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I INTRODUCTION

The object of the present investigation wes,
in pavt, to find more satisfactory methods for the pre-
paration of organic disulphides, in particular for the

preparation of the acid disulphides derived from the al-

kyl esters of di thio carbonic acid. There are described

in the literature a number of methods for the preparation
of organic disulphides of the acid type, but none <f these
can be applied to the preparation, in a pure state, of
gsuch disulphides as those obtainable by the oxidation of
the higher aliphatic alkali xanthatesg, which, on account
of their physical properties and unstable nature, cannot
be purified by ordinary methods.

The main object of the present investigation
was the study of the chemical properties of acid disgul-
phides, in particular their behaviour towards alkali cy-
anides, which convert them into the correeponding mono-
sulphides by the removal of one atom of sulphur. It was
proposed at first to confine the study of the action of
alkali cvenidec on acid diculnhides tn their cetion on

di thio carbalkyl disulpnides of the general formula:

_-OR

C =——=8
\\\\S 2 It was soon found, however,
that a more promising line of attack for determining the

mechanism of the desulphurizing action of alkali cyanides



on acid digulphides was to study the desulphurization of
tetra substituted thiuram disulphides. This modification
of the original program is justified by the fact that the
latter show the same behaviour towards alkali cyanides as
the di thio carbalkyl disulphides or dixanthogens. Hence
it is permissible to assume that the mechanism of the re-
action is the same in each case.
Since xany of the compounds dealt with in this
thesis belong to classes of sulphur compounds to which
but little space is cdevoted in text-books, and which are
asualliy aescriveud iu tue literature unaer speciiic uaues,
it will perhaps avoid confusion to indicate here the clase-
ification that has been adopted.
1. Thio anhydrides.
This term will be used to designate collectively
the acid monosulphides derived from thiol acide by the
removal of hydrogen sulphide from two moles of the acid.
R-C=5 * Sm/c—R R-0=8 S§=0-R HpS
~~sH s s o+
where R may be a monovalent oxy alkyl, amino alkyl phenyl
or aromatic radical.
2. Thio acid disulphides.
This term will be used to designate, as & class,

the compounds d@erived from di thio acids, such as xanthic,



di thio carbamic or di thio carboxylic acids, by oxi-
dation.
R-C-8 + 0 . R-C-8 s-2C
\\\S H \\\S -8
3. Thio acid thio cyanates.
This term will be applied to that class of

compounds obtained from derivatives of thio carvtonyl

chlorides by the action of metallic thio cyanates.

+ M

R-0C=-S 4+ MSCN — R-C_-8
\01 \SCN

CJ



IT HISTORICAL

Breparation of thio acid disulphides.

There are described in the literature nurerous
methods for the oxidation of orgenic compounds contain-
ing a thiol group to disulphides. The use of most of
these methods is limited to tiae oxidation of compounds
of the R.SH type, that is, mercaptansc, to their di-
sulphides,RSSR, and only a few can be used for the oxi-
dation of compounds of the RCSSH type to the correspond-
ing disulphides, on account of the unstability of the
free 3i thio acids, in particular zaatuic and Gl tald
carbamic acids.

The oxidizing egent most commonly used up to
the present time is iodine, either in alcoholic or aque-
ous potassium iodide solution. Its use for the oxidation
of metallic xanthates to dixanthogens was firet described
by Desains (1) and Debus (2). Except in the few cases
where the dixanthogen 1ieg a solid, and can be purified
by recrystallization, iodine cannot be used to prepare
pure dixanthogens.

Copper sulphate, in aqueous solution, is
another oxidizing agent which is commonly used. (3).

The main disadvantayzye of using copper sulphate 1s, as

can be seen by the following equation, only half of the



xanthate is converted to the dixanthozen, the other half

being lost through the formation of cuprous xanthate.

Cu 804 + ROCS.SK — (ROCS.8), + K,S04
RCCS.S Cu
Chlorine has also been used as an oxicizing agent (U4),
but gives poor yielcs and impure products on account
of side reactions, such sc formation of hydrochloric

acid which then decomposes some of the xanthate.

Desulphurization of thio acid disulphides to th=

corresponding thio anhydrides.

J. von Breun &nd F. Stechele (5) were the first

to observe that tetra substituted thiuram disulghides

O
h

the type (RoNCS.S), were Jesulphurized by the action

Hh

of potagsium or di &lizyl eanmoniwa cyanides in alcoholic

golution, to the corresponding thiursm =onosulphide.
(R NBS.8), + KCN — (R NCS), S + KSCN

They showed that the thione sulphur atoms cannot be the
point of sttack of the cyanide, for disulphides of the
ceneral structure,

R3C -~ NR RN - CSR

~y
can be partly desulphurized by the cezue agent. They

offer the view that desulphurizetion misht teke place



in two stages, first reduction of the thiuram disulphide
to the"free acid, thencomwersion of the free acid to
the anhydride by the removal of HpS, but do not give
any evidence in support of this view.

Von Braun and Stechele were led to the study
of the action of alkali cyanides on thiuram disulphides
by the observation that the colourless tetrampethyl thiur-
am disulphide, obtained by the action of cyanogen bromide
on dimethyl-ammonium di-methyl di-thio-carbamate in cold
atcoholic solution, gradually chenged over to a deep
vellow compound when left for some time in contact with
the mother liquor, or if the solution is warmed. The
yellow compound was identified as tetra methyl thiuram
monosulphide, and the conversion of the dimethyl ammonium
cyanide formed in the first part of the rezction into
the corresponding thiocyanate indicated that the cvan-
ide was the desulphurizing agent. This was later con-
firmed experimentally by acting on tetra methyl thiuram
disulphide with XCN in alcoholic solution. Von Braun
and Stechele report in the same paper that normsl di-
sulphides, such as benzyl disulphide, are not desulphur-
ized by alkali cyanides, also that isothiuram disulphides,
dlthough readily acted on by cyanides, only give in a
very small yield a product which appears to be the iso-

thiuram monosulphide, the main products obtained being



decomposition products of the disulphide. They also
attemoted to prepare the monosulvhide from di vhenyl
carbamyl disulphide and also from the acid disulphide
aerived from benzoic and cinnamic acids but without
success. That alkali cyanides had a desulphurizing
action on the acid disulphides of the type (ROCS.S)q
(dixanthogens), was ghown in the course of some work
done in this laboratory under the direction of Dr.G.S.
Whitby by Mr.H.Greenberg (6). They have shown that the
reaction is analogous to that between cyanides and tetra

substituted thiuram disulphides.

8 - COR + KSCN

ROC - 8 S - COR+KCN --ROC_ - 8
: , \\\'S’//

Ng—g”

Desulphurization in this case, however, occurs somewhat
more readily than in the case of the thiuram compound,
probably on account of the much greater solubility of
the dixanthogens in the solvents used.

It may be of interest to give here other exam-
Ples of the desulphurizing action of alkali cyanides,
for it is probable that the mechanism of the reaction in
many-of these is analogous to that between alkali cyan-
ides and thio and disulphides.

It is well known that alkalli cyanides in
agueous solution are converted into thio cyanates by

‘the action of sulphur even at room temperature (f). The



reaction takes place more rapidly on warming (8). So-
dium or potassium polysulphides are readily desgulphur-
ized by alkali cyanides in aqueous solution )9), also
thiosulphates (10) and tetra thionates (11), the latter
being reduced to sulphites. Gutmann (12) found that
thio sulphonates such as C HgS.S0,Na &are desulphurized
by alkali cyanides to sulphonates.

R.S.80yNa+ KCN —RSO2 Na-+KSCN
An entirely different result is obtained, however, if
an organic thio sulphate, such as CGHfCHZS. sogna_, is
treated with an alkali cyanide. Footner (13) observed
that if benzyl thio sulphate, for instance is treated
with NaCN in aqueous solution, benzyl thio cyanate
and sodium sulphite are formed,

RS.804 Na + NaCN —>RSCN + Nea,S03

Formation of thio anhydrides by other than desul-

phurization methods.

Thio anhydrides of xanthic acids were first
prepared by the action of acid chlorides on metallic
xanthates. Welde (14) prepared the first member of
that series by the action of ethyl chlor carbonate on
potassium ethyl xanthate. He believed that the follow-

ing equation represented the reaction:



C,H50CS.SK + 0,H50C0.Cl —> 0,HsCS.S.CS.0C 5 Hy+CpH;000. OR+KO1

Other acid chlorides were later found to give the sane
reaction. Wilcox (15) used phosgene and acetyl chloride
for preparing ethyl monoxanthogen. Tschugaeff (16) used
ethyl chlor carbonate and benzoyl chloride for preparing
menthyl monoxanthogen. It will be shown in the theoret-
ical part that Welde's view ie not correct, and also
that the mechanism of the action of acetyl and benzoyl
chlorides on xanthates is the same as that of ethyl

chlor carbonate.

Formation and chemical propertieg of acid thio cy-

anates and acid iso thio cyanates.

The thio acid thio cyanates isolated in the
course of this work which have been identified as the
intermediate compounds in the desulphurization of thio
acid disulphides to the corresvyonding monosulphides,
belong to a hitherto unknown series of sulphur compounds

of the general type.

R.C_- 8
\SCN

The corresponding oxyacid thio cyanates however,

R.C- 0
g

have been known for some time. The latter differ
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merkedly irn some of their chemical properties fro=

the thio compounds, Under certain conditions, however,
the new thio acyl thiocyanates give the same charact-
eristic reactions as the oxy acyl thiocyanetes. From
thig it would apvear that these two clasces of compounds
have the same constitution, and since the question as

to the structure of the oxy compounds has not been
definitely solved yet, it will be of interest to give
here an account of the work revorted in the litereture
on the oxy acyl thiocyenates. Much evidence has been
accumulated in support of t he view that these compounds
offer an example of & peculier kind of tautomerism which
is characterized by their power to react either in the
thiocyanate or in the iso thiocyanate or thiocarbemidic
form, according to the conditions unier which reaction
takes place. This fact was recognized by Miquel (17)
who was the first to prepare thio cyanates of the acidic
type by heating lead thiocyanste with zcid chlorides in
benzene solution. He prepared acetyl, butyrvl, benzoyl
and salicyl thio cyanatesg in solution, znd isciated two
of these, acetyl and benzoyl. Miquel considered these
compoundés as true thiocysnates, mot as thio carbimides.
That is, he assigned to them the formula R.Co.S8SCN in-

stead of RCO.NCS and considered as 'abnormal' such



reactions as that which takes place with aniline:

R. CO.NCS+ CHgNHz »>RCO. NH- CSNH — Cg Hg
because the formation of an acyl phenyl thio urea
under these conditions can only be explained by assum-
ing that the thiocyanate reacts in the iso or thio
carbamidic form. Dixon later showed (18) that acid
thiocyanates, at least insofar as their behaviour to-
wards armoatic bases is concerned, are true thio car-
bimides, and that consequently, Miquel's reaction was
not to be regarded as an abnormal one. Dixon based
his view on a more thorough study of the action of
aromatic bases on the acid thiocyanates as prepared
by Miquel, (loc.cit) and on a new series of acid thio
cyanates, ROCO.SCN which he obtained by the action
of chlor carbonates on lead thio cyanate. He found
that C,Hs0CO.SCN, prepared from ehtyl chlor carbontte
and lead thiocyanate in benzene reacts with aniline
to form & &#&carboxy ethyl phenyl thio carbamide.
Consequently, this acid thio cyanate also must be re-
garded as existing under the iso form,

GaHSO»CO.NCS-kccHgNHz—>CiH5O CO.NHCS.NH.C Hs

in
Dixon describes/the same paper the action of alcohols

on the new acid thio cyanates, and found that in this

case also the latter undergo the thio carbamidic reaction.



By the action of methyl alcohol on the ethyl compound,
he obtained a substituted “ethane,

C2H50 CO.NCS + CH40H-—+>CoHs0.CO.NHCS.0CHg
In the above work Dixon did not isgolate the ethyl
thio cyan carbonate, but used a benzene solution of
the compound obtained by refluxing for a short time
lead thio cyanate with a benzene solution of ethyl
chlor carbonate, then filtering the solution from lead
chloride. He actually isolated the compound later (19)
and determined its boiling point.

A few years later Dixon (20) reported that
the action of lead thiocyanate on di substituted carb-
amyl chlorides gives rise to compounds which show the
same general reactions with aromatic bases and alcohols
ag the acid thio cyanates then known. The method he
used fg; prepared these carbamyl thio cyanates was to
heat the carbamyl chloride with excess of lead thio cy-

anate in benzene.

