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S U M M _A R ¥

The investigation described in the following pages
forms one portion of an extensive research prograrme
being carried out in the Department of Organic Chemistry
of The Royal Technical College. The work is wunder the
general supervision of FProfessor Forsyth J. Wilson and
includes +the presctions of the semicarbazones and
semioxamazones as well as those of +the thiosemicarbazones.

Neuberg and Neimann (Ber. 1902, 33, 2042) have shown
that +the thiosemicarbazones ik>@:N’NE'CS'NHQ, possess +the
property of forming metallich aerivatives, one of the
hydrogen atoms being replaced by an equivalent of silver,
copper, or rercury. The present investigation was vunder—
~-taken to determine if, by the action of helogenated
ecompounds, +the hydrogen abtom replaceable by metal could
be replaced by alkyl or obther substituents.

The known metallic derivatives were found to be
unsuitable for +this work and the sodium derivative of
acetone thiosexicarbazone was +%the starting material chiefly
employed.

The reasctions of +the sodium derivative with ethyl
bromide, propyl bromide, n-butyl broxide, benzyl chloride
and allyl iodide were investigated, with the &result that
a new series of S - alkylated +thiosemicarbazones has been
obtained. /The products of hydrolysis of +these S-alkylated
compounds have also been examined.

An attempt was made tc prepare an optically aective
thiosericarbazone by the action of 1l-menthyl chloroacetate
on the sodium derivative but the product obtained proved
to be & y- thiohydantoin derivative of a new type; a

ring closure having been effected.
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This rather interesting result led bto the investigatiom
of the action of the sodium derivative on +%the esters of
halogenated acidg., In the case of +the esters of chloro-
acetiec acid, ethyl o-bromopropionate, ethyl g-~bromo-n-butyr-—
-gbe, and ethyl bromophenylacetate +the products of the
reaction were found 4o be derivatives of 2+4 diketoitetra-

bydrothiazoles of the +type

YO NeN: CNE
' 0

s

The produects of hydrolysis of these cyelic compounds

Rll

were also examined.

The esters of p-halogenated acide de not yield a
six wmembered ring but were found %o lose hydrogen halide
with formation of +the esters of the corresponding
unsaturated acid. The cases investigated were those of
ethyl p—bromo—n—butyrate and ethyl ﬁ—bromo-@phenylpropionate
with acetone sodioc thiosemicarbazone.

The achtion of +the ‘esters of Y-halogenated acids
was found +to proceed &s in bHhe case of those of the
?ehalogenated acids; ethyl y-chloro-n-tutyrate, ethyl y-chlor
valerate, and ethyl Y-chloroisocaproate yielding esters
of wunsaturated acids by loss of hydrosen halide. The

reaction between ethyl w-bromo-o-toluate, ,CHoEr

O:ooogﬁs

which may be regarded eas a Y-nalogenated acid ester, and
acetone socdio thiosemicarbazone was found %0 proceed
exactly a8 in +Whe case of +the alkyl halides; the
structure  of the produet, as deduced from a study of
the products of hydrolysis, being analogous.

Another abtempt to obhain an optically sactive

thiosemicarbazone by the sactionm of 1l-dimethyl chloro-
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—-succinate on the sodium derivative dave a solid of low
melting point whiech did mnot contain sulpbur or nitrogen
and was noj, therefore, further investigated.

Ethyl chloroccarbonate and phenyl c¢hloroccarbonate have
been found %o react with +the sodium derivative of acetone
thiosemicarbazone in benzene suspension, with formation i
chiefly of +the 1-carbethoxy or 1-carbophenoxy thiosemicarb-
—-azide ReQ0C+VE*NH-CS+NHs. Carbon dioxide 1is also formed,
together with varying amounts of diethyl carbonate or
diphenyl carbonate and the carboethoxy or carbophenoxy
derivative o¢f the +thiosemicarbaszone.

The action of iodine on +the sodium derivative of
acetone thiosemicarbazone was tried .but was found to give
negative bresults; ethylene dibromide ealso failed +wo react.

Preliminary work on +the action of +the amines on +the
thiosemicarbazones showed that aniline reacts with acetone
thiosemicarbazone at 160°C. with vigorcus evolution of
ammonia and formation of a resinous product which c¢ould
not be purified. EBenzylamine reacts with acetone +thio-
gsemicarbazone at 140-148°C., axmonia is evolved and a
mizxture of products formed, while with acetophenone
thiosemicarbazone benzylamine recacts at 2 temperature of
130-135°C. with formetion chiefly of +the corresponding
4-benzyl thiosemicarbazone CHa | :
_ DC:N*NE*CS+KECHoCgls; a yield

' Celig
of B80% of +the +theoretical being obtained.:



T HEORETTIGCATL.

On heating hydraéine thiocyanate a violent reaction.
takes place, with formastion of thiosemicarbaszide,
NHp+NH-CSeNHs, (Freund and Schander Ber, 1896, 29,2500), e
basic substance which welts at 178=179°C., and which
reacte with @aldehydes and ketones in an analogous manner

to hydroxylamine, semicarbazide, and phenylhydrazine:
RY_ o . _ R i, .
(G0 +  HaN-NE-CS-NHp = R":>C:N-Nn-cs»ﬂh2

The compounds thus formed are term2d thiosemicarbazone;
and are sometimes employed in the identification and
separation of aldehydes and ketones.

The thiosemicarbazones of numerous aldehydes eand
ketones héve been prepared, chiefly by Neuberg and ieimann
(Ber. 1902, 8B, £049). The first named investigators
showed +that these +thiosemicarbazones could form mehallic
derivatives, one o¢f the hydrogen aboms being replaceable
by arn equivalent of the metal which is apparently linked
to sulphur

:;:>G:§-NH-C<:§?M or ;;A C:N-N:C<::?:

A number of +the silver, c¢opper, and mercury .
compounds were described and the method of preparation
briefly indicated.

By +%the action of methyl iodide on thiosemicarbazide,
Freund and FParadies (BER. 1901,34, 3114) obtained the
hydriodide of a methy%/tg%givative whiech might be
represented as either

Rio-¥E-C " BT or NEsemsc< B2 g1
S*CHg S-CHgz
The alkyl &and aryl derivatives of thiocsemicarbazide

as well as the base itself have been studied by
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several investigators, wmore particularly by Busch and his
collaborators, (Ber. 1901, 34, 320; - 1803, 36, 1362; 19204, 37,
23818; 1909, 42, 4596, 4602) and earlier by Markwald (Ber.
1892, 2B,(2), 3098) and Dixon (J.C.S. 1892, &1, 1012).

The products of +the intersction of +thiosemicarbazide
and eacid chlorides have been examined by Fromme and othevs
(Ann. 1923, 433, 1; 434, 285)

With +the thiosemicarbazones +themselves, however, and
also with +their metallic derivatives, where +the ©reactive
Nﬁg-N<: group of +the thiosemicarbazide 1is absent,
comparatively 1little work hnas been done;- in this paper
the behaviour of metallic derivatives towards various
types of halogenated compounds has been investigated. A
preliminary study has also been made of +the action of
amines on the +thiosemicarbazones.

As already indicated in the summary +the primary
objeect of this work was %o Jdetermine whether, by *the
action of halogenated compounds, +the hydrogen atom
replaceable by metal could bte replaced by alkyl or other
substituénts, and to investigate the properties of these
substituted thiosemicarbazones. TheA formation of a ecyclic
compound by +the interaction of acetone sodio thiocsemi~
carbazone and the esters of chloro-acetic acid led to a
study of +the action of o3 ﬁ; and y-healogenated acids on
this metallic derivative. The action of chloroformic esﬁero
and' certain other halogenated compounds was also investig-
-ated.

The +thiosemicarbazone of sacetone was chosen as the
stérting material because of +the ready and cheap
production in quantity, while of the known metallie

derivatives, that of eilver appeared to offer +the greatesﬁ"

possibilities.



A suspension of +the finely sground silver derivative
in ether was +treated with =alkyl halides but an examinatiom
of +the mixture, even after 12hours boiling, showed that
no reaction had taken place., The ether was replaced by
petroleum ether of boiling point 60°C., and in subseguent
experiments with petroleur ethers of boiling point 80°cC.,
boiling point 100°C., and <finally with 1ligroin of boiling
point 120°C., but in each cese, even after 12 hours
boiling at +the much higher +%emperature, +there was no
evidence of chemical action.. When heated in +the presence
¢f alcohol or benzens the silver derivative was found
to be wvery rapidly sand completely decomposed;. free
sulphur was found in some of the reaction mixtures.

Negative results having been obtained with +the silver
compound, sodium ethoxide was +tried as a2 means of intro-
—~duecing *%the alkyl group. This 1led +to +the disclation of
acetone sodio-thiosemicarbazone

Nhg

CHs
civen:a <
Cs 7 ‘ S-Na

which has not previously been described; it 1is ©readily
prepared by +the action of sodiur ethoxide on an alcoholic
solution of acetone thiosemicarbazone, and was found to
be the most suitable metallic derivative for the work
on hand.

In alcoholiec solution the sodium derivative reacts

with alkyl halides in accordance with the scheme

CEs NHs CHs NEp
C:NeN:C - - Ci:N-N:C
cag> <s B oaa> <s-a

-ﬁﬁgl,_,f-.—--Br:R =
sodium halide separates and an alkyl substituted
thiosemicarbazone is obtained in whiech +%he alkyl group

is attached +to sulphur. In actual practice, where the

reaction is being carried out in alcoholic solution, it



nas been found unnecessary %o isoclate the sodium
derivative.
The S-alkylated +thiosemicarbazones are relatively
stable substances +the melting points of which are, in
general, wuch lower than those of %the isomeric N-substit-
-uted compounds.: They are exceedingly soluble in all %the
usual organic solvents, such 88 alcohol, benzene, and
ether, and are best crystallised from petroleum ether
from whieh +they separabte as fine transparent needles or
prisms. They are practically insoluble water. The propyl
and butyl compounds have been purified by distillation
under reduced pressure. The following members of +the
geries have been prepared;-
Acetone S-ethyl +thiosemicarbazone
CH;: NH
OHZ)C: N N:C(S.;Hs
Acetone S-propyl thiosemicarbazone
Z:Z)C\rwc N2
Acetone S-butyl thiosemicarbazone
CHg NHg
ca;?C: NeN: C<S'C4Hg
Acetone S8S-gllyl thiosemicarbazone
CHg NHg
CHa‘)C:N'N:C(S.GaHE
Acetone S-~benzyl thiosemicarbazone
cHS)c: xenioC 2
CHd S+CHgp*Calls.
Ihe structure ascribed %o the compounds obtained by
the action of alkyl halides on acetone sodio-thiosemicarb-
-azone has been arrived at by a considerétion of the

products of hydrolysis.

When heated wunder & reflux econdenser with ceaustic

t
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CEs- NH CHs NEo
N o:NenE-0< SC:N-u: 04
CHg Sk CHg- SR
(1) ()

Pormula (1)}, however, is inadmissible, since by +the
method of Busch, Opfermann and W®alther (Ber. 1904, §z, 2322)
the presence of an ~NHe group in the molecule can be
shown;- +%the S-alkylated compounds on treatment with benzene
sulphonyl cgloride and sodium ethogide yield +the sbdium
salt of & sulphornaride

cE N(Na‘
%}C:N-N:C(; $02-8els
CHs SR

BY analogy the hydrociodide of +the methyl thiol
derivative obtained by Freund and Paradies would have the
structure

NHe
NHs »N: C¢ oHI
S+CHg
and the sodium derivative o¢f acetone
thiosemicarbazone would best be represented by
CHa. NEs
$C:nen: 0l
CHg SeNa .

The complete hydrolysis by means of caustic sods

would +take .place according to the schems,



. -9

(o I H H, io va CHa )
KHgo 7 E}Thz b
> c=\1 ——N-,——c< —_ ‘g, ¥ NHs + ReSH + COp
CHs : ﬂ éHS + HoO.

These structural formulae receive confirmation fronx
the products of *%he reaction between +the esters of
o-halogenated acids and acétone sodio-thiosemicarbazone.

A less drastic hydrolysis resulting in +the splitting
off of sacetone only from +the molecule, is effected by
heating the S-alkylated +thiosemicarbazones under a reflux
condenser with dilute hydrochlorie acid of not wmore than
normal strength. The dihydrochlorides of +the corresponding
S~alkylated thiosericerbazides are obtained as 1indicated in

the scheme

oM
CHa 2 NEsg _—~CHg NEg
SCT=N-N = K T G +  HoN-N = 25C1
CHg . 3K CEa SeR

These dihydrochlorides are solids of low ﬁelting
point whicb are exceedingly soluble in water and very
hygroscopic.

The foilowing dihydrochlorides were examined;-
S-éthyl thiosemicarbazide dihydrochloride

NHo
HeN-N = ¢&_ . 2HC1

5-Cals
$-propyl thiosemicarbazide dihydrochloride

Niio

HeieN = 0K 2EC1
‘CsHv .
S-butyl +thiosemicarbazide dihydrochloride
HglNeN = C"’N 2EC1
Q‘hg !

B~allyl thiosenicarbazide dihydrochloride

» NE
e+ = ¢ °  2EHC1

3ls
The dihydrochloride of S-benzyl thiosemicarbazide,
He .
HgNe+N= C(N SHCL . .
S+CHg*Cglp » could not be obtained in the

pure state but a wmonohydrochloride, corresponding to the

o
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unstable and rapidly become discoloured on exposure %o ;3
light and air. They were soluble in the wusual solvents
but could not bge/cryshallised and were not obtained in
the pure state,

ESTERS. . OF:  HALOGENATED.: ACIDS.

In the hope of obtaining an optically active S-sub-
stituted +thiosemicarbazone the achion of l-menthyl-— chloro-
acetate on an -alcoholic solution of acetone sodio-—thio;
semicarbazone was tried. GExamination of +the resulting
produect, however, showed that the reaction did not procecd
in accordance with +the following egquation, .

OB o w o v = o™+ C1-0Hpe000CoH1s
CHgy SeNa
CHa i . g
- cas o S N T T C<S'CHQ‘COOC10H1_9 .

Menthol wsas iiberated during +the reaction and a
substance formed which, when pure, had a melting point of
176=-176°C. By +the achtion of the ethyl ester of c¢hloro-—
acetic acid the same substance was obtained. The compound
resisted +the action of +twice normal hydrochloric acid but
boiling with the -cohcentrabed acid effected a smoobh
hydrolysis into acetons, hydrazine hydrochloride, and
2:4 - diketo~ tetrahydrothiazole NE -G 0

oC
g~——CHp
The structure of %he product, therefore, would be
>c NeN= C(Lh'—co
Se———CHBe , a v-—thiohydantoin derivative af a

new %ype;- while the reaction betwsen the esters of chlop-
acetic acid and acebone sodio —thiosemicarbazone would
proceed as indicated by the eguation
CH §EiE T ROY CH —
CH:>C=N.N=C<S- ‘;a',.f'.'.‘.g% Zoa—a ;Z:)C=\I~\ \:i_._.z:e ¥ RO+ NeO1
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This reaction is similar +to that which takes place
on heating together ethyl chloro-acetate and thiocarbamide

in alcoholic solution

serae

- C<NH{§"" .. _Golis0:C0 JE—=CO
A 5 ) T Oug é" BC1 + CoHsOR
SR 6 Ha

y-thiohydantoin hydrochloride being formed with liberation
of alecohol {Mulder, Ber., 1875, 8, 1284; Claesson, Ber.,

1877, 10, 1852).

Action of . Esters. . of

The reachions between the sodiur derivative of
acetone tpiosemicarbazone and ethyl o —~bromo-n-butyrate,
ethyl o - bromopropionats, and ethyl phenyl bromoacebtate were
then investigated. ¥#ith eacn of +these esters +the resulting
produet was found to be the 2-isopropylidene hydrazone
derivative of a 2:4-—~diketotetrahydrothiazole, corresponding
to the product formed by tHthe interaction of acetone
sodio - thiosericarbazone and the esters of chloro-~ acetic

acid. The reasction, therefore, would sappear +to0 be a

general one, and +to proceed in accordance with +the schexe

PP )

CHg _ NEiE RGOC
5C = N - ¥ = o L lrinnre
CHg S;Rg._ greCHR
Cha N B GO
] >0 = ¥ - N = ¢ { _ + NaBr + ROH
CHa S CHR

Of the series of w-thiohydantoin derivatives +the

following members bhave been prepared and examined;-

2:4 —diketotetrahydrothiazole-2-isopropylidene hydrazone,
CH N H e 3
P =8 -8 = K
Clg §e———CEg , from the esters of

vchloroacehic acid.
’ 2:4 —diketo-5-methyltetrahydrothiazole-2-isopropylidene hydrazone
CHs. NH&—-?O

30 =8 -8 = & ,
CHg Be———CH+CHg , from the esters of
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o-bromopropionic acid.

