reports many reactions of thiophosgene. Thio- 
phosgene can be used to functionalize macrocyclic chelating agents, such 
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as tetraazacyclododecanetetraacetic (hydroxybenzy1)ethylene- 
triaminediacetic and tetraazaundecaner2'31 derivatives). The acti- 
vation proceeds by conversion of an amino group of the chelating agent to 
an isothiocyanate group by thiophosgene. These modified chelating agents 
are useful for conjugating different proteins, antigen antibodies, and 
radionucleotides for diagnosis or therapy. 

Thiophosgene reacts with "NH4C1 and H2170 to give the corresponding 
isotopically labeled thiourea used in the preparation of isotopically labeled 
uridine and cytidine.[*I4' 

Thiophosgene has been used to convert amino groups to thioureido group 
such as in the synthesis of 3-[2-(S-methylureidoethyl)] analog of a com- 
pound used, respectively, as releaser of nitric oxide and inhibitor of nitric 
oxide synthetase.l2IS1 

Pentachloroethanesulfenyl chloride reacts with SnCl2*2H20 and 37% 
HCl to give trichlorothioacetyl chloride 116.[801 

Cl3C-cs-Cl 
116 

This compound is stable in the dark in dilute solutions. It photodimerizes 
in concentrated solutions to 47, the pyrolysis of which reverses this 
reaction.["] Compound 116 reacts with morpholine to give trichloro- 
thioacetomorpholide.[*ol 

7.4. Chlorothioformic Acid Derivatives 

Trichloromethyl chlorodithioformate 117 (b.p. 98- 100 "(314 mm Hg) has 
been prepared in 75% yield by reaction of trichloromethanesulfenyl chlo- 
ride with carbon rn~nosulfide.[~~'  Structure 117 was earlier erroneously 
assigned to the photodimer of thiophosgene 46 (cf. Section 4.3). 

cl~c-s-cs-cl 
117 

A minor by-product was obtained during the preparation of 117. It was 
identified as 45, and its formation attributed to reaction between 117 and 
carbon rnon~sulfide.['~~ 
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Compound 117 reacts with chlorine to afford CI3CSCCI,SCI and with 
dibenzylamine to give the corresponding N-substituted derivative. 
Reaction with anthracene does not lead to the expected Diels-Alder adduct, 
but rather 

Reaction of sodium hydroxide, pentachlorobenzenethiol, and thiophos- 
gene gives pentachlorophenyl chlorodithioformate 118 (m.p. 114-9 "C) in 
9 1 %  The same compound could also be prepared by reaction of 
100 with sodium trithiocarbonate.[3y1 

Treatment of 118 with chlorine gas at room temperature converts it to 
100. Reaction of 117 with sulfur dichloride leads to the formation of 
110.117"] Treatment of 118 with sodium sulfinate and tetrabutylammoniurn 
hydrogen sulfate gives the corresponding C-~ulfonyldithioformate.~~~~~~'~~ 
Dichloro(trichloromethylthio)methyl chlorodithioformate 119 has been 

prepared in 49% yield as an orange oil by reaction of 92 with carbon mono- 
su I fide. 14] 

cl~c-s-cc~-s-cs-cl 
119 

Addition of trichloromethanethiosulfenyl chloride to carbon mono- 
sulfide gives trichloromethyl chlorotrithioperformate 120 (b.p. 78-80 "C/ 
0.04 mm Hg). The crude product was chromatographed to give 57% 120 as 
an orange ~ i i . I l ~ ~ l  

cl~c-ss-cs-cl 
120 
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Compound 120 reacts with S02C12 to give dichloro[(trichloromethyl) 
dithio]methanesulfenyl chloride 92.[IS8] 

Passing of carbon monosulfide through a solution of 107 gives penta- 
chloroethyl chlorotrithioperformate 121 (b.p. 108-9 “C/0.03 mm Hg) in 
19% yield.[lSx1 

cl~c~-ss-cs-c1 
121 

Compound 121 can be converted to 94 with S02C12.11s81 

7.5. Thiocarbonic Acid Derivatives 

Bis(pentachloropheny1) trithiocarbonate 122 has been claimed as a masti- 
cating 

Bis(trichloromethy1) pentathiodipercarbonate 123 (m.p. 39-40 “C) has 
been prepared by reaction of trichloromethanesulfenyl chloride with 
aqueous sodium trithiocarbonate in 70% yield.[38~2201 

(cl~css)zc=s 
12.3 

Oxidation of 123 with m-chloroperbenzoic acid gives the corresponding 
su1fine:r”I 

(C1$ SSkC=S=O 

The fast reaction of 123 with chlorine gives a quantitative yield of 
95.L’8,391 Reaction with sulfur dichloride gives the corresponding chloro- 
thiosulfenyl Compound 123 reacts with trichloromethane- 
sulfenyl chloride in acetonitrile to give 16.[391 It reacts with a number of 
aminothiazoles,[2211 benzothiazoles, benzimidazoles, and benzoxazoles[2221 
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to give the corresponding isothiocyanato derivatives which are used as 
an the1 rn i ntics. 

Interaction of pentachloroethanesulfenyl chloride with barium trithiocar- 
bonate in acetonitrile gives bis(pentachloroethy1) pentathiopercarbonate 
124 (m.p. 1 13-4 “C) in 73% 

(CIsC2S SkC=S 
124 

Compound 124 reacts with 107 to give a low yield of 37.[3y1 

7.6. Miscellaneous Thiocarbonyl Compounds 

Chlorothiocarbonylsulfenyl chloride 127 has been postulated to be formed 
via transient 125 4 126 according to the following equation:[223,2241 A com- 
pound formed by heating of thiophosgene with sulfur and earlier believed to 
possess the structure 127 was later shown to be 3,3,6,6-tetrachloro- 1,2,4,5- 
tetrathiane (cf. Section 4.8). 

I 125 

m n o  v 
t-- Cl-cs-SCI 

n A 
W \p 127 
0 N-CS-S-N 

Intermediate 126 is a thiosulfine, a group of compounds with no known 
isolable representatives. 

