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SUMMARY
*THE-iﬁvesbigahibn~déscribed.in this theasis forms one
portion of an extensive programme of research being carried
on _ in the Department of Organic Chemiatry of The Royal
Technical ‘Collegs, Glasgow. The work is under the
general supoervision of Professor Forgyth J.  Wilson, and

includes :the reactions of the following c¢classes of compounds:-

R
Semicarbazones, R}C:N-NH»GQ-NHQ
R
Thiosemicarbazones, R?C:N-NHPCS‘NHQ
R
Semioxamazones,- R?c:w-u&icowco.uag
R R
Carbohydrazones, >C: NoNH:~CO+NHN:0{
R? R!
_ R R
‘Phioearbohydrazones, - R?c:&-NHrGS~NH-NrC<R'

‘The Author hase dealt exclusively with those classes
containing sulphur, - thiosemicarbazones, thiocarbohydra-
zones, :and other closely related compounds which may be
generally called THIOCARBAMIDES; i.e.: compounds containing
‘the group NH-C3 NH.: ‘The particular aim of the research
has been the application of such'compounds-to"THfAZOLE -
‘formation,.

‘By ‘'virtue of the group NH«C8-.NH, these -thiocarbamides

.are capable of reacting with sodium ethoxide to form



‘sodium derivativesin which the metal is apparently attached

to sulphur, =N:C(SNa) -NH=-.

When this group reacts with ESTERS of X -HALOGENO-ACIDS, ring-
closure has been found to take place in certain cases by elim-
ination o'f sodium halide and alcohol, ags follows:=-

N—-CO |
-N: c(sm-) N{H- — =N: c(s L.t N8Ol + CoHlsOH

+ CH- R“CP COOCgH5

In some cases, godium halide onhly was eliminated in the reaotion,
and ring-closure of the resulting open-chain compound was
effeoted by smubsequent treatment in benzene solution with sodium;-
or, by carrying out the original reaction in presence of

pyridine instead of sodium ethoxide, thus:-

!
N—=CO

-N: c(sta) NH — ~N:C !
g\ §—CH-*R
+ CH- R"Cl} CO'OGQEE + CgHgW + CgHgN,HClL .+ CaHgO0H

With other thiocarbamides, reactions have taken place directly
with O «HAT,OGENO-ACIDS in agueous solution, to form the open=
chain compound through loss of hydrogen halide only, or the
thiazole by elimination of both hydrogen halide and water,
thus: -

-Nfc(sﬁ)-mﬁA — —N:G<N__?o + HC1 + Hga0

/ , . : 8§—OCH-R
+ CH-R-iCljCODH|

The reactions with certain cyolio thiocarbamides such

CHg—NH
a8 sethylenethiocarbamide, P >G:S and
CHa—NH



NH
ortho-phenylenethibcarbamide,~CQH4<NH>C:S have given
rise to dicyclic systems in which there is a thiaszole-ring
fused on to another ring-structure: such dicycliec systeums

‘are belleved to be new.

:As.an.interesting side-line, - an investigation of the
.thermal decomposition of thiosemicarbazones and thiocarbo-

hydragzones .has been made.-

-NOTE.- In the Theoretical and Bxperimental seotbons, italéics

type has been used for the names of new compounds.



NOMENCLATURE

A Y . I - S S

.The Nitrogen-atoms in Thiosemicarbaside .are dtbfin-

guished by lestters, as follows: -

NHoNH+CS+NHg
6 X X

S . e e e - oy " et v

‘Most of the compounds prepared in the course of the
work oan be conveniently regarded as derived from Thiazole,:
and named accordingly;- the coanventional system of number-
ing has been adopted, and the following scheme shows the

relation of 2:4~diketotetrahydrothiazole to thiazole:-

(4)CH——N (g) rTH'g’"— NH CO'—NH
[/ | l '
('5)CR-S-CH[2). CHg»8+CHy" CHg+8+CO
(1)
Phiazole 2:83:4:5-tetra- 2:4-diketotetra~
hydrothiazole hydrothiazole

e -

‘Several of the thiocarbamides used, however, are
more conveniently regarded as derivatives of the parent
fsubstanQGSvainazole,'Pyrimidihe,-Ben:iminusole and
duihtzolihe.' The new compouinds now prepared have been
‘named in this menner a2nd the following scheme showe the

‘gyatem of numbering for each of these classes: -



{a)

(8)

’(cf

~fd)

'(5)CH
‘(4)03——

;>cﬂ(z)
(s)

:Tmtasagole

(1)

f(&)ca-—-u\\
f(5)ca //ca(z)

“(F4)CH—

Pyrimidine

()

(8).

Quinasaline

’?HQ_NH'
CHeg~——N

C<SH

rzeueretpto;4:56dihydro;
:iminagole
(Bthylenethiscarbamide).

‘CHo——NH

|
CHa /;>cssa
CHa— N

2-Meraapto-l:4:4:8-tetra-

-hydropyrimidine

(Primsthylenethiocsrbantde),

C+8H

2-Meroaptobengiminagole

-(o~Phenylenesthiccarbamide)

-B-Morgepto=q-keto=3:4-
"dihydroquinsacqline
(o-Bangaylensthiocarbanide)



THEORETICAL
PHTOSEMICARBAZONES of numerous aldehydes and ketones have
been prepared chiefly by Neuberg and Neimann (Ber., 1802, 35, 2409)
and also by Freund and Schander (ibid., 2802).-
These thiosemicarbazones yield metallic derivatives in whiech

the metal ig apparently attached to sulphur,

R R
pfCiN-NH:C(8H) -NH ~  or R?C':N-N:C(SN)'-NHQ

Wilson and Burns (J.Chem.Soc., 1922,121,870) prepared the
sodium derivative of acetonethiosemicarbazone and investigated
the action of halogen—compounds&on'it;

In a later paper (/.Chem.Soc., 1928,123,799) the aotion of

esters of K-halogeno-acids on the sodium derivative of acetone-
‘thiosemicarbazone was described;.- such esters yielded ¢ ~thio-
hydantoin derivatives of a new type, thus:=

CHg

-- . NH
DC:NN:C(sNa) -NHH N = cas)c:n-n:C( A=go
Cia A CHs §—CH-R

. H ' J N
+ CH-R+BrCO0CaH; + NaBr + CpHpOH

Hydrolysis of these compounds by boiling with concentrated
hydrochloric acid removed scetone and hydrazine, and gave
derivatives of 2:4-diketotetrahydrothiazols, thus:=

. NH—0O
O °c<s—— CH-R

+ O,'H3+E!'2;o + 2HOL + (CHa)20:0 + NHp-NHg, 2HOL



Hydrolysis for =2 much shorter time with 2-N hydrochlorie
acid removed acetone only, and the intermediate hydrazone was

obtained as the hydrochloride: -
|

CHg, ! _ NE— QO - _NH—CO
30 NNz e i = wHs-wm:c( ! ,HCL
cHs” " §—CH+R S—CH+R
| E
+ OHs + HCL + (CHg) gC:0
]

e A D ST D S B L Y T, P S U g ) < W SIS G W D T . G WA Y G W ) W -

.The Author has extended the reaction with esters of
& -halogeno-acids in the first instance to the sodium derivative
of acetone-oJ -phenylthiosemicarbazone, and then to various
other thiocarbamides,

In those cases where & two-stage hydrolysis on the lines
indicated has been theoreticelly possible, this has been

attempted.

- - - N



1.- JﬁEHENYDTHIOSEMICARBAZIDE,'-NHQ@NH*CS-NHCQKg

J—Phenylthiosemicarbazohes.are prepared directly from
5~¢huny1thiosemicarbazide by heating in slcoholic salution

.with the required aldehyde or ketone,-

R R .
R,>c:o + NHy+NH-CS-NHCgHs = R?c:n-uﬂacs-uaceas + Ha0

~Benza1dehyde-Jﬂ~pheny1thibsemicarbazohe,whibh.ih'deecribed
-by Pulvermacher{Ber.; 1884,27,815) was prepared.’
Investigetion showed that the sodium derivative of this
substance 4did not readily react with ethyl chloroacetsate,
Accordingly,.acetone~Ji—bhenylthiasemicarbaaone -and
.acetophenone~ S ~phenylthiosemicarbazone ,: which have not
‘been .previously -deseribed -were prepared .in good yield;- the
former -was .used for the reactions with the various esters.-
‘Phe sodium derivative of_acetohe—cf-phenylthioﬁemi;
.carbazone was formed in solution by hesting acetone-~d -
.phenylthiosemicarbazone with sodium ethoxide{(l mol.) in
aleohol. The derivative could not be isolated .in a pure
.8%ate, dbut in .alcoholic solution it readted with esters of
& ~halogeno~acids, giving in execellent yield the 2-iso-
-propylidenehydrazone of a 2:4=-diketotetrahydrothiazole.

-CHg
-CHg

~en -~ CHg NCaHs—CO
QNN+ C(SNa) - NHCsE = G N« N3 8 {
? (s ? SN ory o la.r
4+ CHeR«Bp+CO0CgHs! ,
o i o1 .+ NaBr .+ CgHgOH
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‘Phe ‘esterg usod were sthyl chloroacetate, ethyl X <bromo-
5”nqbuty£;teiand.ethy1 phenylbromoacetate, giviang 2:g4-diketo-
1g-phényla55Ratetrahydrathiazabeaz-fSo#rapylidawchydrazuwcr
where R=H, CgaHg, and CeHys respectively,:

‘By 'anslogy -with -the work of Wilson:and .Burns{loc.cit.),:
it was .expected -that thesge'compounds woultd be :hydrolysed
vin-two shagaes:

+(1) :with -2<N hydrachloeric:aecid

l
“CHg Ncgﬂs-— co’ GHB
INoN:C i = NHg N:C 90 . ge1
crg”" (s CHR s < §———CH+R ’
{
v+ OHg :+ HC1 4 .(CHg) 9C:.0
|
.(2) with concentrated -hydrochlorio:acid
NCgHs—00 NCsH—CO
)cdn.u-@< . - oed, °
CHg | ——————GﬁéR cgag
o+ qag+agp .+ 2HOL +.(CHg) 9C:0 -+ NH3.NHs,2HCL

i ;
;Inthe present instances, hawever, "the “two 'sbages of
hydrolysts were-less sharply - distinguished,"
"Boiting with 2<N hydrochloric sacid ‘removed .acetone .which
was proved :in each ¢age by the nitroprusside-and iodoform
~testa, -The other product 6f the hydrolysis appeared ‘to be
'a mixture “in each case, ‘and none of the hydrochlarides
.62 “the ‘intermedtate hydrazones were:isolsated.
Hydrolysis with concenirated hydrdchloric acid gave more
fdtfihttorreaulta;wesch of ‘the isopropylidens .derivatives

gave-a -amaltl yield of the corresponding 2:4<diketox3-phenyl-



11
NG agHg—CO
t
'CH«R

. -
..

5~R~tetpahydrothiazole, oc(s

Phe yield of these products could not be improved, 'as-the
hydrolysis was evidently acoompanied by extensive decomp-
osition; aniline hydrochloride, CgHgNHa,HCL, was ‘1dentified,-
.and the presence of this substance indicated rupture of the
thiazole~ring.

NCaHg—CO
‘argq-Diketo-g-phenyl-g-cthyltetrahydrothiaszolse, OC ]

24 g-phenyl-s y y (q I
has not been previously described, but the 5=H and the

B=0aHg compounds have been previously prepared by other

methods,

2. OL-PHENYLTHIOSEMICARBAZIDE, NHCaHy NH+CS-NH,

. o P D L D g o v iy

Having no free NHg-NH group, ‘this compound doas not
-react with sldehydes or ketones to foram phenylthiosemi-~
carbazones. Accordingly, attempts to apply it to thisszole-
‘formation wers made directly.

.An" alecoholic solution of the sodium derivative was prepsared
in the usual method, by treating K-pheaylthiosemicarbazide
with sodium ethoxide(1l mol.) in alcoholic solution.: The
-sddition of ethyl chloroacetate merely caused a .reaction
-with the sodium ethoxide;- sodium chloride was prescipitated
;and unaltered O -phenylthiosemicarbaszide waas recovered
“from the solution.:

The other general methods of thiagzole~formation were



1ikoewise unasuccessful,- Heating with ethyl chlorocacetate
4in pyridines solution d3id not bring about a reaction, the
thibsemibarhaziae being recoversd unchanged.:

No .reaction took pnlace on boiling with ohloracetic acid in
:aqueous solution.’

D o - D U ) AP L AP W O S VD D AW D

. NH ,
8. MEPHYLENETHIOCARBAMIDE,: CH3<NH‘>C:S

OQwing to its extreme insolubility, it was exceedindly

~doubtful if this substance could be applied to thiazole-

~formation. Experinent confirmed this doubt;: the substance

-failed -to diesolve or undergo any change even on prolonged
‘bailing in alcoholic sodium ethoxide, pyridine with ethyl

Johlotobeetats,uor~an'aqueo&s~solutibn*cr<ehlonaesﬁtbuacia.

— - - gy -

12



CH , _
4. ETAYLENETHIOOARBAMIDE, [ . >0:S.

‘Being an ‘easily soluble compound, ethylenethiocarbamide
was investigated with respect to thiazole~formation in the
hope ot obtaining e dicyclic compound in which there was
.2 thiazole~ring fused on to another ring structure.

An- aleocholic solution of the sodium derivative of
‘athylenethiocarbanide was prepared in the usual manner, but
attempts to isolate this derivative by precipitation
.resulted in unaltered thiocarbamide,.

No further attempts were made to obtain the sodium deriv-
.ative, as it was found to react in alcoholic solution
‘with ethyl chloroacetate, giving in good yield ‘ethyl 4:5-
dihydroiminasole-2-mercaptoacetate, sodium ochloride only
being eliminmated:

"z;:__—m)c +SNa .+ CH5Cl-CO3CgHpg = NaCl -+ Zs':_

The reaction with methyl cechloroacetate took place in
‘s 'aimilar manner, giving the corresponding metkyl ester.:

ﬂAttemptstere made. to hydrolyse with sodium hydroxide
An order to obtain the free acid g:” )a §+CHg+COsH
-#rom the egters, but such treatment ruptured the moleeule
-aend@ the formation of mercaptoacetic acid, CHg(SH).«COaH
-was proved;- this, however, sfforded proof of the presence

of the group :*S+CHg+C005CaHs(or CHg) in the compounds,:

)c S+CHs*C0sCaHs

13
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‘Since the reactions with the esters of chloroacetic acid
had resulted in the formation of open—-chain compounds, attempts
were made to effect ring-closure by heating ethyl (or methyl)
4:5=dihydroiminazole-2-marcaptoacetate in presence of toluens,
‘amyl aleohol or solvent naphtha. The estersdid not dissolve,
and except for partial decomposition, were unaltered.
Owing to their insolubility in benzene, 8 method of effecting
ring-closure by heating in'bénzene solution with sodium (later
used with success in the case of other open-chain compounds,
compare pages 18 and 81) was not available.

The diecyeclic compound 4rg~dihydroiminasole-2-mercaptoacetas:

cH—N( 0 (2
i1~-lactan, [ ? N_/C:———S was obtained by a modification of
CHg— .

‘the original reaction.: Ethylenethiocarbamide and ethyl chloro-
scetate were heated together (in molecular proportions) in
pyridine solution, when the following reaction took place:-

?HQ—-N

H : , »
[ N)Caszr + CHaCl-C0gCalls + CgHgN =
2

, 0—CHo
2 X - CH e—N I
CaHgOH + CgHgN,HC1L + | c—-8

Hga—
The yield was small and the compound was obitained pure on one
oscasion ‘only; subsequent experiments gave rise to mixtures
-from whiech no pure substance could be isolated.:

Hydrolysis with sodium hydroxide soclution gave, as in the

‘ease df the oven-~chain esters, mercaptoacetic acid.:

The constitution of the lactam compound was definitely



16
established by preparing it from ethylenethiocarbamide and
‘s different ester of chloracetic secid. Methyl ohloroacetate
.and l-menthyl chloroscetate -failed to react with ethylene-
‘thiocarbamide in pyridine solution, but n-butyl chloroacetats
.gave a small yield of the'samé diceyelic compound, thus
proving that ring-closure had taken place by the elimination

.0f ethyl or n-butyl salcohol.

D s U A v P o U A} AN D A} Y D Y A, A Al oo

‘ CH'a—NH
5.: TRIMETHYLENETHIOCARBAMIDE,: Gy >c: s. )
‘ - CHg—NH .

Owing to the difficulty of preparation of trimethylene-
‘diamine from which this thiocarbamide is prepared, only .a
‘amall amount was obtainable.: Its reactions showed, however,
‘that the inerease from two to three methylene groups caused
4t ‘to be less reactive than ethylenethiocarbamide; 2 .reaction
‘with ethyl ohloroacetate took place only in pyridine solution,
and even under thess conditions, the open-chain, and not the
dicyelic compound was -formed.

.In the usual reaction in presence of sodium ethoxide, ethyl
chloroacetate merely”gesoted«with the ethoxide, .and trimethy-
-lenesthiocarbamide waas recovered unchanged from the ‘solution.
In pyridine solution, trimethylenethiocarbamide and ethyl
~chloroacetate reacted to give ethyl i:4ﬁ5;6-tetrahydra-

pyrimidine-g2-mercaptoacetate, ?Hg——NH
?H'g /\G‘S*CHQ'COQCQHg
CHo—N
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C'}Hg"-'NH\
CHe G+8H .+ CHpCl+COgCaoHg -+ CgHgN =
—e
‘?Hg—"NH'
CgHgN,HC1 .+ CHpg C+8+CHg+*C0sCgH5.
bawv”
CHgq—

The-forﬁatibh of mercaptoscetic acid on hydrolysis with
'soaium hydroxide solution proved, as before, the presence
of the group *S+*CHg+CO0oCals. |
Owing Lo the insolubilityvoflthe ester in benzene,. the use

of sodium to bring about ring-closure weas -again precluded.

