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CHLORODITHIOFORMATES 
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This review is the first exhaustive account of the preparation and synthetic application of  chlorodithiofor- 
mates. based on a CAS Online search . 106 compounds are presented and 187 literature references included . 
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1. INTRODUCTION 

The existing secondary literature on chlorodithioformates 1 is fragmented and sketchy 
and therefore the present authors wish to present a comprehensive and coherent picture 
of this chemistry drawing on a personal file compiled in support of ongoing research in 
their laboratories. 

The parent compound chlorodithioformic acid has been assigned a CAS registry number, 
i.e. [ 16890-84-91. but without being actually mentioned in the corresponding abstracted 
paper.' 

The standard preparation of 1 from thiophosgene and a thiol is limited by the availability 
of the corresponding thiols. In cases where the corresponding thiol is unstable more 
elaborate methods may become necessary such as the insertion of carbon monosulfide 
into sulfur-chlorine bonds. 

The reactions of 1 fall roughly into two categories, the substitution of the chlorine atom 
(via an addition-elimination mechanism), and additions (including cycloadditions) to the 
thiocarbonyl group. 

2. THE SYNTHESIS OF CHLORODITHIOFORMATES 

The synthesis of chlorodithioformates has been carried out chiefly from alkane- or arenethi- 
01s and thiophosgene along with other methods described below. 

2.1. From Alkanethiols and Thiophosgene 

The preparation of chlorodithioformates 1 from aliphatic thiols and thiophosgene is a 
well-established method. The reaction of various alkanethiols with thiophosgene under 
different reaction conditions has been studied extensively.ss The reaction under acidic 
conditions with6.' or ~ithout~*'- '~ added Lewis acid catalyst afforded the chlorodithiofor- ' 
mates 1 according to Scheme 1, in no case have products corresponding to thiophilic 
attack at the thiono sulfur been reported. 
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238 I. EL-SAYED et al. 

TABLE 1 The preparation of aliphatic chlorodithioformates 1 

1 R Bp. ("Utorr) Yield (%) Ref. 

a CH, 156-159fl60 66 5, 6-14, 19, 25 
b C2Hs 564210 80 6-12, 16, 25 
C CHI(CHJ~ 74-75112-1 3 75 5, 6, 16 
d ( C H M H  40114 47 5. 7, 12, 14, 16 
e CH.t(CHA 96-981 10 81 5, 7, 13, 16 
f CHI(CHJS 85-8810.6 31 25 

18 
g 

- 19 
h C H ~ C H ~ I I  
i C2HfOCOCH? 

21 
j 
k (CHdNCHA 
P CCI, 98-1OO/ 1 4 75 52 

CbHsCH? 104-106/0.4 60 5. 13 
- 176-1 78/1.5 

- 
CHIOCO(CH?)2 - 79 20 

- 

s 
Alk-S-C-CI 

1 

Alk -6-S-CHCI2 
2 

1 2 

SCHEME 1 

Thus, reaction of ethanethiol and 2-propanethiol with thiophosgene in the presence of 
aqueous sodium hydroxide affords the corresponding dichloromethyl alkyl disulfides 2Pbu 
On the other hand reaction of 2-propanethiol with thiophosgene in the presence of alumi- 
num chloride gives a mixture of dichloromethyl isopropyl disulfide 2 and isopropyl 
chlorodithioformate Id according to Scheme 1.6 

The preparation of sterically hindered r-alkyl chlorodithioformates failed when the 
method suggested by Arndt et al. was followed.' In an attempt to prepare r-butyl and 
1 -adamantyl chlorodithioformate eqivalent amounts of 2-methyl-2-propanethiol and 1- 
adamantanethiol, respectively, were allowed to react with thiophosgene in the presence 
of a catalytic amount of aluminum chloride or of aqueous sodium hydroxide. Instead of 
the expected chlorodithioformates an 80% yield of dichloromethyl t-butyl disulfide and 
dichloromethyl 1-adamantyl disulfide, respectively, was obtained together with small 
amounts of 4,4-dichloro-2-thioxo-l,3-dithietane 3.63234 
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CHLORODITHIOFORM ATES 239 

TABLE 2 The preparation of aryl chlorodithioformates 4 

B.p. ("C/torr) 
4 R M.p. ("C) Yield (96) References 

a 
b 

d 
e 
f 
g 
h 
i 

k 
I 
m 
n 

P 
9 

C 

j 

0 

r 

S 

t 

CnCls 
2.4.5-CIjC6Hz 
1 -naphthyl 
2-naphthyl 
2-thienyl 
mesitvl 

Ph 

Q 
dC=& 

135/15 
102-104/11 
9310.5 
100- 1030.3 
90-931(0.2 
9 I-9UO.3 
47 

108- I I 0/20 
120-122 
32-35 
89-9 1 
86.5-87.5 
931 I 
88-89 
164-16WO.3 
4243 

- 

- 

63-64 

13&135 

80 
62 
74 
85 
78 
76 
47 

65 
91 
65 
67 
61 
75 
63 
79 

- 

- 

28 

67 

71 

5,  12, 15, 26. 27, 41 
5 ,  12 
5,  12 
40 
40 
40 
13, 40 
40 

30, 32 
30 
33.34 
30, 35 
35 
35 
38 
36 

29-3 1 

39 

190 

190 

2.2. From Arenethiols and Thiophosgene 

The treatment of arenethiols with thiophosgene in the presence of base gives the coms- 
ponding aryl chlorodithioformates 4 according to ( 1 ) 5 ~ 8 ~ 1 2 ~ ' 3 ~ 1 s ~ ' 7 . 2 6 ~ 6 ~ ~ ~  

( 1 )  
i CI 

a 
/ Bage 

Ar-SH + s=c, - Ar-S-C-CI 
4 

2.3. By Reaction Between Thiophosgene and Thiolate Anions 

Haas et al. have reported that the reaction between thiophosgene and mercury(I1) trifluoro- 
methanethiolate affords trifluoromethyl chlorodithioformate according to (2):' 
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240 1. EL-SAYED et al. 

Similarly, the reaction between thiophosgene and the lead(I1) salt of pentafluorothiophe- 
no1 affords pentafluorophenyl chlorodithioformate 4i according to (3).2* 

2.4. Synthesis of Bis(ch1omdithiofomtes) by Reaction of Dithiols with Thiophosgene 

The possible syntfiesis of bis(chlorodithioformates) by reaction between dithiols and 
thiophosgene undex a variety of conditions has been investigated. Reaction between 1,2- 
ethanedithiol and thiophosgene yielded the comsponding labile bis(chlorodithioformates) 
5 which formed 1,3-dithiolane-2-thione fF3 by spontaneous decomposition. The primary 
product formed from 2,5-dimercaptothiadiazole and thiophosgene was 7 which in turn 
gave 8 by loss of thiophosgene according to (4) and (3, re~pectively.4~ 

n 
S s, 0 C 

II 
S 
6 

(4) 
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CHLORODITHIOFORM ATES 24 1 

7 

- csc12 I 
s s s  1-1 (5) 

‘C’ 
17 
S 
8 

4A‘-Biphenyldithiol reacts with thiophosgene in the presence of base to afford 4,4’- 
bis[chlorothiocarbonylthio]biphenyl9 in 95% yield according to (6).“ 

9 

2.5. By Reaction of Thiophosgene with Diazo Compounds 

From the reaction of thiophosgene with 4-methoxy-a-diazoacetophenone in benzene Ried 
and Beck obtained 1, I, 1 -trichloro-2-chlomthiocarbonylthio-2-(4-methoxybenzoyl~thane 
l m  according to Scheme 2.44.45 D
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242 I. EL-SAYED et al. 