Carbonothioyl bis(trichloromethy1) trisulfide 128 could be obtained in 
58% yield from the reaction of trichloromethanesulfenyl chloride with bar- 
ium trithiocarbonate in acetonitrile overnight at room temperature. The 
product appears unstable with respect to loss of carbon di~ulfide.~”~ 

( c l~css s )2c=s  
128 
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Compound 128 reacts with trichloromethanethiosulfenyl chloride to 
give 38.[391 

The unstable bis(chlorothiocarbony1) disulfide 129 has been prepared in  
50% yield by reaction of carbon monosulfide with disulfur di~hloride.~**~J It 
has been trapped with diethylamine in  carbon tetrachioride to give 
tetraethylthiuram dis~lf ide.~**~~ 

Compound 129 can be chlorinated with chlorine or SO2CI2 according to 
the following equation:i2251 

ClS-CCl2-SCl 
CIl 

Cl-cs-ss-cs-Cl or m*zc,, -[ c ls -cc l2-ss -cc1~-sc l ]  or sozc12) + 
129 Cl,CSSCl 

Bis(pentachloropheny1) pentathiodicarbonate (m.p. 130 “C, dec.) has 
been prepared by reaction of aqueous sodium trithiocarbonate with 100. It 
precipitated as a by-product of the reaction in 17% yield.‘”” 

cs;- 
loo CH2CI*M20) 

117 + 

4,4-Dichioro- 1,3-dithietane-2-thione 130 (m.p. 57-8 “C) was first obtained 
in 1888 by Rathke by sulfhydrolysis of tetrachloro- 1 ,3-dithietane (dimeric 
thiophosgene).[2261 Its synthesis and reactions have been revie~ed.~’~’~ 

130 

Compound 130 has been prepared in 85% yield by the reaction of 46 with 
trithiocarbonic acid.‘228.2291 It could dlso be prepared by reaction of dimeric 
thiophosgene with tert-butanethiol in benzene in the presence of aluminum 
chloride.123o1 

It reacts with KMnO, to form 4,4-dichloro- l,3-dithietan-2-one.12””,301 
With NaX (X = OMe, OEt, OPh, SMe, SEt, SPh) 130 gives:[228-2”1 
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Compound 130 reacts with ammonia to give ammonium isothiocyanate 
and with primary amines to yield the corresponding isothiocyanates.1’3’1 

It reacts with piperidine, with hydrazine, and with phenylhydrazine to 
afford: 1’ I 

Chlorination of 130 with SOzClz leads only to a loose adduct with chlo- 
rine which, however, upon treatment with morpholinium p-toluenesulfinate 
reacts according to the following equation:lX4l 

I t  reacts also with perhaloalkanesulfenyl and -thiosulfenyl chlorides 
to give (alky1dithio)- and (alky1trithio)trichloro- I ,3-dithietanes, respec- 
tiveIy.lx41 

2-Thioxo- 1,3-dithiole-4,5-disulfenyl dichloride 131 has been prepared in 
89% yield by reaction of a solution of (Bu,N],[Z~(C,S,)~] in methylene 
chloride with SOzC11.L2321 

Treatment of 131 with two equivalents of LiN(SiMe& and Me3SiN, 
gives the following 
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8. UNREPORTED CARBON CHLORIDE SULFIDES 

At least three unreported simple thiocarbonyl compounds should be capable 
of existence: 1, 1,1,3,3,3-hexachlor0-2-propanethione (probably less prone to 
dimerization to the corresponding 1 ,?-dithietane than its known hexatluoro 
counterpart), bis(pentachloropheny1) thioketone, dithiooxalyl chloride (in 
equilibrium with 3,4-dichloro- 1,2-dithiete), 1 , l  , 1,4,4,4-hexachlorobutane- 
2,3-dithione (in equilibrium with 3,4-bis(trichloromethyl)- 1,2-dithiete), and 
I ,2-bis(pentachlorophenyl)ethane- 1,2-dithione (in equilibrium with 3,4- 
bis(pentachlorophenyI)-1,2dithiete). The preparation of 2,3,4,5-tetrachloro- 
2,4-cyclopentadiene- I -thione 133 has been attempted in two  instance^.[^"^^"^ 
While the transient existence of 133 appears likely no straightforward trap- 
ping experiments unequivocally characterizing 133 are on record. 

In analogy with the remarkably stable di-tert-butylthioketene also the 
corresponding perchlorocarbyl analogs bis(trichloromethy1)thioketene and 
bis(pentachloropheny1)thioketene might well be rewarding goals for syn- 
thetic efforts. 

More questionable is the stability to be expected of polyfunctional sulfenyl 
chlorides such as chloromethanetrisulfenyl trichloride, methanetetrasulfenyl 
tetrachloride, 1,2,2,2-tetrachloroethane- I ,  1-disulfenyl dichloride, the higher 
perchloroethaneoligosulfenyl chlorides (beyond the known 1,1,2,2-tetra- 
chloroethane- 1,2-disulfenyl dichloride) and the corresponding ethene deriva- 
tives (beyond the known 1,2,2-trichloroethenesulfenyl chloride). 

References 

[ I ]  Truce, W. E., Birurn, G. H. and McBee, E. T. (1952). J.  Amer. Chem. Sor., 74, 3594. 
[2] Boberg, F., Winter, G. and Moos, J. (1958). Ann., 616, 1 ,  
[3] Schultze, G. R., Boberg, F. and Wiesner, L. (1959). Ann., 622,60. 
[4] Moltzen, E. K., Jensen, B. and Senning, A. (1986). Sulfur Lett., 4, 203. 
[5]  California Research Corp., (1962). Belg. Patent, 613,896; (1962) Chem. Absrr., 57, 

161 Aichenegg, P. C. and Emerson, C. D. (Baychem Corp.), (1964). US Patent, 3,592,869; 

[71 Aichenegg, P. C. and Emerson, C. D. (Chemagro Corp.), (1964). (IS Patent, 3,428,687; 

[8] Bechtler, R., Zwick, G., Hedwig, K. and Roth, W. (1995). Organohdogen Cumpd., 23, 

[9] Roedig, A. and Zaby. G. (1977). Tetrahedron Lett., 21, 1771. 

14939. 

(1974) Chem. Abstr., 81,46373. 

(1969) Chem. Abstr., 70, t14605. 

353; (1996) Chem. Abstr., 124,297461. 

