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INTRODUCTION: HISTORICAL

Nearly one hundred years ago, A. W. Hofmann(l)

“giécovered that a reaction occurred between carbon disulfide

: énd the various amines. His first methﬁd of proéedure was

~to heat the amine (aniline) with carbon disulfide until s
Jﬁroéuet was precipitated. These substances reacted to give

" a thiourea (thio-carbanilide) and hydrogen sulfide:

H H
CSg%*205H5NH2——4>0535-§-0-§-0535ﬂ—HzS.
' !
  The volatile hydrogen sulfide was expelled during the heat-
 ’ing. Even today this method by which Hofmann prepared sym.
- diphenyl thiourea is still gmployed and the equation for the
reaction expresses satisfactorily the change which takes place,
Since the essential reaction for the farmation of

 th1oureas effects elimination of hydrogen sulfide in eonformity
:jﬁith 8 general type Bqﬁation,

e 2RNHg +CSg —> (RNH)2CS + HaS,

'most of the subsequently used methods have been designed to
Apremotevthe elimination of hydrogen sulfide through its reaction
%~ﬁi£h,some suitable reagent, thereby effeecting more éomplete re-
_ metion. These new methods will be discussed in their chrono-
 ;iégieal order.
S Hofmann's investigations were not further studied

until 1870 when Claus(2) proposed a modification. His method
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'iwgs;analogous to that of Hofmann in that he used aniline and
i‘éé;ben diSulfide, but incorporated sulfur monochloride into
thé reaction mixture to reasct with the hydrogen sulfide, On
interaction of equivalent molar quantities of aniline and ear-
bon disulfide, in the presence of sulfur monochloride, the
ﬁydrogen sulfide reacted to form hydrogen chloride and free
,'aaifur. The hydrogen chloride combined with the excess of the
 amine. The reactions occurring may be represented by the follow-
ing equations:
"csg+ 2CgHgNHg ~—(CgHsNH)2CS + HoS v eeevovensoesrsccnssssens(l)
H2S+4 82012 —> 2HCL+ B evenenrnransnrnnneenenencenenennensna(2)
 2CGH5NHZ+ 2HCL — 2CEHENHZ *HCLo e evrvvnnosesansnnsennnneessss(3)
- 2(1), (2), (3)
C8g + ACHgNHp+ SoC1o —>(CHgNH) 5CS + 35 +2CHgNHp < HC1.
 Claus and Krull(3) further investigated this method and obtained
| nearly quantitative yields of the thioureas. i
: Perhaps the most frequently used method for prepara-
‘;tion of these thicureas, originally proposed by Hofmenn(l), is
that of Weith(4), who, in 1873, interacted carbon disulfide and
aniline in an alcoholic potassium hydroxide solutian.‘ The hydro-
‘gen sulfide which was liberated reacted with the potassium hydrox.
idé to give potassium sulfide, or the hydrosulfide; |
) HoS + 2KOH —> K28 ~+2H,0
H2S + KOH —> KHS + Hp0
“and in this way the reaction proeeeded nearly to completion.
' Rathke(5), in 1878 suggested that the Hofmann resetion
!likely involved the 1ntermed1ate formation of a substituted di-
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- thio carbamic acid, . H\\
5 RNEp 4 087 — R-§-0-5-R

His procedure was as follows:

Ethyl aleohol and potassium hydroxide were dissolved
ih a large excess of carbon disulfide, and & yellow precipitate
fwaé‘formed. Analysis of the precipitate showed it to be pot-
,QSQiﬁm ethyl xanthate formed according to the equation:
KOH +CSp + CoHgOH ——0gH5~0-0-5-K 4 Hp0

i S
When this potassium ethyl xanthate was allowed to react with an

;aﬁine the ethoxy group was replaced by an amine residue to yield

~the potassium salt of the éorrespondiﬁg di-thio carbamic acid, thus
. H .

|
3 S
Tﬁeh upon further reaction of the amine (aniline) in the absence

' e:‘earben disulfide Rathke found he had as his product Hofmann's

thioearbanilide:
. - H H H
] ' { l .

5 s
‘ Thns these three reactions were shown to be involved in the
i ﬁé£hed for preparation of thioureas of Weith(4).
o To Rathke this was proof of the existence of inter-

;fmeaiate products in the formation of thioureas. He reasoned that
1‘in the direect interaction of carbon disulfide with aniline the
‘;firét product must be the phenyl di-thio ecarbamiec aeid, whieh,

;_ygjh another molecule of aniline, will form thiocarbanilide
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o .
 §§éym. diphenyl thiouresa):
£ T B
0334-06H5NH2—935H§§}§-C-S-H...........................f..(l)
" .
'65H5-§-ﬁ- S-H+ H|NHCgHS —> ( CEHSNH) 2CS+ E2Sereevnevnnnns(2)

: S
S Z (D, (2)
;éﬂg-FBC6H5HH2-—JP(CGH5HH)ZCS4—HZS.
~ The last equation, of course, is the one proposed by Hofmann(1l),.
: Rathke proceeded to investigate the assumption of an intermed-
- iate compound by first preparing and idemntifying the di-thio'
Péarbaﬁic acid, as first earried out by Debus(6). This was then
ffurther reacted with aniline, whereupon the thiourea was immed-
- iately formed, with the elimination of hydrogen sulfide as he
:Thgd assumed.
- Losanitsch(7), in 1892, further verified Rathke's
~assumption of the existence of an intermediate compound. He
‘;ébtained the smmonium salt of phenyl di-thio carbamic acid.
‘This salt, when reacted with iodine, gave the thiourea accom-
'panied by precipitation of ammonium iodide, sulfur; and forma-
‘ fion of carbon disulfide in half of the amount initially used,
~ 38 noted in the equations:
' H
2NHgz + 2C8g + 2CgHgNHp —>2CgHp —I%-C;}-S-NH4
H S
2CGH5-&-%-S-EH4-+12 ~—(CgHsNH)2CS + 2NH4I + CSp+ S.
S
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; Zosanitsch proved the existence of the 1ntefmediate
f“éaﬁyoﬁhﬁ by still another series of reactions, From the ammon-
‘?fui salt of di-thio carbamic acid he prepared the corresponding
 mustard oil (phenjl isothiocyanate). By interacting this oil
Zfﬁith‘another molecule of aniline he ébtained an addition product,
qihieh analysis proved to be thiocarbanilide:

. C¢HgNHCSSNH, —>C gHg-N=C=8 + NH,HS
CgHy-N=C=S +CgHsNHy —> (CgH5NH)2CS.

Hugerseheff(é) immediately followed Losanitsch in
the similar agssumption of an intermediate produet. He, how-
Heter, did not attempt to further the proof of the existence of
~thé/di~thic carbamic acids. He was more interested in their
1éérivatives. His éeheme of preparatibn was analogous to those
'Vé£ Hofmann and Weith in that he used an aleoholic solution of
the amine and carbon disulfide. Hugerschoff, however, used sul-
ifﬁr as a catalyst and by this method was able to obtain nearly
jqugntitative results, in conformity with the gccepted equation,

| CS8y+ 2RNHp, —> (RNH)5CS +HyS.

Prior to 1887, all of the thioureas prepared were
symmetrical di-substituted products. Billetier(9) in this same
;jéar,‘was the‘first to prepare both the unsymmetrieal, the tri-,
,‘aﬁd the tetra-substituted thioureﬁs. His method of preparation
ngs,different from any previously employed. He used thiophos-
; §én§ in place of carbon disulfide and obtained phenyl thio

earbamyl chloride,
= -

{
206 H5NHp, + CSC1lo —> CgHs -H-(])\-Cl +CgH5NH2 - HC1,
s
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ﬁf}ﬂ%&&h upon further reaction with aniline yielded the symmetri-

sally substituted diphenyl thiourea:
CGH5HH-C-CI + 2055533}12 —> (CgHsNH)2CS+ CgHsNHg - HCL.
g
" However, when he interacted the thio carbamyl chloride with
  somé other amine he obtained an unsymmetrical derivative:
T RNHC-C1 +2R'NH, —> RNH-C-NHR' +R'NHg+HC1.
5 3
It is readily seen that it was possible to obtain also the
triA and tetra-substituted product by use of an aﬁalogous
éeries of resetions:
R' R ‘R?
2 m+csc1n-—-—-> )N-c-czu SNH.HC1

R ] R
S

R"\ R" R! R R®
ONC-Cl+ 2 M NH—> SKF-C-N{ + M FNH-HC1

i H R Il \H B

S S

or

R Rﬂl Rl Rﬂl R“'
DE-C-C1 +2 N NH-—> ON-C-F{ + \NH.HCL.
R | R" 7R u Ngr o g

S

Billetier prepared the following tetra-substituted
N;#hioureas by this method; sym, di-ethyl diphenyl thiourea, sym.
) "'ﬂvc!r.imethyl dipiiényl thiourea, and‘ methyl ethyl diphenyl thioures.
In 1902, Delepine(10) synthesized esters of the di-
<*f$hio earbamic acids. The amine salt of the di-thio carbamie

;fjagid‘Was prepared by interaction of two molecules of the amine

~;jy§th one of carbon disulfide,
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H -7
)
RNHo+ CSg —> E—N-?‘-S-H

S
H H

R-§-C-5-K + RNy — > R-N-C-S-NHgR
: 3
which, when treated with an alkyl halide, formed the ester
_of the di-thio carbamic acid,
| i H
R-l!T-?-S-NHZR FRE — R-]'sw-cl;;-s-n + NHgR-X
S S
and an alkyl substituted ammonium selt. This work further
‘ éubstantiates the mechanism of the reaction for the formation
of thioureas as formuléted by Rathke and Losanitsch.
Delepine.produced mixed thioureas from the corres-
ponding mustard oils in the same way that Losanitsch produced
“the symmetrically substituted thioureas:
 RNH, + CS, — RNHOSSHE
RNHCSSH-#AgHGz-———% RNHCSSAg +HNOy
SRNHCSSAg —> 2RNCS +AgeS +HaS

RNCS + R'KHp ——> RNHC-FHR"
| :

or . °
RNCS+ R'R"NH —> RNH-C-NR'R",
, g
‘ 3353§ tetra-substituted products could not be synﬁhesized in this
‘ ;t%éy as no mustard oils could be formed from secondary amines,
el Jacobson and Hugerschoff(1ll), in 1903, interacted

 ,earbon disulfide and hydrazobenzene to obtain thiocarbanilide.
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?ha first product was sssumed to be the enol (aéi-tor mercapto)
-~ form of the thiourea,
; CgHsNH-NHCgHs + CSp —>CgHs-N2C-NHCHs + S
s
CgH5-N=C-NHCgH5 —> (CeH5NH)2C3
| S
;gwhieh rearranges, as shown above, to the keto thiourea. As can
| readily be seen, a tri-substituted thiourea was easily obtained
 :by‘nse of a substituted hydrazocbenzene,
. R-N--R + €8s —> R-§-C=HR +8,
) R'H R* SH
but no tetra-substituted products were possible, which fact
’,prevides evidence of the actual existence of an enol form of the
~thiourea. A tetra-substituted hydrazobenzene, of‘edurSé, provides
no hydrogen atom for the formation of the enol modification.
In 1904, Pawlewski(iz) interacted the mustard oils with
‘fhe7aldoximes and ketoximes to obtain the symmetrical and unsym-
' metrical thioureas, He 4id not obtain very satisfaetory results,
as the reactions are complicated and are accompanied by the for-
mation of various by-produets.
Krulla(1l3), in 1913, was very much interested in a way
- %o eliminate the hydrogen sulfide from the sphere of reaction. He
‘ ig#t§mpted the oxidation of the hydrogen sulfide by the use of
':f§§éregen peroxide, .
o HpS + HpOp —> 2HpO+ S
 “but the method’was very unsatisfactory.
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Krulla next interacted the amines and carbon disul-
'if fiae in the presence of the corresponding nitro compound; for
"ji#stanee, aniline and nitrobenzeﬁg. The latter was‘re&ueed to
the amine by the liberated hyarogén sulfide, with the formation
of eniline, water, and sulfur; |
© 6CgH5NHz + 38— B(CEHENH)2CS + BHES 1 e vvnenerersrnnnnsananani(l)
féﬁéS-LCGH5N02f-905H5NH2-P2H30-PSS...........................(2)
2, (@)
. 5CHpNHg+ 30Sg+ CeHsNOz—> 3( CgHsNH)2CS +2Hg0 + 35,
‘?fThe aniline formed by the reduction of‘the nitrobenzene was in
- ifﬁzm reacted upon by the earbon disulfide tb form the thiourea.
4 3¥ this method Krulls was able to obtain very satisfactory re-
!1f§u1te.
| Krulla then attempted to use freshly prepared lead
oxide (Pb0O) and stannous oxide (Sn0) to remove the hydrogen
' sﬁlfide;‘but the former proved unsatisfactory, the latter very
~»§§tisfactcry. To explain the reaction he assumed the formation
ivnqr the stannous salt of the di-thio carbamid acid:
 2RNHg +S10 + 2CSp — (RNHCSS) 250 +HoOu e v e e e evvvannnnneesnnnns(l)
, ‘ ,R .
—_— 2(m)2cs+5ns+ﬂzs............,...;._..(2)
R

“+-st.—-ﬁsns-;HaO‘COO..QQQ".O'.Q...OOO'QI0000."000."‘.(3)
‘. (ERNHp+ 28n0+2C8g —» 2Hz0+ 25nS +2( RNH)2CS.
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The most reeent development in the procedure for the

7ﬁ;aliminatlon of hydrogen sulfide is the use of the tertiary amine,

{ jpyridine. This method was developed by Fry(1l4), embodying two
“independent methods for its use.