Mechanism: 

2.6. By Reaction of Thiophosgene with Hydrazine Derivatives 

In the reaction of thiophosgene with phenylhydrazine several products are formed among 
which 4q has been isolated and characterized.M A mechanism involving 5-mercapto-1,3,4- 
thiadiazol-2(3H)-one 10 as intermediate has been proposed according to (7). The initial 
steps probably involve attack of thiophosgene on both nitrogen atoms of phenylhydrazine. 
The bis(thioacid chloride) formed undergoes rapid hydrolysis in aqueous medium and the 
resulting intermediate can eliminate hydrogen chloride to give the 5-mercapto-1,3,4- 
thiadiazolinone 10. Further attack by thiophosgene gives the corresponding chlorodithio- 
formate 4q. 
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CHLORODITHIf3FORMATES 243 

2.1. By Exchange Reaction Between Thiophosgene and Organothiosilanes 

The synthesis of organosulfur compounds from silicon containing reagents has been 
reported?' Thiophosgene undergoes exchange reactions with organothiosilanes in the 
presence of a catalytic base. Alkyl and aryl chlorodithioformates have been obtained in 
good yields according to (8). 

S 
0" Fyndine II 

Mt,Si-SR + s=< - R-S-C-CI 
c1 

R = Me, El, Ph 1 /4 

2.8. By Reaction Between Thiophosgene and Ammonium Thiocyanate 

Treatment of thiophosgene in SO,( 1) with ammonium thiocyanate gave the corresponding 
thiocarbonyl chloride thiocyanate In according to (9).& 

\ sq. -22 'C 
S 
tI 

CI 

CI 
1 c=s + N b S C N  7 NC-S-C-Cl (9) 

In 

2.9. By Reaction Between Thiophosgene and Sulfur 

Heating of a mixture of thiophosgene and sulfur in a sealed tube at 130-150 "C causes 
addition of sulfur to thiophosgene and gives chlorothiocarbonyl sulfenyl chloride lo  which 
dimerizes to afford the 1,2,4,5-tetrathiane 11 according to ( 10).834s*47*a 

130-150 'C c=s + s a\ 
a' s. ,s 

lo a"" 
11 

2.10. By Insertion of Carbon Monosulfide into Sulfur-Chlorine Bonds 

2.10.1. Sulfenyl Chlorides. Carbon monosulfide reacts readily with alkanesulfenyl chlo- 
rides to afford the corresponding chlorodithioformates 1 according to ( 18).'*s 
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244 I. EL-SAYED et al. 

S 
II 

Alk-SCI + CS -* Alk-S-C-CI 
1 

1 

P 
9 
r 

- 

S 

t morphdino 

Arenesulfenyl chlorides likewise react with carbon monosulfide to afford the correspond- 
ing aryl chlorodithioformates 4 according to (12). 

S 
II 

Ar-SCI + CS -m Ar-S-C-CJ 
4 

4 
a 

b 

- 

C 

Ar 
C6H5 

4CH3C6H4 

4-ClC6H4 

The morpholino derivative could only be obtained in low yield and was only stable 
for a few The chlorodithioformate 1 with R = CHCO and PhCO would be most 
desirable precursors, e.g. for an alternative synthesis of the versatile synthon dichlorometh- 
anedisulfenyl dichloride 12 according to (13).53 

12 

The most direct route to 1 (R = CH,CO) is treatment of thiophosgene with thioacetic 
acid to give the corresponding chlorodithioformate which decomposes to carbon disulfide 
and the corresponding acyl chloride according to (14). 
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0 
II 

S 
II 

CH,-C--cI -a?_ 
1q I 

P CI 

CI 

0 
It 

CH3-C-SH + >=S -a3- -S-C-CI 

-HCI CH3COSH 1 

2.10.2. Thiosulfenyl Chlorides. The corresponding insertion of carbon monosulfide into 
thiosulfenyl chlorides constitutes a general route to compounds 13 containing the pre- 
viously inaccessible functional group ClC( = S)SS; four examples are known all of which 
were prepared according to (15) in good yield; the versatility of this new class of compounds 
as synthetic intermediates has been dem~nstrated.’~~” 

13 

2.1 1. Synthesis of Bis(chLorodithiofonnates) by Insertion of Carbon Monosu@de into 
Sulfur-Chlorine Bonds 

Treatment of disulfur dichloride with carbon monosulfide in cold toluene solution gave 
the corresponding unstable diinsertion product dithiobis(thiocarbony1 chloride) 14” which 
was trapped with diethylamine in carbon tetrachloride solution to give the known 
N,N,N’,N’-tetraethylthiuram disulfide 15 according to (16). 
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246 I. EL-SAYED er nl. 

S H II a-s-s-CI + cs - cI-c-s-s-c-cI 

In general bis(sulfeny1 chlorides) diinsert carbon monosulfide to form labile bis(ch1oro- 
dithioformates) 5 according to Scheme 3.n*58 In the case of 5 (X = CF2CF2) no formation of 
4,4,5,5-tetrafluoro-1,3-dithiohr1e-2-thione 6 was observed which might be due to inherent 
instability caused by its near eclipsed C-F bonds." The diinsertion product 5 was character- 
ized by alternating chlorination and carbon monosulfide treatment. 

cs 3 cs ! s CI -s- x-s - a T [" - c-s - x -SCI] -[ CI - c-s- x-s- c- a] 
S 

X = CHzCH2 

- c s q  I = CFZCF2 

SCHEME 3 

1,3,4-Thiadiazole-2,5-disulfenyl dichloride6' reacts with excess carbon monosulfide to 
give the diinsertion product 16 according to (17).5*959 Compound 16 is a crystalline solid 
which could be fully characterized. 

16 
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On the other hand treatment of 1,3,5-triazine-2,4,6-trisulfenyl trichloride62 with excess 
carbon monosulfide led to a product mixture with properties compatible with the presence 
of at least two of the three possible insertion products according to (1 8 p 9  

I s-c-CI 
I I  

. s  
18 

2.12. By Reaction of Carbon Disuljide with Alkali Metal Chlorides 

Alkali metal chlorides have been claimed to react with carbon disulfide in acetonitrile in 
the presence of solid sodium hydroxide as a catalyst to fom the corresponding unstable 
yellow alkali metal chlorodithioformates 19. Alkylation of 19 with haloalkanes has been 
claimed to give the corresponding alkyl chlorodithioformates 1 according to (1 9).M The 
experimental details of this work are self-contradictory and, moreover, the claimed nucleo- 
philicity of chloride ions in the solid state and the claimed isolability of 19 are contrary 
to contemporary chemical thought. 
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19 

cs 

1 

2.13. By Reaction of Carbon Disuljide with Aryldiazonium Chlorides 

Aryldiazonium chIorides react with carbon disulfide in the presence of CulCu(I) to give 
aryl chlorodithioformates 4 according to (20).4065,M The reaction proceeds by a radical 
mechanism according to Scheme 4. 

