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GENERAL INTRODUCTION.

The work deécribed in the following
pages, mainly on the reactions of semicarbazones and thim-
semicarbazones forms part of an inveétigation which has
been followed for several years, under the direction of
Professor F.J.Wilson,in the organic chemistry department
of this college,

While the complete work is concerned
with semicarbazones and related compounds it is convenieht

to divide it into several sections viz;-
Part 1.

(AY Action of Amines on Aminocarbocarbazones,

(B) Action of Pyridyl Hydrazine on Semicarbazones.
Part 2.

Resolution of Aldehydes and Ketones via Active

Tfhiosemicarbazides and Semicarbazides.
Part 3

Théazol Formation from Thiosemicarbazones.

Preparation of Optically Active Thiazoles,



Part 4

Action of Thiosemicarbazones on Anhydrides of

Unsaturated Acids,
Part 5

Action of Thiosemicarbazones on Halogeno-

Aldehydes and Ketones,
Part 6

Action of Thiosemicarbazones on Halogens.

14

BEach section of the work is preceded by a brief
introduetion, in which previous publications,

with some bearing on the subject, are discussed,




PART 1

THE.ACTION OF AMINES ON AMINOCARBOCARBAZONES.




INTRODUCTION. ;

The action of amines on semicarbazonmes, RR'C:N-NHCO-NA, ;
2 substituted semicarbazones, RR'C!‘N'NR'fc’O—NHz ;
thiosemicafbazones, RR'C:N-NH-CS NH,

and semioxamazones, AR-C NNH-CO-CONHz;

has been extensively i'nvestigat‘ed;_

Wilson, Hopper and Crawford, J.C.S., 1922, 121, 866.
Wilson and Crawford, J.C.S., 1925, 127, 103,

Wilson and Chapmam, J,C.S., 1931, 5Q7.

Wilson, Baird and Burns. J,C.S., 1927, 2527.
Wilson and Pickering, J.C.S., 1924, 125, 1152,
Borsche and collaborators, Ber. 190t, 34, 4297.

1904, 37, 3177,
1905, 38, 831.

Borsche found that amines reacted
with semicarbazones on heating, to form 5— aryl
semicarbazones with liberation of ammonia as in the

following general equation :—

CRR N:NH-Co-NH, + R'NH, = CRR:N-NH-CONHR" + NH;
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The product could be hydrolysed with dilute hydrochloric
acid to give 5-ary1 semicarbazide hydrochloride with

liberation of the ketone or aldehyde.,—

CRR" N-NHCONHR" + HCt + 1,0 = RRC:O + NHyNHCoNHH (L

The amines studied by Borsche_includedVaniline,
the toluidines, the naphthylamines and similar amino
compounds, all of which conformed to the above scheme,

Wilson and co-workers (loc, cit.) have extended
the above reaction to include amines in which the amine
group occurs in the side chain,and also to include
sliphatic amines, Moreovér, these workers suggested that
optically active semicarbazides might be useful in the
resolution of certain racemic aldehydes and ketones,
and later accomplished a resolution of benzoin using
d- & - (xX-phenyl ethyl) semicarbazide. (The discussion
on the use of active semicarbazides for resolving
racemic aldehydes and ketones is withheld until Part »
page 59 ).

No work has been published dealing with the
reactions of amines on aminocarbocarbazones and since
these compounds, like semicarbazones, may be regarded

as/



as derivatives of hydrazine, we expected the reaction
4o take the following coufse;-

RA'C: N-NH-CO- NH-NHCO-NH, + R'NH, = REC:NNH-Co-NHNH-CO-NHR "+ NH;

(A)

The substituted aminocarbocarbazone (A) could not he
isolated however, although the products obtained, appeared
to show that (A) was probably formed initially and
reacted with more amine with production mainly of a

5- substituted semicarbazone and a di-substituted
carbamyl hydrazine according to the following scheme;-

2RRCNNH-CONINHCONHR") + 2R"NH,
NH-Co-NHR "
t(lﬂ'ca-tvﬁk“

—> Z(RUC:NNHCONHR") +  NHNH, +

In addition to hydrazine being obtained as a product of
the reaction, azines ?ﬁ?$MVCPR', symmetrical disubstituted
ureas, and 4 - amino urazole were also isolated,.

The variety of decomposition products obtained
led to a search of the literature being made to ascertain
the nature of the decomposition products of semicarbazones.
Curtius (Ber. 26, 405, 27, 57) has shown that semicarbaz-
ones on heating may decompose t0 give an azine and
hydrazodicarbonamide; -

(CHy),CN:NHCO-NH, . (CH)eN NH-Co- i,

, 1 [+
(CH;)LC"N;'NH-CO'N% @Hs),CfN IéHfCo-NH,,



The above case is exactly analogous to that
described, in that if we assume compound A to be
decomposed with formation of a 5 - substituted semi-
carbazone, the latter may then decompose according
to the scheme outlined by Curtius,viz;-

RR'C: NNH-Co-NHR" RRC:N Nit-Co-NHR "
— : +

RRC - NiNH-Co- NHR' RRC: N NH-Co-NHR"
Cther types of decomposition may also take
place, Poth and Bailey ( J. Am. C. S. 45, 3008)
‘have shown that « Phenyl semicarbazide nay decom-

pose to give urea and diphenyl carbazide.

