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INTRODUCTION AND HISTORICAL

The classic synthesis of disubstituted thioumeas, both in
time end in simplicity, is that of Hoffman (1). He obtained

diphenyl thioures (thiocarbanilide) by refluxing aniline with
carbon disulphide., The equation for this resction is the
simplest possible to yield the product obtained:

3 RNH, 08, —>RNH-CS-NHR H,8S.

Most of the procedures for the synthesis of thioureas develop-
‘ed since Hoffman's method are concerned with a means of pro-
moting the elimination of hydrogen sulphide.

There being a variety of reaction mechanism achemes pro-
posed for the synthesis of disubstituted thioureas, the pur-
pose of this thesis is to present another reaction mechanism
scheme, based upon some new experimental évidence. It is
applicable to those procedures which use an oxidizing agent
to promote the condensation of primary amines with carbon

- disulphide. The steps of this mechanism oonsist of:

(1) the reaction of primary amine and carbon disulphide to
form the amine salt of a dithio carbamic acid (RNH-OS-SH*HgNR),
(3) the oxidation of two moles of the dithio carbamic salt
to one mole of the corresponding thiuram diswlphide
(RNH-08-8-8-CS-RNH), (3) the decomposition by heat of the
thiﬁram disulphide to the corresponding mustard oil
(R-N=0=8) and thiourea, and (4) the reaction of the
mustard oil of step (3) with part of the original amine,
férming the thiourea.

In this reaction mechasnism scheme, a differentiation

'ie made between those procedures which use catalysts or
'basic substances to remove hydrogen sulphide and those

"which eliminate hydrogen sulphide by oxidizing it to free sulphur,
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Accordingly, the various thiourea syntheses engmerated
in this historical section will be classified en thé
same basis,

Inasmuch as the thiourea resction and its
mechanism have been the subject of a number of papers
issued from this laboratory, this historical section
will avoid unnecessary duplication of bibliographies
already svailable., Other literature references may
be found in the earlier papers (2), (3), (4). The
history of this subject is considered according to the
following outline:

I. B8ynthesis of Thioureas, by
a. Non-oxidizing reagents,
b. Oxidizing reagents,
¢c. Metdods other than condensation of amine
and carbon disulphide.
II. Dithio Carbamic Acids

III. Thiuram Disulphides.
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I. 8Synthesis of Thioureas

{(a) Non-oxidizing condensing agents:
Weith (6), in 1873, used alcoholic potassium

hydroxide to take up the hydrogen sulphide formed in

the synthesis of diphenyl thiourea. In an attempt to
elucidate the mechanism of Weith's reaction, Rathke (7)
was able to éffect the synthesis of diphenyl thiourea
through the preliminary preparation of potassium ethyl
xanthate, which was then converted to the potassium salt

of phenyl dithio carbamic acid. This compound was sub-
sequently reacted with aniline to yield diphenyl thio-
urea. The equations for each separate step of the synthesis

are as follows:

KOH + C8g + CgHz0H—> Ogfig-0-§-8-K +Hz0 (1)

GZHE-O-g—SK + Csﬂsmz ——)CzﬁsOH + 0655—~NH-Q-SK (2 )
8

OSHS-NH-Q-SK + GGHENHB——>06H5NH-Q-NH—CGH5 + KHS (3)

Y (1),(2),(3): 2 GGHsNﬁg +08Sg + KOH—)CgHsNH-CS-NHCgHg +

Rathke then suggested that, in the absence of sn inorganic
base, equimolecular quamtities of the amine and carbon
disulphide combined to form the correspordding dithio
- carbamic acid, RNH-8~SH, which combined with another
molecule of the amine to produce the thiourea:
ma-g@m-a—-) RVE~0-NER +Hz6

This was 3 possible mechanism for the Hoffman reaction.
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It was supported by Rathke's synthesis of phenyl dithio
carbamic acid, which reacted with aniline, yielding
hydrogen sulphide and thioccarbanilide as the product.

In 1899; Hugershoff (8) suggested the use of sulphur
a8 a catalyst for the elimination of hydrogen sulphide in
Hoffman's reaction. The yields of the corresponding thio-
urea were almost quantitative. Two years previously,
Billetier hed widened the renge of thioureas by preparing
unsymmetrical di-, tri-, and tetrasuvbstituted thioureas

through the reaction of thiophosgene, C8Clg, on a variety
of primery and secondasry amines, It is proper to add at
this point that no thioureas have been prepared by the
~action of carbon disulphide on secondary amines. In
1913, Krulla (10) returned to the use of metallic bases
for the purpose of removing hydrogen sulphide. He used
the oxides of lead and tin (Pb0 and Sn0), but only the
latter was satisfactory. Hise mechanism was based on the
intermediate}formation of stannous dithioc carbamate,
which reacted further with the amine to yield the
thiourea, in accordance with the following series of

consecutive reaction equations:

3 RNH,+ Sn0 +3 csg—ﬁ(m-cs_s-)gm +H,0 (1)
RNHE-O0Sd S\ H{NHR
8n0+ HyS —>8n8 + Hy0 (3)

¥ (1),(2),(3) :
4 RNH;+2 Sn0+2 C85—>3 Hz0+2 Sn8+3 (RNH),08
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This mechanism resembles that of Rathke in that it
presupposes the formation of a dithio carbamic salt, an
assumption for which further support will be produced in
the following pages.

In 1913, Fry (4) returned to the use of a catalyst
for the elimination of hydrogen sulphide in the synthesis
of symmetrical thioureas. For this purpose, pyridine was
utilized as a hydrogen sulphide carrier, in conformity
with the reversible resction:

Hg8-+OpHsN = CsHsN & -
Aftér the excess carbon disulphide and pyridine were
removed by steam distillation, the thiourea remained in
quite pure form and frequently in theoretical y;elds.

Losenitsch (11) observed that the ammonium sslt of

phenyl dithio carbamic acid, CgHgNH-CS-SH*NH3, decomposed
spontaneouely to yleld, among other products, diphenyl
thiourea., This observation was similar to one of Rathke (7),
who obtained the same product, thiocarbanilide, on heating
the potassium salt of the same dithio carbamic acid to
decomposition. The equation for this type of reaction
follows:

3 OSHSNH-GS-SK*—A—?(GSHsl\IH)gGS tK;8 408y
A procedure quite analogous to that of VWeith is Dennstedt's
(18) which requires the addition of a few cc. of concen-
trated sodium hydroxide solution to the amine and carbon

disulphide dissolved in alcohol.
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(b) Oxidizing condensing agents:

Use has been made of oxidizing condensing agents

- %0 ald in the elimination of hydrogen sulphide in the
thiocarbanilide reaction, according to the equations
which follow. It was to elucidate the mechanism of these

procedures that this work was undertaken. The simplest

equation is:

H38+ (0) —>H50 +8,
Vith iodine as the oxidizing agent, the equation is:

Hg8 +Ig—>3 HI+ 8,
Claus and Krall (13), (14) used sulphur monochloride

to destroy the hydrogen sulphide formed in Hoffman's

reaction. They represented the mechanism as:

083+ 3 CgHgNHg — (OgH5NH )08+ HgS (1)
HgS +83C1g —>2 HC1+3 8 (3)
3 OgHgNHy+23 HC1—>3 CgHgNHmeHC1 (3)

= (1),(2),(3):
083+ 4 CgHgNHa+ 830y — (CgHpNH )08 + 38 +3 CgHgNHg+HO1
‘The side products obtained were triphenylguainidine
hydrochloride and phenyl mustard oil:
2 (OgHgNH)508+ 850153770, gH, N5 * HOL + CgHgNCS +HOL +38.
Losanitsch reacted the asmmonium selt of phenyl
dithio carbamic acid with iodine as the oxidizing agent (11),
obtaining as the organic product Hoffman's thiocarbanilids.
}His equations were:
3 NHz+ 3 0S3+2 CgHgNHz —>2 CgHg~NH-0S-8-NH, (1)
2 CgHg-NH-0S-8-NH,+ I3 — (CgH5NH )08 +3 NH4I+CSa+ 8 (2)
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8ide reactions produced sma}l amounts of phenyl mustard
oil and triphenylguanidiné hydrOQiedids, an ococurrence
similar td that observed by Claus end Krall.

The very first attempt at the use of oxidizing sgents
wae made by Hoffman only a year after hie discovery of the
thiocarbanilide reaétion (15). Without closely controllaing
the conditions, he obtained an indeterminate mixture
containing phenyl mustard oil and triphenylguanidine.

In 1878, Rudneff (16) elucidated the work of Hoffman by
showing that, with ethylamine, the action of iodine on
the dithio carbesmate gives as principle produots, in
elcoholic solution, the corresponding mustard oil, thio-
urea, hydriodide of the amine, sulphur, and carbon
disulphide.

In 1800, Von Braun (17) showed that aromatic emines,
but not aliphatie, will react in the presence of the
theoretical amount of carbon disulphide at ordinary tem-
perature with oxidizing agents (iodine, potassium persul-
phate, potassium percarbonate, hydrogen peroxide, etc.)
to yield the corresponding disubstituted thiourea. This
reaction was elucidated in a later work.

Thirteen years later, Krulla (10) returned to the
use of oxidizing agents to hasten ﬁhe thiourea reaction.
He considered hydrogen peroxide unsatisfactory because

~ 1te use entailed two liquid phases. He next considered
the use of an aromatic nitro-compound, nitrobenzene, as

 the oxidizing agent for the condensation of aniline?
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6 CgHgNHg + 3 0Sg —>3 (CgHgNH)3CS+ 3 HpS (1)
3 HgS +CgHgNOg —>CgHgNHg+ 2 Hg0+3 8’ (3)
2 (1),(38):
5 OgHgNHp + 3 08+ OgHeN0Og — 5(CgHsNH)30S + 3 HgO+ 38 .
This method was found to be satisfactory.

The most uniformly efficient 1 procedure for the
synthesis of disubstituted thioureas from primary amines
and carbon disulphide, both with regard to time and extent
of reaction, is that of Fry (4). It is based on the
elimination of hydrogen sulphide in Hoffman's equation
by the use of a carbon disulvhide solution of iodine:

H,8 I,—™73 HI+8,
SBufficient pyridine is added tc the reaction mixture
to remove the hydrogen iodide through the formation of
‘the 0Sp~ insoluble pyridonium iodide, CgHgN'HI :
HI + CgHgN —> OgHsN-HI.
To a solution of the amine and pyridine in excess ocarbon.
disulphide, heated tc refluxing, is added the calculated
welght of iodine required for the formation of the thio-
urea, also dissolved in carbon disulphide. Réfluxing is
continued until the iodine color is removed, whereupon
the solvent and pyridine are removed by steam distillation,
followed by recovery and sultable purification of the
thiourea. Fry obtained 756 % to 99 % yields with primary

aromatic amines. The complete equation for this method

1. As shown by the work of Raiford snd MeNulty. (18)
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is as follows:

3 OgHgN+t 3 RNH,+C85+ Ig——>(RNH)5C8 18 +2 OgHgN-HI.
If, however, aniline dissolved in a mixture of carbon
disulphide and pyridine is titrated with a standard sol-
ution of iodine at room temperature, the molecular ratio,
CgHgNHa:I3, is 1:1, and not 2:1, as with the thiourea
equation above. In this menner the formation of phenyl
isothiocyanate (phenyl mustard oil) results according
to the equation?