2:4-—diket0—5—ebhyltetrabyarothiazole-z—isopropylidene hydrazone

CHs RE—30
=¥ -8 =K .
CHy” §——CH+CgHs. , from +the esters of

g-bromc-n-butyric . acid.

2:4 —diketo-5-phenyltetrahydrothiazole-2-isopropylidene hydrazone

CHa NE—CO
g =N -x8= 2 . .
CHg , $——CH*Cgls , from the esters of

phenylbromoacetic acid.

In +the above preparations +the yields are of +the

order of 70-75 per cenbt of the theoretical, +the products
being so0lids, the melting points of which range {from
116°C,., upwards. They are slightly soluble 1in benzene,
sparingly soluble in ether or water, and may be recrysti-
allised fromx alcohol, fromr which +they separate 1in fine
white glistening needles.

Ag in the c¢ase of the first mentioned, +4they are
completely bhydrolysed by boiling under a reflux condenser
with concentrated hydrochloric acid for several hours.
Acetone and hydrazine are removed and a satisfachtory
yield obtained of a 2:4 —diketo-~D-alkylated-tetrahydrothiazole

NE e GO

oc{

" Be———UHEK

. OiH :
Ofia o 1y ‘:"'oo('\—ﬁh?o “Basco 4 meNens 0ckal 0
N - N % G BaNeNBp + 00%. oo
CHg C 7 Ns—___CHR 7 CHa BeicNbe s—dis

The 2:4——diﬁetotetrahydrothiazoles so ovbtained are
identical with +those described in the literature by other
investigators and prepared by other methods.

It was not found possible, &as has already been
mentioned, %o remove acetone only from the molecule in
the case of +the first meutioned and so obtain the
intermediate hydrazone. From +the products in wgich an

alkyl or aryl substituent had replaced one of thé
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hydrogen atoms attached to +the —b-~ carbon atom of the
ring,however, by boiling for about fifteen minutes with
dilute hydrochloric acid, of not more than twice normal
strength, +the correspounding hydrazone could be isolated

as the hydrochloride.

0 ;H, :
.0 N Eome GO NH— GO s
CHagomimn - § = O i =» EoleN=0{ i + §0
CHs : S e OH R H Sem— CHeR Ha .

In the cases investigated +the +two types of hydrolysis
were quité sharply distinguished, +that 1is %o say, where
ascetone only was removed by the use of dilute hydro~-
echloriec acid, the product was +the pure hydrochloride of
the hydrazone, guite free fromr admixture with hydrazine
hydrochloride or £Z:4-—diketotetrahydrothiazole.

. The hydrochlorides of these hydrazones, which, it is
believed represent a new series of wy-thiohydanitoin dJderivat-—
ives can be readily obtained in good yield, 2and eare
well defined c¢rystalline salts which appear to be guite
stable., They are .readily soluble in water, ~sparingly:
'éoluble in organic solvents and melt, with decomposition
at temperatures well above 200°C.

A number of attempts were made, by various methods,
to obtain +the free hydrazones from +thess hydrocblorides)
but the resulss, on the whole, were unsatisfactory owing
to +the wunstable nature of +the hydrazones. Dnly one of
these bases, 2:4 —diketo-5~ethyltetrahydrothiazole

N Gr——C 0O

BalNeN=C{ & i
e CH * C ol was obtained as a granular

powder oy' the action of the necessery amount of sodium
carbonste on the corresponding ‘hydrochloride. The substance
was only moderately stable and the reference sample was
founq ‘to have Dbecome much discolouped after about two

-Miﬂ‘tﬁ;"!e;-_.‘-st_oraqe even. in the dark.

-
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In agueous solution the hydrochlorides react readily
with benzaldehyde +to give the benzjlidene derivatives

NH=—=CO

Cglp*CH=R-N=C ]
ene ( CHeR , by 1loss of hydrochloric

acid sand elimination of the elements of water,  The
products so obtained closely resemble the original acetone

compounds in their solubility relations and other

properties,

- NH—GO .
CeHg*CHO + HaoN+N=0< & +HC1 —> Hs0 + HC1
S——CH-R

NH—CO
+ CgHg*CH=N-N=C{ ]
“§—CEH*R

A1l +the eyelic compounds examined were soluble in
aegueous sodium hydfoxide and appeared +to form silver
derivatives, probably +this is due %o the tetrahydrothiazéle
complex which contains a potentisgl acidic group as it
might exist in +the tautomeriec forms

N HeamaG O NE=—CO
1) =¢{ \ 2 =C
( N SemmCHER ( ) <Sh—-él R

The form having structure (2) and containing +%he
j>SE group would yield metallic derivatives, +the metal
being atteched +to sulphur, as in the case of the +thio-

semicarbazones of which the tautomeric forms would be

bz R NEs RY_ A
5 s R"- /C N-N= C< , R"? C—N-NH—G\SH
(1) , (2) (3)

The gquestion of +the tautomerism of +the y-thiohydantoim

R >c N-NE~G{

derivatives was not investigated nor was that of +the
preparation and properties of +their metalliec Jderivatives.
In the <-5-~alkylated hydrazones and also in the
eorresponding 2:4 —diketotetrahydrothiszoles +the -5-~ carbon
atom of +the ring is an asyrmetric carbon atom so that

it should be possible to bring about the synthesis of
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an optically active product. TIwo methods suggest *Lhemselves;
vfirstly resolution of the o - halogenated ester before
carrying out +the ring closure, and secondly resolution
of the racemi¢c hydrazone hydrochloride by condensing with

an optically active aldehyde or ketone. This work, however

has been held over for the present.

Following +*the action of the esters of da-halogenated
acids, the action of the esters of ﬁ-halogenated acids
on acebtone sodio —thiosenicarbazone was studied.:

In +the cases investigated +the reaction did not pro-

eeed according to the equation

L aabadidtiati et Y
CHs NEE C2Hg00G
C=N=-N=C{ . =:723 5777000, PCHs
> <S 3 Br’:‘ C/H2

- - > - e - oo

CHg i NH~-CQ
_> U »C=8=-8=C CHe + NaBr + CgHgOH
CHg” S~—CHEo

The P-halogenated acids were found to lose hydrogen
halide, and the products of reaction were invariably
acebone thiosemisarbazone, sodium halide, and +the ester of
the wunsaturated acid corresponding to the ﬁ-halogenated
acid employed. The nunsaturated esters were characterised

by +their possessing the general properties of unsaturated

compounds and by their boiling points.

The action of the esters of Y-halogenated acids was
found to proceed <chiefly as in the case of the esters
of " the ﬁ-halogenated . acids. The principal products obisined
were acebtone thiosemicarbazone, sodium halide, and the
ester 'of an unsaturated acid formed by leoss of hydrogen

halide from +the ester of +the Y-kalogenated acid. In
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each case, however, there was“ also formed a small
proportion of an unstable substance containing Nitrogen
and Sulphur in the molecule. These substances were decom-
posed on distillation, even at pressures below one milli-
metre;- they did not solidify on cooling in solid <carbon
dioxide and ether, and could not be erystallised.

With ethyl w-bromo-o-~toluate JHo*Br
00CeHs-

which may be

regarded as +the ester of a yY-halogenated acid, the

sodium derivative of acetone thiosemicarbazone readily reacts.

The vreaction follows the course of +the general reaction

of alkyl halides on acetone sodio-thiosemicarbazone and

q
[
1

may be represented as taking place according to +the schewme,

CO0C2Hp

C=N- N C e
>v < Se az..-/BrfChg

* ‘.
. s *l

CO0Cals

CHs NHp
—_ C=N~-N=0{
CH3-> S

~——CH

. The resulting product in all its reactions and
general properties c¢losely resembles the S-alkylated
thiosemicarbazones. Thus' it is exceedingly soluble in the
usual organic solvents, is practicatly insocluble in water,
and is best crysgtallised from petroleum ether from which
it separates as pale yellow prisms.

Boiling under a reflux conderser for about a gquarter
of an hour with excess of normal hydrochloric acid
effects the removal of acetone only <from the wmolecule
yielding the dibhydrochloride of +the corresponding hydrazone,
The hydrolysis 1is exactly analogous %o that uniergone by

the S-alkylated thiosemicarbazones under similar conditions

1
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and would be represented by %the scheme

0iH,

_ NE 008aH
s s n-w=0K " %5 4+ x EC1
CHs” S—emCHp—
fts NHz gO0CzHs
50 + HoN-N=¢Z . - 2HC1
- i BN -N"&K s —0Hqo-

The dihydrochloride so obtained is & white micro-
ecrystalline sglid, which 1is  hygroscopic and exceedingly
soluble in water.-

| I+ is of interest to note +that, in +%this hydrolysis
and formation of +the dibhydrochloride, +the carbethoxy group
remeins intact, Employing, therefore, an optically active
esbter of w-bromo-o-toluic acid, it seems reasonable +to
expect +that an optically active product could be obtained
fairly readily.

In agqueous solutién the dihydrochloride condenses
readily with benzaldehyde with 1loss of +the elements of

water and one molecule of hydrochloric acid, ' to form

AL .

PO U T

the hydrochloride of +the corresponding benzylidene derivative:

. S CH g =

sore me e, NEz 00C2E
CeHs*CHD + HQN-N=C< <§::>2 ® . 2KHC1

NE CO0CoH
CeEg+CH=N-N=0C = ® .EHC1
S Gl —

The hydrochloride so obtazined, 1like +those of the
corresponding S-alkyl compounds is only slightly soluble
in water. Recrystallised <from agueous alcohol by
prgcipitating with ether the product separates with one

molecule of water of crystallisation.

NHo CO00CaH5E.

CelgsCH=N+N=0 <HC1, - HaO
5 s Gﬁaﬁ<t::> ,* He

The analogous S-alkylated compounds do not contain
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water of crystallisation.:
As in tb; case of +the corresponding hydrochlorides
of +the benzaldehyde S-alkyl thiosemicarbazones
H
CeHE.CHzN.N=G<:-: Hel , %the =addition of the calculated
guasntity of sodium carbonate effeéts the removal of +the

hydrochloric acid from the molecule.  The product so

obtained,
Hg Co0C2Hs

N _
ColigeCH=N*N=G{
es6 . S-——CH2~<t::> , closely resembles

the original acetone compound in every particular, having
the same c¢rystalline fora, similar solubility relations,
and a melting point of 74°C., while +that of +the acetone

compound is B86°C.

Action of dimethyl 1l-chloro- succinate.

On the addition of dimethyl chloro-succinate

81°EH‘000033
sHo~COOCHg to an alceoholic solution of +the sodium

derivative of acetone +thiosemicarbazons, sodium chloride
separates almost immediately. An examination of +the
resulting wmixture, however, shows +that +the reaction does
not pfcceed accerding to +the scheme,
s oA .
a0 N e ﬁz co0sEs

Cl+*tbH-COOCHS

o eme oo

CHsg NHg GHeeCOOCH
—> SC=N.N=0K T
CHs S—CH-000CHs

The acetone thiosemicarbazone is practically all
recovered, and a substance of low melting point obtained
whiech dJdoes not contain nitrogen or sulphuf. This 1low

melting product has a rather pleasant odour, and is
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presumably the ester of an unsaturated acid, the ©reaction

proceeding as in the case of the esters of B halogenated
acids, The compound has not been obtained in +the pure
state in sufficient gquantity +to characterise i%t, but
might possibly be wmethyl fumarate, which, when pure, melts 
ab 102°C. |

Dimethyl 1l-chloro —succinate does not react with a
suspension of finely divided =acetone sodio-thiosemicarbazone
in benzene.

The work on +this section of the programme, however,
has only been of & preliminary nature so far, but it
ig intended to extend 4the investigation to the action

of the esters of other halogenated dibasic acids.

The chloroformic este;s were found +to resact readily
and vigorcusly with a suspension of +the sodium derivative
of acetone thiosemicarbazone in a fine state o¢f division
in benzene., The mixture became hot, sodium chloride
geparated and a certain za2mount of carbon dioxide was
evolved. The products obtained were crystallised from ai.q
alcohol from which +they separated as fine white needles
of bigh melting point.

It has been shown by Dixon (J.C.S. 1203, 83, 550)
that +thiocarbamide and mono- substituted +thiocarbamides
react with chloroformic esters in +the heat, with
evolution of carbon dioxide .and formation of the hydro-
chloride of a y-thiocerbamide in which the hydrocarbon
residue' of the chlorofommic ester is 1linked to sulphur,
since heating with sodium bhydroxide yields a mercaptan.

The reaction may be represented by the scheme;
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rwowe

H /'a 4 'HQ
HN=C<N 2, 4+ _{C1pCc00R —> HN=c<N .HC1 + COs
S’ '

T we wwo e ~
"h Pt ‘e’ tesost [=2d

At first it was thought +that +the reaction of the
ehloroformic esters on acetone sodio-thiosemicarbazone was
snalogous &to +the above bubt a complete analysis of the
products and examination of their properties showed that
this was not the case.

Thus, they are of high wmelting point while 1in the
cagses where the substituent is linked ‘o sulphur, for
example +the S-alkylated +thiosemicarbazones B »C=N=-N=CL
the melting points are well below 100°C. '

Whilé exsmining the action of mercuric oxide, alkaline
lead acetate, and alkaline silver nitrate on these
substances it was noted +that they formed metallic
derivatives, indicating the ©possible presence of an =58
group in vthe molecule;- the ready solubility in sodium
hydroxide +tends +to support this view.

Although weasily soluble in alkali they are stable
and strongly resist hydrolysis; complete hydrolysis of +the
phenyl chloroformic ester product was effected by heating
under pressure in a Carius tube with concentrated
kydrochloric acid. The products of hydrolysis were phenol,
hydrazine hydrochloride, ammonium chloride and a gas smell
smelling strongly of sulphuretted hydrogen; the gas could
not be collected on opening the tube but was presumably
a mixture of carbon dioxide and sulphuretted hydrogen
containing, perhaps, carbon oxysulphide.

Complete analysis of +the principel products obtained
by +the action of ethyl chloroformate and phenyl chloroi
formate showed +them to have +the empirical formulae
C4HoO2NgS and CgHeOoNgS respectively.

-Finally the ethyl chloroformate ©product was shown to
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be identicel with 1~carbethoxy thiosemicarbazide
cgasoocoNé-NHocs-NHg obtained by Fromm and Nebring(Ber. 1923
58, 1874) by the direct action of ethyl chloroformic estey
on thiosemicarbazide in alcoholiec solution.

The prinecipal products, therefore, of the action of !
chloroformic esters on & suspension of sacetone sodio-
thiosemicarbaszone are coampounds of tHhe type‘ROOC-NH~NH-CS~NHz
THe cases investigated were those of methyl, ethyl and
phenyl ehloroformates, and the yields obtained were of
the order of 60% of the theoretical.

In addition %o the above mentioned substances there
is also formed in each <c¢ase @& small proportion of anothes
product which is very wmuch wmore soluble, has & melting
point about 50°C. lower, and 1is obtained in +%the form
of 1large transparent prisms from a mixture of carbon
disulphide and petroleum ether., Kith some‘ diffieculty,
owing to +the extreme solubility and +the small proportion
in which +the gsubstance 1is <formed, a quantity of the
phenyl chloro carbonate compound sufficient for analysis

was obtained. The - nitrogen content indicates that this

produet is mosth vprobabl (2551 NE
S A C IR
CHE= S«C00CgHs , and +the

general ©properties tend to support +the view +that the

carbophenozxy group is 1linked %o sulphur. The 1low melting

products from +the ©reactions with methyl and ethyl chloro-
formates were nobu obtained pure in -sufficient guantity

for analysis.