[lo] Roedig, A., Zaby, G. and Scharf, W. (1977). Chem. Bey.. 110, 1484. 
[I  I ]  Roedig, A. and Zaby, G. (1979). Ann., 1606. 
[I21 Roedig, A. and Zaby, G. (1979). Ann., 1626. 
[13] Silberrad, 0. (1922). J. Chem. SOC., 1015. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



CARBON CHLOR 1 DE SULFIDES 247 

[ 141 Kharasch, N.  and Ariyan. Z. S. (1965). Clrrm. Itid. (London), 7, 302. 
[I51 Glidewell, C. and Walton, J. Chmi. Commun.. 1977. 915. 
1161 Adrian, A,,  Glidewell, C. and Walton. J.  (1978). J.  Chem. Rrs., 8, 294. 
1171 Geoffrey, C.. Crenilyn. R.. Cronjic, T. and Roger, M. (1976). Aust. J .  Chem., 29, 1573. 
[ 1x1 Reinboldt, H. and Giesbrecht. E. (1946). J .  Anwr. Chrni. Soc., 68, 973. 
[ 191 Seitetsu Chemical Industry Co., ( 19x3). Jpn. Pntenr, 59,056,436; (1984) Chem. Abstr., 

[201 Voronkov, M. G.. Dolenko. G. N.. Deryagina. E. N.. Krupoder, S. A. and Furin, G. G .  

121) Horvath. E. G.  (Phillips Petroleum Co.), (1966). US Prrtent, 3,429,932; (1969) Chmi. 

[ 2 2 ]  Roedig. A,. Bauer, H.. Bonse, G. andGanns,  R. (1974). Chem. Brr., 107,558. 
(231 Christensen, T. B. and Senning, A. (1992). Sulfur Lett., 14, 81. 
1241 Kawa~ura,  H. and Taketomi, T. (1972). .I. Polym. Sci. Purr B. 10, 165. 
1251 Prey, V., Gutschik, E. and Berbalk. H. (1960). Monrrrsh. Clirm., 91, 556. 
1261 Kaae, S. and Senning, A. (1968). Actci. Chrm. Scnnd., 22, 159. 
[271 Hansen. H., Jensen, B. and Senning, A. ( 1985). Sulfur Lett.. 3, 181. 
1281 Gladstein. B. M.. Sakharov, B. L.. Sosina, M. M. and Spitsun. A. A. ( 1970). Zh. Ohshch. 

[29] Chriatensen, T. B. and Senning, A. (1993). Sulfur Lett., 16. 31. 
1301 Wilkeh, P. S .  (1979). Bull EnLirorr. Con~tmr. Toxicd,, 23, 820. 
( 3  I J Pfeifer. T. F. and Pfeifer, G.  ( 1970). Proc. A n d .  Churn. Con$, 3rd. 2, 37 I ;  (197 I ) C h m .  

[32] Chidiac, P. and Goldberg, M .  T. (1987). Environ. Mutcrgen., 9,297. 
(331 Senning. A. (1965). Chrwi. Knb., 65, 3x5. 
[34] Sosnovaky, G. (19%). C/icwr. R n , . ,  58. 509. 
1351 Barany, G., Schroll. A., Mott, A. and Halsrud. D. (1983). J. Org. Chmi., 48, 4750. 
136) Dear. R. and Gilbert, E. Sw,thesi.r, 1972, 310. 
1371 Nielsen. B., Jensen, B., Jensen. A. K. and Senning, A. ( 19x9). Sulfur Lett., 10, 165. 
[3X1 Hansen. H. C. and Senning, A. (1984). S d f i t r  Lett., 2, 85. 
1391 Hansen, H. C., Senning. A,.  Hazell, R. G. (1985). Tetruhrdron. 41, 5145. 
1401 Geering, E. J. (Hooker Chemical Corp.), (1962). US Potent. 3,038,014: (1962) Cliem. 

141 I Hooker Chem. Corp., (1963). Fr. Addri., 79,848; (1963) Chem. Ahstr.. 59,3775. 
1421 Aichenegg, P. C. (Chemapro Corp.). (1963). US Po/rnt, 3,109,032; (1964) Cheni. 

[43] Weil, E. D., Smith, K. J .  and Geering. E. J. (Hooker Chemical Corp.). (1964). Cer. 

14.11 Aichenegg, P. C.  (ChemagroCorp.). (1964). F r f u t e n t ,  1,374,629; ( 1965) C h e r .  Ahstr.. 

[4Sl Edward, L. H. (Chevron Research Co.). ( 1979). US Ptrtenr, 4,160,845; (1979) Chrm. 

1461 Lindncr, E.  and Vitzthum, G.  (1969). Angeu. Chem., 81, 532. 
[471 Laifa E. A., Abdel-Megeed, M. F.. Ghattas, A. €3. A. G. and Senning, A. (1988). SitlJitr 

j481 Schubart, R.. Eholzer, U., Kempermann. T. and Roos. E. (Bayer A.-G.) (1980). Ger. 

1491 Suzuki, M., Kitagishi, N., Fujisawa, A. and Ookawa, J. (Sumitomo Seika Kk), ( 1991 ). 

( S O ]  Ai. H., Ikeda, A. and Matsuka, Y.  (Asahi Chemical Industry Co.) (1986). Eur. Ptrrenf, 

[ S l ]  Matsuka, Y. .  Ikeda, A. and Ai, H. (Asahi Chemical Industry Co.) (1984). Jpn. Putent, 

1521 Eholzer. U. and Kempermann, T. (1985). Kuutsch. Gumnri Kunstsr., 38, 710; (1986) 

10l,13181O. 

(1983). I lokl.  Akrrd. Nauk SSR, 273; (1984) Chrm. Ahstr.. 100, 208969. 

A h l r . ,  71, 49.565. 

Khim.40. 1245; (1971) Cheni. Ahstr., 74, 31807. 

Ab.s/r., 74. 52423. 

Ahsrr., 57, 14939. 

Ahsrr., 60, 2769. 

F’~itmt, 1,169,439; ( 1964) Chenr. Abstr., 61, 4220. 

62, s 194. 

Ahstr., 91, 107668. 

 let^., 8. 169. 