CHeNHNH-CONH, MY, CyHg NHNH |
CohMitCo-Nb . SNH. C NN

Again,Baird and Wilson ( J.C.S. 1927, 2114)
have shown that acetophenone 8 - ani];‘gsemicérbazone
on thermal decomposition yields the phenyl hydrazone.

and 4-amino urazole,
2CRRYN-NH-CO-NHNHPL = CO(NH-N:CRR'), +\co(NH-~HPA)L,'

= ZCRRUN-N4PL, + co~ MiENit\,,
()



A similar decomposition is possible in the cases
described in the following pages where 4-amino urazole

was isolated,

L . . W A e D s D o wm
e -

The reactions were carried out employing acetoph-
enone aminocarbocarbazone with benzylamine, aniline and
naphthylamine as typical representative of primary
amines, and akso with piperidine, monomethylaniline and
dibenzylamine as representative of secondary amines,

Benzylamine reacted with acetophenone aminocarbo-
carbazone when reagents were heated together to a temper-
ature of 149°C without solvent. Had it been possible to
carry out the reaction at a lower temperature, it seems
likely that the expected produect formed by elimination
of ammonia, viz:- H3 \C N-NH-CO-NH-NHCO-NH CH CAH;*’{H)

could have been 1solated. In this particular reaction
however, as in the others described, it was found necess-
ary to heat to a comparatively high temperature in order
to bring about & reaction. (No reaction was observed
to take place after heating for a period of 8 hours in

" toluene suspension). Consequently instead of obtaining

compound/



compound A as a product of the reaction, thermal
decomposition products of A were obtained, the main

product beihg acetophenone 3-benzy1 semicarbazone,

- - - —— - - - - -

Aniline also reacted with acetophenene
aminocarbozone at a high temperature, the chief

product being acetophenone 5-phenyl semicarbazone,

Nephthylemine behaved exactly like aniline
and benzylamine with formation of acetophenone 3—naphthyl

semicarhazone,

e . - - - . - . - - —— e =

With secondary amines the reaction appeared
to be much more sluggish, although piperidine aprpeared
to follow the normal course with formation of acétophenone
.piperidinoformylhydrazone. This is in agreement with the
observations of Stratton and Wilson (J.C.S. 1931, 1157)
who‘found that whereas secondary amines in general react
but slightly. or not at.all,with semicarbazones, piper-

idine reacted vigorously behaving in this respect like

a DPrimary amine,

e . - — —— - = —



L

Monomethylaniline appeared to react with
acetophenone aminocarbocarbazone but the product could
not be identified,

Dibenzylamine reacted to give a thick viscous

0il which could not be identified.

- — - = . - n - - - . - - - -
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BENZYLAMINE AND ACETOPHENONE AMINOCARBOCARBAZONE,

e T
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THE ACTION OF BENZYLAMINE ON_ACETOPHENONE AMINOCARBQOCARBAZONE,

THEORETICAL.

It was expected the acetophenone amino-
ecarbocarbazone would react with benzylamine with evol-

ution of ammonia as indicated by the equation;-

S‘Hﬁ SCN-NH-CO-NHNH-CONH, + CHe CHoNA,
61§

= CHing e
= €N NH-CO-NI-NH CO-NH CH, b

The reaction was carried out at 140° C
#nd compound (A) was not isolated. The main product,
which was isolated in a pure state, was a crystalline
solid, M,Pt. 141° C. This compound was analysed and
a molecular formula C, Hiy N; O obtained. This clearly
showed that it was not the expected derivative, the
molecular formula of which is C,, H, N, O..
The compound obtained was thenexamined., Hydrolysis
‘was accomplished with concentrated hydrochloric aeid
andAthe products were identified as acetophenone,
hydrazine dihydrochloride, and benzylamine hydro-
chloride, A quantitative hydrolysis showed that these

substances were present in the following ratio. by weight.

Acetophenone ,
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Acetophenone:; hydrazine dihydrochloride; henzylamine
hydrochloride - 1.5; 1.25 1.9.
Assuming single molecules of these substances are
in combination, the ratio by weight would be 1.2: 1.0:
1.4. These facts led to -the conclusion that the unknown
compound was acetophenone 5- henzyl semicarbazone
which undergoes hydrolysis with concentrated acid
according to the equation;-
é*/’é S CNNHCONHCH,CHs + ZHD + 3K
> g*{’;{ S0 + NNHZHE + ColCHNH Hee + CO,
bThe nature of the compound was proved
conclusively by combining acetophenone withfibenzyl
semicarbazide when acetophenone g-henzyl semicarbazone
was obtained, identical in all respects with the
reaction product,

In addition to acetophenone S-benzyl
semicarbazone, the reaction also yielded acetophenone
azine, symmetrical dibenzyl urea, and dibenayl carbamyl
hydrazine, The acetophenone azine and the dibenzyl
carbamyl hydrazine were,Apresumably, derived from the
partial decomposition of acetophenone 5 benzyl semi-
carbazone according to the scheme outlined by Curtius

( page 7 ), viz;-

CHy C/'/_; CHy
SCNNH-Co. — Sepned

+ /[V H-Co-AEHEH, Cofl

Ni-Co- NH CHC, Hy-.
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The presence of symmetrical dibenzyl
urea &as a product of the reaction can not he explained.
Poth and Bailey ('page 7 ) have shown that semicarbaz-
- ides may decompose to give urea, but there is no

mention of semicarbazones decomposing in this manner.
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ACETOPHENONE AMINOCARBOCARBAZONE AND BENZYLAMINE,

EXPERIMENTAL.