P S VU S SOV

The course of +the reaction in the case of the o
chloroformates could not be followed owing ‘4o the unsatis-

factory munature of the viscous products.

The +thiosemicarbazones of ketones of highef molecular

weight were also +Hried but +the results were again
unsatisfactory.
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The action of iodine on an alcoholie ~solution of
scetone sodio-thiosemicarbazone was investigated +to
determine whether +two +thiosemicarbazone residues might wunité
on removal of +the sodium:

(GH3)9-0=N-N=0(NHB (053)9-0=N-N=3(§52

SeNa + I =3 3 + 2Nal
(333)Q°C=N‘N=C<S:Na (CHS)Q‘C=N'N=C<§H2

NHg

Exemination of +the products. however, showed +that +the
reaction did mnot proceed in accordance with +the above
equation; the colour of +the iodine disappeared and sodiunm
iodide was formed but the whole of +%the acetone thiosemi-
carbazone was recovered unchanged,

A further atteopt was rxade +to 1link up +two thiosemi-
carbazone residues by the action of ethylene dibromide on
acetone sodic-thiosemicarvazone 1in aleoholiec solution, when
it was thought +that +the following reasction might take
place: -

He

sNa

ferrrm | Tmeme

(Cﬁs) 2'3=N—N=C<

feCe s 0o msmoe

Seila
- (CHg) +C=N-N=C{ =~ ~»-e-ae
NHo

It was found, however, that

reget with acetone

hours boiling on the waterbath

. BI‘:’ Cﬁg

BresCHg

sodio-thiosemicarbazone

NE
(Ckis) 2+ 0=N-N=0&_ 2

N
g/(CHe)e
CHg) g *C=N-N=
(CHs) 2 5 C<NH2

—>

ethylene dibromide did not

even after eight

under a reflux condenser.
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The action of aniline, +the toluidines, the nephthyl-
amines and other similar seromatic amino compounds on the
semicarbazones has been shudied by Borsche and others
(Ber. 1201, 34, 4239;- 1904, 3Z, 8177;- 1905, g3, 831).  These
investigators have shown - that on heating the reacting

substances together, ammonia is evolved and that +he

principal produet is the 4- or §- substituted semicarbazone,

.

the reaction proceeding according to +the equation:

...........
.......

GHs . - Cﬁs ) )
cH SC=N-NE.CC+NH(H '+ HaN{R —> AH>C=N-NH'CO~NhR +  NEHs
- JE CHg

On hydrolysis +the semicarbazone was found to yield
the egorresponding semicarbazide HgN+NH+COeNHR,
More recently Wilson, Hopper, and Orawford (J.C.S.,

1922, 121, B866) have investigated the action of the
aliphatic amines and of arcmatic amines containing the

amino group in the side chain, and have shown +that the
reaction in wmany c¢ases follows a sixilar course.

Filson and Pickering (J.C.S., 1924, 125, 1152) have
egamined the action of amino compounds on the semiéxam-
azones,

The following report gives a short account of +the
preliminary work on +the action of amino compounds on
the thiosemicarbazones, which, so far, does not appear
to have béen investigated.-

Aniline has ©been found to react with acetone
thiosemicarbazone at 180°C, with brisk evolution of
ammonia and the formetion of a certain amount of sulphur-
etted hydrogen. There appeared %to be considerable
decomposition and +the resulting product was resinous and

-viscous in character and could not be purified,
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At 8 tenmperature of i40—145°0.' benzylamine was found to
react with acetone thiosemicarbazone with evolution of
ammoniaj;- there did not' appear %o be any appreciable
quan%ity of sulphuretted hydrogen formed. A so0lid product

was obtained which is evidently a mixture and has - not,

so far, been satisfachborily separated into its ‘constituents

Acstophenone thiosemicarbazone reacts with benzylamine
at & temperature of 130-185°C.  ammonia being evolved sand
a QO% yield of acetophénone 4-benzyl thiosemicarbazone
being obtained., The reaction in +this cese, therefore,
would appesar fo proceed normally, +that 1is 1in accordancse
with the egqguation !

CH NHSH ""e- aeee
®yo=NeNECL ‘e _t EalrCHa-Calis
Cells

ChH NH*Chao*CRH
3>C=N'NH‘C, 8Hs

NEg
Cgls. Qs

The product does not hydrolyse readily,  however, and
the corresponding thiosemicarbazide has not, so far, bsen
obtained. A ‘complete hydrolysis, effected by heating
under pressure in a Carius tube with concentrated acid
showed +that benzylamine and hydrazine could be obtained
from +the product.

The work is being proceeded with and +the action

of the hydrazines on the thiosemicarbazones in the heat

may be examined at +the same time.

U

.
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- Acebone.._sodio=thiogenicarbazone vﬁs> cen-n=cC i2
CHsa SsiNa

The sodium derivative of acetone thiosemicarbazone
was obtained by adding +the calculated guantity of sodium
ethoxide in alechol +t¢ +%the +thiosemicarbazone dissolved in
the minimam gquantity of hot alcohol, Dboiling for five
minutes under a reflux condenser, and then adding %o the
cold solution three or four +times its volume of ether,
The product, which separates in a very finely divided
condition, was filtered off on a Buchner funnel, washed
well with ether and dried in & vacuum over sulphuric
acid, Yield ©S0-25% of +the +heoretical, The derivative was
& white powder, readily soluble in alcohol or water, and
préctically insoluble in etner or benzene; bthe aqueous
golution reacts strongly alkaline.: l

The sodium content was determined by dissolving. about
0+3 gms. .in distilled water, heating just +to boiling +to
ensure complete hydrolysis and titrating with K§/10 .

hydrochloric acid,

Weight +taken 0+330 gms. 0-308 gms. 0+352 gms.
Vol. N/10 HC1

(faotor 1-007) 21+b1 ccs. 2040 ces. 22+95 e¢es.
Sodium¥ 15+10% 15-30% 15-10%

C4HgNaSNa requires 15«08% Na.

i NHg
>C=N=-N=0g
CHg S«C2ols.

The calculated guantity of ethyl bromide was added

to the sodium derivative of acetone thiosemicarbazone
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dissolved in +the minimum gquantity of alcohol and +he
whole allowed to stand overnight., The mixture was then
heated 4o boiling point for about five minutes under a
reflux condenser +to complete +the reaction, the sodium
bromide which separated was filtered off, and the filtrate
evaporated Lo dryness under reduced pressure at as low
a temperéﬂure as possible. The resulting pasty mass was
pressed on a porous porcelain plate to remove oily
impurities and recrystallised from petroleum ether. The
substance separated as flat trahsparent prisms of melting
point 5B5°C. possessing a slight unpleasant odouf. The
produect was readily soluble in all the wusual organic
solvents, e.g. alcohol, benzene, ether, but was nét

appreciably soluble in water,

P+1387 gms substance gave 31+1 ces. Ng at 19°C. and782 mm.
Q+1848 " " " 81+@® ces. Ng at 21°C. and 764 mm.-
Nitrogen content found 26+23% and 28-37%

Theory CegHisNsS requires 268+42%

B
S-ethyl_ _thiosemicsrbazide. dihzdzochlopide HeN-N=<: ; 5 2HC1
cvoag.

Acetone B8S-ethyl thiosemicarbazide was hneated in 2
waterbath with excess of dilute hydrochloric acid of haelf
normal sitrength for about & guarter of an hour. The
resulting acid solution was extracted several times with
ether, +t0 remove any unaltered substance and mercaptan,
then evapora$ed Lo small bulk under reduced pressure ab
as low & tempersture as possible., A syrupy product was
s0 obtained which, after drying for about three weeks
in vacuum over sulphuric acid and finally for several

days over phosphorus pentoxide, formed a white amorphous

s

e ———— e M e e _ .
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s0lid of melting point v60°C.' The d@dihydrochloride was
exceedingly hygroscopic sand special precasutions had %o be
observed in weighing out +the guantities <for analysis. It
was readily soluble in water but practieally iasoluble in
perfeetly dry ether or benzene.

The hydrochloric acid content was determined by the

Cerius method.

0+2140 gm. substance yield 0+3163 gm. AgCl., = 37.81%EC1
0-3822 " " " Qe5370 " " = 87.72% EC1

Theoretical CzHoNgS,2EC1 reguires 38-02% ECl.

- —— s atte s v ————

Beggzaldehyde . S-ethyl_ _thiosemicarbazone _mong.. hydrochioride
NEg
Celp+CE=N-8§=3{_~ HCL

SeCokis:

This substance was obtained by shaking an agueous
solution of S-ethyl +thiosemicarbazide dibhydrochloride with
benzaldehyde when condensation readily occurred with separ~
ation of %he benziylidene derivative. The ©product was
practically insoluble in water but readily soluble in
alecohol. It was purified by dissolving in alcohol and
precipitating with ether when it was collected in the %S

form of fine  white needles of melting point 185°%,
0+1430 gms. substance gave 22+1ces., Ns 2t 22°C. and 748 mms.
C-1425 " " " 21-5ces. " at 17°C. and 747 noms.
Found nitrogen content 17+17%, 17-24%.

Theoretically CioHi13¥sg3,HC1 reguires 17-25%.

. - NHg
Benzeldebyde. S-ebbyl _thiosemicarbazone Geh500h=N-N=0(S -
*vals

The hydrochloric acid in +the above monohydrochloride

was removed by means of the calculated guantity of sodiulk
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carbonate, The sodium carbonate was dissolved in a few
eces. of water, the hydrochloride was added and then
several volumes of alcohol. There was brisk effervescence
and when solution was complete and +the reaction cecased,
the 1liguid was filtered. The filtrate was evaporated +to
dryness wunder reduced pressure at as low a temperature
as possible, and +the product removed <from the admixed
sodium chloride by extraction with petroleusr ether,
Benzaldehyde S-ethyl bhi#semicarbazone crystallises in
transparent prisms of melting point 66°C, and closely =
resembles in every parbticular the original acetone deriv-
ative,

0-15385 gms. substance gave 270 ce. Nz at 19°C. and 761 mms,

Nitrogen econtent found 20-25% Ng

Theoretically CTi10H13N3S reguires 20+29% Ns

-y Ay ——— o - o — o -

NhHo

S«Cghy

foune. S-propyl. . thiosemicarbazeug  CH
#getone. . _Szpropy osericarbazous ﬂﬁs>-c-=N-N=c(
Vg

The details of +thés preparation are essentially the
sameé &a&s 1in the case of BS-ethyl compound. To +%the acetone
sodio-thiosemicarbazone dissolved in +the minimum gquantity
of alcohol the eczleculated guantity of propyl bromide was
added, After boiling for a few wminutes wunder 2 reflux
condenser %o complete +the reaction, and filtering off any
sodiur bromide, the alcohol was removed undsr reduced e
pressure gﬂ as. low & temprature as possible. The product
was separated from the associated sodium bromide and
acetone thiosemicarbazone by extracting ths pasty mass
with dry- ether in which the S-alkylatsd +{thiosemicarbazones
are readily soluble. After drying +the ethereal solution

over anhydrous sodium sulphate +the ether was removed in a
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current of dry air and the S-propyl derivative purified
by distillation under reduced pressure, The product was
obtained as a colourless o0il B.P. 121°C. at 7 mms.,
intense cooling, by means of solid carbon dioxide and
ether gave & solid product of melting point 26-27°C.
Acetone S~propyl thiosemicarbazone 1like the S-—ethyl
homologue 1is readily soluble in alcohol, ©benszene, and etber
and practically insoluble in waher.

0+1420 gms. substance gave 30+4 ccs. Ns abt 24°C., and 763 mms.

0-1418 " " "ooo80-1 " " at 17°C, and 744 mms.
Nitrogen content <found 24+13% and 24<15% Ng
Theoretically CrpHisNgS requires 24+28% Nso

o ——— o — s =P oy A o W S M A S — Gt -

S—propyl . thigsemicarbazide . dihydreghloride
Eole8=0

The dihydrochloride was obtained, 1like +the correspond
ing S-ethyl compound, by hydrolysis of +the above acetone
derivative with dilute hydrochloric acid of not more than
half normal sirength. After roemoval of +the water and acid
under reduced pressure the product was a pasty semi-
s0lid mass which only solidified after drying for about
six weeks over concentrated sulphuric acid in vacuo. It
is exceedingly hycgroscopic and readily soluvle in water.
The hydrochloric acid content was determined by the
Carius method.

0+3210 gms. substance gave C-4450 gms, AgCl.
0-2730 gms. substance gave 0+3760 gms. Agll.

Hydrochlorie Acid content found 35¢27% and 85-04%.

Theoretically Cgqhly14NgS,2HCG1 reguires 35+43%.
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Benzaldehyde . S=propyl. thiosemicapbazone.  wonohvdroghloride

Colis+CH=N-N=0C. °  +go1
S+Cgly , was obtained by shaking ‘
Senéaldehyde with an agqgueous solution of +the above d4i-
hydrochloride. An appreciable amount of heat was evolved
and the product separated in the form of a paste with
any excess benzaldehyde, The product was pdrified by
dissolving in +the wminimum quantity of aleohol and
precipitating, by +%the addition ,Of ether, as <fine white
lustrous needles of melting point 209°C.
0-1487 gms substance gave 20¢7 c¢ces. Ng at 20°C and 765 mms.
0+1543 " " W 220 ces. Ns at 20°3 and 781 mms.
Nitrogen content found 16:24% and 18+32%
Theoretically Ci10H1aN3S,HC1 regquires 16-34%.

-~ o — - A . AN ST ) D S T i o Y

Hs
Benzaldehyde Szpropyl__tbiossmicarbazong Csﬁs°CH=N—N=QfmC 5
o*Lgatly

Was obbtained by the removal of +the hydrochloriec gcid
from +the above hydrochloride by means of sodium
carbonate, After taking off +the water and alecohol wunder
reduced pressure the resulting pasty ﬁass of sodium
chloride and the product was extrached with dry ether,
The ethereal solution was dried over anhydrous sodium
sudphate, *the ether removed 1in a current of dry air,.
and the product soclidified by cooling with so0lid carbon
dioxide and ether. O0ily impurities were removed by press—
ing out on a porous plate and the thiosemicarbazone
was recrysballised from petroleum ether. It was found
neoeséary to 1inoculate with small pieces of the so0lid
from the first crystallisatédon. The product foramed
transparent rhombic prisms of melting  point 54°C.-

0+1535 gms. substance gave 25+6 ccs. No at 16°C and 746 mms.:

- % A oaaa
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0+1510 gms. substance gave 25+2 ces. Np at 18°C, and 746 wmms,
Nitrogen content found 19<08% and 18+91%.

Theoretically Ci0E1eN3S requires 19¢00%.

A e s e 2y > SN DS S Tt A e Bt Tl

Acetone. S=nzbutvl_ -thipsexicarbazone.

CHs NEg
CH3>C=N_N=C<S'CHQ'CHQ’CHQ°GHs
In +the preparatiop of the S-alkylated thiosemicarbazonebi
already described the sodium derivative of sacetone thio-
sexicarbazone was trested with the c¢alculated guantity of
the corresponding alkyl .halide; the alternative method of
preparabtion which does nobt involve +the actual isoclation
of acstone sodio-thiossmicarbazone, was carried out as
follows.
A weighed gquantity of acetone thiosemicarbazone was ;

dissolved in the minimum amount of " boiling alcohol, +the

caleulated quantity of sodium ethoxide 1in alcoholic

vy

solution was added and the mixture heated under a reflux
condenser for about 2 quarter of an hour., The resulting
solution of the sodium derivative was cooled, the necessayy
guantity of n-butyl brozide added and +the whole allowed
to stand overnight, The =mixture was heatsd under a reflux
condenser for sabout half an hour tto complete *the reachiown
and, after cooling, the sodium bromide which separated ;
was féphered off.

The salcohol was removed at as low a temperaiture as
possible under reduced pressure and ths pasty »vesidue of
of the product +btogether with acetone thiosemicarbazone
was extracted with etbef. After drying the ethereal
solution over anhydrous sodium sulphate. the ether was

removed in a current of dry air and the product
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distilled under reduced pressure. The fraction up to aboul
100°C. possessed s strong smell of mercaptan, but the
main portion boiling at 148°C. under a pressure of 16mm.
was a water clear oil having a faint garlic odour.
The derivative was soluble in +the usual organic solvents,
ether, alcohol, acetorne, and benzene but practically
insoluble in water., Cooling ~with solid carbon dioxide
and ether gave a white so0lid product of melting point
i8°C.
0+1190 gms gave 230 ccs. Np at 18°C., and 763 mms.
0+1146 gms. gave 22-2 ccs. Ne at 198°C., sand 786 mrs.
Nitrogen content found 22442% and 22+38%.