4 The first method consisted in promoting the elimination
"ét,hydrogen sulfide by eadding the base pyridine, which catalyticall]
5 1rem0ved the hyaregen sulfide in conformity with the reversible

 reaet1on- |

. //SH
HgS4-05H5N?——905H5H£\H .

The amine was refluxed with carbon disulfide and a slight excess
/f,éf‘pyridine in a flask provided with an upright water-cooled con-~
“Véenser. After completion of the reaetion, the contents of the
,flask were subjected to steam distillation, until the excess
 féarbon disulfide and volatile pyridine were removed. The residue
1hithe,flask was freely washed with water, then dilute hydro-
~ehloric aeid, and then water again. The product was crystéllized
'ifiém e suitable solvent. By use of this method Fry was able to
- obtain purer products in nearly qﬁantitative yields.
‘ ‘ Fry's second method for effeeting complete removal of
f_hydrogen sulfide eonsisted.in adding a carbon disulfide solution
; er;iodine to the reaction mixture containing pyridine. The hydro—
_gen sulfide immediately reacted with the iodine, thus
o HpS +Ip—> 2HI+ 8,
{;fo:&ing sulfur and hydrogen iodide. The hjdrogen iodide thus

ed simnltaneeusly reacted with pyridine to form pyridenium

,fi éide which being but very sparingly soluble in the 1arge excess
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_ of carbon disulfide precipitated out and thus displeced the

'Vfﬁﬁéve eqﬁilibrium.virtually to completion. The amine and

’;ﬁéyridine were dissolved in a large excess of carbon disulfide,
i,fand a calculated amount of iodine, dissolved in carbon disul-
’; ride, was added to the reaetion mixture, which was allowed to
:ggygnd‘or gently refluxed until the typical iodine color vanished,
‘Tﬁe mixture was then distilled with steam and the produet puris
1‘fied. Nearly quantitative results were obtained in conformity
with the equations: '
2RNH» + CSg-——-@(RNII)zCS""HzS........s........................(l)
HpS+Ip— BHI+ Suurnrsrrenneeeeeosennnnnnnneranseeeeeeeas(B)
"zﬁn—zcsﬂ5ﬁv—ézc5ﬁ5n-m...................................(:5)
2 (), (2), (3)
Cgf{g/\/ + 2RNHp + CS3 + Iz —> (RNH)2CS 4 8+ 2CsHsN-HI.
, Raiford and Mcﬁumty(l5) have made a study of the
: :efficiency of different methods for synthesis of thiouresas.
‘ 5_The methods studied were those of Weith(4), Hugerschoff(8),
‘1f,$pedker(16) and Fry(l4). Fry's method was modified to the
 Je£ten£-that the mixture was mechanically stirred until the
- reaction was completed in order to prevent the earr&ing dbwn
" of lodine as the pjriaonium iodide precipitated. Of the large
'ﬁamber of compounds studied, Fry's method gave the highest
: yields,with only one exeeption.
To date, it is the consensus of opinion that the
ng;ﬁxermediately formed di-thio carbamie aeid’aetually exists in

~ the reaction mixture and by subsequent reaction with another
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. ;gélecule of the amine is converted into the thiourea. Hlasiwetz
 and Kachler(17) snalyzed o decomposition product of the ai-thio
“,éarbamic gcid and thus obtained a compound which they‘termed a
substituted thiuram sulfide,
H H
| BRNHﬁ-SH—~9 HgS4~R-§-ﬁ-S-ﬁ-§-R
S s S |
“the thiuram grouping being -N~%-. A glance at the shove equa-
S

tibn will show that the thiuram monosulfide may be considered

'the ﬁhio-anhydride of the corresponding di-thio carbamic acid.
J. von Braun(18) was the first to use iodine in any

gttempt to prepare the substituted thioureas from the direct

interaction of the amines with carbon disulfide. In“this work

| von Braun used two mols of amine and one mol of carbon disulfide

w fa form the smine salt of the di-thio carbamic acid. Iodine,
aissolved in aleohol, was added to the ice-cold solution of the
vamine. However, he was not successful in cbtaining the desired

compounds. Instead he obtained a compound of the thiuram disul-

fide type, ? . H
R-N-C=-8~8-C-N-R
I n
S

by the interaction “(oxidation) of two molecules of the salts

~of the di-thio carbamic acid by one molecule of iodine:
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H ~13~

H 1
| R-N-C=8
R-R-C-S-NHaZR l
) S '
S +Is—> |  +2RNHz-I.
s
R-N-C-S-NH3R |
Il R-N-C=8
HS |
f

it can readilyvbe seen that both the'primary and the second-
;%léry amines will resct in this mannér to form the corresponding
' >&1;thio carbamic acid.

,“ Prior to the time of von Braun's work, Debus(6),
"‘Gredzki(lg), Ehrenberg(20), and Freund(2l) obtained the thiur-
: §m<disulfide derivetives by treatment of the di-thio carbamie
 lsa1ts with halogens. Debus prepared thiuram disulfide itself

by oxidation of ammonium di-thio carbamate:

Halogens HH3~C4S
NS
QEHQC-SH°N33 ———e—p | —“+2NHgX.
i
S Xo NHZ-QQS
, Similarly, Grodzki prepared tetra-ethyl thiuram disulfide from

the diethylamine salt of diethyl di-thio carbamic acid:

S
Halogens il
5 (CoHs)oN-C-3
- 2(02H5)2K—C-SH'(02H5)2ﬂH — | +2N(CpH5)oHoX,
S I (02H5)2N~C-S
8 X= [s(

) and Ehrenberg synthesized dipiperidyl thiuram disulfide from
:p;peridyl di-thio earbamic acid:
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Cﬁ;CE%C H&lcgens Cﬁ/CHQC
H2 Hz .+2m.
CHg - He Xg CHg /CHg
N-C-SH N=C=S~- o
I S [
S 3 ]

. Freund also found that the methyl and ethyl amine salts of
,,jmethyl and efhyl di-thio carbamic acids respectively, were
-eonverted by bromine into the corresponding thiuram disulfides.

The work of von Braun and others with Secondarz

amines yieldéa no thioureas. Thiuram disulfides were always
k; ?armed,( It may be noted here thaﬁ primary amines yield thio-
 fﬁ;éas when an excess of eérbén disulfide is employed and the
"-k,dki-thio carbamic acid (or salt) is not isolated. If two mole-
'énles of the amine and one molecule of carbon disulfide react,
“‘;ﬁhe'amine-salt of the di-thio carbeamic acid is formed and may in
'.tgrn be converted into the thiuram disulfide compound by a
V‘ééparate oxidation reaétion. But only in this way are thiuram

' disulfides produced from primary smines. Fry's and the other

methods all yield thioureas from primary amines,

| o An explanation for this marked difference in behavior
~uef primary and secondary amines, namely that a primary amine
‘imay yield either a thiourea or g thiuram disulfide, while a

~ secondary amine yislds only a thiuram disulfide, will be offered
fjﬂ;ﬁgthe next section entitled "Theoretiecal."
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THEORETICAL

Thiourea and its analogues are generally thought

~of as existing in two tautomeric forms:

> NHo~-C-NHg .
]
SH 3

HN=?-HH3

' The enol form is generally called the thio-carbimide and the
‘,ke%o form the thio-carbamide. The chemical behavior of thiou-
7 rea depends upon the conditions prevalent in the particular
éXperiment to be eonducted, and offers evidence of the existence
'sfeﬁ both tautomeric forms.
. The faet, as noted by Jacobson and Hugerschoff(1ll),
that no thioureas can be prepared from tetra-substituted hydrazo-
. benzenes offers evidence that a thiourea which is produced from
:'gimano-, di-, or tri-substituted hydrazobenzene must have been
1fgxmed in the enol modification. This is shown by the following
‘eqaations as applied to a tri-substituted hydrazobenzene:
: R-N-N-R +CSp — > R-N-C=N-R+§ |
R  hsm
R-N-C=K-R —> RoN-C-KNHR.
R S 4
Z_It'is at once guite obvious that no more than three hydrogen

‘atoms of the hydrazobenzene can be substituted, in order that

ﬁhe fourth hydrogen atom may be available for formation of the

~f'dnalrmodification of the thiourea.

Bedford and Sebrell(22) obtained a crystalline com-
';fné from a solution of thiocarbanilide in aniline. Analysis

?showed that it consisted of one molecule of thiocarbanilide and
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: };gne of aniline, Bedford and Sebrell then concluded that the
'  th1oure& must have reacted in the enol form with aniline to

- form a salt, viz.:

H
l .
05H5K-?=N05H5 4+ CgHy-NHo —> CsHsNH-(f=NCGH5.
SH S-NHoCgHy
l
H

“Moredver, Bedford and Sebrell have actually prepared metallic
rsalts of the mercapté (enol) form of thiocarbanilide, namely
':zine mercaptide and lead mercaptide(23).

Storech(24) has shown that nitrous acid, and other
~ reagents in acid solution, o6xidize thiourea to a feeble base,
i;named formemidine disulfide by Fichter and Wenk(25) who ob-
i;tained it electrolytically. This indicates that the reactant
‘,was in the enol form in order to eliminate water and bring

 about coupling of the residues:

Hgﬁ-()}'r-%—KHZ > Bgli-G-8-5-C-Nkp + H0-
' i
NH NE NE  NH

«  E. A. Werner(26) has obtained this compound as the dihydriodide,
l‘Ey oxidation with iodine. With alkaline permanganate Werner(27)

’ >ébta1ned the free base which immediately decomposed.‘ From the
'kdéaomposition products Werner isolated 65% of the cyanamide
M thns produced,

Werner agrees that treatment of a thioures with an

~f*’1 haloid yields a thio ester and not a nitrogen substituted

RNHC=SH v+ X=C=R ~—> R-N-C-S—C-R +HL,
] i ] "
NH 0 HNH O
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‘ ‘1§ 13 obvious that the only way in which this thio-ester could
  bé-prcduced is by acylation of the enol $ulfur atom. Dixon and
 1Téyl6r(28) seem to disagree partially with this evidence.

| It is to be concluded from the above experimental
faets that mercapto (enol) thiourea actually exists when con-
“aiﬁions favorable to its formation are imposed..

; One of the methods of preparation of mixed thioureas

is the treatment of mustard oils with amines, e.g., methyl

’éfﬁyl thiouréa is prepared from methyl isothiocydnate and

ethylemine,

CHZNGS + CpHgNHy —> CHzNH-C~NHCoHs,
3

 a$suming formation of the keto modification. Similarly, if
 kAfﬁyl isothiocyanate is reacted with methylamine the same com-

pound should be obtained:

CoH5NCS + CHzNHp —5 CZH5NH¢‘3'KHCH3.
| S

:‘Bnt, if the enol form is assumed two entirely different com-
.ipgﬁnds should be formed, depending on the mustard oil and
f ;§ine used. With methyl isothiocyanate we should expect:

CHz-N=C=S +CpHgNH

7CH3-N=G -SH
o H-N-CoHs,
whereas with ethyl isothiocyanate we should have the other

~eompound formed:

_ OgHg-N20=S + CHzNHy —CpHg-N=C-SH
| H-N-CHz.

ngﬁéfiments have shown that, irrespective of thé mode of
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~reaction, the éame product is obtained., Thus under these
jjaéﬁaitions the thioures exists in the keto form.

e When a mono-substituted thiourea is desulfurized

'by;mercuric oxide a substituted eyanamide is formed(29):

/ H-N-R '

s:c\/_ +Hg0 —> HgS+ HoO+ RNH-CEN,
NH2 ‘

, §&13 faet per se offers no direct evidence for the existence
5fo£ either the enol or keto modifications as both forms could
 r9aet as shown by the above equation. But if the thiourea is

‘Qf,the N, N' di-substituted type, desulfurization yields the

ieto fofm of the thioures:

RNH~-C-NHR +Hg0 —> RNH-C-NHR + HgS.

5 0
‘  Gapps and Dehn(30) have carfied out the desulfurization of

thioureas of the above type by use of bromate and icdate solu-

tians, obtaining good yields of the eorresponding substituted
f nréas. Eeedless to4say, the enol form could not regct as above,

o From the above experimental‘facts itvis to be con-

~ cluded that either the enol or the keto form of thiourea

 ~ggtually exists when favorable conditions are imposed.

