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Historical

In 1903 Von Brau and s’cechel‘é"E showed that thiuram disulphides

on treatment with potassium cyanide were converted into the corres—
ponding thiuram monosulphides. They fowmd that on adding the
cyenogen halides and also potassium cyenide to solutions of thiwrem
disulphides whose general formula may be writien,
RgN%—S-S-ﬁN%
S
sibgtances of the empiricel formulae Sy cé(n Ry )5 were obtaimed,
generally with the production of intense yellow colour, and appear-
anée in the solution of lerge quantities of thiocyanic acid. Ths
supposition that the new products obtained were thiuram monosulphides
wag found to be correct when Von Braun successfully synthesized the
compounds by making use of the reaction between dithiocarbamnic acid
salts and thiocarbamin chlorides thus
Ry -0 - S??:Fi}iﬁé}fbl?'ﬁ ~N R —> R -0 = § = O RptH Cl. N H Ry
S S S S
Von Braun pointed out the need of an explanation for this reaction
gince it seans inconprehensible that a molecule of potassium cyanide
should be cgpable of withdrawing one atom of sulphur from a struct-
ure as represented by the accepted formulation.

-¢-S-8~-20¢-
I I
S S

1. Berichte, 36 2275.
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He offered no explenation of the mechanism of this reaction and

this question has not been solved since.,

Theoretical
The above facts suggested a similar reaction with the disulphide

derived from the oxidation of sthylxanthic acid
2 GH5=0~C -~ S H+ 0 —> °2H5‘°‘$'3‘3'ﬁ‘°“°z“5* K, 0.
S S S
which, as may be seem, has the same disulphide structure as the
thiuvrem disulphides (I). The belief that this reaction should pro-
ceed was further strengthened by the fact that ordinary disulphides
R-S-S5-R, such as diphenyl disulphide, benzyl disulphide, etc.,
were found to be unattacked by potassium cyenide even after prolong-
ed heating. It appeared that the conversion of a di- to a mono-
gsulphide by treatment with potassium cyanide was made possible only
through the particular configuration of these disulphides.
mother fact which indicated the probeble production Of mono-
sulphides derived from ethylxanthic acid and possibly from ite
hanologues was that the thiuram disulphides and "xanthogen® di-
sulphides can both be regarded as derived from formic acid as may

be seen from the following dlagramatic schens
H
2

ROC-S-S-COR —> 2 ROC — SH — > nc-sn)
I (l | Il ™~
s S S s ~
Xanthogen disulphide ] HC - 0H formic
) acid
Hg / °
Ro NO-S~S-CNRg —> 2 IQN(ﬁ-SH — HC-SH}
I I i
S s s s |

Thiuran disulphide



From the above genealogical outline of the two types of com-
pounds in question it becomes apparent that the xanthic aclds are
alkyl-oxy derivatives of the hypothetical dithioformic acid and
the dithiocarbamates are the substituted emino derivatives of dithio-
formic acid.

Since, as 1s shown above, these bodies are in reality very
closely related, the reaction betweem the xanthogen disulphides
and potassig:;l;sderegarded as a very probzble one end as will be
shown later was actually carried out with a large number of the
homologues of ethyl xanthogen disulphide.

This success led to the preparation of a number of the new
alkyl-xanthogen monosulphides R 0-C - S - C—0 R, a description
of which this thesis contains. g g

0f the xenthogen monosulphides obtained up to the time of this
work, the ethyl compownd Cp Hg 0-0 - 5 - 60 Cp Ky

S S
was the only member of this series Known.

This was obtained by Weldez by treating potassium ethylxanthate
and ethylchlorcarbonate (3 mol. to 2) whereby a very complicated
reaction ensues according to the following equation:

3 CgHg OCSSK + 2 CgHg 0COCL —> 2 czﬂsog-s-c‘ioczﬁsmzﬁsocoom 3KCL
S S
After some preliminary work it was found that the product of the re-

action of ethylxanthogen disulphide, and potassium cyanide gave an

I. Thege are also called, Bis (thione carboxyl) sulphide alkyl esters.
2., Jowr. fir Pract. Chem. (2) 15 45.
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identical product melting at 52.5 — 53°C. (Welde 55°C).

The reaction in question was also found to go in the case of
ethylcarbonsulphige, which is prepared by treating the potassium
salt of ethylthiolcarbonic ac?.d - "Bender's Salt" - with lodine in
the ordinary weay.

2 czﬁsocg- SK + I, —> Csglg og-s- s—ﬁ—o CoHg + 2 KI

0 0 0
on treating it with potassium cyanide this disulphide
CoHg o<‘3\ - 8- ﬁ~002H5
0 0
was converted smoothly to the corresponding monosulphide as described
in the experimental part.

0f the aromatic or aryl-oxy derivates of dithioformic acld, the
only alcohol which gave promising results was benzyl alcohol. These
were only Investigated in a quelitative wey and no definite conclus-
ions can be drawn. As far as can be judged from some preliminary tests
the indications are that benzylxenthogen disulphide can be partially
desulphurized by potassium cyanide to the corresponding monosulphide.

It seans of some Importance in this work to arrive at some in-

terpretation of the mechanism of this reaction since this does not
seen 1o proceed in a straightforward manner and similar examples
are not to be found.