Theoretically CgBinlNaS reguires 22-48%.

. o — 7, e T il o o i M S S

NHg :
EoNeB=C{  — o *2KEC1
SeCHg+Che+CEa*CHp

The dihydrochloride was obtained by the bhydrolysis
of +the butyl derivative with half normal hydrochloric
acid in the wusual manner. The acid solution was
extracted with ether %o rewmove any mercapban and unaltered
substance . then evaporsted +to small bulk under reduced
pressure. Prolonged drying over sulphuric sacid in 3
vacuum desicecator gave a white product M.P. 100-101°C.
with apparently sligh®% decomposition. The product, in
common with the ethyl . and propyl compounds was only
slightly soluble in organic solvenis, was exceedingly
hygroscopic, sand was readily soluble in water,
0+1840 gms. gave 217 cecs. Nz at 14°C, and 783 mms. = 18-13%N»s
0«30684 gms. gave 0-3985 gms. Agll = 33+07% HC1.
CpBE1aNgS+2EC1 reguires 19-08% Ng and 33+18% HC1.

e Aot 48 g
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Benzgldehyde _S-p=butyl_  thiosemicarbazone _monghydrgghloride

NE
Cebis+Cher-8=0C - _ +BC1
S+ Cqbis

tias prepared by vigorously shaking an aqueous solutiom
of +the dihydrochloride with benzaldehyde. The produch was
Burified by dissolving in the minimumr quantity of alecohol
and precipitating by adding several +times the voluxze of
ether, when 1t sgeparated as fine white 1lustrous needles
M.P. 185°C., The monohyirochloride was readily soluble in
alcohol but practically insoluble in benzene and ether

and water.

0+1843 gms. gave 21+8 ces. N at 11°C. and 741°C. 15+28% Ny

4
0«1712 gms. gave 22+3 ccs. Ng at 12+8°C. and 746°. = 15+33% No
0+251P gms. gave 01320 gms, Agll = 13+38% HC1.
C1iH4nNgS<HC1l requires 15¢47% Ne and 13+44% ECI.

—— - O - A - - ] 2o -

Bengaldehyde: ' S-n-butyl _thiosgmicarbazone

N

NEg
CsnsrCh=N—h=C<é.C459
The hydrochloriec acid in the sgbove monohydroghloride
was removed by the ha.ction of the calculated quantity of
sodium ecarbonate as/ :iready peen described. The product
thus obtained was a thick visccus o0il which could not
be dJdistilled since it decomposed at a temperature of 2101;

under a pressure of 1 am. FPurification was effected by

¢cooling with so0lid carbon dioxide and ether, pressing

out the mass on a gporous plate to remove oily

impurities and recrystellising from petroleum ether when
short transparent prisms were obtained M.P. 50°C. The
resembled +those of the

properties of the compound closely

corresponding ehhyl and propyl derivatives,
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0+1608 gms. gave 24+6 ccs. Np at 20°C. and 765+5 mms, = 17+61%
01510 gms. gave 23+3 c¢cs. Ng at 18°C, and 782 mms, =17-78%Ng

Cigﬁqugs reguires 17+27% No.

- — - g - o s ol A o - L B T

A§§£§§§;-§:allzl--§§19§§mi§axtazggg
o)1 NEs
3 0=0-820¢ )
Chg S'CHQ‘Ch’CBz

Was obtained by the action of allyl iodide using
either of +the meithods alresdy described for +he
preparation of S-alkyl +4thiosemicarbazones, Since sodium
iodide is soluble in elcohol, *the ©resaction mixture was
evaporated +to drynsss under reduced pressure and the
product extracted by wmeans of dry ether. After drying the
éthereal goluticon over eanhydrous sodium sulphate the sther
was remeoved in a current of dry air and the product
recrystallised fros petroleum ether; f£lat transperent
prisms were thus obtained W.F. 51°C. Like the other
S—-alkylated thiosemicarbazones +the allyl compound was
readily. soluble 1in alcohol, ethe?, and benzene and prac-—

tically insoluble in water.

0+1574 grs. gave 33+1 cos. Ng at 18°C. and 767 nmuos. 2450%

01520 gms. gave 32+4 ccs. Ng at 20°C. and 764 mas. 24+51%

CnH1aNaS requirss 24+58% Ng.

———— ——— o~ — o —— - - - .

S=ellzl._thioseqpicarbazdde _dibvdrochlopids
| NE
Hp¥-i=0{ = -2EC1
S+CHg+CH=CHg
Like +the other dihydrochlorides +the &allyl compound

waé obteined by the hydrolysis of +the isopropylidene

derivative by means of dilute - hydrochlorie acid,



36
Evaporation of +the acid liguor under reduced pressure
gave & thick syrupy product which on prolonged drying
over sulphurie acid in a vacuum desicecator was converted
into a white s80lid M.P. 75°C., <very soluble in water

and exceedingly hygroscopic.

0+2064 gzs., gave 0+2839 gms. AgCl = 35-00% HC1L
0+2588 gms. gave 036800 gms. AgCl = 35+4% HKHCI.
OalHglNgBS+2HC1L requires 35+86% HCl.
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Beuzaldghyde.  Szallyl. _thiosemicarbazone. _mopohyvdrochloride.

Nig
0355'0H=N—V=C< - o
S*JHeCH=CHsg

EC1
Was prepared by the general method for preparing

compounds of +this +4ype, by vigorously shaking an agueous
solution of +the dihydrochloride with a slight excess of
benzaldehyde. The excess of benzaldehyde was removed by
extraction witk ether after which +the substance was
rec@ystallised ir the wusuel manner by dissolving in =&
small guantity of alecohol and precipitating with ether.
The derivative was obtained as 1lustrous white plates
MeP. 120°C., readily soluble in slcohol and :only
slightly soluble in ether, benzene or water.

0+1584 gms., gave 22 cces. Npo at 17°C. and 764 mms. = 18+21%Np

0-1620 gms. gave 225 ces. Ng at 17°C. and 784 mms. =18+17%Nsp

0-2995 gms. gave 0+16585 gms. AgCl (in Carius) =14+17% HO1.

C11H13N3S+*HC1 requires 16+44% No and 14-29% HC1,

—— o ———— - - -~ - ——

Es .
3355’05=N—N=C<A . -
S+Che*CH=CHse
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Was obtained ‘by the removal of +the hydrochloric acid from
the above hydrochloride by means of sodium carbonate in
the usual wmanner. The product, recrystallised from
petroleum ether, was c¢ollected as transparent rhombic
prisms M.P. 42°3. c¢losely resembling +the other compounds
of this‘ type in solubility relations.

0e1576 gms, gave 26-C cos. Kg 2% 19°C, and 762 mms. =19+03%Ns

Cy11H13NgS reguires 12+18% Ko

- o - v " i

Acetone: B=-benzyl: thiosemicarbazone
is NEso
»C=8-N=0C
CHg S+CHo+Cglsx

The benzyl derivative wes obtained by =sither of +the
usual methods, wusing the calculated guantity of benzyl
chloride. The pasty wmass obtained by evaporating down the
alcoholic sclution was ©pressed out on porous porcelsain
to remove o0ily impurities then recrystallised from
petroleum ether when +the pure derivative was obtainsd as
long colourless needles of wmelting point 51-53°C.

The produet was exceedingly soluble in alcohol, benzene
and ether,
Q+1552 gms. gave 28+0 ces. Ng at 18°C. and 752 mms. =18+14%N»
0+1520 gms. gave 26+4 ccs. N at 18°C, and 754 aoms. =19+03%Ns
C11H1pN35 requires 19-.00% Ng
IThe molecular weight was determined by +the ecryoscopic
method in benzene K=50.
0+2156 gﬁs. depressed freszing point 0-284°C. M.W.=217.
0+2100 gms. " " " 0+288°3. M.W.=225,
Cy11HigNgS requiras 221.
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S=benzyli__thiosgmigarbazide _monobydregchloride
' NHg
HoleN=cC - <ES1
S'CHQ'CGﬁs

Hydrolysis o¢f acetone S-benzyl *thiosemicarbazone by
means of dilute bydrockhloric acid gave a2 crystailine
"product +the wmelting point of which was indefinite. The
analysis showed that the substance was probably a wmixture
of +the mono- and dihydrochlorides. #hat proved 4o be +the
monohydrocchloride was obtained by adding a slight excess
of sodium carbonate sclution %o the acueous solution of
t+he hydrolysis and extracting +the {ree btase with ether.
After drying over anhydrous scdiuxr sulphate =a current of
dry hydrochloric acid gas was vpassed through the ethereal
solution and +the white ©precipitate which formed was
inmediately filtered off and washed with dry ether. The
product was a white granular substance M.P, 124-128°C. with
decomposition., solubtle in water and alcohol, slightly
hygrogcopic,

0+15530 gms. gave 2595 cc. Ng at 20°C. and 752 mm. =18+81% No
0+1588 gms. gave 26+35 cc. Np at 18°C. and 754 mm. =19-00% Ng

CgH11N&5+HC1 requires 19+81% Na.

Szbenzyl._thiogewicarbazide _suliphate

HHs
[ Bal-i=0C } HpB04

S+<CHp+Cghis
Tﬁe sulphate was prepared by adding a drop or itwo
of concentrated sulphuric acid to an excess of +the
impure base in ethereal sgolution. The precipitate which
separated was crystallised froa alcohol when the product
was oObtained in swall colourless nesedles of melting point

148°6. with some decomposition. The substance was soluble
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in water and =alcohel and insoluble in ether,
Found HsS04 = 21+1C% as BaS04
(08H11N38)2‘53504 requires 21-30% HgSO4

s A b " A i ol S S s s

Berzaldebyde:. S-benzyl_.ibiosemicardazong
0655»35=N-N=c<:?252.0655
fias prepared by vigorously shaking up an agueous
solution of +%the hydrochlorids with excess of bengaldehyde,
After standing overnight +the substance was collected and
recrystaliised fror alcohol from whiech it separated eas
ecolourless crystals wmelting ab 120°C.
Found N = 1B5+5%

CiwsHis838 reguires 15-81%.
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Rrestic :bydrolysis _of _the._ ggetone. . S=-alkylated
thiosemicarbazones

With a- view.--to arriving at some idea of the
constitution of the S-alkyl thiosemicarbazones =2 drastic
hydrolysis was effected by means of caustic alkali.

The S-benzyl derivative was chosen for the purpose
gs  the lcorresponding mefcaptan was ‘much less wvolatile and
therefore more 1likely w0 be readily identified +than would
be tHhe .case with -8 lighter substituent.

Acetone GS-benzyl +whiosenmicarbazons was heated under an
effiecient reflux condenser with an excess of 20% aqueousv
sodium hydroxide un%til solution was complets, that is,
for about 2 to 3 hours. During the heating a considerable
auantity of eamwmonia was evolved and was identified by
iﬂs chaféétefisﬁic odour and coloufing of litmus paper.

The 7reaction mixture was allowed %0 coo0l, +the conden-
ser was washed down with a 1little water, and then {he
alkaline solution was carefully distilled up to a tenmp.
of 85°C. wusing a short fractionating still head. Acetone
was identified in +the distillate by the odour, the
icdoform reaction, +the sodium uwnitroprusside test and by
the preparation - of +he oxime.

Hydrezine was shown to be present by continuing +the
distillation up +te =2 temperature of 120°C. without the
gtill head, when the hydirazins hydrate distwilled. The
confirmatory tests applizd in +the case of hydrazine were
the reduction of Fehling's solution and +the formation of
benzal azine, UgHs*CB=N-N=0H-CgHs, M.P., 23°C., on shaking
in aqusous solution with benzaldehyde.

~The alkaline residue remaining after distilling off

the hydrazine effervesced vigorously on the addition of

e dbe e b e
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dilute acid and carbon dioxide was evolved in gquantity.
The mercapban, which had so far been retained in the
form of the sodium salt was also liberated and was
removed by extracting +thz now acid liquor with ether.
The ethereal solution was dried over anhydrous sodium
sulphate and %the mercapbtan confirmed by +the boiling point
All the products of +the complete hydrolysis, narwely,
acetone, hydrazine, carbon dioxide, ammonia and benzyl

mercapben were thus ldentified.

Agtion__of _benzene .sulpbonvl_ . _chlopide  Calg:f802:C01l.._0n e
acebone.  S=bgnzyl. _thicsemicazrbazong.

Acetone S-benzyl +thiosemicarbazone reacted only very
slowly with benzens sulphonyl chloride on shaking with
aqueous alkali; +he reaction readily occurred, however, in
alcoholic solution. The substance wag dissolved in absolute
alecohol, sodium ethoxide (2 mols) was added +then Dbenzene
sulphonyl c¢hloride (1 mel). The wmixture was boiled for a
few minutes, filtered hot <from +the sodium chloride and
then two or +&hree volumes of ether were added to the
cold solution., The .sodium derivative of the sulphonamide
separated as a white ©powder, extremely soluble in water
less soluble in aleohol, and insoluble in ether.

Apalysisg,. Sulphur (by Carius) 18+73% and 18-90%.
Theoretically CqnH1g02N3SoNa reguires 16+71%.
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Action: . of - estepg. of _¢--halogsnated . acids.

Re4 —~diketotetrahydrothiazole-2-isopropylidene hydrazone

CHs _NE—30
O=N-N=C
CHs® FTNg g

Hp

l-menthyl chloroacetate and the sodium derivative of
acebtone thiosemicarvazone were heated together in alcoholic
gsolution. Sodiumr chloride separated and the solution on
concentration yielded ‘menthol 2z2nd a subsbance melting at
175-1768°C. It was found that +the employment of etnyl
chloroacetate resultei in +the formation of +the same sub-
stance.

Ethyl chlorocacetate (1 mol) was added to a warm a
alcoholic solution of z2cetone sodio-thiosemicarbazone (1 mol%
sodium chloride seperated a% once, and *the reasction was
complsted by boiling on +%the water bath under a2 reflux
condenser for half an hour. The so0lid which ‘separatei
on coclingd was collzcted, washed with water and
recrystallised from alcokol from which it was deposited
in colourless plates melting at 175-178°C. The product
was ~readily soluble in warm aqueous sodium hydroxide
from which it was reprecipitated wunchanged on acidification
and readily soluole in hnot alcohol or c¢hloroform, and
somewhat soluble in hot water. The yield was 80% of the
theoretical,

0+14786 gms. gave 304 ccs. Nz at 14°C. and 762 mms. =24+35% No
0+1509 gms. gave 80-92 ces. Npo at 12°C. znd 768 mns. =24+86% No
CglgONgS requires 24-54% Ns.

The molecular weight was dJdetermined by the
ebullioscopic method ‘using aleohol (K=11+5) as solvent.

0+2030 gms. gave 0+118°C. eclevation of ©boiling point.

.. M., W, = 153.



43
0+1946 dgms. gave 0+108°C, elsvation of boiling point
e*e MJW. = 162
CgHgONgS requires M.W. = 171.

To determine the constitution of +this compound it
was hydrelysed by warring with very dilute hydrochloric
acid. Acetone, recognised by its smell and by the iodo=-
form reaction, distilled over, and there was obtained
what appeared to be the hydrcchloride of a Dbase, which,
however, rapidly iecompoéei giving a substance 1insoluble
in all organic solvents. A +very smooth hydrolysis was
effeocted by boiling +the substance of M.P., 175-176°3. with
concentrated hydrochloric acid;- the solution was evaporated
to dryness on the water bath and +the residue allowed to
rexain for some tixe 1in a vacuum desiccator over conc.
sulphuric 2acid and soda lime. The crystalline wmass so
obtained was repeatedly extracted with hot echloroform

which, on c¢ooling, deposited 2+4—diketotetranhydrothiazole

{H—C0
S S | o
8——Chg , identified by its melting point and by

comparison. with a known specimen. The residue insoluble
in chloreoform was very soluble in water and was iden-—
tified as hydrazine hydrochloride by the vreduction of
Fehling's solution, by conversion into hydrazine sulphate
and by formation of Dbenzalazine on shaking tthe agueous
solution with benzaldehyde.