It has been noted in the historical review that

- primary amines yield thiouregs‘while secondary amines yiela

iﬁram;disulfides. According to the ideas of Rathke and

Séﬁitseh primary amines form thioureas in conformity with

‘;_W%ngéllaking equations: -
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RNHp + CSp —> RNHCSSH
RNHCSSHE + HNHR —> (RNH)CS +HpS.
 Koreover, secondary amines should reget in the Same manner:
RoNH +C8g ~—> RpNCSSH
RoNOSSH _HNRp —> (RpN)pCS +HpS.
V{;This, however, is not the case.
' | Snedker(3l) attempted to explain this phenomenon,

namely that secondary amines do not yield thioureas, by

 >_stating that the secondary amine exhibits a lack of acidie
'hy&rogen. But, since the di-thio earbamiec aecids.of seecond-
5<faiy amines are also known to exist, thioureas from secondary
,amines should be formed in conformity with the equafions given
above,
Fry and Culp(32) have shown that if the two teu-
tomeric modifications of thiourea are accepted, an explanation
o may be provided whereby the markéd difference in behavior of
   primary and secondary amines with carbon disulfide is at once
elarified. ‘Thus, primary and secondary amines would both
‘reaet first to form the corresponding di-thio carbamic aeiﬁs:
- RNHp +CSp — RNHCSSH
RoNH +CSg —> RgNCSSH.,
~ An additional molecule of a primary amine would split out
f¢§ydrogen sulfide, not by the interaction of a hydrogen atom
of the amine and the thio-hydroxyl group of the carbamiec acid,

RHN-C{SH__HNHR—> RNHCNER,

h
S 3

“;ﬁfﬁnt‘by the interaction of two hydrogen atoms of the amine and
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 £he thione sulfur atom of the corresponding dil-thio carbamie

i‘;aeid to yield the enol modification of the thiourea, thus:
' RNE-C4S_HgNR ~—> REN-G1R. |
‘ éH SH
>Thé enol form, being less stable fhan the}kefo, would re-
‘ﬂarrangé tb the latter, presumably under the influencé of heat:
| RHN-C-SH —> RHN-C-NHR.

i 3

It is at once obvious that a seeondarz'amine lacks sufficient

";hydrogen for a similar transformation into a thiourea, and,
,‘ﬁnder the conditions of the experiment, the corresponding
»di-thio carbamic acid would be oxidized by lodine to a thiu-

 ram disulfide. | |

RgN-%-S-C-NRg —_ Rgﬂ-?-s-)g +2HI.
I ]

S | 5 'S

Fry and Culp have supported this hypothesis by the
i;synxhesis of sym. dimethyl diphenyl, sym. diethyl diphenyl, sym.
diethyl dai alpha naphthyl, and sym., diethyl di beta naphthyl
 thinram disulfides in the presence of iodine and pyridine. In
, ho‘instance was a thicurea‘formed from any of the secondari amines,
: The reactions involved in the methods of Fry and Culp
for the preparation of thioureas and thiuram disulfides may be
represented by the following equations.
“ For primsry amines:
8o+ RNHp —> RNHCSSH. s evseneneansnerosneenseesnsensnsensa(l)

mcR 7RNH—C=NR-FH S'....OO"O.Q'C‘.0‘...0.0.0000.(2)
};;jﬁl E'Ii% | 2! .

~SH SH
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ANH-C=NR —— RNH=C=NHR. . e evreereeeeeeeeeeeeeeeeeeseenees(B)
’r,; QH g
;P T CREEEEY o - J N €8
7;‘265}151‘{4,21{1 e B 16151450 15 SRR |
ST, (2), (3), (4), (5).

CSo+ 2RNHp+ Io +2C5H5N—>( RNH)oCS+ S+ 2CsHgN-HI.

fﬁér Secondary amines: |

'zfcsgar 2RoNH —> 2RoNCSSHe e eeovsossooanonccorecasessavesasall)
,jg_ngﬁcssn-uz ———-—b(BzHGSS—)z-tBHI.........................A.(B)
‘::‘;3‘1(‘:;5115H+BHI~———-«>ZC5H5RHI........’..........................(.’5)
Z), (), (3,

 20Sp+ 2RpNH+1Ip +2C5HsN —= ( RpNCSS-)p+2C5HsN-HI.

, It may be noted here again that primary amines yileld
k‘ #hinrsiudisu1fides only when, as shown by other investigators,
' 7tﬁe intermediately formed di-thio carbamie acid, or salt, is

'~ 4isolated and then subsequently subjected to oxidation, Other-

'ﬂwise,prima;x aminesg, under the conditions of Fry's method,

yield thioureas, while secondary amines yield thiuram disul-

,fides. An extension of this method to secondary amines other
 'ﬁhah those employed by Fry and Culp, will be given in the

~;éxperimental part of this thesis,
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OBJECTS OF THE INVESTIGATION

: This thesis is concerned with the use of Fry's.
’,ﬁethod for the produetidn of thioureas and thiuram disulfides
kifrom primary and secondary amines respectively in the pres-
~ ence of pyridine and iodine, in carbon disulfide solution.

4 detailed description of the method will be given in the
nsxt'section entitled "Experimental.”
Since Fry(1l4) also showed that the reaction between
 ani11ne and carbon disulfide, in the presence of iodine and
 !}§yr1dine, could yield the corresponding mustard oil, thus,
o RNH, + CSp + Ip + 2C5HgN —> RNCS + 2CgH;NHI+ S,
it was thought advisable, in the first experiments conducted,
E to investigate this reaction and to extend its appliecation to
 th§ other amines for the synthesis of mustard oils. Inasmuch
: asifhese preliminary experiments resulted in formation of thio-
’egrﬁanilides and sym. triphenyl guanidines as well as the
"ﬁﬁétard oils, they were abandoned in favor of experiments de-
Vi §1gned to yield solely thioureas and thiuram disulfides.
 ‘_ Since Fry and Culp(32) employed a 100% excess of
,pyridine in the reaction mixture, it was thought advisable to
’féetermine the optimum concentration of pyridine and to study
it,é ‘effeet upon (1) the time necessary for reaction, (2) yielas
" aI th1oureas, and (3) yieldgaf thiuram disulfides,
| After the optimum caneentration of pyridine had been
;ydetarmined a study of the inhibitory effects of substituents

féﬁpp the formation of thioureas and thiuram disulfides was also
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. »mndertaken. Since no thiuram disulfides had been prepared

}?hich contained substituénts in the benzene nucleus this
‘7fé§udy lead to the synthesis of several new compounds of this

-~ type.

: The thesis was also undertaken with the addition-
3ia;‘endeaver of further experimentally supporting the hypo-
~_¢£§§513 of Fry and Culyp, wherein an explanation is offered for

the marked difference in behavior of primary and secondary
'7*aﬁines'with carbon disulfide, in the‘presence of iodine and

 pyridine. The reactions of the following amines were studied.
 JPfimary-am1nes:

| értho. meta, and paras chlor anilines
35 ortho, meta, and pars brom amilines
 pare iodo eniline

~ 2<6 di-brom aniline

‘Seeondary amines:
diphenylamine

» methylaniline
’ }athyl aniline

  methyl crtho toluidine

~methyl meta toluidine

j methyl para toluidine
'T;méta nitro methylaniline
,praxa nitro methylaniline

| In addition, new asymmetrie tri-substituted thioureas
| ijg:e prepared from phenyl isothiocyanate and methyl o~, m-, and

p~toluidine.
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EXPERIMENTAL

iﬁi%- General Procedure for Synthesis of Thioureas and Thiuram

 Disulfides.

A one-liter, round-bottom, three-neck flask is
attached by a side arm to an upright water-cooled Liebig
‘éondenser and fitted with a mechaniecal stirrer running through
a‘glass mercury seal. Tﬁe thirdineck of the flask is fitted
H:ﬁith a 250 ec, dropping funmnel containing iodine dissolved
lin carbon disulfide., The amine, pyridine, and carbon disul-
 ffi§e are placed in the flask. Rubber stoppe:s are used throughout.
,_Tﬁe stirrer is started and the contents are heated to gentle
’ £éfluxing by use of a hot-water bath. When the amine is ceomplete-
| 1y dissolved, the iodine solution is run rapidly into the flask.
'Aif,the reaction becomes too violent the hot-water bath is re-
moved and replaced by a cold one until ebullition abates. The
4‘héating is continued until the typieal ‘iodine color vanishes.
:At:this point the flask eontaining s copious prececipitate of
pyridonium iodide is removed from the apparatus and cooled under
i'ﬁihe,tap. The precipitate is filtered by suction onto a Bichner
 ﬁ§nne1 and washed with carbon disulfide. All washings are com-
'ﬁﬁined with the filtrate. The solution is then subjected to
‘ stéam distillation until all carbon disulfide has been removed.
‘ $§§fmaterial‘in the reaction fladk,’after eooling under the
ta;p is filtered off on a Biehner funnel, freely washed with

 fV?tér’ and air-dried by suction. The filtrate, containing pyri-
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dine and pyridonium lodide is discarded. The reaction mix-
‘*taré, after being finely ground in a porcelain mortar, is
" placed in a 500 cc. Erlemmeyer flask, and 200 cc. of BN hydro-
chloric acid are added to remove the finsl traces of pyridine
and unreacted amine. The mixture is heated for 15-20 min-
| ggﬁtes at a temperature of 75°C., From time to time, the flask
L  i§ removed from the heat,stoppered, and vigorously shaken.
¢ Then the material is filtered on a Biichner funnel, washed
' JFfreely with water, and air-dried by suction. The crude
fj_broduet is dried completely in a desiccator and weighed. If
 €t§e product is a thiourea, sulfur will be presemt. The latter
'is removed by extraction of the thiourea with a suitable
SOlﬁent such a8 benzene, methyl, or ethyl aleohol, from which
5’the thiourea can be obtained by erystallization. If the pro-
E duct is a thiuram disulfide, no sulfur is formed. The thiuram
disulfide may be purified by grinding in a mortar under ether
T;,er alcohol in whieh it is very sparingly soluble, The filtered
‘*suSPension is washed until the runnings are colorless., The
 ‘th1uram disulfides may be finally purified by erystallization
ffrem mixtures of benzene and ethyl alecohol, benzene and earbon
;"éisulfide, or carbon disulfide and ethyl alcohol.
o Several points in this proee&ﬁre will bear discussion.
In some cases the amine may be fairly insoluble in ecarbon
’:aisulfide and an additional amount of pyridlne must be added
‘te efreet complete solution,

A special stop-cock grease, impervious to carbon
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4isulfide, was used in the cock of the dropping fumnel. This
,?sé'prépared from glycérol, dextrin, and mammitol aeccording
’;-ﬁpfthe directions of Meloche and Frederick(33).
| | Raiford and MeNulty(1l5) have observed that, in some
cases, icdine is carried down by thebpyridonium icdide. Trow-
“;bridge and his co-workers(34) have shown that iodine actually
‘yééﬁbines with pyridonium 1oaideﬁnw£orm pyridonium periodides

of the following molecular formulas:

 CsHgN-HI-I  dark brown short needles m. p. 188-92°C
 CgHsN.HI-I4 brown-black m. p. 78-82°C
'  ¢5H5N-HI-I5 glistening green scaleé m. D. 63-64°C.’