RNH, 4C83+ Izt 3 CgHgN —>RNCS + 3 CgHgN-HI +8.

Ten years later, Fry and Culp (5) attempted to
extend $he use of the pyridine - iodine method to the
synthesis of symmetrical tetrasubstituted thioureas.

Instead, compounds of the thiuram disulphide type were

obtained, with both aromatic and aliphativ secondary

amines. The type equation is:

8

RoNHG-
3 RoNH+2 CSp+ Ig+2 CgHsN —->R§NH,;_§ +2 CgHgN-HI .
S

A short time later, Farguhar and Fry (3), in =
study of the inhibitory effects of substituents in the
nucleus of aromatic amines, continued the same work,
showing that the speed and extent of the reactions involved
are increesed by using a 100 % excess of pyridine., They
also showed that the organic base, quinoliné, may be
s&b&tituxed, mole-for-mole, for pyridine in Fry's method,
without noticeably affecting the yield of thiourea. To

the time of the presént research, no trisgl of Fry's method
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had been made on primary aliphatic amines,

(c) Methods other than condensation of amine and

carbon disulphide.

Naunton (19) has stated that any thiourea which can

be prepared by the action of a condensing sgent can also

be formed by the action of carbon disulphide with the
corresponding amine alone. Other reactants must bevused
for the synthesis of those thioureas which do not result
from the reaction of amines and carbon disulphide.
The method of Billetier (9) using thiophosgene,
GSGla, has already been cited. The resction proceeds
in two steps:
3 RNH3+0801-2 —> RNH-C8-01 + RNHg - HCL (1)
RNH-08-C1+3 RgNH —>RNH-CS-NRg + RgNH*HO12 (3)
Any combination of primary and secondary amines may
be used to yield di-, tri-, and tetra-substituted
thioureas (20),
At the same time Hoffman published his work on
the thiocarbanilide reaction (1), he also presented
the synthesis of a thiourea by the reaction of a mustard
0il with the corresponding amine!?
CgHpN=0=8 + CgHgNHg —> CgHNH-C8-NHCgHg.
By the use of different primary and secondary amines with
‘each mustard oil, a variety of thiouress have since been
: obtained (21). Since no mustard oils can be prepared from

pecondary amines, it is evident that this method does not
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apply to the synthesis of tetra—suﬁstituted thioureas;
Methods of doubtful practical value are those which react
mustard oils with ketoximes and aldoximes (23) and with
hydrogen sulphide (23), obtaining thioureas in each case.
The respective equations are not cleat.

Mono- and di-acyl thioureas have been prepared by
heating thiourea with the corresponding acid anhydride
(24),(25),(86). According to this method, diamcetyl thio-
ures has besen synthesized:‘

KHg-OS-NH3142(0H3-CO—)30—9(CH3-CO-NH-)3081-8 GHgOOgH.
Monosubstituted thioureas have also been obtained by the
isomerization of thiocyanic acid sglts of primary amines
(23),(37),(38) :

RNHg*HRCS——>RNH-C8-NHg.

An unique method for preparing symmetric diaryl
thioureas reacts aromatic nitroso compounds with an aqueous
solution of sodium trithiocarbonate (29):

‘Nag08z—+2 RNO+HgO — (RNH)308 + NagSz0z .
A 75 % yield is claimed for this method.
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II. Dithio Carbsmic Acids

Since dithio carbamic acids are the first intermediate
products formed in the synthesis of thioureas, a historical
survey of their preparation is pertinent to subsequent
discuesion of reaction mechanisms.

In 1834, Zeise (30) prepared ammonium dithio
carbamate, the parent compound of the dithio carbamic acid
salts, by the interaction of ammonia and carbon disulphide:

8 NHaz +0S3 —>NHp-C8-8-NHg .
However, he did not establish the identity of his product.
Twenty-six years later, Debus (31) resumed this work and
1soia£ed the product, without identifying it., At higher
reaction temperatures, he observed a decomposition to a
compound of formula NgH408 , which he considered to be
ammonium thiocyanate, NH4NCS, but which may have been
thiourea, NHgOSNH5, as pointed out by Hoffman (27). Hie
suggested equation is: )

NHp-08-8-NHy4 —>NHg-C8-NHg +HgS.
‘Later. He showed that the same type of equation applied
to the amine salt of ethyl dithio carbamic acid (33) and
to aromatic dithio carbamic salte (15):

RNH-08-SH*HgNR —2>RNH-CS-NHR + HpS .
; The work of Rathke (Page 3) and Losanitsch (Page 5)
‘on dithio carbamic sslts has already been cited. In 1902,
Delepine (31) presented an extensive study of the prepar-
ation of dithio carbamic salts, acids, and esters. By this
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time, it had become accepted that the normal course of
reaction of primary and secondary amines with carbon
diaﬁlphide leads to the formation of dithio carbamic acids
or salts. Thus, in 1881, Grodzki (33) had shown that
bath primary and secondary amines react with carbon
disulphide to form dithio carbamates, but that this re-
action can not ocour: with tertiary smines. He also
showed that primary amine dithio carbamates can react
to yield thioureas, according to Hoffmen's equation
(page 18), but that secondary amines do not show this
reaction. Even the much lees basic amino-acids have
yielded dithio carbamates, as for example, glycine (34),
(35), (36)

HOOO-CHo-NHg + CSg +3 KOH —>K00C~0Ho-NH-C8-8K +3 Hg0.

From the time of Hoffman and Rathke, the assumption

of the intermediate formation of dithio carbamic acids
or salts hes been implicit in most work on thioureas

and similar compounds,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



III. Thiuram Disulphides

The chief purpose of this thesis has been stated to
be the conéiderationfpf a2 method for the synthesis of
thioureas, based upon the intermediate formation of
thiuream disulphides. Accordingly, & survey of the pre-
paration and properties of thiuram disulphides is
presented here,

The first synthesis of a thiuram disulphide was

| performed in 1850 by Debus (31). He treated ammonium
dithio carbamate with halogens, and obtained a compound
wifh the formula Cp84NgHy, which he could not identify.
It was later shown by Von Braun (37) to be thiuram
disulphide, NH308-8-8-C8NH5, formed by the equation

(here recorded s a simplification of the earlier double

‘formulae):
NHo-CS-8-.NH NH,-CS-8
B Yo, — ¥ 1 +zma
HHS-GS~S—N%& NHB-CS-S .

In 1881, Grodiki (32) prepared tetraethyl thiuram
disulphide, by oxidizing a solution of the dithio
carbamate of diethyl amine with iodine?

3(CgHs )gN-0S-SH-NH(CgHs )a + I3 ——-}icaﬂs 3n-cs-g+ 3(CgHs )oNH-HI,

The molecular ratio of amine to iodine was 4:1, in
acocordance with the asbove equation. The name, "thiuram
disulphide®, had been suggested in 1873 (38), In en

analogous way, the thiuram disulphide of piperidine was
synthesized (39). Freund (40) used bromine water in the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



synthesis of dimethyl and diethyl thiuram disulphide.
Von Braun hae made a thorough study of the behavior

of‘primary and secondary amine dithiocarbamates on
oxidation. In a preliminary publication on the preparation

of thiocarbanilide by the use of oxidizing condensing

agents (17), he presented a mechanism based on the inter-

mediate formation of the dithiocarbamate, followed by

thé formation of an unstable thiuram disulphide:

OgHsNH-08-SH-NHaCaHs (0) OelisNE-08-9 +3 GgHghHg T H,0.

OgHsNH-CS-SH NH3OgH5 CgH5NH-C
This OgHsNHE-CS-SH-NHgCgHs (0) . CoHpNH-0S- o FH.O.
csgsm-cs-sn-unacgﬁs cShenn_og 4 T3 CefsWEa THO.
p1o8s 3Cetl5 ets
gection.

A few years later, he further confirmed the nature of
this reaction by eynthesizing the thiuram disulphides of
a large number of primary and secondary amines (37), He
showed that when two moles of any primary sliphatic or

aromatic—aliphatic amine, or any secondary amine, are
dissolved with one mole of carbon disulphide in aleohol,

the product of oxidation at low temperatures is always

~a thiuram disulphide. On the other hand, primary aromatic

~amines invariably yield thioureas, with traces of mustard
oil.

Tetra~substituted thiuram disulphides, resulting
from secondary amines, are stable to heat and chemical
reagents. On the other hand, the disubstituted thiuram
disulphides which are the reaction product of primary

amines are decidedly unstable to heat. The information

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 18 -

derived from a study of the decomposition reactions of
these latter thiuram disulphides suggested to Von Braun
s revision of hie previous reaction mechanism scheme for
the synthesis of thioureas by the use of oxidizihg
condensing agents. This revised scheme will also be
coneidered in the theoretical section.

More recently, the application of Fry's iodine -~
pyridine method for the synthesis of thioureas to
secondary amines has resulted in the formation of
thiuram disulphides. Fry and Culp obtained the thiuram
‘diaulphides of methyl and ethyl aniline, ethyl'alpha and
beta nephthylamine, dimethylamine, and diethylamine.

This was followed by the work of Fry and Farquhar, on
diphenylamine, methyl ortho-, meta-, and para-toluidine,
and meta~ and para-nitro methylaniline. In their work,

~ the inhibitory effect on speed and extent of reaction of
‘various substituents in the ring or on the nitrogen atom
were determined. Their conclusions on the effect of
nitrogen substituents were that the inhibitory effect
increases with the weight of the substituent.
| In recent years interest has been evinced in
thiuram disulphides because of their value as vulcanization
alds in the rubber industry. Consequently, & number of
variations for their synthesis have appeared in the patent
literature. They call for a number of oxidizing agents,
such as a mixture of nitrogen oxides and air (41), nitric

- oxide and air (42), chlorine passed through an aqueous
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solution of the amine with carbon disulphide (43),
sodium hypochlorite solution (44), and aqueous hydrogen peroxide
with excess carbon disulphide (45). The efficacy of these

‘latter methods have not been disclosed and are therefore

questionable.
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THEORETICAL

Since Hoffman's first work on the thiocarbanilide
"reaction, a variety of reaction mechanism schemes have
been proposed. The first one, presented by Hoffman in
1847 (1), wae based on the simplest possible equation
for the complete reaction:

'3 RNHg+ CS,~—>RNH-CS-NHR +H,8.

 In meking uae_gf sulphur monochloride, Claus and Krall
(Page 6) assumed thatsthe:fundamental equatioﬁ involved
was identical with Hoffmen's. The subéequent equations

. were merely concerned with the reaction between the
hydrogen sulphide evolved and the sulphur chloride, as
outlined in the historical section. But two years
previous to the work of Claus and Krall, Hoffman (Page 13)
had already suggested a more probable mechanism for his
original condensation of aminés with carbon disulphide,

involving the intermediate formation of dithio carbamic

salts:
2 RNHg + CSp —> RNH-C8-8H *HgNR (1)
RNEH~0S- SH* HoNR —2 > RNH-~0S-NHR + HyS (2)

2 (1),(3): 3 RNHp +CS;—>RNH-CS-NHR +HyS.