The substance melbing at 175-178°C. was therefore a

¢~thiohydantoin derivative of the structure,
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2:4 - diketo-b-nethyl-tetrehydrothiazole=g-isopropyiidecusg

- bydzazene. CH§>0=N_N=C/NH“"f°
CEs “s—~—CE«CHs
hcetone thiosemicarbazone dissolved 1in boiling

alecohol was treated with sodium ethozxide (1 mol) dissolved
in alecohol and +the mixture hzated under a reflux condensey
for about ten minutes., The alecoholic solution of acetone
sodio-thiosemicarbazone so obtained was cooled, slightly

more than the calculated gquantity of ethyl o-— bromo-
propionate added, the wholes allowed +o stand a2t room
temperature <for an hour and then boiled for half an

hour wunder a reflux condenser to complete +he reaction.
The sodium bromide which separated was removed by filterrui
the boiling solution, which, on cooling, deposited fhe
tetrahydrothiazole derivative. The product was recrystallise
from alecohol from which it separated in the form of

fine white needles of meltindg point 150°C., The compound

wes s8lightly soluble in ©benzene but only sparingly so in
ether or water; it was readily soluble on warming with
aqueous alkali from which solution it was ©reprecipitated

by acidifying.

The above method wmay be veried by dissolving +the
previously prepared acebone sodio-thiosemicarbazone in
alcohol, adding the ester and proceeding as described.

0+1508 gms. gave 227 ces. Ng at 14°3. and 748 mms., =22+73% No
0+1428 gms. gave 28+8 ccs. Ng at 12°C. and 742 mms. 722+66% No
CpH110N38 reguires 22+70% No.

—— " ———— . - ——— - ———— — -~

2i4-diketo-b-methylietrahydrotiniazole
Nﬁ-io
HeCHs

0=¢¢
NG
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Complete hydrolysis of +he above isopropylidene
derivative was effected by boiling under a reflux con-
denser with concentrated hydrochloriec acid for +thres hours,
The s8olution was +then evaporated +o0 dryness on the water
bath and +the residue extracted with hodt benzene;. the
undissolved crysballine solid was identified as hnydrazine
hydrochloride by the reduction of Fehling's solution and
foranation of benzalazine on shaking with benzaldehyde.
The benzene 'solution was dried over anhydrous sodiumr s
sulphate and on evaporation gave an o0il which distilled
at 165-168°C. undar a vpressure of 20 wmms;- the distillate
on cooling by wmeans of solid carbon dioxide and ebher
so0lidified to a crystalline mass whiech melted at 46-47°C,
From» its properties the substance is evidently +that
already described by #heeler ani Garnss (Amer. Chem. J.
1900, 24, 78), who prepared it by a differsnt method.
0+1514 gms., gave 14+0 ces. Nao at 14°C. and 744+5 mms.
= 10+84% No.

CeHs02NS requires 10+89% No

> - o - o -

gidzdikedo=f-rebhyltetrahydrothiazole=2=hvdrazons. _hyizochloride
HQN-N=G(NH—EO “HO1
S———0heChg
The isopropylidene derivetive was hydrolysed by

boiling with hydrocnhloric acid of twiece normal strength
under a reilux condenser for about fifteen minutes. The
acid solution, after filtration from a small gquantity of
insoluble watter, was sevaporatzd +o dryness under reduced
pressure at a ‘temperature of 40-50°C., Acetone was

recognised in +the distillete by its odour and by +the

iodoform reaction. The residue consisting of +the
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hydrochloride, was & white granular c¢rystalline substance
which was slightly hygroscopic, very soluble in water,
but only slightly soluble in alcohol and prachtically
insoluble ir ‘ether. The substance decompossd on heating
to ‘temperatures above 220°C.

The agqueous solution gave & prscipitate of silver
chloride with silver nitrate and nitric acid and it
appeared 4o give a silver salt, probably due +to ‘the
tetrahydrothiazole complex, but +this was not investigated.
The substance reduced FHFehling's solution on boiling.

01450 ¢gms. gave 22+4¢ ccs. Ng at 18°C, and 770G mms; =22+090% N
O°15QO gos. gave 30«3 ces. Ng at 14°C, and 77C-5 mms.=23°15%ﬁ2

CaHrONg3+HC1 recquires 23«14% No

——— s - > =

gid=dikelo-bowetbylietrabydrothiazole-R-bopnzylidenshydrazone
NE~GO

36‘5.3h=ﬁ-m=c<8-——vﬁ-053
, Vias obbtained by vigorously shaking an aqueous
solution of +the hnydrochloride with beunzaldehyde and
recrystallising +the precduct from alcohol‘ from which it
was deposited in +the form of fine white needles wmelting
at - 238°C. The substance was only slightly solubls in
cold alcohol or in water,

0+0692 gms. gave 10-8 ces. Fo at 20°C. and 787 amms.

Found 1808% Na. C11E110N3S requires 13-03%.

- o o it o - " it iy

2:4-diketo-b-ethyltetrahydrothiezole=2-igopropylidenshydrazong

' CHs NE—CO
/ o >0=8-8=¢K o
CHg S—-CHeColip

as obtained by the action of ethyl O-bromo-n-
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butyrate on the sodium derivative o¢f acetone thiosexi-
carbaszone 1in alcoholic solution. The reaction was carried
out in exactly the samre way eas with +the ethyl o bromo
propionate., Recrystellised from alcoholic solubtion +the
product was obtgined in 4the form of fine white glistening
needles melting at 118°C, The substance was only slightly
soluble in ether, benzene or water.

0+1814 ¢gms., gave 228 ces. Ng at 15+5°C, and 754 mms. =20-89%N
01360 gas. gave 24+8 Np at 17°C., and 754 mms. = 20+80% Ng.
CeglH130K33 reguires 21+11% Na.

o~ "y o o > s o

2:4=diketo=b-ehbyltetrebydrothiazcle
NE—CO
L

—Ch+Cels

Was prepared from the preceeding iscpropylidene
derivative by bolling with concentrated hydrochloric acid
as in the previous case. After recrystallisation from =&
mixture of benzene and petroleur etuer it melted at 63—
84°C,, was ©reedily soluble in alcohol, ether or benzene
end less soluble in 1light petroleum. It sagreed in melting

point with the substance previously described by Wheeler

and Barnes (loec. ci%t. 78) and prepared by a different

method,
2id-diketozBboebhylietrabydrothiazole-2=hydrazone.  hydpochloride.
NE—~CO
EolNeN=C( i *HC1
S He 02 H5

The hydrochloride was obtainsd <from the isopropylidene
derivative by bhydrolysis which was effected by boiling
under a reflux condenser with 2N hydrochloric acid as in

the c¢ase of the corresponding -5-mwebthyl compound.
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The product was a white granulsr crystalline solid, sli
slightly deliquescent, soluble in water, slightly soluble
in eleohol, and practically insoluble in ether. The
hydrochloride decomposed on hesting at 2 temperature of
215-220°C,

0+1284 gms. gave 24+C ccs. Ng at 14°C. and 730 mms., = R21+44%

0+1830 gms. gave 24+6 ccs. Ng at 14°C. and 749 mms. = 2138%N5

CsHoONaS+EC1l requires 21+4%% No

.V — - o -

PO 2T R-F- 222 T

‘ NE—~e20
~T \J_rs( L
5 Lt . .
O—=—UhieColin

The ©benzjlidene derivative was prepared by vigorously
shaking an agueous solution of +the above hydrochleride
with ©bPenzaldenhyde in the wusual way. The vpasty mass so
obtained was washed with ether to remove excess benzalle
dehyde and after recrystallisation <from alcohol +the product
was obtained din the form of white microscopic needles
having a melting point of 206°C. The substance was
practically insoluble in ether, water, or c¢old alcohol.

0+1528 gms. gave 221 ces. ¥z at 15°C. and 758 mms. =169% Ng

C12E130N38 requires 17+0% Ng
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2:4-Diketo-S-gtbyltetrehydrobbisgole=2=-bydrazong
NE~—CO '
HeNeN=Cc{ [
S——CH-CgEs
The free base was prepared by the removal of +the
hydroehloric acid from the hydrocnloride by means of +the

calculated oguantity of sodium carbonate in aqueous soln.

After +the effervescence had c¢eased bthe solution was evap-



49
orated to dryness at room temperature in a vacuum - over
sulphuric acid, +the residue was washed with =a small guan-
tity of waster +to remove sgodium chloride, and analysed
aftzr drying in a vacuum desiccator over sulphuric acid.

Fhe product was a white crystalline powder soluble
in hot alecohol, slightly scluble in benzene, ether, or
water, It welted at 133°C. and was only moderately §
stable becoming discolourzd on kesping.

C+C820 gms. gave 207 ces. Ne at 13°C. and 750 mms. =2623%Nsg

CgHoONaS reqguires 26+41% Nsg.

——— - — ] - -

kas prepared by the usual wmethod from ethyl phenyl-

bromoacetate and the sodium derivative of acetone thio-
semicarbazone. The gubstance closely reserbled in every
particular the other products of this type already
described., GRecrystallised fror aleconol the c¢compound weas
obtained in the form of fine white needles wmelting at
198-1998°C., which were no% appreciably soluble in Ybenzene
ether or water.

0+1562 gms. gave 22+45 ces. at 13-5°C. and 757 mms. =18-89%Nsp

0+1587 gms. gave 23+15 ces. No at 15°C. and 755 mme.=16+98%MNs

C12H13088S requires 17<00%Ng

2:4=Diketo-b-phenyltetrahvdrothigzele
NE~~3C
0=0{

S——CH*Cghsy

Was obhained by the hydrolysis of the preceeding
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isopropylidene derivative, effected by means of prolonged
boiling with concentrated bhydrochloriec acid in the wusual
way. After recrystallisation from a mixture of petroleum
ether and absolute alecohol it melted at 125-126°3, and
corresponded in all its ©properties with the compound
described by Wheeler (Amer. Chem. J. 1901, 28,352) and

obtained by him according to another method.

2:4-Diketo-B-phenyltetrahydrothiazele~2-hvdrazone _hydrochloride

HoNeN=C +BC1

. G0
a-——gH'Ceﬁs
The hydrochloride was ©prepared from +the isopropylidene
derivative by hydrolysis with dilute nydrochloric acid in
the usual way. The product was a white micro-crystalline
s0lid whiich decorposed on heating at 240°3, It was rather
speringly soluble in cold wabter, soluble only with
difficulty in =alcohol and ©practicelly insocluble in ether.
0+1538 gms. gave 21+68 ces. No at 12°C. and 768 mms. =17+15% Ngp
0«1539 gms. gave 220 cces. Np at 15+5°C. and 788 mms.=17+27%Ns

ColoONgS+HC1 requires 17+25% No

> - o T —— g -

2:4.—Diketo-D-phenylietrabydroihiszole=2-benzilidene bydrazone

NE—08
3355-0H=N—N=O<; .
- *uglisg

fias prepared in +the wusual way by +the action of
benzaldehyde on an agueous solution of +the bhydrochloride.
Recrystallised from alcohol the product was obtained as
mieroscopic white hair-like ecrystals melting at 257°C.,

and, 1like +the othsr compounds of +this +type, was only
glightly soluble in co0ld alecohol, benzene, ether, or

water.
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01199 gme. gave 14+3 ces. Nz abt 13+5°C, and 764 mms. =14+15% Ng
C1sH1g0N3S requires 14+23% Np '

- S o o —— Y ——

Agtion..of.  BEsbters. of _PB-halogepated _Asids.
The esters employed were ethyl ﬁ—chloro-n-butyrate

and ethyl ﬁ-bromo¢‘B—phenylpropionate.

Action of f-chloro-n-bukyric: ester:-
{({a) 4 weighed ogquantity of acetone +thicsemicarbazone was
just dissolved in boiling alcohol, +he celeulated axmount
of sodiur ethoxide was then added and the mixture boiled
for ten nwminutes unier =a reflux condenser. The resulting
alcoholice solutiyn of the sodium derivative was cooled +to
roor btemperaturs and the necessary guantity of the ester
added. There appeared to be an immediate reaction accom—
panied by a decided rise 1in tftempereture and separation
cf sodium hglide.

The sodiumr chloride was filtered off, +the filtrate
was evaporated +to small bulk under reduced pressure at a$
low &8 temperature as possible, and the pasty mass so
obtained was extracted with ether. The residue after o=
extrection with ether was shown tto be acetone +thiosemi-
ecarbazone by the melting point and by comparison with a
known' specimen., The ethereal solution was dried over
anhydrous sodium sulphate and +the ether carefully removed
in a current of dry air., The resulting product was a
water c¢lear liquid boiling at 138-140°C. at atmospheric
pressure; it d4id not contain nitrogen or sulphur and
was apparently unsaturated in character.

These properties indicate ethyl crotonate and +that

the reaction did not proceed as was expected but
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resulted in a simple removal of hydrogen halide from the
B halogenated acid with formation of the corresponding

unsabturated couzpound.:

(v) f

In +this experiment the sodium derivative of acetone
thiosemicarbazone was isolated, a cquantity (weighed)  was
dissolved 1in absolute alconol and the aleoholic solution
cooled in o goéd freezing wmixture of ice and salt,

The ecalculated amount of the fi-halogenated ester, also
well 'cooled, was slowly added but +the reaction appearsd
to proceed almost instantanzously. After allowing +the
mixture +bto stand overnight it was examined but in this
experiment also it was found that the products were oo

sodiur halide and ethyl crotonate only.:

(o)

Acetone sodio-thiosemricarbazone was prepared, dried,
finely ground, and a weighed guantity suspended in dry
benzene. The necessary amount of chkoro ester was added
but no reachtion occurred even after boiling for several
hours under a reflux condénser, the sodium derivative bein‘ '
removed unchanged,

In +the case of eftnyl B-bromo-ﬁphenylpropionate the
results obtained were found to correspond exactly with
those just described zfor sthyl p-chloro—n—butyrate. The

unsaturated ester 1in this cage was ethyl cinnamate.

fetion_ . of . fisters_._of _Y-halogenated_ _agids.
hetion of ethyl Y-chloro-n-butyrate, CHpCl+CHp<CHo+C00CoHs

(a)

To an alcoholic solution of the sodium derivatuive
of acetone +thiosemicarbazone cooled in ice-water, the

calculated quantity of the chloro ester, alsc cooled,
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was added., There appeared %o be an almost instantansous
reaction, but +the +whole was allowed %o stand overnight
before +the wixture was examinzd., The so0lid crystalline
rass which sstthled out wes filtered off and extracted
with absolube alecohol., It was found +to be & wmixture of
sodium halide and acetone +thiosemicarbazons, the amounts
being; - sodium halide 9S% theory, and thiosemicarbazone
50% %heory.

The alcoholic filtrate wazs svaporated %o szall bulk
at room teamperature, under reduced pressure and bthe
resulting pasty product extraeted with dJdry ether, After
drying over anrhydrous sodium sulphate +the ether was
removed in a current of dry air yielding a 1liguid part
of whiech distilled at 786°C, under a pressure of 15 mms.
was unsaturated in character, and did not conbain nitrogem
or sulphur. This wmors volatile powrtion was apparenily
ethyl vinylacetate. The pressure was reduced still further
until the product was free from unsaturated ester, then
attempts were wade by cooling in various freezing wmixtures
finally in solid carbon dJdioxide and ether, to obtain =
crystalline produet, but ths liguid rssidue could nok be
solidified.

#hen distillation was attempted +thers was apparent
decomposition, a2 fraction was ottained boiling at 168-188°
under a pressure of ©<5 mms. Thils product conbtained
sulphur and nitrogen and analysis sgave the following
figures :—~ HNitroden 9°384%. Sulphur (by Jarius) 183+83% , 13-69%
4 resinous vresidue wﬁich could not Dbe purified was left
in the distillation flask.

(b)

The sodium derivative of acetone thiosemicarbazone

was prepared and suspended in a finely divided condition



(o)
W

in dry benzene. No action +took place on adding the
calceculated quantity of ethyl y-chloro-n-butyrate, even after

several hours boiling.