The preparation by the action of oxidizing agents (e.g. iodine)
in compounds containing fhe thiol group - SH clearly points to the
structure X - S - § - X for disulphides, but 1t is proposed that

T. Debus Annalen __75 1423,
2. Bender Annalen 148 137,




the moleculs of these disulphides exist in two tautameric forms

‘which may be represented by

S S
l i
R- 0—!0 R-0-C
{
A S —_— S§ =8 B.
l < |
S R-0-C
| i
R~0-C S
1
S

and that an equilibrium exists between the A and B forms. This
explains the structure of the monosulphides end also the ease with
which & sulphwr atom, attached to sulphur entirely mey be withdrawn
from the molecule. This view is supported by Kuster and Heberlein's
work on the constitution of thes polysulphides of the alkall metalls:s,
wherein these workers came to the conclusion that these polysulphides
have the general formula, Mg = S.Sy which Holmber%- maintains 1is
also the general formulation of the alkyl polysulphides. |

According to Holmberg then ethyldisulphide should be writien
Collg - S — CgHg and not CyHg— S = § — CyHg although these di-
sulphides a;e prepared by the oxidation of mercaptans.

The writer believes that the reason wiy such simple alkyl di-
gulphides are not partially desulphurized by potassium cyenide to
give thio-ethers is due to the influence of the alkyl groups ( or
aryl, in the case of aryl disulphides), and that if these swb-
gtituents are replaced by a residue like {R 0 ﬂ the strength of

S

I. Zeitsohr. f. anorg. Chem. 43 53,
2, Annalen 359. 81



th.e bond between the two sulphur atoms is weakened to such an ex-
tent that potassium cysnide under those conditions 1s capgble of
oxidizing itself to the thiocyenate.

A8 a proof of this it was found that although di-benzyl di-
sulphide is not affected by this reducing agent the corresponding
tetrasulphide is reduced completely to the disulphide, the presence
of thiocyenate ions being easily demonstrable in the reaction mix-
ture. The reaction in this case, however, differs fram the reactlion
in question in that, in the former, di- and also poly-xanthogens
are reduced to the monosulphides, while in the latter case reduct-
ion goes only as far as the disulphide stage.

It may be noted also that in the proposed equilibrium the B
form must predominate to a large extent since the desulphurization
takes place instanteously (with evolution of heat) whereas 1f the
equilibrium was the other way gbout it would take an apprecisble
time for one form to change into the other during the reaction.

It is interesting to note that while thiuram disulphides and
most bis (thione carboxyl) disulphide alkyl-esters are colorless,
their corresponding mono-sulphides are all intensely golden yellow,

indicating that possibly the growing —(]3l - S - C- 1s responsible
i

for the colour. S S
Similar growplings such as -c& - 0 - C foumd in thg thio carbamin-
I i ‘[ )
oxides O0(CS. NRg)s» S s and -(ﬁ - N - 0~ found
]
s S

1. Billeter Berichte 20 1629.
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I
in the substituted dithiobiurseis R N (CS NRg)g invariably glve

yvellow canpounds.

Many side 1ssues bearing on this problem have not beem worked
out owing to lack of time, for instance (a) the search of other
types of molecules which lend themselves to the desulphurizing action
of potassiun cyanide; (b) the action of other reducing agents; (c)the
effect of more than one molscule of potassium cyenide per molecule
of dixenthogen. (From the writer's experience it seems that some
complicated side reactions take place since in some ceses whers
exceas potassium oyanide was added, derk coloured solutlons were
obtained, especially after a lapse of a few hours); and (d) the
action of one, two, three and more molecules of potassi%ﬁgr} d'?he
xanthogen polysulphides whose generel formula may be written

ROC~-S-COR
/I
S Sx S
where X may have a velue wp to four.

0f other possible molecules which would react with potassium
cyenide, 1t seems that benzomercapto thiazol disulphide should un-
doubtedly react becsuse it mey readily be seen that the cerbon atoms
holding the sulphur are attached to nitrogem as in the thiurem di-
gsulphides and also to sulphwr as in both the xanthogens and the

thiursm disulphides. In other words, it is only a cyelic thiuwram

I. Billeter 'Berichte 21 102, 26 1681



7a

disulphide as may be seen from the two following formulationsi-

c-s-c/N N a
C~-8~20
VN BN

di-phenyl thiuram disulphide benzo mercepto thiazol disulphide

- Although the nitrogen and sulphur atoms form part of a ring
gyatem still both these gtructural influences should lead to a

positive result.
I
Benzoyl disulphide seems to be another campound whic¢h should

react with potassium cyanide to give benzoyl monoaulphidé.

c-s-c C-—S-—C
KCNY —
+ KCXS

Other compounds which it is proposed 1o subject to the action of

potassiu cyenide later arei-
(a) Di-thio acyl disulphides RC~-S-CR and
s s s
(b) the disulphides from thiowrethanes, e.g.
CoHg~0 ﬁ - Sg- 3”0‘0235'
NCgHg N-CgHg
It 1s not difficult to confirm by synthesis the structure of
the monosulphides which have been obtained by the action of potass-
iuz cyanide on disulphides. The synthesis of the bis (thione caxrd-

oxyl) sulphide ethyl ester might for exeantple be worked out in an

I. Engelhardt, Malyschew and Latschinow. gelitschrift fur chemie
1868 357.



analogous way to Von Brawm's method of arriving at the constitution

I
of the thiuram monosulphides, namely by treating potassium ethyl

xanthate with the acid chloride of ethyl xanthic acid in the follow-
ing way:-

C2H50-C - s;}_:gg}g 0 Cply —> CpHg0-C - § - ?‘—o G, Ho+ K Cl.
S S S S
This acid chloride, however, is very dirfficult to obtaln, and
involves the use of thlo-phosgene for 1ts preparation thich = present
is procurable only in Germany. It was found however that the synth-
esis of the analogous bils (thiol carboxyl) sulphide ethyl ester may
be very simply carried out using the oxygen snalogue of the acid
chloride of ethyl xanthic acid namely ethyl chlorcarbonate
Coll5-0-C - C1.
0
The reaction is represented thus -
cznso-ﬁ -Cl1+K; S - cl;l -~ 0 Coliyg —> cznso-ﬁ -8- ?-o o e + KCL.
0 0 0 0
I II IIX