Ptrtc,nt, 3,014,717; (1982) Chem. Ahstr., 96, 36657. 

J p n .  Patent, 05,186,418; (1994) Chrwi. Ahsrr., 119. 270796. 

248,932; ( 1988) Chem. Ahsir., 108, 222285. 

61,127,731: (1987) Chem. Ahstr.. 106, 85264. 

Chrm. Ahsrr., 104, 131 182. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



248 A. SENNING and S. EL KOUSY 

1531 Thomsen, I., Christensen. T. B. and Senning, A. (1990). Sulfitr t e t r . ,  11.97. 
[54] Leuckart, R. ( I  890). J .  Prukt. Chem, 41, 179. 
[55] Zincke, T. and Frohnburg, W. (1909). Ber., 42,2727. 
[56] Raasch, M. S. (1978). J. Org. Chem., 44,2629. 
[571 Maegerlein, H., Rupp, H. D. and Meyer, G. (Glanzstoff A,-G.), (1969). Ger. Patent, 

[SX] Horak, J .  and Mourek, K. (1967). Sb. Vys. Sk. Chem. Technol. Pruze. Org. Technol., 

[59] Horak, J. ,  Jiracek, F. and Krausova, L. (1971). Chem. Eng. Sci., 26, I .  
[601 Stota, Z. and Skrobal, M. (1964). CS Puten:, 122,003; (1968) Chem. Absrr., 68,21180. 
[61] Stota, Z. and Skobal, M. (1966). CS Patent, 124,899; (1968) Chem. Abstr., 69,43033. 
[62J Domecko, J., Toman, M., Stota, Z., Skrobal, M. and Obertas, J. (1969). CS Pu/enr, 

(631 Dolezal, J., Frajstak, P., Michalik, M., Otota, Z. and Toman, M. (1969). CS Putent, 

[64) Haase. H. J., Nusch, D., Dietz, H. J. and Wolf, F. (1966). Ger. (Eusr) Putent, 670,705; 

[65] Steudel, R., Pridohl, M., Buschmann, J. and Inger, P. (1995). Chem. Ber.? 128, 725. 
(661 Kohn, G. K. (Chevron Research Co.). (1970). Ger. Putent, 1,959,841; (1970) Chem. 

167) Wolf, F., Dietz, H. J., Haase, H. and Nusch, D. (1967). J. Prukt. Chem., 35, 186. 
[68] Seyferth, D. and Tronich. W. (Massachusetts Institute of Technology), (1970). US 

[69] Seyferth, D. and Tronich, W. (1969). 1. Amer. Chem. Soc.. 91,2138. 
(701 Seyferth, D., Tronich, W., M m o r ,  R. S. and Smith, W. E. (1972). J .  Org. Chem., 37, 1537. 
1711 Schork, R. and Sundermeyer, W. (1985). Chem. Ber., 118, 1415. 
[72] Moltzen, E. K., Senning. A,, Kramer, M. P. and Klahunde, K. J. (1984). J .  Org. Chrm.. 

1731 Eschwey, M., Sundermeyer, W. and Stephenson, D. S. (1983). Chem. Ber., 116, 1623. 
[74] Sharkey, W. €1. and Jacobson, H. W. (1974). Mucromol. Synth., 5, 25. 
[75] Schonberg A. and Stephensen, A. (1933). Ber., 66,567. 
1761 Base, R., Blaser, D. and Stellberg, P. (1993). Z.  Kristullogr., 206, 308. 
[77] Barret, J .  and Deghaidy, F. S. (1979). Spectrochim. Actu, 35 A, 509. 
[78] Rakitzis, E. T. and Malliopoulou, T. B. (1976). Biochem. J . ,  153,737. 
[791 Seelinger, R. and Sundermeyer, W. (1980). Angew. Chem., 92,223. 
[80] Laifa, E. A., Abdel-Megeed, M. F.,  Ghattas, A. B. A. G.,  Jensen, B. and Senning. A. 

[ X I ]  Lund, T., Laifa, E. A. and Senning, A. (1988). Su(fur Left.. 7, 103. 
1821 Dekant, W., Urban, G., Gorsmann, C. and Anders. M. W. (1991). .I. Amen Chrm. Soc., 

[83l Adiwidjaja, G., Kirsch, C., Pedersen, F., Schaumann, E., Schmerse, G .  C. and Senning, 

1841 Hansen, H. C., Jensen, B. and Senning, A. (1987). Suljur Lrtt., 6,59. 
1851 Wentrup, G. J.,  Kopke, M. and Boberg, F. (1975). Synrhesis, 525. 
(861 Schultze. R. G. and Boberg, F. (Chemische Werke Albert), (1962). Ger. Patent, 

1?128,432; (1962) Chem. Absrr., 57, 12497. 
[87] Boberg, F. (1960). Angew. Chem., 72,629. 
[88] J0rgensen. M. and Bechgaard, K.  ( I  989). Synthesis, 207. 
1891 Wang, C., Becker, J.,  Bernstein, J . ,  Ellern, A. and Khodorkovsky, V. (1995). J. Muter. 

1901 Bryce, M. R. and Cooke, G .  (1991). Synthesis, 263. 
[91] B#wadt S. and Jensen, F. (1989). Synth. Met., 32, 179. 
1921 Boberg, F. (1964). Ann., 679, 109. 
[93] Klingsbeg, E. (1972) Trtruhedron, 28, 963. 

1,946,004 11971) Chem. Abstr., 74, 140955. 

(1967). 11, 1 1 ;  (1969) Chem. Ahstr., 70,28552. 

162,855; (1976) Chem. Abstr., 85, 172786. 

139,763; (1972) Chem. Ahstr., 76, 136890. 

(1966) CI7em. Abstr.. 67. 116566. 

Ahstr., 73, 55639. 

Putent, 3,717,660; (1973) Chem. Ahstr., 78, 125128. 

49, 3854. 

(1987). Sdfur Lett.. 5, 153. 

113,5120. 

A. (1991). Chum. Ber., 124, 1485. 

Chem., 5. 1559. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



CARBON CHLORIDE SULFIDES 249 

[94] Auger, P., Malaiyandi, M.,  Wightmann, R. H.. Bensimon, C.  and Williams, D. T. 