(e)

This experiment was carried out es described in (a)
except that after standing overnight the reaction wmixturs
was bolled under a reflilux condenser to complete the

reaction., The results were unsatisfactory.

dction_ _of  _ebhyl y-chloroveleratg , CHz*UH-CHp+CH2°000C2Es
The experiments were carried out as has just been
described for Y,chloro—n—butyric ester but the results
obtained were also unsatisfactory. The unsaturated compound
obtained boilsd at ¥8°C., under a pressure of 15 mms..

Using benzene +therse was no reaction, the sodium derivative

being recovered unchanged.

Action__of_ _ebhyl y-chloro=igocaproate, SH3>C(31)052.GHZ.3003935
. CH4

The ©results obtained were of a negative character
as in' the case of +the Htwo vy-chloro esters already
described. fThe unsaturated compound obtzazined in this case
boiled at 36°C., wunder =z pressure of 9% mms. and at ©8°C

o~

under =a pressure o¢f 22 uwwms.

Using the sodium derivative in suspension in benzene
no evidence of chemical action could be detected, The
results indicaite that benzene exerts an inhibiting action
excepth an the case o0f exceedingly reactive halogenated
compounds sucn as the chloroformic esters. HBven when
reaction takss place, using benzene as a solvenit, it
does so¢ abnormally; that is tto say the substitnent 1is

1

not linked +to sulphur as in cases where alcohol 1is wused



Agbtion. _of . ethyl w=bromo-o-toluatsg, QEsg
C00CaHs

Agetone. S=o=carbeihoxy. . benzylihiesswicarbazone:

COOCzEs
uh'g
)o—h—ﬂ-u(

S—-CHa
An alcoholic solution of the sodium derivative of
acetone +thiossmicarbazone was prepared in +the usual manner,

well cooled in ice-water, and +the calculated amount of
ethyl w-broro-o-toluate, also cooled, was slowly added.

Sodium bromide separated at once but the whole was allowed
to stand overnight, +then was boiled for half an hour

under a reflux condenser to complebe +the reaction,.

The sodiur halide was filtered off and the filtrate
evaporated %o smgll bulk under reduced pressure. The low
relting product thus obtained was vpurified by
recrystalliising several times <frox petroleum ether to
whieh had been added a 1ittle ©benzene. From this mixed
solvent the cowpound separated as pale yellow transparent
prisms containing both nitrogen and sulphur and melting
at 686°C, The substance was exceedingly soluble in ether,
alcohol, and Dbenzens and practically insoluble in water,
The yield was 70% of the theoretical.

0+1588 gm, gave 18+8 ce. No at 11-.5°C. and 770 mm. =1429% Ns.
0+1572 gm. gave 19+6 cc. Hg at 16+5°C. and 751 mm. =14+35% Ng.
C14B4983802 reguires 14+33% Na.

e —— o —— = —— " — -

S-o-garbethoxy ~benzyl_.thiosemicarbazide. .dibydrogchloride
J00CsEs.
NHg 2

HgN-N=C<S - +2HC1
-g2
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The dinydirochloride was prepared from the acetone
derivative just descrivbed, by hydrolysis;  this was effected
by boiling +the substance for a guarter of an hour under
e reflux condenssr with an excess o¢f hydrochloric acid
:} normal strength, exactly as in the case of +the ©S-
alkylated +thiosemicarbazones.

The acid solution so obtained was evaporated +to dryness
under reducsd pressure at a temperature of about 50°C.,
yielding a white deliguescent s0lid melting at 185-130°C.,
with decomposition. The product, 1like the S-alkylated
dihydrochlorides, was exceedingly soluble in water, slightl,
soluble in c¢o0ld alcohol, and practically insoluble in
ethere

0+1750 gm. gave 191 cc. No at 11°C, and 741 mm., = 12689% Ns.
0+1624 gm. gave 0+1417 gm. AgCl = 22-2% HO1.

0+18C0C gm. gave 0+1574 gm. Agll 22+25% BC1.

C11H15N3802+2H31 reguires 1R2:88% Ng;- 22+89% HCL.

2t e e S o o e S Wy ht Ao s g s S

Bengaldehvde . S-o-garbehhoxzbenzyl. thiosgmicarbazong
goughydrochlozides 003 sHs

7[_‘:2
33H5‘31‘I=N—N=3<§ - HC1,EsO

—JHg—

The benzylidene derivative was obtained in +the wusual
mauner by vigorously shaking an aqueous solution of +the
dihydrochloride with an excess of ©benzaldehyde. The excess
benzaldehyde was removed by extracting +the pasty reaétion
product with ether and the benzilidene derivative was
purified, as 1in the case of the corresponding benzilidene
S—~alkylated compounds, by dissolving in:z agueous alcohol
and precipitating by +the addition of several volumes of
ether.

The substance separated as lustrous white plates
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relting at 115°3., soluble in alcohol, 1less so in btenzene
and practically insoluble in ether or water. b6 akbdbibie

The analytical results indicate +that by +this method
of purification +the hydrochloride crystallised with one
rolecule of water of crystallisation; the corresponding
S-alkylated compounds do not appear +to contain water of
crystallisation,

0+18680 gm. gave 175 ce. No at 12°C. and 749 mm. = 10+45% Ng
0+2084 gum. gave 18+85 cc., Np at 1G+5°C. and 758 mm. =10-50%Ns
02386 gm. gave 0-0322 gm. AgCl = 8+73% HCL

B8+66% HC1

01980 gm. gave 0°0YUR gm. Agll
C1gH1902N38EC1+He0 requires 10+6% Nz and 2-22% HC1

Compare

a
l—l
L ]

C1aH1g02K3S8+EC1 reguires 11+13% Nz and 9+623%

s oy M e s ity e s S e T - Ay S

ﬁggz@léghxia_;E:Q:g@zéggagxiagnzzi;-shigsemigaréazggg
. S0CCgHE.
Colig - SHmN-N=0( >
S—CHg
A weighed guantity of +the above hydrochloride was
added to an egquivalent of anhydrous sodiumr carbonate
dissolved in the minimum amoﬁnt of wabter, BSufficient
alcohol was added +to effsct complsie scolubion, on which
there was brisk effervescence and evolution of carbon
dioxide., #hen the reaction c¢cased +the wmixture was evap-
orated ﬁdv#dryness under reduced pressure at as low a
temperature as possible. The product was removed from
the admixed sodium shloride by extraction with ether,
the ethereal solution was dried over anhydrous sodium

sulphate and the ethsr removed in a current of dry air.

The +thiosemicarbazone wes pdrified by recrystallisation
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from petroleum ether %o which a 1ittle benzene had ©bsen
added, and was obtained as short transparent prisms
melting at 74°C. readily soluble in aleohol, benzene, and
ether.,

0+2008 gm. gave 2C+75 cc. N at 14°C, and 760 mm. =1215% Ns.
0+2086 gm. gave 208 cc. Ng at 13°C., and 788 mm. = 12+2C% Ng.
C12H1002N38 reguires 12-32% Na.

- - —— . T o

Acbion__of _l-dimwethvl—chlorosuccinate, f“Ol'COOCﬁs
CHa+COOCH3

An alcoholic solution of +the sodium derivative of
acetone thiosemicarbazone was prepared by the addition of
the necessary amount of sodium ethoxide in alcoholic
solution %o an alcoholic solution of the thiossmicarbazone

EN

in +the usual manner. The solution was well cooled in
ice-water and +Hthz calculated guantity of the dimethyl
chlorosuccinate, also cocled, was added. ©Sodium chloride
separated and the reaction seemed +to go smoothiy but on
working wup the reaéfion mixture after allowing +to stand
it was found that +the product was a low melting solid
which did not contain sulphur or nitrogen. The acetone

thiosemicarbazone was practically all rzcovered. The product

was unot examined further.

- — " - _——_——_— " -~



bdction o0f ethyl chloroformate,

l-carbethoxy +thiosewicarbagzide

Ethyl chloroformats (1 mol)

with shaking, to +the sodium

Fe

in & small oaquantity of dry

sufficiently hot to csuse the

carbon dioxide was evolved. The

bociling wunder a reflux condenser

water bath.

Ihe resulting crude product

water Yo remove sodium c¢hloride,

recrystallising fromw alcohol. The

colourless lustrous plates

readily solubls in hot géestone,

boiling alcohol =znd almost

chloroforr, It dissolved in hot

sodium hydroxide and slowly

hydrochloric acid.

The yislds were very

of +the 1l-carbethoxy

using 1+5 mols chloroformic

o

and 3

sodio-thiosemricarbazons 3 c¢cs.

of- the sodium derivetive. Using

in excess of +the guantities

a gelatinous producst which could

Analygis C= 29+62%; He =5+40%; Ng

Molggular. . Weight  (Bbullioscopic me

Lheoretjically CeHoOgNgS reguires

~
~

= 29+45%; Hy = 5+52%;

derivative
benzesne.

benzene

celting

insoluble

dissolved

variable

thiosemicarbazide

ester

ment

<8}

01'3003255
CoHs*O0CHE+NE-CS+XHs

-

was gradually added,

(1 mol) suspended

The mixture becane

to boil, and

reaction wes completed by

for an hour on the

wae filtered, washed with

and purified by re

substance separated in

at 183-138°C., was

moderately soluble in

in benzens and

water, or cold agueous

in concenhrated

but a maximum of 60%

was obtained by

to 1 mel of acetone

of benzene to each

a
~

either ster or Dbenzene

ioned_ was found %o give

not be purified.

25+80% 8 19+20%,

..
2

thod in acetone). 145;- 149

Mol. Wh. 183.

8§ = 19-82%,

No = R25+78%;-

£ram
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The identity of +the l-carbethoxy +thiosemicarbazdéde
was confirmed by comparison with a speecimen of +the
substance prepared by the method of Fromm and Nekring,
(Ber. 19823, 1374).

In addition to the wmein product just described there
was obtained from +the Dbenzene filtrate a small guantity
[ about 10% of +the +total yield was the maximum] of a
substance which was much more soluble 1in alecohol and
benzene., After repeéteﬂ recrystallisation from e mixture
of carbon disulphide and peitroleum ether +the substance
melted at 134-135°C, with slight decomposition.

It was found +that 3if alcohol were wused instead of
benzene the reaction took o different course. Sodium
chloride separated but acstone thiosemicarbazone was formed
the alcohol apparently reachting with the ethyl chloro-

fcrmate,.

- — - o~ ——— o o T ¥ - = by i o

Action: of ' phenyl _chloroformic. _gsters CeHs-00C-Cl
l-carbophenoxy thiosemicarbazide CgHp+COONHeNE+* TS+ NHg
The action of phenyl chlorocarbonate, C1+¢000+CgHg, on
the sodium derivative of acetone +thiosemicarbazone was
found to proceed exactly as in +%the case of +&the ethyl
chloroformic ester. The reaction was carried out in 2z
similar manner the sodium derivative being placed in a
flask, the benzene adied and +the phenyl chloroforric
ester added drop by drop until +the reaction started, thew
as reqguired to ksep it doing. After all the phenyl
chloroformate had been. adlied the mixture was heated on
the water bath for ean hour. A maximum yield of 60~85%
of the 1-carbophenoxy thiosemicarbazdde was obtained wusing

the sare . relative guantities of +the various reagents as



has =already been d@scribed for +the action of ethyl chloroc
carbonsate,

The reachbion mixture was filtered, +the residue washed
with =a 1little absolute alcohol 4o remove eadhering benzene
and then with cold water +ill free <from sodiur chloride.
Thé product recrystallissd fror alcohol was obtained as
lustrous white plates welting at 194-199°C. with decompos—
ition;: crystallised by dissolving in dry sacetone and
precipitating with petroleusm ebther the compo;;d had the
sare melting point 194~1929°C., with decomposition.

l-carbophenoxy thiosemicarbazide is soluble in ace%one,
less so in alcohol, benzene, and chloroform, and D-esewt:
éractically insoluble in cold water; soluble in hot water
on prolonged heating but partiglly hydrolysed as small
guantities of phenol could be detected in the steanm,
Apglysis. O = 4534%. Hg = 4+36%. Ng = 19+32%. S = 15+38%.
¥ol.iit,  (Ebullioscopic method in™ asetone) 193; 203.
Theoreticzlly CsgHeOsNaS reouires Mol. Wt. S11.

S = 45

o1

Oh. Hg = 4+26%, Nz = 19+90%. 8 = 15+186%.
From the benzene filtrate a small guantity of another

product was obhtained, whieh, when recrystallised <from a ¥

mixture of carbon disulphide and petroleum ether, separated’

as smell transparent plates melting at 149°C. It was

weeh more readily soluble in alecohol and benzene than

l-carbophenoxy thiosemicarbazide.

Nitrogeu. _goptegny found 16-70%.

CH NE
No=K-8=0 - = Cy1H180oNsS requires 18.74% Np
CHg 5+000+Ceks.
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Agtion _of _webthvl _chlovoformabg, C1.C00-CHs
Tne reaction was carried out exsctly according +to
the methods alresady dJdescribed and again +the principal
product was found to be of the +type ReQOOG+NH*NH+CSe+NHz.
M.P., 191-183°C,
Nitrogen content found = 23+05%.,
CHg+OOC-NH+NH«(JB8+NHs reqguires 28+18% Ks.

- ———_—— — — 5 > ————

Brdzolysis__of _l-carbophenogy . thiosemicarbazids.

A guantity of the compound UTglhs*OCCeNH+*NE+CSeNHs was
completely hydrolysed by healing in a Carius tube with
an excess of concentrated hydrochloric acid for six hours
at a temperature of 120°C. On releasing +the pressure,
which was appareantly considerable, a gquantity of gas,
srxelling strongly of sulphuretted hydrogen escaped, while
remaining in the tube was a c¢rystalline white so0lid =and
a brown liguid which was evidently 1lighter +than, 2nd
immiscible with, +the excess acid.

The 1liguid contends of +the tube were decanted off,
the crystalline residue washed severzl +times by decantatiom
with concentrated hydrochloric acid, then several times
with ether and dried by connecting the Carius tube +to
e desiccating arrangement and exhausting the whole system.
The crystalline product obtained in +this way was shown
to be hydrazine hydrochloride by +the ready reduchtion of
Pehling's solution, and formetion of ©benzalazine,.
CgHg*OH=N-N=CHeCgHs, on shaking &4hé: aqueous solution with
benzealdehyde.

The acid solution was diluted somewhat, extracted
with ether, +the ethereal solution dried and the brown

3

liguid shown %o be phenol by +the smell, the violet
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colouration witb ferric chloride and formastion of
“ribromophenocl, M.P. $2°C., with bromine water.

The aqueous acid remaining was examined for other
possible products of hydrolysis but only ammonium chloride
was obtained which was identified by formation of am&onia

and by the Nessler resaction.



Aetion . ef _LTeodime  _on __Agetong  sodigo=thiogsemicaxbazpne.

An alcoholic solution of tthe sodiunr dJderivative of

ascetone thiosemicarbazone was prepared in the usual zanner

Sy the addition of +ths necessary quantisty of sodiun
ethoxide to acetone thiosemicarbazone just dissolved in
alcchol. The solution was cooled %o room *iemperature
then the calculated quantity of icdine was added, and
the whole allowed %o stand for several days.:

IThe colour of +the iodine was gradually discharged
but an examination of +4the reaction mixture showed that
the resulting product was acetone thiosemicarbazonse 'which
was recovered to the extent of BO-85%.

The identity of +the substance was esbtablished by
comparison with a known specimen.

Sodium iodide was also formed but no evidence of
the linking wup of two thiosemicarbazone residues +hrough

sulphur could be Jdebeched.
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betion . of - Ethyleng. .dibrgomide.

To an alcoholic solution of acetone sodio-thiosemicar-~
bazone +the caleulated guantity of ethylene dibromide was
added, the mixture allowed to stand overnight and then
boiled for an hour on +the waterbath under a reflux
condenser.

There was no separati@on of sodium bromide and
examination showed +that no chexical action had taken place

The experiment was repeated under varying conditions
as %o time of cqntact and relative ©proportions of ==
reagents bubt 1in every case 4the sodium Jderivative could

be recoversd unchanged,



Aetion__of _Apiling _on__Acglong _thiosericarbazongs

Finely powdered acetone thiosemicarbazone (one mol)
and aniline (one mol) were placed in a boiling tﬁbe
closed with a cork carrying an air condenser.