8.- 0rtho—PHENYLENETHIOGARBAMIDE,-'0354\\NH7/C(S

— - - -

‘TPhis thloocarbamide reacted with sodium ethoxide in

~alcoholio ‘solution in the usunal manner to form the '‘sedium

-doriVatiVe,*Cg&g<:z>casua."Thts'derIVatiVewsS‘tBolated
in a pure state,

‘It reacted in alcoholic 'solution with esters of
X-halogeno—-acids in a similar manner to the sodium derivative
of ethylensthiocarbamide;- sodium halide only was -eliminated,-

~resulting .in monoocyeclic caompounds.,.
< ING.gNa .+ CHRIBrrCOsCal NaBr i+ CoHal De-5-0H |,
“GGH4<N¢/ & .+ CB BrrCOgaCaly. . aBr . o 4<N4/ S+CH R *CO9CaHs

‘Phe ‘esters employed were ethyl chloroacetate, methyl chloro-
.acetate, ethyl X<=bromopropionate and ‘ethyl X-bromo~n=butyrate.

It was found with the ‘series of compounds formed, -and alseo



later .in studying the reactions of thiocarbohydrazones,:
that the products derived from the esters of chloracetio
.80id differed considerably in reactions from those derived
from eaters of the higher halogeno-acids.  .For this reason
it 1is convenient to consider separately the compounds from
.ethyl and methyl chloroacetates.

By the ‘foregoing reaction 8%hyl or methyl éhloroacetate

.gave in 80 to 85% yield ethyl(or methyl) benziminazole-

NH:
.a-naﬁcaptaacetate,‘cgﬁ4<:N¢>OfschQ‘COQCgHE(or CHg) .-

Both campounds melted below 100°,. a2nd exhibited a phenomenon

which may be & cagse of dimorphism;: when freshly corystallised
~(irrespective of the solvent employed) the melting-point
.wag 10 :to .20° lower  than the stable melting-point.  The
.ahange to :the stable form took place .irn a very few minutes
.and 'was too :rapid to permit of investigation by ordinary
methods,"

Hydrolysis of the compounds with sodium hydroxide solution
or hydrochloric -acid 4id not ‘rupture the molecule and cause
‘the formation of mercaptoacetic acid as in the case of the
corresponding compounds-from ethylene- .and ‘trimethylene-

:thioasrbamides. Both .esters .appeared -to be hydrolysed ‘to
_ , . .1 (g
~&sastuinazobc@z&ueraaﬁtoacet&c-aaéd,:c,g¢<né>cts»cag«coga;

-Formed in this manner,the .acid was very .impure and oould

a0t be completely purified by oryetallisation;. 1t was

7
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‘subsequently prepared pure,  however, by the interaction of
o-phenylenasthiocarbamide and chloracetic acid in aqueous

solution: =
NH . . _ NHy o
.0634<N¢>c-sa + ‘CHaCL-COgH = HCL .+ c,H4<N/¢c S.CHy-C0aH.

In consesguence of tho great stability of this acid,.
positive evidence of the presence of the graup C:S-C .in the
:gagteras oould not be obtained;: comparative experiments with
.o-phenylenethiocarbamide, however, indicated that the group
;G?S'was:not present .in the esters, Neither ester developed
-any noticeable blackening on heating with very concentrated
sodium hydroxide solution and the subsequent addition of a
lead salt, whilst o-phenylenethiccarbemide .itself produced

gtrong blackening under these conditions.:

By analogy with the reactions of ethylenethiovocarbamide,:
:abtempts were made to form the ‘dicyclic compound by heating
o-phenylenethiccarbamide and ethyl chloroacetstes in pyrid-
.ine 'solution; no reaction took place, the thiocarbamide
-baing recovered unchanged.-

.kttention was then directed to the posaibility of removing
1 molecule of alcohol from the open=chain estere,: thereby
‘esusing ring-closure. - .For this purposs,. the method using
‘sodium(previously ‘referred to) was -sunccessful,:-

‘Bthyl{(or methyl). benziminasale~2-mercaptoacetate was heated:

in benzene solullon with ‘excess of -sodium powder; the ssme




‘gubgtance, bengininazole-z-mercaptoaceto~-2~-lactan,:
CO——CHg
GeH4< <C————S wag produced from both esters, definitely

proving ring-closure by elimination of ethyl(or methyl)

-aleohol:~
O—_'(‘:HQ
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NH: ) .
GeH'4<N)C‘S“CHa'00§CeH5(01‘ CHg) = CaH4< 50 4+ CoHs(or CHgOH.:

‘Phe yield of the dicyeclic compound was only 25% in each casa,
;and could not be improved; .a considerable smount of the

.egter was recovered unchanged at the end of the experiment.:

Ethyl -bromopropionate and ethyl X-bromo-n-butyrate
‘reacted with the sodium derivative of o-phenylenethiocarbamide

giving in 90% yield ethyl benziminagole-2-0t ~merceptopropion~
ate, ch4< Ne-ge «CH(CHg).+CO3CoHs -and ‘ethyl bengiminazole-
‘ge <mercapto-n-butyrate,. 03H4< g «CH(CgHg).*CO2CaHg

respectively, In variation of melting-point, both these
-compounds exhibited the ssme phenomenon as was observed with
the previous members of the series.:

‘Hydrolysis with sodium hydroxide solution or concentrated
-hydrochloric acid again failed to decompose the esters to
“the corresponding mercapto-acid, but as in the former cases,
7expeﬁiMenta1 evidence favoured the C-S+0 ‘gstructure rather
‘than the alternattVe:G!S{p

Hydrolysis with eon;entnated hydrochleric acid gave with each

ester the corresponding free acid,,but only one of them,
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bengiminagsole~2-X <mercapto-n=-butyric acid,
NH : . ,
GQH4<&4>C‘S'CH(GQH5)'COQH’ was obtained pure by this method,

The free acid corresponding to the other ester was, however,
i'solated in the course of a different reaction (compare belew
and page 85).

Attempts to obtain the dicyelic compound by treatment with
sodium did not succeed 1in the case of these two esters,
The products of the reactions were insoluble in benszene and
could not be easily removed from the excess of aodium powder.
A modification of the method was also used, sodium wire being
gsubstituted for the powder;.- the most of the sodium could then
be removed mechanically and fineal traces decomposed in alcoholiec
‘golution with hydrochlorie acid. The reactions, which are
Pully described in the experimental section (compare page 84 et
'seq.), appeared to be very complicated. In no case was the
dicyelic éompeund formed ,. but one reaction with ethyl benzimin-

azole~-2~& ~mercaptopropionate gave benziminazole-2- X-mercapto-~
. . . NH
prodvionic acid, 03H4<N4>C~S~CH(CH9)-COQH; which was obtained

impure by the hydrolysis of its ethyl ester,
While the main products of the resctions with both esters
were isolated and a2nalysed, they were not identified; they

were totally different from the dicyslic compounds expected.




co—NH
7. ortho-BENZOYLENETHIOCARBAMIDE, cga4< kg

vIn-presence of sodium ethoxide, o-benzoylenethiocarbamide
.preacted .with .ethyl chloroacetate to give a product which was
.8 mobile o0il. .Distillation of the o0il under the high vacuum
of- .the mercury vunp dave fractions differing in boiling-point
by only one or two degrees, but the analysis of thése'fnactibas
gave widely diffeping results. Redistillstion of the fractions
d4id not improve the results, and a repitition of the whole
‘experiment gave fractions of still different analytical vsalues,
‘The oil was obviously a mixture which .could not be separsted
into its .components by distillation. 'This view was supported
by the fact that' from one of the fractiona there ultimately
~separated on '‘standindg ;2 small :amount of .a go0lid whioh-waé-v

-found to be ethyl y-keto-grg4-dihydroguinaeolinesz-mercapto-
] - ,C0—NH
‘qaatatg,rcgE4 w2>G°S~GHQWC090335p no ‘further quantities

of this substasnce were obtained.:
‘The .reaction may be formulated .in the usual manner:-

co—
_ ,>c SNa .+ CHgCL-CO4CoHs =

/CO"—NH\
NaCl .+ Cqu,\ /Q ‘8+CHg+C0sColHs.

CeHa

“Preatment of the ail in .benzene solution with sodium, in the
‘hope of obtsining the dieyeclic.compound, was quite unsuccess-
rfal. Likewise, :.an .attempted .reaction between o-bensoylane-
thiocarbamide and ethyl chlorcacetate .in pyridine gave no

pasitive reasulte.-




8,- PHIOCARBOHYDRAZIDE,  NHy+NH-CS-NH-NHg

Phiocarbohydrazide is insoluble in organic solvents, but
thiocarbohgdrazones may be generally prepared by heating
bhioearbohy&razide in aleoholic suspension with the required
aldehyde‘or ketone, Mono- or di-thiocarbohydrazones c¢can be
formed, depending on whether one or two molecules of the

‘aldehyde or ketone are employed.:
B5C:0 .+ NHg-NHCS-NH-NHs .+ o-c(R =
R' . “ a - I . R' .

_ R, A _ R
2Ha0 .+ PC:N-NH.-CS- NH-N: K
Rt R!

Several thiocarbohydragzones have been prepared by'Stollé
uand.Bowlea(Bcrg;1908»41;1099),-and by Guhas and De(].Indian
‘Chem. Soc., 1925,.2,225).

The ‘Author has prepared diacetonethiccarbohydrazone and
-dlacetophenonethiocarbohydrazone by methods differing in
deatil from those yéed‘bv Guha‘and.Dg(loc.cit.%, and different
malting-points for the substances .were observed,-

“The following, which have also been prepared, hsve not been
-previously: .desorihed: -
~Bis-dibenzyl ketone thiocarbohydraszone, -

Cels*CH CHg +CoB
AR VTR CF - 21-7-08 1: 01,20 L Ot
ColfsCHa CHg +CaHs

Nono(ethyl ocetoacetate)thiocarbohydrasaone,:

CgHu0aC<CHg

C:N+NH+-08NH-NHg |
=GHs> 2

22
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‘Di(ethyl acetoacetate)thiocarbohydrasone,.

CaHgOaC+CHg

<CH3 *COQCgHig
.CHg

>C:N!NHeCSiNH€N:C
CHga

) o

Preliminary investigation showed, that of the foregoing
thiocarbohydrazones, diascetophenonethiocsrbohydrazone was
the most favourable for a .reaction .fthnreasence of sodium
,ethoxide with ethyl chloroacetate;. accordingly, it has been
.employved throughout the series of reactions with esters of
K.-hslogenc-acids.-

The sodium derivative of diacetophenonethiocarbohydrazone
was obtained pure, but, ss in previous .cases, it .was not . found
.neogssary»to}iSOIate_it. In alecoholic solution it reacted
;ntthzethyl~cﬁloroacetatevto form .in 85% yibla g-phenylmethyl-
.methyleneanino-2: g4-diketotetrahydrothiagole-2-phenylmethyl-
.methylenehydrasone, by elimination of sodium ochloride and

‘ethyl aleohol, thus:-

Cals ~n. -y Calls CeH CeH
DO: N-N: C(8Na).  MixN: o = °TNGiNeN:C New:eC 2"
‘CHg b I CHg CH3 [ . CHg
' i (‘ N S'CHQ'CO
-+ CHg+Cl/-C00CHs; + NaCl .+ CoHgOH

Thevcompound ecould be hydrolysed in two stages, corresponding
‘b0 ‘those observed by Wilson and Burns(loc.cit.) in the case

of the thiazoles derived from acetonethiosemicarbazone.-
Boiling for a very short time with N-hydrochloric acid
‘removed acetophenone,: and the intermediate g-amino-2: gy-diketo=-

tetrahydrothiazole-a-hydrazone was obtained as the dihydrochlo ride : -




CeHs
CHg

)@ NeN: C
{
§.cHg-CO

}
'+ 0Hg + 2HCL + H

N N:

Calp
. CHs
QO
I

:C< = NHQ'N:?
S8+CHga*CO

24

?&NHQ;ZHCl

[C"H">c o:|

‘The dihydrochloride was an extremely deligquescent solid

which had to be manipulated .in a dry atmosphere.:

With bengaldehyde, it gave a dibenzylidene derivative.

:Hyarolysib with concentrated hydrochloric acid, on the other

. hand, removed both acetophenone and hydrazine, and gave

 ge=amino~2: g-dihetotetrahydrothiagole hydrochloride, also a

deliquescent solid which gave a benzylidene derivative.

CaHs,

|
C:N<N:C
GH3> ’ o
IS

1

| 'CHQ'-‘CO

!

1
* 0ﬁ9+H%O.+;3HCl

L *

1 CaH
Nz ; ® = go

Ne+NHga, HC1l + NHp*NHg, 3HC1

! l
' S+CHa+CO

+H 20

Both hydrochlorides :were obtaihed :in good yield, but attempts

40 -liberate the free bases in a pure state by treatment of:

the hydrochlorides with sodium carbonate d4id not succeed.

-Bthyl X-bromopropionate, :ethyl X-bromo-n-butyrate and

'othyl phenylbromoacetate reacted with the .sodium .derivative

.0f:41a0cetophenaonethiocarbohydrazone in s similar manner to

-athyl chloroacetate,

~giving -in .80 to 90% yield g-dhenylmethyl-

-methyleneanino-zrg-diketo-g5-R-tetrahydrothiczole-2-thenyl-~

-methylmethylenshydrax

-respectively.,

one, whefs R= CHjg,

-GgHg :and .CgHp
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Hydrolysis of these compounds did not lead to very definite
results;- the two stages corresponding to dilute and concentr-
sted hydrochloric acid found in the case of the previous compound
were not sharply distinguished,
Treatment with very dilute hydrochloric acid removed acetophen-
one and gave & mixture in which hydrasine hydrochloride was
8lways present; this indicated that the stage of formation of
the intermediate hydrochloride had been passed. The deliquescent
sclids obtained sfter removael of the hydrazine hydrochloride
were mixtures of the two possible hydrochlorides, and analytical
results variéd with each experiment. Owing to their highly
deliquescent nature, no seperation of these two hydrochlorides
cetild be offected.:
Hydrolysis with concentrated hydrochloric acid did not give the
8-amino-2: 4-diketo~5-R~tetrahydrothiazocle hydrochloride;-
complete rupture of the thiazole-ring took place giving the
corresponding mercapto-acid. These acids were identified by

their colour reactions.

Col's CeH
DC:NN: C—————N-N:0( o ° CH-R(SH) +COgH + 2(NHp-NHa, 2HCI)
CHs i 7 CHs
8+.CH(R) - CO
CeH
+ 4HCL + 5Hs0 « 2| °"°yc:0| o+ CO,
CHg

‘With a view to obviating this hydrolysis, the production of
the 38-amino-~2:4+diketo-F5-R-tetrahydrothissole~2-hydraszone

bagses was attempted by a reaction between thioecarbohydraside
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in presence of sodium ethoxide, sand the esters of the
X -halogeno-~acids,
Thioscarbohydrazide readily dissolved when warmed with .sodium
‘sthoxide(1l mol.) .in alcohol.” The solution of the sodium
.dorivative. thus formed reacted with ethyl chloroscetate,
.athyl &t -bromopropionate .and ethyl &K-bromo-sn-butyrate to give
-in satisfactory yield the hases 3-amino-3'-4-diketo-s-K-tetra-

hydrothiazole-z-hydrazone, where R= H, CHg and CsHg :-respect-

1vely,
NHg -N:sc(s{r?é'{)x 'N.‘f'fl";ﬂﬂg = NHga*N: c,:—————b‘I-NH‘a
T S~CH(R) +CO
+ CHR+Brq CODCaHp! 4,
el e + NaBr .+ CpHg0H,-

‘-Formed -in this manner, the bases were very::impure.-
:d;vreot:analytical-reaults weore obtasined only .in the .case of
‘gquamino«2 i g-diketo-s-methyltetrahydrothiasole-2-hydragone

.(the product ‘from ethyl x-~bromopronionate),

‘Repaated orystallisation of the other two bases failed to
Aimprove the analyses.

The .6~H compound, however, on treatment with bensaldehyde
vielded the sames-dibenzylidene derivative as was previously
prepared -from the dihydrochloride of the base.(compare page 24).
‘The othar bases gave dibcnzylidcué-deniVattvés4lhose«analytaﬂ

-agreed with the theoretical values.:
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9. HYDRAZODICARBONTHIOAMIDE, NHg-CS-NH-NH-CS-NHs

o o ey - o

.Prerichs and F8rster(4nn., 1909, 321,257) and Frerichs and
Héller(4nn.; 1913, 328, 268) found that hydrazodicarbonthioamide
resoted with chloroacetic acid in agqueous solution to give
s compound which they regarded as bis~thiohydantoin,

NH:? §——¥ ?}NH
S:CHp+00 CO«CHg-+S

It has now been found that hydrazodicarbonthioamide, in
‘aleoholiec solution in presence of sodium ethoxidé,-reacts
.with ethyl chloroacetate to give the 1dentical compound in
theoretical yield.-

A8 noted by the above-naned suthors, this substance, althoaugh
insoluble in water and organic solvents, dissolved in sodium
hydroxide solution and wds repreoipitated on -acidification;-
but 1t was further found that if the alkaline solution was
boiled for a few minutes, acidification no longer caused
preciplitation, the solution then containing mercaptoascetic
acid, as shown by Andreasch's test. This shows rupture of
-the ring, but proves the presence of the group ¢+S-C in the

compound.-

Hydrolysis with concentrated hydrochlorioc acid gradually
-dtssolved the substance;- the solution was concentrated and
finally taken to dryness.. The products of hydrolysis were

hydraziae hydrochloride, NHa*NHa, 2HCl and 2:4-diketotetra-
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hydrothiazole, $H ?O
.CQ+*CH4°8

Prepared by PFrerichs'method, the compound gave the same
hydrolysis products.-

On this evidence it must be concluded that the correct struct-
ure of the compound is 2:4-diketotetrahydrothiazole-2-ketazine,

?H ?:N'N:? ?H
CQ+CHg*S 8+«CHg*CO"

and not that given by Frerichs.