ACETOPHENONE AMINOCARBOCARBAZONE.

Carbohydrazide was pPrepared from diethyl
oarbongte and hydrazine hydrate after the method of
Kesting ( Ber, 1924, 57, 1324), and by treating this
substance with potassium cyanate in presence of acid,
aminocarbocarbazide was formed, (Pellﬁ?ari and
Roncagliolo G. 1907, 37, 440).

Aminocarbocarbazide (6gm.) was dissolved in the min-
imim quantity of dilute hydrochloric acid and aceto-
phenone (6gm,) added, the solution being kept cold.
Sufficient alcohol was added to form a homogeneous
solution and,on standing and shaking, crystals of
acetophenone aminocarbocarbazone separated.

These were recrystallised from hot water, M.Pt. 214°C,.

-y - - — o — - - —— = —— -

ACETOPHENONE AMINOCARBOCARBAZONE AND BENZYLAMINE.

It was found that by refluxing the reacténts
in xylene or tolmene suspension for a period of § hours,
very little change took place, and accordingly it was
decided to carry out the reaction without solvent.

Acetophenone aminocarbocarbazone (3gm.,) and

benzglamine (4gm,) were mixed and heated in a glycerine

bath /
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bath to a temperature of 180° C for half an hour. ™he
solid dissolved in the amine and reacted with it, ammo-
nia being evolved. After half an hour the melt solidified
and the evolution ot ammonia slackened, this being taken
as a sign that the reaction was complete, Heating was
discontinued and the solid product was refluxed for a
period of 5 minutes with alcohol, and filtered from a
solid residue, winich was quite insoluole in hot aleohol.
The alcoholic filtrate, on addition of a little water,
deposited crystals of symmetrical dibenzyl urea.
These were recrystallised from benzene, M,Pt, 171° C.
Nitrogen content, Found 11.81%., 11.78#%,

| Theory 11.7%.
The dibenzyl urea was identical with a specimen prepared
from urea and benzylamine,

The benzene mother liquors resulting
from the recrystallisation of the dibenzyl urea were
evaporated to small bulk, when a yellow crystalline
solid was obtained,'which was identified as aceto-
Phenone azine, M.Pt. 122° C.

The alcoholic filtrate from which di-
.benzyl urea nad been removed was further diluted with
water when precipitation of a solid took vlace, which
melted between 130°C- 140° C. This solid was thoromughly
dried, and recrystallised from henzene containing Pe+t -

roleum ether, when a pure compound was obtained. M.P+.141°¢

=
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The nature of this compound presented considerable
difficulty, and consequently it was found necessary
fo examine the products which it yielded on hydrolysis
with concentrated hydrochloric acid,

sgm, of compound, melting point 141° C;
was heated under reflux for 4 hours with concentrated
hydrochloric acid, small oily globules separating. The
0il was extracted with successive small gquantities of
Petroleum ether, and the Petroleum ether extract
evaporated, when acetophenone remained.

On distilling the acid solution
under reduced pressure to small bulk, crystals separated
which were identified as hydrazine dihydrochloride
by (a) melting point 199° C, (b) the reduction of
Fehling's solution without heating and (c¢) by the
formation of benzal azine, melting point 93° ¢,
On further evaporation of the acid liquor, a compound
was obtained which was identified as benzylamine
hydrochloride by (1) its'melting point 258° ¢ énd
(2) by the formation of benzylamine on treatment
with alkali,

A gquantitative estimation of these

hydrolysis/
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hydrolysis products was carried out andvit was found
that they were present in the following Proportions
by weight. Acetophenone; hydrazine dihydrochloride;
benzylamine hydrochloridey 1.5; 1.2; 1.9 (Appendix
page 163). Assuming the moleculaf ratio of these
substances to be as 1;1;1, the gravimetric ratio
should be 1.2; 1.0; 1.4, It was thus assumed that

1 molecule of each of these suhstances was combined
in the parent substance, and, on the strength of
these facfs, the parent substance was believed to
be acetophenone S—benzyl semicaroazone, This view
was confirmed by syntnesis,

Nitrogen content, Found 15.72%. 15.77%.

Theory 15, 73%.