S 

P (20) Ar-s-c--Q 
4 

ii Ar-N,BCIo + CS2 CUlCU (I) 
- N2 

Mechanism: 

I"' 
SCHEME 4 

2.14. By Reaction of Suvenyl Chlorides with Thiols 

(Methy1thio)dichloromethanesulfenyl chloride reacts with methanethiol to afford methyl 
chlorodithioformate la  according to (13.- 
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Similarly, bis(methylthio)chlormethanesulfenyl chloride reacts with methanethiol to 
afford methyl chlorodithioformate la according to (22).6769 

S 
I1 * cH,-s-c-cI + CH$--scH3 + cH$--s-scH, 

+ CH$--S-S--SCH3 (22) la 

2.15. By Reaction of Sulfenyl Chlorides with Trithiocarbonate tons 

The reaction of the sulfenyl chloride shown below with sodium trithiocarbonate gave the 
chlorodithioformate 4j. Dechlorination of the sulfenyl chloride by the trithiocarbonate 
dianion CS:- explains the formation of 4j according to (23).3' 

2.16. By Reaction of a-Chlom a-Thio Alkanesulfenyl Chlorides with Aqueous 
Iodide Ions 

The reaction of bis(methy1thio)chlommethanesulfenyl chloride with water and aqueous 
potassium iodide affords methyl chlorodithioformate la according to Scheme 5.67 

la S 
II 

+ cH3s-c-scH, 

SCHEME 5 
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On the other hand (methy1thio)dichloromethyl methyl disulfane reacts with water and 
aqueous potassium iodide to afford methyl chlorodithioformate la according to Scheme 6.6' 

la + CH3S-SCH3 + CH$~S-S-SCH:, 

SCHEME 6 

2.17. By Reaction of a-Chlom a-Thio Disulfanes with Thiols 

(Methy1thio)dichloromethyl methyl disulfane reacts with methanethiol to afford the corres- 
ponding methyl chlorodithioformate la according to (24):' 

S 
CH3SH II - ~ J - S - C - C I  + CH$--scH, 

la + CH3S-S-SCH3 (24) 

2.18. By Decomposition of a-Organylthio Alkanesulfenyl Chlorides 

Decomposition of the sulfenyl chloride shown below takes place upon standing at room 
temperature for some days or with chloroform and HgClz as a catalyst with formation of 
trifluoromethyl chlorodithioformate 11.1' Addition of the sulfenyl chloride 20 to 11 in 
acetonitrile gives tbe corresponding (trifluoromethy1thio)dichloromethyl trifluoromethyl 
disulfane 21 according to (25). 

a 
I 
I a 
21 

cF~s-c-s-s-cF~ (23 
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2.19. By Chlorination of Perfruoroafkyl Trithiocnrbonutes 

The chlorination of n-butyl perfluorohexyl trithiocarbonate (prepared from perfluorohexyl 
iodide and sodium n-butyl trithiocarbonate in DMSO in the presence of a dispersion of 
the ZdCu couple) afforded perfluorohexyl chlorodithioformate l u  according to (26).”” 

2.20. By Chlorination of Thioxanthates 

Alkyl, cycloakyl, arakyl and aryl chlorodithioformates have been preparedB from the 
corresponding thioxanthatesfi by direct chlorination or by oxidation to bis(alky1thiothiocar- 
bonyl) disulfides 23, followed by chlorination in situ according to Scheme (7). Thus, 
chlorine was passed through a suspension of potassium ethyl trithiocarbonate in carbon 
tetrachloride containing iodine to give 80% ethyl chlorodithioformate lb; similarly pre- 
pared were 1 (R = Bu, hexyl) according to Scheme 7. 

23 

R-S - C- Cl 

R = Et, Bu, or hexyl 
M = Metal, NH4+, or NRJ+ 
Cat. =Catalyst 

SCHEME 7 

2.2 1. By Exchange Reaction Between Fluomdithioformates and Boron Trichloride 

Haas et al. have reported the preparation of trifluoromethyl chlorodithioformate 11 by 
exchange reaction between trifluoromethyl flurorodithioformate and boron trichloride 
according to (27).” 
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11 

2.22. By Rearrangement of Dithiiranes 

The deacylation of the thioester shown below can be accomplished with primary and 
secondary, but not with tertiary amines. Treatment of the thioester with morpholine led, 
via the corresponding dithiiranelthiosulfine, to the formation of chlorothiocarbonyl sulfenyl 
chloride lo  which was trapped with excess morpholine to afford the known sulfenamide 
26 in 22% yield according to (28). Literature d a t a 4 7 9 4 3 7 s 7 5  suggest that both the dithiirane 
24 and the thiosulfine 25 can be utilized as reactive intermediates for preparative purposes. 

I 
26 lo 

3. SPECTROSCOPIC PROPERTIES OF CFILORODITHIOFORMATES 

3.1. Ultraviolet and visible Spectra 

The traditional spectroscopic method for the characterization of the thiocarbonyl group 
in chlorodithioformates is WNIS spectroscopy. The reason for this was the relatively 
early availability of the method along with the fact that chlorodithioformates ~ I E  colored 
compounds. The range of the colors goes from yellow to orange. There is general agreement 
that the color is due to excitation of the n-n* tran~ition’~,~’ and this assignment is supported 
by the solvent effects’ and by the intensity of this symmetry-forbidden 
transition. A simple additive increment system for the description of the position of the 
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TABLE 3 Ultraviolet-visible spectra for some alkyl and aryl chlorodithioformates 

No. Solvent n-n* [nm] log c P-P* [nm] log e Ref. 

la  Cyclohexane 337 I .40 302 4.1 I 16 
l b  CHCI? - I .4 243 4.15 16 
lc  CHCIi 309 5.85 243 4.32 16 
Id CHCli 308 4.98 243 4.16 16 
le CHCli 308 5.10 243 4.10 16 

16 l m  C yclohexane 468 1.03 
4a C yclohexane 458 I .52 306 3.94 40 
4b Cyclohexane 454 I .52 307 4.23 40 
4c Cyclohexane 454 1.25 308 3.97 40 
4d C yclohexane 45 1 1.42 307 3.97 40 
4e Cyclohexane 452 I .38 306 3.96 40 
4f Cyclohexane 450 1.31 303 4.06 40 

long-wavelength band of thiocarbonyl compounds agrees very well with experimental 
data and quantum chemical calculations for a representative number of molecules.4 

The n-n* transitions for aliphatic chlorodithioformates lie at relatively short wavelengths 
with intense absorption maxima outside the visible range. The thiocarbonyl group in 
aliphatic chlorodithioformates shows at least one band in the UV range at 243 nm (for 
R = C2H,) and at 243 and 309 nm (for R = C3H7, C4H9).16 The high intensities indicate 
symmetry-allowed transitions. On the other hand aryl chlorodithioformates show two 
intense absorption maxima, one in the visible range at about 453 nm and the other in the 
UV at about 306 nm. 

- - 

3.2. IR Spectra 

IR spectra give useful qualitative information diagnostic of the thiocarbonyl group in the 
chlorodithioformates, The alkyl chlorodithioformates exhibit characteristic absorptions 
around 1 120 and 1100 cm-’.I6 The C=S stretching vibration of the thiocarbonyl group 
in aryl chlorodithioformates also gives rise to characteristic absorptions at about 1120 
and 1100 cm-’.’*82 The IR spectra of chlorodithioformates show an interesting feature. 
Thiocarbonyl groups usually have a single absorption in the region 1000-1300 cm-l, but 
the chlorotrithioperformates 13 display a splitting of this absorption.60 This splitting is 
likely due to the existence of the rotamers 13A and 13B. 