The course of the hydrolysis can then be easily formulated thus:=

NH ? N-N'C NH' - . NH co .+ NHg+NHg, 2HC1
co CHg+ S| .s cag~co co ‘CHg- s
!
1
+ oﬁg+ago .+ 8HC1

It is difficult to account for such :a hydrolysis from a
compoitnd of the alte:nativefstructure.
‘The formation of the substance c¢can then be -represented .in

the usual manner:-

(1) through the sodium derivative, with ethyl chloroacetate

-,

MRH C(SNa) NN c(swa) wgﬁ = N O:N-N: G NH
.+%335doc 01032 + 03201pcobcaa; C0-0a-3 5 0H5-00
'''''' D + 2NaCl .+ 2C,Hg0H

(2) with chloroacetic acid
N@H <C(SH):N-N: c(sH) NHM'} = FH ?:usn:9 - ?K
+IHO°Q’gyCHg~+CHQCL céoﬁ' Co-cHg-8 §+CHg-C0

+ 2HC1 :+ 2H90

-~
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Frerichso and Holler also investigated the reaction between

hydrazodicarbonthioamide and

(1) oK -bromovpropionic acid

(2). X-bromo-n-butyric acid
and by similar reactions to that with chloroacetic acid,.
obtained compounds to whieh they dave the structures
{1) ¢,C'-Dimethyl-bis-thiohydantoin,  and
(2). C,Ct-Diethyl-bis—-thiohydantoin,

NH:?——————§——§——————-c:wa
S'CH(R)-CO'CO'CH(RLoé

ihore R=CHos 8nd CgHsg respectively.-

‘Since it was probable that both these compounds should have
the ketazine structure as in the cage of that derived from
chioroacetic 20id, it was decided to prepare these compounds
‘by Preriohs' method and to investigate their behaviour on

hydrolysis with hydrochloric acid,:

‘The so-called C,C'-dinmethyl-bis~thiohydantoein was hydro-
lysed with concentrated hydroohlorie acid in the usual manner;.
the only productes were hydrazine hydrochloride and 2:4-diketo~-

B-=methyltetrahydrothiazole, §H>————————?o.
CO-CH(CHg) +S

This proves that the correct structure of the compound is
‘2r gedibeto-fs-methyltetrakhydrothiasole~2-ketaszine,.

H—————C N+N: C————NH

N
! ] !
Co-CH(CHa) - 8 8+ CH(CHg) +CO

Similarly,: the 7C,Ct'-Bimthyl-bile-thiohydantoin” on hydrolysis




with concentrated hydrochloric acid, gave hydrazine hydro-

chloride and 2:4-diketo-B~cthyltetrahydrothiazole, NH

30

CO,"

Co-CH (CQH 5)' ¢ é

‘thus proving the compound to be zngq-diketo-s5-ethyltetrahydro-
H .
0

thiagole-z2-ketagine, NH————C:NN:C

N
] [ l ‘ |
CO-CH(CaHg) S S+CH(CaHpg) +C

s w  — —

Prerichs and Holler found, correctly, that the foregoing

compounds were more acidic than bagic;- this appeared somewhat

.gurprising since thiohydantoin itself,-NH:? ?H is more
S-CHg+CO

basic than acidie.
On the structure now given, their acidic nature is easily

explained;. 2:4-diketotetrahydrothiazole is an acid . (”senfol-

essigsaure”) as are also its F-methyl and B-~ethyl derivatives.

‘It would be expected that the ketasines derived from these

~aotds would also be acidic in nature.

S D Y Ty s UGy ) ) = ) e Al S i s O D R s ity Y D T, D Y W A A A A D T A D A} < -

10.- HYDRAZOTHTIODICARBONAMIDE, NHo+-CS-NH NH-CO+NHg

- - o i i~ D o gy i . "~ -

‘8ince this thiocarbamide did not dissolve in aleoholic
gpdium ethoxide, nor in pyridine, the usual methods of
‘thiazole~formation were precluded.-

‘It rescted with chloroacetie acid in aqueous solution to
‘form 2> 4-diketotetrahydrothiazol e~z2-semicarbazone, by elimin=-

ation ot bydrochlorio acid and water, thug:=
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NH

! !
Y Ca+CHg*S
+ HOOC-CUCH + HCl + Hz0

NEg-C(sH): N-NH-CO-NHp C:N-NH-CO-NHs

As in the case of the corresponding compound from hydragzo=-
dicarbonthioamide, boiling of this substance with sodium
“hydroxide solution .caused ruoture of the ring; mercaptoacetiec
‘aoid was -formed, proving the presence of the group C+8-C.-

‘The structure of the compound was‘prdved by hydrolysing_
with. N-hydroechloriec acid;.- the products were semicarbazide
hydrochloride, NHg NH-CO+NHg,HCl and 2:4-~diketotetrahydro-
"thiazole:~-

|
NH- C?N-NH-CO'NHQ = ?H’ CO + NHg NH-CO*NHg,HC1

{ ) |
cowcagfs; CO-CHg+S
+ OHg .+ HOL
]

In the reaction between the thiocarbamide and chloroacetiec
~acid, the yield of 3;4~d1ketetebrahydrothiazole-Z«semibarbazone
-was only 35% of theory, and examination of the mother-liquors
of the reaction revealed the presence of semicarbazide hydro-
chloride and 2:4-dlketotetrahydrothiazole. Evidently the
hydrochloric acid eliminated during the reaction had .caused a

pertial hydrolysis of the semicarbazone.-

‘Phe -formation of a Bemigarbazone by the foregoing reaction
A8 -analagous to the formation of ketazines from hydrezdicarbon-
-thioamids,: and affords further proof that the ketasgsine

‘straoture is the correct ohne.:

- e s - v — o -
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THERMAL: DECOMPOSITION of

——— e D U 8~ D A D D D P P D D AP

1. ‘Thiogsemicarbazones,
2. 4 -Phenylthiosemicarbazones.
3. Thiocarbohydrazones.

- - . Y o D o - v ——

‘The thermal decomposition of carbohydrazones,
R o R
H}c:n-naoco-na-u,c<R'

has been investigated by Brown, Pickering and Wilson<(/.Chem.Soc.,
1927,3181,107) .  They found that diacetophenoneocarbohydrazone
.decompoged in two stages:

(1) in boiling alcoholiec solution, giving diacetophenonehydragi-

dicarbohydrazone and methylphenylketazine,thus:-
|

¢ CeH e CeH
o3 “)c N-NHCO-NHIN: o< a8 °""Sc:n-wH-ca-y8 N:o o °
‘CH . ' CHs - CHg . CHg
CeH CeH Col " CoH
**®S0: n-NH-CO- NH#N o, o ° 5)c N-Ng-cooNE  W:c( 0 °

‘CHa' l Hsg CHg

(2) when heated at its melting-poiat, giving 4-aminourazole
and methylphenylketagine, the intermediate diacetophenone-

hydrazidicarbohydrazone evidently decomposing in this way:=-

H ! CeH
N NP N CO-NE NHg N co °7%%c:
CHS | - + CHQ l
CeHgy - | CoH
O ENC: NN+ CONH © CO-NH-NH °*"Nc: N
cHg’ | cHs

]
Dibenzaldehydecarbohydrazone was found to decompose in an

‘exactly similer manner.

-y v - -
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The compounds investigated by the Author were
i, Acetonsthiosemicarbazone,:

Acstophenonethiosemicarbazons,:

2. Acetone~ 5 ~-phenylthiosemicarbaszone,-

onetophenone—<5-phenylthiOSemicarbazoner

8. Diacetophenonethiosarbohydrasone,:
Bis~dibenzyl ketone thiocarbohydrazone.-
A1l the above-mentioned compounds were found to be much
more stable than the carbohydrazones;. .in no case was there
any evidence of decomposition in alecoholic solution, even on

prolonged boiling.

1. When acetonethiosemicarbazone was distilled a2t its melting-
point{182°), an o0il collected which was identified as dimethyl-
ketagine., This was probably formed along with hydrszodicarbon=-

thioamide as follows: -

CHg : e):
JC:N:NH-CS-NHg L
CHg H CHg
e = + NHo+*CS NH'NH-CS-NHg.
CHQ J CHS
DC:N+NH-CS-NHg T)C:N
‘CHg ) CHg

f

Ko hydrazodicarbonthioamide was isolated, the residue zafter
‘heating being dark and tarry., During the distillation there
wag abundant evolution of asmmonia and hydrogen sulphide,

.indicating decomposition of the hydrazodicarbonthioamide,

o o~ o it it

.Acetophenonethiosemicarbazone 414 not decompose when heated
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at its melting-point(108°),but when the temperature wes raised
to 185° ammonia and hydrogen sulphide were evolved and there-
after the decomposition proceeded freely. From the residue
after cooling there was extracted methylphenylketazine, but
there was no trace of any hydrazodicarbonthioamide.
When the decomposition was attempted at temperatures below 185°,-
the product eonasisted of unaltered acetophenonethiosemicarb- '
“az§nevalong with varying esmounts of the ketazine
3. . Acetone-~ é ~phenylthiosemicarbazone and .acetophenone-— d -phenyl -

thiosemicarbazone decomposed in a similar manner when heated

at their melting-points.

o
Q
]

Re -
R?G:N:NH-CS-NHcaﬂs
. : + = + CgHgNH-CS-NH+ NH-CS:-NHCgHg
R}c:x&nnwcstuﬁceﬁs
i
!

)

o
-\
Q
2

‘The ketazine was obtained in each case, but the only other
products were aniline and hydrogen sulphide. It thus apoesared
that the hydrazodicsrbonthiophenylaside first formed decomp-
osed in two directicons as desoribed by Busch and Schmidt(Ber.,
1918,48,2243)..
CoHgNH-CS-NH-NH«CS-NHCaHy .= CgHgNHgy .+ NH~=N:
CegHsN: G+8+C+SH

and .
CaHgNH*C3-NH -NH-C8+NHCgHg .= HeS ¥ NH-—-—NH

CalHgN:C-8+C: NCgHgpg

Neither of these 80lid products were isolated pure,
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3, Diacetophenonethiocarbohydrazone and bis-dibenzyl ketone
thiocarbohydrazone when heated at their melting-pointe decomp-

ogsed in a similar manner to the carbohydrasones: =

R ' i R R ‘ R
t+R-NHCS-NHaN: C: N NHg* N CS N: C
20t WeNH-CS NH-:N.C(R' 40N ° Gar

Lo ' R R [ * * R
R L}
«N! . . oN s N oNH-NH N: C
0 NaNE-Os-NHaN: O ACN CS-NH-NH (R'

! ]

The ketazine was isolated in each case, but the 4-aminodithio-
'urazole appeared to be completely decomposed, no other solid
product being obteinsd, Ammonie and hydrogen sulphide were
abundantly evolved during thevheattng.

-The foregoing reasctions were carried out at several differ-
snt termperatures, in the dry state and also in presence of a
solvent, but-the'results were not more succeseful.

‘ITa view of this,. the investigation was not carried further.
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1, Experiments with

6;PHENYLTHIOSFMICARBAZIDE, NHg-NH-CS-NHCgH5.

ot o o — o PV S S — —— L . . ———

0 ~Phenylthiosemicarbezide was prepared by the method of

Pulvermacher(Ber.  1894,27,81E5).

CHg o
Acetone-d - ﬁhenylth1osemzcarbazone, - >C:N-NH+CS-NHCgHs.
” 8 *

& -Phenylthiosemicarbazide dissolved in the minimum quantity
of hot alcohol was treated with acetone(slightly more than
1 m0l.), and the solution bailed under reflux for fifteen
minutes., The s501id which separated on cooling crystallised
from s2lcohol .in glistening plates, m.p.130°, It was soluble .in
slcohol, ether, benzene and chloroform, but,inaoluﬁle in water
-and light petroleum.- Only a small .amount was obtained by
sconﬁentnatibn'of the mother-liquors of the resction, the initial
gseparation being almost complete.- Yield 920%.:

Found: N, 20-38, 20-29%

C10H1sNgS requires N, 20-29%.

e e i e et o v e < -

CaH
JAcatopheuone-J-phenylthiosemicarbazowe,: ;Hﬁ>C:N-NHrCSiNH0335.:
: 8

d-Phenylthicaemicarbaztde was boiled in alcoholic solut—
ion with acetophenone(slightly more than 1 mol.) for half-an-
hour under rellux. The thiogsemicarbazone orystsllised from
the yellow solutionh on cooling, and a further orop was -

obtained by concentration of the mother-liquors.
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Reorystallisation from alcohol-benzene gave the compound as
pale yellow,: fine, prigmatic needles, m.p.185%°. It was soluble
4in aloohol, benzene and chloroform, sparingly soluble in ether,.
and .insoluble .in water and light petroleum. Yield 95%.-
Found:’ N,15+.80%- 8,11-91%

GysHysNsS requires N,15:81; 5,11-90%

————-———.,—--———.——-——-———_-——- - — e s

Sodium derivative of acetone-d~ phenylthiosemicarbasone,

D e e o sy Ay T 00 g s = —— - - - — - -

C:NeN:C(SNg).NHCgH5."
CHS> (SNa) -NHCgHs

To'acetone«J—bhenylthiOsenicarbazone-dissolved in hot
absolute alcohol was added sodium ethoxide(l mol.) in alcohol.
A yvellowish-brown solution was formed and .after ten minutes!
heating it was cooled, when it became still derker .in colour.
Attempts to isolate the derivative in a pure state, by pre-
eipitating with ether or light petroleum were unsuccessful.-
A white powder was obtained whicy'dtssorved inh weter forming
an alkaline solution.

Pound:’ Na,72:-0%

CloﬂlgNgSNa requires Na., 10-0%

It was -found that the alcoholioc solution sufficed for the

-deaired reactions of this substance;- .acocordingly, no further

.

.attemptas were made to isolate it in a pure atate.-
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Action of Esters of X -Halogeno-acids on the Sodiunm

derivative of Acetone- cS ~-phenylthiosemicarbazone.

1. Ethvl Chloroacetate, CHQCL'CO?CQHBQ

o o o

--——.————-——-——-.———--————— s o - —

cH NCaHs— GO
"ornenod i
CHs CHQ

Acetone—é‘-phenylthiOSemibarbazone was heated for five
minutes with sodium ethoxide(l mol.) in absolute alcohol.-
"Ethyl chloroacetate(slightly more than 1 mol.) was then added.
A vigorous reaction at once occurred, with the separastion of
a flocculent ysllow 'solid.” Heating was continued for half-an-
hour, and after cooling, the s01lid was filtered off and washed
yith warn water until free from sodium chloride(whioch wsas
-formed :and precipitated in the cgurse of the reaction).
Reorygtallisation from a large quantity of alcohol, using
.charcoal to remove colour,. gave the.compound ags fine, almoat
colourless nsedles, m.p.200°., It was soluble in alcohol,
ether, benzene and chloroform, and insoluble in water and
light petroleun.,  Yield 70%.-

Found:’ N,16-97, 18-93%

clgﬁlsts requires N,17..00%

A o, ooy i o = A

NCaHpg— CO
ocl TP

-2:4iﬁ£koto-3-pheny1tetnahyarothihzole,~ S by
H — — - — e - A T ——— 2

‘Phe above isopropylidene derivative was boiled under reflux

for three hours with concentrated hydrochloric acid; the
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golution was evaporated to dryness on the water~bath and finally
in an evscuasted desiccator conteining sode-lime over sulphurie
acid., Treatment of the dry residue with cold water remnoved
hydragine hydrochloride, which was identified by conversion
into bengalazine on treatment with benzaldehyds. The residue,:
which was gmall, crystallised from hot water in needles,m.p.143°%,
It was ‘spluble in alcohol and ether. From its properties it
19 evidently identical with the substance previously described
by Evers(Ber., 1888,21,975) and by Lange(Ber., 1879,12,8597).

Lange gives the m.p.148°,. but Evers gives 143° and polints out
that the substance exists in two erystalline forms, needles
and plates.

Pound: N,7-33%

.Caleulated for CgHnOaNS: N,7+25%

-Phe yield was small and could not be .improved;- exteasive decom=-
positioh appeared to take place during the hydrolysis, as
aniline hydrochloride was also found preseant .in the residue.-

‘This showed that rupture of the thiazole-ring had taken place.

2. Ethyl<quromo-n~butyrate, CHg*CHa*CHBR-COgCalHg.-

ﬁe;44pikata-g-phenyleg-cthyltgtrahydrothiagole-z-faobrabylidene-

-

kydrazone, . CHa NCGH5—*CO
T )c Ren c( ——bH-CaHs

,Acetcne~¢§-pheny1thibaamibarbazone was treated with sodium

-othoxide as before, and ethyl x-ﬁromo-ubhutyrato(sligbtly more
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than 1 mol.,) added., Sodium bromide was precipitated immediate-
1y, and after heating under reflux for hel f-sn-hour, was
filtered hot and washed with a little hot absoclute alcohol,

The ‘solid, which deposited from the filtrate and washings on
eooling‘recrysta11£Sed from alcohol in fine needles, m.p.131°,
It wes soluble in alcohol, ether, benzene and chloroform, but
ijmsoluble in water and light petreleum.- Yield 75%.-

Found: N,15-28, 15.38%

C1aH170N358 requires N,15+27%

S S o R R AR g D S T W SO SO S S D W D D T S} D NS G W P O T T G

NCgH x——CO’
‘2'4-Dtketo 3-phenyl q-ethyltetrakydrothtazole ocC ]
: - 8§ —~———— CH-Cglg

The fisoprobpylidene derivative was boiled under feflux for
three hours with concentrated hydrechlorie acid, On coolinyg,
the acid solution deposited .a small asmount of a solid which
.erystallised from hot water in feathery needles, .m.p.98°%.