';RQifcrd end McRulty have modified Fry's original proecedure
“tc the extent thaf the reacting mixtures are mechanically
£ stirred, in an attempt to prevent the formation of these eom-
pounds. The writer has observed that continued refluxing
~eﬁn&<stirring tend to bresk up the periodides. Their formatien
‘ gﬁ§y:be largely prevented by ailowing the iodine solution to
fall drop-wise on the surface of the liquid in the reastion
flask, rather than by complete addition at once.
f  In some cases the product formed may be sparingly
~ soluble in the carbon dismilfide solution. Then it is best to
‘ééé water direetly to the reaction flask without filtering
‘Jjéfr:the pyridonium iodide.
| Occasionally the product in the reaction flask, after
‘~krémaval of earbon disulfide, is present as an oil. This oil,

“ g§ﬁever, usually solidifies on cooling the flask under the
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water tap. The solid is then removed by filtration.
' Fry has prolonged the steam distillation until the

, :féélﬁble ‘but volatile pyridine has been removed as well as the
| __e'ai:bon disulfide. It has been observed that when this is
1;:done, the produets, due to the lengthy distillatiion, become
‘~§§rker in color and are not obtained in as good yields with
ifg.‘s;:high degrees of parity, as is the case when the steam
 'distillation is Qaintained only 1ong enocugh for complete
; removal of the carbon disulfide. Furthermore, excessive steam
'fféistillation mey sometimes volatilize the thioureas. The
,:ﬁreatﬁent of the product with successive portions of water,
” wdilute hydrochloric acid, and water is sufficient to remove

'/gil traces of pyridine and umused amine,
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‘:; Synthesis of Mustard Oils from Primary Amines,

: In an attempt to verify quantitatively the follow-

n‘igé general type reasction: ‘
| RNHp + CSp+ Is + 2CgHgN —> RNCS —+ S + 2CsHsNHI,

,it'was discovered that sym. triphenyl guaaidines and thioureas
fjﬁéré formed in addition to the mustard oils. The formation
f;af'these two by-products would suggest tnat the tniourea was
' [fgrmed initially: o

| 2RNHp + CSp + Ip + 2CgHgN ——> (RNH)pCS—+8 +2C5HgNHI,
“éﬁi then subsequently was transformed into tne mustard oil

,Tﬁnﬁ guanidine:

(RNH) 5CS ——> RNHg + RNCS
(RNH)2CS + RNHp

> (RNH)92C=NR + HsS.
Of the reactions studied in cdnnection with the

méehanism involved none save the following approached quanti-
: fafive verificeations

2(CgHsNH) 5CS + I+ 20‘5}151{ —>(CgHgNH) o0=NCgHg +CgHsNCS <+ 5 +CgHsN-NI.
i Since a primary amine, when treated with an excess of
1_1Qdine over that amount theoretically required ior formation of
 ajfnienrea: |

i 2RNHp+ CSg + Ip+ 205HgN —>( RNH)2CS +8 +2CsHs5N-HI,

1§ ’aecompanied by formation of substi'bt.n;ed’ suaﬁiainés and thio-
_ﬁ?egs a8 well as the mustard dil, it was deemed advisable to

~apandon these experiments and to carry out those designed to

d solely thioureas and thiuram disulrides, as previously
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- Reactions of Primary Amines.

‘Reaction of Ortho Chloraniline: Synthesis of sym. di-(ortho
~gu,h;¢r phenyl) thiourea and the determination of the optimum

 concentration of pyridine in the formation of thioureas.

In the above description of’the experimental pro-

- cedure, no mention was made of the molecular proportions of
,yft§é reaetants employed. Since pyridine was used in excess

 £6 promote the extent of the occurrence of the reaction, a
 >$rief description of the experiments employed to arrive at
ftﬁe‘optimum concentration of pyridine should be ineluded.
/‘Fuither objeetives relate to the effect of the excess pyridine
7,‘ap§n the time necessary for reaction and the yield of sym, di-
“~(ertho chlor phenyl) thiourea.

' Separate experiments were conducted with ortho chlor-
“aniline using the following quantities of amine, iodine, pyri-
  dine, and carbon disulfide, based upon the type equation:

~ 2RNHp+ CSg+ Ig+ 2CgHgN — (RNH)5CS—+ S +2CgHgN-HI,
‘ ;Réqgents Use& (equ1va1ent guantities of amine and iodine):

~_f@fthﬂ chloraniline, 0.2 mole, 25.5 grams, purified by distillation
“" in veacuo.
. Carbon disulfide, 100 ce.
4§fy§idine (a) 0.4 moie, 231.6 grams, l00% excess
e (b) 0.3 mole, 23.7 grams, 50% excess
(e) 0.2 mole, 15.8 grams, 0% excess

&iﬁe;Solutién:‘iqdiﬁe, 0.1 mole, 25.4 grams

carbon disulfide, 200 ec.
The crude product (thioures and sulfur) was dissolved

'{1na250 cc, methyl aleohol, quickly filtered from the sulfur by
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r,;gse of a platinum cone and suction, placed in a erystallizing
,,EﬁiSh, allowed to erystallize, filtered with suction, washed
'  ;ﬁith 8 little methyl aleohol, dried and weighed as the pure
’ pioduct.
» If the pyridine salt of the di-thio carbamie acid
m‘ was formed in this experiment:
 RNHOSSH+ CgHgN —> RNHOSS-NSCalg,
A
fana if it were stable, subsequent condensation of the acid
. with sdditional amine would be inhibited, end the yields of
the thiourea should be smaller fhe greater the concentration
- 0f pyridine.
A summary of the results obtained in employing 100%,
‘,5@¢’ and 0% excess pyridine is presented in the following table.
o A survey shows that when the concentration of pyridine is
';~deéreased, the time neeessafy for reacting is increased, and
”vﬁhe yield of thiourea is decreased. The fact that the decressed
‘Goneentration of pyridine caused no increase in yields of the
:'thiourea indicates that no complex salt of the intermediate
  5@1& and pyridine is formed. The use of 1l00% excess pyridine
| ‘produces the greatest‘yield of thiourea in a minimum of time

;andrthus appears to be the optimum concentration.
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Theory Crude % Theory Crude % Theory Pure
% Excess Time for (Thiourea%-S) (Thiourea +S) Thioures

Run Pyridine Reaction Grams Grams % Grams %
ls 100 90 min. 32.9 2.1 97.6 23.6 79.5
1b 100 80 min. 32.9 30.6 93.0 23.3 78.4
. 2a 50 150 min. 32.9 30.8 93.6 23.2 78.1
2D 50 145 min. 32.9 0.8  93.6 23.1 77.8
s 0 -7 hrs. 32.9 28.7  87.2 21.3 71.7
| 5b 0 6-7 hrs. 32.9 28 .7 87.2 20.7 69.8
awile,lb 100 85 min. 32.9 1.4 95.3 23.5 79.0
 av.2a,%b 50 148 min. 32.9 %0.8 93.6 23.1 178.0

"ai.‘v, 3a,3b 0 6-~7 hrs. 32.9 28.7 87.2 21.0 70.8
k  ‘ ‘The melting point of sym.‘di-(ortho chlor phenyl)
n,thiaurea was given as 145°C by Hofmann(35). Fry(l4) reports

7 'hL3Qé5b. Repeated erystallizatiors from methyl alcohol give &
i;;qanstant melting point of 151.5°C, using a short-stem ealiQ

 brated thermometer (Peters and Rost).
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y, Reaction of Meta Chloraniline: Synthesis of sym. di-
'l;(aeta chlor phenyl) thioures.

The method employed here and with the following
J pr1mary amines has been described under Experimental Part,
- section I.
 fQEg§gpgts used (equivalent quantities of amine and iedine)
?,fﬁéta chlcraﬁiline, 0.2 mole, 25.5 grams, purified by
‘ distillation in vacuo |
a{;Ggrbon disulfide, 100 cec.
»*fg&xidine, 0.4 mole, 31.6 grams, the optimum concentrationm,
’ kA 100% excess.
Iodine solution: iodine, 0.1 mole, 25.4 grams
carbon disulfide, 200 ce.
The results obtained are represented in the follow-

iing table.

TABLE 2
Theory Crude % Theory Crude % Theory Pure
) Time for (ThiourearS) (Thiocurea+3S) Thioures
Rnn Reaction Grams Grams %  Grams %
 la 11 min. 32,9 30.4 92,4 23.1 7.8
- 1b 11 min. 32.9 31.6 96.05 24.7 83.2

~av. llmin, - 31.0 94.2 23,9  80.5
‘ A small amount of pyridonium periodides were formed
'fin‘this experiment.
_,’ Repeated orystallizations from methyl alecohol give
  ggqpstant melting point of 121°C whieh checks that of Fry(l4),
1. | | |
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*avFReaetion of para chloraniline: Synthesis of sym. d4i-

 '?‘§aI& chlor phenmyl) thiourea.

‘»fﬁesgents Used (equivalent quantities of amine and iodine)

 ;?Bra chloraniline, 0.2 mole, 25.5 grams.
}Pyridine, 0.4 mole, 31.6 grams, 1l00% excess
1 Eéarbon disulfide, 100 cec.
7 iéﬁine_Solution: iodine, 0.1 mole, 25.4 grams
carbon disulfide, 200 cc. ‘
The results obtained are represented in the follow-
_ ing table. |
| TABLE 3

Theory Crude % Theory Crude # Theory Pure
Time for (Thiourea +S) (Thiourea +35) Thioures

- Run Reaction Grams Grams % Grams %
la 4 min, 2.9  30.8 93.6 27,4 92.3
1b 4 mim. 32.9 32.0  97.3 27.3 91.9
av. 4 min. -- 31.4  95.4 27.35 92.1

In tﬁis experiment a smell amount of pyridonium

 ; periodides were formed. The thiourea was not very soluble

':iﬁ carbon disulfide so the pyridonium iodide was not filtered
7j ¢ff before fhe steam distillation,

g The thioureas was purified by erystallization from

‘a 50% mixture of benzene and methyl alcohol. It melted at
 ji68;59C, which fully agrees with that of Fry(l4) and Losanitsch
f(?36) .

E Dyson and his co-ﬁorkers(ZVa;57b,37c;z7d) have

k**é?aﬁied the inkibitory effect of substituents upon (1) the
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j;gﬁgactivity of the amino group in the formation of mustard
’feiis and thiourees from thio phosgene and various primary

‘jiaﬁines and (2) the reactivity of the isothio cyano group in

 * sﬁbstitutea aryl‘thio carbimides (mustard oils).

© The inhibitory effeet of ortho, meta, and para

*f}gubstituents upon the reactivity of the amino group in the

{fisrmation of substituted thioureas by the direct action of

2carbon disulfide upon the monochlor anilines mayVv® observed

" from a survey of the following table.

| | TABLE 4
,jVRun Substituent Time for ¢ Theory Crude % Theory Pure
o (mono chloro) Reaction (Thiourea-+S) Thiourea
la ortho 90 min. 97.6 79.5
1b ortho 80 min, 923.0 78,4
la meta 11 min. 1 92.4 77.8
4'lb meta ‘ 11 nin, 96.05 83.2
. la para 4 min. 93.6 92,3
1b pars 4 min, 97.3 91.9
_av.  ortho 85 min. 95.3 | 79.0
av. meta 11 min. 94.2 80.5
av. para 4 min. 95.4 92.1

The erude jields are the best indication of the
  ;§££&31 amount of material obtained, as some of fhe product
fi§ a1ways lost in the mother liquor during crystallization.
'f(The erude yield consists of only thiourea and sulfur. The
ig tiaees of pyridine and unused amine have been removed by the

o ggia treatment.) ’The table shows that the crude yields are

gﬁ'the sSame infeaehfease. The ortho chlorine atom, in

sest proximity to the emino group, inhibits the reaction
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the greatest .extent since 85 minutes are required for re-
~f§£ﬁion; The meta chlorine atom, further away from the amino
Vtg?ﬁﬁp than the ortho, inhibits the reaction to a lesser degree,
 “énﬁ'the para chlorine stom being furthest removed from the
_amino group, manifests the least inhibition. Inm fact, the
‘time required for aniline itself to react is of the same
 magnitude as that for para chloraniline, which fact indicates

:;ﬂo‘inhibitory effect in the para position.
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Iilﬁ« Reaction of ortho bromaniline: Synthesis of sym. di-

"°(or%ho brom phenyl) thiourea.

}{ﬁé&gents used (equivalent quantities of amine and iodine)

' ~G?tho bromaniline, 0.2 mole, 34.4 grams, finely pulverized
f  ?jridine, 0.4 mole, 31.6 grams, 1004 excess
gi§é£bon disulfide, 100 ce.
" Todine Solution: iodine, 0.1 mole, 25.4 grams
| carbon disulfide, 200 ce,

The results obtained are represented in the follow-

VTAing table.
£ TABLE 5
Theory Crude % Theory Crude ¢ Theory Pure
Time for (Thiourea-—+S) (Thioureg +3S) Thiourea
- Ran Resction Grams Grams % Grams %
la 180 min, 41.8 26,0 86,1  29.2 75.7
~1b . 170 min, 41.8 35.8 85.6 29.6 76.7
_ av. 175 min. -- 35.9 . 85.85 29,4  76.%:

The pure thiourea was obtained by crystallization

'fEOm a 50% mixture of methyl aleohol and benzene.  Dyson and

Eis co-workers(37b) report 157°C for the melting point. The
'ufproauct was crystallized five times and the melting point was
 l chorded after each crystallization. Following are the re-
5i?én1ts obtained:
~ 1. Crystallized from 50% mixture of methyl alcohol and
benzene"Q...‘O.IQ.‘.I.'...Q..QCIC'O'QQQQQOOOOOQCOOm P. lsooc
B Recrystallized from methyl aleohol.................m pP. 152°C
'7¢5p1 oooooo-oo-ootoooomtp; 15490

11_%; " " g " Qo'oooncooooo.oocm po 154pc
{?H5é “ n n “ n ooo’ct‘cto-otcncomopo 154°C
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A1l melting points were taken with a short-stem calibrated
ﬁ'*fhermometer. The results indicate that 154°C is the correct

‘melting point for sym. di-(ortho brom phenyl) thiourea.
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;1§§@giaaaetion of meta bromaniline: Synthesis of sym. di-

~ﬁ£{§éta brom phenyl) thiourea.