[95] Herbstein, F. H.. Marsh, R. E. and Noovdik, J. H. (1984). Acru Cn.c.rul/ogr. Sect.C, C40, 

[96] Noordik, J. H. and Kleijhurg, M. R. (1982). Cryst. Struct. Comniurz.. I1 (4, Pt. A),  1335. 
1971 Boaman, W. P. and Van der Linden, H. G. M. (1977). J. Chenr Soc., Chem. Commun.. 

[98] Gal. A. W., Gosselink, W. L. and Vollenbroek, F. A. (1980). fnOrg. Chini. Acrrr, 32,235. 
1991 Klingsherg, E. (American Cyanamid Co.), (1968). US Putent, 3,636,048; (1972) Chem. 

[I001 Mori, Y., Nakanishi. H., Hilti, B., Meyer, C. W. andRihs,  G. (1991). J. AppL Phys., 69. 

[I011 Fanghanel, E., Bierwisch, J., Ullrich, A. and Herrmann, A. (1995). Cheni. Err., 128, 1047. 
[ 102) Teo, B. K. and Snyder-Robinson. P. A. (1979). Itrorg. Clwm., 18, 1490. 
[ I031 Finter. J., Hilti, B., Meyer, C. W.. Minder, E. and Pfeiffer, J. (Ciba-Ceigy A,-G).. 

(1988). Eidr. Prrtcw, 285,564; (1989) Chrm. Ahstr., 110, 155481. 
[ 1041 Wielgat, J., Kolinski. R. and Domagola, 2. (Instytut Cheniii Organicznej). (1971). PO/ .  

Pulerit, 74,672; (1976) Chmi. Absrr.. 84, 17128. 
(I051 Ospood. E. R.. Limpel, L. E.. Annis. R. L. and Turner, N. J. (Diamond Alkali Co.) 

( 1964). US f t r t en l ,  3,354,179; (1968) Cherrr. Ahsrr., 68, 104965. 
1106j Akopyan. A .  N. and Saakin, A.  M .  (1972). Dokl. V.ses. Konfi Khim. Ar.setilencr. 4th. 1, 

127; ( 1973) C/rei?i. Ahstr., 79, 104668. 
[I071 Akopyan. A. N.. Saakyan, A. M. and Dzhauari. Z. A. (1969). Arm. Khinr. Zh.. 22. 889; 

(1070) Chenr. Ahstr.. 72, 3 1527 
( I O S ]  Rnasch. M. S. (1980). J. Org. Cheni.s45.2151. 
[I091 Domagala. 2.. Kolinski, R. and Wielgat. 1. (1974). Roc:. Ckem., 48, 887. 
[ I  101 Hauptschein, M. and Mark. V. (Pennsalt Chemicals Carp.). (1965). US Plitent. 

[ 1 I I ]  Scharf. H. D. and Wittig, A. (1973). Clrmr. Ber,,  106, 1707. 
[ 1121 Temciuc, M., Hiirnfeldt, A. B. and Cronowitz, S .  (199.5). J. Hererocyd. Chem, 32,791, 
[ 1131 Ulrich, H., Koher, E., Ratz, R.,  Schroeder, H. and Grundmann, C. (1962). J. Org. 

[ I  14) Swindlehurst. R. J., Johnston. P.  A,, Troendle, S., Stringer, R. L., Stephenson, A. D. and 

[ 1 I S ]  Wienecke, J.. Kruse, H., Hunckfeldt, U., Eickhoff, W. and Wassermann, 0. (1995). 

[ I  I61 Gronowitz. S., Temciuc, M .  and Eherson, LA, (1955). J .  Heterocycl. Chem., 32, 65. 
[I171 Deffieux, D.. Bonafoux, D., Hordeau, M . ,  Biran, C. and Dunogues, J .  (1996). 

Or,~trtionirrtrl/i~~.s, 15, 204 I , 
[ I  181 Addor. R. W.. Furch, J.  A. and Duncan, L. A. (American Cyanamid Co.), (I 993). U S  

Pufenr. 5,840,902; (1996) C'h~m. Ah.rtr., 124. 168258. 
[ I  191 Addor. R. W.. Furch, J. A,, Duncan, L. A. and Kenneth, J. K. (American Cyanamid 

Co.), (1995). Eirr. Putent. 641,947; (1996) Chem. Ahsrr., 124. 8604. 
[ 1201 Rahman, M .  T. and Gilman, H .  (1979). J. Indian Chrm. Soc.. 56, 299. 

I2 I I Kahman, M.  T. and Gilman, H. ( 1979). J .  Indiun Clrem. Soc., 56, 346. 
[ 1221 Mack, A. C . .  Suschitzky. H. and Wakelfield, B. J .  (1980). J. Chem. Soc., Perkin Truns. 

I ,  1980. 1682. 
11231 Akopyan, A. N.. Konkova, S .  G. and Safaryan (Institute of Organic Chemistry, 

Academy of Science, Armenian S.S.R.) (1986). SU Prrtent, 1,325,053; (1988) C h m ~  
Ahsrr.. 108. 131572. 

( 1993). Envir(in. Sci .  Technd., 27, 1673. 

1633. 

714. 

Ahsir., 76. 142391. 

1475. 

3,364,233; ( 1968) Chcnr. Ahstr.. 69, 103.50. 

Ckem.. 27, 2593. 

Stone, 1. M. (1995). Pi. Toid Envimn., 171. 243. 

('/imro,slihr,.e. 30. 907. 

[ 1241 Almqvist, A. and Hikansson, K. (1977). Cheni. Scr., I I ,  57. 
[I251 Smith, M .  R. Jr., Rahman. M. T. and Gilman, H.  (1971). Orgnnomerol. Chenr. Synth., 

[I261 Eiirle, M. J . .  Massey, A. G., Al-Soudani, A. R. and Zaidi, T .  (1989). Polyhedron, 
1 ,  295. 