Found: N,8-48%

C11H110aNS requires N,8-.-34%

‘This compound has not been previously desecribed.-

-Qu eveaporation to dryness, the acid-liguor gave a .residue

whioh consisted of hydrazine hydrochloride .(proved by cowersion
into bensalazine) toBether with some aniline hydrochloride.-

;As in the previous case, . the small yield of the thiszole

-eould not be .improved;.- the preseance 0f the aniline hydrochlor~
1de indicated rupture of the thiagole-ring.-

When the isopropylidene derivative was heated along with the
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theoretical amount of hydrochloric acid in a sealed tube at
150%, there was high gaseous preésure indicating extensive

decomposition.-

'8, BEthyl Phenylbromoacetate, CH(CgHQBr COaCaHg.:

. A i < 20 S A D g S U] o A Y W Y VSt b

2: 4~Diketo-3: 5—dzbhenyltetrahydrotkzazole-z-isobroﬁyltdenc-
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NCgHs—CO
hydragone, >c weweed 0" L

This reaction, ocarrisd out exactly as in the case of
ethyl chloroacetate, gave a flocculent precipitate which was
collected after fifteen minutes' heating, and washed with
warn water until free from sodium bromide. Recrystallisation
‘from acetone gave the compound as hair-like needles, m.p.189°.
It was soluble in ether, benzene, chloroform and acetons,.
‘aparingly soluble in alecohol, and insoluble in water and light
petroleumn.- Yield 7B%.-

Found: N,12-95,  12-97%

C1aH170ONgS requires N,l& -00%

-

ko ot e A i~y 0w

NCaH s~ CO
2: 4-Diketo=3: 5-diphenyltetrahydrothiszols, 0C s ,
.................... ———— §————CH-0aHp

The {sopropylidene derivative was hydrolysed as before,:
by boiling with concentrated hydrochloric acid.,” After twenty
minutes' heating., there commenced to be deposited a precipit—
ate of gelatinous appesarance.: The quantity graduslly incresased,:

and at the end of three hours, the solid was coliectod by
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-£f1l1tering the cooled solution.” Repeated cerystallisation was
necessary to obtain the compound pure; - from alcohol, it was in
the form of needles, m.p.173°, and was evidently identical with
‘the substance described by Wheeler and Johnson (]J.dmer.Chenm..
So.c.; 1902,:24,6890) who prepared it by a different method.:
As in the previous .cases, hydrazine hydrochloride was obtained
by evaporation of the.aaid-filtr#te,‘and was .1dentified in the

usual manner.

| et i <t 2t e ey = o - - e ey - -~
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s’ Experiments with

OA~PHENYLTHIOSEMICARBAZIDE, NHCeHg:NH-CS.NH,

& -~Phenylthiogsemicarbagzide was prepared by the method of

Fischer and Besthorn (4nn., 1882,212,8324)."

Having no NHz*NH group, this substance does not form
‘sldehydic or ketonic derivatives;- it was therefore used directly

for the resctions with ethyl chloroacetate,-

Reaction with Ethyl Chloroscetate:

(a) in presence of sodium ethoxide.

o -Phenylthiosemicarbazide in hot absolute alcoholiec solut-
ion was treated with sodium ethoxide (1 mol.) in alecohol.
A reddish~coloured solution was formed and after ten minutes’
heating, ethyl chloroacetate (slightly more then 1 moL)'was
added. Sodium chloride was immediately precipitated, and the
solution became still darker in colour., After half-an-hour
the solution was filtered hot;- the filtrate deposited no solid
on cooling, even after concentration, and when all the solvent
had been removed under reduced pressure, the regsidue was a dark,
tarry mass. This was redissolved in the winimum quantity of hot
absolute aleohol, and on cooling, a brownish-coloured solid
sepsrated.  Recrystallisation from alcohol gave colourless prisas,
@m.p. 200° (decomp.). These were identified by mixed m.p. test as

unaltered o¢-phenylthiosemicarbagide,
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(b) in pyridine solution,-
In the hone of obtaining a reaction between M -phenylthioasemi-
sarbazide snd ethyl chloroacetate, these substances (in molec-
ular proportions) were heated together for half-an<hour in
pyridine ‘solution. The solution became very 4dark in colour,
and no 80lid was deposited oh ceoling. Removel of the pyridine
under -reduced pressure gave a dark tarry residue,
Repeated crystallisation of this residue ‘from absolute alecohol
gave colourless prisms,. again identified as unaltered ™X-phenyl-

thiosgsenicarbazide.

- v " ‘o o} — -

vReaction with Chloroacetic Acid in aqueous solution,

¢ - Phenylthiosemicarbazide .and chloroacetic acid .(1 mol.)
.were boiled together in agqueous solution -for about two hours.-
The solution, which was yellow in colour, deposited a solid on
sooling, and as in the previoﬁs experimeants, this was found

to be unsltered -phenylthiosemicarbazide,-

~ - W D Dl A <l s D A e NP T S Y o A e
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Q. ' Bxperiments with

. NH
METHYLENETHIOCARRAMIDE, :cag<wﬂ>c;_-s,r

e e i Y U S e

- s e > =

Owing to its extreme insolubility, methylenethiocarbamide
.ecould not be .applied to thiazole-formation.:
Attempts .were made to form the sodium derivative in the usual
manner, but the substance did not dissolve even on prolonged
bailing with alcoholic sodium ethoxide.-
‘Tt was also -found to be .insoluble in pyridine, and the addition
of ethyl chloroacetate to the suspension, .4id not.cauée any
reasction,
‘hikewise, the thiboarbamidé‘failad'torpeaot-mith-ohloraaoetic

fseid.ih'aqueous‘solutiOnﬁweten on prolonged boiling.

- -
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4, ' Experiments with

CHo—NH
ETHYLENETHIOCARBAMIDE, [ ° >C: 8
_____________________ CH,—NH

‘Bthylenethiocarbamide was prepared by the method of
Hofmann (Ber., 1872,5,242). The m.p. of the substance was
found to be 198°%°, (Hofmann gives 194°.)

Found: N,27.45%

Calculated for CzHgNeS: N,27-45%

Y W e S o S T . T T " S o

' CHo—
Sodium derivative of ethylenetkzocarbadtde, é 2 ,)C SNa.-

To. ethylenethiocarbamide dissolved in hot absolute alcohol
was added sodium ethoxide (1 mol.,) in alecohol., There was no
change in the colour of the solution, and after ten minutes?
‘heating, the solution was cooled and attempts made to isolate
the sodium derivative. Concentration of the solution, or
precipitation with ether or light petroleum gave unaltered
‘ethylenethliocarbamide.

‘Tt was  found, however, that the alcoholic solution reacted
.with ethyl chloroacetate as though it contained this sodium
derivative;. accordingly, no further attempts were made to isol=-

-ate L4,
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Action of RBsters of .Chloroacetic acid on the Sodium

derivative of Ethylenethiocarbamide,

D D A 0P = AP D . . Y D P D A oy Y T ] W T oy T S A T P D v e T

Ethyl Chloroacetate.

oty o aun non

Ethyl 4: 5-Dikhydroiminazole~g-mercaptoacetate,-
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CHg—
H—

¢>c -S+CHg+C0gCaly.

An -absolute alcoholic soclution of ethylenethiocarbamide was
boiled for ten minutes with sodium ethoxide (1 mol.); ethyl
chloroacetate (1 mol.) was then added, snd boiling under reflux
continued for half-an-hour. The golution, after having been
£iltered from sodium chloride while hot, deposited 2 solid on
cooling. This so0lid crystallised from absolute alcohol in fine
needles. It commenced to decompnose, turning pink, at temperat-
ureas of 180° or over (dependingd oh the rate of heating), sand
melted . at 190° to a dark red liguid.:
‘Phe substance was very soluble in water and alcohol, but insol=
-uble in esther, benzene and light petroleun. The beat yield
(80%) was obtained byiusing'the'mihimﬁm quantity of elcohol in
.the reaction, as concentration of the mother-liquors caused 2
partial decomposition.- The additioh of 1light petroleum to the
mother-liguors caused the separation of a further small amount
of the compound.’

Found: N,14-98;- 8,17+18%

CyH1303NgS requires N, 14.98;- 8,17.02%

- s n - 2 Y D T D T P -
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The foregolng ester was boiled for two hours under reflux
with sodium hydroxide solution. A portion of the liquid was
‘then distilled, and ethyl alcohol was detected in the distill-
ate by the formation of icdoform., On acidifying the main
portion of the solution, hydrogen sulphide was evolved, and the
presence of mercaptoacetic acid,-CHg(SH)?COaH‘was proved by
Andreasch'a test, as follows:-

A portion of the solution was boiled uatil free from

hydrogen sulphide, cooled, and a very dilute solution of

ferric chloride added. Ammonium hydroxide was then added,:

and a deep reddish-coloured solution was produced, the

colour becoming still more intense on -shaking with aiv.

The presence of msesroaptoacetic acid showed that the sodiunm
hydroxide, in addition to hydrolysing the ester to the free
acid by removal of alcohol, had ruptured the molecule.-
It proved, however, the attachment of sulphur to carbon in the
scetic acid residue, i.e. the presence of {the group .+S:CHyCO5CsHsg
in the compound.-

Unsuccessful attempis were made to obtain the free acid

- CHg—NH
?H \G-SWCHQ-COQH by & milder ‘form of hydrolysis.
CHp—N#

-Boiling with water failed to hydrolyse the ester, whilst the
addition of the theoretiocal .amount of golBfum hydroxide in very
dilute solution caused the formation of mercaptoascetic acid

as before.:

P —— D o ) Ty -
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2. Methyl Chloroecetate, CHaCl+COaCHa."

. Y s D e e D~} U Ll D D U, D S A

Uethyl 4: 8-Dihydroiminazole-z-mercadioacetate,

FHe NI 5. o0, cOR0H
CHQ—N'f 2 2 8.

This substance was prepared in exactly the same manner
.8 the ethyl ester,,using methyl chloroacetate. It crystell-
iged from absolute alcecohol in fine needles, and showed -a
similar solubility to the previous compound.‘ It commenced to
decompose, turning pink, at about 170°, and melted at 1902 to
s red liquid.- As before, there was a tendency for decompos—
ition to occeur during cohcentration of the mother-liguors,:
.and the best yield (80%) was obtained by employing the minimunm
quantity of alcohol, the small second crop being precipitated
‘by the addition of 1light petroleum. |

“Found: N,15-95;- S,18-55%

CgﬁloOQNgs requires N,18510;- 8,18-40%

T —— . - -y --'——-—-—

On hydrolysis with sodium hydroxide solution, this ester
behaved in a similsasr manner to the ethyl ester;. methyl alecohol
and mercaptoascsestic acid were formed, proving the structure

asstgned to the compound to be correct.-

- - - . o 00 ot o > g

‘8ince the foregoing reactions did not result in the format-
fon of the desired dieyclic compound, various attempts were
made to bring about ring-closure of these esters by elimination

of aleohol.:
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The substances were heated with toluene, amyl alcohol or
-soivent naphtha (b.p.185-175°), but this treatment effected
no change éxcept‘a partial decomvosition of the esters when a
temperature of 180-170° was reached,
Owing to their insolubility in benzene,: a method of effeééing
‘ring-closure by heating in benzene solution with sodium (later
‘used with success in the case of other compounds, compars
page 81) was not available.

‘Reaction of Esters of Chloroacetic Acid on Ethylenethio-

carbamide in Pyridine solution.

L. — . - iy - it~ 4 - ——

With a view to obtaining the dicyclicvcompound,:it wag
‘decided to attempt a modification of the usual reaction, using
‘ethylenethiocarbamide direoctly, with pyridine to absord the

hydrochloric acid eliminated in the reaction.:

1. Ethyl Chloroacetate.

- - R i - v

»4 5-Dthydrozmznazols~2-mercabtoaceto 2-lactam, .

Ethylenethiocarbamide was dissolved in pure pyridine,. and
ethyl ochloroacetate (1 mol.) was added.vihe solution was boiled
-under reflux for half-an-hour,: the condenser being attached to
the reastion flask by a groumd-glass joint.- During the heating
the solution becams dark in colour, - No solid was deposited on

eooling, and the pyridine was removed by distillation under
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‘reduced pressure., The residue, which was a reddish-brown
gum, was-dissolved in a small gquantity of hot absoluts alcohol,
and on cooling, cryastals deposited,: Recrystallisation fronm
absolute alcohol gave the dicyclic substance as plates,m.p.1598°.
It was very goluble in water and alcohol, but inscluble in
other common solvents.

‘Found:’ N,19-75%

CsHgONaS requires N, 10.-72%

o o o iy T ot Y M —— i S oy o -

Phe yield wes only about 10%, most of the product being recove
ered from the alcoholic mother-liquors ag a resin, either by
concentration or the asddition of light petroleum.- fhis resin
would not so0lidify even on c¢ooling in a freegzing-mixture of
‘801id carbon dioxide and etber., Distillation of the resin
under the high vacuum of the meroury pump (less than 1mm.)
resulted in extensive decomposition, and from the tarry residue
in the flaek, only pyridine hydrochloride was isolsated."

A small quantity of the compound of m.p.159° was hydrolysed
with sodium hydroxide, and the presence of mercaptoacetic acid

was proved by the usual test.

Having obbained the diecyeclic compound, attempts were then
made tobhestablish its oconstitution definitely by preparing 1%
-from ethylenethidcarbamide and a different ester of chloroacetic

-acid, by eliminsation of the corresponding aleohol,
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‘2, Methyl Chloroacetate.:

The reaction in pyridine solution was repeated, using
methyl ehloroacetate (1 mol.), but after a few minutes' heating,
the solution became almost black. The resulting product after
removal of the pyridine was a2 tarry mass from which no solid
was isolated.

It was found that methyl chloroacetate forms an additive comp=
ound with pyridine much more rapidly than sthyl chloroacetats,:
~and the preferentiel formation of this additive compound probab-
1y accognted partly.for the failure of the desired reaction.
.#ith ethylenethiocarbamide.-

Modifications of the method in which alcohol~pyridine mixtures
wore used as the solvent, gave no definite results;- the
sabstitution of quinoline for pyridine in the original reaction

resulted in a similap dark tarry resgidue.-

3.  L-Menthyl Chloroacetate, CHgCl+ COpCypHyg

g s - - —

The reaction with this ester proceeded to all appearamces
in 2 similar manner to that with ethyl chloroacetate. On remov-
al of the pyridine a gummy residue was obtained, but thisg, on
recrystallisation from aslcohol, gave unsltered ethylenethio-

-earbamide,

4, n=Butyl Chloroascetate, CHgCL+-COgCy4Hp

Phe reaction with n~butyl chloroacetate, carried out in



exactly the same manner, gave a very small yield of the
dieyclic compound, and identity was established by means of a

mixed m.p. determination, when no depression was shown."

In spite of repeated experiments using ethyl chloroacetate
or n-~butyl chloroacetate, the lactam was obtained pure on two
occasions only. Farther attempts to prepare it led apparently
to the formation of complex mixtures from which none of the
c#mpound of m.p.159° could be isolated.

The great gsimilarity in the solubilities of this substance and
ethylenethioocarbamide practically rendered a separation from
unaltered ethylenethiocarbamide impossible.-

with solutiond of metallic salts, épch as mercuric chloride,
both the dicyclic compound and ethylenethiocarbamide gave

insoluble asaltse.

The formation of the dicyelic compound on these two occas—
iona, however, proved that alcohol had been eliminated in the

course.of the reaction, causing ring-closure.,’

D . P R v A At oy - e - - —
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B, Experiments with

CHo—NH
TRIMETHYLENETHIOCARBAMIDE, CH, >c:s,
““““““““““““““““““ CH o—NH

Trimethylenethiocarbamide was prepared by the method of
Schacht (4rch.Pharm., 1887,235, 461) .

———— D < VR -

Reaction with Ethyl Chloroacetate:

(a) in presence of sodium ethoxide.:

Trimethylenethiocarbamide in hot absolute alcoholic solut-
ion was treated with sodium ethoxide (1 mol.) in alcohol. After
ten minutes'! heating, ethyl chloroacetate (1 mol,) was .edded.
Sodium chloride weas immediately precipitated, and after half-
an=hour, the solution was filtered hot. The solid which depos-
tted from the filtrate on cooling, was recrystallised from
‘alcohol;- it melted at 207°, and was identified by mixed m.p.
test, as unaltered trimethylenethiocarbamide,

Evidently the ethyl chloroacetste reacted with the sodium
ethoxide alone, and not with the sodium derivative of the thio-

carbamide.-

(b) in pyridine solution.:

Ethyl.1;4:5:6-Tetrahydroﬁyrimidine-g-ucrcaﬁtoacctatc,

?Hg‘—NH

CH C+S+CHg- Sy
e // 2°C0aCaHp
CHg—N

frimethylenethiocarbamide and ethyl chloroacetate (1 mol.)

were heated together in pyridine solutioen for half-an-~hour.-
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On cooling, the dark-coloured solution deposited brownish-
coloured crystals. Recrystallisation from absolute alcohol gave
small colourless needles, which ocommenced to decompose about
200°, turning brown, and melted with complete decomposition at
258°,- The compound was soluble in water and slcohol, bdbut
insoluble in ether, benzene, chloroform, acetons and light
petroleum.  Yield 70%.

Found: N,18.77;- 8, 16-756%

CgH1¢0gN2S requires N,13:87; S,15:89%."