2
This chomd(III) was prepared many years ago by V.Meysr by

acting on ethyl chlor carbonate with sodium disulphids.

o —— - - = - —

cgﬁso—cﬁ—{cn Na—S—Na fcﬁ;f—c— 0-CoHg —> °2H5°‘Cu’ -s - c[:— 0- ol +KC1
- bmooe s I 1
0 0 0 0

I. See page 1.
2. Berichte 2 298,



The compound obtained by either method corresponded entirely with
the compound obtained by the reduction with potassium cyanide and
from the similarity in structure between the thiol carbonates
R-0-C - 8 K and the xanthates R-0-C - S K 1t 1s permissable

; g
to acecept the structurse of the bis (thione carboxyl) sulphide

esters as 9
R-0-C7
S

v
R“O"G\S

Bxperimental

To test the action of potassiumn cyanide on aryl disulphides,
phenyl disulphide was made as indicated by Hubner and Alsberg].:
The melting point of this compound was 61.5°C.

Oone molscule ( 5 grams) of phenyl disulphide and one nolscule
(1.48 g) of potassium cyanide were refluxed with 50 c.c. of alcohol
for one hour. That some reaction took place was apparent from the
odour and colour of the reaction product. The colowr turmed to dark
reddish brown anc} the liquid smelt of thiophenol. On diluting with
water almost all the original disulphide was precipitated. After
purification 1t melted at 63°C.

on repeating the above experiment using two equivalents of
potassium cyanide, a reaction ssemed to take place since small

gnounts of an smmonium compound separated in the condenser and

l. Annalen 156 330.
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thiophenol was present in the solution after acidification.

From the above experiments it is concluded that under these
conditions phenyl disulphide 1s not converted to the monosulphide
by the action of potassium cyanide.

The action of potassium cyanide was also investigated in the
case of benzyl disulphide, the results being negative. Von Bra'fm
also reports that benzyl disulphide remains unaltered by boiling
with the cyanides of sodium or potassium.

After this preliminary work on the ordinary type of disulphides
it was decided to investigate the action of potassium cyanide on
the bis (thione carboxyl) disulphide alkyl esters or "Dixanthogens"

as we have chosen to call these bodies.

Action of Potassium Cyanide on Ethyl Dixanthogen.

Ten graims of ethyl d:lxan1!‘,?nogelf';g were dissolved in about 100 c.c.
of alcohol (95%) and 2.69 grams (1 mol.) of potassium cyanide dis—
solved in the lesast amount of water and diluted with alcohol, were
added at once. A deep yellow colour was developed immediately and
some dixanthogen which remained undissolved in the alcohol soon went
into solution. This was refluxed for one hour. At the end of this
period a dark reddish coloured solution was obtalmned which on dilut-
ing with water ylelded an 01l which ocould not be solidified. A
solid product was sought since it was expected that the monosulphide
obtained should have a higher melting point than?é?.sulphide because

1. Berichte 36 22375
2. Desains Jahrsbericht uber die Forschriftte der Chemie 1847/48,
' 690,
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the bis (thione carboxyl) sulphide ethyl ester prepared by Welds had
a melting point of 54°C.

The same experiment was repeated, only the reaction was carried
out at 50° ¢ for one hour. On adding water to this, a yellow oil was
obtained which on keeping solidified,but not completely, thus in-
dicating that a still lower temperature should be utilized for the
reaction.

Acecordingly 5 grams ethyl dixanthogen were treated in the usual
way with 1,34 grems of alcoholic potassium cyanide. The reaction
was allowed to proceed at room temperature for fifteen minutes.
on isolasting the yellow product it was found to be a very low melt-
ing substance from which after several recrystallizations from
alcohol a small quantity of a bright yellow solid was obtained having
a melting point of 52°C. This must therefore be the bis (thione
carboxyl) sulphide ethyl ester. A mixed melting point with Welde's
substance showed no depression.

It was finally decided to try this reaction in the cold. By
keeping the temperature between 0°end 5°C, an89% yield of crude
monosulphide was obtained, this having a melting point of about
45°C. (5 g (CgH50 C S)g8; gave 3.598(CyHg0 C S)yS.). On re—
crystallization from aqueous alcohol a pure sample of bis (thione
carboxyl) sulphide ethyl ester can be obtained.

Sulphur determination

«1754 g. subst. gave .5835 2. Ba S 04
Percent sulphuwr. Found 45.75. Calculated for (621{50 c S)zs 45.72
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Methyl D:lx‘%pthogen
Desains obtained this compound as a yellow oil. However by

freezing a small sample of this in a carbon dioxide—ether freezing
mixture, it began to orystallize and on "seeding" a carefully puri-
fied sample of methyl dixanthogen it solidified rapidly to an almost
colourless solid melting at 20.7C. On recrvstallizationira%ohol

the compound was obtained as a colourlegs mass of crystals melting

at 22°- 22.,3°C.

Blgs (thione carboxyl) sulphide methyl ester.

¢ Hz0-C - S — 0-0-C Hz
]

‘This was obtainmed by treating 15 grams of methyl dixanthogen
in about 75 c.c. Of alcohol with 4.56 grams of potassium cyanide
in 10 c.c. of water and 10 c.c. of alcohol. The reaction was car-
ried out at 10°C for about one hour and on throwing ths product out
of solution with water an 01l was obtained. This o1l after careful
washing was separated as much as possible from water and dried in a
vacuunt desiceator over sulphuric acides The dried product did not
solidify but on "seeding" a litile with a crystal of ethyl xanthogen
monosulphide, crystallization set in but the whole mass did not
golidify. From the whole reaction product 2.2 grams of fine yellow
needles were obtained having a melting point of 55°C.