SYNTHESIS OF ACETOPHRENONE $-BENZYL SEMICARBAZONE,

Acetone S-benzyl semicarhazone was pre-
pared by heating acectone semicarbazone with henzylamine,
Hydrolysis of this compound was then effected by heating
with dilute hydrochloric acid (2N) when 3-benzy1 sSemi-
carbazide hydrochloride was obtained, 1gm.5-benzy1 semi-
Vcarbazide hydrochloride was dissolved in a small
quantity of warm water, sodium acetate (1gm.) was added,

followed by (0.8gm.) acetophenone and sufficient alcohol to

form/



19

form a homogéneous solution, On standing, crystals of
acetophenone 5-benzyl semicarbazone separated, identical
with the product obtained above,

The residue which remained on diges*ing
the melt with alcohol was found to be insoluble in all
the common solvents with the exception of glacial acetic
acid, Xccordingly the substance was purified by recryst-
allisation from this solvent, when it was obtained in
the form of glistening plates. M.Pt. 248° C. This compound
was identified as symmetrical dibenzyl carbamyl hydrazine,
Nitrogen content, Found 18.99%. 18.92%,

Theory 18.8%.

The synthesis of dibenzyl carbamyl
hydrazine was carried out as follows;-
5-benzy1 semicarbazide (1gm,) was dissolved in warm water
and treated with iodine (1.5gm;) in potassium iodide.
(Hopper. Journal,Royal Tech., Coll, 1927, 4, 48). Formation
of a white Pprecipitate took pPlace, and the solid which
separated was washed with sodium thiosulphate to remove
any adhering iodine, and then recrystallised from glacial
acetic acid. Ribenzyl carbamyl hydrazine was obtained

identicél with the specimen obtained asbove,
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ANILINE AND ACETOPHENONE AMINOCARBOCARBAZONE.
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THE ACTION OF ANILINE CN ACETOPHENONE AMINOCARBOCARBAZONE,

THEORETICAL.

While it was expected that aniline would react
with aéetophenone aminocarbocarbazone to yield a phenyl sub-
stituted aminocarbocarbazone with elimination of ammonia;
the findings of the previous experiment with benzylamine;
suggested thefmal decomposition might occur with formation
of acetopnenone S bPnhenyl semicarpazone, diphenyl urea
and symmetrical diphenyl carbémyl hydrazine, Thesé
products were actually formed and isolated,»and in addition
4 -amino urazole was isolated, The feormation of 4-amine
urazole as a decomposition product of S substituted semi-
carbazones has already been cited. ( page 7).

(Baird and Wilson J.C.S. 1927, 2114).
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THE ACTION OF ANILINE ON ACETOPHENONE AMINOCARBOCARBAZONE,

It was found that no reaction took place
when the reactants were refluxed in tolmene or xXylene
suspension for a period of 8 hours; accordingly the
experiment was carried out without solvent,.

Acetophenone aminocarbocarbazone (5gm,)
was added to aniline (6gm.) and the mixture heated
in a glycerine bath to a temperature of 1380° C,

Ammonia was evolved freely, and after heating 1 hour,
the reaction appeared to be over as the evolution
of ammonia slackened, The mel% was filtered hot to
remove a small quantity of insoluble matter, melting
point 270° C. This substance was recrystallised from
hot water and identified as 4-amino urazole.by comparison,
Nitrogen content, Found 47.9%,
Mheory 48,3%,

The filtered melt was allowed to cool
when it solidified completely, and then digested with
hot benzene, Continued refluxing with benzene failed
to dissolve a portion of the solid melt. This unsoluble

Portion was filtered off and found to possess a high

melting/
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,meifing point, viz;- 247° C, and moreover it was insoluble
in the common organic solvents. These properties indicated
that the substance was possibly symmetrical diphenyl car-
bamyl hydrazone, as it behaved exactly like the dibenzylcarbamyl
nydrazine obtained in the previous experiment. The sub-
stance was purified by recrystallisation from glacial
acetic acid,when it was obtained in the form of glisten-
ing plates, melting point 247 ° C. This agrees with the
melting point of diphenyl carbamyl hydrazine as given
in the literature.
Nitrogen content. Found 20,8#%. 21.0%,

Theory 20. 8.

The benzene extract, from which the
diphenyl carbamyl hydrazine had been filtered, deposited
crystals on cooling., One crop, melting at 230°>C- 235° C
which was not readily soluble in cold benzene; and a
second crop melting at 180° C- 1990° C. Addition of
petroleum ether to the benzene solution caused separation
of a further quantity of material, melting at 189°C- 190°C.
The benzene-petroleum ether residues were examinead further,
(Below),

The first crop of crystals was recryst-

allised from benzene and yielded a quantity of symmetricial
diphenyly



24

diphenyl urea, melting point 235‘ C.
Nitrogen content, Found 1%.15%. 13%.22%.
Theory 13.2%,

The second crop (melting point between
18@ and 190° C) was found to recrystallise well from
absolute alcohol, when a pure Pproduct ﬁas obtained
melting at 188° ¢. A further quantity of this substance
was obtained by addition of water to the alcoholic
solution, This compound was identified as acetophenone
) phenyl semicarbazone (C. 1921, 111, 436).