R 
S’ 

S 
13A 

CI S 
‘(2’ II ‘S-R 

S 
13B 

A similar behavior of certain thiocarbonyl compounds has previously been described 
in the literature.” 
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TABLE 4 The characteristic IR bands of representative examples of chlorodithioformates 
~ 

No. Y ~ . ~  (cm-'1 Ref. No. uc=s (cm-I) Ref. 

la 
lb  
lc  
Id 

11 

lu  
4a 
4b 
4c 
4d 
4e 

1j 

1P 

1104-1 105 
1030, 1150-1250 
1030, 1150-1250 
1030, 1150-1250 
1090 
1138, 1185 
1 I23 
1 I85 
1120 
1115 
1120 
1115 
1115 

16 
16 
16 
16 
20 
42 
50 
40 
40 
40 
40 
40 
40 

4P 
4j 
4i 
4k 
41 
7 
9 
13a 
13b 
13C 
13d 
14 

1110 
1110,1120 
1 loo, 1121 
1085, 1 1  15 
1095, 1120 
1120 
I120 
1110, 1120 
1090. 1120 
1090, 1130 
1090,1120 
1120 

40 
30 
29, 30 
30 
33.34 
58, 59 
43 
60 
60 
60 
60 
61 

3.3. 13C NMR Spectra 

13C NMR spectroscopy allows direct insight into the nature of the thiocarbonyl carbon. 
The influence of substituents is quite pronounced for the chemical shifts of the thiocarbonyl 
carbon along with the shielding influence of the chlorine Thus, the "C NMR 
signals of the thiocarbonyl carbons in alkyl and substituted alkyl chlorodithioformates lie 
between 189.40 (for 14) and 203 (for It) ppm.'6J0 The "C NMR signals of the thiocarbonyl 
carbons of chlorotrithioperformates lie between 190.44 (for 13b) and 195.81 (for 13d) 
ppm.60 On the other hand the 13C NMR signals of the thiocarbonyl carbons in aryl 
chlorodithioformates lie between 180.50 (for 18) and 197.66 (for 4b) ppm as shown in 
Table 5% 

TABLE5 Chemical shift S (ppm) of thiocarbonyl carbons in alkyl, substituted akyl and aryl 
chlorodithioformates and in alkyl trithioperformates 

No. 6c-s (ppm) Ref. No. h-s (PPm) Ref. 

la  198.10 50 4 
lb  196.05 16 4k 
lc  196.63 16 41 195.60 33,34 
Id 196.54 16 4q 
l e  196.00 16 4s 
11 180.10 42 5 196.68 58,59 
In 178.70 46 7 188.70 58,59 
1P 183.05 50 9 196.65 43 
1s 183.24 50 13a 193.62 60 
It 203.00 50 13b 190.44 60 
4a 197.28 50 13C 193.94 60 
4b 197.66 50 13d 195.8 1 60 
4d 196.33 50 14 189.40 51 
412 
4i 

189.50 30 
192.10 30 

189.80 36 
189.80 36 

194.65 29 16 188.70 58,59 
190.10 30 18 180.50 58,59 
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TABLE6 Dipole moment in Debye (in benzene solution) for some representative examples of aryl 
chlorodithiofomates 

Dipole moment in Debye 
No. (in benzene solution) 

6a 2.68 
6b 2.94 
6c 2.79 
6d 1.57 
6f 3.45 

3.4. Molecular Characteristics of the Thiocarbonyl Group of Chlorodithiofonnates 

The dipole moments of a few types of aryl chlorodithioformates have been reported as 
shown in Table 6." The dipole moment of a thiocarbonyl compound is consistently lower 
than that of the corresponding carbonyl derivative confirming the lesser polarity of the 
thiocarbonyl group." 

4. THE CHEMICAL PROPERTIES OF CHLORODITHIOFORMATES 

4.1. 

4.1. 

Reactions at Carbon Centers 

. Friedel-Crafrs thioacylation w.... chlorodithioformutes. The Friede Crafts reac- 
tion is useful for the synthesis of a variety of dithioesters. The reaction occurs according 
to (29) in a normal way via the Friedel-Crafts complex 27 as an intermediate which 
attacks the aromatic 

S 
R-S-C--CI It A I C I ~  H [ R-S-I]'AIC&G 

R = alkyl, aryl 27 

In a number of Friedel-Crafts reactions chlorodithioformates have been used as starting 
materials for the synthesis of dithioesters. Thus, thioacylation of benzene and of activated 
arenes with alkyl or aryl chlorodithioformates under Friedel-Crafts conditions results in 
the formation of 28 according to (30). 
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256 I. EL-SAYED et al. 

R' = alkyl, aryl 

RZ = aryl, 2-furyl, 2-thienyl 

The following examples illustrate the scope of the reaction. 

6H-dibenzo[b,d]thiopyran 29a in 85% yield according to (3 1)?7d8 
2-Biphenylyl chlorodithioformate reacts with aluminum chloride to afford 6-thioxo- 

4P 29s 

1-Naphthyl chlorodithioformate reacts with aluminum chloride to give naphtho[ 1.8- 
b,c]thiophene-2-thione 29b according to (32)B3 

S 
I I  s-c-CI 

AICIdCS, rn 4c 29b 

Dithioester groups have been introduced in linear or cross-linked polystyrenes by 
Friedel-Crafts reaction with ethyl chlorodithioformate to afford the dithiociwbonate 28s 
according to (33).w 
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S - C- Cz H, 
II 
S 
289 

4.1.2. Reactions of chioradithiofonnates with Grignard reagents. Alkyl and aryl chloro- 
dithioformates have been treated with arylmagnesium bromides to give substituted thioket- 
ones according to Scheme 8.95 The Grignard reagent attacks the carbon as well as the 
sulfur atom of the thiocarbonyl group to give the dithioester 28 and the anion 33, respec- 
tively. Then the anion can be thioacylated by the dithioester to form the a-chloro thioketone 
35 which can be reduced by the thiolate ions formed during the thioacylation to give the 
thioketone 30 according to Scheme 9. 

28 I 
S 
II s; - 20 'C R-S-C-Cl + ArMgBr 

c6h \ II 

32 

SCHEME 8 
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Mechanism: 

I. EL-SAYED et al. 

SCHEME 9 

The reaction between methyl chlorodithioformate and methylmagnesium iodide at -40 
"C gives dimethyl trithiocarbonate 22b and 3,3,7,7-tetrakis(methylthio)- 1,2,4,6-tetrathie- 
pane-5-thione 36.95 When the reaction takes place at 0 "C other products are isolated in 
small yields as shown in Scheme 10. The formation of the tetrathiepane 36 can be explained 
by assuming the formation of trithiocarbonate dianion which attacks two molecules of 
dimethyl trithiocarbonate to form the dianion 35. Subsequent oxidation of 35 affords the 
cyclic compound 36 according to Scheme 10. 
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C O  
a$, S 

II 
CH3-S-C-Cl + CH3MgBr - 

m3s' 

I 
lo  

CH3SC(S)CI 1 

36 35 

SCHEME 10 

4.1.3. Reactions of chlomdirhioformares with carbanions. Reactive chlorodithiofor- 
mates react with carbanions or potential carbanions such as organometallic compounds, 
CH-acids, enamines and enol ethers with introduction of the group -C(S)SR into the 
substrate according to (34)?'-'" 