’The summation is Hoffman's original equation.

| In 1878, Rathke (7) established the series of
reactions invlioved in the use of an alkaline condensing
agent, such as potassium hydroxide. They are based on
the‘reaction of aniline with carbon disulphide, in an

alcoholie potassium hydroxide solution.
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KOH + C8g + CgHg0H — OfiprO-G-8-K +Hgd: (1)
OgHs=0-§-8-K + osﬂsmg-—a—y 021-1501-1 + cgas-na-g-s.x (3)
csﬂs-m-q-s.z + CgHgNHy -eé;csﬂ”s_m-g-NH-GSHg kKis  (3)

L (1),(2),(3): i
8 OgHglHg + 0S5 + KOH —7 CgHg~NH~C=NH-CgHg + KHS +Hg0.,

He stated also that at high temperatures, the potassium

dithio carbamate is unsteble and decomposes, according

to the following series of equations:

3 ROH+ 3 OSg t 3 OgHgOH — 3 Ogg-0-g-8-Kt3 B0 (1)
zczns—c-g-s-m zcsnsmz ——>3CgHE0H +3 csﬂs-na.g-s-x (3)
] cens-mx..g_s_x —-—-)06H5-NH—§—NH-GGH5 +Kg8 +085 (3)

> (1),(38),(3):
30gHENHg + C8g + 2KOH —> 0635-NH-.§.NH-0635 +Kg8 +3Hg0,

Though the two reaction mechanism schemes are quite
different, the final equations are almost identical,
differing only in whether the acid or nuetral potassium

sulphide is obtained.
The reactions proposed by Krulla (10) to explain

the condensing action of stanndus oxide are similar to
Rathke's first series, presented above. They are also

,based on the metal dithio carbamate:

2 RN 5] 8 08 Rna~g~s (1)
H,+ Sno + — g SanO 1
2 2 RNH-O_8— 2
RNH-B— 8\, H{NHR 5
o n ——7 3 RNH-C-NHR T Sn8 +Hz8 (3)
RNH-(48” HINHR
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sno'-r Hp8 — 8n8 +HpO (3)
2.(1),(2),(3):

4 R¥Hz+2 8n0+23 0Sp—> 2 HaO+23 8nS+3 (RNH)CS.
The similarity between the two final equations is very
evident. Krulla offered no mechanism for the synthesis
making use of the condensing action of nitrobenzene. He
yresented merely the empirical equations noted on Page 7,
to explain the products observed,

| In extending his work ogxgotasaium salt of phenyl

dithio carbamic acid; Rathke presented a mechanism for
"Hoffman's reaction (in the absence of condensing agents)
-which has enjoyed the widest acceptance. The reaction

" mechanism consists of the following consecutive equations:

RNHg + CSg— RNH—g-S-H (1)
RNH-(4S-E + HJNH-R—> RNH-(~NHR +H,8 (2)
NH-8-H + B g 2

(1),(3): 3 RNH5 08, ——?RNH—g-NHR‘l'st.

This last equation ie, of course, identiocal with that

of Hoffman.

Each of the reaction mechaniem schemes enumerated
thue far has failed to explain the fact, first stated by
Grodzki (33),that thioureas have never been synthesized

from carbon disulphide and a secondary smine. The empirical
e@uation for such a reaction would be:

3 RoNHTt 0Sy——>RoN-CS-NR, THaS,
"According b0 each of the mechanism theories presented in

the foregoing pages, such a reaction should be able to
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RgN--- S—H-HHRz——)RBN-»g}-—NRg—ngS.
0CCUTe 0o eomimcmce wgem-nS. o o._ .3 to Hoffman would be:

Rgh-g-5-H-HNRg — Rgli-G-NRz+Hz8.

Rathke's theory would be embodied in the following

equations:
cans-o-q-s.xf RgNH ~— CoHg0H+ Rzu..g.s.».x - (1)
R n..g_s-x+ B-NR, ——->Rau.-§.mg +KHS - (3)
or: .3 RZN-g-S-K""’RzNug-NRzi— K,S+08, . (3)

S8imilarly, the essential reaction of Krulla's mechanism

ghould be:

: Raﬁ—g 8\ HNR o S
Sn —33 RaN-G—Nﬁa-O- Sn8 +Hg8,
RgN- s's/ H-an

And in the ssme way, an adsptation could also be made of
Rathke's reaction mechanism scheme for the case of a
secondary amine with carbon disulphide, ih the absence
- of condensing agents:
RgNH + 085~ Rzﬂ-g-S-H (1)
RBH-QJ,S—H + H{NRy — nan-g.mz +HgS.

On the basis of the theories involved, the reactions
embodied in each of the ebove equations should be
capable of occurrence. But the fact that such reactions
ha.ye never been observed suggests a weakness 1in the cor-
responding theories, in their failure to differentiate
between the behavior of primary and secondary amines,
Snedker (46) has attempted to explain the failure of

_ secondary amines to yield thioureas with carbon disulphide.
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For aromatic amines, he postulated that the first reaction
* with carbon disulphide forms the dithio carbamic acid,
| RNH~C8-8-H, which then decomposes to form the mustard oil:
' RNH-C8~-8-H——> R-N=0=8 +Hps.
The mustard oil formed then combines with more of the
amine to form the thiourea!
R-N=0=§ + RNHg —>RNH~C8-NHR,
Secondary amines form dithio carbamic acids of the type
RgN-C8-8-H, which lack the amino- hydrogen atom necessary
for fhé formation of the mustard.oil’irtermediate to ther
thiocarbanilide. Snedker applied this explanation enly to
aniline and its derivatives, omitting reference to aliphatic
amines,

More recently, a2 rezction mechanism scheme has been
presented by Fry and Culp (4) which for the firet time
‘explained the difference in reaction o%i%rimary and second-
ary amines with carbon disulphide. A complets exposition
of this theory is available in the thesis of Farquhar (2).

It is applicable to both aliphatic and eromatic amines
and is based on the tautomerism of thiourea and its sub-

stitution producte between the thioketo- (thiocarbamide)

and thioenol~ (thiocarbimide) forms:

RuNH—g—NH-R,¥==ﬁ-RPNH-gf§—R

Sufficient evidence exists to warrant the wide acceptance
 this assumption has received,

The first reaction involved in their theory is
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identicsl with that proposed by Rathke (Page 30):
RNHg + CSg —% R-NH-(-8-H (1)
: 3

But the novelty of the newer mechanism scheme is embodied
in the second equation, in which condensation can only
occur between the thiono-sulphur of the dithio carbamic

acid and the two amino hydrogen atoms ®mof s second

molecule of the primary amine, yielding as products a

- molecule of hydrogen sulphide and a molecule of the

enol- form of the disubstituted thiourea. The equation is:

R-NH-Q+8 HoN-R — R-NH~C=N-R+Hgs . (23)

- H-
The enol-form of the thiourea then rearranges, presumably
under the influenc of heat, to form the keto (thiocarb-
amide) modification, according to the third equation:

R-NH- N—R"—%'R-Nﬁ-g-ﬁﬂaﬁ (3)
He _

2 (1),(2),(3): 2 RNH,+ csz—-—>R_NH-§-NH-R+Has.

. The final equation is thus identical with those propoeed
by Hoffman and Rathke, as noted on earlier pages of
this section,
On the same basis, the fact that secondary amines
do not yield thioureas is explained by the absence of

two amino hydrogen atoms to react with the thiono-

sulphur of the dithio carbamic acid.
Rgﬁ~3381—H—NR3 — no reaction.

While a thiourea can not thus be formed from a secondary

amine, it is quite possible that, in the presence of an
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oxidizing agent such as iodine, the dithio carbamic acid
of'the‘secondary amine can be oxidized to the corres-

ponding thiuram disulphide.

R N—g—S-H R N~8~
Rgn_g_s_Hﬂg-——-? ngn-q-z*z HI .
-]
In summary, on the basis of the foregoing reaction

- mechanism scheme, Fry's pyridine -~ iodine method for

thioureas involves these equations:

RNHp +CSg — R-NH-g-S-H (1)
.R-ng:ge@-n 7 ReNE-G=N-R+ B8 (3)
mugig-:n-n 4—)R~HH-(S},-—NH-—R ‘ (3)
‘HgS+Ig—22 HI+ S (4)
2 OgHgN+23 HI —> 2 OgHgN-HI (5)

2 (1),(8),(3),(4),(5),:
CS5+3 RNHg +Ig+ 3 OgHgN —>(RNH)50S + 8 +3 CgHgN-HI.

In the mechanism of Fry and Culp, the iodine reacts with
the hydrogen sulphide evolved from the primary amine and
the dithio carbamic acid.

The theory of Fry and Culp may be questioned from
severél points of view. For example, let it be assumed

first that in equation (8) of the above mechanism, the

dithio carbamic acid and the amine react to form the

‘dithio carbamic salt:

R~KH~Q—S-HA-H2NR “"?RNH-§~S~H’H NR,
8

3

which interacts with another molecule of the amine, as

’follows:
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R-NH-@38 Hz\m-—)a-brﬂ.gzua + HgS.
RNH,-H RNHpH

If this salt formation does occur, then the rearrenge-
ment from the enolic to the keto form of the thioures
would be precluded. Yet most primary amines form the
- dithio carbamic galt, not acid, with carbon disulphide.
Even if the acid were formed, pyridine, if present,
would combine with it to form the pyridine salt:
BaNHug-SH+C5H5N‘-'-‘7&—NH—§~SH-05H5N .

Then the presence of pyridine in the reaction mixture
should hinder the reaction, yet Farquhar has shown that
the speed and yield increases with the pyridiné congens
tration. Such an observation is more compatible with a
reaction mechanism scheme based on the.dithio carbamic
s8alt, rather then the acid. The mechanism in support
of which this research was undertaken fulfills that
requirement,
Fry and Culp have considered the thiuram disulphide
~reaction as being distinct from the thiourea reaction,
| occurring only when, for any'reason, the latter reaction
is inhibited. Even when an oxidizing condensing agent
is employed, it was held that the only connection between
~the two reactions is that both require the intermediate
formation of the dithio carbamic acid (or salt). Their
{:hekokry does not satisfactorily explain the fact that the

same primary amine may react to form a thiourea or a
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thiurem disulphides; depending only on the'temperature
féf‘the reaction. The reaction mechanism scheme to be
presented in the following pages explains this fact by
assuming that the formation of a thiourea is dependent
upgn the previous intermediate formation of a thiuram
disulphide, which in turn may decompose directly to give
‘& thiourea, or may react with the primary emine, when

| presant, to give a thiourea.

Incident to his use of iodine as the condensing
‘agent in the preparation of thiocarbanilide, Losanitsch (11)
presented a series of two equations:

8 NHy +3 (83 +2 OgHgNHy —> 2 CgHgNH-C8-S-NH, (1)

8 OgHgNH-08-S-NH4 +I5 —5(CgHgNH)C8 +3 NH4I+ 083 +8 (3)
It is evident that the second equdtion actually covers
more than one reaction, the natures of which were unknown
to Losanitsch,

In 1900, Von Braun (17) offered a reaction mechanism
scheme for his use of hydrogen peroxide in the synthesis
of thioureas from aromatic amines, which also applies
to the conditions of Losanitsch's synthesis. The first
reaction involved is the formation of the amine dithio
carbamate:

3 0Sp+4 NHgR —>3 RNH: 2. 8H - HaWR (1)

The next equation was suggested by the works of Debus,

Freund, and others on thiuram disulphides:

| ggg:g:g:g ggllggi-HaOa —_— ggg:g:g +3 RNHg+3 Hz0 (3)
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The thiuram disulphide has only transitory existence,

since it is very unstable, and decomposes:

%&%g——a(mwgcswsgaﬁ : (3)
If iodine is used as condensing agent instesd of hydrogen
peroxide, then no water is produced in equﬁtion (2), and
the amine is not obtained free, but as the hydriodide.
The production of free sulphur, and carbon disulphide
in half the quantity originally used, as observed by
Losanitech, is explained by the third equation of Von Braung
the sum of the three equations is:

2. (1),(3),(3):
| 083+ 3 RNHg +Hz0z —>(RNH)z08 +S+3 Hz0 , or
083+ & RNHp + 15— (RNH)08+3 RNHg-HI+8 .