Analysis - .1650 g. subst. gave 5990 g. Ba S04
Per cent Sulphur Found 49.5. Calculated for (CHz0CS)yS 50.5

1. Jahrsbericht fur die forschritte der Chemie 1847/48. 674.
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I
N-Propyl Dixentliogen

Normal propyl potassium xanthate (150 grams) were treated with
aqueous lodine as long as the lodine was absorbed. During the re—
action, which was cerried out with mechanical stirring, a reddish
brown oil separated out. Slight traces of iodine were removed with
godium thiosulphate solution. This 01l was well washed with water
to remove potassium iodide and the wet 01l finally dried in vacuo
over sulphuric acid., By. this method (which is used for the prepar-
ation of all dixanthogens) 100 grams of crude n-propyl dixanthogen
wags obtainmed. An attempt to obtain a erystalline product by freez-
ing in carbon dioxide-ether freezing mixtures failed. It seems
that the melting point of this compound must lle below 5°C.

Bls (thione carboxyl) sulphide n-propyl ester

CHg.CHg.CHgO = ¢ ~ § = C = 0 —CHy, CH, .CHg
s

To prepare this substance, 30 grems of n-propyl dixanthogen
were dissolved in sbout 150 c.c. of 95% aleohol and 7.236 grams
potweimci?fizggl) in water and alcohol, were added with cooling
and mechanical stirring. The dixanthogen immediately lost its dark
colowr end gave a light yellow solution. After reacting for about
one howr 1t was diluted with water and isolated in the ordinary way.
This 18 a dark yellow oil, and as the corresponding disulphide
could not be made to crystallize and a distillation wnder vacuo
was unsuccessful, due to the decomposition at gbout 20 mm. of

I. scela. Gazetta Chimica It. 17 80.




14

mercury, it being Impossible to maintain a lower vacuum.
Analysis - .1757 greams subst. gave 5270 Ba S04

Percent Ssulphur. Found 40.05. Calculated for (CzH,0 C S),5 40433

I
Iso-Propyl Dixanthogen

CH CH
5NeH-0-¢ - 5 - ¢ - 0. oHS  °

e
CH oo CH
3 S 8§ 8§ 3

This substance 1is not deswibed in the literature and its
preparation may be csrried out in exactly the same way as the other
dixanthogens., About 100 grams of potassium isopropyl xanthate are
dissolved in water. A considerable tenperature d&rop occurs as is
usual with very soluble substances. A strong solution of iodine
in aqueous potassium lodide 1s now gradually added with vigorous
stirring (mechanical ) wmtil a slight excess of lodine 1s present.
This excess may be removed by emall amounts of the potassium xanthate
or with dilute sodium thiosulphate solution. In this way an almost
theoretical yield of the dixanthogen is obtained as a colourless
crystalline substance. Two recrystallizations from alcohol are
gufficisnt to give a very pure product melting at 58 -~ 58.5°C.

Analysis — .0894 g. substance gave +3072 g. Ba S 0Og4
Percent Sulphur found 47.23 Calculated for (CzHy0 C S)oS; 47.45.

I. This substance may algso be called
Bis ,[(eiso-propyl oxy )-(thio formyl )]- disulphide.
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Bis (thione carboxyl) sulphide iso propyl ester

cH CH

®NcH-c4¢ - 5 -0 -o0-c °

CHg ™ g I CHy
S s

This substance was prepared by reacting with 3.63 grems pot-
assilun cyanide in water and alcohol on 15 grams of the iso propyl
dixanthogen desoribed above. The reaction is complete in a few
minutes, a golden yellow mass of crystals separates out which after
recrystallization from alcohol melts at 52 — 542C.

Analysis:
«2001 g subst. gave +1220 g. Hg0 and +2932 g. COy
Calculated for CgHj40sS 4 Fowmnd
H = 5.,88% 6.77%
¢ = 40.20% 40.10%

It should be pointed out that great difficulties sre encountered
in attempting to analyse for carbon and hydrogen by the ordinary
combustion method. This is due to the large percentage of sulphur
in these compounds. It was found necessary to use slternate gect-
ions of copper oxide and lead chromate, and to heat very strongly
(except the front of the tube) befors mneordant results were
obtained. The somewhat high value for hydrogen may be attridbuted
to the high heat used rendering the lead sulphate formed ustable
and decomposing into the sulphur oxides which might have been ab-
sorbed in the sulphuric acid absorption tube.
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N-Butyl Dixantho gen

GH3.GH2.CH2.CH2-O~% - ? - ﬁ - 0 - CHy.CHy, CH,. CH,
S S 8

This was obtained in exactly the same way as the other dix-
anthogens., It is a reddish brown o0il which it was not possibles to
crystallize even after intense cooling. This compound is also not
described in the l1literature, It was found impossible to distil
these compounds except at exceedingly low pressures otherwise de-
composition takes place, glving amongst other things the correspond-
ing esters of the xanthic acid used, that is, in this case, n-butyl
ester of butyl xanthic acid C4H90 C S S C4llg would be obtained.

The density was detemined at 22°C and was found to be 1.158.