R R
g -~ NCO.OL + Pb (SCN)2+R> NCO. SCN + PbCle

The ercess lead thio cyanate and the lead chloride were
then filtered off, and the benzene solution of carbamyl
thiocyanate thus obtained used directly without further
treatment. Dixon states that the above reaction be-

tween carbamyl chlorides and metallic thio cyanates

-12-



cannot be carried out in alcohol, because the thio-
cyanate first formed changes over cirectly into the
thio carbimide, which then reacts with the alcohol to
form urethane derivatives,

RaNCO.SCNVG?RQNCO.NOS+-RPH —> R,NCO.NHCS.OR,

Dixon prepared the methyl phenyl,ethyl
phenyk and benzyl phenyl carbamyl thio cyanates, and
found that all of thece, when mixed in benzene solution
with orimary aromatic amines, reacted readily to form

tri-substituted thio biuret.
/’éTRlR2
R,RiﬁCu.NCS + RsNH‘? Cig\

% s

NH

In thece experiments the carbamyl thiocvenetes were
used in benzene golution, ag obtzined from the action
of lead thio cyvanzte on carbemyl chlorides, =2nd Dixon
states that all attemnts at isolating the thiocysnctes
failed, due crpearently to the fect that thece are very
unetable, except in solution.

It will be noted that at this steze of the
vork on zcid thio cyanates, 1t was a generelly &accepted
view that these compounds were true thio carbimides,
and incapable of existing es normal thio cyanates. This

view wee based mainly on their behaviour towards primary
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aromatic bases, the resction being generally carried

out at the boiling point of benzene. A chance obser-
vation made by Diyonfgﬁgwever, showed thet the tenper-
ature at bwhich the reaction takes place between a ¢iven
thio cyanate and a given bezse 1s & very important factor
in determining the nature of the reection. He obeerved
that if acetyl thio cyenate and eniline are caused to

b o
gale smounte of aniline

react at low temperatuvre, appreci
thio cyenate and acetanilide are Zormed, while at the
boiling point of benzene, acetyl phenyl thio carbamide
ig the mein product. Hewthorne toock up the problem at
thie point (2°) and determined quantitatively the re-
action products of acetyl thio cyanate and aniline at
temperature ransing from -12° to 120°. He found thet
at -12°, aniline hydro thio cyancte and acetanilide
formed 9U4% of the total products obtained, sonsequent-
ly at this temperature the acetyl compound behaves as
& true thio cysnste. At 120°, the aniline hydro thio
cyanzte only formed 2.57 of the totrl products obteined,
these coneisting mainly of acetyl phenyl thio urea, hence
at High temperature the acetyl compound no longer behaves
ag & thio cyonete but ac & thio carbimide.

The two r=cctions are:

1) Thio cyanic, at low teunerature,
CHgCO. SCN 420 Hg ', »CH5COVE CgHy —+ CHy MTH + HSCN



2) Thio carbimidic, et high temperature,
NH CO.CHg
CH4C0.NCS+ C HsNH, —> C=8
NH C Hs

The same author in a later paper (23) gives the values
for molecular refrzction ohteined from ohecervetinre on
e highly nurified semple of acetyl thio cyanate, and
concludes from the close agreement hetween the values
observed an? the calculated values for CH CC.NCS, that
acetyl thio cyanate is 2 true thio carbimide. Mey
also observed that the molecular refrzction of the
compound dones not vary with temperature, from which it
follows that isomeric change of the <3CN group does not
take place under these circumstances. It must be point-
ed out that the calculated value for the mclscular re-
fraction of CHeCO.NCS was ottained by Hawthorne by add-
ing to the value for the group CH,CO-, the mean of the
molecular refrection of the group NCS obtained from
observations on ethyl, altyl and benzyl thiocarbimides.
This does not seem very logical, since, it 1s known
that the system = C =8 1in conjugation witha double
bornd gives abnormally high values for refraction; this

ig very apparent in phenyl thio carbimide:



and oonjugation occurs in acetyl thio cyanate, if it
is given the thio carbamidic form,

M=C=19

so that one would not expect a normal value for the
NCS group under these conditions.

Johnsor and Levi (25) were the first to
obtain any direct evidence as to the existence of two
distinct isomeric forme of an acid thio cyanate. They
prepared diphenyl carbamyl thiocyanate by the action cf
KSCN on the carbamyvl chloride in boiling alcohol. They
»elieved that the compound thus obtained was a true
thio cyanate, for it did not react with aniline. They
observed, however, that dn heating the compound for one
hour at 132° to 141°, a product was obtained which re-
acted readily with aniline to give ab- di phenyl carb-
amyl phenyl thic urea. This they considered as strong
evidence that the thio cyanate first obtained had under-
gone isomeric change into the thio carbimide under the

influence of heat, the latter then reacting with aniline

to form the thio urea, /N (C Hs)p
c=0
(CeHs)p NCO.SCN—+ (CgHs), Nco.Ncs__) >NH
+ CcHs NHg C=8

NHC H.-

Suksequently to the publication of the above paper by

-16-
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Johnson &nd Levi, Dixon and Taylor (26) took up the
question again. They prepared in a Lighly purified foru
carbosy,methyl and carboxy ethyl thio cyanates, and de-
termined the molecular refraction of these two compounds.
They found a close agreement between the observed value
and that calculated for ROCO.NCS, but did not take into
account the fact that the presence of a conjugated sy-
stem of double bonds in such & structure would be ex-
pected to produce exaltation. Dixon and Taylor report
in the samme paper that in the presence of aqueous alka-
lis such acid thio cyanates as acetyl, benzoyl, carboxy
methyl and carboxy ethyl react almost exclusively in
nermal
the/form.

There is a new series of organic thio cyanates,
the first members of which were prepared recently by
Lecher and Wittmer (27) that can be considered as acid
thio cyanates, Lecher's thio cyanates, which he cells
'thio rhodanides' have the general structure RS.SCN,
hence these, as the acid thio cyanates, consist of
an .SCN radical attached to an electro negative group.
The first thio rhodamide prepared by Lecher was the
nitro phenyl one, by. the action of thio cyanogen &n
the mercaptan.

NO, CH4 BH + (SON), - NO, O HyS. SON + HSCN

Lecher later prepared the ethyl, phenyl and B naphthyl
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thio rhodamides by the same method (2%2).

In his first paper on thio-rhodamicdes (29),
Lecher points out the close analogy between these com-—
pounds and the aryl sulphur chlcrides first prepared by
Zimcke (%0), and gives as examples, thes following re-
actions, in which the .SCN group of the thio rhodanides
show the same reactivity and properties as the .Cl atom
in the aryl sulphur chlorides. The latter react i1 the
following manner with water, alcoholic KOH, alcoholic
NHz and mercaptans,

RSOH HCl
0

//ﬁgb/v RSOH + KOl
RSC1 2
:::::jffi::§ RSNHp + NH4OL
93,7

RSSR + HCl

Under the same conditions thio-rhodanides give the same
products.
RSOH + HSCN

.\,\q.o ‘
_~wob—> RSOE +  ESON

ANH
~gs, > RSNHz +  NH4SCN

RS. SCN

RSSR + HSCN
Another reaction common to both the aryl sulphur chlcrides

and aryl sulphur thiocyanates is mentioned by the same
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author irn a later paper (31). With HoS in ether, both
give rise to trisulphides.
oR8CL + HoS —=  RSSSR + oHCL
oR3.8CN + HoS —> RSSSR + oHSCN

It is claimed by Lecher that the above reactions
show conclugively that the compounds he prepared are not
to be regarded as aryl cyanogen sulphides with homopolar
union between the sulphur atoms, but as aryl sulphur thio-
cyanates, with heteropolar union between those two atoms,
as between the Cl and the 8 atoms in the chlorides. In
support &¢f this view the author gives the example of free
trhodan! which S8derbfick (32) considered to be of the type
NCS.SCN, and which the latter called 'compound halogen',
on account of its marked halogen-like character in most
of its reactions. In free 'rhodan' the halogen-like valence
doubtless proceeds from the sulphur atoms, since in all
halogen-like reactions of the compound derivatives are formed
with the grouping .SCN. Consequently the .SCN group can re-
tain its halogen-like charater in such a configuration as
RS. SCN.

Lecher establighed the constitution of the organic
sulphur thiocyanates and showed that these contain an .SCN
group by the following reactions: He prepared o'nitro-

phenyl sulphur thiocyanate by the action of KSCN ononitro-



phenyl sulphur chloride.
1.2 NO,CgH8CL + KSCN —1.2 NO5CgHy 8. SCN + Kct
The thiocyanate obtained byosthis method is identical with

that obtained bythe action of free rhodanm(.SCN)o on the

-20-

mercaptan. He also points out that in their reaction with

ammonia or primary amines, these compounds behave as thio-
cyanates and not as isothiocvanates.

RS.SCN+ oRNH o = RS.NHR + RNHa— .HSCN
If these compounds contained an .NCS instead of an .SCN

group, one would expect,
,NHSR

C =
RS.NCS+RNHp —> \SR

A consideration of the results of later investigations by
the same author brings out very clearly the great similar-
ity between, on the one hand, thio cyanogen,either in the
free state or in combination and, on the other hand, the
halogens. He determined the molecular weight of free rho-
dan, and found it to correspond to the formula NCS.SCN.
From that he concludes that the marked electron affinity
of free rhodan and its halogen like character make it
apparent that the bondg between the S atoms in that com-
pound is similar in energy value to the interatomic bonds
in elementary halogens. The same author subsequently put
forward the view that rhodan, as judged from the gtavility

of some of its derivatives, would be placed between Br and



-21—

It is interesting to note that this position corresponds
to that given to the same compound by Bjerrum and Kirsch-

ner (33) on eleé¢tro—chemical grounds.
General properties and structure of organic disulphides.

The stability &nd chemical properties of organic
disulphides are, as one would expect, dependent on the
nature of the substitq}bnt groups. E. Fromm has shown
however, (34), that the configuration of the molecules
itself has“a marked effect on the chemical behaviour of
these compounds. He divides organic disulphides into
two;clasees.—l) Disulphides with adjacent single bonds,
such as benzyl disulphides,

G4 Hs CHp S-S CHo Og B
2) Disulphides with adjacent doube bonds, such as benzoyl

disulphide,
0 0

4 X
ogrsel | oot

—8
All disulphides are readily hydrolysed by alkalies, but
those of the second class more readily than those of the
firsﬁ class. Also the products of hydrolysis are not the
same. With benzyl disulphide, for instance, the reaction
is,

W@W%SM+%OAJQWM%+W@W%%H)
The peracid, which is formed simultaneocusly with the

mercaptan, bpreaks into



—2 2=

mercaptan and active oxygen, the latter then oxidizing
some of the mercaptan to Twenzoic and thio benzoic acids,
(CgH;CHoSOH) —> CgHCH,8H + (0)
With the disulphides of the second glass, the
first stage of the reaction is the same, but the peracid
formed breaks cown into the correspondin: oxygen acid

and elementary sulghir. To take benzovl disulphideg as

§- 3 + Hp0—>C6H5C = 0 +|C6H50 = O X
SsH ™ son
CgH5C = © —» C6H50 =0 4 8
( ™\ g0H ™ om

Fromm states that the splitting up cf sulphur under
these conditions is so generally established, that its
formation cau be taken as an indication of the presence
of adjacent douvle %onds.

Anotiuer example is the hydrolysgs of ethyl

dixanthogen (35),

C Cot C CoH
_ 0C2ls5 0% - 0CeH5 - 0%
C =38 S =¢C C=-°8 4+ C =20 + 8
~s-s ~ + H20 ™~ sH ™ om

Thio benzoyl disulphide aleo yieclus sulphur when boiled
with KOH (36).
The game sharp cistinection exists between the

two classes of organic disulphides with respect to their
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behaviour towards organic bases or ammonia. Disulphides

of the first class, such as alkyl or aryl disulphides,

are pot decomposed by the action of nitrogenous bases, such
as ammonia or primary amines, while the digulphides of the
second class, such as acid disulphides, are readily decom—
posed by those substances, amides being formed,

RC=0 O = CR + RNHp—» pRC = O + HoS
Ng- g7 ™ NmR
+ S

Structure of organic polysulphides.