S S 
\ II 

-C-C-S-R (34) 
\ It 

/ -C:O + R-S-C--CI 
/ -a0 * 

The reaction of chlorodithioformates with metal salts of CH-acidic compounds has 
been studied repeatedly in the case of cyanoacetic acid esters were the acylation does not 
stop at the dithioester 37. Since the intermediate enethiolate is more nucleophilic than 
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the carbanion the ketene dithioacetals 39 result via the trithiocarbonic acid derivatives 38 
according to (35).*'" 

X'  S S 
CH-C-S-R 

II + R-S-C--CI 
-aQ 

- 
37 

11 

Ics2 
X'  

x'/c=K SR 
\ 1"" 

39 

(35) 

A number of unsymmetrical ketene S,S-acetals 41 have been synthesized via thioacyla- 
tion of malononitrile with chlorodithioformates in the presence of two equivalents of 
sodium hydride and alkylation of the intermediate 40 according to (36).lm 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



CHLORODITHIOFORMATES 26 I 

2 H o  - + R'-S-C-CI \ 
NC 

-CI".2Hz 
NC 

4 1  

Reaction of methyl 2-(trialkylsilyloxy)cyclopropanecarboxylates with methyl chloro- 
dithioformate affords 2-(trialkylsilyloxy)-3,3 -dimethyl- 1 -[ (meth y 1thio)thiocarbon yl] - 
cyclopropanecarboxylic acid methyl esters 42 which can be converted to methyl 3-dihy- 
drothiophene-3-carboxylates 43 through ring enlargement by [ 1,3) and [I ,2] sigmatropic 
rearrangements according to (37).1°' 

0 S II 
C-OCH, 

S 
II LDA + cH3-s-c-a  

la 
R(CH&SiO h rUCH&SiO 42 

43 

4.1.4. Reactions of chlomdithioformates with enamines. Enamines can be thiocarboxy- 
lated. Thus, the reaction of 1 -morpholinocyclohexene with chlorodithioformates yields 
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the dithioesters 44 which can be isolated as their hydrochlorides?' Their sulfhydrolysis 
in benzene does not yield the corresponding mercapto dithioesters, but spiro[4H- 1,3- 
benzodithiin-2,l '-cyclohexane]-4-thione 45. The 3-thioxo- 1 ,Zdithiole 46 is formed as a 
by-product (cf. Scheme 11). 

45 

46 

SCHEME 11 

4.1.5. Reactions of chlorodithioformates with the copper derivative of rnethanephosphonic 
acid dimethyl ester. The copper(1) derivative 47 of rnethanephosphonic acid dimethyl 
ester is easily thioacylated with chlorodithioformates to afford S-alkyl (dirnethoxyphosphi- 
ny1)-dithioacetates such as 48.'Oz The dithioesters react with aldehydes in a Homer-Emmons 
reaction to give alkyl2-alkenedithioates 49 according to (38). 
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49 48 

4.1.6. Reactions of chlorodithioformutes with alkynes. The a$-acetylenic dithioesters 
50 have been prepared according to (39) by palladium(II) catalyzedcondensation of allcynes 
with chlorodithioformates.'m*lw The dithioesters are readily attacked by nucleophiles such 
as secondary amines and thiols and by alkylating agents, the thiocarbnyl groups of 50 
exhibit dienophilic properties. 

R = mcsityl. 2,4,6-(c-Bu&H2 
Ph. 2-naphtkyl. 1-butyl 

4.2. Reaction with Nitrogen Nucleophiles 

Reactions of chlorodithioformates with nitrogen-containing substrates form the major part 
of chlorodithioformate chemistry as shown below. 

4.2.1. Reactions with primary amines. Chlorodithioformates react with ammonia, pri- 
mary aliphatic, primary aromatic and hydroxylamines to afford the corresponding dithio- 
carbamates 51 according to (40) as often biologically active compounds.lM-l10 
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S c II 
RJ-S-C-Cl + R2-NH2 -W RI-S-C-NHRZ (40) 

51 

The following interesting new example may illustrate the scope of the reaction: 
The reaction of methylamine with 1-naphthyl chlorodithioformate leads to 1-naphthyl N- 

methyldithiocarbamate 51a according to (41) which is a better inhibitor of eel acetylcholine 
esterase than the corresponding thion~arbamate.3~ 

S 
II 

s-c-Cl 

CClJ 
+ 2CH3NHZ I (41) - CH3NHz.HCI 

4c 
Sla 

4.2.2. Reaction with functionalized primary amines. Chlorodithioformates react in a 
more complex manner with primary amines containing a second reactive group such as 
NH. Thus, reaction of ethyl chlorodithioformate with N-methoxyguanidine yields the 
intermediate 52 which cyclises to 3-amino-5-ethy~thio-1,2,4-thiadiazo~e 53 according to 
(42).IB 

53 
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The reaction of chlorodithioformates with W(methoxycarbimidoy1)guanidine affords the 
corresponding N-(methoxycarbimidoyI)guanidine-N-dithiocarboxylic acid ester 54 along 
with 2-amino-4-methoxy-6-alkyl(aryl)thio- 1,3,5-triazine 55 according to Scheme (1 2).'09."0 

! 
H,CO-C-NH -C- NH - C-SR 

II II 
NH r -  54 

SCHEME 12 

4.2.3. Reactions with secondary amines. Chlorodithioformates react with secondary ali- 
phatic, aromatic, heterocyclic and hydroxylamines to form the corresponding dithiocarba- 
mates 56 according to (43).10791'1-124 

56 

4.2.3.1. with acyclic secondary amines. Reaction of 1-phenyl-5-tetrazolyl chlorodithio- 
formate 6r with (1-Boc-L-pro1yl)methyl-isopropylamine in the presence of a base affords 
1 -phenylJ-tetrazolyl N-( 1 -Boc-L-proly1)methyl-N-isopropyldithiwarbaniate 56a 
according to (44) which was found to possess a temporary inhibiting effect on PP elastase, 
but not on trypsin or chymotrypsin."' 

S N-N 

I 
Ph 

4r 
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4.2.3.2. Wirh aziridines. Reactions of chlorodithioformates with aziridine derivatives 
have been r e p ~ r t e d . ~ ' ~ , ' ~ ~  Phenyl chlorodithioformate reacts with 2-methylaziridine to form 
the corresponding dithiocarbamate 56b which rearranges to 2-isothiocyanato- 1 -(phenylthi- 
0)propane 32 under a variety of reaction conditions according to (45). 