Big (thione carboxyl) sulphide n-butyl ester
C4ig 0 = C - S - C — 0 C4Hg q
F
on treating one molecule of the dixanthogen with one molescule
of potassiumn cyanide in the ordinary way, the dark colour of the
n-butyl dixanthogen disappears and a monoxanthogen is obtained in
good yield having a dark yellow colour. As in the previous cases
this 011 did not solidify even after keeping for some manths and
decompoésition occurs on attempting to redistil it. The density at

22°C is 1l.121.
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1
Iso Butyl Dixanthogen
CH3 CHz
CH—CHz-0-C — § = G = 0 = CHg~CH _
CHz I I CHg

s § 8
Myl:lusi'obtamed this compound by the action of ehlorine

gas on the corresponding potassium iso-butyl xanthate. It was
found that oxidizing with iodine gives much more uniform products
and lessens, to a minimun, the chance of side reactions occurring.
Using the iodine method a 1ight yellow 01l was obtained which could
not be crystallized below -10°C. This is in accordance with Mylius'
observation on this body. The density at 22°C is 1.173.

Bis (thione carboxyl) sulphide iso-butyl ester.

CH e

2™ GH~CHy-0-C - § = C - 0—CHp-CH _ O

CHy - I b CHg
s §

This was obtained from the corresponding dixanthogen in the ordinary
way. This is also a golden yellow o0il unstable to heat even at very

low pressures. Density at 22°C 1is 1.126,.

In the same menner as described in the foregoing pages. the
iso-amyl dixenthogen and the corresponding bis (thione carboxyl)
sulphide 1so-amyl ester were prepared. These did not present any
marked differences in bsehaviour and general properties from the

other hamologes.

pewrm -

1., Mylius Berichte 5 976.
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The following experimental detalls cover many of the unsuccess-
ful attenpts to prepare dixanthogens and the corresponding mono-
sulphides from them. These include same of the products derived
from cyclic alcohols such as furfuryl, cinnamic and benzyl alcohols
and also one dihydric alcohol namely ethylene glycol.

In mest cases xanthates are obtainable and sometimes even dix-
anthogens which are very unstable rendering the work very difficult.
This however does not mean that monoxanthogens are not possible,
it only being a case of proper control of the physical conditions
of the experiments.

Ethylene glycol was the only polyhydric alcohol chosen for the
extension of this work. Since no mono- or di-xanthate had previous-
1y been prepared it was necessary to investigate the possibility
of preparing these compounds. To do this, the first reaction which
occurred to us was the preparation of the di-xanthate through the

digodium derivative of the glycol thus

S

CHg O Na CHy 0 & - S—Na

I + 208 |

CHg 0 Na CHy 0 C - S—Na
f
S

Aceordingly the di-sodium alcoholate was made according to the
1

method of Forcand. This was suspended in excess ethylens alcohol
and carbon disulphide added. This method after some experiment—
ation gave no results.

However, on dissolving potassium hydroxide in excess boiling
ethylene glycol and theh adding carbon disulphide evidence of a re-

action was shown for heat was soon developed and a 1light yellow
Y. Caliptes Renaus t 113 1048, '
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solid separated in a reddish solution. This solid which was pre-
sungbly the mono or di-potassium xanthate reacted with lodine and
gave an o1l which after standing for some days,solidified. This
product however seems to be a mixture of various products which
render it very difficult to investigate.

The nearest approach to a definite compound was made by dissol-
ving the di-sodium glycollate in alcohol (sethyl) and adding two
equivalents of carbon disulphide. After some time ether was added
and the yellow oil obtained allowed to stand for two days when 1t
gsolidified canpletely. This solid gppeared to be heterogeneous
under the microscope and it was found that a fraction could be ex-
tracted with acetone. The fraction obtained 1s an oil which also
solidified on standing. It was found that aqueous solutions of this
gave a white amorphous precipitate with zinc chloride solution.
Analysis for zinc in this compowmd gave a vglue which agreed fairly

well with the value calculated for il

C Hz“ 0"’0 \

AN
s/Zn
¢ Hz—o—cl:(/
S

Analysis - ,1859 grams subst. gave .0569 g. Zno.
Percent zine Found 24.6 Calculated for CgHs05S, Zn  23.6%.

This work was not pursued asny further owing to lack of time.
Cinnamic alcohol was the next substance to offer difficulties
which could not be overcome for the time being. The first, and as

a matter of fact, the only difficulty wses in the DPreparation of the
potassium salt of cinnamy? xanthic acid.
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CgHs- CH = CH — CHg 0 C S S K.

the
An attempt to prepare,.cinnamyl, alcoholate by dissolvin% metal—
1ic potassium in the alcohol gave no results. Using Forcand's
method of preparing sodium salts of high boiling alcohols,
ROH + CzHSONa. —~—‘>RONa+GzH50H.
gave no definite products and the work was discontinued.

2
Nametkin and Kursanoff fowund that benzyl alcohol glves rise

to a xanthogenic acid, the potassium salt of which is quite stable.
Accordingly. a dixanthogen was attempted by adding an aqueous solution
of iodine (in potassium iodide) to a water solution of the potassium

benzyl xanthate.

CHg 0 C - S K CHn0-C -~ S = C - 0 CHy
2 u + 12 u [l | + 2 KI
S

By this proceddure a yellow oil wae obtaimed which after strong
cooling in a carbon-dioxide-ether mixture began to crystallize. It
wags found, however, that this dixanthogen 1s not stable at the tem-
perature of boiling alcohol fram which it was attempted to crystall-
ize 1t. By dissolving it in hot alcohol sulphur is found to separate
leaving behind a red heavy 01l of uncertain composition. The work
on this compound was suspended due to lack of materlials. Neverthe-
less Bince the dixanthogen is capable of existance (at room temper-
ature) it seems very likely that this compound should be capable of
partial desulphuration yielding the bis (thione carboxyl) sulphide

benzyl ester.

lelOCe CclTe
2, Jour. fur. pract. Chemie 112 164.
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It wags found that furfuryl alcohol yielded a hitherto unknown
xenthogenic acid. This is very easily obtained by adding one mole-
cule of aqueous potassium hydrate to a solution of one molecule of

carbon disulphide in one equivalent of fuirfuryl alcohol.

