
OBSERVATIONS ON THE CHLORENATIQN PRODUCTS, ETC. 155 

XXI1.-Observations on the Chlorination Products of 
/3/3’-Dichloyodiethyl Sulphide. 

By STANLEY AUGUSTUS MUMFORD and J o m  WILLIAM COLE 
F’HILLIPS. 

IN the course of other investigations, it was necessary to prepare the 
compounds described by Mann and Pope (J., 1922, 121, 594) as 
cc p (3 I -  tric hloro - , a p p p I -  tetrachloro - , and p p P ’- hexachloro- diet h y 1 
sulphides, obtained by the chlorination of PP’-dichlorodiethyl 
sulphide (CH,Cl*CH,),S. 
All three compounds as formulated above contain an a-chlorine 

atom. Now it is a well-known fact that the a-halogen atoms in 
a-halogen-substituted alkyl ethers are only very loosely attached, 
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and extension of this general statement to include a-halogenated 
alkyl sulphides would appear to be justifiable from numerous 
observations recorded in the literature. For example, according to 
Mann and Pope (J., 1923, 123, 1172), ad-dichlorodiethyl sulphide 
(CH,*CHCl),S, is considerably less stable than the pp‘-isomeride. 
Peters and Walker (Biochem. J., 1923, 17, 272) have found that 
aa‘-dichlorodimethyl sulphide is very readily hydrolysed, and Bales 
and Nickelson (J., 1922, 121, 2137; 1923, 123, 2486) have shown 
that, in general, a-halogenated ethyl sulphides are unstable and 
decompose on keeping. 

Of the tri-, tetra-, and hexa-chloro-derivatives described by Mann 
and Pope, the last is considerably hydrolysed by boiling with water 
for 15 minutes, whereas the first two resist hydrolysis under similar 
conditions. The general stability characteristic of the compounds 
described as app‘-tri- and crppp’-tetra-chlorodiethyl sulphides was 
therefore remarkable, and the anomaly appeared to  merit further 
investigation. 

The percentage of hydrogen found for these compounds by Mann 
and Pope (see Table I) is considerably too low for a@p’-trichloro- and 
a@pp’-tetrachloro-diethyl sulphide, but correct for the hexachloro- 
compound. p p’-Dichlorodiethyl sulphide itself gives correct 

TABLE I 
Carbon and Hydrogen Analyses. 

y-, Found. 

Mann and Present 
yo Required. Pope. authors. 

c 

Compound. C. H. C. H. C. H. 
/3/3’-Dichloro&ethyl sulphide, 

aBB’-Trichlorodietlwl sul- 
C4H,C12S 

’ phide, C,H,Cl,S “ 
a/3j?’-Trichlorodiethyl sul- 

phide, less two H atoms, 
C4H ,Cl,S 

aflfi’-Trichlorodiethyl sulph- 
oxide, C,H,OCl,S 

aj?/3/3’-Tetrachlorodiethyl sul- 
phide, C4H,C1,S 

aj3BB’-Tetrachlorodiethvl sul- . . .  
phide, less two H ;toms, 
C,H,Cl,S 

aBBB’-Tetrachlorodiethvl . . .  
sulphoxide, C,H ,0Ci4S 

aa/3~/3/3’-Hexachlorodie thy1 
sulphide, C,H,Cl,S 

30.2 

24.S 

25.1 

5.0 - - 30.3 5.0 

25.0 2.6 24.7 2.75 

22.9 

21.05 

2 1.25 

19.7 

16.2 

J 

9.5 19.6 2.5 - - 

1.4 16-3 1.3 16.1 1.5 

hydrogen analyses, and this fact, coupled with the correct analysis 
given for the hexachloro-compound, again places the tri- and the 
tetra-chloro-compound in an anomalous position. Further, 
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a p p ' - tric hloro - and a p p p ' - tetrachloro -diet h yl sulphoxide give, accord- 
ing to Mann and Pope, hydrogen analyses agreeing with those 
demanded by theory. These sulphoxides, however, were not 
prepared from the corresponding sulphides by oxidation, but were 
obtained from (3 ' - dichlorod iet h yl sulphoxide, ( CH2C1* CH,),S 0, by 
chlorination with hypochlorite solution. 