The‘differenee between the two final equations is based
on whether iodine or hydrogen peroxide is thé condensing
agent., In either case, they apply only to the use of

| primary sromatic amines,

’ Two years later, Von Braun (37) substantiated this
mechanism, in the case of all primary amines other than
the aromatic, by actually isolating the disubstituted
thiuram disulphides under suitable conditions. All
BéaOndary amines; aliphatic or aromatic, yielded only
the corresponding thiuram disulphides. While the thiuram

- disulphides obtained from secondary amines are stable,

théae obtained from primary amines decompose on long
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standing or on being heated. This decomposition was
shown to follow two courses:

A gg:g-g —— S +Hg8+ 2 RNZOTS

B. ﬁg“‘é:g ——>8+08, +rvE-& e
Equation B, is the essential part of the mechanism on
the preceding page. Three of the decomposition products,
sulphur, thiourea, ‘and mustard oil (isothiocyanate),
could be isolated almost quantitatively. From the
quantities obtained, the relative extents of reactions
A. and B. were determined, and it was shown that the
extent of reaction B. increamses with the molecular
welght of the amine used., Reaction A. is preponderant
in ‘the case of the lower homologs in the series of
aliphatic amines,

Although no thiurasm disulphides of aromatic
amines were isolated, Von Braun modified his previous
reaction mechanism to allow for both courses of decomposition
of the hypothetical diaryl thiuram disulphide. ¥hen
hydrogen peroxide is used for the formation of the
‘thiuram disulphide, half of the original quantity of

amine is freed, according to equation (3) on Page 38.
It‘is postulated that this amine condenses with the
‘mustard oil formed by the decomposition of the thiuram

'r,diﬁulphide according to equation A.; forming the thiouresa.

This is Von Braun's modified‘mechanism for the synthesis
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of thiocarbanilide by the action of hydrogen peroxide or
other oxidizing sgent. It is partially supported, in the
éaae of aniline, by the fact that the reaction of aniline
and carbon disulphide with iodine has yielded phenyl
mustard oil, one of the intermediate products of this
reaction mechanism scheme,

Von Braun's work had been limited to those
conditione in which the proportions of amine and carbon
disulphide is the exact one needed for the formation
of the amine dithio carbamate, i.e., two moles of amine
to one mole of carbon disulphide. In ascquiring further
evidence in this research for the reactions discovered
by Von Braun, the range of application was extendéd fq
include any excess of carbon disulphide. The resctions

 of ethanolamine, cyclohexylamine, benzylamine, and
igopropylamine were found to subatantiate the equations
proposed by Von Braun., In the reaction mechanism scheme
which follows, based on those equations, an explanation
is offered for the fact that the condensation of primary
amines with carbon disulphide, according to Fry's and

similar methods, ylelds thioureas, while secondary amines

yield thiursm disulphides,

The following paragraphs present the development
of the alternative reaction mechanism proposed for the
formation of thioureas from primary amines, and s reason

- why thiuram disulphides, and not thioureas, are obtained
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from secondary amines.

As has been shown by Grodzki (33) and others,
the first reaction which occurs when a primary or
secondary amine reacts with carbon disulphide is the
formation of the amine dithio carbamate:

3 RNHy; CS;  RNH-CS-S-H-HgNR (1)
This equation has been substantiated in this research

by the actual precipitation and isolation of the dithio
carbamic selts of cyclohexylamine and benzylamine.

When an oxidizing agent is allowed to act on the dithio
carbamste at  temperatures near 00, the thiuram disulphide
is formed: |

RNH-C8-8-H-HaoNR RNH~C8-§ . .

The disubstituted thiuram disulphide is obtained from
a primal;y smine. If a secondary amine were used, the

f'taifﬁﬁubstitutgd thiuram disulphide would result:

g N<0S88.H-HNRg-, RgN-0S-§ . |
RN-0S- S ANRS +1a —> Ron_ga g 2 RaNH-HI. (3a)

The sum of the two equations, (1) and (2), involves a

’ratio of four moles of amine to one mole of iodine:

3> (1),(3): RNH-08-8
4 RNHg+ 3 CS3 +Iz —> | + 3 RNHg*HI,
| RNH-CS-8

This ratio of moles of amine to moles of iodine holds
for both primary and secondary amines.
. When a secondary emine is used as the reactant,

~ then the terasubstituted thiuram disulphide obtained is
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quite stable, even at high temperatures. It does not
j andergé~decompositicn; therefore it can be isolated even
when the conditions of formation have been drastic.
| But when a primary amine has been used as the react-
ant, then a disubstituted thiuram disulphide is obtained
as the product of oxidation. It is very unstable, underw
‘going slow spontaneous decomposition, or rapidly by a
moderate rise in temperature. The reaction temperatures
‘emhloyed in the present thiourea syntheses are sufficiently
high to cause this decomposition. The two decomposition

courses noted by Von Braun were both obeerved:

RNH-CS- ~
‘ mm,—cs-g ——> 3 R-N=(=8 +HgS +8 , and (34)
RNE-CS- RNH-(~NHR ,
m-»-cs_g ? g + 083+8. (3B)

In this research, the decompositions of the pure

thiuram disulphides were found to vary widely between

the two reactions, Thus the extent of reaction (A) in the

‘case of ethanolamine was almost 95 %, while with benzyl-

amine it was only 10 %. As Von Braun stated, the extent

of reaction (B) incresses with the molecular weight of

the amine used.

| The mustard oil formed by the reaction of eguation

(3A) will react with free amine present to form a thiourea:

3 RN=0=8+2 RNHg——>2 (RNH)308S. (44)

It is thus evident that the intermediately formed thiuram

- disulphide may decompose directly to yield a thiourea,

‘ae in equation (3B), or may on decompoeition yield a
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mustard oil, which in turn reacts with the amine
(equation 4A),also to yield a thiourea.
It can be seen that tetrasubstituted thiuram
~disulphides can not decompose in this manner, since they
léck the amino-~ hydrogen atoms necessary for the form-
ation of hydrogen sulphide. Mustard oils can not be
formed from secondary amines. Therefore the formation
of thioureas from secondary amines is impossible by
‘equation (34} and cen not ocour according to equation (3B)
because of the stability of the thiuraﬁ dieulphide.
Thus, an explanation has been offered to account for the
fact that thioureas are not obtained from secondary
amines, This explangtion applies only to methods wherein
oxidizing condensing agents are employed.

It has been noted that the decomposition of thiuram
disulphides may, on the one hand, lead to the formation
of mustard oils (equation 34) which in turn combine with
primary amines to yield thioureas, or, on the pther hand,
may deqompose directly to yield thicureas (equation 2B).
Aec’ordmgly, the foregoing description may be summarized

in two separate reaction mechanism schemee,

+ 2 08,~—>»3 RNH-CS-SH*H.NR (1)

A: 4 RI\H{-I3 2 3
2 RNH-OS-SH*HgNR+ Iz —> (RNH-C8-8- )z +2 RNHz°HI (3)
(RNH-0S8-8- )g—»2 RN=(0=S +HgS +8 (3)
2 RN=C=§ +3 RNHy—>3 (RNH)50S (4)
Hg8 +I5—>2 HI+ 8 (5)
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3 HI +3 RNHg —>2 RNHg°HI (8)
2~ A:(1),(23),(3),(4),(5),(8):
8 RNHgt23 C83+3 Ig—>3 (RNH)g0S+4 RNHg'HI+2 8

B: 4 RNHg+3 CS;—>3 RNH-CS-SH"HgNR | (1)
2 RNH-08-8H.HoNR+ I5——>(RNH-CS8-8- )1 3 RNHg-HI (3)
(BNH-08-8~ )3 —> (RNH) 508+ €851 8 (3)
085+ 2 RNHy——>(RNH)CS +HgS (4)
Ho8+I,—>23 HI+8 (5)
2 HI+ 3 RVHy;—>2 RNHg*HI (8)

B: (1),(2),(3),(4),(5),(8) :
8 RNHgt+ 2 0Sg+2 Ig—>2 (RNH)3CS+4 RNHg-HI +3 8.

It is evident that the final equations, regardless of
the manner of decomposition of the thiuram disulphide,
are identical. This equation is the same as Von Braun's
(page 37), multiplied by two. Fry's equation for his
method is also identical, except for the multiplication
by two and the substitution of pyridine, mole—fon~molg,
- for half of the primary amine in the above equation.
Thus, according to either or both reaction mechaniem
schemes, it is conceivable that the formation of

‘thiuram disulphides precedss that of thioureas.
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EXPERIMENTAL

Reegents:
| | The reagents used in this research were of the
purity and grade as follows:

~absolute methanol: Merck's 0.P.

carbon disulphide: Malinckrodt's C.P.

‘iodine: Coleman and Bell's resublimed

pyridine: Coleman and Bell's and Merck's, drigd over
' NeOH and redistilled, B.P.: 113-115".

ethanolamine: Esstman's O.P., redistilled, B.P.:168,5°
- eyclohexylamine: Eastmen's, B.P. 133-135°
benzylamine: Eastman's , B.P,:70-71°/10 mm,
isopropylamine: Kshlbaum's
aniline: Kahlbaum's, redistilled, B.P.:188,5-187°,

General procedure for the formation of a disubstituted
thiuram disulphide:

" “The equation for the formation of & disubstituted
thiuram disulphide from a primary amine haé been shown
to be (page 30):

4 RNHp+3 OS3 +Iz ~—» pli-5-3 +3 RNHg-HI.

For every mole of iodine used in this reaction four

moles of .amine must react to form one mole of the
‘thiuram disulphide. It was found that this ratio could

be experimentally determined, in the case of the amines
studied in this research, by reacting a solution of a
known weight of the amine in 4mixture of sbsolute methanol
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end carbon disulphide, with a standard solution of
_iodine in sbsolute methanol. From the quantities of
emine and iodine solution which were equivalent at
the recognizable end point, the molecular ratio,
aminetiodine, was determined. The detsils of the method
are described in the following pages. Where the product
was soluble, it was recovered by evaporating the solution
almost to dryness, when the thiuram disulphide crystal-
~1lized out. -
| With each of the compounds investigated =
(I.) Ethenolamine, (II.) Oyclohexylamine, (III.) Benzyl-
~amine, (IV.) Isopropylamine,-— the first experiments
conducted were designed to determine the molecular ratios
in which the amine and the iodine interacted in the
in the presence of catbon disulphide, using methyl
alcohol as a solvent.,
| The products of these reactions were disubstituted
thiuram disulphides. After determining the percent theory
yiéld of the thiurdm disulphidees, the nature and extent
of the decompositions of the various thiuram disulphides
were next investigated.
Finally, definite quantities of each of the thiuram
disulphides were reacted with slightly excess quantitles
| of the corresponding aikine, in order to determine to
what extent the thiuram disulphides reacted with the