" 2§§gents used (equivalent guantities of amine and iodine)

Qﬁéta bromaniline, 0.2 mole, 34.4 grams, purified by dis-
 1 tillation in vacuo.
' ?yridine, 0.4 mole, 31.0 grams, 1l00% excess,
‘cgrban disulfide, 100 ec.
Iodine Solution: iodine, 0.1 mole, 25.4 grams
-, carbon disulfide, Boo’cc.

The results obtained are represented in the follow-

~ ing table.
£ TABLE 6
Theory Crude % Theory Crude % Theory Pure
-~ Time for (Thiourea-+S) (Thiourea-S) Thiourea
yRan( Resetion Grams Grams % Grams %
"~ la 9 min, 41,8 41,3 98.5 33.7 87.3
1lb 9 min, 41.8 41.3 98.5 - 32.4 84.0

. 8Ve 9 min, - vél.Z 98.5 33.1 85.65

‘h Since the thiourea was not very soluble in the
;qarbon disulfide the pyridonium iodide was not filtered off
;[Séfére steam distillation.

| ;  ’ Periodides, in small amount, were formed which seemed
Lt¢ bé broken up on further stirring and refluxing.

| ’ The product was erystallized from methyl aleohol.
,Kjellin(SB) reports a melting point of 15500. Von Braun and
 Besehke(59) report 128°C. The product was recrystsllized three

‘ €1$és~from methyl alcohol and the melting point was recorded,
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~with the use of a short stem calibrated thermometer, after
8 ach erystallization. The results obtained are as follows:

b l. Reerystallizecl from methyl alcohol......cceeo...B.D. 132°¢
‘20 ..'C'OQ'....C.m p. 1820
ﬁ‘ “ " " “ COQOOOOOOOOQOOm p' lszac
‘Therefore, the correct melting point for sym. di-(meta brom

phenyl) thiourea is 132°C,
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iRéaction of para bromaniline: Synthesis of sym. di-

~f‘(Fara brom phenyl) thiourea.

Reagents used (egquivalent quantities of amine and iodine)

 ;Eara brom sniline, O.Z'mole, 34.4 grams
'Pyridine, 0.4 mole, 31.6 grams, 1l00% excess.
© Carbon disulfide, 100 ce.
" 16aine Solution: iodine, 0.1 mole, 25.4 grams
carbon disulfide, 200 ce.

The results obtained are represented in the follow-

. ing table.
i TABLE 7
Theory Crude % Theory Crude % Theory Pure
' Time for (Thiourea +S) (Thiourea +3) Thiourea
- Run Reaction Grams Grams % Grams %
1la 2 min. 41.8 41.5 99.25 29.8 77.2
flb 2 min, 41.8 41.5 99.25 30.1 78.0
_av. 2 min, -- 41.5  99.25 29.95 77.6

. Sinece the thiourea was not very sSoluble in carbon
disulfide the pyridonium iodide was not filtered off before
' ﬁheisteam distillation.
- Periodides were formed in small amount, which seemed
p”tewhe broken up on further stirring and refluxing.
i The product was erystallized from a 50% mixture of

* Benzene and ethyl alcochol, in the form of fine, clear, small
~ prisms,

Otto(40) reports a melting peint of 178 C. Von Braun

dyBeschke(ﬁ?) state that the melting point is about 180°C.
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%gépeated erystallizations from a 50% mixture of benzene and
‘!éfﬁyl aleohol gave a constant melting point of 18506, with the
 [£§6 of a short stem ealibrated thermometer. Therefore, 185°C 1s
“ the correct melting point of sym. di- (para brom phenyl)“thioures,

. The inhibitory effect of ortho, meta, and para sub-

/L;sﬁituents with respeet to monobromanilines may be observed from

5 ;£55 following table.

TABLE 8
Substituent Time for % Theory Crude % Theory Pure
~Bun (momo brom)  Reaction (Thiourea +S) Thiourea
o 1s ortho 180 min,  86.1 75.7
. 1b ortho 170 min. 85.6 76.7
1a meta 9 min. 98.5 87.5
~1b  meta 9 min. 98.5  84.0
»jla pars 2 min. 99.25 7.2
- 1b pars 2 min, 99.25 78.0
av.  ortho 175 min. 85.4 76,2
B\ meta 9 min, 98,5 85.65 -
Loav,. para 2 min, 99.25 77.6

Again as with Table 4, the crude yields may be taken
a8 the best indication of the actual amount of material obtained.
It has been observed with ‘the chloranilines (Table 4) that the

“,erthb substituent d1id not affeect the yield of the crude product,
f;ﬁutlrequired the greatest length of time for‘reaetion, namély
 '§5?ninutes. With ortho bromaniline the yield was actually de-
'~eraased in addition to requiring the greatest length of time
 for reaction, namely 175 minmates, whiech is double that for

;jerﬁho chloraniline. Thus, it may be seen that the ortho bromine

om aanifestsyat least twice the imhibitory effect of the

riho chlorine atom. The mets bromine atom, being further
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 &§&6#@& from the amino group, shows considerably 1éss inhib-
 ‘itery effeet since only 9 minutes are reguired for reaction,
lzand a greater yield is obtsined. The pars bromine atom 13 80
‘far removed from the amino group that no inhibitory effect is
fabserved.
’ It is of interest to note here that a di-ortho
‘;ﬂﬁBStituted aniline, such as 2-6 dibromeniline, scarcely re-
| aets at all to form a thiourea.
 ’ Raiford and McNulty(4l) have shown that a bromine
i@;@m in the ortho position to an amino group of a primasry amine
}fﬁigdars the reactlon more than a chlorine atom similarly placed.
~”§gis faet 18 in agreement with the results obtained from the

- experiments,
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Ilgx Reaction of paras iodo-aniline: Synthesis of syﬁ. di-
'J(para iodo phenyl) thioures.

;§@agents used (equivalent quantities of amine and iodine)

 }?3¢& jodo-aniline, 0.2 mole, 43.8 grams
,Pjridine, 0.4 mole, 31.6 grams, 100% excess
icérben disulfide, 100 ce.

f;iédine Solution: iodine, 0.1 mole, 25.4 grams
i carbon disulfide, 200 ce.,

The results obtained are recorded in the follow-

ing table.
’ TABLE 9
Time for Theory Crude % Theory Crude % Theory Pure
S Reaction (Thioures +8) (Thiourea +S) Thiourea
ann Minutes Greams Grams % Grams %
 1a about 2 51.2 50.5 98,5  41.6  86.5
1b about 2 51.2 51.1 99.7 40.6 84.7
‘av. about 2 i 50.8 99.1  41.1  85.6

The carbon disulfide solution of the amine was so
k@ark in color that the termination of the reaction could be
igpgroximatea only by noting the amount of material (pyridonium

~ iodide and the thiourea) precipitated in the flask. Because
of the insolubility of the thiourea, the pyridonium iodide was

not filtered off before the steam distillation.
The product was but very sparingly soluble in the

 cemmon organie solvents. It was purified by extraction of the

1’rvwith earben disulfide in a Soxhlet extractor.

Lasanitsehfze), in 18?2, prepared an iodinated thioures,

yparently the para compound, and reported a melting point of

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



-44.

;ii75°0. Repeated extractions of the product with carbon 4i-
‘:sulfide gave an average melting point of 188.4°C (short-stem
“;éalibratea thermometer*), which really is a decomposition
“7 temperature, as the material in the capillary darkemed ap-
'   preciably. The different decomposition temperatures are as
~ follows:
- 1. m.p. 188.8°C
2. m.p. 188,2°
3. m.p. 187.8°
4. m.p, 188.8°
5. m.p. 188.2°
av. m.p. 188,.4°
The compound, metallic gray in color, is readily
“éoiuble in pyridine, very slightly soluble in cardbon disulfide -
(about 0.25 gram in 100 ec. CSp; at room temperature), and
_only sparingly soluble in alcohol and ether. Gray crystal-
  11he plates or needles are obtained on treating the_material
f i1th hot alecohol and adding Jjust enough pyridine to effect
i solution at the boiling temperature, or by &issolving the mat-
'Jférial in pyridine and precipitating it by the addition of
l‘éther. The erystals from the sleohol-pyridine solution melted
‘iét 189°C (with decomposition).

The percentage of nitrogen in the compound was

determined by use of the Kjeldahl-Gunning method(42).

-yaf* The melting points of all the compounds to be deseribed in
~ the next Experimental Parts (IV and V) were taken with a

hort-stem calibrated thermometer,
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N/10 Acid N Found N Theory
e¢.c. % %
15,09 5.85 5.84

19.99 5,82

The percentage of sulfur was determined by fus-
 iag~the compound with 10-15 grams sodium peroxide in a
 Parr bomb. Half of the peroxide was placed in the bomb,
k iﬁhe sample weighed in, and then the remainder of the per-
 oxide was added. The bomb was sealed and ghaken vigorous-
‘ ;y,for about four minutes to provide uniform mixing of the
’ {§6ntents. To this end it is best that the material be in
’ if§_fine1y divided form.k A piece of asbestos was placed over
: a triangle on & tripod. The bomb was inserted through e
  _ﬁele in the asbestos. The small depression in the top of
_ the bomb was filled with water. In this way the rubber
gasket between the 1id and the cup was protected against
*fheat.’ The bomb was ignited with a sharp pointed flame for
:;g'period of three minutes., After the ignition the bomb was
~‘¢eoled under the tap, opened, and the 1lid was washed off into
:  a'40O cc. beaker. The cup was removed from the outside jacket
kyéﬁd’placed in the besker. A stirring rod was inserted and
' gthe beaker was covered with a watch glass. Then the cup was
' fipped over and the contents were leached out by the action
 of the water. After all action ceased the cup was removed
 ¢f$3d adhering liquid rinsed into the heaker. The contents were
 ? §§£@ neutralized with cone. hydrochloric acid with 1-2 cc. in
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' eicess. The liquid was boiled for 10-15 minutes to expel
"ﬁydrogen peroxide. From this point on the procedure was the

" same as that of Allen and Bishop(43).

Sample Bad0y S Found " S Theory
g. g. Bk %
- 0.8822 0.4350 6.77 6.68
- 0.3102 0.1539 6.81

_ The results obtained in the ahalyses of sulfur and
V‘nitrogen establish conclusively the identity of the compound
a8 sym. di-(para iodb phenyl) thioures, m,p. 188.4°C.

5 A summary of the results obtained in the synthesis
zbf thioureas from pare chlor, brom, and iodo-anilines is

';presented in the following table.

TABLE 10
Time for
e Reaction, # Theory Crude % Theory Pure
Fan Substituent Mimutes (Theory 8) Thiourea

la  p. chlor 4 93.6 92.3
o 1b p. chlor 4 97.3 91.9
o la p. brom 2 - 99.25 7.2
1b p. brom 2 99.25 78.0
la  p. iodo about 2 98.5 86.5
1b p. iodo about 2 99.7 84.7
. av, p. chlor 4 95.4 92.1
8av. p. iodo about 2 99.1 85.6

; Again, as with preceding tables, the orude produet
~ (thiourea plus sulfur) is the best indication of the actual
‘yield obtained. The results indicate that the para chlorine

}  Qgtom exerts very slight inhibitory effeect, since four mimutes
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wéfe required for reaction and s 95% yield was obtained.

,Thé pare bromine and iodine atoms show no inhibitory effect
  asfthe time for aniline itself to react, about two minutes,
 ”isﬁidentical with that needed for the brom~ and iodo-anilines.
;'Ahd as can bebseen, the yield is nearly quantitative. It is
"tg{be concluded, then, that the para chlorine atom shows only

 slight inhibitory effeet, and the para bromine and iodine

‘;atbms’none whatever, in the synthesis of thioureas by use of

,‘thé method previously described.
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IIIﬁ;f‘Reaetion of ortho, meta, and para nitranilines.

Fry(1l4) and other investigators were nbt suecess-
; 7£ﬁl;in synthesizing thioureas from ortho and para nitranil-
: ihes. Raifoid and MeNulty(4l) heve shown that larger groups,
i‘5éuch as phenyl or other alkyl radicals, in the same positions,
, j§f6dueé but little hindrance. This fact seems to show that
'},the'inhibitory effeet is not dependent aione upon the weight
: and position of the substituent (steric effeet), but that its

chemical character plays a role.

To secount for the non-resetivity of ortho and pars

':"hitranilines the following equilibrium may afford an explana-

k‘tion:
| . %
N AN
. 4
H-c’/ ﬁ-NHz — == H-C ﬁ-H
0pN-C  C-H H-C C-H
N g
| - I
H | 0=T
OH

Beeause of such possible tautomerism, a ring is produced con-
‘ffaining a secondary nitrogen atom, that is, a secondary amine

f;‘résults. and its configuration shows no reactivity with carbon
 disulfide (i.e. formation of a di-thio carbamic acid).