CH - CH CH - CH
I I + CSp+ KOH —> | I
CH C — CHy0 H CH C - CH,0-C S S K 4+ H,0
AN O/ AN 0./'

on treating this potassium salt with i{odine decomposition occurs
Immediately giving a dark amorphous powder, a very dark red oil and
an evolution of gas, probably carbon-oxy-sulphide.
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Dixanthogen from ethyl thiol carbonic acid.

CoHg0-C - S = C = 0--CoH
275 I “ N 275
0 S 0

This body was prepared by oxidizing potassium ethyl thiol carboni-
ate with aqueous iodine aceording to the method described by Debus.

This is an almoet colowrless oil with a very pleasant ethercal odor.

Analysis
1904 g. subst. gave +4170 Ba S Oy

Percent sulphur Found 31.0 Calculated for (021{50 c 0)28 30.5.

2
Monoxanthogen fram —ethyl cerbom sulphide

02H50"C - S -0~ O“Csz
Il I
0 0

When one molecule of the dixanthogen - ethyl carbon sulphide ~
is dissolved 1in alcohol end treated with potassium cyanide (1 mol.),
appreciable heat i1s developed unless precaution is taken to cool
the reaction flask. After about 15 minutes the o1l was thrown out
with water, washed well and dried in a desiccato». The o0il obtained
has a slight yellow tinge and smells not at all unpleasant.

A sulphur destermination gave 17.95 per cent sulphur whereas
that calculated for ( CgHg0 C 0)yS 1s 17.98%. The density of
this campound was found to be 1,158 at 23°C.

1. Amnnalen 75 142.
2+ Also called ethyl ester of thio diearbonic acid.



23

Synthesis of ethyl ester of thio dicarbonic acid.

About 60 grams of potassium ethyl thiol cearbonate are suspended
in 350 c¢.c. of ether and 50.5 grams of ethyl chior carbonate added.
on standing for about half an hour sufficient heat 1is develoved to
couse the ether to boil quietly. It is therefore placed under a
well cooled reflux condenser. This boiling stopped in gpout an
hour. The reaction mixture was then gently heated (umder reflux)
for two mors hours after which time all traces of ethyl chlor carbon-
ate disappeared. The separated potassium chloride 1s then filtered
off and the ether distilled. This procedure gave 57 g. of a light
yellow o1l having a1l the properties of the ethyl thio dicarbonate
prepared by the desulphurization of ethyl carbon sulphide.

Analysis
2535 g. stbat. gave 3320 g+ Ba S 04

Percent sulphur Found 17.93 Calculated for (cszo c 0)23 17.98

In connec;:lon with this gynthesis 1t is interesting to note that
Whesler & Dugtin make the statement that they found 1t impossible
to obtain any stralghfforward reaction between ethyl chlor carbonate

and potassium xanthate or potassium ethyl thiol carbonate, but
always obtained decomposition products. These experimenters des-

eribe thelr experimental work very inadequately e.g. "When 55 grams
of potassium xanthate and 37 g ethyl chlor carbonate were allowed
to react"..... Evidently these workers used no diluent and hence
the various decanposition products due to the hsat developed. In

owr work the temperature never rose above the boiling point of ether

l. An. Chenle JOUT. _?_4_ 443,
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and as recorded above the synthesis was successfully accomplished.

Action of Potassium Cyanide on Benzyl Tetrasulphide.
This work was carried out to link up and also to confirm our

theory of the structure of the dixanthogens. As may be remembered

we postulated the following configuwration for these compounds

R- o—c/

>s I
R-0-0C

where the sulphur does not exist in a chain so

R-0- c/
s
1 II.

S
R-0-0{

~~s
-Algso, it was owr contention that the reason why aryl or alkyl di-
sulphides do not lend themselves to partial desulphurization by
potassium cyanide is due to the influence of these groups. If how-
ever polysulphides are treated it is found that these are desulphur-
ized to the disulphide stage.

wag prepared
Benzyl tetrasulphide,. by treating sulphur chloride with benzyl
1l

mercaptan in carbon tetrachloride. This compound is a colowurless

substance very difficult to crystallize and melting at 49°C.

l. Smythe & Foster Je Chame. SocC, -?.Z. 1195,
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1
Thomas and Jaes, from their work on the action of the alkall

polysulphides on organic halides can{e to the conclusion that tetra-
sulphides such as benzyl tetrasulphide are incapable of existence
but immediately break down into benzyl disulphide and benzyl pente—
sulphide, according to the equation
3 RpSy —7 2 BpS5 + RpSy

This view that organic tetrasulphides are incapable of existence
does not seem to be well founded since the arrangement of the sulphur
atoms in sulphz chloride S50l may not be the same as in sodium
tetrasulphide NasS,. However the ceose may be it is certain that
at least some, if not most of the product, consisted of polysulphides.

When 5 grdans of the benzyl tetrasulphide was treated with
alcoholic potassium cyanide (2 mols.), an immediate reaction took
Place whereby an intense yellow colour is developed which gradually
faded, completely. On cooling and diluting the alcohol somewhat, with
water, beautiful colourlsss crystals of benzyl disulphide melting
at 70.5 to 71°C were obtained in an almost theoretical yield. The
wash waters on addition of ferric ilons turn an intense blood red
colour thus indicating the oxidation of potassium cyanide to

potassium thiocyanate.
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Sumnary .
1. Potassium cyanide does not remove sulphur from phenyl disulphide

or benzyl disulphide. It does, however, remove sulphur from
benzyl tetrasulphide, converting the latter into benzyl disulphide.