- S A — A A 0 — -

Hydrolyeis of the compound by heating with sodium hydroxide
‘solution gave ethyl alcohol and mercaptoacetic acid (by Andrea~
sch's test), agein showing rupture of the molecule in addition
‘4o the simple hydrolysis, but proving the presence of the group
‘8.0,

Owing to the insolubility of the compound in benzene, the
method of effecting ring-closure by heating in bengene solution
with sodium was again precluded,

In the hope of obtaining the dicecyelic compound, the resction
in pyridine solution was repeated, heating being continued for
two hours;- The same openfchain'compound was, however, obtained.

.88 the only procduct.




B, Experiments with

_ NH
0rtho-PHENYLENETHIOCARBAMIDE, Caa< . )Ci S
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ortho-Phenylenethiocarbamide was prepared by the method

of Lellmann (4nn., 1883, 221,9).

NH
Sodium derivative of o-phenylenethiocarbamide, 05H¢< 4>C~SN3

........................ e e e e e e 2 e o N

o0-Phenylenethiocarbamide dissclved in hot absolute alcohol
was treatedswith sodium ethoxide (1 mol.) in alcohol.,
A 8light darkening in colour took place, and after heating for
ten minutes, the solution was cooled.. The addition of ether
or light petroleum did not precipitéte any solid, but concen-
tration of the soluticon in an evacuated desiccator gsve an
almost white powder, It was washed with a little ether, and
dried in a desiccator over sulphuric scid, It was completely
soluble in cold water, forming an alkaline solution.-

Found:’ . Na,13:87%

CypHgNaSNa requires Na, 18-27%

Aotion of EBsters of X ~Halogenow-acids on the Sodium

derivative of o-Phenylenethiocarbamide.-

w—— —— ot et et et

1. Ethyl Chloroacetate.:

67

. H
‘Ethyl Bensgiminazole-z-mercaptoacetate, GGH;<§/>G~S-CHQ~COQGQH5y

o~Phenylenethiocarbamide dissolved in hot absolute alcohol
was boiled for ten minutes with sodium ethoxide (1 mol.) in

slcohol;- ethyl chloroacetate (1 mol.) was then added.
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Sodium chloride was immediately precipitated, and after heat;
ing for half-aen-hour, the hot solution was filtered. The fil-~
trate di1d not crystallise even after concentration, but the
addition of a small quantity of water when the solution was at
a moderate temperature caused turbidity, and on standing,
erystals separated., Further quantities of the s0lid were then
precipitated by the addition of more water.-
When freshly crystallised from ether-light petroleum or aqueous
alcohol, the substance melted at 78°, but almost immediately
a change ococurred, and the m.p. was indefinite., After a very
few minutes, however,. the m.p.was again sharp at 97°, and this
modifiocstion of the compound, rhombie prisms, was quite stable.
Phis may be a c¢sase of dimorphism, but the change was too rapid
to permit of investigation.:
The gsubstance was very soluble in alcohol, ether, beanszene,
ehloroform and sascetone, very sparingly soluble ih light petrol-
eum, and insoluble in water.

Found: N,11.88, 'S,13.-72%

011H1203N38 requires N,11.88;- 8,13-56%

:As in the case of the corresponding compound from ethylenethio=
carbamide, the best yield (85%) was obtained by ueing the
minimum quantity of alcohol for the reaction, .as durihg concen=—
tration of the aqueous-alooholiec mother-liquors, a hydrolysis

.appeared to take place, (compare page59 ).
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2. Methyl Chlorosacetate.-

——— o — vt v o v

NH
Yethyl Benziminazole-z-mercaptoacetate, CQH4<NI>C°S'CH§'COQcHsf

- s - — -y -

This reaction was carried out in exactly the same manner,
using methyl chloroacetate (1 mol.).- As before, the product
crystallised on diluting the alcoholie solution with water,

‘Fhe compound showed & similar solubility to the ethyl ester,
and a similar peculiarity of m.p.- When freshly crystallised
from etherslight petroleum or aqueous alcecohol, it melted at 72°,
and in a very few minutes, changed to the stable form, rhombiec
prisms, m.p.83°.- Yield 80%.

Found: N,12-58;-'8,14-38%

Ci0H100aNpS regquires N,12-81;. 'S, 14+38%

o — ———— —— — - - - i e i - — -

‘A in the case of the ethyl ester, concentration of the aqueous~
‘alcoholic mother-liquors did not give a further yield of the
compound.-

In both caeses, the s0lid obtained by éoncentratibn of these
mother-liquors was of high m.p. (210 to 220°). It appeared

that the esters had been hydrolysed to the free acid
NH, . . .. )
,c,H4<Né>c-s-cHgocogH, and 8 subsequent experiment, in which

this acid was obtained pure, confirmed this view. (compare

page 89 ),

- c——

Hydrolysis of the esters with sodium hydroxide solution or

concentrated hydrochloric acid did not lead to very definite
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results,: Heating with sodium hydroxide solution for seversal
hours did not decompose the compounds to mercaptoacetic scid,
a8 was expected by analody with the corresponding derivatives
from ethylenethiocarbamide. Acidification of the alkaline
golution caused the precipitation of the same high-melting
80lid mentioned before;- it was, however, very impure.

-Further experimental evidence confirmed the presence of the
group C+8:C in the esters, Neither ester developed any
noticeable blackening on heating with very concentrated sodium
hydroxide solution and the subsequent addition of a 1lsad salt,
.whilst o-phenylenethivocarbamide under these conditions produced
strong blackening.,

Whilst potassium permanganate solution was rapidly reduced by
o—phenylenethibcarbamiae, there was scarcely sny action with
.the esters,-

‘There was no indication that the esters formed a disulphide on
treatment with iodine.

‘Thusg, the group C:S present in o-pheaylenethivcarbamide appeared
to be absent in the esters, droving the alternative structure

with the group C-S+C to be correct.:

i - o -

Hydrolysis with conceantrated hydrochloriec acid was carried
out under various conditions of time, temperature and pressurs,
‘but in each case the solid product was of indefinite m.p., and
repeated crystallisation did not give the substance pure.,-

‘The results of the analysis of the purest sample obtained
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indicated it to be benziminazole-z-mercaptoacetic acid,
03H4< C S- CHQ CO2H, but both nitrogen and sulphur values

were low,” The propertiess of the substance indicated it to be
an scid, It was solubls in sodium hydroxide solution and was
reprecipitated on acidification (this 414 not serve as a method
o!‘purifibatibn);vit was also very. goluble in pyridine.

It formed s silver salt which was purified and analysed, but
again the snalysis differed somewhat from the theoretical
value. The acid was subsequently obtained pure by the inter-
action of o-phenylenethiocsarbamide and ochloroacetic acid in
aqueoits solution (ecompare page 89), and no further attempts

weres made to obtain it by the hydrolysis of its esters.

A O S ety s i o S -

Action of Sodium powdar on the Esters in Benzeue solution.

——" . — - ———— — — " o - - Eaad

An attempt wzs made to obtain the diecyeclic compound by
heating o-phenylenethlocarbamide and ethyl chloroacetate together
in pyridine solution; no reaction took place, however, the
o-phenylenethiocarbasmide being recovered unchanged.

Abttention was therefore directed to the possibility of removing
1 moleculs of alcohol from the open=chain esters by means of

sodium,
co——CHe
‘Bgngimznazolc z2-mercaptoaceto- z-lactam, 03H4< >C———S

Sodium powder in excess was added to a hot benzene solution

of ethyl benziminazole-2-mercaptoacetate, and boiling under
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reflux on the water-bath continued for half-sn-hour.
A slow effervescence took place and a deep~yellow gsolid was
‘deposited. The benzene solution was decanted, filtered and
evaporated to dryness;.giving a s0lid which crystallised from
alcohol in prismatic needles, m.p.181%°, Tt was soluble in
slecohol, benzene and chloroform, but insoluble in water, ether
-aﬁd light petroleun. Yield 25%.
In addition to the ordinary analysis, s determination of
molesular weight was made, by the ebullioscopic method in
benszene.:

Found: N, 14-88;- S,18-28%;- ¥, 187

CoHeONgS requires N,14:73;- S,18-84%;. ¥,190

- - D o o - onp “uy - o

‘It was not -found possible to increase the yield of the dieyelic
compound above 25%.- The yellow solid‘cgntainihg the exocess of
godium was sxtracted several times with hot benzene, but on
evaporation the benzene gave no residue.-

Variations of the method with respect to time were less success—
ful;- 41t was found, however, that by carrying out the reaction
‘with ¥ery gentle boiling the formation of the yellow s0lid was
minimised. The benzene solution then gave a residue consisting
.0f the dieyelic compound along with a considerable amount of
unasltered ester. Crystallisation from alcohol easily brought
abput e separation; the lactam was deposited pure, while the
ester, owing to its. great solubility in slcohol, remained in

golution. It was subsequently recovered by the addition of
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water to the mothér-liquors, and could then be treated with
sodium to give a 25% yield of the lactam.

The yellow substance formed in the course of the reaction:
ecould not be readily separated from the sodium ethoxide and
excegs of sodiup powder, and as it was obviously not the di-

eyelic compound, it was not further investigated.

Similar treatment of methyl benziminazole~2-mercaptoacetate
.with sodium powder gave a 25% yield of the same dicyclic comp-
ound;- this definitely proved that ring-closure had taken place
by elimination of ethyl or methyl alcohol.

Hydrolysis of the lactam with alkali or acid did not form
mercaptoacetic acid, but the same impure acid as was obtained

by the hydrolysis of the open-chain esters.

- o . . - UL V-

8.  Ethyl & <Bromopropionate, CHg -CHBr:C05CsHd5s.

D i it AR B D D D A D S~ D L D Y T S o

Ethyl Bensiminagole-2- K- mercabtobroﬁzonatc

—— e — - - ey - - - -

NH
Ce H’¢<N)C -S-CH(CHg) +C03CaHs

o~Phenylenethiocarbamide was treated with sodium ethoxide
(1 mol.,) and ethyl X-bromopropionate (1 mol.) in the same
manner as in the previous experiments using the esters of chloro-
acetic acid. The product of the reaction crystallised from the
diluted alcoholic solution; after drying, recrystallisation
from ether-light peﬁroleum gave prismatic plates, -

As wag the case with the previous members of thisg series, the
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present compound appeared to exhibit aimorphism,»and for a few
minutes after crystallisgation, the m.p. was indefinite;. the
m.p. of the stable form was 100°. It was soluble in alcohol,
ether, benzene and chloroform, but insoluble in water and light
petroleum. Yield 90%.

Found: N,11:27; 8,12:78%

C12H31405N3S requires N, 11.20;- 8,12+80%

- s ——— - Y T8 R Y D D Ay VG Y B Y U D D D D Al R~

Hydrolysis of the ester with sodium hydroxide solution 4id mot
csuse the formation of xX~-mercaptopropionic aecid. The addition
of a lead salt to the slkaline solution caused no blackening,
indicating the sbsence of the group C: S,

Boiling with concentrated hydrochloric acid appeared to

hydrolyse the ester to bengiminazole-2-X -mercaptopropionic acid,
NH\ , .
GgH4<N/¢C~SoCH(CHsl-COQH.‘ It was, however, very impure,. and

was obtained pure in the eourse of a subsequent reaction (compare

page 85),

. T o o UD r y R am  —  —

Action of Sodium on EBithyl Benziminszole-2-K -mercapto-

propionate in Benzene solution.

-y s iy - o —

In the expectation ©f obtaining ring-closure with this ester
..in the seame manner as with the‘previbus-compOUndshof the series,
1t was heated in benzene solution with excess of sodium powder.
A similar yellow solid was formed, but the quantity appeared
greater than in the previous reactions, After heating for

half-an-hour under reflux, the bensens solution was filtered and
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evaporated;- theresidue, which was almost negligible in quantity,
wag found to be unaltered ester. Evidently the entire product
of the reaction was mixed with the excess of sodium ponder;.
it was gquite insoluble in bengenes, and attempts to extract it
with other solvents (which would have no action on sodium) led
‘4o axtensive charring.-

In order that the s0lid mieht be more easgsily removed from
the excess of sodium, the reaction was repeated using sodium in
the form of wire instead of powder. The reaction proceseded more
.sléwly and the yellow s0lid which appeared was occasionslly
detached from the sodium by means of a glass rod, in order to
exXpose fresh surface of sodium. After one and =2 half hours, the
benzene was decanted, filtered and evaporated, giving, as before,
only a trace of unaltered ester.- The entire residue was dried
in an evacuated desicoeator, and the most of the sodium mechanic-
.81ly removed, The remainder of the §olid was then dissolved in
warm absolute alcohol and & few drops of concentrated hydrochlor-
jec acid added to neutralise the sodium ethoxide.  The small
.amoitnt of sodium chloride formed was filtered, and the filtrate,
.on cooling and concentrating in a desiccator,deposited .a solid
which. crystallised from absolute alcohol-light petroleum;-
1t melted at 179°(decomp.) and was soluble in water &nd alcohol,:
but insoluble in other solvents.

Found: N,12-48; S,14-48%

cioﬁioOQNgSArgquiras N', 12‘61; 3, 14'41%

- o -

- . o o s
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The acidic properties of the compound and the analysis

indicated it to be bensziminaszole-2-x -mercaptopropionic acid,
NHy\ _ . .

CQH4<V4¢C’S'CH(CH8)°COQH which was previously obtained impurs
A .

by the hydrolyeis of its ethyl ester (compare page 84).

It would sppear that this acid could only be formed in the
.eourse of the foregoing reaction by the hydration of the
dicyeli¢ compound, as without doubt, the sodium had reacted
with the open-chain ester., It was thought that the aqueocus
hydrochloric acid used for neutralisation had probably brought
this about, and it was descided to modify the method, using
dry gaseous hydrochloric acid to neutralise the sodium ethoxide.

Thé~reaction was carried out as before, and after removing
as much as posgsible of the excess sodium, the residue was
.dissolved in absolute .alcohol. Into this solution was passed
.dry hydrochloric acid ges until the solution was neutral.
NegtralisatiOh wasg atténded;by the formestion of an extremely
disagroeable odour resembling mercaptan, even when the resction-
‘vesgel was cooled in a freezing-mixture, After filtering off-
the precipitated esodium chloride, the solution was concentrated
in an evacuated desiccator, and the ultimate residue was .a
yellowish gum which did not become solid. Acetone was found to
be the only suitable soclvent for crystsllisation, and two
recrystalligsations gave the .compound as a white, almost asmorph-
ous powder, m.p. 118-119°%;. it was very soluble in water, forming

an .acid solution, very soluble in aleohol and chloroform, and
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insoluble in ether, bhenzene and light petroleum.
‘The molecular weight was determined by the ebullioscopic method
in chloroform.

.Found: N, 10-338% ;- ¥, 112.

—~ —— — 8 > D o -

The analysis does not agree with that of the dieyeclic
compound, which requires N,18-73% and ¥, 204.-
The low nitrégen-~content and the low molecular weight indicated

it to be & decomposition product.,. It was not identified.:

.4, Ethyl (= Bromo - butyrate.

Ethyl Benziminazole-z-oX -mercapto-n-butyrate,

© S s S et iy o, <o S A W T Ty e S . AR D S WA O PSP R TER G e WA S S S P U W S

N . |
Cot o DC-8+CH(Calls) +COaCaHs.

Carried out in the usual manner, using ethyl ot =bromo=-n-buty-
ate, the reaction gave a compound of similar properties and
golubility. The phenomenon which may be dimorphism was again
shown. The substasnce crystallisesd from ether-light petroleum
‘in long prismstic needles, m.p.(in stable form) 108-109°
Yield 90%.

Found: N, 10-838;- 8,12-30%

C1sH1803NsS requires N,10-80;- 8,12-12%

- o ey o — " ot o — ——.——u——-——-——-—-———

As with the previous members of this series, the present
.compound was not decomposed to the mercaptoacid by boiling with
gsodium hydroxide solution; the subsequent addition of a lead salt

produced no blackening.
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Hydrolysis with hydrochloric acid 1led to s more definite

result with this ester,

Benziminazole~2- «-—mercabto-n-butyr;c acid,

A e O v - P s S e <o B

NH
Cell 4<N/\c ~S+CH(CgHp) + COaH."

The foregoing ester was boiled for hslf-~an~hour under reflux
with concentrated hydrochloric acid, and the solution evaporated
b0 dryness on the water-bath and finally in an evacuated desice-
ator with soda-lime over sulphuric acid., The .s0lid residue
erystallised from hot water in ¢glistening plates, m.p.178°(with
decomp.). The compound was soluble in water and alecohol, but
insoluble in ether, benszene, chloroform and light petroleum.

It had all the usual properties of an .acid.
-Fotand: N,11-92;- 8,13.74%

ClingOgNgS requires N,11+87;- 8,13:68%

Attempts were made to effect-ring—ciosure by heating this
acid with acetic anhydride or anhydrous oxalic acid, but these

.were unsuccessful.