There has been much speculation as to the mode
of union between the sulphur atoms in polysulphides,
Schone (37), considered the latter as sulphur derivatives
of sulphuric acids, and Mendelejeff held the same view.
There is, however, much evidence against such a structure.
Kuster (38) states, for instance, that one would expect
such perthiosulphuric acids to}be very strong acids, and
this is not the ecase with hydrogen polysulphides.

There are at present two main views as to the
structure of poly sulphides. According to the first, poly—
sulphides correspond in structure to the straight chain
formula. This idea was first put forward by Frankland,
and later by Blanksma (39( and is supported by the fo1T%-
ing facts; the substitution of H by HS produces a constant
&eepening in colour,and H283 is readily converted to HpSp
by heating. Also, as Holmberg points out (U40), the



readiness with which mercaptans are oxidized to disul-
Phies and disulphides reduced back to merceptans, is

to be regarded as strong evidence in favour of the straight
ghain struoture.

According to the second view, polysulphides
contain one or more tetravalent sulphur atoms. The’
structure of hydrogen di- and trisulphide, for instance,
would be,

H .~ H
-~ 8=8 and N a o -
H/ H/S-S—S

This view was first put forward by Spring and Demarteau (U4l)
and later slightly modified by Kuster (loc.cit) who claimed

that it explained the readiness with which monosulphides

take up sulphur in solution to form polysulphides.



-25_

IIT THEORETICAL

I. OXIDATION OF XANTHATES TO DIXANTHOGENS

Action of nitrous acid on xanthates in acid solutionsg.

Much time was spent at the beginning of this
work in a search for satisfactory oxidizing agents for the
preparation of dixanthogens. The first oxidizing agent
which gave promising results was nitrous acid. Its use
was suggested by the fact that it oxidizes HI to Ip and
HoO0.

oHI+5HONO —> Io+ oHoO + oNO
A similar action on xanthic acid would yield a dixanthogen.
oROCS. SH + 2HONO — (ROCS.S)o+pH20 + 2NO
This was found to be the case. The use of nitrous acid
as an oxidizing zinc agent is limited,however, to the oxi-
dation of those xanthic acids which are sufficiently stable
in the presence of water in the free state, such as ethyl
and isopropyl xanthic acids. This is shown by the varia-
tions in the yields obtained from different xanthates.
By the action of nitrous acid on ethyl xanthic acid, an
87% yield of ethyl dixanthogen was obtained; with isopro-
pyl and n-butyl xanthic acid, 80% yields of dixanthogen
were obtainred. With the higher alcohols, such as iso amyl
and benzyl, the use of nitrous acid gives poor yields of
the dixanthogens, also the products obtained are contamin-

ated, the alcohols formed by the decomposition of the free
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xanthic acids dissolving in the dixanthogens, from which
theycannot be completely extracted.

In the above experiments with nitrous acid, the
procedure followed was essentially to add the required amount
of 2% sulphuric acid to a solution containing equimolecular
quantities of the alkali xanthate and sodium nitrite. It was
found later, however, that hydrochloric acid of the same con-
centration gave better yields, a 97% yield of dixanthogen
being obtained from ethyl xanthic acid, and an g7 yield
from isopropyl xanthic acid. This seems to indicate that
xanthic acids are more stable in aqueous hydrochloric than
in aqueous sulphuric acide, unless hydrochloric acid itself
takes part to some extent in the oxidation process, through
the formation of nitrosyl chloride,

HC1+ HONO — NOCl + H»x0
>ROCS. SH+NOC1 — (ROCS.S)p + HC1 + NO

Stanek has shown that nitrosyl chloride can be
prepared by the action of aqueous HCl on sodium nitrite
(42) while nitrosyl sulphate is not formed under the same
conditions from sulphuric acid. It is very unlikely,how-
ever, that HCl would be oxidized to NOCl in the presence
of free xanthic acid, because the latter undergoes oxi-
dation far more readily than HCl itself. Consequently the
reaction can be regarded as taking place according to the

following equation, as already indicated.



_27_

2ROCSSH+ pHONO —> (ROCS. 8) o+2H20 + oNO

In view of the fact that the chemicel properties
of di substituted dithiocarbamates are, in many respects,
analogous to those of the xanthates, it was thought inter-
esting to determine the action of nitrous acid on the former.

On treating an aqueous solution of sodium di ethyl
dithiocarbamate containing an equimoleculer quantity of
sodium nitrite with the required amount of hydrochloric
acid, a 51% yield of tetra ethyl thiuram disulphide was
obtained. Hence dithiocarbamic acid also can be oxidized
to the disulphide by nitrous acid,

oRoNCS. SE+ oHONO —> (RoNCS.8) o+oHo0 + oNO
the lower yield obtained in this case being obviously due
to the greater unstability of the free dithio acid.

Action of cyanogen bromide on alkali xanthates.

The oxidizing property of cyanogen bromide on salts
of di substituted dithiocarbamic acids was first noted by
von Braun (43), who obtained tetramethylthiuram disulphide
by the action of cyanogen bromide on dimethyl ammonium di-
methyldithiocarbamate in alcoholic solution at low temper-
ature. It was thought that the action of cyanogen bromide
on alkali xanthates would give dixanthogens under the same
conditions. It was found, however, that monoxanthogens were

almost exclusively obtained. The reason for this becomes
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evident if one compares the beheaviour of tetrasubstituted
thiuram disulphides with that of dixanthogens towards cy-
anides. The first are only slowly desulphurized by cy-
anides in cold alcohol, where as the second are very read-
ily acted on by cyanides under the same conditions. Conse-
quently the reaction, in the case of the xanthates, does
not stop at the dixanthogen stage, for the cyanide which is
formed simultaneously with the oxidation product immediately
converts the latter to the monoxanthogen. The two reactions
can be represented by the following equations:
oROCS. SK+ CNBr —> (ROCS.S)p+ KON + KBr
(ROCS.8), + KON —> (ROCS),8 + KSCN

It was later found,however, that the reaction could be
stopped at the first stage by using as reaction media sol-
vents in which either the dixanthogen or the alkali cyan-
ide are insoluble, such as water, dry ether, or benzene. If
water is used, the dixanthogen first formed precipitates
out, and is not acted on by the cyanide, while if benzene
is used, the alkali cyanide, being insoluble in that sol-
vent, has no effect on the dixanthogen.

Aqueous cyanogen bromide appears to be very spec-
ificfZ in ite oxidizing action on xanthates, and its use
hes made it possible to prepare directly in a pure state

xanthogens such as those derived from the higher aliphatic



alcohols, which are relatively unstable liquids that cannot
be purified by ordinary methods. The results obtained in
the preparation of b-phenyl ethyl dixanthogen by the oxi-
dation of the corresponding sodium xanthate with Io and
CNBr can be given as an example, of the relative merits
of the two methods. The above dixanthogen was prepared
in the early part of this work by the action of an aque-
ous Io- KI solution on an aqueous solution of the corre-
sponding sodium xanthate, and obtained as an oil which
even on cooling in COo-acetone, did not crystallize. It
was expected, however, that this product should be a solid,
and consequently, after having obtained good results in
other preparations with CNBr, the same compound was pre-
pared again, using CNBr, the reaction being carried out in
water. As a result the dixanthogen was now obtained in the
form of a well defined crystalline solid, melting at 49,5°0-
500.

The action of cyanogen bromide on xanthates can
be represented by the same equation that von Braun used

to represent its action on dithiocarbamates (loc.cit.)

ROCS. SM CN ROCS.S MCN
+ | —> | +
ROCS.SM Br ROCS. S MBr

The above equation does represent the initial and final
products present in the solution, when the reaction is

carried out in water, but is very probably misleading as
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to the mechanism of the reaction. In the above reaction,
the cyanogen group plays the same role as the halogen atom
in the oxidation process, but it has been determined in a
separate experiment, that cyanogen itself has no action on
an aqueous solution of a sodium xanthate. The oxidizing
action of cyanogen bromide can readily be explained, however,
by assuming that water plays a part in the reaction, the
hydrolysis of CNBr to HOBr and HCN being the first step,
and HOBr being the actual oxidizing agent. Nef has shown
that CNBr hydrolyses in the manner indicated (44),

CNBr + HOH —> HOBr + HCN

ROCS.SM OH ROCS.S MOH
+ | — | +
ROCS.SM Br ROCS.8 MBr

HCN + MOH —> MCN + HOH
8trong evidence in support of the above view has been ob-
tained from the fact that by the action of cyanogen bromide
on metallic dithiocarbamates in the absence of water, pro-
ducts are obtained which are not oxidation, but substitution
products, the reaction being in this case,

RENCS.SM + BrCN —- R,NCS.SCN-+ MBr

Action of sodium tetrathionate on alkali manthates.

Footner (45) has reported that he obtained in
almost quantitative yields the corresponding disulphide by

the action of sodium tetrathionate on an aqueous solution



of sodium 6.methoxy m tolyl mercaptan. He also applied
the method to benzyl and dichlorphenyl mercaptans with
equally good results.

Sadium tetrathionate being a mild oxidizing
agent, neutral in reaction, and water soluble, it was
thought that it might have, on alkali xanthates, the
same specific oxidizing action that Footner observed it
to have in alkali mercaptides. That was found to be
the case, and the yields obtained with xanthates have
been found to be as good as those obtained by Footner
with mercaptans, and the smell heat of the reaction makes
it possible to carry out the oxidation at room temperature
without affefting the yield. As examples of the excellent
results obtained with this compound, the preparations of
methyl and benzyl dixanthogen may be mentioned. The former
is described in the literature as an oil by Desains (46)
who prepared it by the action of iodine on sodium methyl
xanthate, and by Ragg (47) who obtained it by the action
of copper sulphate on the same salt. It was obtained as a
crystalline solid melting at 23%-23%.50 by the action of
gsodium tetrathionate on potassium methyl xanthate. Ben-
zyl dixanthogen was also obtained as a: liquid by Ragg,
(loc.cit.) using copper sulphate. With tetrathionate

the compound is obtained as a crystalline solid melting

-31-
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at 54°. godium tetrathionate has also been used with good
results for the oxidation of dithionaphtheic and dithio
benzoic acid.

The oxidation of dithio acids by sodium tetra-

thionate takes place according to the following equation:

RCS SCR
[ \
S Na Nas Ccs
+ e |
S S s — + 2Na,2$03
/// \\\
NaSO3 SO;Na 2

Action of chloramine T on alkali xanthates.

The above compound is capable of oxidizing
two moles of alkali xanthate to the corresponding
dixanthogen, in neutral aqueous solution. The yield
is very good and a pure product is obtained. This re-
sult was to be expected in view of the great similar-
ity betweesn the activity of the Cl in sodium tolyl-
sulphochlor acid and in hypochlorous acid. The reaction
is probably the same as that indicated by Schiemann (L&)

in other cases,

NHo
49N01 v

CH306HW 80  + pROCS _, [ ROCS CH3 Cg HySO2
“~ONa SNa s |o +
QNBOH
+
NaCl

Action of nitrosyl chloride on xanthates.

Nitrosyl chloride was prepared by the method

described by Stanek (loc.cit.) by the action of concentrated
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hydrochloric acid on sodium nitrite at 0°. The NOCL
formed was extracted with chloroform, and the extract
washed with cold saturated NaCl solution to remove free
acid. By the addition of sodiunm éiopropyl xanthate to
an excess of NOCL in chloroform about a U4O% yield of
isopropyl dixanthogen was obtained.

Action of benzene sulphonyl chloride on xanthates.

This oxidizing agent was used by von Braun (49)
for the oxidation of dithiocarbamates. It was found to have
the same action on xanthates, ethyl dixanthogen being ob-
tained in good yield by acting on sodium ethyl xanthate
with the sulphonyl chloride in ether.

Action of cyanogen on xanthates.

This oxidizing agent gave unexpected resudts,
It was believed at first that, since one half mole of cy-
anogen bromide is capable of oxidizing two moles of sodium
xanthate, the CN group in the CNBr molecule played the same
part as the Br atom in the oxidation process. The following
experiment proved that that is not the case. On passing an
excess of cyanogen gas through an aqueous solution of sodium
xanthate, no appreciable action takes place. The obvious
explanation of this is that the electron affinity of the

CN group is less than that of the RO?S group, and that
s..

consequently, it cannot displace the latter from its salts.