The reaction of methyl chlorodithioformate with 2-methylaziridine affords 56c which 
rearranges to the corresponding isothiocyanates 58 and 59 according to (46)."4*."5 

(343 S S 

cH3-s-c--cI II + mta3 -;; - [  c H 3 4 - N (  ] 
l a  56e 

(343 S S 
cH3-s-c--cI II + mta3 -;; - [  c H 3 4 - N (  ] 

l a  56e 

Mitomycin C reacts with chlorodithioformates to form the corresponding dithiocarba- 
mates 56d according to (47)."4*"5 These dithiocarbamates have been tested for antineoplas- 
tic activity in vivo test. 
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+ 

4.2.3.3. Withpyrrolidines. The reaction of aryl chlorodithioformates with saturated nitro- 
gen heterocycles in the presence of a base affords the corresponding dithiocarbamate 56f 
and 56g according to (49) and (SO), respectively, which have been claimed as paddy 
field  herbicide^.'^""^,"^ 

Bpsc 

- HCI 
c 

S 
II s-c-a + 

R4' 
X = CH,; R', RZ, R3, R4= H 
R'orR20rR30rR4=CH3 

S Y = Hal, H, alkyl. 1 and m = 14 
X =0, S, n = Oor 1 II / clfb \ 

Yq-J-s-C--N X" (49) 
\ 

561 
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4.2.3.4. With azetidines. Reaction of chlorodithioformates with di- or trimethylazetidine 
in the presence of a base according to (36) affords the corresponding l-azetidine-carbodithi- 
oates 56e which have been suggested as selective herbicides, especially for cereal cul- 
tures."8 

4.2.3.5. With hydmylamines. Reaction of phenyl chlorodithioformate with N-methyhyl- 
droxylamine affords the crystalline thiohydroxamic acid 56h according to (5 1)."9*120 

4P 56h 

4.2.4. Reactions with silylated secondary amines. Senning et at. have prepared N,N'- 
bis(phenylthiothioformy1)-N,N'-dimethylhydrazine 60 by treating the corresponding sily- 
lated amine with phenyl chlorodithioformate according to (52).121*'22 

60 

4.2.5. Reactions with hydrazine. Ethyl chlorodithioformate reacts with hydrazinium salts 
in water to give exclusively 2,5-bis(ethylthio)-l,3,4-thiadiazole 61 according to (53).lf3 

N-N 
(53) 

I As SC,H, 
H2NNHz + C~HS-S-C-CI 7 

H5C9 l b  
61 
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4.2.6. Reactions with sodium bis(trimethylsily1)amide. The reaction of chlorodithiofor- 
mates with sodium bis( trimethylsily1)amide affords N,N-bis(trimethylsily1) dithiocarbamic 
acid S-esters 62 according to (54).Iz4 

S S 
I I  I1 

R-s-C-a + Na[NfSiM%q T R-S-C- N(SiMe3)t (54) 

62 

4.2.7. Reaction with azide ions. Reaction of chlorodithioformates with sodium azide in 
70% aqueous acetone gives 5-substituted 1,2,3,4-thiattiazoles 64 which are isolated in 
quantitative yield as crystalline solids according to (55).'25-128 

S 
11 

R-S-C-CI + Na@N3O - 
63 

64 

4.2.8. Reactions with silyl uzides. 4-Chlorophenyl chlorodithioformate 4d reacts with 
trimethylsilyl azide in the presence of base to afford 5-(4-chlomphenyl)- 1,2,3,4-thiatriazole 
65 according to (56).IB Upon heating 4-chlorophenyl thiocyanate 66 is formed according 
to (56)." 
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4d 630 

66 65 

4.3. Reaction at an Oxygen Center 

Chlorodithioformates react with alcohols and phenols to form the corresponding dithiocar- 
bonates in good yields. Use of alkali metal alkoxides and phenoxides gives a better yield. 
The following examples may illustrate the scope of the reaction. 

4.3.1. Reactions with alcohols. Chlorodithioformates react with primary and secondary 
alcohols to afford the corresponding dithiocarbonates 67 in good yields according to 
(57).’31-134 

i R‘ R’ 

R2 R* 

CH--O-C-S-R3 (57) 
l Bat? \ \ 

/ / CH-OH + R3-S-C-CI ____) 

67 

Reaction of l-benzyl-2-(2-hydroxyethyl)pynolidine with phenyl chlorodithioformate 4a 
in the presence of a base in acetonitrile at 0 “C affords 0-24 l-benzy1-2-pynolidinyl)ethyl S- 
phenyl dithiocarbonate 67a which upon reflux in acetonitrile decomposes according to 
(58)’” to form the phenylthiohexahydroazepine 68 and the phenylthioethylpyrrolidine 69 
in a ratio of 1:2. 
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Ic 

40 

El& 4 DMAP 0 SPh 

Ph 

67a 

SR 

68 69 

The reaction of l-benzyl-2-(2-hydroxyethyl)piperidine with phenyl chlorodithioformate 
4a in the presence of a base in acetonitrile at 0 "C affords 0-24 l-benzyl-2-piperidy1)ethyl 
S-phenyl dithiocarbonate 67b which upon reflux in acetonitrile decomposes to form 1- 
benzy1-4-phenylthiooctahydma~o~ine 70 and 1 -benzyl-2-(2-phenylthioethyl)piperidine 71 
according to (59).'" 

L A 4a 

Ei3N. 4 DMAP 
0 Sph 

67b 
Ph J Ph 

79 71 

Pyrolysis of S-phenylO-2-(2-tetrahydrothienyl)ethyl dithiocarbonate 67c in o-dichloro- 
benzene provided only the carbonyl sulfide elimination product 2-(2-phenylthioethyl)tewa- 
hydrothiophene 72 according to (40).13' 
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S n 4. n I I  

67c 

72 

The reaction of phenyl chlorodithioformate 4a with 6-methylenecyclo&caol in the 
presence of a base affords 0-(6-methylenecycIodecyl) S-phenyl dithiocarbonate 67d. 
Treatment. of the dithiocarbonate with tributylstannane and azobisisobutyronitrile as initia- 
tor affords a mixture of the cis and the trans isomer of 9-methyldecahydmnaphthalene 
73a and 73b, respectively, according to (61).13' 

47d 

BujSn'. AIBN I 
+ (61) 

il H 
7% 73a 

Methyl chlorodithioformate la reacts with secondary alcohols to &ord the correspond- 
ing dithiacarbonates 67e and 67f which are easily &oxygenated in 58-100% yield by 
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radical deoxygenation with diphenylsilane and 2,2'-azobisisobutyronitrile or benzoyl per- 
oxide in boiling toluene to 74 and 75 according to (62) and (63). re~pectively.'~~ 

i 
0- C-SCH, 4Y S w+ cH,-S-C-CI II Bast 

la 
67e 

+ 
S 
I I  Bppc a,-s-c-CI -* 

IS 

671 

75 
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4.3.2. Reaction with phenols. Phenols react with chlorodithioformates in the presence 
of a base to afford the corresponding dithiocarbonates which have been claimed as 
bactericides and herbicides.'"*'35 

The reaction of chlorodithioformaks with the potassium salts of 2-alkyl-4-halo-5- 
hydroxy-3-(2H)pyridinones in acetonitriIe affords, according to (64). 2-dkyl-4-halo-5- 
(alkoxydithiocarbonyl)-3-(2H-pyridazinones 76 useful as herbicide safeners.'" 

R' = alkyl, alkoxyalkyl, cyanoalkyl and ary1 
R1 = Hal, R3 = aIkyi, aryl 

76 

Reaction of substituted 2-hydrox ydiphenyl ethers with 4-chlorophenyl chlorodithiofor- 
mate 4d affords the corresponding dithiocarbonates 77 according to (65), useful as bacteri- 
c i d e ~ . ' ~ ~  

S 

4d 

H 

R3Rgq 
0 

77 

4.3.3. Hydmlysis in 70% aqueous acetone. Chlorodithiofonnates hydrolyze by an SN1 
mechanism. First-order rate constants of hydrolysis in 70% aqueous acetone at 278.10 K 
have been reported (cf. Table 7).14*141 

TABLE 7 First-order rate constants of hydmlyses in 70% aqueous acetone at 278.10 K 

Compound R K [s-'] 

la CH3 1.264.10-4 
lb  CzH5 7.955.10-4 
Id (CHJFH 4.2 17- lo-' 
4a ca5 2.477. 
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The initial products of the hydrolysis of methyl chlorodithioformate are hydrochloric 
acid, carbonyl sulfide and methanethiol according to (66). 