Nitrogen content, Found 16.74%, 16,88%,
Theory 16.9%,

The benzene-Petroleum ether residues
from which acetophenone'&phényl semicarbazone and
diphenyl urea had been separated, were examined for
further products, as they were decidedly yellow in
colour, and it was felt that the coloration was due %o
presence of acetophenone azine, The method of treatment
employed,consisted in evaporating the ligquors to small
bulk, followed by digestion of the residue with petroletim
ether, It was found that the yellow substance was dissolved
out of ﬁhe residue in this way leaﬁing behind an oil
which was immiscible with petroleum ether, The retroleum

ether extract on evaporation yielded a small quantity of

acetophenone azine/
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azine, melting point 122 ° C, which was shown to be
identical with an atthentic specimen by determining +the
melting point of the mixture,

| The 0il which was immiscible with
petroleum ether was identified as aniline, and resulted

from an excess of aniline being used in the reaction,
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B-NAPHTHYLAMINE AND ACETOPHENONE AMIN OCARBOCARBAZONE,
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THE ACTION OF B-NAPHTHYLAMINE ON ACETOPHENONE

AMINOCARBOCARBAZONE,

THEORETICAL,

As a result of the experiments already described;
it was expected that B-naphthylamine would react with aceto-
phenone aminocarbocarbazone to give mainly acetophenone
§~naphthyl semicarbazone and dinaphthyl carbamyl hydrazine,
It is difficult to write an equation to meet the demands
of these experiments as the thermal'decomposition in each
case appears t0 be extensive, However, it was decided that

the equation given on page 6 , viz;-
QRN CONHNHCO-NHR") +  RRNHy.

NiH-Co-NHR "
—>  Z(RRC:NNE-CONHR") +  NHNH,

ﬁ’(”'w-NIfR"

best suited the case, and it was decided to look for
hydrazine as a product of this reaction, not forgetting

that hydrazine may decompose to give ammonia (MH, = Nifj+ N )
at elevated temperatures, The procedure was varied slightly

in that the reaction was carried out in & distilling flask,
and a few drops of distillate were obtained which undoubt-
edly contained hydrazine, It was this fact which led to

the adoption of the general equation, above,
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THE ACTION OF B-NAPHTHYLAMINE ON ACETOPHENONE

AMINOCARBOCARBAZONE,

> EXPERIMENTAL.

B-naphthylamine (7gm.) was mixed with aceto-
phenone aminocarbocarbazone (4gm.) and the mixture heated
in a distilling flask to a temperature of 190° C for t hour.
During the course of the reaction a liquid distillate was
collected from the side arm of the flask and ammonia was
freely evolved, The melt became pasty, without ever
liquefying completely, and on codling solidified.

The distillate was shown to contain hydrazine
by reducing Fehling's solution in the cold, and by forming
hydrazine dihydrochloride, melting point 199° C,when
treated with hydrochloric acid.

The solid reaction product was refluxed with
alcohol, and a considerable portion of the solid remained
“undissolved. The undiésolved matter was filtered off, and
the filtrate, on cooling, deposited a small qQuantity of
crystalline material, melting point 202° C. This was
identified as acetophenoneélnaphthyl semicarhbazone,
(Borsche, Ber. 38, 836).

Nitrogen content, Found 14.03%. 14.901%.
Theory 13.9%.
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The residue obtained on extraction with
alcohol was found to be sparingly soluble in all the
commoner solvents, although repeated extractions with
alcohol continuedvto remove small quantities of aceto-
phenone 5-naphthyl semicarvazone, Dekalin was found to be
more suitable for the purpose than alcohol, and on digestion
of the insoluble matter with this solvent, followed by
filtration, acetophenoneé.naphthyl semicarbazone crystallised
from the filtrate on cooling.

There was, however, still a residue which was
insoluble in dekalin and other solven%s. The method of
purification adopted for this substance,was repeated reflux-
ing with dekalin, until the melting point of the suhstance
did not rise opn further washing. When this stage was
reached the substance was refluxed with alcohol t0 remove
any adhering dekalin, and symmetrical dinaphthyl carbamyl
hydrazine was obtained, melting point 279° C,.

Nitrogen content. Found 15.40%. 15,%36%.,
»Theory 15.2%,

Some dinapPhthyl carbamyl hydrazine was
prepared according to the method used by Hopper (Jour. Ryy,
Tech. College 1927, 4) for the corresponding dibenzyl
compound. Acetophenone S-naphthyl semicarbazone (1gm.)

was hydrolysed in an open beaker with dilute hydrochloric

acid/
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acid by heating for an hour on the water bath. On cooling,
crystals of g-naphthyl Semicarbazide hydrochloride separated:
These were dissolved in hot water and a solution of iodine
in potassium iodide added, winen an amorphous solid separated
-~ dinaphthyl carbamyl hydrazine, melting point 270° C.

Like the specimen prepared above, this compound was insol-
uble in all solvents,

Nitrogen content, Found 15.1%,

Theory 15.2%.
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PIPERIDINE AND ACETOPHENONE AMINOCARBOCARBAZONE,
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THE ACTION OF PIPERIDINE ON ACETOPHENONE AMINOCARBOCARBAZONE.

THEQRETICAL.

