
The interesting physical and chemical properties possessed by 
triethylene tri- and tetrasulphides (RQ, /. C. S., 1920, 117, 1090; 
3922, 121, I 207) and benzylidene diethylenetri- and htrasulphides (pay, 
1. C. S., 1924, 125, r r41) led the present authors to undertake a more 
detailed investigation of a further series of cyclic polysulphides and their 
derivatives. It was anticipated that the reaction between dichloracetic 
acid and dithioethylene glycol would take the following course :- 

resulting in the formanon of the poiysulphide (I). When, however, 
a mixture of equimolecular quantities of the acid and the mercaptan 
was either heated on the water-bath or gently boiled on the sand-bath, 
a compound with the composition, C,HI,S,, was isolated. The 
reaction can evidently be expressed in the following manner :- 

No reaction takes place if benzene is used as the solvent. But 
when dichloracetic acid and ethylene mercaptan are heated in xylene 
solution three isomeric compounds are obtained : one melting at 192- 
1 9 4 O ,  another melting at 83-84' and the third, a liquid, all having 
the empirical formula C,H,S,, which is the cyclic polysulphide 
(111). 
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g t  is extremely probable that the above compounds represent &fier- 
ent polymerides of (111). 

Ethyl dichloracetate and potassium d i t h i ~ e t h ~ l e n e  giycol gave rise 
to two diffeient oily products which conform to the formulae (1V) 
and (V). 

The con~pound (V) was formed in smal! quantities only. Attempts 
were thcrcfore made to convert compou~d (IV) successively into 
compounds ( I )  and (IIJ) by the usual niethods of hydrolysis and 
heating. But all aiteinpts to obiain the iztter iailrd owing probably 
to the difficulty in identifying the degradation products. The investi- 
gations of R%y (Zoc. lit.) and others (Promm and Engler, Bw., 1925, 
58, 1916, etc.) show that many of the cyclic polysulphides can 
exist in sevcral polymeric forms. 'The failure to ide~t i fy  the prcduct 
of hydrolysis and heating of compound ( IV)  as any of the corap~nnds 
( I i I )  must be ascribed to the production of other polymers. Even the 
simplest co:npound ethylene disuiphide has been obiained in four or 
five poiymeric forms (ziide Experimental). The expected compound 
(1) was however obtained by the interaction of potassium dichlorace- 
tate and potassium ditilioetilylene glycol in alcoholic solutioii. 

Trichloracetic acid I-eacted with ethylene mercaptan under various 
conditions. No cyclic polysulphide containing the acid residue was 
formed in any of these reactions, the trichloracetic acid molecule only 
functioning as the oxidising agent by converting the mercaptan into 
various poiyrneric disuiphides, except in one case oniy when a 
crystalline compound, 1n.p. 95-96O identical w i h  the compound (11) 
was formed. The  forniation of this compound goes to show that 
trichloracetic acid is first reduced to dichloracctic acid which then 
reacts with the mercaptan to give rise to the compound (I;) thus: 

CC1,~C0,H+C,W,(SH),=CHCiZ~C02H+C2H1SZf HCl. 

EXPERBMEYTtaL 
Intevactioinn o f  Ethylene Meercapta?~ and  Dichlo~acefic Acid.- 

Six grams of the mercaptan (2 mols.) and c/ grams of the acid ( I  mol.) 
were heated together either on a water-bath or gently boiled on asand- 
bath ior several hours. Copious evolution of hydrochloric acid, 
carbon dioxide and sulphuretted hydrogen tool; piace. The dark 



violet mass solidified on cooling and was well-washed with dilute 
caustic alkali and then with water. T h e  aikaiine wash water on acid& 
cation gave a very scanty green precipitate, insufficient for purification 
and analysis. T h e  brown residue was extracted three or four times 
with hot alcohol. The  filtrate on concentration gave a crop of 
brownish needle-shaped crystais of pentamethylene tetrasulphide (11) 
which were recrystallised from alcohol until they became white, m.p. 
960 (Found : S ,  65.8; C, 29'83; JiI, 1-52. (3,HLOS, requires, S, 64.6; 
C, 30.3 ; H, 5'1 per cent.). The  ~xsidue  was then successively and 
separately extracted with acetone, benzene and nitrobenzene. The 
products obtained by evaporating the solvents were faund to be 
polymers of ethylene disulphide. 