S OH 
I1 KI I 

K2 I 
R-S-C-CI + H20 R-S-C-Cl 

SH 

R-SH + COS + HCI (66) 

The latter product reacts with methyl chlorodithioformate la to yield dimethyl trithiocar- 
bonate. The activation energy and entropy for the hydrolysis of the methyl ester are AH+ 
= 84.43 KJ-mol-l, AS+ = -15.5 J-mol-l.deg-’ 

Although chlorodithioformates hydrolyse by the SN1 mechanism in aqueous acetone 
the corresponding reaction of chlorodithioformates with azide ions in the same medium 
is largely a bimolecular p r o c e ~ s ~ ~ J ~ ’  (cf. Scheme 13). This bimolecular azide attack is 
supported by the first-order dependence of the rate on nucleophile concentration. 

The second-order rate constants have been determined in 70% aqueous acetone at 
277.94 K.IM The activation energy and entropy for the azide reactions can be compared 
to those for the solvolysis of methyl chlorodithioformate la  in 704 aqueous a~etone.~~”-I~l 
The large effects of a ide ions on the rate of the reaction are due to the lower activation 
enthalpies. These differences provide further support for different paths for solvolysis and 
bimolecular azide attack. 

46 

SCHEME 13 
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4.4. Reactions with Phosphorus Nucleophiles 

4.4.1 Asbuzov type reactions. The reaction of trialkyl phosphites with aryl chlorodithio- 
formates 4 according to (67) leads to the stable ylides 78. Nucleophilic attack of chloride 
ion on the alkoxy substituents at phosphorus, protonation, and dealkylation occur only at 
the trialkoxy-phosphonium moiety a to the sulfur atom. Electronegative substituents on 
the phosphorus atom facilitate these elimination  reaction^.^^*.^^^ 

Ar = G,HS, R = CH, 

HCI, A I 
J 

79 

4.5. Reactions with Sulfir Nucleophiles 

4.5.1. Reactions with thiols. Treatment of alkane- or arenethiols with chlorodithiofor- 
mates in the presence of a base gives the corresponding trithiocarbonates 22.12Jce147 Because 
of the interest in organic trithiocarbonates as biological toxicants and also as oil additives 
a large number of compounds of this class have been synthesized, including symmetrical 
and unsymmetrical diaryl, aralkyl, and aralkyl alkyl trithiocarbonates.lZ Various synthetic 
routes involve the reaction of an arene- or alkanethiol in the presence of a base with an 
alkyl and aryl chlorodithioformate according to (68). 
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Similarly the reaction of chlorodithioformates with dithiols affords cyclic trithiocarbo- 
nates 22c according to (69).43 

22c 

The synthesis of thiamine derivatives by thioacylation with chlorodithioformates has 
been Treatment of 5- ( [(7-acetylthio-2-merapto-l-methyl- 1-hepteny1)-for- 
mylamino]methyl)-4-amino-2-methylpyrimidine hydrochloride with 4-methylphenyl 
chlorodithioformate 4b affords the trithiocarbonate 22d according to (70), useful as analge- 
sic, antiinflammatory, vitamin B antagonist, hypotensive and coccidiostat. 

s 
228 

4.5.2. Reactions with mercuty(l1) thiolates. Pentafluorophenyl chlorodithioformate 4i 
reacts with the mercury(I1) salt of trifluoromethanethiol to afford S-pentafluorophenyl S- 
trifluoromethyl tiithiocartionate 22e according to (7 

4i 22c 
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4.5.3. Reactions with thiocyanate ions. Chlorodithioformates react with alkali metal 
thiocyanates to yield yellow to orange colored akylthio- and arylthiothiocarbonyl thiocya- 
nates 80." Best yields were obtained upon treatment of the chlorodithioformates with 
potassium thiocyanate in the presence of 18-crown-6 as a phase transfer catalyst.Im The 
thiocyanates rearrange thermally to the isomeric isothiocyanates 81 according to (72). 

S S 
I1 II 

R-S-C-CI + MSCN - R-S-C-S-C=N - NuCl 
80 

S 
II 

81 
R-S-C-N=C=S (72) 

4.5.4. Reactions with sulfinate ions. Senning et al. have prepared C-sulfonyldithiofor- 
mates 82 and bis(C-sulfonyldithioformates) 83 by thioacylation of metal sulfinates with 
chlorodithioformates in a two-phase reaction between aqueous sulfnate anions and the 
chlorodithioformates dissolved in benzene with tetrabutylammonium hydrogen sulfate as 
a phase transfer catalyst or by treatment of anhydrous sodium sulfinates, suspended in 
dry N,N-dimethylformamide, with chlorodithioformates according to (73).'51-16'Ja*'89 

S S 
II TBAHSQ II 

R'-S-C-CI + R'S02' Ns@ R'-S--C-SC+R* (73) 
82 

Bis(chlorodithioformates) react with two moles of metal sulfinate to afford the corres- 
ponding bis( C-sulfonyldithioformates) 83 according to (74)." 

s 0 Q ~hHFJHZ0 
S 
II 

CI-C-s-X-S-C-CI + 2RS02 Na 

83 

X = 4,4'-biphenylylene. (CH,),; R = 4CH,C,H,, 4-CIC6H, 
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Reaction of phenyl chlorodithioformate 4a with sodium methanesulfinate affords diphe- 
nyl trithiocarbonate 22c and a small amount of the disulfide 84 according to Scheme 14.'5'.152 

SCHEME 14 

Methyl chlorodithioformate la reacts with sodium methanesulfiiate to form methyl 
(methylsulfonyl)(methylthio)methyl trithiocarbonate 85 according to (60) instead of the 
expected 82.151 

4.5.5. Reactions with thiosulfonate ions. Alkyl (aryl) chlorodithioformates react with 
potassium p-toluenethiosulfonate to give alkylthio(arylthio)thiocarbonyl p-tolylsulfonyl 
disulfides 67, C-sulfonyldithiofonnates 82 and hexathioperoxydicarbonates 23 according 
to Scheme 15.'55*157 
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S 
II - a0 R-S-C--CI + 4-CH&H,S02SQ - 

4.5.6. Reactions with thioxanrhate ions. Bis(alky1thio-thiocarbonyl) sulfides 89 have 
been prepared by reaction of potassium ethylthioxanthate with chlorodithioformates 
according to (76).’62 

E E 
R-S-C-CI + C2HS-S-C-SK - [ R-S-C(S)] S (76) 

8 9  

4.5.7. Reactions with N,N-disubstituted dithiocarbamate ions. Aryl chlorodithiofor- 
mates react with sodium or ammonium salts of N,N-disubstituted dithiwarbamk acids to 
afford N,N-disubstimted aryl thiwarbamoyl trithiocarbonates 90 which decompose, when 
kept at temperatures higher than their melting points, to N,N-disubstituted aryldithiocarba- 
mates 56 and carbon disulfide according to (77).” 
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S R: S II R : i  II 
N-C-SNa - N-C-S-C-S-R' 

sl 
R'-S-C-Cl + 

90 
R: 

0 

R3 

R : i  
N - C - S - ~ 1  (7) 