8. 28 17. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



250 A. SENNING and S.  EL KOUSY 

[I271 Neumann, P. and Bender, H. (BASF, A.-G.). Eur. Patent, (1985). 182,111; (1986) 

[I281 Vogelgesang, J. (1986). Z. Wasser Abwasser Forsch., 19, 140. 
[ 1291 Brooke. G. M. and King, R. (1974). Tetrahedron, 30,857. 
[I301 Buser, H. R. andRappe, C. (1991).Anal, Chem., 63, 1210. 
[I311 Miltsov, S., Nikiforov, V. A., Vladimir, S. ,  Tribulovich, V. G. and Bolshakov. S. 

(1995). Organohalogen Compd., 19 (Dioxin ‘94), 133; (1995) Chem. Ahstr., 122, 
3 14396. 

Chem. Ahstr., 105, 152948. 

(1321 Kloubek, J .  and Ettel, V. (1961). Cull. Czerhoslov. Chum. Commun., 26, 51.5. 
11331 AI-Soudani, A. R. and Massey. A. G. (1988). Appl. Orgammer. Chem., 2,553. 
(1341 Humphries, E.. Al-Jahar, N. A. A,, Bowen, D., Massey, A. G. and Deacon, G. B. (1987). 

[I351 Beck, G. and Holtschniidt, H. (Bayer A,-G.), (1972). Ger. Patent, 2,229,162; (1974) 

[ 13.51 Benz, T.. Hagenmair, H., Lindig, C. and She, J.  (1 992). Fresenius, J.  And .  Chem., 344. 

[ 1371 Graham, J. C. (Hooker Chemicals and Plastics Corp.), (1977). Ger. Patent. 2,634,338; 

11381 Ayyangar, N. R., Purao, S. R.  and Tilak, B. D. (1978). Indian J .  Chem.. 16B, 673. 
11391 Klason, P. (1887). Ber., 20, 2376. 
[I401 Barbulescu, N., Neghina, 1.. Oniga, R., Marinescu, S., Simon, F., Pamfil, I . ,  Ghitoc, M., 

Munteanu, F. and Blas, E. (1984). Rum. Patent, 82,984; (1985) Chem. Ahsrr., 102. 
45484. 

[ 1411 Kecher, R. M., Libman, B. Ya., Prostyakova, S.  A,, Komarova, L. I. and Kochetkova, 
M. A. (1984). SUParent, 1,074,864; (1984) Chem. Ahstr., 100. 191373. 

[ 1421 Guerin, 1. (Ugine Kuhlrnann), (1976). Ger. Patent, 2,527,437; (1976) Chem. Abstr., 84, 
121 146. 

1431 Zupancic, B. (LEK Tovarna Fdrmacevtskih in Kemicnih lzdelkov), (1973). Ger. Putunr. 
2,317,967; (1974) Chem. Ahstr., 80, 26751. 

[I441 Magerlein, H., Meyer, G. and Rupp, D. (Glanzstoff A.-G.), (1971). Ger. Parent, 
2,018,381; (1972) Chem. Ahstr., 76, 24709. 

[I451 Vano, J . .  Vrgula, D., Aujesky, L. and Becka. J. (1969). CS Parent, 134,692; (1971) 
Chem. Abstr., 74,55589. 

[ 1461 Harmathy, L.. Kiraly, G. and Nadasy, M. (1968). Hung. Patent, 155,138; (1969) Chem. 
Abstr., 70, 57138. 

[I471 Nusch, D., Haase, H. J.,  Wolf, F. and Dietz, H. J. (1967). Ger. (Eas t )  Putmr, 55,944; 
(1967) Chem. Ahstr., 67, I 16574. 

[ 1481 Braverman, S. and Lior, Z. (1994). Tetrahedron Lett., 35,6725. 
[I491 Tomioka, H., Hirose, T., Taki, T., Hisida, H. and Saito, S. (Surnitomo Chemical Co.), 

[150] Hirose, T., Tomioka, H.. Taki, T., Kishida, H. and Saito, S. (Sumitomo Chemical Co.), 

[I511 Hatton, L. R., Buntain. 1. G., Hawkins, D. W., Parnell, E. W. and Pearson. C. J. (1990), 

[I521 Oakley, R. T., Richardson, J .  F. and Spence, R. E. v. H. (1994). J. Org. Chem., 59,2997. 
[I531 Antoncic, L. and Zupancic, B. (1979). SU Patent, 677,651; (1979) Chem. Ahstr.. 91, 

[I541 Maletzo, C. and Sundermeyer, W. (1991). Chem. Ber., 124, 131 1. 
[155] Senning, A., Boureghda, A., Abdel-Megeed, M. F., Jensen, B., Nielsen, B. and Jensen, 

(1561 Bouraghda, A., Abdel-Megeed, M. F., Ghattas, A. B. A. G. and Senning, A. (1987). 

[I571 Riebli, P. and Hubele, A. (Ciba-Geigy A,-G.), (1983). Brit. Patenr. 2,127,820; (1984) 

J .  Organumet. Chem., 319,.55. 

Chem. Ahstr., 80,83004. 

286. 

( 1  977) Chem. Abstr., 87, 39074. 

(1995). Braz. Patent, 9,500,281; (1996) Chern. Ahstr., 124, 342877. 

1994. Jpn .  Patent, 07,247,261; (1996) Chem. Ahsrr., 124, 145637. 

US Patent, 5,232,940; (1994) Chem. Abstr.. 120,298625. 

174823. 

A. K. (1991). SulfurLett., 13, 187. 

Sulfur Lutt., 5, 159. 

Chem Abstr., 101, 230.5 18. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



CARBON CHLORIDE SULFIDES 25 1 

[I581 Moltzen, E .  K., Jensen. 8. and Senning, A. (1986). Acta. Chem. Scand., B40.609. 
[I591 Aichenegg, P. C. (Chemagro Corp.), (1966). US Patent, 3,769,340; (1974) Chem. 

[I601 Moore, J. E. and Kohn, G. K. (Chevron Research Co.), (1972). US Patent, 3,867,547; 

[I611 Moore, J. E. and Kohn, G. K. (Chevron Research Co.), (1974). Ger. Patent, 2,349,862; 

[I621 Moore, J. E. and Kohn, G. K. (Chevron Research Co.), (1972). US Patent, 3,798,274; 

[1631 Brown, M. S. (Chevron Research Co.), (1968). US Patent, 3,972,889; (1976) Chem. 

[I641 Brown, M. S .  (Chevron Research Co.), (1968). US Parent, 3,928,600; (1976) Chem. 