2. Potassium cyanide removes an atom of sulphur from the alkyl esters
of thione-carboxyl disulphides, RO -CS— S5—CS - OR, converting
them into monosulphides, RO—CS—S-CS—OR. In this way the
following new monosulphides have been prepared:-

CHz0 CS S S OCHz MmepPs 55°C
CzHy0 CS S ¢S 00zHy (normal) 1liquid

CzHy0 CS S CS CgHy (1s0) MeDe 58°- 5845°C
C4Hg0 CS S 0S C4Hg (normel) meDe 52°— 54°C
C4HgO CS S CS 0C,Hy (1s0) liquid

CsHp O CS S CS 0CgHy; (180) liquid

Incident to this work, several new disulphides of the type

RO CS S CS OR, and several new salts (potassium) of xanthic

aclds were prepared. Several disulphides were obtained as

crystalline solids which were previously known only as liquids.

3. Potassiun cyanide removes an atom of sulphur fram the ethyl ester

of carboxyl disulphide, CoHg0 CO Sy €O CoHgy giving the corres-
ponding monosulphide, CqHg0 CS 8 CO 0CoHge The latter compound
has also been synthesized by the following resction:-

C2H50-CO SK + C1 CO 0CgHs —= OgHsG 0O S GO 0CgHs + KC1
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4, Inconclusive experiments were carried out on the xanthates and
thione-carboxyl disulphides from benzyl alcohol, cinnamic
alcohol, furfuryl alcohol, ethylene gylcol.

5. The beering of the results on the matter of the constitution of

the types of organic di- and poly- sulphides 1in question 1is

discussed.
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Same Aspects of the Behaviour of Pure Caoutchouc
With Special Reference to the Influence of Protein.

(A Preliminary)

Introduction

Numerous investigatora have worked on the effect of added
substances, or even the influence of the naturally occurring im-
purities in rubber, on the properties both chamicel and physical
of vulcanized caoutchouc. Since many theories of the action of
vulcanization accelarato%s are based won theilr interaction with
the "resing® or "proteins® occuring in the rubber,while other
theories concerning the physicel structure of this material postul-
ate a colloidal system in which the rubber is the disperse phase
and the proteins and resins form the dispersion medi?m, 1t seeiltts
of some importance to investigate the influence of various com-
pounding ingredients, especially of various accelerators on protein-
and resin- free caoutchouc to ascertain i1f the results obtaimed
will bear out or disagree with the various theories proposed for
rubber structure and accelerator action.

This brief report cantains the preliminary work done on this

problem.

C.We.Bedford & L.B.Sebrell Jour. Indust & Eng. Chem. 13 1034 & 14,25

Bedford & H.Grsay Jour. Indust. & Eng. Chem, 15 720
H. Feucheter Kolloidchem. Beihefte 20 78 & 21 171.
Martin & Davey Jour. Soc. Chem. Ind.” 44 317 = 320 T,

Hauser India Rubber Journal 68 19. 68 1725
Review gen. colloids 3 289%.

HeP.Stevens India Rubber Jowmal 70 1059.
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Experimental

The maturally occurring impurities found in coagulated rubber
are (a) oxygen containing compounds commonly known as "resins”
and (b) nitrogen containing bodies referred to as "proteins."”
Before entering into an extensive survey of the influence on vul-
canization of pure caoutchouc of other materials, it was decided
to investigate the part played by these naturally occurring bodies,
namely resins and proteins.

The method adopted for this was to extract ordinary commercial
rubber with a solution of 70 parts acetone and 30 parts petrolic
ether (by weight) for several days, - the solution being renewed
every twenty—four hours. This extraction is contimued until no
residue can be detected in an aliquot portion of the acetons extract.
In this way all resinous materisls are extracted leaving behind the
proteins enmeshed in the rubber., It was found necessary to extract
gbout five or six times before resin-free rubber could be obtained.

No direct method for dissolving out the proteins has so far
been developed, so that it is found necessary to diffuse the caout-
chouc out and leave the protein enmeshed in some of the swollen
rubber which is not in solution. For this purpose 1light pretroléum
ether was used. This was allowed to remain in contact with the
rubber for sbout one month whereby a two per cent solution of rubber
was obtainmed. This was carefully filtered from bits of undissolved
rubber, and then precipitated with acetone, well squeezed and dried
in vacum desiccator until all entrapped solvent had escaped. By
this procedure only 200 grams of protein-free material was obtained
from about 4 pounds of commercial' pale creps. This small yield,
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however, was sufficient for a preliminary experiment.

This rubber 1is then put through the regular process for con-
verting 1t into a vulecanized product, namely:

(a) Mixing

(b) Vuleanizing

(C) Testing.
As the machines required for these operations had only newly been
secured, 1t was necessary to devote a good deal of time in install-

ing them and developing a satisfactory technique.

The mixing operation is carried out on hot rolls to render the
rubber sufficiently plastic to take wp the sulphur and any other
powders added. The rubber 1s alwsys allowed to run around the front
r0ll, continuously, being cut on the roll by means of a knife and
folded over from time to time, while the compounding ingredients are
being added.

A1l test pieces are vulcanized in moulds. For this purpose
rectangularmoulds were degsigned each to give two slabs of rubber
6" X 2.5" x 0.1", The moulds consist of two solid steel plates,
one being hollowed out to the required depth. These plates are
supplied with bolts and a hook. In all the experiments to be des-
cribed, vulcenization was carried out at 115°C uasing a specially
constructed paraffin o0il bath. The moulds are suspended from the
hooks supplied and subjected to the heat treatment for definite
time intervals, after which they are rapidly withdrawn and immersed
in cold water.