The migbure was heated in a glycerine bath at a
temperature of 180°C., Ammonia was evolved but as there
did not appear to be any change in +the rate of evolutiow
of +the ammonia the heating was stopped at +the end of
two hours,

During the heating sulphuretted bnydrogen was noticed
in fair gqguantity mixed with the ammonia,

IThe reaction wmixture was poured into an excess of
dilute acehic acid but +the resulting product was a gummy

)

nass which could not bve crystallised from solvents,

tieedle shaped crystals were observed in +the air
condenser; these crystals were water soluble, when acid-
ified they evolved sulvhuretted hydrogen, and they instanhl1
reduced Fenling's solution in +the cold.

In another experiment the reaction mixture was allowecd

to c¢o00l somewhat and e 1ittle benzesne was 2added buib

again +the product was rasinous in character.

Aetien. of Benzylawine..on. fcehone.  thiosewicarbazoues

The reaction was carried oubt as in ihe preceeding
case, equivalent gquantities of benzylamine and acetone
thiosemicarbazone being hsatsd together in a glycerine
bath.. |

The ammonia was evolved at a lower temperature,
however, and after heating for one and a half hours at
140~145°C. +the reaction wmixture was allowed +to coo0l and

a small guantity of alcohol added %o the still wolten



product to prevent the whole so0lidifying.” 4 so0lid
crystalline substance separated which was filtered off

and was found %o melt at about 148°C. The melting was
indefinite and analysis showed that a mixture of substance
had Dbeen obtained. The produchts have not. yet been fully

worked up.

- e Wt " — " o — —

Aetion_.of . Benzvlamine _on_ _Agetophenons. thiosemicarbazone.
BEquivalent guantities of acetophenone thiossmicarbazone
and benzylamine were heated together. The reaction
starbed at 1830°C, and this tempersture was waintained
for an hour and‘ a half. The reaction wmixture was cooled
to about 80°C,, and a small quantity of benzene added.
After cooling further, twice +the volume of ether was
added and +the crude so0lid product filtered off,.
Recrysbhallised +three +tHimes <{from benzene the substance
was ocbtained as very small white prisms melting at 157
-158°C., soluble in ‘btenzene and aleohol, but Adifficultly
soluble in ether.
C-1598 gms. gave 20+4 ccs. Ng at 20°C, ana 764 mms. = 14+7% ¥s
D+1545 gms. gave 15+7 ces. No at 17+5°C. and 759 mrs.=14+78% Is
Ceﬁs\ | ,
GHS/C=N-NH-CS'NH~CHQ-CGH§- = (41gH17N38 requires 14.84% Ng,

. —— — v - - -

Hydrolysis__of . Acctonbengone.. d=benzylo—thiocseumicazrbazone

The product formed by the . interaction of benzylamine
and acetophenone +thiosemicarbazone is not appreciably
hydrolysed on boiling for $Hwo hours with 2N hydrochloric
acid.

4 complete hydrdlysis was effected by heating in a



Carius tube with excess of concentrated acid at o
temperature of 18P°C. for six hours,

On releasing the ©pressure sulphuretted hydrogen was
recognised and remaining in the tube was a white
crystalline solid together with a dark coloursd viscous
syruo, The solid‘ after weshing with concentrated hydrochlorvse
acid by descantation and then with absolute alcohol, was
shown to be hydrazine hydrochloride by +he formation of
benzalazine, CgHs*CE=N-N=CH«CgHg, on shaking an agueous
solution with benzaldehyde, and by the ready reduction of
Fehling's solution.

The hydrochloric acid was extracted with ether and vthe
ethereal extracts dried over anhydrous sodium sulphathe,

The alcohol washings eaad ths acid after extraction
with ether wsre evaporatsd +o dryness and the solid
obtained recrystallised by dissolving in alecohol and
reprecipitating with ether, when its melting point was

-

found %o be 243°C., Benzylamine hydrochloride is reported
in +the 1literature by various observers %to melt at
temperatures ranging from 240°C. +to 255+5°C.

The hydrolysis ©vproducet was shown 40 be benzylamine
hydrochloride by ©preparing +the bengoyl derivafive by the
Schotten-Baumann reaction and comxparing with an authentic

specimen.
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[Experimental].

Thiosemicarbazide HoN-NH-CS+NHps (Freund and Schander,
Ber. 1896, 23, 2500).

100 gms, (2mols) of commereial hydrazine sulphate
were placed in a2 beaker, 400 ces. of cold distilled
water added and the wixture warmed. 54 gms. (1 mol)
anhydrous potassium cerbonate were then added, in small
guantities at a time, with constant stirring; there was
a brisk evolution of carbon dioxide &and +the readily
soluble normal hydrazine sulphate was forwmed.

8C gms. (2 mols) of vpotassium sulphocyanide were
added, +the mixture stirred and +then hédated +to boiling;
a double decemxmposition takes place with formation of
hydrazine sulphocyeanide and potassium sulphate. After
boiling for five minubes the pobtassium sulphate was
corpletely vprecipitated by the addition of 500 eces., of
commercial alcohol, and removed by filtering +the hot
solution at the pump.

The filtrate cntaining the hydrazine sulphocyanide

Q

was distilled +to remove as wmuch alcohol as possible

and was then evaporated down over a free flame in a
porcelain basin. The 1iguid wes stirred continuously
during this evaporation and after a time the evolution'
of steam c¢ecased and +the substance, which appeared %o be
a molten slightly yellow solid, bedan %o effervesce and

ammonia was evolved. The reaction was very vigorous and

when it became +Hoo violent it was checked by +the sddition

of & 1little cold water. During this +vigdgeorous reaction
the mass was sitirred +horoughly and continuously.

On cooling, +the ©reaction wmixture so0lidified fo =2

|
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erystalline wass of thiosemicarbazide.

A 1ittle water was added, +the paste filtered, and
the filtrate evaporated down to a syrup as before.
This wes repeated four or five +tirzes.

The various crops of erystals were then combined
and reoerystallised from water, the mother Iliguor being
evaporated down toc yield & further c¢rop of +Hthiosemicar-—

bagide., ¥.P, 182+5°C., VYield 42 gms.

- ot~ — o —

Acetong. _thiosemicarbazong.
. =N«NH-C8NE
org O N NHOSeNE

The wmethod of Freund and Schander, (Ber. 1202, 33, 2602)
was found to give a ©poor product which required repeated
crystallisasvion, but +the following wmodification gave a
good product 1in one operation.

30 ¢gms of thiosemicarvbazide were bheated wunder g refluy
condenser with a wmixbure of 200 cees. of alecohol and 70
ces, of acetone until solution was complete. The reaction
rixture was filtered hot and on cooling t+the acetone

thiosemicarbazone separated as fine white needle shaped

crystals melting sharply at 178-179°C., Yield 80% theoretical

- — - . — - -

Silver _derivative__of..acetone  thiosemicexbazone.

Ch
H

a . NHeo
§>C=N-E—C<S‘Ag Neuberg and Neimann,

Q Q

(Ber. 1902, 35,2048)
By the gradual addition, with constant stirring, of

an alcoholic solution of silver nitreate to 2 cold ealcoholic

solution of acetone +thiossmicarbazone until a permanent



precipitate was formed, the silver derivative was not
obtained, but a 1light bulky white powder was foramed,
which was relatively stable to 1ight and had only aboutb
of the silver <content of the true metallic compound.
Found:- 22-79%, 25+08%, and 22+90% silver.
CyaHgNaSAg requires 45¢35% silver.:

The derivative was cbtained by the addition of =

cold alcoholic solution of acetone thiosemicarbazone, in

smgll quantities at a time, %o an egecess of alcoholic

silver nitrate. That 1is, +the presence of a decided excess

of silver nitrate Jduring +the whole -of +the vresction is
an essential condition for +the <formation of the metallic
compound,

The produnet was filtered off, well washéd with
alecohol, +then with dry ether end finally dried in a
vacuum desiccator over sulphuric acid. The preparation
was carried out in a dark room as the compound was
sensitive to 1light as descrited by Neubers and HNeimann.

It was found %o be even more sensitive %o certain
organic solvents being completely decomposed on warming
with either benzene or alcohol.

The silver was estimated by warming on a water
bath with an excess of 30% nitric acid, diluting with
water and titrating with standard +%thiocyanate wusing iron
alum as indicator. The 'proiuct obtained was not very
pure.

Apelysise. found 43-656%, 43-90%, 44+00% Ag.

CaHgNgSAg reguires 45+35%.

A ————- o 1 e T S T~ U v -



Benzaldegbyde.  bthiosemicerbazong Cehis*CH=N-K+CS«Nlp
Young and Eyre (J.J.S. 1801, 78, 57).

A weighed guantity of thiosemicarbazide was dissolved
in hot alcohol ani a slight excess of benzaldehyde added
On c¢ooling some of the thiosemicerbazone geparated as
fine hair-like c¢rystals, the remeinder was precipitsted
by the addition of water to +the aleoholic soclubion.

The product, resdily soluble in hot alcohol and
slightly so in boiling water, was recrystallised from

alcohol. M.P. 158-160°C, 6ield 75-80% +theoretical.

- - s . ot il e

Agetoph _.thiosgmicarbazon Cehb
g¢tophepong iosgnicarbazone i55>u=R°NH~CS‘NHg
w3

Neuberg and RNeimann (BER. 1902, 35, 2052).
Cbtained by heating equivalent quantities of +the

e

components for +two hours under a reflux coundenser in
agueous zlcoholic solution. Removal of +the alecohol under
reduced pressure gave an o0il which solidified and was
recrystallised from benzene giving a product melting at

103°¢C,

- — - — s e - ——

i-menthyl chloroscetate C1s0Hp+C000+C10810
Frankland and Barrow (J.C.8. 1914, 105, 202).

102 gms. of menthol and 5C gms. chloroacetic acid
were melted together and ssiurated with dry hydrochloric
acid gas., After heating for 2 1/2 hours on a water bath
a small guantity of water formed during the resction
separated out. This was removed and %the wmixture agdain
saturated' with hydrochloric acid gas., After +the separation

of a further small quantity of wabter, the 1liquid was
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distilled wunder reduced pressvre and the fraction boiling

at 135-138°C. st 12 mms. pressure, collected separately,
Cn redistilling, 75 gms. of +the l-menthyl chloro-

gcetate wevre obtained as a colourless o0il having =a

renthol 1like odour, and boiling at 137°C. at 12 mms.

The ppoduct gquickly solidified ,to a white crystalline

ress; the purity was ssticated by determining the specific

rotation.

o = 7707 1=1, . 4 44/4 = 1-017.

Ethyl_ . ¢-bromopreopionate CHe*CHBr+CO0+CoHp
Zelinsky (Ber. 1887, 20, 20%86)

To 30 gms., provioniec acid were  added 3+1 gums.
amorphous phosphorus, and, drop by drop, 40 gms. bromine
until ©no more hydrogen bromide was evolved. The wixture
was then warred wunder an afficient reflux condeuser on
a water bath and a further quantity of 64 gms. Dbromine

slowly added.

{The brominstion proceeds very rapidly a%t a temperaturve

~

between 40°C. and 50°C. and is finished when no wmore
bromine vapour is observed in the condenser].

The resulting btrom—acid bromide was c¢ocoled, decom—
rosed by the cautious addition of a slight excess of
absolute alcohol, the ester separsted by the addition of
weter, washed free from acid with dilute sodium carbonate
solution, dried over anhydrous sodium sulphate, and
distilled.

3C gms. propionic acid gave 64 gms. ethyl a-brome-

propionate distilling without decomposition at 156-160°C.
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Ethyl__phenyloxomagetete Celis*CHBr«C00+Caks
Bell and Weinzweig (Ber. 1895, 28, 2447)

The ester was prepared from mandelic acid by
substituting both hydroxyl <groups by bromine, using amor—
phous phosphorus, and iecomposing' the resulting bromgecid
bromide with absoclute alcobol.

The mandeiic acid was intimately mixed with the red
phosphorus by grinding the +%wo together in a morter and
the wmwixture was placed in & reaction flask whieh was
connscted %o a reflux condenser carrying an arrangement
for admitting bromins and absorbing hydrogen brozide.

Bromine was added very slowly and c¢arefully, the
reacbion at first being exceedingly vigorous and
necessitbating cooling of +the reéctio; véssel: in a freeziug
mixture. The resaction gradually becazme 1less violsnt énd
after 211 the brosine hnad bezn added the whole was
warmed on a water bPath until no¢ more hydrogen browide
was evolved.

The ac¢id bromide s0 obtained was again cooled in g
freezing mixture and decowposed by adding absolute alcohol
drop by drop. This reaction was alsec very vigorous and
effective cooling was necessary.

The vethyl phenylbromo acetate was washed with water
i1l free from acid, dried over anhydrous sodium sulphate
and distilled wunder reduced pressure. B.P, 175°C. at 25 mm.

Hell and Weinzweig state +that +the best yield is
cbtained using wmandelic acid 15-2 gms. red phosphorus 8+0

grs., and bromine 800 41100

- s oy e o e - - ——— -
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Ethyl._P-ghloro-un-butyrate CHa*CHCL+CHp+C00+CaHs

Loven and Jobansson (Ber. 1915, 48, 1258)

ﬁ-chloro-n—butyric acid was dissolved in absolute

asicohol, saturated with dry hydrochloric acid gas at =2
temperature of 0°C. and allowsd %o stand for 24 hours.
The mixture was +then poured into water, washed free fronx
acid, dried over anhydrous sodium sulphste and distilled
under reduced pressure. B.P. 65-65-4°C, at 15 mms., 54-4
~-547°C, at 10 mms.

The ﬁ-chloro—n—butyric acid was prepared by %he rwmethod
of Schiebler, (Ber. 1815, 48, 1448). A solution of ecrotonic
acid in dry ether was saturated with dry hydrochloric
acid gas, placed in & pressure flask which was firmly
stoppered and allowed to stand for +hres days at roon
texperature. The <flask was +hen cautiously opened, the
ether evapcrated off and the ﬁ-chloro—n-butyric acid
distilled unier reduced pressure. The yield was salmost
guarntitative and the produet immediately pure.

B.P. 108°C%. at 16 mms.

—_——— o -~ ——— - o~ - o ——

Bbbrl  fzbrovosfoobeurleropionate  Bn .. oL o0 o
YAt hd
Cehp”

Zalkind (J. Russ. Phys. Chem. Soc. 1814, 490).

The ester was prepared by the addition of hydrogen
bromide %o sethyl cinnazate. The latter was dissolved in
an equsl weight of absolute alcohol, +he solution cooled
in ice water and saturated with =dr'y geseous hyarobromic
acid. |

After standing for twenty four hours at roor texpera
ture the reaction wmixture was poured into cold water,

the lower o0ily layer washed with with water, then with
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a very ‘dilute solution of sodium carbonate and dried
over <calciuxm chloride. To rewmove +the ethyl Dbromide
accompanying the broro ester, the produet was cautiously
heated to a ‘temperature of not wmore +than 40°C., under
reduced pressure. At this temperature +the pressure was
maintained at below 20 mms. resulting in the complete
removal of all the ethyl browmide.

4 thick o0ily 1ligquid remains having a slight
pleasant odour; +this is the pure ﬁ-—halogenated ester,
whieh easily 1loses hydrogen bromide on heating and can

rot be purified by distillaticon even under reduced pressuye

- "~ -

Dimethyl:=c¢chlorosuccinate GHe*C0C«CHg
C1-CE+CCO-CHs
talden (BER. 1885, 28, 1260)

The bhydroxyl 4droupy of dimethyl mal/ate was replaced
by halogen by means of vphosphorus pentachloride.

52 grs. of dimetnyl mallate were dissolved in 230 ccs

i of chloroform and 75 gms., of phosphorus pentachloride
were added in small gquantities at a time without
external heating.

#hen the evolution' cf hydrochloric acid <c¢eased +he
reaction wast'completed by heating for Balf an bhbour on
the water baté whereby +the temperature was raised *to
about 85°C. After washing with c¢old water and dilute
sodium carbonate solution, +the product was dried over
anhyérous calcium chloride and distilled wunder reduced
pressure.