If this is the case, one would expect that the reverse
reaction should take place, that is, it should be possible
to oxidize NaCN by the action of a dixanthogen. This is
actually what happens when a dixanthogen is allowed to

act on sodium cyanide, the (ROC(S)S) group of the di-
xanthogen displaces the (.CN) group from its salt, a
gsodium xanthate and an acid thiocyanate being formed.

This point however will be taken up again in the follow-
ing chapter in connection with the desulphurization of

disulphides.
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II.DESULPHURIZATION OF THIO ACID DISULPHIDES BY THE ACTION
OF ALKALI CYANIDES

The mechanism of the action of alkali cyanides
on di-substituted thiuram disulphides, whereby one atom
of sulphur is removed from the chain and the corresponding
monosulphide formed, was the subject of some sveculation
on the part of von Braun (50), who states that the lack
of any analogy makes it difficult to form a plausible
idea as to the nature of the reaction. The above author
did not make any attempt to determine the mechanism of
the reaction, but offered the view that the desulphuri-
zation process might take place in two stages; first, re-
duction of the disulphide to the acid, then formation of
the thio anhydrides by the removal of oS8 from two moles of
the acid.

There is another view of the mechanism of the
same reaction, which was put forward more recently by
Greenberg (51). The latter view is based on the assump-
tion that disulphides exist in two tautomeric forms, which

may be represented as follows:

RO? = 8 ROC = 8
3 !
| S =8
A S B l
\
ROC = S ROC =_8

Of these two, the B form would be the one susceptible to

the action of the cyanide, it being also assumed that the
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sulphur atom forming the side chain is téosely bound, and
consequently easily removed. This view, however, does not
explain why alkyl and aryl disulphides are not desulphurized
by cyanides.

On reviewing the literature on the action of cy-
anides on organic sulphur compounds, it was noted that in a
paper published recently (52), Footner and Smiles, obtained
benzyl thio cyanate by the action of sodium cyanide on ben-
zyl thio sulphate.

06H5CH23 — SO}N&
-+ — C6H5 cHgsCN -+ N&2803
NC. Na

Although the disulphide bond in thiosulphates
is of a somewhat different character from that of the
corresponding bond in acid disulphides, there is some simi-
larity between the two particularly in their behaviour towards
hydrolysing and reducing agents. Consequently it was believed
that sodium cyanide might react with thio acid disulphides in

the same manner as on organic thio sulphates. In this case,

one would have, R? = 3 R? = S
S 5 SNa
| + Na
3 CN SN
RC=-S8 RC = 8

and the formation of the thio anhydride would result from
the interaction of the sodium salt with the acid thiocyanate,

as follows,
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o
-Q
]
0}
o

+ NaSCN

w
2 =

o
o
Q==

In order to determine whether the above scheme was correct,
it was first sought to isolate the thio acid thiocyanate,

The first attempts in this direction were made by acting on
sodium xanthates with cyanogen bromide. It was thought that,

in non aqueous solvents, the CNBr would react in the follow-

ing manner: R9_= 8 R? =8
S CN > SCN
1+ +
Na Br NaBr

Ether,benzene and chloroform were used successively as
reaction media. Only in the case of chloroform was any
indication obtained that a thiocyanate was formed, but
the latter could not be isolated.

After these unseccessful attempts to prepare a
thio acid thiocyanate by the action of CNBr on sodium xan-
thates, the first member of an analogous new series of
compounds was finally obtained by the action of potassium

thiocyanate on ethyl phenyl thio carbamyl chloride.

C -~

255~y OoH

oy " L — ¥
[} C6H5/‘ '
Cl+ KSCN C =8 + KSEN

éCN [< e
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The thiocyanate being obtained as a well defined crystall-
ine solid.

Now, in order to determine whether this type of
compound will react with the alkali salts of dithio acids to
form thio anhydrides, the acid thiocyanate obtained as above
was allowed to act on sodium isopropyl xanthate, whereby a
yellow crystalline solid was obtained. The product thus
formed was identified as the mixed anhydride derived from
emthyl phenyl dithio carbamic andiisopropyl xanthic acids,

according to the following reaction,

02H5\N 02H5\N
CgHg ~~ CgHy =~
q = 8 ? =S
SCN —_— ? + NasCN
zN& C'= g
;= S C<H- O
C3H7 —O0 357

The identity of the product obtained in the preceding re-
action was established by the fact that the same product
was obtained by the action of ethyl phenyl thio carbamyl

chloride on sodium isopropyl xanthate.

CeHs | CoHg __
2 PR
C6H C6
5 ¢=s Hy - s
Cl — S + NaCl
1
SNa C =8
C=7_8 |

C3H76 C3H7 0
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It was thought, however, since such mixed anhydrides are
new compounds, and are not described in the literature, that
a more rigid proof would be obtained by determiég the action
of a thio acid thiocyanate on the sodium salt of the game
acid, in order to obtain a symmetrical thio anhydride. This
had not been done before because, on the one hand, although
sodium xanthates are easily obtained, all attempts to pre-
pare the corresponding acid thiocyanates had failed, and on
the other hand, although methyl phenyl and ethyl phenyl thio
carbamyl thiocyanates had been isolated, there is no satis-
factory procedure described in the literature for the pre-
paration of the corresponding sodium dithiocarbamates. This
difficulty was overcome later, when it was found that sodium
aryl alkyl dithiocarbamates could be conveniently prepared
by the action of sodium sulphide on the corresponding thio-
carbamyl thiocyanates in alcohol.

M — NCS

R

\
— No8
Ro~ SN+ NaSNe Ro”"

SNa. NaSCN
Consequently, the following experiment was carried out. A
solution of sodium methyl phenyl dithiocarbamate was pre-
pared by the action of sodium sulphide on the corresponding
thio acid thiocyanate in alcohol. To a measured fraction
of the sodium dithiocarbamate solution thus obtained was

added an equivalent amount of methyl phenyl thiocarbamyl



thiocyanate. The product isolated from this reaction
was ldentified as methyliphenyl thiuram monosulphide,
melting at 149°, and a yield of 90.5% wae obtained as

calculated from the following equations:

I. CH3
~>NeS CH
06}15/ [ + NaSNa —» 3 ~ Nos
SCN Celis~~ '/ + NasSoON
SNa
CH
CHs— 7/ ogH5” |
SNa ° S 4+ NaSCN
* — CH l
ot o > xcs
™ ¥eS Cgtis”
/
C6Hs

Now, in order to establish that the solution obtained

by the action of sodium sulphide on the thiocyanate act-
ually contained sodium methyl phenyl dithiocarbamate, the
remainder of it was diluted with water, this gave a clear
golution, showing all the carbamyl thiocyanate had been re-

duced, and then treated with an aqueous solution of cyano-

gen bromide. The white precipitate obtained on the addition

of the bromide was re-crystallized from chloroform-alcohol,

and identified as methyl phenyl thiuram disulphide. The

yield of the latter was 89%, based on the amount of carbamyl
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thiocyanate originally used.
The above experiment shows conclusively that if
8cid disulphides can undergo what may be termed 'cyanic

hydrolysis' in the following manner:

RC = S S:CR RC:S 8 = CR
] | | + /
S S _— SCN NaS
_‘-—-
CN Na

The products formed would immediately interact to form the
thio anhydride with the elimination of sodium thiocyanate,

as follows:

RC = 8
R? =S
SON s S -+ NaSoN
l
?Na RC = S
RC = S

Direct experimental evidence of the formation of thio acid
thicyanates by the action of alkali cyanides on acid disul-
phides would be very difficult, on account of the readiness
with which these react with the sodium salt simultaneously
formed. The following considerations will show,however,
that 'cyanic hydrolysis' must be expected to take place.

When bromine and sodium cyanide are allowed to
react in molecular proportion, cyanide bromide is formed,

Br - Br Br Br

+ — |+ |

CN - Na CN Na.

The displacement of the CN group from its salt by Br is
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Obviously due to the fact that the latter has a greater

electron affinity than the former, or in other words, Br

is negative to CN. But it has been shown that, with re-

spect to electron affinity, or electronegative character,
§-8-

S
to the CN group, as Br itself is to the latter, for (CN)o

the ( R ) group is in the same position relatively

will not displace the(R -C= S) group from its salt,
8

this is somewhat to be expected in view of the fact that
dithio acids are strong acids. Consequently, one would
expect the same reaction between the thio acid disulphides
and sodium cyanide as in the case of Brp,
RCS - 8CR RCS RCS
N
SNa SCN

Na cN

It will be noticed that, in the above reaction, the disul-
phide molecule behaves very much like a molecule of a halo-
gen. Thig algo is to be expected from the strong electron
affinity of the constituent groups. Other examples of the

halogen like character of the Rgs— group will be given later,
]

there is one reaction, however, which may be mentioned here,
that is the hydrolysis of acid disulphides as compared to
the hydrolyeis of halogens.

With disulphides we have, as Fromm has shown, (p.2%2)



R-?:SS:C{R RC =8 RC = 8
§ —— 8 — \ + |

+ SCH
H - OH SH

Similarly with halogens:
Br - Br
-+ C— HBr + BrCH
H — OH
The application of the above relationsto the case of the
normal organic disulphides RS.SR, explains very clearly, as
will be shown in a later chapter, why alkali cyanides have

on
no action/these.
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II1. FORMATION OF THIO ANHYDRIDES BY OTHER THAN DE-
SULPHURIZATICN METHODS

It is by means of the action of acid chlorides
on alkali xaenthates that thio anhydrides of dithio acids
were first prepsred. The first member of this celass of
organic sulphides was obtained by "elde (53) from the
action of ethyl chlorcarbonate on potassium ethyl xanthate,
Welde claimed that the thio anhydride of xanthic acid,(com-
mondly called monoxanthogea), was formed according to the

following resaction:

CgH50C = S + CpH5O0C = 0,2(CoHSOC = S)g S + CoH50CO0K

SK Cl
+ KCl1

It is difficult to see how the reaction could take such
a course, for it involves the replacement of the doubly
linked oxygen atom in a CgHg0C = O group by an atom
of sulphur.

More recently Willecox (54) offered an alternative
view as to the mechanism of the formation of monoxanthogens
by the sction of acid chlorides on xanthates. The latter
believed that the asymmetrical anhydride formed in the
first stage of the reaction, breaks down into a mixture

of monoxanthogen and thio acid anhydride as follows:

R,OC = S -+2 320? = 0 R'OC = 9 0 =CORg
2 | - +5KC
SK g C1 \S — 02 ’ 0
v v
B0C2S S 5 OO RgGQ 0-Cke

S S
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In order to determine the cérrectness of the above view,
Willcox studied the heat decomposition of the mixed thio
anhydride of acetic acid and ethyl xanthic acids, but failed
to isolate any monoxanthogen from the products obtained, A
subsequent experiment with the mixed thio anhydride of ethyl
xanthic and ethyl carbonic acids gave positive results, but
the yield of monoxanthogen obtained was lower than that cal-

culated from the following egquation:

32H50'C =S 02H500l = S 02H50(|3 =0
2% 3 > ? + S
\ l

CoHg0C = O CoH50C = S CoH50C = O

and, further, the formation of monoxanthogen could only be
brought about by hesting the mixed anhydride. The main ob-
Jection to the above scheme is that the formation of mono-
xanthogen, by the action of ethyl chlorcarbonate on sodium
ethyl xanthate for instance, takes place at room temperature.
It is also significant that the particular anhydride which
Willcox converted partly to monoxanthogen by heat was de-
seribed later by Holmberg (55) who isolated it in a pure
condition, and describes it as a relatively stable compound,
boiling at 149° under 50 mm. pressure.

One of the reactions described in the preceding
chapter suggested a simpler view as to the mechanism of re-

action in question.