I l z twac t io~~  o f  Etkyleze Mcrcapta~z mzn' Dicklovncetic Acsd ilt 

X y h e  Soldon.--Four grams of the mercaptan (2 mols.) and 6 grams 
of the acid (I mol.) were heated together in 30 C.C. of xylene for about 
29 hours. Evolution of hydrogen chloride, carbon dioxide and sul- 
phuretted hydrogen took place. The  solution was concentrated on 
the water-bath to about 10 C.C. and cooled. A granular crystalline 
precipitate was obtained. This was filtered, washed with cold alcohol 
and repeatedly crystallised from hot xylene. Fine yeliow granular 
crystals of trimethylene disulpnide ( I I I ) ,  m.p. 192-194~ soluble in 
benzene were obtained (Found : C ,  34.3 ; H, 6.4. C3H,S2 requires 
C ,  33.96; H, 5.6 per cent.). 

The  filtrate after the separation of the yellow substance was dis- 
solved in benzene and well washed with dilute caustic alkali and 
water. I t  was then filtered, dried with fused calcium chloride, again 
filtered and then evaporated. An  oil mixed with a crystalline subs- 
tance was obtained. The  oil was extracted with a small quantity of 
ether leaving the white crystalline residue. After filtration the ether 
was driven off and the oil again extracted with a small quantity of 
ether. Finally on evaporation the ethereal solution gave a slightly 
brown, heavy oil with a sweet odour (Found: C, 34.2 ; H ,  4.6; 
S, 61~38. C3H& requires C ,  33'96; PI, 5-6 ; S, 60.38 per cent.). 

The white crystalline mass mentioned above was repeatedly 
crystallised from large amounts of ether in which it is very sparingly 
soluble. White granular crystals, m.p. 83-84O were obtained (Found: 
C, 33'51 ; f-f, 4.98. C3H,S2 requires C, 33.96 ; H, 5% per cent.). 

In the above reaction the yield of the yellow product was the 
largest whilst the other two were formed in small quantities only. 

Interactiolz o f  Ethyl DuhZwacetnte and  Monopotassilrm Ethylefze 
Mercapta7z.-The potassium salt (g  grns.), the ester (5.5 grns.) and 
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50 C.C. of anhydrous alcohol were refluxed together lor about 5 hours. 
The soEution was filtered hot from the solid precipitate of potassium 
chloride, evl.porated to dryness and the residue extracted with benzene. 
The benzene solution was first shaken with dilute caustic alkali and 
then with water, fiitered, dried, again filtered and the benzene 
removed.. The  oil thus obtained was repeatedly extracted with cold 
alcohol or ether. The residual oil mas dissolved in benzene, filtered 
and evaporated to dryness when a brownish thick odourless oil was 
l e k  This is ethyl dlethyiene tetrasulphido-acetate (V) (Found : S, 
47.27; C, 34'35 ; 1-1, 5.94. CsH,,O,S, requires S, 47.4r ; C9 35.55 ; 
H, 5-19 per cent.). 

The  ethereal solution was evaporated to dryness and the residue 
extracted with a small quantity of ether leaving some insoluble oily 
and solid matters. The soiution was evapxated and the previous 
process repeated several times until at last a transparent thick oil, ethyl 
ethylene disulphido-acetate (IV), with a pleasant oclour was obtained 
(Found : C,  39.8 ; H, 5-89 ; S ,  35.34 CsHlr,OzSz requires C: 40.4 ; 
H, 5-6 ; S,  36.0 per cent.) 