[I651 Brown, M. S. (Chevron Research Co.), (1968). US Patent, 3,888,992, (1975) Chem. 

[I661 Brown, M. S. (Chevron Research Co.) (1968). US Patent, 3,697,571, (1973) Chem. 

(1671 Brown, M. S. (Chevron Research Co.) (1968). US Patent, 3,679,673; (1972) Chem. 

[168] Chan, D. C. K. (Chevron Research Co.), (1976). US Patent, 4,018,920; Chem. Abstr., 

[ 1691 Howard, E. G. (E. I.  du Pont de Nemours & Co.), (1965). US Patent, 3,214,464; (1966) 

[ 1701 Putnam, R. F. and Sharkey, W. H. (1957). J.  Amer. Chem. Soc., 79,6526. 
[I711 Koval, I. V., Goncharuk, V. N. and Oleinik, T. G. (1993). Zh. Org. Khim., 29, 2002; 

[I721 Busse, W. D., Krauthausen, E. and Mardin, M. (Bayer A,&.), (1982). Eur. Patent, 

[ 1731 Kobayashi, T. and Hiraoka, T. (1979). Chem. Pharm. Bull., 27, 2718. 
[I741 Fengler, G., Ark, D. and Grohe, K. (Bayer A,-G.), (1982). Ger. Putent, 3,229,124; 

[I751 Fengler, G., Ark, D., Grohe, K., Zeiler, H. J. and Metzger, K. (Bayer A.;G.), (1982). 

1176) Fengler, G. and Grohe, K. (Bayer A.-G.), (1982). Ger. Patent, 3,229,126; (1984) Chern. 

[I771 Torri, S., Tanaka, H., Sasaoka, M., Saitoh, N., Siroi, T. and Nokami, J. (1982). 

[ I781 Hansen, H., Jensen, B.  and Senning, A. ( I  985). Sulfur Lett., 3 ,6 l .  
[ 1791 Christensen, T. B., Thomsen, 1. and Senning, A. (1990). Sulfur Lett., 10, 193. 
[ I801 Bannister, R. M. and Rees, C. W. (1990). J .  Chem. Soc.. Perkin Trans., 1,509. 
[I811 Pitt, M. H. and Bender, H. (Stauffer Chemical Co.), (1964). US Patent, 3,331,872; 

[182] Nielsen, S. B. and Senning, A. (1993). Tetrahedron Lett., 34,2973. 
[I831 Miller, E. J. andBrill. T. B. (1983). Inorg. Chem., 22, 2392. 
[ 1841 Wharton, E. J. and McCleverty, J. A. J .  Chem. Soc. A, 1969,2258. 
[I851 Kohn, G. K., Clay, R. B. and Moore, J.  E. (California Research Corp.), (1964). Brit. 

[186] Ngrkjaer, K. and Senning, A. (1993). Chem. Ber., 126,73. 
[I871 Thomsen, I., Christensen, T. B. and Senning, A. (1990). SulfurLett., 11, 97. 
[I881 Senning, A..  Abdel-Megeed, M. F., Mazurkiewicz, T., Chevallier, M. A. and Jensen, B. 

[ 1891 Silhanek, J., Rudlova, V. and Zbirovsky, M. (1974). Sb. Vys. Sk. Chem.-Technol. Pruze, 

[ 1901 Lien, E. J.  and Li, L. P. (1980). Acta Pharm. Jugoslav., 30, 15. 

Abstr., 80, 3089. 

(1975) Chem. Abstr., 83,2365. 

(1974) Chem. Abstr., 81. 13257. 

(1974) Chem. Abstr.. 80, 133022. 

Abstr., 85, 159467. 

Abstr., 84, 12119. 

Abstr., 83, 163659. 

Abstr., 78, 15552. 

Abstr., 77, 126027. 

87,53403. 

Chem. Absrr., 64, 3355~. 

(1995) Chem. Abstr., 121, 133618. 

64,657; (1983) Chem. Abstr., 98, 143405. 

(1984) Chem. Abstr., 101, 90953. 

Ger. Putent, 3,229,125; (1984) Chem. Absrr., 101,7176. 

Abstr., 100, 209385. 

Tetruhedron Lett., 23,2495. 

(1967) Chem. Abstr., 67,63784. 

Putent, 962,021; (1964) Chem. Abstr., 61,6921d. 

(1985). Sulfur Lett., 3, 123. 

Org. Chem. Technal., C12, 1 1; (1975) Chem. Abstr., 82, 13923 I .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



252 A. SENNING and S. EL KOUSY 

[I911 Senning, A., Chevallier, M. A. and Jensen, B. (1985). Sulfur Lerr., 3, 177. 
[I921 Mcconnachie, J. M. and Stiefel, E. I. (Exxon Research and Engineering Co.), (1994). US 

[ 1931 Hooker Chemical Corp., (1965). Nerh. Patent, 6,410,622; (1965) Chem. Abstr., 63,861 2h. 
[I941 Schaumann, E. and Scheiblich, S. (1985). Tetrahedron Lett., 26, 5269. 
[ 1951 Schaumann, E., Scheiblich, S., Wriede, U. and Adiwidjaja, G. (1988). Chem. Ber., 121, 

[I961 Muller, D. A., Urban, G. and Dekant, W. (1991). Chem.-Biol. Interact., 77, 159. 
[I971 Vamvakas, S., Miiller, D. A., Dekant, W. and Henschler, D. (1988). Drug Metab. Drug 

[198] Sharma, S. (1986). SuljurRep.,5, I .  
[199] Jackson, A. (1994). Spec. Chem., 14,210; (1994) Chem. Abstr., 121,230299. 
[200] Jackson, A. (1994). Chim. Oggi, 12,33; (1994) Chem. Abstr., 121,229950. 
[201] Magerlein, H., Meyer, G. and Rupp, H. D. Synthesis, 1974,26. 
[202] Kraatz, U. (1983). Merhoden Org. Chem. (Houben-Weyl), E4.407. 
[203] Kagawa, T., Uotani, T. and Tsuzuki, K. (Tosoh Corp.), (1989). Jpn. Patent, 03,060,418; 