The thio acid thiocyanates which have been first



-46-

described can be regarded as mixed thio anhydrides of dithio-
carbamic and thioecyanic acids, and since these react with
another mole of sodium dithiocarbamate to form a symmetrical
thio anhydride, it was thought that the mixed thio anhydrides
obtained by the action of acid chlorides on xanthates might
react in a similar manner with another mole of xanthate to

form & symmetrical anhydride:

RC=S C=0N R(I:=s_‘> RC = S S:CRNSCN
/ + + Na
S SNa \s/
/R2
Roc=5 ¢'=0 Roclzgs ROC =S S = COR _Rs
/ + g + NaSC
\s SNa \s/ So

In order to test the above view, the mixed thio
anhydride of isopropyl xanthic and ethyl carbonic acids was
prepared by the action of ethyl chlorcarbonate on sodium
isopropyl xanthate in dry acetone at -59,

C o¢c - s CoHg0C = O CzHn0C - S 0 - COCoH
3H70¢ + C2Hs0C _, CaHy = 00C2H5

SNa Cl S
+ NaCl

The mixed anhydride was obtained in 98.5% yield
as a pale yellow oil. On adding one mole of the anhydride
to an alcoholic solution of an equivalent amount of sodium
isopropyl xanthate, an intense yellow colour was immediately
produced, and, after the solution hed stood for some time
at room temperature, the monoxanthogen started to crystallize
out. The amount of isopropyl monoxanthogen obtained corre-

sponded to a yield of 69.1%, as calculated from the following
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equation:
CzHnOCS C3Hp0C = S S = COCzHy

CzH70C z S O = COCoHg /
S~ sk s

C2H50C = O

{
* SK

The yield of monoxanthogen obtained clearly indicates that
its formation cannot be due to the decompogsition of the mixed
anhydride alone, as Willcox believed. More conclusive
evidence that the reaction takes prlace in the manner indi-
cated was obtained in the following experiment. The thio
anhydride of ethyl thiol carbamic acid was prepared accord-
ing to Holmberg's method (55), by the action of sodium sul-
phide on ethyl chlorcarbonate,
C2H50C = 0 CoHE0C = 0 O = COCgH5

I + Nags —

Cl S + NaCl
By acting on this anhydride with sodium isopropyl xanthate
in elcohol, & 34.5% yield of monoxanthogen was obtained. The
reaction in this case may be considered as taking place in
two steps:
CoHgOC = 0 0 = 0002H5+*03H70? = Sf? CoHgOC = 0 S = COCzHy

-8 SNa S

+ CZHSO? -0
SNa

-
S SNa S

C2H50C = O S = COCzHy , C3H7OCS  CgHy0CS S = COCsHp
\ — ‘ AN /
C,Hg0C = 0
+ |
SNa
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Since the anhydride used in this experiment did not contain

the RO? = S group, the monoxanthogen obtained must have
S

come from the sodium salt.

It was next attempted to detect the sodium salt
of thiol carbonic acid, which, if the above equation is cor-
rect, is formed simultaneously with the monoxanthogen. This
was done by adding an oxidizing agent to the mother liguor
from which the monoxanthogen was obtained in order to convert

any 023509 = O present into the corresponding disulphide,
SNa

\02H500 = 0)2 which is a water insoluble oil. This did not
S

give very definite results, for the addition of sodium tetra-
thionate to the mother liquor gave a liquid produet which,
after standing for some time, deposited crystals of isopropyl
dixanthogen, and it was found impossible to remove the latter
completely. Better results were obtained by using benzoyl
chloride which, as Tschugaeff has shown (56), gives the same
reaction with xanthates as scetyl chloride and ethyl chlor
carbonate. The procedure followed was the same as with ethyl
chlor carbonate. Two moles of sodium ethyl xanthate were
added to an acetone solution of 1 mole of benzoyl chloride,
The reaction product was precipitated with water, and separ-
ated from the solution. By the action of sodium tetrasthionate

on the mother liquor a solid product was obtained, melting
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at 1279, The correct melting point of benzoyl disulphide
is 1280, 1It is significant that the percentage yields of
ethyl monoxanthogen and benzoyl disulphides obtained in
the above experiment, were about equal, as one would expect
from the following equation:

CeH5CO C2H50C3SNa CeH5CO S = COCgH
635' + “25856 ———>635\/ 25+

KCl
Cl S

CrHgCO S = COCoH (CoHEOCS )S + C.H-COSNa
6°5 = 285 —>» V285 6

+ CoHgOC - S
SNa

The identification of sodium thio benzoate as
one of the reasction products, with the experimental facts
already stated showed fairly conclusively that the reaction
takes place as indicated.

The reaction between mixed anhydrides and xanthates
is a reversible one, as a consideration of the compounds in-
volved will show.

R,0C =S 0 =COR,p ROC -8 ROC:-35 S ¢ COR/_%~R20? =0

N S + | o 4
S SNa < S SNa

A ):] +] D

It is obvious that the same equilibrium mixture would be ob-
tained if, instead of starting from equimolecular quantities
of A and B, one started from the same relative amounts of C

and D, the relative amounts of A and B present at equilibrium
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depencing, in the above example, on the relative strength of

S 0
the two acids, R 0cZ and R200<SH . The same re-

lation holds in the casiHof reaction between a thio carbamyl
thiocyanate and the corresponding sodium dithiocarbamate.
RoNC - S /c . +R2N(‘l =S ’_)RZNG;\S S = CNRy
S SNa S + NaSCN
The reaction here goes almost quantitatively from left to
right, because the dithiocarbamic acid is a very weak acid
compared to thiocyaniec,

It is probable that the yields of monoxanthogen
obtained in the reaction between chlorcarbonates snd xanthates
would be lower than those observed, were it not for the fact
that the decomposition of one of the products appears to
favour the reactions from left to right.

Mixed anhydrides of xanthic and dithiocarbamic acids.,

Having occasion to prepasre a number of di-substituted
thiocarbamyl chlorides for the investigation of carbamyl thio-
cyanates, it was thought interesting to determine whether these
chlorides would react with alkali xanthates, to give mixed thio
anhydrides of xanthic and dithiocarbamic acids, as follows:

Rg B\z
]
R—NC = S, S = CORg R-NC=S5 S = C.ORg
l | —>
c1 NaS S + NaCl

Two members of this new series of thio anhydrides were pre-
pared, one derived from isopropyl xenthic acid and ethyl

phenyl dithiocarbamic acid.



-51-

CoHp

L
CzHnOC S = CN—CgHs

<

and the corresponding methyl phenyl compound,

S

°§3
CzHnOC = S S = CN—CgHs
S

In order to remove the possibility of these compounds, as
obtained, consisting of mixtures of the corresponding sym-
metrical anhydrides, they were recrystallized several times
from glacial acetic, and also from ligroin. Repeated re-
erystallization did not cause any variation in the melting
point.

It was noted that these asymmetrical thio anhy-
drides have melting points lower than that of isopropyl mono-
xanthogen.

The ethyl phenyl compound melts at 40.5° - 410,
the methyl phenyl at 42°, while isopropyl monoxanthogen melts
at 55°, Ethyl phenyl and methyl phenyl thiuram monosulphides
have much higher melting points, 115° and 150° respectively.
Lecher (57) observed the same effect in the case of mixed
organic sulphides of the type R;SSRp. Ortho nitro phenyl
disulphide, for instance, melts at 55°, while phenyl disul-
phide melts at 600~ 620, and ortho dinitro phenyl disulphide
melts at 1989,
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1V, PREPARATION AND REACTIONS OF THIO ACID THIOCYANATES

Preparation of thiocarbamyl thiocyanates.

The failure of the first attempts to isolate
a thio acid thiocyanate by the action of cyanogen bromide
on alkali xanthates was later found to be due to the pre-
sence of water, which favours the action of cyanogen bro-
mide as an oxidizing agent. Even small amounts of water
appear to be sufficient to prevent the formation of a thio-
cyanate by substitution, but this may be explained by the
fact that the oxidation reaction is an ionic one, and con-
sequently proceeds at a much faster rate than substitution,
which is not ionic,

The action of the thio acid chloriéﬁ%éggnaater
found to be a very convenient method for the preparation
of thio acid thiocyanates, and it is by this method that
the first member of this new series was prepared, that is,
ethyl phenyl thio carbamyl thiocyanate. Absolute alcohol
has been found to be the best solvent to carry out the re-
action, which takes place smoothly at room temperature.
Methyl phenyl and methyl para tolyl thio carbamyl thio-
cyanates were prepared by the same method. An attempt was
also made to prepare methyl ortho tolyl thio carbamyl thio-
cyanate, but not definite result was obtained. It is inter-
esting to note that derivatives of methyl para and eti@d

ortho tolyl dithiocarbamic acids are unknown, consequently
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it was hoped that after preparing without difficulty the
thio carbamyl chloride and thiocysnate of the meth para

compound, CHz
CHjz >

& sl R
CH / 3N SCN

Cl

the corresponding derivatives of the ethyl ortho compound
would also be obtained,

CoH CoH
2 5‘\7N C =35 25—y ¢ =S
> o
’ c1 and i SCN
CHz CH,

The thio carbamyl chloride was first prepared by the action
of thio phosgene on ethyl ortho toluidine, and obtained as

a stable crystalline compound. The action of potassium thio-
cyanate on this carbamyl chloride, however, gave an amorphous
gso0lid product which would not be recrystallized, and decom-
posed on standing, but which gave some of the characteristie
reactions of carbamyl thiocyanates, such as the produection

of a yellow colour with sodium xanthate, and the formation

of a deep red solution on warming with agueous ferric chlor-
ide solution. Ortho or para substitution in the alkyl tolyl
dithiocarbamic acids does not seem to affect the stability of
the corresponding carbamyl chlorides, while ortho substitution

renders the corresponding carbamyl thiocyanate unstable, the
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para substituted compound being stable. The same relation
appears to hold with the ammonium dithiocarbamates of these
amines, for, ammonium methyl para tolyl dithiocarbamate can
be isolated, although it is very unstable, while the corre-
sponding ethyl ortho tolyl compound will not form at sall.

An slternative method by which di-substituted thio-
carbamyl thiocyanatégﬁﬁgsbia gip%gggd. This method is some-
what more convenient, for it does not reguire the prepar-
ation of the carbamyl chloride, and conseguently does away
with the use of thio phosgene. It consists in ascting on the
lead salt of the dithiocarbamic acid with cyanogen bromide

in dry benzene. The reaction is,

R
~ R
Rz/m,’ z S) Pb +2CNBr —> 2 >NC'S =S 4+ PbBry
s— [, R SCN

Methyl phenyl thio carbamyl thiocyanaste was prepared in this
menner in good yield.
Reaction of thio carbamyl thiocyanates.

The following characteristic reactions of thio
carbamyl thiocyanates will show the close similarity between
the reactivity of the .SCN group in these compounds and that
of the chlorine in acid chlorides.

These thiocysnates react with alkali xanthates

and dith%ocarbamates to form thio anhydrides,
R Rs

RoNC_ s S S «CR ; =
2N <5 oo s _» BalNC = 5 5 = CR,
has S + NaSCN
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The resction with the thio carbemyl chlorides is identical (58),

RoNC =S S =CR RoNC = 8 S = CR
| R +NaCl
c1 NeS ~ s/

With sodium sulphide, the nature of the product obtained de-
pends on the molecular prpportion of the sulphide used.
With one half mole of sodium sulphide, a thio an-
hydride is obtained.
RoNC = S RoNC = S S = CNRo
| + Nas8 — S~
SCN S + oNaSCN

Analogous reasctions have been obtained with acid chlorides (59),

CoH50C = O Czﬂsoc\i\g\ 0 = COCgHs
\ + NagS —> + gNaCl
c1 s

With one mole of sodium sulphide, the thio anhydride first

formed is reduced to the sodium salt of the acid,

RgNC = S S = CNRg RgNC = S
3 - 2 SNa
4+ NaSNa

The above reaction has been found very useful for preparing,
in solution, the sodium salts of aryl alkyl di-substituted
dithiocarbamic acids. The reasction is practically quantita-
tive. It appesrs that the reduction of the anhydride to the
sodium salt of the acid tekes place much more readily when
the anhydride is formed in the presence of the sodium sul-
phide, because, in a separate experiment, ethyl phenyl thiur-
am monosulphide was refluxed 3 hours in 2lcohol with excess

of sodium sulphide, and only & small fraction was converted
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to the sodium salt, the latter being identified by oxi-
dation to the disulphide.

There is one reaction in which, under certain
conditions, these thio carbamyl thio cyanates differ from
the corresponding carbemyl chlorides, and that is with ani-
lihe. This distinction only appesars when the thiocysanates
have been converted by heseting into the isomeric thio car-
bimides, for, at ordinsry temperatures their reactions are
the same, both reacting with the formation of a tri-substi-
tuted thio urea, aniline hydrochloride or aniline thiocyan-

ate being also formed according to the carbamyl compound

used,
RzN(‘} = S RgNC\: s
+ C¢H > CgHgNHo JHC1
o1 eE5NH2 CHENE + CeHpNHp
RoNC = S
2 dog +2 " T ¢ +~ CgHgNHp JHSCN

If the thio carbamyl thiocyanate is hested for some time

at & temperature close to its melting point, it no longer
reacts in the sbove manner, but adds on & mole of aniline
to form & tri-gubstituted di thio biuret. ™ith methyl
phenyl thio carbamyl thiocyanate, for instence, the follow-
ing reection was obtained after first heating the thiocyan-

ate at 1109 for 10 minutes.