Piperidine was expected to react in the

same manner as the primary amines already considered,
since it reacts with acetophenone semioxamazone to yield
5cetophenone piperidino-oxalyl hydrazone and ammonis .
( Wilson and Pickering, J.C.S. 1924, 125, 1152);and with
acetone semicarbazone under special conditions to give
acetone piperidino-formyl-hydrazone (Stratton and Wilson
J.C.5. 1931, 1154),

| In both reactions cited above; piper-
idine is behaving in the same manner as a primary amine,
and consequently we expected it to react with acetophenone
aminocarbocarbazone to give acetophenone piperidino
formyl hydrazone, This product was obtained along with
acetophenoné azine and an 0il which could not be identified.
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THE ACTION OF PIPERIDINE ON ACETOPHENONE AMINOCARBOCARBAZONE,

ERPERIMENTAL,

Acetophenone aminocarbocarbazone (S5gm.)
was mixed with piperidine (4gm.) and heated to a temper-
ature of 180° C, until evolution of ammonia slackened.
The melt was cooled, extracted with alcohol and filtered
from a small quantity of insoluble matter. MThe filtrate
on cooling yielded a crystalline solid, which was iden-
tified as acetophenone piperidino formyl hydrazone,'
melting point 169°C.

Nisvrogen content., Found 17.1%.

Theory 17.1%.

The acetophenone piperidino formyl
hydrazone was identical with a specimen Prepared from
acetophenone semicarbazone and piperidine (Stratton and
wilson, loc, cit.).

The alcoholic mother liquor,from which
the acetophenone piperidino formyl hydrazone had crystal-
lised, was deep yellow in colour and on addition of water
yielded acetophenone azine,and on further addition of
water,an oil was obtained which did not solidify when

left in a vacuum, and decomposed on vacuum distillation.



34

METHYLANILINE AND ACETOPHENONE AMINOCARBOC‘.;&,B‘BA.ZONE.
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THE ACTION OF METHYLANILINE AN ACETOPHENONE

AMINOCARBOCARBAZONE,

Borsche states in his first publication
concerning tane action of amines on semicarbazones, that
the action of methyl aniline, which he had attempted,
proceeded much less smoothly than that of aniline, In fae¢t,
he expressed some doubt as to whether any reaction took
place,

In the first reaction carried out hetween methyl
aniline and acetophenone amino carbocarbazone, no special
precautions were taken to ensure freedom from small amounts
of aniline, and accordingly acetophenone 5 phenyl semicar-
bazone was isolated as a reaction product, a fact which
indicated that aniline reacted more smoothly than methyl-

aniline,

A quantity of methyl aniline was purified
according to the method described by Hepp (Ber. 19, 328)
and the purified amine (7gm.) heated with acetophenone
aminocarbocarbazone (5gm.) to a temperature of 180° C
without solvent. The cooled melt, on extraction with
alcohol, yielded a considerable quantity (about 3gm,)
of acetophenone azine, which seemed to indicate that

decompositiony/
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decomposition had been extensive, On evaporating the
alcoholic extract to small bulk, a small gquantity of
material, melting point 196 ° ¢, was obtained,but this
could not be identified. In addition an oily residue

remained, which resisted all attempts at purification.

The action of dibenzylamine on
acetophenone aminocarbocarbazone resembled the fore-
going experiment with piperidine, in that the products
consisted of acetophenone azine and a thick viscous
oil which could not be identified. It was felt that
the 0il may have consisted of a solution of solid
matter in excess of dibenzylamine, and consequently
excess amine was removed by vigorously agitating
the o0il with dilute hydrochloric acid and subsequent
removal of the dibenzylamine hydrochloride, This treat-
ment, however, did not cause the oily residue to solidify,
and when purification of the o0il by vacuum distillation
was attempted, decomposition took place to a marked

degree,
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THE ACTION OF PYRIDYL HYDRAZINE ON SEMICARBAZONES.
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THE ACTION OF PYRIDYL HYDRAZINE ON SEMICARBAZONES,

INTRODUCTION,

The preparation of 2-pyridyl hydrazine

is given by Fargher and Furness (J.C.S. 1915, 688).

These authors describe the preparatioh of several

pyridyl hydrazones obtained by combining the base with
aldehydes and ketones, but no mention is made of the
reaction of the substance with compounds containing the
-CO - NH, grouping. It has been shown by Pinner (Ber. 1881,
20, 2358) that XIexcarbamide and phenyl hydrazine react
with elimination of ammonia and formation of bhenyl
semicarbazide, Skinner and Ruhemam (J.C.S. 1888, 53, 550)
extended the reéction to carbamide derivatives. Sutherland
and Wilson (J.C.S. 1924, 125, 2145) have studied the action
of phenyl hydrazine on semicarbazones, and found that the

reaction proceeded according to one of two schemes,
(1) CRRUN-NHCO-NH, + NH NHPL = NHy + CRR“N-NH CO-NH-NHP% .