- -~ - - T o | N " - — . — > S -

Action of Sodium on Ethyl Benziminaszole-2-XKX —mercapto-

n-butyrate in Benzene solution.-

- . A P S e o -

Uneuccessful attempts having been made to bring about ring-
closure of this ester by heating in benzene solution with
phosphoric anhydride, the benzene solution was heated with

excess of sodium wire, in the same manner as in the case of
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athyl bpenziminazole-2- &K -nercaptopropionsate.-
A similar yellow s0lid was formed, and the benzene solution on
‘evaporation gave a trace 6f unaltered ester only. The separ-
ation of the excess of sodium was effected as before, and the
.residue dissolved in sbsolute alcohol. Weutralisation wi'th
gageous hydrochloric ecid again caused the formation of & very
disagreesable odour. The product of the reaction was .also
similar.to the previous one, and was obtained from hot acetone
a8 .a white smorphous powder, m.p.120°,- Mixed m.p. determination
showed it to be different from the compound of m.p.118° which
was obtained from the other ester.:

.Pound: N,9:+88; 8,10+22%

Phe substance was not identified.-

— — — — oy - -

Action of Chlorocacetic Acid on o-Phenylenethiocarbamide

in Aqueous solution.-

, . NH
.Benziminazole-z-mercaﬁtoacet:c acid, 0354<N/>G-S-CHQ.CQQH,

- ——

o-Phenylenethiocarbamide was dissolved in hot water along
with chloroacetic acid (1 mol.), and the solution boiled under
freflux for three hours. The crystals which separated on cooling
were collected; the m.p. was .indefinite, being over the .range
190~210°.- The substance was soluble in water and aleohol, but
insoluble in other solvente., Recrystallisation from water or

alcohol did not at first greatly improve the m.p. .which
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contihued over a range of several degrees. It was found,
however, that the first crop of crystals which separated from a
hot sagqueous solution were needles, m.p. 218°(decomp.) .although
‘the remainder of the crop still appeared to be a mixture, meltw
ing unsharply.’

Analysis of the compound of m.p. 235° showed it to be the acid
which was previously obtained impure by the hydrolysis of its
.esters,{compare pages 80 and 81). |

Pound: N, 18+48%

CoHaOpNsS requires N, 13-48%
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. Experiments with

CO—NH
972ho-BENZOYLENETHIOCARBAKIDE, -CBHKNE_&S

ortho-Benzoylenethioccarbamide was prepared by the method
of Rupe (Ber.;, 1897, 30,1089).

- o o -

Reaction with Bthyl Chloroacetate:

(a) in presence of sodium ethoxide.:
o-Bengoylenethiocarbamide dissolved in absolute alecohol was

treated in the usual manner with sodium ethoxide (1 mol.),and
after ten minutes' heating, ethyl chloroacetate (slightly more
than 1 mol.,) added. Sodium chloride was at once precipitated,
.and after heating for half-an-hour, the hot solution was filter-
ed. No solid deposited from the filtrate sven after concentrat~
ion, and when all the solvent had been .removed by allowing to
.gtand in an evacuated desiccator, a2 pale-ysllow, mobile oil
remained, This was distilled under the high vacuum of the
mercury pump -(less than imm.); two main fractions were obtained,
and these were separately .analysed,

(1) b.p. 104-105°;  Found: N,8:93; 8,12+55, 12:58%

(2) b.p. 108-107°;. PFound: N,8:91;  8,10-14, 10-38%
Whilat the nitrogen value was the same for both fractions, the
‘sulphur values were widely different, .indicating that the oil
wes a mixture which could not be separated into its components
by distillation. None of the anslytical -results agreed with

those .required by either of the probable products of the
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-reaction,

6o —NH
Cal L 20+5:CHp-COoCoHs requiTes N,10:805- §,12-12%

CO—CHg
co—-n < | ,

,03544\‘\\N470——-s requires N, 12:84;- S,14+88%
Hydrolysis of a small quantity of the 01l by boiling with
‘g0dium hydroxide solution gave mercaptoacetic aeid (by Andreasschts

test), indicating the presence of & substance containing the

Ce8-C group.

The original experiment was repesated, on this occasion with
not more than 1 mol, of ethyl c¢hloroacetate, and the oil distill-
.ed under vacuum as hefore., The side tube of the distilling-
flask was filled with smaell pieces of glass tubing to act as a
fractionating column,- TFhe fractions obtained were:-

(1) b.p. 104-105°

(2) b.p. 108-107°

(3) b.p. 110-111°;- Found: §, 11.35%.

(4) b.p. .above 115°
‘Phe fraction of b.p. above 115° was prepared for a further
fractional distillation, and when air had been bubbling through
the 0il for a few minutes, a small quantity of a ocrystalline
‘8011d separated., The quantity did not increase on longer stand-
fag nor on cooling in a freezing-mixture. The solid was
collected, and recrystallisation from absolute alcohol gave

fine needles, m.p.149%;: it was soluble in alcohol and benzene,
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.and sparingly soluble in light petroleum.-
.Found: 3,12-00%

019H1303N38 requires 8,12+12%

-Anslysis showed the compound to be ethyl g-keto-g: g4-dihydrs-

CO—NH
guinagoline-z2-mercaptoacetate, 03H4<\§“~ ¢>c S+CH5+C03CgH5.

Noe further quantities of the substance were obtained.:

———— ) - e — vty

Action of Sodium on the 0il in Benzene solution.

In the hope of obtaining the dieyeclic compound, some of the
0il obtained in the reaction with ethyl chloroacetate was heated
in benzene solution with sodium wire., Evolution of gas indio-
ated that a reaction wes taking place, but the mixture very

soon became dark and tarry, asnd on examination gave no results,

o - - el : ar-an

(b) in pyridine solution.

Molecular quantities of o-benzoylenethiocarbamide and
.ethyl chloroacetate were boiled in pyridine solution.  The
golution soon became almost black in colour,  and removal of the
pyridine under reduced pressure left a black, tarry residue

whieh di4 not erystallise.
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8, Experiments with

THIOCARBOHYDRAZIDE,  NHg-NH-CS-NH-NHa.

Attempts were made to prepare this substance by the method
of Guha and Dé (J.Chem.Soc., 1924, 125, 1216), but although the
directions were followed in closest detail only traces at most
of thiocarbohydrazide were obtained;.- the most of the product
was, evidently, dithio-p-urazine. Variations of the method

were likewise unsuccesaful.:

Thiocarbohydrazide was prepared by the method of Stolle and
Bowies (Ber., 1908, 41, 1089¥.- Owing to lack of detail in the
paper, considerable difficulty was experienced in obtaining the
substance in quantity, but after repeated experiments, s process
.wag adopted whereby a satisfactory yield of thioccarbohydrazide

wag obfained ‘The method is desoribed in the Appendix (page 105).

A —— . o . R Y S - -

8

............ s
Phiocarbohydrazide was heated under reflux with a large
- exocess of dry scetone, After several hours all the solid had
dissolved, The solution was then concentrated, - and on cooling,
~erystals separated., Recrystallisation from absolute alcohol-
1ight petroleum gave the compound as prismatic plates, m.p.192°
(decomp.). It was very soluble in alcohol and scetone and
insoluble in light petroleum. Yield 90%.

‘Pound: N, 30-28%

Caloulated for CnpHiaNeS: N,80-11%

.
-
- - T S O e S . -
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Prolonged boiling in the preparation appeared to be necessary
to give the substance pure;. otherwise the product wag a mixture
of mono- and di-acetonethiocarbohydraszones, giving analytical

results for nitrogen which were high.-

. S S T o T T SO —— o T SO NS S Y S WOV W TR SO U VS W S A, -y T -

Calg
CHg

.B;QQetoEEenoEEEhiocarbohzéfzfggs, cg;:)o:NaNH-CS.NHwN:C<

Thiocarbohydragide was heated in alcoholic sudpension with
acetophenone (slightly more than 2 mols.). After a few minutes
a vellow solour developed and & clear solution soon resulted.
Almost immediatsly, however, erystals commesnced to separate,.
and soon the solution became almost solid., At the end of an
hour the mass was coo0led and the solid collected by filitration.
It crystallised froam alcohol-chloroform in very pale yellow,
finey prismatic needles, m.p. 199° with darkening in ocolour
from 175° upwards. It was very aocluble in chloroform, soluble
in bengzene, sparingly soluble in alcohol, ether and light pet-
roleum and insoluble in water,” Yield 90-85%.

Found: N,18-11;- 8,10.30%

Calculated for CynH4gNesd.: N,18.08;- 8,10-82%

These two thiocarbohydrasones have been~prgpared by Guha
and DE (J.Indian Chem.Soc.; 1926,2,225) by methods differing in
detail.  They give the m.ps.  of the diacetone and diacetophenone

derivatives as 195° and 1857 respeoctively.
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Bis- dtbsnzyl kBetone tkzocarbahydrazane,

-CgHg+CHg
CgHs+CHgo

CHg+CaHg
CHQ'CGHE

>C: N.NH-08.NH-N: <
‘Thiocarbohydrazide was heated with dibenzyl ketone (slightly
more than 2 mols.,) in alecohol until a clear yellow solution
regulted., The 830lid which deposited on cooling crystallised
‘from alecohol in fine needles, m.p. 148°.- It was soluble in
the usual solvents except water and light petroleum. Yield 90%.
Found: N,11.39;-  S,8:38%

Ca1HaoN4S requires N,11-48; S,8-53%

- T i o D Dt R e D D W R D P oy ) D . P D W W o B <
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CsHs0 20+ CH
areTe 2)0 N-NH-CSNH:NHs.

Thiocarbohydragide in absolute alcoholic suspension was
4reated with ethyl acetoacetate (1 mol.) and the mixture boiled
under reflux, After a foew minutes the thiocarbohydrazide
dissolved, and at the end of fifteen minutes?! heating the solut-
fon was cooled. A white. flocculent s0lid was deposited, and a
‘further small quantity was obtained by concentration of the
mother-liquors.” The eompound orystallised from alecohol in fine,
prismatic needles, m.,p.180°;. 1t was soluble in water, alcohol,
benzgene .and chloroform, and very sparingly soluble in light
petroleum. Yield 95%. \

Found: N,85-71;- S,14-87%

CqH14GgN4S requirea N,2E 88;- 8,14-68%

-
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On shaking an agqueous solution of the compound with benzal-
dehyde a yellowish solid separated;- this crystallised from
alecohol in small, almost colourless needles, m.p. 198°,
From its properties, analysis and by comparisom with an authentioe
-gpecimen, it was evidently identical with dibenzaldehydethio-~
carbohydrazone, CagHg+*CH:N -NH-CSNHN:CH-CgHs previously described
by Stollé and Bowles (loc.cit.).

Found: N,19-81%

Calculated for CyisHyeNgS: N,19.85%

- — oy s, A o T T — N " ——

The formation of this compound showed that the benzaldehyde

had preferentially displaced the ethyl acetoacetate reasidue,

Di(ethyl acetoacetate)thiocarbohydrazone,

D A < S P T T D A VP D T T B g oy " e D - > —

GQHBOQCQCHQ

CHg 00 5C oH
o 20t NN C8 Nz 0 8rviekens
b:]

CHg
Phiocarbohydrazide and ethyl acetoacetate (2 mols.) were
heated together in alcoholie solution under reflux. Solution of
the thiocarbohydrazide readily took place, and after one hour's

‘heating, the solution was cooled. No solid was deposited even
after concentration, and removal of the solvent in an evacuated
desiccator, gave an opaque syrupy liquid. This syrup would not
g0lidify by cooling in a freesind-mixture.. It was dissolved in
a benzene-light petroleum mixture and on cooling there separated
a very small amount of & crystalline solid, m.p. 150° (unsharp).
This =0lid, which was probably an impure form of the mono-deriv-

ative, was filtered off, and the filtrate concentrated as before.
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The pale~yellow oil which remained was now quite clear; it
d4id not so0lidify on cooling, and was well washed with light
petroleum (to remove any ethyl acetoacetate), dried and analysed.
It was soluble in the usual solvents except light petroleum.-
Yield 80%.
Found: N,18+98; S,9-:48%

c1332204n4s requires N,18-97; 8,9-70%

Ag in the case o0f the moho~derivative, treatment of this
compound with benzaldehyde gave dibenzaldehydethiocarbohydraszons,-
both ethyl acestoacetate residues being displaced.-

In order to find & suitable thiocarbohydrazone to react in
presence of godium ethoxide with esters of & -~halogeno-acids,
trialfexperimentS'were made with the two most conveniently
‘formed -~ dibenzaldehydethiocarbohydraszone (Stollg and Bowles,
loc.cit.) and diacetophenonethiocarbohydraszone.
0t these, the latter gave the most favourable result with
ethyl chloroacetate, and it was employed throughout the series

of reactions. The sodium derivative was obtained pure.-

—— —— i i vy . -

Sodium Derivative af Dxacetaphenonethtocarbohydrazone,
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g ;14
Co f)c NeN:ZC{SNa) -NH-N: c( GeHe

Ha
Sodium ethoxide (1 mol.)‘in alcohol wags added to an absolute
alcoholic suspension of diacetophenonethiocarbohydrazone;

A clear yellow sclution was formed end after -hezting for ten
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minutes the solution was cooled.: The asddition of dry ether
cauged the precipitation of a pasle-yellow solid; - this was coll-
ected, washed with ether, and dried in an evacuated desiccator
over sulphuric ascid.,- It dissoclved in water forming an alkaline
solution.

Found: Na,B8%90%

CinH17N4SNa requires Na, 6 +938%

:As in previous caseg, it was unnecessary to isolate this deriv-
ative for the purpose of the reactions.:
Action of Egsters of ¢ -Halogeno~acida on the Sodium

derivative of Diacetophenonethiocarbohydrazone.

1. Bthyl Chloroacetate.-

D A G Y Y D e A . =

~3-Phcnylmethylmothylcneamzna 2: 4-d=kotot¢trahydrathzasole-

—

e-ﬁhenylmethylmethylenehydrasone
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CeH CeH
;H5>C:N~N:? wa:c(C; i
? 8+CHg GO 8

Discetophenonethiocarbohydrazone was boiled for ten minutes
with sodium ethoxide (1 mol.) in alcohol, and to the warm
solution ethyl chloroacetate (very slightly more tham 1 mol.)
-added. Sodium chloride was immediately precipitated, and after
heating for half—anbhour was filtered off and washed with s
1ittle hot sbsolute alcohol. The filtrate and washings on
cooling deposited a yellowish solid which orystalliised from

alcohol-~benzene in colourless needles, m.p. 176°. It was soluble
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in alcohol, ether, benzene esnd chloroform, but insoluble in
water and light petroleum. Yield 80%.-

Found: N,16.985;- S,9.27%

C10H130N4S requires N,18-00;- §,014%

- o D~ s D o D Vo < ol el A L D Ve SO Tt il "} R ) S S D < T~ A A A

g=-Amino-2a: 4-dzketotetrahydrathzazole 2-hydrasone Dzhydrochlor1de

?-NHQ,QHCI
+CHg-CO

The foregoing compound was boiled under reflux for about
“ten minutes with a slight excess of N-hydrochloric acid.:
‘Acetophenone was liberated and remained as an oil from whicech the
aqueous portion was decanted;. final traces of acetopgenone were
" removed by ether<extractiton when cold. The aqueous portion was
-gvaporated to small-bulk under reduced pressure,. . and finally to
dryness -in an evacuated desiccator with soda-lime over sulphurio
aoid,” The residue was a crystalline, extremely deliquescent
solid which had to be manipulated in a dry atmosphere,
The m.p. was indefinite,

.Found: S,14+-49%

G4HBON4S 2HC1 requires S,14+81%

D D A i ~m s o et e~ —

‘The dibensylidene derivative, CaqHg:CH:N-N:C N+N:CH-CgHg,
{
é°CHg¢CO

"was prepared by shaking an aqueous solution of the dihydrochlor-
jde with benzaldehyde. The product crystallised from alcohol in
glistening plates, m.p. 138°;. it was soluble in alcohol, ether

and benzene, and insoluble in water and light petroleum.:
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Pound: N,17.55%

CyiwHy ON4S requires N,17. 39%

Attempts to liberate the free hydrazone by treatment of the
dihydrochldride in aqueous solution with sodium carbonate
-regulted in decomposition.

The hydrazone was subsequently obtained in a faiprly pure by a
different reaction (compare pade 88).-

A D D T A D D el Y D Y L S W D~ iy S -

cg=Amino~2: y-diketotetrahydrothiazole Hydrochloride,

?O' ?'NHQ,HCI.
Se+CHg+CO

The hydrolysis of the compound of m.p. 175° was carried a
‘gstage further by boiling in an open vessel for about half-an-—
hour with concentrated hydrochloric acid. Mosgt of the liberated
Aacetophenone volatilised, and final traces were removed by
ether-extraction when cold. 'The sacid solution was evaporated
to dryness on the water-bath and finally in an evacuated desice- '
‘ator with soda-lime over sulphuric acid, The residue, after
being washed with dry ether, was extracted with a little hot
absolute alcohol; hydrazine hydrochloride:(proved by conversion
into benzalazine) remained undissolved., ‘The alcoholic extract
on evaporation in a vacuum over sulphurlec acid gave a highly
deliquescent solid which was dried for several days in a vacuum

over phosphoric anhydride.” The m.p. was indefinite.
Found: 8,19+09, 18:99%

CsH40aN5S,HC1 requires 8,18-99%
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‘The hydrochloride was obtained in good yield, but attempts

‘to liberate the free base were unsuccessful,

The bengylidene derivative,: CO N N:CH-Oeﬁg,-was prepared
S CHQ’CO

‘from the hydrochloride by shaking with benzaldehyde in aqueous
solution; it crystallised from alcohol in fine needles, m.p. 158°%,
and was insoluble in water, ether and light petroleun.

Found:’ 5,14-80%

CloHaOgNgs requires S,14-54%

-————---—-—-

2, Bthyl &« -~Bromopropionate.

A U O . T S ~ A T -

g-Phenylmethylmethyleneamzna ~2: 4~diketo~-ns-methyltetrahydrothiasol e~

D M~ i s ] L D s D T S W D e ) AR T D Y T A D TP P G U AR WD U TP W s S A S A S A 000 iy i N GO W D S

g=phenylmethylmethylenehydrazone,
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‘é-CH(CHsy-éo

‘This reaction was carried out in exactly the same manner as
in the case of ethyl chloroacetate, using ethyl oA -~bromopropion-
ate(just more than 1 mol.). After removal of the sodium bromide
the solution deposited a solid on cooling., It showed a similar
solubility to the previous compound, and orystallised from alcohol
in prismatic needles,fm.p.'150°.- Yield 80%.