Since no thiourea can be produced from ortho or

ff!para nitranilines it is to be concluded that, under the con-
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gﬁigns of the experiment, the amine possibiy exists in the
7“‘::,;;6311119.3:' enolic modification noted above., The non—react’ivity
; 1§$1ortho nitraniline may be explained in the same manner,
On the other hand, a thiourea is easily obtained
,from §g£§ nitraniline, which fact would indicate that the

tﬁntomerism only exists with respect to the ortho and para

fnitro groups.,
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3 i?i‘ Reactions of Secondary Amines.
_ivg, Reaction of mono-methylaniline: Synthesis of sym.
E_;ﬁimethyl diphenyl thiurem disulfide, and the determination

«gﬁéf the optimum concentration of pyridine.

The method employed here and for the following
; f§econdarz amines in the synthesis of thiuram disulfides has
‘fﬁéen deseribed under Experimental,Part I,. In this des-
keription of the experimental procedure no mention was made
yqf'the molecular proportions of the reactants employed. Since
. pyridine was used in excess to promote the eitent of the
';§66urrence of the reasetions studied, a brief description of
k;fhe experiments employed to arrive at the optimum concentra-
 ti0n of pyridine in the reactions withvseconaary amines,
ffi:'s;hould be ineluded. Further objectives relate to the effect
‘ybftthe excess pyridine upon the time necessary for reaction
~and the yield of sym. dimethyl diphenyl thiuram disulfide.
£ | Separate experiments were condueted with mono
: methyl and mono ethyl aniline, using quantities of amine,
’°;6dine, pyridine, and carbon disulfide, based upon the gen-
erai type equation:
| ‘ZﬂlﬁgNH + CSg + Ig + 2CsH5N —> (R1RpNCSS)g + 2CsHsN-HI.
»V}Here it may be noted that the iodine only effeets oxidation of

; e'intermediate di-thio earbamic acid, since it is not pos-

f§1e~fcr,hydrogen sulfide to be evolved as is the case in

fl@tﬁb'reactién of a primary amine (sSee Theoretical).
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eagents used (equivalent quantities of amine and iodine)
  fKeno§methylaniline:‘0.2 mole, 21.4 grams, purified by
S distillation. B.P. 195-197°C.
_ Carbon Disulfide: 100 ce.
’ 7Iodine Solution: iodine, 0.1 mole, 25.4 grams
 ‘ carbon disulfide, 200 ce.
t*'Pyridine: (2) 0.4 mole, 31.6 grams, 100% excess
' (b) 0.3 mole, 23.7 grams, 506 excess
(e) 0.2 mole, 15.8 grams, 0% excess

The results obtained are recorded in the follow-

 ing table.
TABLE 11
Time for Theory for % Theory % Theory
% Exeess Reaetion Thiuram Crude Pure
. Ran Pyridine (hrs.) Disulfide Produet Product
< " e &eo % g %
la 100 0.33 ' 36.4 34.8 95.6 33.6 92.3
1b 100 0.33 3.4  34.5 94.8 33.2 91.2
2a 50 1.00 36.4 34,6 95.0 32.3 89.2
- 2b 50 - 1.00 36.4 34,0 93.4 31.0 85.2
 3a 0 4,00 3.4  33.3 91,5 32,0 87.9
3b 0 4.00 36.4 33.1. 91.0 31.4 86.3
av.la,lb 100 0.33 -———- 34,7 95,2 33.4 91.8
av.2a,2b 50 1.00 ——— 34,3 94.2 31.7 87.2
e The material after the treatment with acid (o

.remeve unused smine and small smounts of pyridine) followed
i,fby free washing with water is designated as the cru&e product.
'félgaterial~aiter grinéing‘under;ether or alcecohol and wash-

‘until all runnings are colorless is the pure product, as
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 e¥idenced by the fact that the melting point of the material
“f{lSG’C) et this point corresponds to the value reported by
i ;E§&‘and Culp(32), 186°C. Von Braun reported 198°C(18). The
‘:§ﬁre product when recrystallized twiée from ethyl aleohol gilves
  ~§_¢onstant melting point of 186°C. The analyses of Culp for

‘hitfogen and sulfur were 7.75 and 35.02 respectively, which
‘fag?ee with the actual percentasges, 7.65 and 35.00 respectively,

for sym. dimethyl diphenyl thiuram disulfide.

i | The erystals produced from alecohol are fine, color-
*fless‘plates or leaves when viewed through the microscope.

A survey of Table 11 shows that when the concen-

 tration of pyridine is decreased only a slight decrease in
~yield is noted, but however, the time necessary for reaction

. inoresses markedly. It might be expected that the‘pyridine

 weald reect with the intermediate di-thio carbamie acid to
 $§fm a-8alt, viz:
o Ry RpNH + CSp —— Ry RyNCSSH
R1RoNCSSH + CgHgN —> RRpNCSSNHCgHg,
fﬁhieh, if stable, wuld give smaller yields of product the
I‘Lgygater the concentration of pyridine, since less di-thio
‘“.éérﬁamic acid would be available for oxidation to the thiuram.

' The fact that decreased concentrations of pyridine produced

no increase in yield shows that the complex salt was either
1§at formed, or if formed, it was easily decomposed. On the
, jg§h§r hand, if one considers that all non-polar compounds in

"@ical reaction must suffer actual moleecular collision,
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  gg?§ater yields and more rapid reaction would be expeeted when
4' i£§e concentration of one of the reactants is increased. This
iz;fhypathesis, particularly with respeet to the time element, is
n9sﬁpported by the results obtained, negmely that increased con-
L‘céﬁtrations of pyridine bring sbout a merked deereasse in the
vtimé necessary for reaction.
| The optimum concentration of pyridine is a 100%
 excess over that anount theoretically needed tq react with
kthe hydrogen icdide formed, since the greatest yield of
“ thiuram disulfide is produced in g minimum of time when
ifthis concentration is employed., It should be noted also
'H that when the concentration is less than‘lOO% exeess of
”1 §jridine the formation of pyridonium periodides seems.to be:
; ;promoted. This would ceuse s lower yield bedause less iodine

':{gwoula be gvailable'for'exidation of the di-thio carbamic acid.
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‘Iﬁﬁl, Reaction® of mono-ethylaniline: Synthesis of sym.

 diethyl diphehyl thiuram disulfide and the effect of t

‘“f7q¢ncentration of pyridine upon the time necessary for

 action and yield of the disulfide.

-54 -

he

re~

nej

. Remgents used (equivalent quantities of amine and iodi

. Mono-ethylaniline: 0.2 mole, 24.2 grams, purified by

- Carbon Disulfide: 100 cc.

':Qiedine Solutton: iodine, 0.1 mole, 25.4 grams
. ' carbon disulfide, 200 cc.
U'ij?yridine: (a) 0.4 mole, 31.6 grams, 100% excess

(b) 0.3 mole, 23.7 grams, 50% excess

(e) 0.2 mole, 15.8 grams, 0% excess

Pure
Produ

X3

37.9
28.0

37.9
37.5

31.6
32.6

38.0

The results obtained are recorded in the follow-

et
%

96.8
96.9

96.7
95.7

80.7
83.1

96.9

 ing table.
| TABLE 12
Time for Theory for &% Thedry % Theory
.o % Excess Reaction Thiuram Crude
- Run Pyridine (hrs.) Disulfide Product
go g' %
- la 100 11-12 39.2 38.6 98.5
- Xb 100 1ll-12 39 .2 38.8 98.9
28 50 20~25 39.2 38.5 98.2
- &b 50 2025 39.2 38.5 98,2
. %8 0 75-85 39.2 32,1 87.0
‘ ,5b 0 75-85 39.2 35.0 89.2
11-.12 ——— 38,7 98,7
20-25 - 38,5 98.2

- 75-85 R, 34.6 88,1

a7.7

32,1
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; Here also, as in the experiment with mono-methyl-
"':?gﬁiline, deecreasing the concentration of'pyridine caused a
jj:giarge inerease in the time necessary for reaetion, promoted
'? £5° formation of pyridonium periodides, and decreased the
i,yiela of product.
| Culp(32) obtained a yield of 44.7%, Stirring the
';‘ﬁixture mechanically and adding the iodine solution slowly
 ﬁade possible a percehtage yield more than double that of
- Culp, namely 96.85%6. From this it is to be concluded that
'; stirring has a profound effect upon the extent of occurrence
‘fgf the reaction. 1In order that all experiments previously
k :aescribed and those which follow might be conducted under
 eonditions as nearly alike as possible, 1t was attempted to
 f ggintain the same speed of stirring in all runs. The melting
, ip0int of the compound (after treatment with alechol) was
;?16é°0. This cheecks Culp's value of 167.5°C. Von Braun re-
 ported 169-170°C(18).
| Expeiiments condueted with mono-methyl and mono-
 ;ethylaniline indicate that 100% excess of pyridine over that
;ftheeretieally required for formation of thiuram disulfideé is
7 f%he optimum coneentration since the greatest yield is obtained

~in a minimum of time, with the formation of & minimum amount

éf periodides of pyridine when this concentration is employed.
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yqi‘Eeaetion of diphenylamine: Synthesis of tetra phenyl

;;ﬁghiaram disulfide.

:'ﬁaeggents used (equivalent quantities of amine and iodine)

;ﬂﬁiﬁhenylamine: 0.2 mole, 33.8 grams, m.p. 54°C, purified by

: erystallization from ligroin.

Carbon Disulfide: 100 ecc.

 iIodine solution: iodine, 0.1 mole, 25.4 grams

; carbon disulfide, 200 ce.

'nyfidine: 0.4 mole, 31.6 grams, 100% excess.

. The resction mixtures were refluxed continuously
‘fér g month or more (ﬁixtures allowed to stand over night

‘  and on next day refluxing continued)., A copious precipitate
kof periodides of pyridine was. formed, At the end 6f this‘

| 'pgfiod the mixtures were steam distilled until all carbon

‘,f&isulfide had been removed. The flasks containing the mat-
r‘eiial as an oil were cooled under the’tap until the oil

,‘j_s@iiaified. The solid material was filtered out on a Buchner
'fﬁnﬂ then treated with hot aleohol to dissolve the large
'yénantity of unused amine and iodine. A yellow solid mat-

‘*;grial remained undissolved. This was filtered off and washed
i:With aleohol until the runnings were colorless, This meterial
 1$ the desired product. The results obtained are recorded in

;w¢§§glfollowing table,
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TABLE 13
Time for » Theory for % Theory Pufe
Refluxing =~ Thiuram Disulfide Product
. (weeks) g. ' g. %

“ e 4 48.8 5.1 10.45
2a 6 48.8 7.8 15.97
2b 6 48,8 7.2 14,75

. 3a 10 48,8 9.5 19,45
3b 10 - 48,8 10.0 20.45

av.la,lb 4 ——— 5.35 10.95
9.75 19.95

A k The yellow fluffy material from the alecohol treat-
1fment appears in the form of spiny\meedles when viewed‘through

the microscope. It melts at 217.5°C (with decomposition).

» The compound is insoluble in water, slightly soluble in
’Av@arbon disulfide, sparingly soluble in alcohol and ether,

j’and readily soluble in pyridine and chloroform.

| Since a survey of the literature &ielded no dats

’:léh the preparation and identification of tetra phenyl thiur-
’fiam disulfide, the percentages of nitrogen and sulfur were
V;‘>determined by methods previously employed(42) and (43).

: | Fifteen grams of sodium peroxide and one gram of
 ~potassium perchlorate were incorporated into the Parr bomb
%o effect complete oxidation of the sulfur. The results of the
@?}aﬁglyses are recorded in the following tables.
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0.5613
- 0.4038

Semple
&
0.1678
0.1948

0.08568 N Acid
C.C.

26.81
19.31

33304
g

0.3211
0.3701

N Found
%

5.73
5,74

S5 Found
%

26.28
26.09

=D -

N Theory

*

5.74

S Theory

%

26.26

The results of the analyses conclusively establish

ifhe identity of the compound as tetra-phenyl thiuram di-

isulfide m.p. 217.6°C (with decomposition).

The following table serves to show the inhibitory

',effeet of the methyl ethyl and phenyl groups when secondary

'iéﬁines are converted into their corresponding thiuram disul-

"fidé derivatives.

;'mego—ethyl, and diphenylamine sre recorded.

Results from experiments with mono-methyl,

Consi deration of

'ﬁthe,formulasrof the émines shows that the group, CgHgNH-, is

~ common to all three.

Hence any &ifferencés in time necessary

‘ufér'reaction may be attributed to the steric hindrance effect

éffthe groups, methyl, ethyl, or phenyl.
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methyl

~methyl

ethyl

‘~‘ethyl

~ phenyl
phenyl

methyl

ethyl

) phenyl

TABLE 14
Time for Theory for
Reaetion Thiuram Disulfide
g'.