‘,amines to yield thioureas.
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In preparing thiuram disulphides, about 30 grams
of the amine was accurately measured from a burette into
a solvent consiéting of 76 cc. of methanol and 35 cc. of
B | oarbon disulphide, This mixture wae then reacted at o°
« with a solution of iodine in a mixture of two volumes
~of methanol and one volume of carbon disulphide. The
concentration was approximately 30 grams of iodine per
 100 cc. of the mixed solvents. Completion of the reaction
wes indicated by a permanent iodine color, which was
discharged by an additional small drop of the amine.
The thiumem disulphide of ethanolamine was
sufficiently insoluble to isalate it by filtration, as
& white, powdery precipitate. The thiuram disulphides of
the other amines investigated were too soluble to ieolate
in this manner. They were recovered by blowing alr over
the'solution, évaporating it almost to dryness, then
disintegrating the solid residue with water. The suspension
of thiuram disulphide was filtered, washed repeatedly with
more distilled water, then dried. The product was purified
8till further by grinding and washing with solvents such
a8 methanol, carbon disulphide, or ether. From the weight
~ of thiuram disulphide recovered, the percent theoretical
yvield was calculated, on the basis of the equation already
stated.
o This method for determining the molecular ratio of

- amine to iodine in the thiuram disulphide reaction, and
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the method of preparing the thiuram disulphide, as first
developed for ethanolamine, were subsequently applied to

c?elohexylamine, benzylamine, and isopropyl amine.
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I.  Ethanolamine

Preliminary trial of method:

Repeated attempts to react ethanolamine according
to Fry's method with carbon disulphide as the only solvent
resulted in yellow to brown pasty products. Even when
large quantities of reactants were used, no definite ovv -
organic products could be isolated in quantities suffioient
for identification. In an endeavor to modify the conditions
of this method by making use of variations in temperatire
and solvents, it was found that a definite orystalline
product was obtained when the reaction wﬁs performed in a
medium of carbon disulphide and anhydrous methyl alcohol.

Approximately ten drops of ethanolamine were dissolved
in 10 cc. of a mixture of about equal volumes of absolute
‘methyl alcohol and carbon disulphide. The solution, cooled
in‘an ice bath,'was treated with a solution of iodine in
carbon disulphide, titrating to a sharp end point, shown
by the permanence of the iodine color. A powdery white
precipitaté separated rapidly from the colorless solutions
It was filtered off and found to contain no iodine but
a large quantity of sulphur. It.melted at 980, with
decomposition. When the filtrate was evapdrated, it gave
& yellow oil containing much iodine (presumably the
hydriodidepf the amine), but no free sulphur,

From the fact that s large quantity of iodine was

ecneumedlmtno free sulphur wae formed, it was suggested
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that the white precipitate containing sulphur is the
thiuram disulphide of ethanolamine:
' HO-OHg-CHp-NH-0S-8
HO-CHg-CHo-NH-CS8-8
Earlier work on ethanolamine:

In 1899, Gabriel (47) reacted bromoethyl amine with
carbon disulphide and sodium hydroxide. He considered that
the mixture of bromo-amine and base was equivalent to
nascent ethanolamine. The product melted at 106—7°, and

w&s identified as mercapto-thiazoline:

CHg-8 CHg-8
|~ Sem o=
CHg-NZ CHa-NH~

8
Knorr and Roessler (48) obtained the same product by
| reacting ethanolamine with carbon disulphide and potae~
gium hydroxide. But with gmino-polyocls, of the type
‘yﬂocﬁg—CH(OH)acﬂaNﬂz , the reaction under the same con-
sitions yields a mercapto~oxazoline (49):
HO=-CHg= OH—~0
- 470-SH
’ 5 —»GHz—-N *
This latter reaction has hever been shown to apply to
ethsnolamine. The mercapto~-oxazoline which would be formed
by the reaction has not been reported in the literature.

Its formula is: CH2 -0~
| é __C-8H
Ha-N/ .

The dithio carbamic scid derived from ethanolamine has

been isolated as the barium salt (50).
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Molecular ratio, ethanolamine : iodine ¢

8ince in the sbove preliminary experiment, there was
a very distinct and sharp reaction, the following experiment
was designed to determine the molecular ratio in which

_ethanolamine snd iodine interacted with carbon disulphide
in the methyl alcohol mediunm.

From & burette, a 13 cc. sample of ethanoclamine was
acocurately measured into s cold mixture of 30 cc. methanol
and 30 cc. carbon disulphide. The solution was kept at 0°
and titrated to an exact end point with a 0.7839 N,
"solution of iodine in absolute methanol. The slight iodine
color at the end point was removed by edding a fraction
of a drop of the amine. The density of ethanolamine is
given by the Hendbook of Chemistry gnd Physics (51)
8e 1.018, hence the weight and number of moles of ethanol-
amine used could be calculated from the observed volume.

In the same way, the number of moles of iodine consumed

was determined from the normslity and volume of the iodine
solution used in the titration. ¥rom these values, the
ratio of moles of ethanolamine to molee of iodine was
computed, and compared with the theoretical value of

4 : 1, called for by the equation. Duplicate determinations

of the ratio were made. The results are listed in Table I.
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Table I
Determination of Ratio, 4 HO(CHg)gNHa/I3, as based on
eQuation:

4,BocﬁacH NH,, +23C8

gVH 5 +13-->(HocH30HBHHca.s- )31-3 noecﬁz)amag-ﬁx

3

Run HO(CHg)gNHg Iz used Molar ratio Molar ratio
used (moles) (moles) HO(CHg)gNHg HO(CHp )gNHg

faung ‘ thﬁgry
I. 0.2103 0.05238 4.013 : 1 4.000 : 1
II.  0.1893 0.04703 4.036 : 1 "
Aver. 4.019 : 1 4.000 : 1

The data of Table I shows that the actual molecular
ratio of ethanolamine to iodine for the thiuram disulphids
reaction, withmethanol as solvent, agrees very closely
with the theory for the reaction., The same method was
applied to cyclohexylamine and benzylamine, with results
idicated on subsequent pages.

Yield of diethanol thiuram disulphide:

' Two sets of duplicate determinations were made of
the percent theoretical yield of diethanol thiuram
disulphide. The procedure followed was that already

’described in this seotion under genersl procedure,
using 30 gram samples of ethanolamine., The filtered
- thiuram disulphide was washed several times with cold
f,fgéihanol, to remove any carbon disulphide or ethanolamine
hydriodide, snd air-dried at room temperature. The data
kcbtained in these determinations is listed in Table II.
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Table II

Datermination of Percent Theoretical Yield of Diethanol
Thiuram Disulphide:

Run  HO(CHg)gNHg (HOCHLCH NHCSg—)a % Theory
used (grams) foun grams yield
I. 18.69 18.47 89.69
II. 31.57 30,31 89,64
Aver, 89,66
III. 25,37 24.8 87.86
Aver. » 89.46

" The recovery of practically 90 % of the theoretical yield
of the thiuram disulphide indicated that the predominant
“reaction which occurs at this temperature is the form-

 ation of the thiuram disulphide.

Analyeis of diethanol thiuram disulphide:

The diethanol thiuram disulphide is a white
powder, decomposing sharply at 98°, with evolution of
‘hydrogen sulphide. When boiled with water, it forms a
precipitate of free sulphur, followed by the separation
of a yellow tar. From the methanol - carbon disulphide
filtrate there was obtained on evaporation a quantity
of impure ethanolamine hydriodide, in the form of large

" quartz-like crystals. The ethanolamine hydriodide ,
HOCHZCHgNHg-HI, was recrystallized from absolute meth-
anol, forming small white needles, melting at 84°, The
,j:ﬁ@i%ing point of this compound has not previously been
»iecerded.

 ‘ Pure samples of the thiuram disulphide wefe‘analyzed
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in duplicate for nitrogen, by the Kjeldshl metjod, and

~ for sulphur, by the Parr method. Details of the methods

:ga& §&p11od to thiuram disulphides were described by -
,FarQ§har (8). The snelytical data listed in Table III,
identified the compound as diethanol thiuram disulphide.

Table III

Analysis
Sample 0.1145 N. acid % N % N
(grams) cC. found theory
0.5194 33.07 9.903 10.38 %
0.5188 32.65 10.07 "
AVETAZe « o« s « o + o o s o » 9,99 10.38
Sample BaS04 % 8 % 8
(grams (greams) found theory
0.5016 1.6818 46.08 47.08 %
0.5697 1.9030 45,88 "

- Average . . .+ ¢« 4 . . . . . 45,98 47,08 %

The previous preparation, properties, and analysis of
diethanol thiuram disulphide heve not been recorded in

the literature.

Dgterﬁination of sulphur formed by decomposition of

diethenol thiuram disulphide:
According to theory previously explained, & molecule
of any thiuram disulphide may be decomposed by heat, form-

ing one atom of free sulphur in two distinct ways.
When the thiuram disulphide of ethanolamine was
boiled with distilled ﬁater, sulphur was precipitated,
';;butﬂshortly afterward a yellow tar slso separated from
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the solution, making it impossible to determine the
yield of free sulphur. Several variations of this
method failed Yo give check results in duplicate trials.
But when 0.028 moles of the thiuram disulphide was mixed
with 25 cc. distilled water and allowed to stend at room
’ temperature: for 14 days, a slow evolution of hydrogen
sulphide was evident, and the white thiurem disulphide
~was gradually converted into a layer ¢f yellow sulphur,
Occasional shaking aided the evolution of hydrogen
sulphide. The sulphur was filtered off in & fritted glass
crucible, dried, and weighed. The result®s, Run I in
- Table IV, indicated that with larger quantities of
thiuram disulphide, a c¢closer aﬁproximation to theoretical
rgsults might be obtained. Accordingiy, the same
experiment was repeated in duplicate rune, with tripled
quantities of thiuram disulpﬁide and water. After standing
for 17 days at room temperature, the quantity of free
silphur obtained was very nearly the theoretical one

giam-atem, as shown in runs IIa and IIb of Table IV,

Table IV

Determination of Sulphur Formed by Decomposition of
Diethanol Thiuram Disulphide

Run (HOCHQOHgNHCSo~ )y Sulphur found  Atoms sulphur

grams moles  grams atoms recovered from

1 mole thiuram
I - B.448 0.0200 0.538 0,0187 0.836
~1x§ag, 16.34 0.0800 2.114 0.0859 1.099
16,34 0.0800 3.088 0,0851 1.086

i
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Determination of hydrogen sulphide formed by decomposition
of digthancl thiuram disulphide:

According to the theory already outlined, when a
thiuram disulphide ie decomposed by heat to yield the

mustard oil, then one mole of thiursm disulphide aleo
produces one mole of hydrogen sulphide. Several methods
were attempted to determine the yield of hydrogen
sulphide evolved. Those not successful were:
absorption of dry Hg8 in ascarite;
absorption of Ha8 in Cu80, solution; and
decomposition of the thiuram disulphide in a
solution of CuS80,.