The rubber slabs obtained from the moulds after vulcanization
are then cut into rings or straight test pieces, depending on the
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object of the experiment. These rings are cut by the Schopper
cutting Press constructed specially for this purpose. Three circular
knives are provided. A disc is first cut from the rubber slab by
means of the largest knife which is 56.9 mms. in diameter. The
second largest knife is now substituted and the rubber dise cut by
means of the largest knife is placed in a die into which 1t fits
exactly, this die being fixed by means of screws into holss on the
metal table beneath, so that it 1s concentric with respect to the
cutting knives. This knife cuts a smaller disc and a ring from the
large disc; this ring being irregular on its outer edge is discarded.
The smaller dise, cut by ths second knife, is then placed in a still
snaller die into which it fits exactly and the smallest knife is
substituted and another ring cut as before. This is the ring used
for all tests. The difference in diameter between the two smallest
knives is 8 mms., so that the cross sectional area of our test piecs
1a 4X2.54 = 10.16 8Q. mMs. (EPDTOXe )

These rings are then stretched untii they break on the Schopper
Rubber Testing Machine. The stretching of the rubber is done by
means of a piston driven by hydraulic pressure. The load is applied
by means of a'weighted lever moving against an arc graduated in
kilograms. The load lever which moves against the graduated arc is
arrested automatically when the test piece breaks.

The elongation is measured by determining the distahce between
the two rollers over which the rubber ring to be tested fits. The
lower roller 1s attached to the piston and by means of a catch which

15 released automatically when the sanple breaks it carries the
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extension scale with it. The wper roller is fixed to the load
lever and carries a vernier. By means of am autographic arrangement
consisting of a drum attached to the machine and connected by means
of various pulleys and strings to the load lever and a pen connected
to the extension piston, the stress and strain throughout a test
is recorded as a continuous curve.
In this preliminary work it was proposed to make comparative
tests on
(a) ordinary rubber (as a control)
(b) resin-free rubber
(¢) resin-free rubber plus oleic acid.
(d) protein-free rubber plus oleic acid.
The object of adding oleic acid is that it takes the place
of the extracted resins since 1t was found that the resins consist

1l
largely of fatty acids.

A. Commercial Pale Crepe.

The mix consisted of 100 g. rubber

5 g. sulphur

5 g. zinc oxide ("kadox")

-5 g. 2zinc pentamethylensdithiocarbamate.
This was vulcanized at 115°C for 20, 30 and 40 minutes. Curves # 1
show very plainly the curves obtained with a progressive cure. It
is apparent that although the strength of the vulcanizate does not
increase with the duration of heating it nevertheless becomes much

tougher.

l. G S. Whitby Trans. Institution Rubber Ind. _!._ 12. 1925.
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Be. Resin-Free Rubber

This mix was made in the following way:
100 g. Rubber (resin-free)
5 g+ Zine oxide ("kadox")
5 go Zinec pentamethylensdithiocarbamate.

The rubber used was that which was extracted five or six times
with acetone and petrolic sether, After vulcanization at 115°C for
20, 30 and 40 minutes, Curves # 2 were obtained. These curves in-
dicate at once tremendous changes in tensile properties the removal

of approximately two percent of resins may make.

Cs Resin-Free Rubber plus Oleic Acid.

If, as in the above experiment, the removal of resins decreased
the strength and increased the intensity of the rubber by so great
an extent, then the addition of oleic acid (or other fatty acid such
ag palmetic or stearic) might be expected to bring the stress-—-strain
curve back to its original position (as in curves # 1). This was
actually found to be the case when

100 g. resin—-free rubber were compounded with,
5 g. sulphur,
5 g. 2inc oxide ("kadox"),
5 g. zinc pentamethylenedithiocarbamate,

1.5 g. oleic acid.

curves # 3 give the stress—strain dlagrems for 20, 30 and 40
minute cures at 115°C, whilst Curves # 4 show the 30 minute cures
of all previous diagrams and also of gurves # 5 on one sheet. It
should be noticed (Curves # 4) how close the stress strain curve
of resin free rubber approaches the curve of the original control

gample when oleic acid is added to make up for the deficlency of
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resin. The 20 minute cure, however, is not as far advanced as the

corresponding control.

D. Protein-Free Rubber (and resin-free) plus Oleic Acid.

Since it was shown that on adding oleic acid to acetons ex—
tracted rubber the position of the stress—-strain curve is brought
back to normal, 1t now seemed justifiable in testing for the effect
of proteins to add oleic acid since the material used contained no
resins. |

Accordingly a mix was prepared having the following composition:

100 g+ Rubber (protein-free)

5 g« Zinc oxide ("kadox")

5 g Sulphur

.5 g« Zine pentamethylenedlthiocarbamate
1.5 g« Oleic acid,

This was vulcanized as usual for 20, 30 and 40 minutes at 115°C.

Curves # 5 show graphically the 1life history of test pleces,
cured for various lengths of time, on the tension machine. It is
apparent from the curves that proteins play a large part in deter-
mining the ultimate tensile properties of a sauple of rubber. It
should, howeirer, be pointed out that due to the method of preparat-
ion of this rubber - that is by diffusion - one is not justified in
assuming that they are dealing with essentially the seame rubber as
before the petrolic ether treatment. It is quite possible - though
this point will be further investigated - that a selective diffusion
occurs and that the material represents only certain polymerized

moleculas of caoutchouc.
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Summary

Preliminary experiments show ceclearly that the fatty acids
present in resin of Hevea rubber play an important part in the
vulcanization of rubber, at all events when a catalyst such as

zinc pentamethylenedithiocarbamate is used.

Preliminary experiments indicate that caoutchouc that has been
freed from the "pfotein" that naturally accompanies it is
capable of ylelding only a very much weeker vulcanizate than
ordinary rubber,
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