/ 
R3 

56 

4.6. Reactions with Selenium Nucleophiles 

4.6.1. Reactions with selenols and with selenolate ions. Treatment of an alkaneselenol 
or the mercury(II) salt of trifluoromethaneselenol with alkyl chlorodithioformates or pen- 
tafluorophenyl chlorodithioformate affords We-dialkyl dithioselenocarbonas 91 and S- 
pentafluorophenyl Se-trifluoromethyl dithioselenocarbonate 91c, respectively, according 
to (78) and (79).29.165 

S 
II 

S 
II 

R~-S-C-CI + R ~ S ~ H  RI-S-C-SC-R~ (78) 
91 

R' = R' = qH,. GH,, R' = qH,. R2 = GH, 

4i 91e 

4.7. Oxidation Reactions 

Chlorodithioformates react with m-chloroperbenzoic acid to give the corresponding S- 
oxides (sulfmes) 101.164,165 These sulfines could be distilled at reduced pressure. Some 
further reactions of 101 are also indicated in Scheme 16. 
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R-s, &O 
c=s 

CI' 
92  

R-S, 
R-S, 0 

NC-S / GW' 
c=s" c=s 

93 22 

SCHEME 16 

4.8. Addition Reactions at the Thiocarbonyl Group of Chlomdithioformates 

4.8.1. Addition of chlorine. The reaction ofaryl chlorodithioformates with chlorine at 
room temperature yields the corresponding (ary1thio)dichloromethanesulfenyl chlorides 
94 according to (80).30*166 Under similar conditions phenyl and p-tolyl chlorodithioformate 
fail to give well-defined products.M Auryl chlorodithioformates react with sulfuryl chloride 
at low temperature to afford the corresponding trichloromethyl alkyl sulfides 96 via the 
unisolated intermediate sulfenyl chloride 95 according to (8 l).n*-Ja6iffl 

At-s, ,C' 
t c, ; C12/CClJ 

Ar-s-c-CI 
CI' SCI 

94 
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a 
I 
I 

CI 
Ak-s-c-CI (81 1 

96 

4.8.2. Addition ofsulfurdichloride. The addition of sulfur dichioride to aryl chlorodithio- 
formates leads to stable a-chloro thiosulfenyl chlorides 97 according to (82).'*'66 

4.8.3. Addition of sulfenyl chlorides. 

4.8.3.1 Thermal additions. 
dithioformate la affords the disulfane 21 according to (25).31J65Jm 

The addition of methanesulfenyl chloride to methyl chloro- 

4.8.3.2. Photochemical addirions. Under the influence of UV irradition trifluoromethyl 
chlorodithioformate 11 adds to fluorobis(trifluoromethy1thio)rnethanesulfenyl chloride to 
afford dichloro(trifluoromethy1thio)methyl fluorobis(trifluoromethy1thio)rnethyl disulfide 
98 according to (83)."O 

F CI 

I I 
cF3-s, ,F I I - cF,-s-c-s-s-c-cI (83) 

i 
"sc* s-ff, s-m3 

cF,-s-c--cI + 
%--s 

11 
98 
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11 c i  
CI F CI 

I 
CF3-S, ,F I I I 

(33-s S' a 
,\ + 3-c-scF3 ___) cF~-s-c-s-s-c--cI 

1 I 
s-CF, s-cF3 

9a 

SCHEME 17 

4.9. Cycloaddition Reactions at the Thiocarbonyl Gmup of Chlomdithiofonnates 

4.9.1. Reactions with carbenes. Difluorocarbene reacts with trifluoromethyl chlorodithi- 
oformate 11 to afford l-chloro-2,2-difluoro- 1-(trifluoromethy1thio)ethene 99 according 
to (84)."' 

99 

4.9.2. Reactions with carbon monosuljlde. The reaction between carbon monosulfide 
and trichloromethyl chlorodithioformate l p  has been reported by Senning et al. to afford 
both thiirane 100 and 1.4-dithiane 101 according to (85)?152 
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[ c'\c: 

Ilp 
qcs' 

101 108 

4.9.3. Reactions with diazo compounds. The reactions of chlorodithioformates with 
diazomethane and aroyldiazomethanes have been studied extensively by different work- 

Diazomethane reacts with ethyl chlorodithiofonnate lb to afford a mixture of 
2-(ethylthio)- 1,3,4-thiadiazole 102a and 5-(ethylthio)-l,2,3-thiadiazole 103a according to 
(86);163J7s180 elimination of hydrogen chloride from the primary products leads to the 
aromatization of the ring system. Propanoic acid 3-(chlorothioxo-methylthio)methyl ester 
condenses with diazoalkanes at 0 "C to give a 1:2 mixture of the 1,2,3- and the 1,3,4- 
thiadiazole 102c and lo%, respectively, according to ( 86).61J78 

er5.61.172-182 

102 i03 

a: R' = C,H,, R2 = H 

c: R' = CH,CH,CO,CH,, R2 = H 

b R' = CzH,, Rz = CH, 

d: R' = CHzCH2C0,CH,, R2 = CH, 

The formation of the 1,3,4-thiadiazoles 102c was confirmed by conversion to 1,3,4- 
thiadiazoline-5-thione 104 by treatment of 102c with potassium ethoxide, followed by 
hydrolysis with 10% hydrochloric acid.178 
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104 

The reaction of chlorodithioformates with a-diazo carbonyl compounds has been 
reported by Demaree et uL”* Ethyl chlorodithiofomate l b  reacts with a-diazo carbonyl 
compounds to give exclusively the 1.3.4-thiadiazoles 102e in the presence of triethylamine 
and the 1,2,3-thiadiazoles 103e only when bis(a-diazoacy1)mercut-y derivatives were used. 
The mechanism of the formation of 102e and 103e has been interpreted as shown in 
Scheme 18. 

0 
li 0 0 

Ar-C-CH-N5N 

RSC(S)CI 

07 0 
I I  

Ar-C-CH-NGN 

Rs’ 
or or 

a f j  
* s’ 

I - t E l  

I ArC 

Rs X )  
SR 

- Hc‘ I 
103c 10% 

SCHEME 18 
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4.10. Reactions with Inorganic Compounds 

4.10.1. Reactions with fluoride ions. Alkyl chlorodithioformates react with potassium 
fluoride in chloroform or acetonitrile in the presence of kryptofix 222 or 18-crown-6 as 
phase transfer catalyst to afford fluorodithioformates 105 according to (87).72,'83 

S S 
I I  It 

R-S-C-Ci + KF - R-S-C-F 
1 O f  

4.10.2. Reactions with metal carbonyls. With diironenneacarbonyl and ethyl chlorodithi- 
oformate l b  the remarkable formation of a symmetric complex 106 according to (88) has 
been observed.'" Also, the reaction of ethyl chlorodithioformate l b  with a number of 
neutral and ionic iron carbonyl compounds in tetrahydrofuran yields a variety of unusual 
products. The reactivity of ethyl chlorodithioformate l b  seems to be much greater than 
that of N,N-dimethylthiocarbamoyl chloride. 

c2H5s, 

Fe(C0)s (s) (W)&--- 
/"-f C2H5-S-C-a i + F+(CO)p THF 

l b  'S-< 
%#H, 

106 
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