In the method finally developed, the thiuram
disulphide was decomposed by refluxing with water. The
vapors from the decomposition flask, after passing through
& short reflux condenser, were led into & 250 cc.
Erlenmeyer flask, which was immersed in ice and acted as
a,trap for any mustard oil or carbon disulphide which may
have distilled over. From the trap, the evolved gas was
bubbled in turn through two 350 cc. wash bottles, contain-

“ing a known excess of standard iodine - potassium iodide
solution. Throughout the course of the reaction, a slow
current of sir was drawn through the train of apparatus,
tQ'carry all of the hydrogen sulphide through the iodine
sciutions. Thg alr was introduced into the system at the
'base of the reflu® condenser, by means of a long glass

‘tube open at one end to the atmosphere. A few grams of
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sodium carbonate were dissolved in each absorption bottle
to inc:easekthe solubility of the hydrogen sulphide.

‘When decomposition was complete, the iodine solutions
were transferred to a large beakér, rinsing the bottles
thoroughly. An excess of 6 normal acetie acid was added
and the excess iodine was titrated with standard
thiosulphate solution, using starch as indicator. One mole
of hydrogen sulphide was equivalent to each mole of
yiodine which had been consumed during the reaction.
Subftacting the amount of iodine equivalent to the thio-
sulphate used, from the total amount of iodine used, gave
as result the number of moles of iodine equivalent tb
the hydrogen sulphide produced:

HgS+Iz—°> 2 HI+S8 ,

An accurately weighed sample, usually 1/50 mole,
of the thiuram disulphide, was decomposed by boiling
with about 185 cc. of water. At completion of decomposition,
any thiourea left in the flask was filtered off amd recryst-
allized. This method was applied throughout this research.
The results obtained with diethanol thiuram disulphide are
listed in Table V.,
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Table V

Yield of Hydrogen Sulphide from Diethanol Thiuram
Disulphide in Terms of Equation:

(HOCHZCHoNH-08=8- )5 —>Ha8 + 8 +2 HOCHZCHgN=C=8
Run (HOOHQGHBNH087 Ja  0.8480 N, 1,? H?S found HaS yield

used (moles used (cc. moles) theory
I 0.0200 44,5 0.0188 94.5

II 0.0300 44,63 0.01894 94.7

The data in the preceding Table IV indicates that
one gram-mole of diethanol thiuram disulphide yields one
gram—atom of sulphur. In addition, the percent theory yield
of hydrogen sulphide, based upon that «type of decomposition
which yields sulphur, hydrogen sulphide, ané a mustard oil,
is practically 95 %.

’

~Isolation snd identification of mercapto-oxazoline:

On long or vigorous heating of the thiuram disulphide
alone or with various solvents, the product was a tar of
varying density and color. The polymerization which caused
the tar waes avoided to a large extent by following the
procedure described below. A quentity of the thiuram
disulphide not exceeding 5 to 7 grams was treated with
8 to 3 times its volume of normal butyl alcohol. The
mixture was gently heated on a hot plate to near the
boiling point of thé alcohol, whereupon a clear yellow
solution was obtained, accompanied by e voluminous evol~
ution of hydrogen sulphide. When‘tge frothing due to the

gas cemsed and & clear solution remained, the vessel was
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cooled rapidly in an ice bath, or preferably, a freegzing
‘mixtuis. The yellow precipitate formed was filtered off,
pressed very dry, and recrystallized from boiling alco-
hol. On cooling the alcohol solution, a small amount of
“sulphur was precipitated, which was filtered from the
eold solution. The alcoholic filtrate was then evaporated
E in the cold, giving white needle-shaped crystals, later
identified as mercapto-oxazoline. The product was re-
crystallized twice from alcohol in the same way, using
Darco for the first recrystallization. Because of the
ibcomplete decomposition of the thiuram disulphide and
the large proportion of product lost in the recrystal-
lizationse necessary for this procedure, no yield of
mercapto-oxazoline was determined., The melting point of
the pure product is 96-97°, Prolonged heating causes it
to poltymerize. |
Duplicate samples were analyzed for nitrogen and
sulphur in the same way as previously stated for the
thiuram disulphide of ethanolamine. The results are
‘listed in Teble VI.
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Teble VI

Analysis
Sample 0.1145 N. acid 4 N % N
(grams) (cc.) found theory
0.4773 40,35 13.53 13.59
0.4982 41.94 13.50 "
Average . . . . . . . . . . .. 13.51 13.59
Sample BasS0, % 8 % 8
(grams) (grame) found theory
0.3370 0.7082 29.75 31.10
0.3333 0.7341 30.26 "

Average . . . . . .+ . . . . . . 30,01 31.10

The analyses conclusively identify the produqt
a8 mercepto-oxazoline. It is very soluble in alcohol
: and water, Its solution in water,gives a white pre-
cipitate with mercurie chloride or silverhitrate,
soluble in dilute acidse, This is a characteristic
reaction of the mercapto- group, supporting the formula:

sz—O\c oH
CHp-NZ
The équation for the decomposition of diethanol
thiurem disulphide thus has been shcﬁn to be:
HO-CHgCHp-NH-CS-8 CHg-0,

—> | ,C-SH ¥HpS+8 .
HO~CHgCHg~NH-CS-8 CHg-N

Reaction of Diethanol Thiuram Disulphide with Ethanolamine:

F When 8 grams of diethanol thiuram disulphide weze
refluxed in 100 cc. of methyl alcohol with the theor
etical quantity of ethanolamine (3.5 grams), hydrogen

- sulphide was evolved, and brown tarry resins were
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obtained, from which it was impossible to recover

the expected thiourea.
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II. Cyclohexylamine

 5531192 work on cyclohexylamine:
N Von Baeyer, in 1894, prepared cyclohexylamine, and
raacted it with phenyl mustard oil (53). He showed that
the addition of carbon disulphide to a solution of the
amine in ether gives an instantaneous precipitation of
the dithio carbamic salt. Skita and Rolfes (53) reacted
cyclohexylamine to form the dithio carbamate, thiourea,
and mustard oil. The dithio carbemate, from cold amine
and carbon disulphide, melted at 1600 when recrystallized.
' The barium salt of the dithio carbamic acid has also been
prepared (50). The thiourea was obtained by heating the
amine and carbon disulphide in alcoholic potassium
hydroxide. Its melting point, when recrystallized, was
180-181°. The mustard oil wae obtained from the thiourea
by heating with phosphoric acid or with mercuric chloride,
A b&ter method for preparing the mustard oil, but of
~which no record of its application to cyclohexylamine
existe, consists of treating the thiuram disulphide
first with sodium ethylate, then with iodine (54).
Another synthesis of the di-cyclohexyl thiourea was
‘accomplished by heating N-methylene cyclohexylamine with
melted sulphur (55). The melting point of the thioures
obteined was 179-180°. The thiuram disulphide derived from

cyclohexylamine has not been recorded in the literature.
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Cyclohexylamine salt gg cyclohexyl dithio carbamic acid:

The dithio carbamate of cvclohexylamine is 8lso

called cyclohexylemmonium cyclohexyl dithio carbamate.
‘Itskformula is:

_—CHg ~CHgy |
W BR e oey g
.& CHg -3 2\, CHj 3

Cyclohexylamine, 8 cc., was dissolved in 100 cc. of
sbsolute methyl alcohol, cooled to Oo. Then 30 cc. of
carbon disulphide was added rapidly, with noticeable
‘,evolution of heat. The mixture was kept ice-s0ld for
about 15 minutes, whereupon precipitation of the dithio
carbamate commenced, When precipit%@on was complete, the
,maéa of white crystals was filtered off, washed with
methanol, pressed free of solvent, and esir-dried.
The melting point, taken in a capillary tube, vafied
with the manner in which it was taken, When the saiple
wes immersed in a bath at 100° and heated gradually, it
softened at 1600, gas was evblved, then it turned into a
kéolid which melted sharply at 1810. A mixture of the dithio
carbamate with the thiourea gave the same melting point
~values, when heated gradually from 1000. But it was shown
that the two compounde were not identical, since the same
mixture melted instantly when plunged into a bath at about
170?, below the melting point of the thiourea. It was
evident that the compound believed to be the dithio

carbamate decomposed repidly, with evolution of gas
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(hydrogen sulphide) to yield the pure thiourea. A pure
~sample of the dithio carbamate was plunged into a bath

at 158° and heated rspidly. It melted sharply at 160°
(the correct melting point), evolved hydrogen sulphide,

‘then solidified. A portion of the dithio carbamate was
recrystallized from hot alcohol. A copious evolution
of hydrogen sulphide occurred when the solution was
 heated, and the dithio carbamate was precipitated by
eooling the alcoholic solution. The pure dithio
'sarbamic salt gave a melting point of 159~160°, when it
was inserted into a bath at 1560 end heated rapidly.
When the melting point resding was taken slowly, the
melting point of the thiourea, 180-1810, was observed.
These results establiish conclusively the identity of
the cyclohexylamine salt of cyclohexyl dithio carbamic
ecid, and prove that it is decomposed rapidly andv
qﬁantitatively by heat to the corresponding thiouresa.
' ’06H11N3~GS-8~H’H3N-06H11-—?(CGHIINH)zcs-PHQS

‘Brepsration of di-cyclohexyl thiuram disulphide and
determination of ratio, ine : iodine

"~ In a preliminary experiment, it was found that
éyclohexylamine cen alsc be converted into the thiuram
disulphide in the same way as ethanolamine. The pro-
cedure was varied to allow for differences in solu-
bility, since the di-cyclohexyl thiuram disulphide
is quite soluble in carbon disulphide, methyl alcohol,

“and most other organic solvents.
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Duplicate runs were made in which an accurately
measured quantity of cyclohexylamine, about 10 grame,
was reacted with a mixture of 75 cc. of methanol and
35 c¢c. of carbon disulphide. The ratio of amine to
iodine was determined by titrating the cold suspension
of the dithio carbemate with a 0.7380 N, -solution of
iQdine in methanol. At the end point, the solvent was
evaporated off and the thiuram disulphide isolated in
the manner described under general procedure. Both
grods and pure yields (ground and washed with methanol)
were measured. The groés yield, which is the correct
measure of the extent of the reaction, ren better than

85 % theoretical. The results are shown in Table VII.

Teble VII

Molar ratio, CgHyiNHg:Ig, and yield of Di-cyoclohexyl
T%}uram isulphide

| I - II Avereage
Moles amine used 0.1080 0.1088
-Moles iodine used 0.03103 0,03053
moles amine
Ratio, yo s iodine 3.481 3.466 3.478
Gross yield (grams) 8.7 g. 5.2 g.
Gross yield (%) $2.5 % 99.8 % 96.2 %
Pure yield (grams) 7.5 g. 7.9 g.
Pure yield (%) 79.8 % 85.7 % 82.7 %

Complete interaction of cyclohexylamine and iodine

~ according to the theoretical equation,
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4 CgHyqNHg+3 CSg+Ig— (CgHyNH-C8-8-)g+3 CgHy,NHgHI,
”requires the retio of amine to iodine to be 4 ¢ 1 .
_ Thekbest retio obtainseble in these experiments is an
"average of 3.478 : 1 . The di-cyclohexyl thiuram disulphide,
purified by grinding and washing with absolute methanol,
melted at 79.5-80°, with decomposition.

Identification of di-cyclohexyl thiuram disulphide:
 8ince di-cyclohexyl thiuram disulphide has not
been reported previously in the literature, it was
' identified’by duplicate sulphur and nitrogen determins
ations on purified samples melting at 80°, The analyses
established the formula as
 CgHy,NH-08-8-8-CS-NHCgH; ,
with results ae listed in Table VIII.