CHy
CHz 7 N_
> NC=S — CgH ¢ =
685 ,
Cels | ): 8
NCS +HgN CgHs C =8

CeHENH 4
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That an irreversible change in the constitution of these
thio caerbamyl thiocyeanates taskes place under the influence
of heat is shown by the fact that on standing for some time
at temperatures from 15° to 20° below their melting points,
they are gradually converted into deep red oils, and it is
the liquid products obtasined in this manner which show the
eharacteristic reactions of isothiocyenates. Such conversion
of en acid thiocyanate into the corresponding iso form is not
without analogy, for T.B.Johnson and Levi (60) observed the
same behaviour on the part of diphenyl carbamyl thiocyanate,
which does not reasct normelly with aniline, as &n iso thio-
cyenate, but which, on heating at 138°-140°, sppears to be
completely converted to the 1so form, the latter then resct-
ing with aniline, even at room tempersature, to give the

corresponding thio biuret.

(CeHsp) 2 N? =0 (CeHB) 2 N\
NCS —> /,C = 0
NH
—+ C6H5N32 \C = S
CsH5NH /

The above example is the only one of a caerbamyl thiocyanate
existing under two distinet isomerie forms, Dixon, who pre-
pared methyl phenyl, ethyl phenyl, and benzyl phenyl carbamyl
thiocyanates in solution (61), states that all of these, as

obteined, react with aromatic primary bases in the iso form,
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for tri-substituted thio biurets asre the only products

isolated from the resction.

R R
>NC =0 X
Ro | Reo (I) o
NCS =
—7 /
NH\
+ CgHgNE, /c = 8
C gHgNE

It must be noted that Dixon prepared these acid thiocyen-
stes by the action of the carbamyl chlorides on lead thio
cyanate in boiling benzene, snd although Johnson and Levi,
(loc.cit.) found thet isomerization of the diphenyl compound
occurred at 1380-1400, this is a special case, for the pre-
sence 0f the two phenyl group increases the positive chear-
ecter of the RgNCZ, group to such an extent, that the carba-
myl chloride is not appreciably decomposed even by boiling
water, and can be recrystellized from hot alcohol, while this
is not the case with the aryl alkyl carbamyl chlorides, which
are readily hydrolyzed by hot water, and reasct with warm al-
cohol; conseguently one would expect the alkyl aryl carbamyl
thioccyanetes to be less stable than the diphenyl compound,
snd to undergo isomerization more readily, snd it is probsable
that the alkyl aryl compounds prepared by Dixon in boiling
benzene were completely converted to the iso form at that
temperature. This seems to be borme out by the results

obtained later by the same author (62), who observed that
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acid thiocysnate, prepared in warm acetone from potassium
thiocyanate and the acid chloride, behaved almost exclu-
gsively as true thiocyanates towards bases at lower temper -
atures. The author, however did not attach any significance
to the fact that these acid thioeyenates had been prepeared
at a lower temperature than those previously prepared in
boiling benzene, When the new thio carbamyl thiocyanates
described in this thesis were first isolated, there was
some doubt as to what constitution should be ascribear
to them, principally in view of the fact that the constit-
ution of the known oxygen snalogues has not yet been satis-
factorily established. The above considerstions on the
work of Dixon and Johnson, however, show quite conclusive-
1y that they are true thiocoyanates, and that their structure
is represented by the formuls:

B':;~Nc =8

Ry l

SCN

The pronounced anslogy between the reavtions of these thio-
cyenastes and the corresponding cerbamyl chlorides is also
strong evidence in support of the asbove structure.

Structure of organiec polysulphtdes.

The 'cyanice' hydrolysis' of acid disulphides,
which has been shown to be the intermediste step in the
desulphurizing action of cysnides is strong evidence in

support of a straight chein structure for these compounds.,

R //R
cs s ¢’z s
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for the analogy between the acid disulphide molecules and
the halogens in many reactions appear to show that the po-
tentisal ion (Rcf::,) remains intset in the disulphide.
Further, SoderbBek's free rhodan (63), which can be con-
sidered as the simplest acid disulphide, has been shown to
have & straight chain structure.

C=X C =N

/

S S

With regards to the acid tri and tetra sulphide, there is
evidence to show that the mechanism of the desulphurizing
action of cyanides on these is the same as with the disul-
phides and that, consequently, they also possess a straight
chain structure.

The desulphurization of & trisulphide, for instance,

would take plsce in two stages, the disulphide being formed

first:
_R
BC\:\S C=g RC = S RC = 8
] +

§ -8 -8 S SCN ~ \SNa

NaCN v R

RC = S C =S
N .5 -+ NaSCN

The disuvlphide being then acted on sgain by the cysnide,
as shown before. That the compound which is here assumed
to be the first intermediate product in the action of sodium

cyanide on an acid trisulphide is capable of existence is
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shown by the fact that Lecher (64) has prepared & number
of derivatives of the same type, by the sction of free
rhodan on mercaptans.

RSH + (SCN)g —> RS.SCN + HSCN
and whke observed, further, that these sulphur thiocysnates
resct with mercaptans to form disulphides,

RS.SCN + RSH —> RSSR + HSCN
The latter is a reaction analogous to that assume% to take

~
place between the acid sulphur thiocyanate, C = S
™~ 5.SCN

end the sodium salt of the dithio acid in the desulphurization
of an acid trisulphide.

The reaction observed by Lecher between sulphur
thiocyanates and mercaptans explain why trisulphides of the
type RSSSR can be desulphurized by cyanides, for the products
of 'eyanic hydrolysis' of this sulphide would immediately
react to form a disulphide,

RS.SCN + RSNa —> RSSR + NaSCN

In the case of a disulphide of the type RSSR, it
can be shwon that desulphurization by cyasnides cannot tske
place, becsuse 'cyanic hydrolysis' is not possible. 'Cyanic
hydrolysis' undoubtedly proceeds in the following manner,

the disulphide first undergoing true hydrolysis.

R
RC = S C=193 RC = S RC = 8
I. ~~8 - 87 — ~ + ~
+ SH SOH

H - COH
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The acid formed then rescts with the cyanide, being a
stronger acid, (this is the case with all dithio acids),

to form the sodium selt and hydrocyanic acid.

II. R.C = S

RC =« S
SH + NaCN — \\\SN A+ HCHN
a

The HCN being then oxidized by the per acid,

111, RC = S HCHN RC = S
N —+ —> DY +~ H

20
SOH SCN

Disulphides of the type RSSR are slso hydrolysed,
RSSR
+ —> RSH +  RSOH

HOH
but the RSH formed would not reasct with sodium cyanide,
at least to any aovpreciable extent, because mercaptans are
much wesker acids then hydrocyanic acid, so that the re-
action would not proceed any further. That HCN is s
stronger acid than mercaptans was confirmed by experiment.
Phenyl disulphide was obtained in good yield by oxidizing

an aqueous solution of sodium thio phenol with cyanogen gas

CoHs™ SNa t (CN)g->CeHs383CeoHs + NaCN

9
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IV, EXPERIMENTAL

I, OXIDATION OF XANTHATES TO DIXANTHOGENS

Action of nitrous acid on xsnthates in scid solution.

Ethyl dixanthogen.

A solution of 16 gr. potassium ethyl xanthate
and 7.2 gr. sodium nitrife in 75 cc. of water was treated
at 50 with 40 co. of 25% sulphuric acid. The dixanthogen
was obtained as a white solid, which, after one recrystall-
ization from alcohol, melted at 32.5°, which is the correct
melting point for ethyl dixanthogen. The yield was 10.5 gr.
87% of the theory.

The above experiment was repeated, using the
equivalent amount of hydrochloric acid, instead of sulphur-
ic. From 20 gr. of potassium ethyl xanthate amd 10 gr, of
sodium nitrite were obtained 14.6 gr. of ethyl dixanthogen,
or 97% of theory. That the product was quite pure as ob-
tained was shown by the melting point, 30.50, this being
only 2° below the melting point of pure ethyl dixanthogen.
Isopropyl dixanthogen.

This was obtained in the same manner as the ethyl
compound. From 50 gr. of isopropyl xanthate and 20 gr. of
sodium nitrite were obtained 30.1 gr. dixanthogen, 80% of
theory, when using sulphuric acid, and 32.5 gr. or 87% of
theory, when using hydrochloric acid.
n-Butyl dixanthogen.

This was obtained in 80% yield, using sulphuric

acid.
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Qualitative tests with iso amyl and benzyl were
also carried out, but the products obtained in these experi-
ments contained appreciable amounts of the corresponding
alcohols, as wes shown by extraction with methyl alcohol.
Tetra ethyl thiurem disulphide.

A solution of 43 gr. of sodium di ethyl dithio
carbamate and.18 gr. of sodium nitrite in 100 cc. water was
treated at 00 to 6° with 80 cc. of 25% hydrochloric acid.
The product was obtained as & pure white solid, m.p.68.5°
before recrystallization, and 71° after recrystallization
from alcohol. The melting point of this product is given
in the literature as 70.5°,

Action of cyanogen bromide on xanthates.

Action of cyanogen bromide on potassium ethyl Eanthate in
alcohol.

A solution of 10.5 gr. cyanogen bromide in 30 cc.
95% alcohol was added gradually to a cooled solution of
30 gr. potassium ethyl xanthate in 100 cc. of alcohol. The
reaction mixture was stirred for one hsalf hour at 50 after
all the bromide had been added. The product was then precip-
itated by the addition of water, filtered off and recrystall-
ized from alcohol, m.p.52.5°. The dixanthogen melts at 32°,
Action of cyanogen bromide on potassium isopropyl xanthate in
water.

A solution of 5 gr. of cyanogen bromide in 25 co.

of water was added, without cooling, to a solution of 20 gr.



potassium isopropyl xanthste in 75 cc. of water. The
product comes down directly as a pale yellow solid., This
was filtered off, and, on recrystallization from aleohol,
pure isopropyl dixanthogen is obtained, m.p. 57.50-58.50,
The yield is practically quantitative.

-65=
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The following dixanthogens, which are not de-
scribed in the literature, have 8lso been prepared by the
action of cyanogen bromide on the corresponding sodium
xanthate.

Glycol mono ethyl ether dixanthogen

An attempt was made to prepare the sodium gly-

colate by the sction of metallic sodium on the alcohol.

It appeared that some decomposition took place, for e

dark coloured product was obteined on the addition of
carbon disulphide. Better results were obtained on using
carbonate free caustic soda, the latter, after pulverizing
tinely, was added gradually to a solution of excess carbon
disulphide in twice the theoretical amount of the doohol.
The sodium xanthate which separated out was filtered off,
and recrystallized from dry acetone.

Thirty grames of the recrystallized sodium xan-
thate were then oxidized by the addition of excess of
freshly prepsred sodium tetrsathionate solution. The pro-
duct, after washing and drying, was obtained as & psle
yellow oil, Np 1.5751 at 257,

Analysis «2141 gr. subst. «5980 gr, BaS0y
Calculeted for CypH;g04S5, 'M.W. 3302) 38.84
Found 38.37
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n. Hexyl di xanthogen

The sodium alcoholate was first prepared by the
action of metallic sodium (15 gr.) on an excess of the
aleohol (100 gr.) in 200 cc. of toluene. The reaction mix-
ture was refluxed till a8l1ll the sodium had reacted. An ex-
cess of carbon disulphide (70 gr.) was then added to the
cooled sodium slcoholate solution. The sodium xanthate
wag filtered off, and washed free of alcohol with ether.

Forty grams of sodium hexyl xanthate, in 150 cc.
of wcter, were treated with 10 gr. of cyanogen bromide, also
in water. The licuid dixanthogen formed was separated,
washed, and dried in vacuo. It is a pale yellow oil, with
an odour faintly recalling that of the alcohol, and which
boils with some decomposition, at 1700-175° at 3 mm.

Np 1.5569 a t 25°,
Analysis: .2206 gr. subs. gave .5725 gr. BaSOy4
Calculated for Cy4Hpo09S4 (M.W. 382.3) 36.21% S
Found 35,62

b.Phenyl ethyl dixanthogen

This compound was prepsasred in the same menner
as the n.hexyl compound, using metallic sodium.