Found: N,18-45;-'S,8-87%

CaoHsoON48 requires N,18:38; S,8:79%

~Hydrolysis of this compound d4id not lead to very definite

results;. there was apparently no sharp distimotion between the
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sction of dilute and concentrated hydrochloric a2cid as in the
case of the‘first’member of the series.

Hydrolysis with N-hydrochloric acid removed acetophenone as befors,
but concentratjon of the aqueous liquor gave a mixture containing
hydrazine hydrochloride, showing that the hydrolysis had been
earried beyond the first stage. Owing to the deliquescent natute
of the hydrochlorides, it was not possible to effect a separation.,
-Repeated experiments showed that even extremely dilute hydrochlorie
acid removed some hydraxine in addition to acetophenone, and the
analytical results of the hydrochlorides obtained varied in esch
experiment.

‘Hydroly91s with concentrated hydrochloric acid d4id not give
the 3-dmino-2:4-diketo-f-methyltetrahydrothiazole hydrochlqride
as expeoted, The thiassole-ring appeared to be completely broken,
and the products were hydrazine hydroochloride,. asetophenone, and
an 01l which was identifiedas&-mercaptopropionic acid,.
CHg+CH(SH) «CO2H by its colour reaction with ferric chloride
solution.

Repeated experiments with varying strengths of acid failed to

.give the necessary conditions for the formation of any one of

the hydrochlorides saslone,
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8.  Ethyl « -Bromo-n-butyrate.
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Cels
CHa

Cels

NeN: ¢ ————N.
>e: ¢ N: c<caa

s CH(CoHg) » co
The reaction was carried out in the usual manner with ethyl
X ~bromo-n-butyrate, and the product was deposited from the
alecoholioc filtrate on cooling. It showed a similer solubility to
the previous compounds of the series, and crystallised from
slcohol in needles, m.p. 110°, Yield 90%.
Found: N315-04;-S,8-42%

CoqHaa0N4S requires W, 14:81; S,8+47%

- — o {—— N —— WA .y S e W W — S . V2 ey~ e S g et e D

4. EBthyl Phenylbromoacetate.

—

'3-Dhenylmetkylmethylcneamzno 2,4-d1@¢to-5—pkenyltetrahydrathzaaole-
‘aephenylmethylmethylenehydrazone, V

Cgﬂ"s

C:N-N: C——————N N: c{
CHg

§.cH(CoH's) - CO
The resction was carried out as before, using ethyl phenyl-
bromoacestate;- in this case, the product of the reaction was more
goluble in aloohol than the previous compounds, and further orops
‘were obtained by concentration of the mother~liguors., Recrystall-
isation from aleohol-benzene gave the compound in prismatiec
needles, m.p. 185°; it was 'soluble im alecohol, ether, benzene and

chloroform, very sparingly soluble in 1ight petroleum, and
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insoluble in water. Yield B80%.
Found:" N,18+18;- 8,7+42%

CagHea0ON4S requires N,13+14; 8,7.51%

o o ——— o - - o n —— ——

Oh hydrolyais, the two foregoing compounds behaved in a
gimilar manner to the compound derived from ethyl o(-bromopropion=
ate.

Dilute hydrochloric acid hydrolysed the compounds to acetophenone
and mixtures containing hy&razine hydroehloride, the dihydoehlor=
ide of the intermediate hydrazone, and the hydrochloride of the
thiazole.:

Concentrated hydrochloric acid gave acetophenone, hydrazine
hydrochloride, and the corresponding mercaptoacid.

It was not found poesible to arrest the hydrolysis at the first
stage in order to obtain only the dihydrochloride of the hydraz=
one, nor was it possible to find an acid of the requiregd strength

to remove acetophenone and hydrazine without casusing rupture of

the thiszole-ring.

. A S S g S S 0 UL G Ut <0 S A VI Y N e it
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Action of Esters of O ~Halogeno-~sacids oh the Sodium

derivative of Thioearbohydrazide.

——— - o - - — o o

As discussed in the theoretical section, it was decided to
investigate the possibility of a reaction between thiocarbohydr-
azide (in presence of sodium ethoxide) and the esters of o(-<halo-
geno-achds.

‘Thiocarbohydrazide in absolute 2lcoholic suspension was
treated with sodium ethoxide (1 mol.) in aloohol;- the solution
which was formed was heated for ten minutes. No attempts were
made to‘iéolaﬁe the sodium derivative, and the salcoholic solution
was employed directly to react with the esters.:

1. BEthyl Chlorocacetate.

‘gedmino~2: 4-d¢ketotetrahydratkzaaole-z-hydrazone,

L S S iy T et SO P Gt o S —— —_— o ——" ;<00 T g S o

NH3 -N: C: N-NHs
S+CHg+CO

‘To the alcoholic solution of the sodium derivative of thio-
carbohydrazide (obtained as described above) was added ethyl
chloroacetate (1 mol.). After heating for half-an-hour the precip-
jteted sodium chloride was filtered off, and the filttrate on
cooling deposited a crystalline solid, m.p. 110-114°,
Reorystallisation from slcohol gave the compound in prismsatic
needles, m.,p. 119-120°%;- it was soluble in water, alcohol and
pyridine, but insoluble in other organic solvents.

‘The analytical results differed somewhat from the theoretical

‘values, but they were not altered by repeated crystallisation
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of the compound either from alcohol or pyridine-light petroleum,
Found: N,89+E54, 39-51;. 'S, 28+14%

CaHgON4S reguires N, 88:35; ‘8,21:92%

‘The compound was qulte different from that obtained by Guha
and D& (J.Indian Chem.Soc., 1925,1,141) by the interaction of
thiocarbohydrazide and ethyl chloroacetate (1 mol.) in presence
of potassium hydroxide (1 mol.).

Whatever the impurity was, it evidently could not be removed by
repoated crystallisation of the compound; essentially the product
was 8-amino-2:; 4-diketotetrahydrothiasgole-2-hydrazone, for on
warning with benzaldehyde in aqueous alcoholic solution, it
readily gave a dibenzylidene derivative whicech crystallised from
alecohol in glistening plates,m.p. 139°, and was identical with
the divenzylidene derivative previously prepared from the

dihydrochloride of this hydraszone. (compsre page 80),

2, Ethyl u-ﬁromonronionate.

3—Auzno ‘2! 4-diketo-s-methyltetrahydrothiazole-2-hydrazone,

. — —— ] S A T A P T A D o S ey o o A T oo " S ]~ S S — — — " > .

NHQ-H:?~——————~¥'HH2
8+CH(CHg) +CO

The alcoholic solution of the sodium derivative of thiocar~
bohydrazide (prepared azs before) was treated with ethyl X~bromo-
propionate {1 mol.); heating was continued for half-an-mour, a
14ttle Ary benzene being added to assist the prescipitation of

godium bromide., The sclution was filferesd hot and on cooling,



the filtrate deposited a very small quantity of solid. This was
identified as unaltered thiocarbohydraside, by conversion into
the dibensylidene derivative, m.p. 198°, and comparing with an
authentic svecimen.-
Concentration of the mother~liquors gave a further yield of solid
.which crystallised fron absolute alecohol-light petroleum in rhonm-
biec plates, m.p. 100-101°,- It was soluble in water and alcohol,
and insoluble in light petroleum.-

Found: S, 10-95%

C4HaON4S requires §, 20-:-00%.

S W S T 4 S WAl S e} Sy Y e S W S W i SN A D

The dibenzylidene derivative, ceH‘s-cH:N.N':?m————-—-xf-N:ca:-csm,
S+CH(CHg) - CO

prepared by heating the base in alcoholic solution with benzal~-
dehyde, crystallised from agqueous alcohol in small, prismatiec
-needles, m.p.114°." It was soluble in alcohol, ether and benszene,.
but insoluble in water and light petroleunm.-

Pound: N,18+89%

013H130N4S requires N,18-86%

- o oy

-8, Ethyl o -Bromo-n-butyrate.:
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NHs«N: c———z'«.rms
s-cH(CQWEy-co

‘The reaction was carried out in the same manner as before,
using ethyl X~bromo-n-butyrate (1 mol.) The filtrate after

half-an-hour's heating depasited a small amount of unaltered
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thiocsrbohydrazide, and on condéentration, a solid of m.p. 92-93°,
Recrystallisation from absolute alcohol gave fine, glistening
plates, m.p. 92-98°%°;- the compound was very soluble in water and
alcohol.:

Found: S,18+08%

CgH100N4S requires §, 18-+40%

- - - —— —

Repeated crystallisation of the substance did not alter the
m.,p., nor bring the analytical result wearer the theoreticsal
value;.- the results for different samples were.not consistent,
"indicating mixtures to be present.:

As in the case of the product obtained from ethyl chloroacstatae
this substance was essentially the hydrazone, for it readily gave
the dibensylidene derivative, CQEngH:NﬂN:?———————f—-ynN:CH-ceﬁs

‘ S+CH(CoHg) - CO
on treatment with benzaldehyde.” This derivative orystallised from
alcohol in almost colourless, prismatioc needles, m.p. 108°;. it
was soluble in alcohol, ether and bengene, and insoluble in water
and light petroleun,
Found: N,18-01%

C19H180N4S reguires N, 18+00%
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9, Experiments with

HYDRAZODICARBONTHIOAMIDE, NHgo-CS.NH-NH.CS.NHaq.-

Hydraiodibarbonthioamide wasg prepared by the method of
-Freund angd WiSQHewiansky (Ber., 1893,28,2877).
Reacetion with Ethyl Chloroacetate in presence of

Sodium Ethoxide.

C N+¥N: C NH
CO CHg- S S CHg - CO

z.4-Dzketotetrahydrothzazola-z-ketasznc, NH

Hydrazodicarbonthioamide in hot absolute aloohol, was treated
with sodium ethoxide (2 mols.) in alcohol. The yellow solution
at first formed soon became colourless, amd after heating for
ten minutes, ethyl chloroescetate (very slightly more than 2 mols.)
was added. The bulky precipitate which wes immediately formed
was collected after half-an-hourt's heating, washed with warm
water untilvfrée from sodium chloride, and then with sloohol and
ether, The substance was quite fnsoluble in water and all organic
solvents ihéludiﬁg glacial acetic acid and ¥dioxan”, It decomp-
osed at a high temperature without melting. A sample was care«
fully washed, dried and analysed. Yield 100%.

Found: ‘ ¥,2418;- §,27.-88%

CeHaOaN4S requires W, 24 35- 8,27 83%

The compound was evidently identical with that previously

prepared by Frerichs and .Forster (Ann., 1909, 371,257) and by
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Frerichs and Holler (4nn., 1913, 338, 258) by the interaction of
hydrazodicarbonthioamide and chloroacetic acid in agueous

solution, and to which they gave the sitructure

bis~=thiohydantoin, NH}?‘ ?' ¥ ?:NH.
S+CHg*CO OC+CHg+S

Hydrolysis of the compound (irrespective of the method of
preparstion) gsve results which favoured the ketazine-structure
in preference to the thiohydantoin-structure given by Frerichs,

As noted by these Authore, the compound dissolved in cold
sodium hydroxide solution, and was reprecipitated on acidifying;.
~but, boiling of the sodium hydroxide solution for five minutes
-caused hydrolysis, the addition of hydrochloric acid no longer
‘caused precipitation, and the presence of mercaptoascetioc acgid
wag proved by Andreasch's test.' ‘This showed rupture of the
ring, but proved the arrangement C+S.C,

‘The compound was boiled under reflux with concentrated
hydrochloric acid until it had completely diszsolved. The solutién
was evaporated to dryness on the water-bath, end finally in an
svacuated desiccator with soda-lime over sulphuric acid.

The solid residue was extracted with hot benzene, and on cooling,
the benzene solution deposited e ocrystalline so%id, m.p. 128°.-

Comparison with an authentic specimen showed this to be identical

with 2:4-diketotetrahydrothiazole ?H- ?O,»previbusly prepared
Co+CHg+S

by different methods by Wheeler and JBarmes (Amer.Clhen. ., 1900,

;34,60) and by Wilson and -Burns (f.Cham.'Soc., 1922,'181,870) .
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That portion of the hydrolysis-residue insoluble in benzene
was found to be hydrazine hydrochlaride (proved by conversion
into benzalazine).
The formation of these two substances cannot be easily
explained from the structure given by Frerichs;. on the other
hand these are the products which would be expected by the

hydrolysis of 2 compound of the ketazine type.-

s . ——— . — — —— A 2y D e T D ) WY W} D S T

Reaotion with o -Bromopropionic Acid in- Aqueous solution.
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:g 4-Dzketo 5-methyltetrahydrathzasole-a-ketazzne

NY C:N+N: Q —————VNH.
{ ] ] 1
CO-CH(CHg) +S S+CH(CHg) +CO

Hydrazodicarbonthiocamnide was boiled in aqueous solution
Awtth ot—bromopropibnic acid (2 mols.); the solid which was
deposited in a very few minutes was collected, washed with water,
dried and recrystallised from hot glacisl acetic seid.-

.FPrerichs and Holler (loc.«¢cit.) who prepared the compound by the
above method, and assigned to it the thi&hydantoin~strpcture,
‘gtated the m.p. to be "over 280°7; the m.p. was now found to be
sharp at 289°,

The substance wes boiled for halfwan~hour with concentrated
hydrochloric acid, and the solution evaporated to dryness in the
asual manner. The semi-solid residue was extracted with hot
bengene and the undissolved portion identified as hydrazine

hydrochloride, by conversgion into beangalagine,
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On evaporating the benzene solution a viscous o0il remained
which distilled at 188-188° at 20mm. pressure. On standing,
1t solidified to & cerystalline s0lid, whieh crystallised from
benzene-light petroleum.: The m.p, was 48-47°,
From its properties, it waas evidently identical with

21 4-diketo~5-methyltetrahydrothiazdles, ?H ?O, oreviously
CO-CH(CHg) -8

desoribed by Wheeler and Barnes (loc.cit.) and Wilson and Burns

(J.Chen.Soc., 1923,123,799), who prepared it by different methods.:

Reaction with C{-Bromo-n=butyric acid in Aquecus solution.

————n - e o T WD S s L T AT T D D D A D W . e T — . " o ] - o =} ) v

r4~-Diketo- 5-ethyltetrahydrothz¢zoZc-z-ketazzne,

NH —————C: N+N: C NH
i ] t , {
CO+CH(CpHs) +S S-CH(CoHp) - CO

Hydragodicarbonthioamide was boiled in aqueous solution
with O -bromo-n+butyric acid (2 mols.);- the solid which depos-
ited was collected, washed with water, dried and crystallised
-from hot glacial acetic acid in weakly rose-coloured plates.

The m.p. was found to be 233° (Prerichs gives 225-228°),

‘The acetic acid of corystallisation was removed by washing the

eompound with ether and allowing it to stand exposed to the air,
Found: ;N,lg-ss%

Calculated for Ci10Hy1¢0aNeSa: N,19:58¢%

TPhe substance wasg hydrolysed by boiling with concentrated

hydrochloric acfid and the solution evaporated to dryness in the
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usual manner. The residue was extracted with hot benzene, and
the undissolved portion found to consist of hydrazine hydro-
chloride only,

On evaporation, the benzene solution gave a colourless oil
which 80lidified on cooling in a freezing-mixture; it orystall-
iged from benzene-light petroleum in prisms, m.p. 84-=85°,

From its properties it was svidenly identical with

2:4~3diketo-5-ethyltetrahydrothiazole, §H‘ ?O, previously
0O -CH(CgHp) -8

described by Wheeler and Barnes (loc..cit.) and by Wilson and

Burns (loec.cit.),

- —-— v o gy o - — -~ e - - -~

=
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10, Experiments with
HYDRAZOTHIODIGARBONAMIBE, NHg-CS.NH.NH.-CO-NHg. .

- . . . S . WU W U G T G~ N S

Hydrazothiodicarbonamide was prepared by the method of

Freund and Schander (Ber., 1896{23,2508);

This thioccarbamide was found to be quite insoluble in salcohol-
ic sodium ethoxide and also in pyridine. Hence, the dnly poagsib-
ility of thiazole=formation lay in a reaotion with chlorosacetice
acid in aqueous solution.:

"y, gy Sy > . —— . ——— — . -

‘Reaction with Chloroacetic Acid in Aqueous solution.
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‘ar g4-Diketotetrahydrothiazole-2-semicarbasone,
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-NH' C N-NH-CO-NHg,
CO CHg-* S

Hydragothiodicarbonamide was boiled in saqueous golution
along with chlorﬁacetio-acia (1 mol.)., At the end of two mihutéé
s crystalline solid commenced to separate, and the quantity
inoreased so rapidly that after five minutes boiling ecould no
longer be continued. The so0lid was filtered off while hot, and
the filtrate deposited only a very small amount of solid on
cooling., The substance was insoluble in all organic solvents,
and only very sparingly soluble in hot water, Recrystallised
from hot water, it was obtained as small, glistening plates;-
it sommenced to decompose, turning brown, at 210° snd melted

‘with complete decomposition at 221-222°, Yield 35%.
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Found: N, 32+00; S, 18-.48%

C4HaO0gN4S requires N,82:.19;-'S,18.40%
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‘Since the yield of the semicarbaszone was only 35%, the
mother-liquors of the reaction were bolled under reflux for s
further period of fifteen minutes; no more solid was deposited,
even on cooling.

The solution was then concentrated under reduced pressure, and
finally taken to dryness in an evacuated desicoator econtaining
soda~lime;- the residue waes s crystalline solid. The total
welght of solid thus obtained from the reaction was somewhsat
greater than the theoretical weight, calculated as 2: 4-diketo-
‘teﬁrahydrothiazole—z-semiCarbazoue.