Table VIII
| Analysis

Sample 0.3541 N. acid % N % N
(grems) (ce.) found theory
0.8594 18.88 7.838 8.04
0.8913 19.78 7.90 "
Average . - . - [ ol . L ¢ L] . - 7!86 8.04
Sample BaS0y4 % 8 % 8
(grams) ' (grams) found theory
0.4345 1.1568 36.56 36.81
0.5183 1.3790 36.48 "

Average . . . . . . . . . . . . . 36.53 36.81

- More precise data is difficult to secure since most of
the thiuram disulphides decompose spontaneously. This

‘renders their purification by recrystallization very difficult.
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Determination of hydrogen sulphide and thioures formed

by decomposition of di-cyclohexyl thiuram disulphide:
| Duplicate samples of di-cyclohexyl -thiuram di-
sulphide were decomposed by refluxing with water.

- The hydrogen sulphide evolved and the thiourea pro-
duced (by the second sample) were determined, using the
gsame procedure and apparatus described for the cor-
responding compound of ethanolamine. It was found that
of the two possible courses of decomposition, that
leading to mustard oil and hydrogen sulphide occurred
to the extent of sbout 28 %, while a 64 % yield of the
thiourea was obtained. The results are listed in Table IX,

Table IX
Yield of Hydrogen Sulvhide and Thiourea Formed by

Decomposition of Di-cyclohexyl thiuram Disulphide
‘Run Sample HgS found Yield HaS, Thiourea yield,

(moles) moles) % theory (@Qle$3>‘ % theory
I 0.0200 0.00539% = 36.98  cm—mmm  mmmm—e
II. 0.0800 0.005765 28.83 0.013980 84.5
~Average . . . . . . . . . . 27.89

Free sulphur was observed in the residue in the decomp-
osition flask, while carben disulphide was collected in
the trap. The thiourea was recrystallized, melting at
179.5-180%, thus identifying it. In run II, the quantity

of hydrogen sulphide and thiourea determined corresponded
to 93.3 % of the amount of thiuram disulphide originally

uged.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 57 -

BReaction of di-cyclohexyl thiuram disulphide with
eyclohexylamine:

In soccordance with the equations stated in the
 theoretical section, the thiuram disulphide of cyclohexyl-
amine can be expected to react with the amine, to produce
di~cyclohexy1 thiourea, hydrogen sulphide, and sulphur,
~according to the followiﬁg equation: A
(CgHy§NH-CS-8-)3+3 CgHy1NHp—> 3(CgHy 1 NH)pC08 +Ha8 + 8,

A known weight of the thiuram disulphide was mixed
with o small excess of cyclohexylamine in a 350 cc.
Erlenmeyer flask. The flask wae attached to a reflux con-
denser, then heated graduelly on an oil bath. Much foam-
iﬁg due to the evolution of hydrogen sulphide occurred,
while the temperature was gradually raised to 145o at the
end of an hour. The temperature was then kept at 130—-130o
'for five more hours. About 150 cc. of distilled water
wag added to the cooled contents of the flask, and the
' 80lid was crushed to insure disintegration of the residue.
The waﬁer was heated to 90O to extract the excess amine
from the solid residue, then the suspension of thioures
and sulphur in water was coocled in an ice bath, filtered,
‘and washed thoroughly with distilled water. The dried
_produot, containing free sulphur, was weighed as the .
crude vield. It was separated from sulphur bP recrystal-~
lization, tﬁereafter being considered as the pure yield.

The observed yield of crude product, consisting of

the thiourea and sulphur, was 100 % theoretical, while
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that of the pure product was 95 %. These results are tab-
ulated in Table X. The pure product was recrystallized
once more from alcohol, using Darco, and then was identi-

fied by its melting point, 180-181°.

Teble X
Reaction of Di-cyclohexyl Thiursm Disulphide with

Cyclohexylamine
Run Thiuram used Orude product Pure Product Melting
(grams) (gms. ) % (gms. ) % point
I. 13.7 18.6 99.5  16.5 94,3  179.5-181°
II. 13.3 19.4  100.0 17.4 95.6  180-181°
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III. . Benzylamine

gglier work on bengylamine:
Symmetrical dibenzyl thiourea wae first prepared by

Btrakosch (66), in 1873, by refluxing an alcoholic solu-
tion of bengzylamine and carbon disulphide until no more
’hydrogen sulphide was proGuced. He gave the erroneous
melting point of 114%. In 1891, Salkowski (57) repeated
“the same work and showed that fhe true melting point of
the thiourea is 1480. In the sazme vesper, he described the
préparaxion of the benzylamine salt of benzyl dithio
carbamic acid,
OgHgCHoNH-C8-8-H+HoNCHoCgHy
obtained by adding carbon disulphide to a cold solution
qu benzylamine in alcohol. The compound precipitaeted as
white crystals, showing a melting point of about lléo,
with decombosition. As the compound decomposes, hydrogen
sulphide is developed, and the melting point gradualiy
“rises. By heating the dithio carbamate at 100o for en
hour'in a stremm of air, it was converted almost quant-
itatively into the thiourea. This behavior is similar to
. that already described for the corresponding cyclohexyl
| compéund. Salkowskl found that the thiourea was stable
- to the usual reaction for conversion into the cerreepbnd~
iﬁg‘mustard 0il, i. e., heating with concentrated phosphorie
or hydrochloric acid.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 80 -

The benzylamine salt of dithio carbamic acid,
HgN*GSfS-HvHaNCchsﬂs, has alsoc been prepared (58), but
noffby the addition of carbon disulphide to the amine.
Von Braun (37) synthesized the thiourea by treating a
mixtute of the amine and carbon disulphide with 3 %
hydrogen peroxide. He recorded a melting point of 1460.

At the same time, in 1902, Von Braun prepared the
dibenzyl thiuram disulphide, following the procedure
described for his work in the theoretical section, and
found the melting point to be 71°. When heated to 100°,
the thiuram disulphide decomposed in both possible ways,
forming the mustard oil and the thiourea, to approximately:
equal extents. The thiourea thus obtained was identical
in melting point with that prepared by the use of hydrogen

- peroxide. Benzyl mustard oil has been prepared in good
yield by a method also develoved by Von Braun (59),
which consists of treating the thiuram disulphide

~successively with sodium ethylate and iodine.

. The thiourea? melting at 147«80, has also been
'synthesized by the interaction of.benzylamine and thio-
phosgene, C8C1lg (30). Two years later, in 1936, it wae

~again prepared, this time using neither condensing agent
nor solvent (19). The recorded melting point was 145-8°.
The most recent synthesis of dibenzyl thioures is by
Underwood and Dains (60) in 1935; with the reaction of

,_benzylémine and perthiocyanic acid, HgaOpNgSs,t%0 yield

', dibenzy1 thiourea, melting at 147-8%, -which eppeare to be

the most accurate melting point.
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Benzylauine salt of benzyl dithio carbemic acid:

The dithio cafbamate of benzylamine is also known

gs benzylammonium benzyl dithio carbamate,
 OgHsCHgNH-0S~8-H+HgNCHgOgHs . Benzylamine, 10 cc., was
‘dissolved in 40 cc. of ice-cold methanol, then 15 cc. of
carbon disulphide was gradually added, while the mixture
‘was cooled in an ice~bath to absorb the large quantity of
heat liberated. A voluminous precipitate of the white
dithio carbamate was formed, which was filtered off, washed
several times with methyl alcohol, then air-~dried. When
a melting point’reading was taken in the usual way, l.e.,
by gradually heating a sample in a capillary tube, the
,ﬁelting point wae f20~124°, which compared satisfactorily
ﬁith that of Salkowski, about 1190. But when the sample
,‘1n a capillary tube was plunged into a bath at 135°i;and‘
heated repidly, it melted fairly sharply at 134°, Bo~th
‘melting points are accompanied by decomposition to the
q thiourea, but the more.probable melting point is 1340,
’since the procedure used minimizes the extent of decompo-

sition before melting,

- Preparsation of dibenzyl thiuram disulphide and

determinaztion of molecular ratio, emine : iodine :

% The same procedure used with cyclohexyiamine was
epplied to benzylamine, using a 0.7638 N. solution of
fiedine in methyl alcohol for the titration. The results,
listed in Table XI, show a ratio of amine to iodine |
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which is very nearly the theoretical 4 ¢ 1, and a gross

yield amounting to 96 % of the theory.

Table XI
Molar ratio, GBHSGH%h§3° , and Yield of Dibenzyl
: uram Disulphide

I II Average
Moles amine used 0.09432 0.09523
Moles iodine used 0.023391 0.03351
Ratio, ﬁ%%ﬁi*??ﬁ?ﬁ; 4.117 4.053 4.084
Gross yield (grams) 8,5 8.1
Gross yield (%) 98.9 93.3 96.1

The combined yields of the thiurem dieulphide were ground
to & paste with carbon disulphide, filtered, washed twice
with carbon disulphide, then twice with methyl alcohol.
The dried product consisted of snow-white crystals,

melting at 80~81°.

Identification of dibengy]l thiuram disulphide:

: Although the observed melting point did not egree
with that Tecorded by Von Braun, 71°, the identity of the
product was evident from the method of preparation,

Howeve:, as a further cheék, duplicate samples were
analyzed for sulphur, with the results shown in Table XII.
fTha formula of the thiuram disulphide is
- CgHpCHNH- 08~ 8- 8- 08-NH=CHp gl
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Tabls XII

Anslysis
Ssmple BaS04 % 9 % 8
{grams) (grams) found. theory
6.68097 1.53523 34,57 35.3
0.5330 1.3400 34,59 "
Aver&ge . . . . - y . . . . . 34.6 35.2

Having thus established the identity of the thiuram
kdisulphide, its correct melting point is set at 80—810,
not 710. The compound is insoluble in water, moderately
soluble in methyl alcohol, and very soluble in carbon
‘disulphide, It has an anise-~like odor, which may be

due to traces of impurities.

‘Qgtgrminatign of hydrogen sulphide and thioureas formed
Qx;ggcomposition of dibenmyl thiuram disulphide:
| The procedure‘used for determining the hydrogen
sulphide and thiourea formed by decqmposition of a thi-
urem disulphide has already been described, This method
wa.s applied'to duplicate 0,0200 mole samples of dibenzyl
thiuram disulphide. The results were only moderately pre-
cise, corresponding to a total of 108 % of the thiuram
dieulphide used. That is, from the two possible decompos-
itions, the hydrogen sﬁlphidgigégresponded to 10 %, while
_the dibenzyl thiourea waes equivalent to 98 % of the
_ originel amownt of thiuram disulphide. These Tesults
are listed in Table XIII.
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- Table XIII
Yield of Hydrogen Sulphide and Thiourea Formed by
Decomposition of Dibenzyl Thiuram Disulphide

Run Sample 8 found Yleld Hg8, Thiourea yield,
(moles) ?moles) % theory ~ (moles) % theory
I.  0.0200  0.00219 10.95 0.0191 95.5
II. 0.0200 0.00177 8.87 0.0195 97.5
Average . . . . « « . ¢ . . 9.91 0.0193 98.5

Free sulphur and carbon disulphide were observed among
the products, as is to be expected from the theory. The
recrystallized thiourea meljed at 145.5-1468°, which

agrees with the melting point recorded in the literature.