The dixanthogen was obtained as a white solid,
which after recrystallization from glacial acetic acid,
melted at 49.5°- 500,

Analysis: .1439 gr.svbst.gave .3394 gr.BaSO04
Calculated for CygH180284 (M.W.398.3) 32.39%
Found 32.52
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Heat decomposition of phenyl ethyl dixsnthogen.

Nametkin (65) has reported obtaining stilbene
by the heat decomposition of the methyl ester of benzyl
xanthic acid, a method of dehydrating alcohols first used
by Tschugaeff for the preparation of menthene (66).

Dehydration, in the case of the methyl benzyl
xanthate, tskes place as follows,

CeHpCHR0CY > cos + CHzSH + ceRsiE
SCH3 CeH5CH

Since dehydration in the case of phenyl ethyl alcohol
can¢ teke place internally, one would expect styrene
to be the main heat decomposition product of phenyl ethyl
xanthates. That was found to be the case. From the dis-
tilletion of 25 gr. phenyl ethyl dixanthogen at atmospheriec
pressure, 9.5 gr, of liquid produvuets were obtained. After
two fractionations, & 3 gr. fraction boiling at 142°-148°
was obteined. This fraction was treated with slightly less
than the required amount of bromine in glaciel acetic acid,
and 1.7 gr. of styrene dibromide were obtained, which, after
recrystallization from acetic acid, melted at 730-740, which
is the correct melting point for that compound.

Phenyl ethyl xanthogen amide

CEH5CHCHR0C S ;H

2

The above compound, which is not listed in the literature,
was prepared by the action of alcoholic emmonia on the

corresponding dixantbogen. It was obtained in the form of
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large lustrous plates from alcohol, melting at 799,
Analysis: .1435 gr. gave .1931 gr. BaSO4
Calculated for CgH1jONS (M.W, 181) 17.62% S
Found 18.49

Action of sodium tetra thionate on xanthates.

-

Methyl dixanthogen

Thirty grams of pure potassium methyl xanthate
in 150 cc. water were treated with an excess of aqueous
sodium tetra thionate, the reaction being carried out at
-50 to -30, The dixanthogen was obtained directly in 98%
vyield. The product was recrystellized by dissolving it
in methyl alcohol at room temperature till a ssturated
solution was obtained, then cooling the latter in an ice
bath. The dixesnthogen was then obtained in the form of
small prisms, mp. 22.50-230,

Benzyl dixanthogen

To a solution of 29.1 gr. of sodium benzyl xsn-
thate in 75 cc. water was added, with good stirring, a so-
Jution contsaining slightly more than the theoretical amount
of sodium tetra thionate. The dixanthogen is obtained direct-
ly es a white solid. That the product, as obtained, is quite
pure was shown by the melting point of the ecrude dixanthogen,
460-490, compared to that of a sample recrystallized from
glacial acetic acid, 540-54,59,

Analysis: .2176 gr. subst. gave .5673 gr. BaSO4
Calculsted for C3gH140254 (M.W. 3665) 35.00% S

Found 35.82
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Action of chloramine T on xanthates.

To a solution of 4 gr. of sodium isopropyl
xanthate was added an agueous solution contairning an ex-
cess of the chloramine. The dixanthogen is obtained in
practically quantitative yield, M.P. 58.50 after recry-
stallization from alcohol.

Action of nitrosyl chloride on xanthates.

Five grems of sodium isopropyl xanthate were
added with stirring and cooling, to a chloroform solution
of nitrosyl chloride., After letting stend for a few minutes,
the chloroform solution was washed with water, then evapor-
ated under reduced pressure, leaving as residue 2.1 gr. of
pure isopropyl dixanthogen, M.P. 57.5°.

Action of benzene sulphochloride on xanthsates.

Thirty two grams ¢f potassium xanthate were grad-
ually added to a solution of 8.6 gr. of benzene sulpho-
chloride (.5 mole) in 100 cc. of dry ether. The reaction
being carried out at -100, the reaction mixture was then
filtered from potassium chloride, and the ether evaporated
off, leaving as residue an o0il which would not be made to
crystallize. The 0il was dissolved in aleohol, and on
cooling the solution in freezing mixture, 11.5 gr. of solid
ethyl dixanthogen were obtained, M.P. 32°-32.5°,

That the product was actually the dixanthogen was
confirmed by converting a fraction of it to the correspond-
ing monoxanthogen, by the action of potassium cyanide in

alcohol.
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Action of cysnogen on xanthates,

Cyenogen gas, prepared by the copper sulphate-
potassium cyanide method, was bubbled through & solution
of sodium isopropyl xanthate in alcohol. Except for the
production of a red colour in the solution, no oxidation
occurred. The same negative results were obtained on
passing the gas through an aqueous solution of sodium cyclo

rentamethylene dithiocarbamate.
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DESULPHURIZATION OF THIO ACID DISULFHIDES BY ALKALI
CYANIDES. (MECHANISM OF REACTION)

Action of ethyl phenyl thio carbamyl thio cyasnste on
sodium isopropyl xanthate.

02H5>NC =3 S = _COCzH7 (iso)
CeHs o

Two grams of the thiocyanate and 1.75 gr. of
gsodium isopropyl xsnthate, (slight excess), were dissolved
separately in & few ccs. of absolute alcohol. On mixing
the two solutions a yellow colour was produced after a
few minutes. The reaction mixture was allowed to stand
at room temperature for 2 hours. The addition of water to
the solution precipitated an o0il, which was extracted with
ether. On evaporating off the ether, after washing, and
drying the extract, the product was agsasin obtained as an
oil. As it was expected that the product would be a solid,
it was purified by repeatedly dissolving it in alceohol,
in which it wes very soluble, then precipitating it with
water. In this way about .5 gr. of a yellow solid was
obtained which, after one recrystallization from glaecial
acetic, melted at 39.5°- 40°,

In order to confirm the identity of the above
product, it was prepared by the action of ethyl phenyl
carbamyl chloride on the same xanthate. Ten gr. of the
cerbamyl chloride snd 8 gr. of sodium isopropyl xanthate

were dissolved in 50 cc. of absolute alcohol, and the

solution allowed to stand for about two hours at room
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temperature., The addition of water to the alcohol pre-
cipitated the product as an oil, The latter was extracted
with ether, and, on eveporstion of the latter, the mixed
anhydride is obtained as & crystalline yellow solid, which
after one recrystallization from 1lacial acetic, melted
sharply at 41°, After repeated recrystallization from
glacial acetic acid and also ligroin, the product still
showed the same melting point. In mixing equal psrts
of this product and of the product obtained in the ore-
ceding experiment from carbamyl thiocysnate did decrease the
m.p. of the latter product. The mixed anhydrideg is very
soluble in alcohol, ether, and chloroform. It is & curious
fact that its solubility in aslcohol is much greater than
that of isopropyl monoxanthogen itself.
Analysis: .1622 gr. subst. gave .3800 gr. BaSO4
Calculated for CyzHy70NSz (M.W. 299.2) 32.15% S
Found 32,18

5268 gr. subst. gave .025562 gr. N
Calculated for CyzH170NSg 4,70% N
Found 4.81

Action of methyl phenyl thio carbamyl thio cysnate

on the corresponding sodium dithio carbamste.

An alcoholic solution of sodium methyl phenyl
dithio carbamate was first prepared by the action of
sodium sulphide (1.75 gr.) on an alcoholic solution of

methyl phenyl thio carbamyl thio cyanate (1.50 gr.).
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On adding the sodium cyanide, the solution soon turned
yellow, the colout then gradually fading till the solution
was almost colourless. The solution was allowed to stand
till a drop of it, added to a few ccs. of water gave a clear
solution, showing that all the thiccyanate had reacted. The
solution was t&emn made up to 45 cc. with alcohol, then divided
into two fractions. Do the first fraction, (24 cd. was added
.8 gr. of methyl phenyl thio carbamyl thiocyanate. On adding
the thiocyanate, the solution i.inediately assumed a deep yellow
colour. The solution was warmed to about 35° to complete the
reaction, and on cooling, a yellow crystalline precipitate
was formed. The product was precipitated by the addition of
an erual volume of water, filtered, and washed with water to
potassium
remove[thiocyanate, the presence of which in the filtrate was
shown by the deep red colour produced by adding a few drops
of ferric chloride. Aifter recrystallization from alcohol-
chloroform, the product melted at 149.59-1500, which is the
correct melting point for sym-diphenyl dimethyl thiuram mono-
sulphide. The identity of the product was eonfirmed by
taking a mixed melting point with a pure sample of the mono-
sulphide, on which no depression was observed.
In order to prove that the alcoholic solution

used in the above experiunent actually contained sodium
methyl phenyl dithiocarbamate, the remaining fractiongp
(}9 c@. was diluted with 50 cc. of water. Yo the clear

solution thus obtained was adde& one gram of cyanogen

bromide in water. .. white precinitate was obtained



-T4a-

directly which, after two recrystallizations from alcohol-
chlorotorm, melted at 196°- 197°, showing it was sym.
dimethyl diphenyl thiuram mg;esulphide.

The yield of thiuram monosulphide obtained in the
first part of the experi.ent was 1.16 gr. or 90.5%, based
on the .8 gr. of carbamyl thiocyanate used.

In the second part of the experiment, the rield
of thiuram disulphide obtained was 0.49 gr., or 89%, based

on 0.6% gr. of thiocyanate used.
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FPORIUATION OF THIC _NIYDRIIZIC BY 00H:R THEN DESULPHUR-
IZATIOR .:=TH0DS

Preparation of mixed anhydrides from isopropyl xanthic acid
and ethyl carbonic acids.

CpHgOC = O S =.C0CzHq (iso)
\ s/

A solution of 16 gr. of ethyl chlorcarbonate in
40 cc. acetone was added gradually, with mechanical stirring,
to a solution of 21 gr. of sodium isopropyl xanthate in 50 cc.
of water, the reaction veing carried out at -5°. There was
only a very faint odour of the chlorcarbonate after one half
hour stirring. The product was then precipitated by the addi-
tion of a large amount oi water, separated, and dried under
reduced pressure. Yield 20.4 gr. 98.5% of theory. The product
is a very pale yellow oil.,

Np 1.5110 at 25.5°,

action of sodium isopropyl xanthate on mixed anhydride
obtained above,

Five grams of thae thio anhydridenobtained above
were added to an alcoholic solution of 5 gr. sodium isopro-
pyl xanthate in 20 cc. alcohol, on the addition of the anhy-
dride, the solution assumed a deep yellow colour. The solution
was allowed to stand overnizsht, on which some of the mono-

xanthogen separated out. 4 small amount of water was

added to precipitate the monoxanthogen completely, the
latter was then filtered off, and recrystallized from
alcohol, m.p. 55° to 55.59, the yield obtained was 3.9 gr.

or 69.1% based on the amount of mixed anhydride used,
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The melting point observed here for isopropyl
monoxanthogen is somewhat higher than the melting point
observed on products prepared by desulphurization with
cyanides. The former is probably more correct, for there
is no possibility of the product obtained by that method
being contaminated with the dixanthogen, while the pro-
duct obtained by the cyanide method from the dixanthogen
is probably always contaminated with small amounts of the
latter,

Action of sodium isopropyl xanthate on the thio anhydride

of ethyl thiol carbonic acid.

To a solution of 12.5 gr. sodium isopropyl xan-
thate in alcohol were added 14 gr. of the thio anhydride.
~fter adding the latter, the solution gradually assumed
a yellow col.ur, and, aiter standing for some hours, the
isopropyl manoxanthogen started to crystallize out. On
the addition of water, some o0il was precipitated with the
monoxanthogen, the water insoluble products were separated,
and the oil removed from the solid monoxanthogen by adding
a small amount ol alcohol and filtering. The product, after
one recrystallization from alcohol, showed the correct melting
point for isopropyl monoxanthogen, 54.5° to 55°., The yield
obtained was 3.25 gr. 34.5% of the theory.

sction of benzoyl chloride on potassium ethyl xanthate, and

identification of potassium thio benzoate as a by-product in
the reaction.