(R) CRRUNNH-CO-NHy + Nff:NHPL = CRR:N-NHPL + NH NH-CO-NH,

Baird and Wilson (J.C.S. 1926, 2369) continuing the above
work, have shown that aldehydic semicarbazones react almost
exclusively according to reaction (2) above, with the
exception of semicarbazones derived from aldehydes of high
molecular weight and containing sﬁraight chains, which

react/
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react according to equation (1) with formation oféianilino
semicarbazones, Moreover, they showed that ketonic semicar-
bazones varied in their reactions with phenyl hydrazine,
depending upon the nature of the semicarhazone, If in the
compounds GRR':N-NHCO- NH, , R and R’ are bulky groups of
highxwokesxkax weight, the formation of the. hydrazone was
inhibited, and thEAS-anilino-semicarbazone was formed
according to scheme (1). With other ketonic semicarbazones,
where R and R' were not heavy groups, the hydrazone and the
5lanilino semicarbazone were formed in varying amounts,

No work had been carried out on the action
of pyridyl hydrazine on semicarbazones, and it was decided
to investigate the action with a number of semicarbazones.

The semicarbazones of benzaldehyde, aceto-
phenone, henzophenone and benzoin were emploved for the
experinents, in which the procedure was to heat the reactants
to a sufficiently high temperature to cause evolution of
ammonia, the heating being conducted in an inert atmosphere
to prevent oxidation of the pyridyl hydrazine, (Fargher and
Furness loc, cit,).

The reaction was expected 0 occur with
formation of 5 2-pyridyl semicarbazonss and elimination

of ammonia as in the following general equation :-

CRR"N-NH-CO-NHy, + H,N-NHCHN —= C‘E’Z“'N'NH'CO'NH-NHC(/%(N
the case being analogous to that described by Wilson and
Sutherland (loec, cit,), In addition to 5 2-pyridyl

semicarbazones/
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semicarbazones, however, Pyridyl hydrazones and 4 amino-
urazole were also isolated, which would indicate that the
5 2-pyridyl semicarbazone underwent decomposition, after
the manner of acetophenone<$anilino semicarhazone (Baird
and Wilson J.C.S. 1927, 2114). viz;-

/_ ,) _ (. ” ,NH’NH\
LLRR NG Co-Ni-aPL) = ZERRENNEPL) + ¢6"" " eo

i)
or, in the case of the S pyridyl semicarbazone as follows

~Nif NI,
~Co.

N -
A(,)
In the reactions between pyridyl hydrazine

QCRR: NNt Co-NH-NHCAHN) = 2, CRECNRH-CelyN) 4 €O

and the semicarbazones of henzophenone and benzoin, the
corresponding S.a-pyridyl semicarbazones were isolated,
With acetophenone semicarhazone the reaction product could
not'be identified,

In all cases the yield of solid product
obtained ﬁas poor, and this fact, combined with the
unstable nature of pyridyl hydrazine,(in that it is very
susceptible to atmosphere ogidation) led to the investig-
ations being discontinued,

Since the 2-pyridyl semicarbazones,
produced in the above experiments, contained the basic
pyridyl residue, we felt that they might form salts with
acids, and in the case of benzoinf;z-pyridyl semicarbazone,
- which contains an asymmetric carbon, it should.be possible

on/
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on combining with an active acid (say dextro- rotatory) to
fo:m thegisomeric salts)d-benzoinS‘Q-Dyridyl semicarbazone-
d-acid, and f-benzoinggz-Pyridyl Semicarbazone-d-acid, If
such salts could be formed, the pbssibility of resolving
benzoin into its optical enantiomorphs was apparent, This
possibility was investigated using d-tartaric acid and

also d-camphor sulphonic acid, but salts of these acids
could not be isolated,

The foregoing experiment on the resolution
of benzoin, suggested the possibility of resolving racemic
aldehydes and ketones via the pyridyl hydrazones of these
compounds, by combination with an active acid, In this way
we hoped to effect a separation intc d-ketone pyridyl
hydrazone d-acid, and f-ketone Ppyridyl hydrazone d-acid,
both of which compounds should yield the active ketone
on hydrolysis.

No mention is made in the literature of the
pyridyl hydrazones of racemic aldehydes or ketones, and
accordingly the preparation of some of these was undertaken,
namely, the pyridyl hydrazones of benzoin, menthone, 123
méthyl cyclohexanene and p-methoxyhydratropaldehyde
(Bougault, Ann, Chim, Phys. 1902. (7) 25. 43). In all cases
the pyridyl hydrazones were isolated, those of menthone and
methyl cyclohexanone as thick, almost immobile, oils, which
could be distilled under reduced Ppressure, The pyrile

hydrazonesy
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hydrazones 80 prepared were combined with tartaric acid and
camphor sulphonic acid.

p-Methoxyhydratropaldehydé formed =
stable tartrate, which, however, did not show any'rotation
when examined in the potarimeter, This suggested that the
tartaric acid had racemised, or else the rotatory power
of the tartrate was so small as to be negligible. The
latter view was shown to be correct by fecovering the tar-
taric acid from the tartrate as sodium tartrafe,which ex-
" hibited its normal rotatory power, Separation of the
enantiomorphs could not be effected.