20 min, 36.4

20 min, 36 .4
11«12 hrs,. 39.2
11-12 hrs. 39.2

10 weeks 48,8

10 weeks 48.8

20 min, 36.4
6=10 weeks 48,8

% Theory Pure

~ Produet

g ol
3%.6 92.3
33.2 91.2
37.9 96.8
38.0 96.9
9.5 19.45
10.0 20.45
33.4 91.8
37.95 96.85
9.75 19.95
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The results indicate that increase in weight of the
yyﬁhétituent-causes a very marked increase in the time necessary
fer reaction., It may be noted that about ten weeks are nec-
“k f§ssary for diphenylamine to give a yield of only 20%, while
. fhe reactions of mono-methylaniline and mono-ethylaniline are
i,fépproximately compiete in the times indicated. The results
Sgbtained with diphenylamine are not surprising in view of the
“fgct that its chemical properties may be considered as inter-
 medi&te betweeh the strong salt forming compound, phenylamine
j,,pkaniline) and the non-salt forming compound, triphenylamine,
’f?ﬁith triphenylamine the nitrogen is so protected by the three
‘f phenyl groups that it becomes mon-reactive to mineral acids.
/The same is true of diphenylamine to a lesser degree since
‘}iny'two phenyl groups are present to hinder the reaction of
 } §§1$ formation. It may be concluded, then, that the same |
 isteric hin@ranee @f%he phenyl groups in diphenylamine accdunts
_ for the slight reactivity with carbon disulfide in the for-
s,ﬁgation of a thiuram disulfide. With mono-methyl and mono-sthyl
‘~ ;gﬁilines the steric effect is not so pronounced as smaller
;fgrgups are present. Hence greater yields of thiuram disulfides

~ are obtained in shorter perfods of time.
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1v8. Resction of methyl ortho-toluidine: Synthesis of sym.
' ¢iﬁéthyl di-(ortho-tolyl) thiuram disulfide.

f}ﬁ__gpnts used (equivalent guantities of amine and iodine)
 IKethy1 ortho-toluidine: 0.2 mole, 24.2 grems
‘ Carbon disulfide: 100 ce.
Pyridine: 0.4 mole, 31.6 grams, 100% excess
 gI5éine solution: iodine, 0.1 mole, 25.4 grams
carbon disulfide, 200 ce.
The results obtained are recorded in the following

 #3@19-

TABLE 156
 Time for - Theory % Theory Crude % Theory Pure
Run Reaction Thiuram Disulfide Product Pro&uct
la  12-13 : 39.2 38,3 97.7  36.0 91.9
“Ib 12-13 39.2 38.7 98.7 36.8 93.9
Cav. 12-13 R ~ 38.5 98.2 36.4 92.9

‘ The compound was crystallized four times from a 50%
' mixture df benzene and ethyl alcohol. A constant melting point
,f-ef 200,2°C was obtained. The compound (small, white prisms)
‘,:1g,practieally insoluble in water, sparingly soluble in methyl
isan&féthyl alcohols and ether, and quite soluble in benzene,
'Vearbon disulfide,and pyridine.

B No previcus account of the preparation and identifi-
“éatien of this compound has been found in the literature.

The -percentages of nitrogen and sulfur were deter-

“1& by methods previously noted.
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Sample

e
 0.1015
©0.2196

“S&mple
g.

 0.2054
. 0.1875

0.1040 KN Acid
e.e.

5.01
10.77

BasS0

0.4879
0.4450

N Found
%

7.19

7.15

3 Found
%

32.62
32.60

-61-

N Theory‘

_ 7.14

S Theory
%

32.70

The results of the analyses coneclusively establish

the identity of the compound as sym. dimethyl di~-(ortho~-

$olyl) thiuram disulfide (m.p. 200.2°C).
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:;Reaetion of methyl meta-toluidine: Synthesis of sym.

 dimethyl di-(meta-tolyl) thiuram disulfide.

 3§§gents used (equivalent quantities of amine and iodine)

Methyl meta toluidine: 0.2 mole, 24.2 grams, purified by
(3 distillation in vacuo. B.P. 100-104°
: , at 16 mm,
~fG§fben disulfide: 100 cec.
 ,P§iidine: 0.4 mole, 31.6 grams, 100% excess.
~ Iodine Solution: iodine 0.1 mole, 25.4 grams
| carbon disulfide, 200 cec.
The results obtained are'feeorded in the follow-

ing table.

TABLE 16
. Time for Theory % Theory Crude % Theory Pure
Run - Reaction Thiuram Disulfide Product Product
. hrs, £ . % g %
la 2 39.2 37.5 95.8 24.3 62.0
'j;b 2 39.2 36.5 93.2 25.5 60 .0
. av. 2 - 37.0 94.5 23.9 61.0

This compound was crystallized twice from earbon di-
 ’gnlfide and once from a 50% mixture of benzene and methyl al-
;eéhél, giving very small ﬁhite crystals. A constant melting
"peint of 170-171°C was obtained. The compound is very soluble
"iﬁ‘earbcn disulfide, pyridine, and benzeme, fairly soluble in
1m§§hyl and ethyl alcohol, very slightly soluble in ether, and

;ﬁﬁgggtically insoluble in water;

No previous account of the preparation and identifi-
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tion of this compound has been found in the literature.
The results:ef the analyses for nitrogen and sglfur
i ;}ha,rfg ‘recorded in the following tables.

~ Sample N/10 Acid N Found N Theory

N 4’ g‘ ec.e, % ) %
. 0.1513 7.73 7.16 7.14
-~ 0.2909 14.83 7.14
iqﬁample BaS0, S Found S Theory
: Ee . £. % %
0.1793 0.4281 ' 32.77 32.70

0.2207 . 0.5267 32.78

‘T;AJ The results of the analyses conclusively establish
'Vﬁhe,identity'dfthe compound as sym. dimethyl di-(meta-tolyl)
 thiuram disulfide (m.P, 170-171°C).
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:1;@ 'Reaetion of methyl pars-toluidine: Synthesis of sym,

”}&iﬁethyl”di-(para-tolyl) thiuram disulfide.

’ﬁfﬁéagents used (equivalent quantities of amine and iodine)

,~ ﬁéthyl para-toluidine: 0.2 mole, 24.2 grams, purified by
: distillation in vacuo. B.P., 69-70°
2 ‘ at 10 mm.

Garbon disulfide: 100 ce.
 kuriaine: 0.4 mole, 31.6 grams, 100% excess

‘  16dine.Solution: iodine, 0.1 mole, 25.4 grams

| carbon disulfide, 200 ece.

The results obtained are recorded in the follow-

ing table. -
TABLE 17
G "Time for Theory % Theory Crude % Theory'Pure’
- Run Reaction Thiuram Disulfide Product - Product
- hrs. | g g % 8. %
S la 1.5 39.2 6.8 93.9  34.0 86.8
1b 1.5 39.2 36.3 ‘ 92.7 33.3 85.0
av. 1.5 e 36.55  93.3 33.65  85.9

The compound was cryStallized twice from carbon d4i-
e sulfide and once from ethyl alcohol. A constant melting point
 9£,185°0 wag obtained. The compound dsrkened on melting, which
‘ﬁay be evidence of decomposition. The compound was found-to be
~ insoluble in water, slightly soluble in ether, fairly soluble
~ in methyl and ethyl alcohols, and very soluble in earbon di-
;1f$alfide, pyridine and benzene.

The eempound crystallized in fine long needles from
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’7f%fhyl aleohol. 'When~crystalliZation was carried out in a test-
‘;tube (slow cocilng in the air) some of the needles were found
',to be over an ineh in length. Crystals from earbon disalfide
were small rectangular prisms, an aggregate having a yellow—
“ 1Sh tinge. Crystals from alcohol were perfectly white in ag-

' 5regate. |

o The previous preparation and identification of this
9‘ 66mpound was not found in a surf¥ey of the literature.
The percentages of nitrogen and sulfur were deter-

| ‘mined and the results are recorded below.

Sample 0.0987 K Acid N Found N Theory
B . C.C, % #
©0.3883 20.15 7.18 7.14
0.7446 38,27 | 7.11
 Sample , 33804 S Found S Theory
8. g. ' % Vid
. 0.1869 0.4456 32,75 32,70
0.2410 0.5716 32.58

| The resuits of the analyses ceconclusively establish
the idéntity of the compound as sym. dimethyl di-(para-tolyl)
thiuram disulfide, (m.p. 183°C with decomposition).

The effeets of the methyl substituent in the ortho,

-meta, and para positions to the methylamino group are summar-

: “'iz.’ed in the following table. Results from experiments with

fﬁ meno-methyl aniline, methyl ortho-, methyl meta-, and methyl

;ra-toluidine are recorded.
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1a
1b

la
. 1b

1b

pE:)
-1b

av.
CLav,
8V,
av.

Here, as in preceding tables, the crude yleld is

TABLE 18

R in Time for % Theory Crude
CgHyRNHCH5; Reaction Product
hrs.

H 0.33 95.6

H 0.33 94.8
para CHgy 1.5 93.9
para CHg 1.5 92.7
meta CHg 2.0 93.2
ortho CHy 12.0 97.7
-ortho CHy 12.0 98.7

H 0.33 95,2
para CHg 1.5 93.3
meta CHgy 2.0 94.5
ortho CHz 12-13 98.2

%VTheory*Pnne_

Produet

92,3
91.2

- 86,8
85.0

62.0
60.0

91.9
93.9

91.8
85.9
61.0
92.9

-66-

 the best indication of the setual amount of materisl obtained.

The results indicate that when the methyl group is in the para

: position the reaetion is inhibited to the least extent, since

~for the three compounds, methyl o-, m~, and p-toluidines, the

' time required for reaction is the smaellest for the para com-

| pound. The para methyl group does show inhibition because the

time'required for methylaniline to react is only about 20 min-

utes. The greatest inhibition is manifested by the ortho

’methyl group since it is in closest proximity to the amino
. group.

“‘the yields (erude products) as they are roughly the same in

~_each case,
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“Ivé; Reacetion of meta-nitro methylaniline: Synthesis of sym.
. dimethyl di-(meta nitro phenyl) thiuram disulfide.

’.;Beagents used (equivalent quantities of amine ahd iodine)

’i Heta nitro methylaniline: 0.2 mole, 30.4 grams, m.p. 64-65°C
' Garbon disulfide: 100 cec.
NHPyridine: 0.4 mole, 31.6 grams, 100% excess
: I§dine solution: iodine, 0.1 mole, 25.4 grams
carbon disulfide, 200 ce.

The results obtained are recorded in the following

TABLE 19
Time for Theory Thiuram % Theory Crude % Theory Pure
Run Reaction Disulfide Product Product
: hrs. & g. % & Vag
“la 3 45,4 45.3 99.9  38.0 83.8
- 1b 3 45.4 45.1 99.3 - 37.8 83,3
av., 3 ’ - 45.2 99.6 37.9 83.55

Since the compound was not very soluble in earbon
> disulfide the pyridonium iodide was not filtered off before
the steam distillation,
Periodides were found in small amount which seemed
to be broken up on further stirring and refluxing,

The compound was obtained in the form of fine slightly

Yyellow crystals on erystallization from benzene. On erystal-
lization, twice from benzene and twice from a 50% mixture of
_ nbengene and carbon disulfide, a constant melting point of 172°C

k ésiebtained. The compound melted with decomposition.
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;- The4com§ound was found to be insoluble in water,
7 siightly soluble in the ether and alcohol, fairly soluble
, ig,carbon disulfide and acetone, and very soluble in benzene,
 ‘§#riaine, and chloroform.
No previdus account of the preparation and identi-
vfieatioﬁ of this eompound was found in the literature.}
| The determination of the nitrogenbcontent of this
f cémpound called for a simplé modification of the usual
_ijeldahl-aunning procedure becsuse of the presence of the
gftﬁé‘nitro substituents. Their necessary reduction was effected
;iﬁjﬁineorporation of two 12.5 em. Sargent filter papers in the
: 3§1& digestion mixtures. Blaﬁks-were ran on the filter paper
  1n order to ahply a correction for its nitrogen content.
The percentage of sulfur was determined in the usual

1manner. The following tables show the results obtalned in the

~ Sample 0.1040 K Acid N Found N Theory
o & e.c. % %
0.1163 9.78 12.25 12.353
0.1347 11.43 12.36
:.Sqﬁple BaS0, S Found S Theory
ey g. % %
- 0.1899 0.3887 28,10 28,23

 0.2258 0.4630 28.16

,’ | ‘ The results of the analyses conclusively establish
f £h§‘identity of the compound as sym, dimethyl di-(mets nitro
 §ﬁégy1) thiuram disulfide, m.p. 172°C (with decomposition).
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’I?h; Reaction of Para Nitro Methylaniline.