To 14 gr. of benzoyl chloride in 75 cc. of acetone

were added gradually 36 gr. of potassium ethyl xanthate.
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After the xanthate had been all sdded, the reaction mix-

ture was warmed t0350 to complete reaction. The water
insoluble products were precipitated with water, and from
these, after purification, were obtained 11 gr. of pure

ethyl monoxanthogen. To the mother liquor was added a so-
lution containing an excess of sodium tetrathionate, this
caused the precipitaticn of an o0il, which wal extracted

with ether; the ether extract was washed with water, dried
with CéClg, then evaporated under reduced pressure, o decep
coloured crystalline compound was obtained as residue, this
was recrystallized a few times from alcohol, from which sol-
vent it was finglly obtained as a slightly coloured crystall-
ine product, melting at 127°. On ta<ing a mixed melting point
with pure benzoyl disulphide, which melts at 1280, the m.p.

of the product was not depressed.
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PREP,ARATION QND RouaCTIONS OF TaI0 ACID THIOCYANATLS

Preparation of ethyl phenyl thio carbamyl thiocyansate,
CgHg(CoH5 ) NCS SCN

Three grams of finmely ground potassium thio
cyanate were added to a solution of 5 gr. ethyl phenyl
thio carbamyl in 25 cc. of absolute alcohol, and the mix-
ture allowed to stand for two hours at room temperatuee
with occasional shaking. The solution became turbid at
first, due to the separation of potassium chloride, then
gradually set to a semi solid mass of crystals. Viater was
then added to dissolve potassium salts and precipitate
the thiocyanate, which was filtered off. The product is
obtalined in practically quantitative yeld. It crystall-
izes from warm alcohol in shiny, colourless needles, melt-
ing at 75.59 - 76° to a bromine-red oil. It is quite sol-
uble in warm alcohol, more so in ether, and very soluble in
chloroform and benzene. The product assumes a pink colour
after standing for a few days, and is gradually changed
over to a clear red oil on standing for some weeks, the
change being accelerated by exposure to light.

Analysis: .2146 gr.subst. gave .4413 gr. BaSOg4
Calculated for CygH1oNoS», (if.w. 222.1) 28.80% S
Found 28.25
Illolecular weight determination,
1646 gr.subst.in 17.8767 gr.CeHg(k 51.2) gave T1- Tg
0.,208°,
Calculated for CygHjpl2S»2 II.We 222.1
Found 224
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Methyl phenyl thio sarbamyl thiocyanate,

CeHs (CHz) NCS. SCN

The above compound was obtained in the same
manner as the ethyl phenyl compound just described.

It was obtained also from warm alcohol in the
form of lustrous leaflets, melting at 114° to a deep red
oil. It is not very soluble in alcohol, but it is very
soluble in chloroform and benzene. It appears to be much
more stable than the ethyl compound, for a sample which
has been standing for two months shows no signs of dis-
coloration or decomposition.'
analysis: .1223 gave .2696 gr. BaSOy
Calculated for C9H8N282(M.J.208) 30.83% S
Found 30430

Ethyl ortho tolyl thio carbamyl chloride,

CH3CgH4(CoHg) NCS.C1

The above compound, which is not described in
the literature was preparcd by von Braun's method ( ),
by the action of thio phosgene on the base in ether. The
carbamyl chloride, after recrystallization from low boiling
ligrotn, was obtained in the form of small plates, melting
at 699,
Analysis: 1945 gr.subst.gave .1322 gr. AgCl
Calculated for CygH1SC1 (1.W.199.5) 16.61% C1
Found 16.93

On acting with the above carbamyl chloride on

potassium thiocyanate in absolute alcohol, an amorphous
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solid product was obtained, which could not be recrystall-
ized, but which gave some of the characteristic reactions
of thio carbamyl thiocyanates, such as production of a
yellow colour with alcoholic sodium sulphide.

Methyl para tolyl thio carbamyl chloride,

CHzCgH4 (CHz) NCS.Cl
This carbamyl chloride also is not described in
the literature. It was prepared by the same method as the
ethyl ortho compound described above, and obtained from

lov boiling ligroin in the form of leaflets, m.p. 53°-549

Methyl p.tolyl thio carbamyl thiocyansate.

p. CH3CgH4(CH3) NCS.SCN
Two and one half grams of the thio carbamyl

chloride were treated with 2 gr. of potassium thiocyanate
in absolute alcohol. After recrystallization from absolute
alcohol, 2.1 gr. of pure thio cyanate were obtained as large
shiny plates, melting at 116.59., The compound appesrs to be
as stable as the methyl phenyl one.
Analysis: 3323 gr. subst. gave .2791 gr. BaSO4
Calculated for CgH3NpSp (M.W.222)  29,00% S
Found 28.98



Preparation of methyl phenyl thio carbemyl thiogsyanate
by the action of cyanogen bromide in the corresponding
lead dithiocarbeamate.

A solution of 11.5 gr. of cyanogen bromide in-
benzene was dried carefully by letting stend over calcium
chloride for a day. To the filtered solution were then
added 30 gr. of dry lead methyl phenyl dithiocarbameate.
After standing for four days the resction mixture was
filtered, and, on evaporation of the solvent, 7.5 gr. of
methyl phenyl thiocarbamyl thiocyanate were obtained which,
after one recrystallization from alcohol, melted correctly
at 113.5°.

Conversion of methyl phenyl thio carbemyl thiocysnate to
the iso form, end reaction of the latter witk aniline.

One gram of the above thiocyanate was heated in

a test tube immersed in an oil bath at 100-110° for 10

minutes. The hesting was interrupted when the compound had

changed to a dark red oil, and bubbles of a gas started to
form. This liquid product was dissolved in benzene, sand

.45 gr. of aniline sdded. The solution was then sallowed to
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eveporate spontaneously and the solid residue recrystallized

from elcohol, upon which about .5 gr. of a light red product

was obtained, melting at 1230.

Analysis: .0905 gr.svbst. gave .1360 gr. BaSO4
Calculated for CisH15N3Sp (M.W. 301.1) 21.30
Found 20.66

That the above compound is & dithio biuret is shown by the

fact that it is soluble in aqueous alkealies.
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Some new thio anhydrides

The following thio anhydrides have been prepared
in the course of the work described in this thesis, and, since
they are not described in the litersature, a short account of
them is given here,
Monoxanthogen from mono ethylene glycol mono ethyl ether
CoH50CHSCH0CS . SCS. OCHoCHR0CsH
This compound was prepared by the action of potass-
ium cyenide on the corresponding dixenthogen. It was obtained
a8 & reddish yellow oil,
N]),1,5561, at 25°

n.Hexyl mono xsnthogen

C6H130CS.SC3.0C6H13

This compound was prepared by the action of cyan-
ogen bromide, one half mole, on the corresponding sodium
xanthate in alcohol. Five grams of cyanogen bromide and
18 gr. of sodium n.bhexyl xanthate in 756 cc. 2lcohol were
allowed to stand for one and one halif hours at room tem-
perature. The monoxanthogen was the precipitated with water,
washed, and dried. The yield is almost quantitative,

ND 1.5410 at 25°

Analysis: .1532 gr. subst. gave .4133 gr. BaSOy
Calculated for CyyHpg05Sz (M.W.322.2) 29.80% S
Found 30.48



Benzyl mono xanthogen,

CgH5CH,0CS . SCS. 0CH,CHy,

Pive grams cyanogen bromide and 23 gr. sodium
benzyl xsnthate in 80 cc. of 80% slcohol
After stirring one one hour in an ice bath, the product
was precipitated with water, extracted with ether, end,
after evaporating off the ether, recrystallized from
glaciel acetic. The product is obtained in the form
of small pale yellow crystals. m.p. 82.59-83°,
Anslysis: .1249 gr. subst. gave .2543 gr. BaSO4
Calculsted for C1gH140283 (M.W.167) 28.80% 8
Found 28.00

The seme product, m.p. 82° was obtained later
by the actiocn of ethyl chlor csrbamate on sedium benzyl
xenthate., Its purification in the latter case, however,
was more difficult on account of the formation of liquid

by-products.
Methyl p.tolyl thiuram monosulphide,

(p.CHzCgH4(CH3)NCS)g S

To & solution of 1.6 gr. of the thiocyanate in
alcohol were sdded 1.8 gr. of finely ground sodium sulphide.
The solution turned yellow on the addition of the sulphide,
but gradually becomes colourless again. When a drop of the
solution no longer gave a precipitate on adding to water,
1.45 gr. of methyl p.tolyl thio carbamyl chloride dis-

solved in a few ccs. of absolute alcohol in the cold, were



added. The solution becomes deep yellow again on the
addition of the chloride, and a yellow crystalline pre-
cipitate begins to form after a few minutes. After stand-
ing for one half hour, an equal volume of water was added
and the solution filtered. On recrystallization from
alcohol chloroform, methyl p.tolyl thiuram monosulphide
is obtained as small plates, melting at 143.5°-144°,

-84 -~
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V. SUMMARY

l. Nitrous acid has been found & convenient agent for the
oxidation of ethyl and isopropyl xanthates to the corre-
sponding xanthogens.

Cyanogen bromide and sodium tetrathionate, in
aqueous solution, have a very specific oxidizing saction
on alkali xanthatespy these being smoothly converted to
dixanthogens without the.formation of by-products. Cyan-
ogen bromide can be used with equally good results for
the oxidation of di-gsulstituted dithiocarbamates to
thiuram disulphides, in aqueous solution, no monosulphide
being obtained under these conditiomns,

2. The mechanism of the desulphurizing action of alkalil
cyanides on acid disulphides has been determined, and the
'eyanic hydrolysis' through which desulphurization takes
place was defined.,

The products of the 'cyanie hydrolysis of acid
disulphides have been giolated, one of these being ident-
ified as belonging to a hitherto unknown series of organiec
sulphur compounds, the thio sacid thiocyanates.

3. The formation of monoxanthogens by the action of acid
chlorides on alkali xanthates has been shown to take place

in two steges: first, the formation of a mixed thio an-
hydride, followed by the action of the alkali xanthate

on the latter. The low yields always obtsined in the reaction

have been shown to be due to the fact that in the second
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stage, the reaction is a reversible one,
4., Two methods for the preperation of the new thio car-
bamyl thiocyanates are described, one of which does not
involve the use of thiophosgene, the thiocyanates being
prepared directly from the dithiocarbamates. The structure
of the new thio carbamyl thiocyanates has been established
by showing the existence of two distinct isomers, one of
which reacts with aniline as a thiocyanate; this is the
form in which the compounds are isolated, and the other,
obtained by isomerization of the normal thiocyanate by
heat, reacts with aniline as an isothiocyanate with the
formation of dithiobiuret.
5. The following sulphur compounds, which are not de-
scribed in the literature, have been isolated and identified.
Mono xanthogen from ethylene glycol mono ethyl ether,
(CoHEO(CHy ) 50CS) 58 liquid
Dixanthogen from ethylene glycol mono ethyl ether,
(CoH50(CH2) 20CS.S )o liquid
Mixed anhydrides of ethyl carbonic and.iisopropyl xanthic

acids,
CoH50C0,.SCS.0CgHy (ig0) liguid

n.BEexyl mono xanthogen,

(CeH130CS) 28 liquid
n.Hexyl dixanthogen

(CeH18CS.8¢)2 liquid
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Benzyl mono xanthogen

(o]
(csﬂ5cnzocs)zs Mm.p.82.5

B.Phenyl ethyl di xanthogen

(CeHpGHoCH0CS,S ) m.p.49.5°-50°
B.Phenyl ethyl xanthogenamide

CgHpCHRCHZ0CS . NH, m.p.79°
Mixed thio anhydride from methyl phenyl carbamic and
isopropyl xanthic acids.

CeH5(CHz) NCS.SCS.0CzHn(iso) m.p.420
Mixed thio anhydride from rhenyl ethyl dithiocarbamic
and isopropyl xanthic acids

CgHg(CaH5) NCS.SCS.0CzHp(1is0) m.p.410
Methyl phenyl thio carbamyl thiocyanate

CeH5(CH3) NCS.SCN m.p.113.5°-114°
Ethyl phenyl thio carbsamyl thiocyanate

Cel5(CoHp) NCS.SCHN M.ps75,50
Methyl p.tolyl thio carbamyl thiocyanate

P.CH3CsH4(CHZ) NCS.SCN MeP.116.50
Methyl p.tolyl thio carbamyl chloride

p.CH3CgH4 (CHz) NCS.C1 m.p.53°-54°
Ethyl o.tolyl thio carbamyl chloride

0.CH3CgH4(Coll5)NCs.C1 m.p.690

Methyl phenyl phenyl dithio biuret

a/b,CgHg (CHz) NCS.MH CS.NH Cglg m.p.1230
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