As shown in Table I, we have repeated the carbon and hydrogen 
analyses of the tri-, tetra-, and hexa-chloro-compounds and have 
obtained values agreeing with those of Mann and Pope. It would 
seem, therefore, that the lowness of the observed hydrogen content 
of the tri- and the tetra-cliloro-compound can be explained only on 
the assumption that these two substances actually do contain less 
hydrogen, and that they have in fact the empirical formula 
C4H,C13S and C,H4C1,S, respectively, instead of the f orniule 
C4H,C1,S and C4H,Cl,S assigned to them by Mann and Pope. 

The chlorine content of the compounds calls for some coniment. 
The compound C,H,Cl,S requires 55.0 yo of chlorine, C,W6C14S 
62.2y0, C,H,Cl,S 55.6 yo, arid C4H4Cl4S 62.8 %. Ana'lyses made by 
us show that the tri- and the tetra-chloro-compound actually 
contain 55.6% and 62.8% of  chlorine, respectively, and not 55.00/; 
and 62.2y0 as stated by Mann and Pope. The lower percentages of 
chlorine are, however, readily and repeatedly obtainable, since, 
owing to the great stability of the two compounds, it is only by the 
most protracted heating that the last traces of chlorine can be 
removed from them when the halogen is being estimated by the 
Carius method. The tetrachloro-compound gave 62.1 yo of chlorine 
after being heated a t  300" for 12 hours, 62.4% after 20 hours, and 
62.7% after about 60 hours. A concurrent blank experiment 
showed that this increase was not due to removal of halogen from 
the glass of the bomb tube itself. 

Ultimate analysis thus appears to  indicate that the tri- and 
the tetra-chloro-compound in question contain two hydrogen 
atoms less than stated by Mann and Pope, and it is suggested 
that they are the vinyl derivatives (I) CH,Cl*CH,*S*CCl:CHCl 
(or CH,Cl*CH,*S*CH:CCl,) and (11) CH,C1*CH2*S*CC1:CCl2 respec - 
tively. Compounds of this type, containing an accumulation of 
halogen atoms around a double bond, should be less readily 
hydrolysed than the corresponding saturated compounds. 

Further support for these constitutions is afforded by the be- 
haviour of the substances towards concentrated sulphuric acid. 
Both the tri- and the tetra-chloro-compound give deep red color- 
ations, visible a t  very great dilutions, on treatment with this reagent, 
whereas the di- and the hexa-chloro-compound give negative results. 

The preseiice of a double bond in the tri- and the tetra-chloro-com- 
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pound is confirmed by a study of their parachors. From the values 
given by Sugden (J., 1924,125, 1177, 1525, and subsequent papers), 
for the atomic and structural constants it is evident that the decrease 
in parachor resulting from the loss of two hydrogen atoms is greater 
than the increase due to  the consequent introduction of a non-polar 
double bond, or the formation of a three-, four-, or five-membered 
ring. The observed values of the parachors (Table 11) are con- 
siderably less than those calculated for the compounds C,H,CI,S. 

TABLE 11. 
Calculated and Observed Parachors. 

The calculated parachors are obtained by the summation of the 
requisite atomic and structural constants (Sugden, loc. cit.), and the 
observed parachors from the expression M x y"D, where M is the 
assumed molecular weight, y the surface tension and D the density, 
both a t  the same temperature. 

Trichloro-compound. 
Formula. [PI calc. 

C,H,Cl,S ....................................... 350.0 
C,H,Cl,S containing : 

( a )  &membered ring 324.3 
( b )  4-membered ring 327.4 
(c) 3-membered ring 332.5 
(d )  non-polar double bond ............... 339.0 

..................... 1 ..................... 

..................... 