No thiuram disulfide could be obtained from this
"émine even though the reaction mixtures were stirred and
fi réquxed for one and one-hglf months.
| | It will be recalled that meta nitraniline was
;freadily converted into a thiourea while the ortho and para
 éompounds were non-reactive. In the case of the seecondary
amines, mets nitro methylaniline may readily be converted
into a thiursm disulfide (see Experimental, section IVg.).
| To account for the non-reacti#ity of the pars
k nitro methylaniline (and, presumably, also the ortho) the
"following type of molecular rearrangement, similar to that

i tor ortho and para nitranilines, may be proposed:

H-N-CHyg
- |
c N-CH
507 NGoE H-¢7 \C-E 3
- lc': H Sk cI: Q B
¢ el N-OH
' ' )
NO, 0

‘ aantaining a tertiary nitrogen atom, and sueh compounds
. cannot react with carbon disulfide to form di-thio carbamic
acids. Apparently the meta compound does not suffer this

rearrangement .’
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V. Synthesis of Tri-Substituted Thioureas from Mustard Oils

; faﬁd,Secondary Amines.

 33}» Reaction of Phenyl Isothiocyanate and Methyl Ortho
‘kToluidine. Synthesis of Alpha Phenyl, Beta Methyl, Beta’v
Ortho Tolyl Thiourea.

‘ Equivalent quantities of reagents in conformity

‘”#ith the following type equation were employed:
| o f3
RNCS + RyRoNH —> RNH-%-ERle
- Phenyl isothiocyanate: 0.1 mole, 13.5 grams,
' Methyl Ortho Toluidine: 0.1 mole, 12.1 grams.
The mustard oil was added to the amine in a 200 cec.
long-neck, round-bottom flask fitted by-cork to a reflux
feohdenser. No perceptible evolution of heat was noticed on
mixing reactants, The mixtures were heated with a small
~fflame for about 30 minutes, and then allowed to stand for two
  a§ys. At the end of this time the viscous o0ll had solidified
kto a crystalline mass. The products were dissolved in 25 cec.
~of hot ethyl alcohol, erystallized in an ice bath, filtered,

- washed with 15 ec, aleohol, dried, and weighed. The results

- obtained are indicated in the following table.

Yl Heat Theory o % Theory Pure
- Run Evolution Thiourea Thioures
o | g : g. %
~ la  not perceptible 25.6 20.0 78,1
5,3;1b not perceptible 25.6 20.7 . 80.8
B - 120,35 79.45
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, The entire materisl was combined and recrystallized
‘ thieé $imes from aleohol. A constant melting point range of
89-90"C was obtained, On slow cooling, rectangular prisﬁétic
L{ﬁé‘adles were obtained. On cooling in an ice bath, the crystals
L‘ebtained appeared tobe diamond shaped with ten facets when
:'viewéd through the microscope.
ol | Since g survey of the litersture yielded no data
concerning the previous preparation and identification of
this compound, its percentages of nitrogen and sulfur were
~]&étermined by methods previously employed. The results of
'iwfhe analyses are recorded in the following tables.,
 Sample 0.1040 ¥ Acid N Found N Theory

& c.C, % %
- 0.2788 21.00 ’ 10.97 10.94
. 0.4072 30.68 ~ 10.97 -
Sample BaSO0, S Found S Theory
“go g‘ % %
0.3223 0.2938 12.52 . 12,51

0.4207 0.3838 12,53

’f The results of the analyses conclusively establish the
it&entity of the ceompound as alpha phenyl, beta methyl, beta
 ertho tolyl thiourea, m.p. 89-90°C. |

e The material is readily soluble in ether, alcohol,

benzene, carbon disulfide, pyridine, and chloroform.
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;“vﬁ;n Reaction of Phenyl Isothiocyanate and Methyl Meta Tolui-
~ dine: Synthesis of Alpha Phenyl, Beta Methyl, Beta -Meve-
 tolyl Thiourea.

| Reggents used (equivalent gquantities)

" Pﬁenyl isothioeyanate: 0.1 mole, 13.5 grams
"Methyl meta toluidine: 0.1 mole, 12.1 grams
’ A decided heat effect was apparent on mixing re-
, éetants. After heating for 30 minutes and ecooling, the con-
4 ~tents of the flasks were very viscous oils, which did not
13??stallize on standing in an ice bath, Oné of the ﬁixtures
- was steam distilled to remove unused amine ahd mustard oil.
‘The distillate, after standing two days, slowly crystallized.
 Some of these crystals were removed to seed the material in
| thé resction flask which began to crystallize very slowly.
 «After erystallization was complete, the solid material in
‘the distillate and residue was combined and crystallized three
: times from the smallést possible quantity of ethyl alcohol by
-ééoiing in g CaClp-ice bath., The material was dried and weighed.
The material in the second flask was erystalliéed by
7gseed1ng with é small quantity of the product from the first run.
kﬁjThis was erystallized three times from aleohol and then combined
With the first lot. The combined material was recrystallized
V,Qnée more from alcohol. A constant melting point range of

 67.6-68°C was obtained. The low melting point accounts for the
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: %é;atility with steam, The crystals appear to be diamond
~'§ﬁéped when viewed through the microscope.

' .; The yields obtained are recorded in the following
 table.

RSP Heat Theory % Theory Pure
~ Run Evolution Thiourea Thiourea

g g %
la decided 25.6 18.0 70.3
1 decided 25.6 19.0 74.3

av. --- 18.5 72.3

= A survey of the literature yielded no data on the

prévious’preparation end. ddentification of this compound. Ac-
 ,§5¥dingly, the percentages of nitrogen and sulfur were deter-

,~mined by meéthods previously employed. The results are shown

~ in the following tables.

Sample 0.1040 N Acid
e C.C.
0.3269 24.44
- 0.5272 | 39.62
B , © e
0.2423 . 0.2213

0.2373 0.2165

N Found
%

10.89
10.95

3 Found
%

12.54
12.53

N Theory
%

10.94

S Theory
%

12.51

The results of the analyses conelusively establish

~.thefidentity of the compound as alpha phenyl, beta methyl, beta

meta tolyl thioures, m.p. 67.6-68°C.

The material is readily soluble in ether, alecochol,

  b§nzene, carbon disulfide, pyridine, and chloroform.
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Vc.f Reaction of Phenyl Isothiocyanate and Methyl para Tolui-
f dine: Synthesis of Alpha Phenyl, Beta Methyl, Beta para Tolyl

',ihicurea.

‘Reaggnts used (equivalent quantities)

Phenyl isothiocyanste: 0.1 mole, 13.5 gfams.
fﬁéthyl pare toluidine: 0.1 mole, 12.1 grams. h
A decidedly perceptible heat effect, greater than
i‘.hat in the experiments with methyl méta toluidine, was mani-
k' feste& upon mixing reactants. Aftei heating for 30 minutes,
';leéystals appeared on cooling. The products were crystallized
‘ from 25 ce., aleohol, filtered by suction, washed with a little
alecohol, dried, and weighed. The entire material was combined
,gndvrecrystallized‘three times from alcohol. A constant melt-
fing point of 89.4°C was obtained. The crystals from alcohol
gn‘cooling in an ice bath appeared as small eolorless heedles
whéh viewed through the mieroscope. On slow cooling in air,
the erystals were large, well defined and somewhat diamond

shaped. The yields obtained are recorded in the following

~ table.
o Heat Theory % Theory Pure
Ran - Evolution Thiourea Thiourea
, 8o & i
la very marked 25.6 20.0 78.2
1b very marked . 25.6 20.2 78.8
av. ——- -  20.1 78.5

Sinece a survey of the llterature yielded no data on

, fthe previous preparation and identifieaticn of this eompound,
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jits percentages of nitrogen and sulfur were determined by
- methcds previously employed. The results of the anaiyses are

’krecorded in the following tables.

,'Sample © 0.1040 ¥ Acid N Found N Theory
8. c.c. % %
0.4745 36,863 10.93 10.94

. 0.3823 28.90 . 11.01

~ Sample BaSO, S Found S Theory
. £e v e % %
0.2723 0.2480 12,51 12.51

~0.2051 - 0.1876 12.56
’ The results of the analyses conclusively establish
‘the identity of the compound as alpha phenyl, beta methyl
beta para tolyl thiourea, m.p. 89.4°C,

The compound is readily soluble in ether, slecohol,

benzene, pyridine, earbon disulfide, and chloroform,
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  ¥1, Use of Quinoline and Iodine to effeet removal of Hydro-
- gen Sulfidein the Synthesis of Sym, Diphenyl Thiourea.

In the following final experiment it was desired
,'go eompare the action of quinoline as a substitute for pyri-
~dine in the synthesis of the simple sym. diphenyl thiourea.
e Quentities of reagents in conformity with the
following genersgl type equation were employed:
2RNHp + Ip + CSp + 2CgH,N —> (RNH)oCS + S + 2CgH,N-HI

‘ Réagents used (equivalent quantities of amine and iodine)

‘Efigiline: 0.1 mole, 9.3 grams.
gline: 0.2 mole, 25,8 gramg purified by distillation,

B.P. 234-2389C, 100% excess.
Carbon disulfide: 100 ce.
 fIédine Solution: iodine, 0.05 mole, 12.7 grams
' carbon disulfide, 200 cc.
The reaction mixtures containing copious pfecipi-
,&7tatea of quinolonium iodide and the thiourea were filtered
~aand washed with carbon disulfide. Filtrate and washings were
v‘épmbined. The residue of gquinolonium iodide was extracted
"&1th carbon disulfide in a Soxhlet extractor to remove the
i fhiourea. ' The ecarbon disulfide filtrate was concentrated by
 @isti1lat1on and then evaporated to dryness. The residue of
sulfur and thiourea was extracted with aleohbl to remové_the

- product. The sulfur residue was weighed:. The quinolonium

“5iedide, arter the extraetion, was removed from the thimble and

If ne1ghed. The entire quantity of thiourea, from thé carbon
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'disulfide filtrate and the extraction of the quinolonium io-
‘=,dide, was combined and weighed. The results obteined are
- recorded in the following table.

g Theory Theory Theory % Theory % Theory % Theory
"Run S QuHI  Thiourea S QuHI Thiourea

8 B - 8. % 8. % g. %
la 1.6  25.7 11.4 1.3 81.3 25.0 97.3 10.3 90.4
aV. mmm  mmee ——=- 1,35 84,1 24.75 96.0 10.35 90.8

The averasge yield of 91% is cohparable to that obs
‘gtained when pyridine is used, Therefore, it may be said that
 5§ainbline and iodine eliminate hydrogen sulfide with the same

degree of efficiency as pyridine and iodine.
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SUMMARY

 l;' The method previously developed in this laborsatory
,jéfl%)'for prepération of sym. thioureas in conformity with the
Vl*éeneral type equation, |

- 2RNHp + CSg;+ Iz ¥ 2CpHsN—> (RNH)2CS + S + 2CsHsN-HI,
'?(hgs been further investigated by extending the method of pre-
 ' parat1on to thioureas obtainable by the action of the follow-
ihg primary aryl amines: ortho-, meta-, and para-chloranilines;
k ortho-, meta-, and para-bromanilines; and para-iodo-asniline,
2.  “ An analogous method(32) previously developed in

o this laboratory for the‘pr@paration of symmetrically substi-

tuted thiuram disulfides in conformity with the general type

- equation,

> (R1RgN-CS8S-)s + 2CgHgN-HI,

. 2R|RpNE % 2CSp + Ip + 2C5HsN
,;; has been reconfirmed with mono-methyl end mono-ethyl anilines.
:"@he method has also been extended to the interaction of di-
‘lphenylamine, methyl ortho-, meta-, and péra-toluidines, and
" meta-nitro methyl sniline. This led to the synthesis, identi-
 "'rieation by quantitative analysis, determination of the melting
1 'p0ints; and deseription of properties of five new thiuram di-
’~sulfides._
3;  Preliminary to conducting the foregoing reactions,
_ Tf§7study was made to determine the optimum concentration of
‘7, §yri&ine to be used in the synthesis of the thioureas and
“‘:ffhiuram disulfides noted in (1) and (2) above.
‘!tQ;if The inhibitory effects of substituents in the pri-

‘fmary and secondary aryl amines used in the synthesis of res-
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| @éetive thioureas and thiuram disulfides have been studied.
®) The order of reactivities of the substituted primary
aryl emines is as follows: pars > mets > ortho.
‘b) The reaetivities of the secondary aryl amines are of
the same parallel order.
~©6) In relation to (b) the reactivities of methylaniline,
| N ’ethylaniline, and diphenylemine decrease as the weight
~of the substituent inereases, i.e., CHz > CgHg > CgHs.
d) In the cases of the ortho and para nitranilines and
v; the para nitro methyl aniline, from which no thioureas,
’.or thiuram disulfides have ever been prepared, it is
concluded that non-resctivity is caused by the chemical
_charseter of the substituent as well as its weight and
 position. | | -
5. The general type resction for the preparation of

unsymmetrical tri-substituted thioureas,

'RNCS + R)RoNH

> RNHCNR;Ro,
g
has been extended to the synthesis of three new compounds.
Their identification by quantitative analysis, determination
 0£ melting poinf, and description of properties have been made.
6.:~ ‘The basie compound, quinoline, can be substituted for

~ pyridine with the same efficiency in effecting the synthesis
,,éfuthe gsimple sym. diphenyl thiourea.
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