(1991) Chem. Absrr., 115,52902. 
[204] Kagawa, T., Uotani, T. and Tsuzuki, K. (Tosoh Corp.), (1989). Jpn. Patent, 03,037,110; 

(1991) Chem. Abstr., 114,250233. 
[205] Kagawa, T., Uotani, T. and Tsuzuki, K. (Tosoh Corp.), (1989). Jpn. Patent, 03,060,417; 

(1991) Chem. Absfr., 115,52901. 
[206] Kagawa, T., Uotani, T. and Tsuzuki, K. (Tosoh Corp.), (1989). Jpn. Parent, 03,197,310; 

(1991) Chem. Absrr., 115,235761. 
[207] Kagawa, T., Uotani, T. and Tsuzuki, K. (Tosoh Corp.), (1991). Jpn. Patent, 03,060,419; 

(1991) Chem. Abstr., 115,52903. 
[208] Tsuzuki, K., Uotani, T., Higuchi, C. and Tenma, H. (Toyo Soda Mfg. Co.), (1985). Jpn. 

Pafenf, 62,113,712; (1987) Chem. Abstr., 107, 201478. 
[209] Kagawa, T., Uotani, T. and Tsuzuki, K. (Tosoh Corp.). (1988). Jpn. Patent, 01,257,116; 

(1989) Chem. Abstr., 112.201687. 
[210] Tsuzuki, K., Uotani, T., Higuchi, C. and Tenma, H. (Toyo Soda Mfg. Co.), (1986). Jpn. 

Patenf, 62,176,910; (1987) Chem. Absrr., 107, 157697. 
[211] Cheng, R. C. L. (Dow Chemical Co.), (1994). WO Patenf, 9,607,435; (1996) Chem. 

Abstr., 125, 29606. 
[212] Flangan, R. J., Duforur, J. M., Hogan, K. T. and Charleson, F. P. (Merck Frosst Canada 

Inc.), (1995). Can. Patenr, 2,154,214; (1996) Chem. Abstr., 124, 344131. 
[213] Kruper, W. J. Jr., Pollock, D. K., Fordyce, W. A,, Fazio, M. J., Inbasekaran, M. N. and 

Muthyala, R. (Dow Chemical Co.), (1993). USPafent, 5,489,425; (1996) Chem. Abstr., 
124,330781. 

Patent, 5,372,798; (1996) Chem. Absfr., 123, 32792. 

1165. 

Interact., 6 ,  349. 

[214] Amantea, A., Henz, M. and Strazewski, P. (1996). Helv. Chim. Acta, 79, 244. 
[215] Iqbal, N. and Knans, E. E. (1996). J. Heterocycl. Chem., 33, 157. 
[216] El-Sayed, I., Abdel-Megeed, M. F., Yassin, S. M. and Senning, A. (1994). Phosphorus, 

[217] El-Sayed, I., Abdel-Megeed, M. F., Yassin, S. M. and Senning, A. (1992). Sulfur Lett., 

[218] Nilsson, N. and Senning, A. (1974). Chem. Ber., 107,2345. 
[219] Schubart, R. and Fries, H. (Bayer A.-G.), (1981). Ger. Patent, 3,118,143; (1983) Chem. 

[220] Fischer, F. and Gottfried, R. (1965). Ger. (East) Patent, 57,122; (1968) Chem. Abstr., 

[221] Bosshard, R., Gubler, K., Aufderhaar, E. and Brenneisen, D. (Agripat S. A.), (1969). 

[222] Brenneisen, D., Wagner, T., Gallay, J. J. and Schmid, W. (Ciba-Geigy A.-G.) (1972). 

[223] Taylor, R. D. (B. F. Goodrich), (1976). US Patent, 3,985,743; (1977) Chem. Abstr., 86, 

Sulfur, Silicon Relat. Elem., 86,239. 

15, I .  

Abstr., 98, 127516. 

, 68, 1140900. 

Swiss Pafenr, 540,282; (1974) Chem. Absrr., 80, 3501. 

Ger. Patenr, 2,225,071; (1973) Chern. Absrr., 78,58423. 

30837. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



CARBON CHLORIDE SULFIDES 253 

[224] Senning, A. (1979). Angew. Chem., 91, 1006-7. 
[225]  Klabunde. K .  J . .  Kramer, M. P., Senning, A. and Moltzen, E. K. (1984). J .  Amer. Chem. 

Soc.. 106, 263. 
[226] Rathke. €3. ( 1888). Uer., 21,2593. 
[227] Gattow, G. and Behrendt, W. ( 1977). In A. Senning (ed.). Topics in Sulfur Chemist??, 

vol. 2. (Georg Thieme Publishers, Stuttgart). 
[228] Wortmann, J.,  K i d ,  G. and Gattow, G. (1968). Z. Naturforsch. B, 23, 1546. 
[229] Wortmann. 3.. Kiel, G. andGattow, G. (1970). Z. Anorg. Allg. Chem., 376, 64. 

01 Nilsson. N. H. (1974). J .  Chem. Soc.. Perkin Trans. 1,  1974, 1308. 
I ]  Wortmann, J.  and Gattow, G. Z. Anorg. Allg. Chem., 377, 79. 

[232] Galloway, C. P., Doxsee, D. D., Fenske, D.. Rauchfuss, T. B., Wilson, S. R. and Yang, X. 

12331 Chattaway. F. D. and Kellett, E.  G. J.  Chem. Soc., 1929, 2908. 
[234] Christensen, T. B., Andersen, T. and Senning, A. (1990). Sulfur Lett., 11,63. 
[235] Franek, W. (1991). SuJfurRep., 10, 193. 
[236) Christensen, T. B., Jflrgetisen, K. A. ,  Larsen, F. K., Martiny, L., M~jller, J., Senning, A. 

[237J Senning, A., Christensen, T. B., Belsky. V. K. and Zavodnik, V. E. (1994). Sulfur Left.. 

[2383 Schroeder, H., Ratz, R., Schnabel, W., Ulrich, H., Kober, E. and Grundmann, C. (1962). 

(1994). Inorg. Ckeni., 33,4537. 

and Vichi, L. J .  Chem. Soc., Chem. Commun., 1993,489. 

17, 217. 

J .  Org. Chem., 21, 2589. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