Tetraciiloro-compo2inrl. 
C,H,Cl,S ....................................... 387-2 
C,H,Cl,S containing : 

..................... 

..................... 
( a )  5-membered ring 361.6 
( b )  4-membered ring 364-6 
(c) 3-membered ring 369.7 
( d )  non-polar double bond ............... 376.2 

..................... 

31. [PI obs. 

193.5 341.9 

191.5 338.4 

228.0 377.4 

226-0 374.1 

and C,H,Cl,S, and are, within the limits of experimental accuracy, 
identical with those required for the compounds C,H,Cl,S and 
C,H,Cl,S, each containing a non-polar double bond, i.e., for com- 
pounds having the structural formule (I and 11) suggested above. 
Association does not account for the lowness of the experimental 
values, for the liquids have normal molecular weights, determined 
cryoscopically in benzene. Differentiation in this way between the 
alternative formula for the trichloro-compound is not possible, since 
position isomerism has no effect on the magnitude of the parachor. 

Finally, the gradation of other physical properties in the series 
pp'-dichlorodiethyl sulphide-trichloro-compound-tetrachloro-com- 
pound is more in harmony with the present view of the constitutions 
of the latter two compounds than with that accepted by Mann and 
Pope, This is particularly evident when a comparison is made with 
an analogous chlorinated series, such as, for example, that based on 



CHLORINATION PRODUCTS OW PP'-DICHLORODIETHYL SULPHIDE. 159 

ethylene dichloride 5 ~ 3  parent substance. I f  the tri- and the tetra- 
chloro-compound are simple substitution derivatives of pp'-dichloro- 
diethyl sulphide, the gradation of properties might be expected to 
correspond approximately with that in the series ethylene dichloride 
trichloroethane-s-tetrachloroethane. If, on the other hand, the 
compounds in question are chlorinated but unsaturated derivatives 
of p'-dichlorodiethyl sulphide, the corresponding chlorinated hydro- 
carbon series would be ethylene dichloride-trichloroethylene-- 
perchloroethylene. Prom Table I11 it is immediately apparent that 

TABLE 111. 
Comparison of Physical Properties. 

Log 
Compound. B. p. I$'. JI/D. DiE. VAO.. 7) A IV. 

Pfi'-U ichlorodiethyl sulpltide series: 
(15 mm.) 

Dichloro-compound 107' 1.2746 124.7 0.043 

Trichloro-compound 107 1.4315 133.8 0.028 

Tetrachloro-compound 124 1.537 147.0 0.039 

(CHaC1'CHg)zS 4- 9.1 

C,H,Cl'S'CCl:CHCI -t 13.2 

C,H,Cl'S'CCl:CCl, 

Ethylene dichloride series : 
(a) Chlorine substitution with unsaturation. 

Ethylene dichloride 

Trichloroethylenc 

Perchioroe thylene 

CHzCl'CHzCl 

CCI :CHCl 

cc1,:cc1, 

(760 inm.) 
84 1.252 

88 1.477 

121 1.623 

79.0 

89.0 

102.2 

f 10.0 

-I- 13.2 

0.0084 

0.006 

0.009 
. .  

(6) Simple clilorine substitution. 
(560 mm.) 

XthyIenc dicliloritlc 84 1.252 79.0 0.0084 

Tnchloroethane 114 1.443 02.4 0.012 

s-Tetrachloroethane 146 1.600 104.9 0.017 

cH,Cl'CH,CI + 13.4 

CHCI1'CHpC:l + 12.5 

CHCl,'CHCI, 

3.634 

3.447 

3.591 

2.024 

2492 

2.954 

3.924 

3.070 

3.230 

l)iff. 