The s0lid residue was extracted several times with hot benszene,.
~and on cooling, there crystallised from the solution & soligd,
m.p. 128° which was identified as 2:4+diketotetrahydrothiazole,:

NH co, by comparison with an authentic aspecimen.

CO CHQ‘S

That portion of the residue insoluble in benzene contained no
sulphur, and was identified as semicarbazide hydrochlorids,
NHg+NH:CO+NH5,HCL, It was very soluble in water, and on shaking
with benzaldehyde, the solution gave a s0lid which crystallised
from alcohol in needleg. This derivative softemed at 220° and
melted at 228°%; it was soluble in alcohol, and very eparingly

soluble in ether.
Found: N, 25-88%

Calculated for chgdﬁa: N, 25-77%
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The properties and analysis of the substance indicated it
to be benzaldehyde semicarbazone, CaHp CH:N«NH-CO+NHs and
confirmation was afforded by a mixed m.p. test with an asuthentic
specimen, when no depression was shown.

Thus It appearsd that the hydrochloric acid eliminated in
‘the course of the reaction between the hydrasothiodicarbonamide
and the chlorocascetic acid had brought about a partial hydrolysis
of the 2:4-diketotetrahydrothiazole-2-semicarbazone. This fact
accounted for the small yield of the semicarbasone and also

+the apparent high yield of solid products from the reaction.

A8 was the case with the corresponding ketazine (compare
page 91) this semicarbazone was soluble in cold sodium hydroxide
solution and was reprecipitated on acidification;- but, when the
gsodium hydroxide solution was boiled for a few minutes, the
sddition of acid no longer caused precipitation, and the pres-
ence of mercaptoacetic acid was proved by Andressch'’s test,

‘Phis showed the arrangement cré~c in the ring.-

‘The semicarbazone was boiled for two hours under reflux
with N~-hydrochloric acid; a very small amount of solid whiech
remained was removed by filtretion, =2nd the solution concentrated
and finally taken to dryness in the ususal manner. Extraction of
the solid residue with hot benzene removed 2:4-diketotetrahydro+
thiazole, semicarbazide hydrochloride remaining undissolved;.
both substances were identified am before.

Hydrolysis of the compound with concentrated hydroshloric aocid
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gave & residue which consisted of 2:4-3diketotetrahydrothiaszole,
hydrazine hydrochloride and ammonium chloride, the two latter
substances being formed by the hydrolysias of the semicarbazide
hydrochloride.

‘The results of the hydrolysis prove the correctness of the

structure assigned to the compound,
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APPENDIX

The followink pages contain a description of some of the
preparations carried out in the course of the research, includ-

thoge of the various thiocarbamides emploied;

. A S . o o = - w ———

1. & -Phenylthiosemicarbszide, NHg:NH:0S:NHCoHs.

U D, Y TR A Y N~y T~ s ] AT} S~ A o

(Pulvermacher, Ber., 1894,27,815.)
CeHpN:C:8 + NHg+NHg = NHg+NH-CS-NHCaHs

To an alcoholic solution of pure hydrazine hydrate cooled in
ice was graduslly ad@ed phenyl mustérd 01l (slightly less than
1 mol.), with constant shaking of the reaction-vessel. A solid
‘separated at once, .and after the solution had almost solidified
the crystals were filtered off and washed with cold alecohol,
Recrystidllisation from hot alcohol gave the compound as prisms,
m.p. 140°. Yield almost theoretical.
The compound was soluble in hot water, alcohol and chloroform,
ohly very sparingly soluble in benzene, and insoluble in ether

and light petroleum.:

-2, ¥ «Phenylthiosemicarbazide, NHCgH s *NH+CS-NHg,

— o o —

(Fischer and Besthorn, 4nn., 1882,212,824.)

A mixture of molecular quantities of phenylhydragine hydro-

chloride and ammonium thiocyanate was boiled under reflux for
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twelve hours with two and & half times the weight of absolute
alcohol., The crystalline s0lid which had separated after
standing for twelve hours was collected and washed with a little
¢old water, It recrystellised from alcohol in prisms, m.p. 200-
201°;. it was readily soluble in salcohol, ether, benzene and

ehloroform,:

v e v - - - v s o~ " ot -

‘8. Ethyl Phenylbromoscetate, CH{(CaHgBr:C0sCsHp.

(Hell and Wenizweig, Ber., 1895,28,2447.)

This ester was prepared from mandeliec acid, CgHg-CH(OH) .COOH
by substituting both hydrocxyl groups with bromine, using amorph-
ous phosphorus, and decomposing the resulting bromacid-bromide
with absolute alecohol.:

15+-2gm. mandelic acid were intimdtely mixed with &8-0gm., red
phosphqrus by grinding the two together in a mortar and the
mixture placed in the reaction-flask which was connected to a
reflux condenser carrying an arrangement for admitting bromine
and for absorbing hydrogen bromide.: Bromine was added very
slowly, the Peaction at first being exceedingly vigorous, and
necegsiteting the cooling of the reaction-veasel in o freezing-
mixture. The reaction graduaslly became less violent, and after
80gm. bromine had been sdded, the whole was warked on the water-
bath until hydrogen bromide ceased to be evolved.-

The bromacid-bromide so obtained was cooled in & freezing-mixture

and decomposed by adding,drop by drop,a slight excess (about
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‘4en e,¢8.) of absolute alecohol. This reaction was also very
vigorous and effective cooling was necessary,
The ester so formed was poured off and washed with wgter until
free from acid;- it was then dried over anhydrous sodium sulphate
and distilled under reduegd pressure,-
‘Several different boiling-points are recorded in the literature;.
seversal observers, however, give 145° at 15mm., and this corres-

ponded with the mein fraction obtained in the distillation.

———y o —— -~ —— - P S e S A s W it iyt b P o —

CHQN—NH>C’S{

-—

-4, Ethylenethiocarbamide,
——————————— e e CHgo-—NH

(Hofmann, Ber., 1872,5, 242.)
(CoH4)HeNs + CSs = (CoHg)H4aNp:CSg

(CeHq)HgN5CSg = (CgHalNaS + HaS

To an alcoholic solution of ethylenediamine was graduslly
.added .an aleoholic solution of carbon disulphide (just more than
1 mol.). A yellowish, opaque, gummy mass was immedistely formed;.
on standfhg for a short time thls mass changed into an almost
white amorphous powder, almost insoluble in alcohol.-

This solid was collected, dissolved in water,. and the solution
boiled until hydrogen sulphide was no longer evolved.:
Ethylenethiocarbamide was deposited on cooling, and recrystall-
jsed from hot water in prismse, m.p. 198°;. it was soludble in
alcohol, but only sparingly solpble in ether. As stated in the
experimental section, the m.p. was 2° higher than that given by

Hofmann (compare page 47). Yield 80%.:
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5. IzMenthyl Oalorosssiste, GHaCl:COaCaofse.

(Prankland and Barrow, j.Chem.Soc., 1914, 105,992,

20¢gm, menthol and 8%3¢gm. chloroacetic acid were melted

together and saturated with dry hydrogen chloride gas. After
heating for two and 2 half hours on the water-bath, a small
guantity of water which had formed during the resction was remov-
by means of a gseparsting-funnel, The mixture was again saturated
with hydrogen chloride and a further small quantity of water
removed, The resulting liquid wes distilled under feduoced

pressure, and the fraction boiling at 187-140° at 14mm. collected

separately.-

i — — - —— ot —— T — —_ - e o = —

-8, n=Butyl Chlorocacetate, CHLCX-COgC4Hy.

—— — A g s oy o

(Gehring,  Bull.Soc.chim..[2], 1888,48, 147.)

18:9¢gm.  chloroacetic acid were dissolved in 14-<8gm. norzal
butyl alcohol, contained in a flask fitted with a reflux conden=
ser, The solution was then thoroughly saturated with dry
hydrogen ochloride gas; during the passage of the gas the solutim
warmed considerably., After having been saturated, the mixture
was allowed to stand for several hours, and the reaction then
‘completed by heating on the water-bsth for two hours and finally
for a short time in an oil—bath up to 185%, hydrogen chloride
being passed continuously.:
After caoling, the liquid was poured inte water, and the oil

whych fell to the bottom sépanated, ‘This was washed with water,
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dried over anhydrous calcium chloride and distilled.:

The main fraction boiling at 179-180% was collected separately.-

e O e o D it D it S T T T " S W T e o

7. Trimethylensthiocarbamide, éHg >C:S
"""""""" - T -
(Schacht, drch.Pharm., 1897, 2885, 4681.)

‘This thiocarbamide was prepared in a similar manner to
ethylenethiocarbamide,.

To .a wellwcooled solution of trimethylenediamine in alcohol
was added carbon disulphide (just over 1 mol.) in alcohol.-
A sticky mass was formed which d4id not become s0lid even after
standing for a considerable time. The aleoholic liquor was
-decanted,: the mass @issolved in water, and the solution boiled
antil hydrogen sulphide ceased to be evolved. On ocooling,
‘trimethylenethiocarbamide wes deposited;. it recrystsallised from

alcohol in rhombiec prisms, m.p. 207°.-

- o —— o o~ -

NH
8. ortho-Phenylenethiocarbamide, 0334<:NH:>C:S.

- - o

(Lellmann, Ann. 18883,221,0.).

To ortho-phenylenediamine was added the necessary quantity of
hydrochloriec aeid to form the dihydrochloride, and then 'somewhat
more than 2 mols. of ammonium thiecyanate.- The solution, . which
became brown .in colour, was evaporated to & syrupy consistency
on the water-bath.,- The o-phenylenediamine dithioocyanate so

formed is easily soluble in water;- -to change this salt to
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o-phenylenethivoecarbamide, the mass was heated for one hour in
an air-bath at 120-130°, and the hard, dry product thus obtained
digested with cold water. By this process the salts present diss-
olved, and the thiocarbamide, whiech remained undissolved, was
filtered off.- It was in the form of greyish leaflets, and was
purified by dissolving in boeiling alecohol and diluting the
solution with water until turbid. On cooling,  the thiocarbamide
crystallised in almost eolourless plates., The m.p. was found
-to be 298°, which agreee with one reference in the literature;.
Lellmann gives 290°. It was readily soluble in alcohol, only
sparingly soluble in water, and §nsoluble in benzene,. chloroform

and light petroleum. Yield 75-80%.-

Qe Ethyl A - BromoprOpionate, CHg*CHBR+C0aCalHge

{(Zelinsky, Ber., 1887,2Q,2028.)

Po 30gm. proplonic acid were added 8-+1gm," amorphous phosphor-
ws;, and drop by drop, 40gm. bromine.. When hydrogen bromide
ceased to be evolved, the mixture was warmed under an efficient
reflux condenser and a further guantity of 84gm. bromine added.
The bromination proceeded rapidly at a temperature of 40-50°QG,
and the resction was finished when no bromine vapour was seen in
the condenser.-

‘The resulting bromacid-bromide was coocled and decompoded by the
cautious addition of a slight excess of absolute alecohol. The

ester so formed was poured intec water, washed free from acid
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with a dilute solution of sodium carbonate, dried over anhydrous
sodium sulphate and distilled.  The ester distilled at 158-180°

without decomposition.:

SR sy oo, ey e 0% i, pn oo -~ — - - - -

GO—-ﬁH
NH>=(C: 8
(Rupe, Ber., 1897,30,1089.)

10.- ortho-Benzoylenethiocarbanide, c,H4<<

- — - — v - -

Bthyl anthranilate was disselved in dry ether and the solution
ssturated with dry hydrogen chloride gas;- the hydrochloride wasg
precipitated and was collected, washed with ether and dried.:

To a concentrated cold agqueous solution of ethyl anthranilate
hydrochloride was added an aqueous solution of potassium thio=
oyansate (slightly more than 1 mol.):. o-benzoylenethiccarbamide
was immediately formed as & mass of needles.

‘It recrystallised from benzene and melted at 121°.-

11.- Thiocarbohydrazide, NHa*NH+'CS8+«NH:NHg.

. Y S, Ay iy vl . oy o Y " —

(Stollg and Bowles, Ber., 1908,4%, 1099.)

2(NHg+*NHg) + 0Ss = NHe NH-CS+S-NyHp

NHQ'NH' CS-SoNaH's + PbO = NHQ‘NH' CS'NH'NHQ -+ HQO -+ Pbs.

Hydrazine and carbon disulphide form the addition product
hydrazine dithiOcarbgzihate;-by treatment with lead oxide,: this
subatance loses one atom of sulphur and two atoms of hwgdrogen,
and is transformed into thiocarbohydrazide, The following method

gave the best yield of thiocarbohydraside.
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‘To an alcoholic solution of hydrazine hydrate (or the aqueous
solution obtained by distilling hydraszine sulphate with sodium
hydrozide) well ¢ooled in ice was added carbon disulphide
(somewhat more than 1 mol.); during this process the solutioﬁ
was vigorously stirred., In a short time, hydragine dithiocarbag-—
inate was deposited as & white crystalline solid.,-
Phis s0lid was collected, washed with a little cold water and
dissolved in warm water. The solution was heated on the water—
bath and finely powdered lead oxide (litharge) added in small
quantities at a time, Continuous and very vigorous stirring was
essential throughout the reaction., The lead oxide was rapidly
.turned black due to the formation of sulphide,-
Hoating and the a2ddition of lead oxide was continued until
hydrogen sulphide was no longer detected and ammonie commenced
4o be avolved; - this required from three to five hours, depending
on the rate of heating. Small quantities of warm water were
added from time to time to prevent the solution from becoming
too oconcentrated;- unless this ﬁas done, there was considerable
loss of thiocarbohydrazide due to decomposition.
At the end of the necessary time the hot mixture was filtered,
and the residue extracted several times with hot water.: On cool-
ing, the filtrste and washings deposited thioocarbohydraside;. it
was pure after one recrystallisation from hot water, @m.p. 189°.
.As ‘reported by Stollé'and Bowles, - the yisld is very variable;-

the best wag about 40% as claimed by these observers.

- ——— ) b
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12, Hydr‘azodi’carbonthibamide, NHp+CS-NHNH-CS+NHg."

s S o i Y ey i ey s s ol A S D <l A D R D+ it

(Freund and Wischewliansky, Ber., 1893,28,2877.)

Hydrazine sulphate and ammonium thiocyanate (2 mols.) were
boiled together in aqueous solution for several hours.
Hydrazodicarbonthioamide was deposited on cooling; it recrysball-

1sed from hot water in long priems, m.p. 214-215°.
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18, Thiosemlicarbazide, NHg*NH+<C8+NHa."

-(Freund and Schander, Ber., 1898,'29, 2500.)

100gm. hydrazine sulphate were warmed in a beaker with 400 &cJ‘
of #istilled water, B4¢gm. anhydrous potassium carbonate were
then added in small quantities at a time with constant stirring;:
s briak wvolution of carbon dioxide took place, and the readily=-
‘§oluble normal sulphate was formed.:
80gm, potassium thiocyamate were added, the mixture stirred and
heated to boiling~point;. a double decomposition took place, with
the formation of hydrazine thiocyanate and potasaium sulphate.:
After five minutes' boiling, the potassium sulphate was precipit-
ated by the addition of 500c.es. hot slecohol, and removed by
filtering the hot solution at the pump. The filtrate containing
the hydrazine thioeyanate was distilled to remove as mich alcohol
as posgible and then evaporated in a porcelain basin over a free
flame;: during this evaporation the liguid was continuously
stirred, After & time, the evolution of steam ceased and the

mass commanced to effervesce, smmonia being evolved.  When the
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reaction became too violent, it was checked hy the addition of a
little cold water.: On cooling, the reaction-mixture solidified
to a crystalline mass of thiosemicarbazide. A small guantity of
cold water was added, the paste filtered and the filtrate evapor=-
ated to s syrup as before;. this was repeated four or five times.
'The various crops of crystals were combined and recrystalliesed
-from water, the mother-liguors yielding more thiosemicarbazide
on concentration. The m.p. of the product was 182-5°.

Yield 43¢gn,
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14, Hydrazothiodicarbonamide, NHZ+CS+NH-NH-CO+ WNHg."

(Freund and ‘Schander, Ber., 1898,23,2508.)

This thiocarbamide was prepared from thissemicarbazide hydro-
‘ehloride and potassium cyanate.’

-Finely powdered thiosemicarbazide was ground in s mortar with
.conoentrated hydrochloric acid; it was rapidly oconverted to the
hydrochloride, which was filtered off as a crystalline mass;-
the salt dissolves in four parts of water at the ordinsry temper-
‘sture.

To an aqueous solution of thiosemicarbazide hydrochloride (at
ordinary temperature) was added an aqueous solution of potassium
-oyanate (1 mol,). A crystalline mass separated at once; this was
collected and recrystallisation from hot water gave hydrazothio-
dicarbonamide in needles. It sintered about 210° and melted with

cdmplete decomposition between 218 and 220°,

—— g - - - - Tl - o~ - —
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15.- Acetonethiosemicarbagone, CHB)C:N-NH.CS'NHQ.
- )

(Freund and Schander, Ber., 1902, 35, 2602.)

Thiosemicarbazide was gently boiled undsr reflux with an
equal weight of acetone. Solution of the thiosemicarbazide sooan
took place, .and on cooling the thiosemicarbazdne was deposited.-

It sintered at 174° and melted at 182°,:
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CeH
18, .Acetophenonethiosemicarbazone, ;H7>C:M'NHWCSkNHg.
)

—— o — — s s - . - . -

(Neuberyg and Neimann, Ber., 1802, 38, 2409.)

.Thiosemicarbazide and acetophenone (in molecular proportions)
- were boiled together for two hours in aqueoirs alcoholic solution.
On codling, the thiosemicarbagone separated as an oil whiech

'sooﬁ'aolidifiad. Recrystallisation from bensene gave the comp-

ouand pure, m.p. 108°,
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