The dimethyl chlorosuceinate distilled at 123-128°C,

at 24-26 mms. and 107°C. at 15 wmms. Yield 42 gums.
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The dJdimethyl mzllate for

was obtained by the method of

(7.C.S. 1899, 75, 333).

50 gms. o¢f finely powdered

in a vacuum desiccabor for

100 gms., of absoclute methyl

was nearly complete. A  slow

hydrochloric acid gas was then

which was Lkeph a%t a temperature

mixture.

When comwpletely saturasted +the

for 24 hours and a current

~
~

for 43

stand

hours. After this it  was

desiccabor over slaked 1lime until

hydrochloric acid had almost

alecohol was tHhen distilled off

as 1low & temperature zs

The dimethyl wmalfate was

disbillation. B.P. 128°C. =at

-t - s s o

Phenyl _chlorgoformate

Barral and Movel (C.R.

the

Frankland

ralic
three
alcohol
sbream
passed

of -18°C. in a

disappreared.
under

possivle.

31+C00+Cglis.
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preceeding preparation

and Wdharton

acid were dried

days, and mixed with

in which solution
of carefully dried
the

through liguid

freezing
liguid was allowed %o

of dry air drawn througk
placed in a vaguum
the smell of
The excess af

reduced pressure ab

subsequently purified by

11 noms.

18¢¢, 128, 1579),

An eguivalent of a 8% to 5% agueous solution of
sodium phenoxide was added in small guantities at a time
to a 20% solution o¢f carbouyl chloride im toluens, the
whole being well shaken after =zach addiﬁion.

The wmixture at first became wmilky but cleared on
shaking owing to +the solubility of the chlorocarbonate
in toluene. The reaction was complete when the lower
aqueous layer became quite c¢clear.

The +toluene layer was separahted, dried over
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anhydrous calcium echloriie, then +the toluene and excess
phosgene were re&oved under reduéed pressure. The 1liquid
residue was distilled, again under reduced pressure, at
a2 temperature of 100-120°C. when the product was obtained
boiling withcut dJdecomposition.
The substance remaining in the flask was found to
be diphenyl carbonate., The chloroformic ester was purified
by redistillation.
Barral and Morel give the following precautions which
sheuld be obserwed in order to obtain satisfactory yields
The sodium phenoxide solution used must be dilute,

the best results are obtained using o concentration of

I

from 3% %o 5%.

The evolution ¢f heat ébould be @avoided, +the rate
of eddition and snaking being regulated so that the
temperature doss nunot rise above 30-40°C.

They also mention +that tHhe yield appears to depend
on the particular phenol employed. It might be added
that +the present writer has found +that, to obtain any
of +the chloroformate at all it is absolutely essential
that %the reaction wmixture should be alkaliue at the end
of +%he reaction, as the chloroformate, whick is
comparatively stable +towards alkalies at +the dilutions
and temperatures ewployed, is very resadily decomposed by

acids.

——— > - - ——

4 guantity of phosgene for +the preceeding preparation
was obtained by +the method of 3Jrignard and Urbain
(C.R. 1919, 189, 17-20. J.8.C.I. abs. 1919, B75 )

Carbon tetrachloride was oxidised by .anhydrous

sulphuriec acid, in the presence of infusorial earth
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(Kieselguhr) as a catalyst, at a temperature of 80-80°C.

- e — e o

4-Bthyl _thiosexigarbazide HoNeNH+CS+NH*Colip
Freund and Schwartz (Ber. 1896, 29, 24886)

To a well cooled =alcoholie solution of hydrazine
hydrate a 1little 1less +than +the c¢aleulated ogquantity of
ethyl mustard o0il, also well c¢ooled in ice-water, was
added.

The 4-ethyl thiosemicarbtazide c¢crystallised out in star

shaped clusters, and after being recrystallised from alcohel

zelted at 84°0.

The ethyl mustard o0il was prepared from carbon
pisulphide and ethylamine by +the wmethod of Anschutsz
(Ann., 16 08,359, 203) as fcllows

An  ethereal solution of carbon bisulphide was added
o two ecquivalents o¢i cthylamrine, also dissolved in ether
The ethyl ammonium compound

SeNHg+CgH
S=C< 3 208
NH‘CQHs

was precipitated immediately,
an almost +theoretical yield being obtained M.P, 102°C.

23 gms., of +the above ethyl ammonium compound
dissolved in 400 ccs. of water sand well cooled were
dropped, with gentle shaking, into a .solution of 38 gms.
of wmercuric chloride in 400 ccs. of acetone well cooled
in an 1ice¢ and salt freezing mixture, The mercuric
chloride compound separated as small pure white plates
which becamre discoloured during filtration and washing.
The product was dried in a vacuum desiccator.

60 gms. of +the metallic derivative were covered with

300 ces. of water and steam distilled, +the condenser
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being connected +to an emphy receiver which was cooled
in an 1ice, and salt freezing mixture.

After two and a8 half distillation the contents of f;
the receiver were exbracted several times with ebher.
The ethereal extracts were dried over anhydrous c¢aleium
chloride and the ether distilled off, wusing a short
fractionating ecolumn, on =a water bath at 45°C,

The ethyl wmustard o0il UJsHgNCS was +then distilleg
and came over at 183°C., & yield of 9 gms, being et
obtained. A further guantity wes ©recovered by redistilling

carefully the first runnings and the residual oil.

o e o

Bthyl. y-chlorovalerate CHg*CHC1+CHp*C00+Cahin

Noyes and Cox (J. &mer. Chem. Soc. 19C3, 25, 1094)

Y-valerolactone was diesclved in a slight excess of
absolute =aleohel and dry hydrochloric acid gas passed
through +the solution until satursted, +the wixture being
well cooled the while., After standing overnight +the ester
was separated by pouring into water, washed with dilute
sodium carbonate, dried over anhydrous sodium sulphate,’
and finally distilled.

The vY-valerolactone for +the above was prepared from
levulinie¢ acid by several methods but the yields in
every case were pPOOr.

[&] WFittig and Wolff, (Ann. 1881, 208, 108)

5 gms. pure Ilevulinic acid were dissolved 1in 250 ces.
of water, and to the solution, cooled at first din ice,
a large excess df sodiur amalgam wes added in small
guantities at a time over & period of several days.

(For 1 gm. acid about 60 gms. of 4% amalgam were used).

After the evolution of hydroden had ceased, +the
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mereury was removed, 3the solution acidifieﬁ' with"
sulphuric gcid and +the whole boiled for a few minutgs
'under a Peflux condenser. The cooled solution wasg agaip
made alkaline with alkali carbonate and repeatedly &%
extracted with ether. On distilling off the ether =
colourless 1liquid remained which after drying with

anhydrous rotassium carbonats boiled at 206°C,

[v] |Neugebauer (4nn, 1885, 22%, 100)

The 1levulinic acid was redistilled in vacuo, and
worked up for +the 1lasctone in 1C gm, lots.

Each lot was wixed with an equsal volume of water
gnd in the course of 14 days, with frequent shaking,
80C gms., of 4% sodiun amalgam were added. (With each
addition of amalgsam a little water was added, so that
there was a slow ‘evolution of bydrogeﬁ)

The =agucous solution after separation of the mercury
was acidified with sulpburic acid, ©boiled under a reflux
condenser for 5 winutes, neubralised with sodium
carbonate and, after c¢ooling, extracted with ether. The
etheresl solution was dried over ignited ©potassiunm
carbonate, distilled, and +Hthe lactone rectified.

This paper also gives the preparation of 1levulinice

- acid from sugar.

[e] Taylor and Close (J, Awer. Chem. Soc. 1817, 3g, 422)
The preparation of levulinie acid is described in ¥F
this paper.

‘ 30 gms. levulinic acid were reduced in alkaline
solution by +the use of 5% sodium amalgam. The redﬁction
was carried out in a vessel surrounded by ice and the
wixture conshantly stirred. 400 gms of +the amalgam were

added in 20 gm. . lots every. few hours, small gquantities



of 2:1 hydrochloric acid also being added from +time o
time a8 reguired to prevent the wmixture becoming thick
and viscous,

The mercury was removed when the reduction was oespd
comrplete and 78 ces. of concentrated hydrochlorié acid
were added. After boiling wunder o reflux condenser for
10 minutes the mixture was cooled, extracted with ethsr,
and the ethereal extract dried over freshly ignited
potassium carbonate. The ether was distilled off and the
residuel lactone fractionated, when' it was obtained as &

sweet smelling colourless liguid, B.P, 207°C,

-

Ethyl yz¢bioro-iso=-caproatbe. Chg

Jones and Tattersel (J.C.8. 1904, 85, 1693)

5C gms., isccaprolactone dissolved in 150 ces., . absolute
alcohol, and +the sclution, <c¢o00led in ice water, were
saturated with dry hydrochloric acid gas, ©0-100 guws.
being regquired, After standing overnight the reaction
mixture wes poured on crushed ice, the ester which
separated was washed +4wo or three times with swall
guantities of salt water, and dried over 'anhydrous sodium
sulphate. The ester 1in the agqgueous solutions was
recovered by extracting several times with petroleunm
ether,

The lactone was prepared by +the action of mephyl
magnesium iodide on ethyl levulate as follows.

36 gms. of ethyl levulate dissolved in about four
times its volume of dry ether were slowly added to @
well cooled ethereal solution of the JGrignard reagent

prepared from 7 gms. magnesium and 40 gms. of methyl

iodide,
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4fter about eaen hour +the ©resulting wmagnesium ¢ompound
was decomposed by the cautious saddition of water and
dilute sulphuric acid. The ebthereal layer was separasted
and the acid solution extracted +twiece with scall quantitify
of ether, The ethereal solutions were washed free fronm
iodine with dilute sodium hydrogen sulphite, driedi over
caleium chlbride and distilled.

The fraction distilling at 140-150°C wunder a pressure
of 100 mms. was a wixture of 1isocaproclactone with mueh
unchanged ethyl levulate,

. & separetion was effected by hydrolysing with
alcoholic potash, diluting with water ‘and evaporating tiil
free from aicohol. The concentrated liguid was acidified
with hydrochloric acid, and heated for 15 wminutes on the
water bath +to convert +Hhe v-hydroxy-iso-caproic acid inte
the lactcene. 7The whole was then c¢ooled, extracted several
times with ether, the ethereal extrasect washed with dilute
sodiur carbonate to remove the levulinrnie acid, dried
over caleium chloride and distilled.

Isocaprolactone E.P. 205-207°C.

The ethyl 1levulate was prepared by +the usual
method, Conrad (Ann. 1877, 188, 285) also 3rote, Kehrer and
Tollens, (Ann. 189\, 208, 221).

Pure 1levulinic acid was dissolved in excess absolute
alcohol and saturatsd with hydrochloriec acid ges, 1t  was
gently warnoed. The reaction mixture does not separate
into two 1layers so ether was added. The ethereal
solution was washed with dilute sodiumr carbonate and
fractionated several K times. B.P. 200-3201°C. at 758 mms.

Isccaprolactone was salso prepared by the oxidation
of isocaproic acid bty means of potassium permanganate

in alkaline solution ‘according %o the wmethod of HNoyes



(J. Amer. Chem, Soc. 4901 23, 392)
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Ethyl. w=bromozo-tolugte CHeBr
000‘0255

Davies- and Perkin (J.C.S. 1822, 121, 2203)
This ester was prepared by slowly eadding wmelted
w-bromo—o~toluyl bromide (91 gms.) +o absolute alcohol
(150 ces.) the whole being well shaken and cooled in ice,
After standing overnight the gproduct was poured into
water, the bromo ester extracted with ether, and the
ethereal solution well wasbted with water and dilute
sodium carbonate, The ethereal solution was well dried
over anhydrous. sodiux sulphate and the ether reroved
under reduced pressure.
Ethyl w-trorc—o~-tocluate c¢an not be purified by
distillation as it readily forms rphthalide with
elimination of ethyl Dbromide.
w-bromo-o-toluyl bromide CHeBr
COBr
for +the above
preparation was obtained as follows;:
o-toluy]l c¢hloride was treated with bromine at a
temperature of 185°C. when the hydrobromic formed during
the bromination of +the methyl grcup reacts with +the
~C0C1 group giving the =acid bromide; the o-toluyl chloride
was prepared by boiling o-toluic acid with thionyl-
chloride (10% eecess of +the +thionyl chloride being
employed). The acid chloride distilled wiéhout decozposition
at 213°C. at 7860 mms.

To  ecarry out the bromination 15+b5 ces. of bromine



(2 atoms) were slowly added %o 4835 gms. of the acid
ehloride (1 mol) whieh was meaintained, by means of =&
metal bath at a temperature of 185-190°C.

The orifice of ths dropping funnel was placed well
below the surface of <the acid chloride %o prevent, as
far as possible, loss of Dbromine and hydrogen btromide.

The reaction procesded swmothely and was completed

in an hour.
Repeated distillation under teduced pressure gave +the
pure bromo-—acid bromide boiling at 170-171°C, at 38 amms.

M.P, 83-84°C,

l-cazrbethoxy _thiogewigcarbezide Colig*00C  NE«NH+CS - Niig
Frome and Nehring (Ber. 1228, 58, 1874)

To a solution of +thiosemicarbazide in a&about 10 times
its weight of sbsolute alcohol an eguivalent amount of
ethyl chloroformate was added 2and +the whole heated for
"half an hour,

The product separated as white crystals melting at
184°C., B8Stable to acids and does nobt react with

»

benzaldehyde.
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The following is a list of the principel papers

on this subject, +together with +those describing +the

preparation of any of +the special substances wmentioned

in +the ocourse of +the ©report.

The contractions have +their wusual significance.
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1z.

13.-
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15.
16.
1z,
i8.
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e1l.
22.
23.

Neuberg and Neimann (Ber. 1802, 85,

Freund and Schander (Ber. 1826, 29,

Freund and Paradies (Ber. 1801, 234,

Buseh and collaborators (Ber. 1201,

(Ber. 13083,

(Eer. 1204,

(Ber. 1809,

Merkwald (Ber. 1382, 25, (2), 3098).

Dixon (J.C.8. 1892, &1, 1012).

and collaborators

Fromm (4rn. 1223,

(Ann. 1923,

Dixon (J.C.S. 1803, 83, 550).

Borsche (Ber. 19201, 34, 4299).

Borsche and collaborators

i " n

Wilson,

#ilson and Pickering

iheeler and Barnes

fiheeler (Azer. Chem. J. 1901, 26, 852).

Fromz and WNehring

Freund and Schander (BER. 19C2, 35,

Young and E&yre

Frankland and Barrow

20482).
25C0) .
3114).
34, 320).
36, 1362).
37, 2313).

42, 4602).

433, 1).
%ag, 285).

(Ber. 1904, 37, 3177).
(Ber. 1905, 38, 831).

Eopper, and Crawford (J.C.S. 1922, 121, 868).

(7.C.8. 1924, 128, 1152).
(hrer. Chem. J. 1900, 24, 78).

(Ber.1923, 8§6,1374)

2602) .

(J.0.8. 1901, 29, 57).
(J.C.s. 1914, 10B, 992).



24.
25.
26.
7.
28.

22.

37.
38.
3%.

Zelinsky (Ber. 1887, 20, 2036). ,

Hell and Weinzweig (Ber. 1395, 28, 2447).

Loven and Johansson (Ber. 1915, &5,_1256).
Schiebler (Ber. 1915, 48, 1443).

Zalkind (J. Russ. Phys. Chem. Soc. 1914, 480).

Nalden (Ber. 1205, 25, 1280).

Frankland and Whsrton (J.C.S. 1899, 75, 338).
Barral and Morel (C.%. 1899, 128,1579)

Jrignard and Urbein (C.R. 1918, 182, 17).

freund and Schwartz (Ber. 1826, 29, 2488).

Noyes and Cox (J. Amer. Chem. Soc. 1903, 25, 8094).
Fittig eand Wolff (hAnn. 1881, 208, 106).

Neugebauer (Ann. 1885, 227, 100).

Taylor and Close (J. Amer. Chem. Soc. 1217, 33, 422) .
Jones and Tattersal (J.C.S. 1904, 85, 1693).

Davies and Ferkin (J.C.S. 1922, 121, 2203).