-0.18 

-1-0.144 

-0.132 

+0.162 

-1 0.145 

iu.151. 

t'he latter alternative is more iii keeping with the facts. The very 
small increase in boiling point on passing from Pp'-dichlorodiethyl 
sulphide to the trichloro-derivative (so inappreciable under reduced 
pressures as to preclude separation of the two compounds by 
fractional distillation), the diminished increment in molecular 
volume ( M / D )  at 20°, and the decrease in viscosity (q), followed in 
each case by normal increments on passing to  the tetrachloro- 
compound, all find their parallel in the series ethylene dichloride- 
trichlor oet hylene-perchloroet h ylene, and are in striking contrast 
with the regular progression in properties characteristic of a simple 
substitution series such as ethylene dichloride-trichloroethane- 
s- tetrachloroethane. 

The whole of the evidence indicates that the products of ohlorin- 
ation of pp'-dichlorodiethyl sulphide described by Mann and Pope 
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as app'-tri- and apPP'-tetra-chlorodiethyl sulphides are in reality 
di- and tri-chlorovinyl P-chloroethyl sulphides respectively. 

It is proposed to  attempt the synthesis of the true app'-tri- and 
a p p p'- tetra-chlorodiet hyl sulphides by condensing p - chloroethyl 
mercaptan with mono- and di-chloroacetaldehyde in the presence of 
hydrogen chloride. 

E X P  E R I  M E N T A L ,  

Preparation and Analysis.--The chlorination of (jp'-dichloro- 
diethyl sulphide and the separation of the products of chlorination 
were effected in the manner described by Mann and Pope (loc. c i t . ) ,  
the tetrachloro-compound being for convenience prepared by the 
direct chlorination of the trichloro-compound previously obtained. 
The individual products were subsequently purified by repeated 
fractional distillation through a Dufton column a t  15 mm. pressure 
and obtained as colourless liquids, 

(1) pp'-Dichlorodiethyl sulphide : M in benzene, 158; m. p. 
14.4"; b. p. 107"/15 mm. (Steinkopf, Herold, and Stijhr, Ber., 1920, 
53, 1007, give 108O/15 mm.) (Found : C, 30.3; H, 5.0; (31, 44.6. 
Calc. : C, 30.2; H, 5.0; Cl, 44.6%; 31, 159). 

( 2 )  Trichloro-compound : M in benzene, 190; b. p. 107"/15 mrn. 
(Mann and Pope, Zoc. cit., give 106-5-108"/15 mm.) (Pound : 
C, 24.75, 24.7 ; H, 2-75, 2-75 ; C1, 55.5, 55.8. Calc. lor C,H,Cl,S : 
C, 25.1 ; H, 2.6 ; C1, 55.6% ; M ,  191.5). 

(3) Tetrachloro-compound : M ,  in benzene, 225 ; b. p. 124O/lS mm. 
(Mann and Pope, Zoc. cit., give 123-125"/15 mm.) (Found : C, 21.4, 
21.45; H, 2.0, 2-05; C1, 62.6, 62.8. Calc. for C4H,C14S : C, 21.25; 
M, 1.8; C1,62*8?(,; M ,  226). 

(4) aupppp'-Hexachlorodieth~l sulphide : - i i ,  in benzene, 297 ; 
b. p. 160°/15 mm. (Mann and Pope, Zoc. cit., give 160-161"/15 mm.) 
(Found : C, 16.1 ; H, 1.5; Cl, 71.6. Calc. for C,H,Cl,S : C, 16-2; 

The chlorine values for the tri- and the tetra-chloro-compound, 
respectively, were obtained after 12 and 60 hours' heating at 300". 

Hydr0Zysis.-~4 comparison of the rates of hydrolysis was made 
by refluxing approximately 0.12 g. of each of the substances with 
50 C.C. of water for 15 minutes and rapidly titrating the liberated 
acid with standard bartya solution (Found : C1, 43.6, 3.6, 2.6, and 
17.25% for the di-, tri-, tetra-, and hem-chloro-compound, 
respectively). 