'E'his oil wzs formed in larger amount i n  comparison with the 
previous one. I t  was dissolved in absolute alcohol and boiled with 
the calculated quantity of alcoholic potash for about two hours. The 
whole mass was evaporated to dryness and the residue dissoived in 
water and acidified with dilute hydrochloric acid. The turbid liquid was 
extracted with benzene and the benzene extract evaporated to dryness. 
The percentaije of sulphur in this acid shows that it is most probably 
ethylene-disulphido-acetic acid (I), with which its pro2erties corres- 
pond (Found: S, 41-95  C,I-I,CP,S, requires S, 42.66 per cent.). 

17ztcvaction of Potassium ~ic'L~omcefateam? &'oizopoLmsiwnz ELhyZene 
IWcrcaptan.-Potassjum dichloracetate ( 4 ~ 2  5 grns.), potassium mercap- 
tide (4.75 gms.) and anhydrous alcohol (50 c.c.) were refluxed together 
for about an hour and filtered hot Irom the precipitate of potassium 
chloride. The  filtrate was evaporated to dryness and the solid residue 
dissolved in water, filtered and acidified with concentrzted hydrochlo- 
ric acid in the cold and the turbid solution extracted with benzene. 
T h e  benzene solution was well washed with water, filtered, dried and 
again filtered and evaporated to dryness. The oil thus obtained was 
purified by a repetition of the processes of extraction with a small 
amount of ether, filtration and evaporation-every time leaving some 
brown amorphous residue. A heavy oil (I) of pungent odour, insoluble 
in petroleum ether was obtained. I t  is strongly acid to litmus and 
decomposes alkali carbonates and bicarbonates (Found : C, 32'37 ; 
]H, 4.7. C,H,O,S, requires C, 32-00; H, 4'00 per cent.). 

The  oily acid was neutralised by the required quantity of pure 
caustic potash solution, the solution evaporated to dryness and the 



residue crystallised from alcohol. T h e  p o t a s s i m  salt was obtained 
as a colourless mass (Found : I[<, 19.63. C,H,QS,K requires K, 20.0 

per cent.). 

bsteractbioa o f  Etlzyd T~iciibvacetate and E t h y l e m  M ~ ~ a p t ~ . - ~ h ~  
rnercaptan (10 p s . )  and the ester (10 gn~s. )  were gently heated toge- 
ther for several hours on the sand-bath. Copious evolution of hydro. 
chloric acid and sulphuretted hydrogen was coticed. The  cold solid 
mass after washing with dilute alkali and water, was separated into 
diffe~ent fractions by treatment with alcohol, chloroform, xyIene and 
nitrobenzene. The  products obtained from these solvents were amor. 
phous and found to be polynerised ethylene disulphide. The ester 
was subsequently heated with the monopotassium salt of themercaptan 
and also with its disodium salt in alcoholic and in benzene solutions- 
but only the polymers oE ethylene disulphide were obtained. Next 
the monopotassium salt was shaken in the cold ; ethylene disulphide 
was the only product. 

ipeteraction o f  T~ichlomcet ic  A c i d  a n d  Et&ene iMercaptan.-The 
mercaptan (TO gms.), the acid (9 gms.) and xylene (40 c.c.) were heated 
together for about 2 2  hours (benzene was firstemployed butno reaction 
ensued even on continued boiling) on the sand-bath. Evolution of 
large quantities of hydrochloric acid, carbon dioxide and sulphuretted 
hydrogen gases took place. The  solution was evaporated to dryness 
and well washed with dilute alkali and then with water. The alkaline 
filtrate on acidification yielded no precipitate. The residue was 
refluxed with alcohol, fiitered and the solution concentrated. Fine 
needle-shaped crystals with a slight greenish tinge were obtained. 
These were purified bfi repeated crystallisation from alcohol. Wh~te 
needles, m.p. 95-96O identical with the compound (11) derived from 
dichloracetic acid and ethylene mercaptan were obtained (vide supra). 
The residue after extraction with alcohol was separated into three 
fractions by refluxing with benzene, xylene and nitrobenzene respecti. 
ve!y, but the products obtained from these solutions were all amor- 
phous compounds, identical with the polymers of ethylene disulph~de. 

In conclusion, the authors take this opportunity of expressing 
their gratefulness to Sir P. C. R iy  for his kind interest and help in 
this investigation. 
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