Reaction of dibenzyl thiuram disulphide with benzylamine:
Dibenzyl thiuram disulphide was reacted with
benzylamine in exactly the same manner as has been des-
~¢ribed for the corresponding cyclohexyl compounds,
,yielding the thiourea and sulphur according to the
equation -~ |
(CgH5CHRNH-08-8- )3t 2 CgHsCHgNHg —»2(CgHsCHNH )08 + HaS 8, -
~ The yield of crude product, consisting of thiourea and |
sulphur, was about 107 % of the theoretical valﬁe, while
that of the recrystallized product, the ﬁhiourea, nao‘
almost 100 %. The results obtained with the benzyl
compounds are listed in Ta.'ble. X1v,
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Table XIV
Resction of Dibenzyl Thiurem Disulphide with

Benzylamine
Run Thiurem used COrude Product Bure Product Melting
(grams) (gms, ) % (gnms.) % point
I. 12.35 19.2 104  17.3 99,1 146,5°
II. 12.80 31.1 110  18.1° 100.8 147
AVEerage . « « « « « « . . . . 107 % 99.8 % 147°

The pure product was recrystallized again to check the
tabulated melting point with the recorded values. The
observed nmelting point of the pure thioures is 1470,

agreeing with the most probable values in the literature.
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Iv. Isopropylamine

The amines which have been studied so far were
:repxesentatives of these three classes of primary
~eamines - hydroxy-aliphatic, cyclonaliphatic, and
| aromatic-aliphatic. Von Braun was not ablé to obtain
'a fhiuram disulphide from any primery aromatic amine.
His experience was repeated in this research with
aniline, using basically the same procedure already
described in this section for the other amines. The
product was an indeterminate mixture, smelling strongly
of triphenyl guanidine and phenyl mustard oil. Bince
the instability of disubstituted thiuram disulphides
prevents their purification by recrystallization, this
trial was discarded. There remained the epplication of
the reactions considered in this research to a typical
unsubstituted primary aliphatic amine. For this purpose,
iSopropylamine was chosen, The quantity available was
just sufficient to prepare the thiuram disulphide and

the thiourea.

Earlier work on isopropylamine:?
In 1883, Jahn (61) synthesized isopropylamine and

prepared the thiourea by shaking a solution of the amine
with carbon disulphide, then steam distilling the
miiture over mercuric chloride. The mustard oil wae
observed, but the main product was di-isopropyl thio-

urea, melting et 1610. In this reaction, the intermediate
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formation of the dithio carbamatekwas observed. The salt
‘w&é not isolated. Von Braun (37) used isopropylamine

as one of the primary amines in his research on thiuram
disulphides. He obtained di-isopropyl thiuram disulphide,
 me1ting at 69°,

- Preparation of di-isopropyl thiuram disulphide:

About 2 grams of isépropylamine were dissolved in
15 ¢c. of ice-cold gethanol, then 5 cc. of carbon disul-
phide was added gradually, with pronounced evolution of
‘heat in the solution. A solution of iodine in methanol
and carbon disulphide was added to an end point, then
the solution wae evaporated tq a very small volume by
blowing air over it. A small amount of distilled'water
was added to precipitate the thiuram disulphide and to
dissolve the amine hydriodide. The precipitated thiuram
disalphide was fitYtered and pressed dry, then washed
~three times with cold methanol. It was light yellow at
this point, smelling of mustard oil, and melting at
k64ﬂé?°. The thiuram disulphide melts with decomposition,
: giving off hydrogen sulphide. It is very soluble in
,organic solvents, decomposing partially. The impure
thiuram disulphide wes washed repeatedly with cold ether.
It dried as pure white crystals, melting at 69.50.
’wﬁbnTBrann recorded 69°, Mustard oil was found in the ether

;filtrate. No determination of yield was made.
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Reaction of di-isoprooyl thiuram disulphide with
 .f;§§§rogz;amin§c

: ~ About 0.3 gram of di-isopropyl thiuram disulphide

ias:placed in a small glass-stopvered bottle, immersed in

a’ffeezing mixture, then apout 1 cc. of cold isopropyl—~

amine was added. The mixture became quite warm, darkened,

and hydrogen sulphide was evolved.It was allowed to

stand for one day at 0°- 8° , then warmed gently on a water

~bath,to remove the excess of low-boiling amine. Then

10 cec. of distilled water was added, being heatied until

the precipitated thiourea dissolved. It was precipitated

by cooling the solutiomand recrystallized again from
"‘disﬁilled water. The dry product consisted of silvery=

ﬁhite plates melting at 140.0%. Jahn recorded the

~melting point as 1610,

- Bynthesis of di-isopropyl thiourea:
~ Bince the melting point observed for the expected

kthiourea did not agree with that reported by Jashn, the

thibﬁrea wae again prepared, but in another way, in order

to redetermine and ascertain its correct melting point.
About 5 ce. of isopropylamine was added to a

mixture of 50 cc. of carbon disulphide and 7 cc. of

- pyridine. The addition of the amine produced a vigorous
resction with evolution of heat, accompanied by the pre-
cipitation of a white crystalline dithio carbamate. The

‘mixture was refluxed for € hours, at the end of which time
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no more hydrogen sulphide was eliminated and the dithio
. carbamate had gone into solution. The carbon disulphide
- ?£§ then steam-distilled off; enough water was added to
_bring the volume to 100 cc., then it was heated to
dissolve the thiourea. The hot solution was filtered, then
coéled to‘O0 to precipitate the di-isopropyl thiourea.
The thioures thus obtained was recrystallized from hot
water containing Darco. It melted at 139.5°. It was thus
"eVident that the same thiourea was obtained by both
prcéedures, and that the melting point of di-isopropyl
_thioures is 1400, not 161o as recorded in the literature.

 Identification of Di-isopropyl thioureat
SA - Although the thiourea was identified by the manner
~of ite synthesis from the amine and carbon disulphide
according to a procedure which could yield no other
~product, a sample was analyzed for sulphur, as a further
_check. By the Parr method, 0.2710 gram of thiourea gave
0.5996 gram of barium sulphate, corresponding to 30,35 %
sulphur. This value is in agreement with the theoretical
for &i~isopropyl thiourea, which is 80,01 % sulphur.
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SUMMARY AND CONCLUSIONS

In this thesis, a reaction mechanism scheme for
;}the synthesis of symmetrical disubstituted thioureas from
primary amines and carbon disulphidelhas been proposed,
Which a@plies to those methods involving the use of
oxidizing agents to effect the elimination of hydrogen
‘Sulphide. The mechanism proposes the following consscutive
reactions:
(1) the usual addition of two molecules of amine and one
molecule of carbon disulphide to form the corresponding
dithio carbamate: |
2 RNHp + CSg—> RNH-CS-S-H-HgNR (1)
(8) the interaction of the dithio carbamate with oxidizing
agents, notably iodine, to form the corresponding o
disubstituted thiuram disulphide:
2 RNH-CS-8-H.HglNR +Ig —>(RNH-(C8-8~)g +2 RNHg°HI (2)
(3)‘1':hedeoomposition by heat of the thiuram disulphide
in either or both of two possible ways, to yield (a) the
corresponding mustard oil, hydrogen sulphide, and sulphur =
 (RNH~CS~8-)g~=)>3 R-N=0=S+HgS 4S8 =~ . (3a)
or (b) the corresponding thiourea, carbon disulphide,
and sulphur -
(RNH-08-8~ )g—(RNH)5C8 +C85 +8 (30)
‘ (4) the condensation of the mustard oil of equation (3a)
:Vith more of the primary amine, if present, to yield
’thgkcorresponding thiourea:

‘R-N=0=8 + RNHz — RNH-CS-NHR | (4)
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(5) the combination of the carbon disulphide of
equation (3b) with more of the primery amine, if present,
, to;yield the corresponding thiocurea:
48 RNHg + C83 —>RNH~CS8-NHR + Hg8 (5)
In the synthesis of thioureas, all of these reactions may
‘oocur during the course of the synthesis, giving in
summation the equation:
4 RNHgi-683%-13——-?(RNH)808+—3 RNHg-HI.

This mechanism explains the fact that tetrasubsti-
~tuted thioureas can nét be prepared from secondary amines
and carbon disulphide, since the intermediate tetra-
substituted thiuram disulphides formed by the reaction
parallel to equation (28) is stable under the reaction
conditions, as shown by Von Braun. It is thereby isolated

'without decomposition.

In substantiation of this mechanism scheme, the
reactions of four classes of primary amines were studied -
(1) hydroxy-aliphatic (ethsnolamine), (II) cyclo-aliphatic
(cyclohexylamine), (III) aromatic-aliphatic (benzylamine);
‘and (IV) unsubstituted aliphatic (isopropylamine).

In the cases of cyclohexylamine and benzylamine,
the first intermediate noted in the reaction mechanism
scheme - the dithio carbamate — was isolated end identified.

The thiuram disulphides of all four of these amines -
tbe next intermediates ~ were prepared and identified.
"Tﬁalmolar ratio of amine to iodine in equation (3) and

‘the percent theoretical yield of thiuram disulphide were
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kdetermined for each amine, with the exception of isopropyl-
amine.

In studying the two typés (equetions 3a and 3b) of
decomposition of the thiuram disulphides, the yields of
the following products of decomposition were determined:
(1) from diethanocl thiuram disulphide - sulphur and hydro-
gen sulphide; (2) from di-cyclohexyl thiuram disulphide -
hydrogen sulphide and thiourea; (3) from dibenzyl thiuram

- disulphide - hydrogen sulphide and thiourea,
The relative extents of these decompositions varied

widely, as noted in the following summary tabulation.

Thiuram Disulphide Yield Hz8 by Yield Thiourea by
from: . equation (3a) equation (3b)

; % theoretical % theoretical
Ethanolamine 94.6 % 00—
Oyclohexylamine a7.9 % 64,5 %
Benzylamine 9.9 % . 96.5 %

With the increasing molecular weight of the amine, the

percent extent of the decomposition yielding hydrogen

sulphide and mustard oil (equation 3a) decreased, while

the extent of the decomposition yielding thiourea

(equation 3b) increased. ‘

Fach of the thiuram disulphides combined with the

" corresponding primary amine to give practically &
fthaoratical yield of the corresponding thiourea, with

the exception of ethanolamine, which yieldedam tnresdlvable

tar,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 73 -

The following new compounds,.not‘recorded in the
literature, were prepared and identified:
(1) diethanol thiuram disulphide, M.P. 98°;
(8) di-cyclohexyl thiuram disulphide, M.P. 80°; and
(3) mercapto-oxazoline, M.P. 98-97°.
| © Marked differences in the melting points of the
following compounds from the melting points recorded in
the literature were determined and repeatedly checked.
They are as follows:
(1) ethenolamine hydriodide, .P. 84°;
- (8) benzylammonium benzyl dithio carbamate, M.P. 1340;
(3) dibenzyl thiuram disulphide, M.P. 80-81°; end
(4) di-isopropyl thiourea, M.P. 140°.
| Thé experimental results and date secured in this
investigation of the reactions of the four primary amines
of widely different classes lend support to an slternative
reaction mechanism scheme for the synthesis of thiouress,
ﬁherein the intermediate formation of a thiuram disulphide

: precedes the formation of s thiourea.
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