Densities.-The densities of @ p'-dichlorodiethyl sulphide and of the 
tri- and the tetra-chloro-compound were determined at 20" and 25" 
with a calibrated density bottle of approximately 5 C.C. capacity. 
The values obtained are in good agreement with those recorded in 
the literatlpre (Mann and Pope, loc. cit. ; Wilkinson and Wernlund, 

H, 1.4; C1, 71.7% ; M ,  297). 
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J .  Arner. Chem. Xoc., 1920, 42, 1382) : pp'-dichlorodiethyl sulphide, 
D;? 1.2746, Qf" 1.2693 ; trichloro-compound, DF" 1*4315, D;' 1-4255 ; 
tetra,chloro-compound, D:T 1.537, D:? 1.531. 

The densities and boiling points of the chlorinated hydrocarbons 
quoted for comparison in Table I11 are taken from the International 
Critical Tables, Vol. I (National Research Council, U.S.A., 1926). 

Xurface Tensions.-The surface tensions of the compounds were 
measured by the method of maximum bubble pressure (Sugden, 
J., 1922, 121, 860; 1924, 125, 27). The bubblers employed were 
calibrated as described in the reference quoted, their constants 
being : 

Apparatus .................. 1 J 3 4 

K ,  = 0.69 B,g ............ 82.51 82.24 75.14 72.5 

Apparatus .................. 5 6 7 

K ,  ........................... 0.01325 0-01403 0.01339 O * O l Y S l  
0.1215 0*1110 0-1071 R, (cm.) ..................... 0.1319 

K ,  ........................... 0.01475 0.01055 0.02664 
R, (cm.) ..................... 0.1215 0.1433 0.0796 
K ,  = 0.69 R,g ............ 52-24 96.97 53-88 

The surface tension (7) is obtained from the equation y = K,(P + 
K,D), and the parachor calculated from the expression N y ' / ( D  - d) ,  
where P is the difference in the pressures required to liberate bubbles 
from the two tubes, expressed in dynes/cm.3, D and d are the 
densities of the liquid and vapour respectively at the temperature 
of measurement in g./c.c., and M is the molecular weight. 

Temp. 
20" 
25 
25 
25 
30 

30 
S O  
20 
35 
35 

Trichloro-compound (M = 191.5). 

4 1963 104 40.9 
7 1430 76 40.1 
2 2666 117 40.3 
6 3669 138 40.2 
3 2871 107 39.9 

App. No. P. K,D. Y. 

Tetrachloro-compound (M = 226). 
6 3799 149 41.7 
5 2735 126 42.2 
1 304 1 127 42.0 
6 3752 149 41.2 
5 2668 126 41.2 

Parachor. 
338.3 
338-1 
338.5 
335.3 
339.1 

Mean 335.4 

373.6 
374.8 
374.3 
374.0 
374.0 

Mean 374.1 

Viscosities.-The viscosities of p p'-dichlorodiethyl sulphide arid 
of the tri- and the tetra-chloro-compound were determined at  20" 
in an Ostwald viscometer by the method of Scarpa (Gaxxetta, 1910, 
40, ii, 261). The instrument was calibrated with water, and the 
calibration checked by means of pursed benzene and carbon 
tetrachloride. 

The viscosities of trichloroethylene, trichloroethane, and s-tetra- 
a 
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chloroethane were similmly determined. Those given in Table I11 
for ethylene dichloride and perchloroethylene are the values obtained 
by Thorpe and Rodger and quoted in Landolt-Bornstein-Roth 
“ Tabellen ” (4 Adage, 1912). 

Surnmury. 
Analytical, chemical, and physical data are given in support of 

the view that the products of chlorination of p p’-dichlorodiethyl 
sulphide described by Mann and Pope (J., 1922, 121, 594) as 
@P‘-tri- and c@pP’-tetra-chlorodiethyl sulphides are in reality 
dic hlor o - and tr ic hlor o -vinyl p - c hlor oet hyl sulp hides, respectively. 

sir W. J. Pope and Dr. F. G. Mann have read the manuscript of 
this paper and concur in the general conclusion that their tri- and 
tetra-chlorodiethyl sulphides are really substituted vinyl ethyl 
sulphides, but adhere to the disposition of the chlorine atoms which 
they previously suggested. 
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