Menthone pyridyl hydrazone formed a
less stable tartrate, which is readily hydrolysed with
liberation of menthone, on dissolving in hot water. The
instability of the tartrate rendered recrystallisation
~difficult, although a small quantity of material was
obtained, which yielded a specimen of active menthone
on hydfolysis, this indicafing that a partial separation
of the isomers had occurred, The loose union of the
pyridyl hydrazone with tartaric acid did not justify the
continuance of the investigation,

Benzoin pyridyl hydrazone and methyl

cyclohexanone/
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cyclohexanone pyridyl hydrazone1did nQﬁ fdrm'tartrates.
In no case was a ‘solid camphor

) sulphonate of the pyridyl hydrazones isolated
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2-PYRIDYL HYDRAZINE,

(Fargher and Furness J.C.S. 1915, 688).

The preparation of pyridyl hydrazine
is difficult and lengthy. Starting from pyridine, pyridine
methosulphate is prepared by interaction with dimethyl
sulphate, The pyridine methosulphate is oxidised to methyl
pyridone with potassium ferricyanide, the methyl pyridone
being salted out by saturéting the aqueous solution with
potassium hydroxide, By treating the methyl pyridone with
g mixture of phosphoryl chloride and phosphorus pentachlor-
ide, 2-chloro-pyridine is obtained by steam distillation,
after removal of excess phosphorus halides, The 2-chloro-
pyridine on refluxing with hydrazine hydrate, yields
2-pyridyl hydrazine,which when pure is a thick viscous

0il boiling at 149°C under a Ppressure of 2gmms.

= Lo > J ™ ONH-NH,
NMeMeSO,  NMe N N
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BENZOPHENONE SEMICARBAZONE AND PYRIDYL HYDRAZINE,




46

BENZOPHENONE SEMICARBAZONE AND PYRIDYL HYDRAZINE,

THEORET ICAL.

From the findings of Wilson and co-
workers on the action of hydrazines on semicarbazones,
we expected benzophenone semicarpbazone to react with
pyridyl hydrazine with formation of benzophenone 3 2~
pyridyl semicarbazone, The possibility of this compound'
undergoing thermal decomposition was also taken into
account, and, if this secondary change took place, it
would Pprobably follow the lines suggested by Baird and
Wilson (J.C.S. 1926, 2369) for the thermal decomposition
of benzophenone 5 anilino semicarbazone, with formation

of benzophenone pyridyl hydrazone and 4-amino urazole,

CHACHYC NNHCONH, + HNNCHN —= CRIGHICN-NI-CONHNHCHN +NH,

Flep - ‘ , NH-NH
Z(QH,Q/{,M/Nﬁfo-/vﬁ-mﬂC,rr/,,N) - 2 fzfi'fzﬂ;iCiN'MH'Cg/{gN) * co; Sco.
N(N)~
In the experiment described on the
: these
foldowing page,| products were actually identified and, in
addition, a resinous substance was obtained which could
not be identified. The yield of solid products was poor

in all cases, never exceeding)5# -17% of the theoretical,
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BENZOPHENONE SEMICARBAZONE AND PYRIDYL HYDRAZINE.
BXPER IMENTAL. '

The reactants were mixed in molecular
proportions and heated in an atmosphere of nitrogen to
135 (€, at which temperature ammonia was evolved, The
heating was conducted in a flask fitted with a ground
glass condenser, nitrogen being carried down the inner
condenser tube to f£ill the flask, a slow stream of the
gas being continually passed, during the heating period.
The temperature was maintaincd at 135° C for three hours,
and the reaction was then stopped as the mixture appeared
to be deconposing, The melt was allowed to cool and
digested with a small quantity of hot water; The aqueous
extract was filtered from resinous matter, and the filtrate
on cooling deposited 4-amino urazole, Melting point 270° (.
Nitrogen content, Foﬁnd 48,41%,

Theory 48.3%.

The resinous matter which was insoluble
in water was taken up in methyl alcohol and by careful |
addition of water to the alcoholic solution, a erystalline
solid was deposited which, when recrystallised from agqueous
alcohol, yieided benzophenone pyridyl hydrazone, melting
point 206° C, identical with a specimen prepared from
benzophenone and pyridyl hydrazine,

Nitrogen content, Found ‘15.53%. 15.45%,

Theory 15.38%,



.‘48'

The alcoholic liquor, from which benzophenone
pyridyl hydrazone had separated, was added with stirring,
to a large volume of water, when a semi s0lid mass separated.
This was repoved by filtration, dried, and dissolved in a
small'quantity of benzene, The henzene solution was poured
slowiy with stirring into a large volume of Ppetroleum ether
when a colourless solid separated in small amount, Melting
point 64-66° C. Attempts to recrystallise the solid from
alcohol and water mixtures gave an oily product, and the
only suitable method of purification was to pPour the henzene
solution of the solid into a large bulk of low boiling
petroleum ether, This procedure still gave a solid of
melting point 64-66° C.
Nitrogen content 21.44%. 21.50%.
Theory for benzopnenone 5 Q_pyridylﬁzérbazone is 21.1%,

Hydrolysis of this compound with dilute
hydrochloric acid Produced benzophenone and a black gummy
product which could not bhe identified,

The reaction was also carried out in toluene
suspension, the mixture being refluxed for 20 hours, during
. which time ammonia was evolved. The toluene was distilled
off under reduced Ppressure, when a thick viscous mass
remained, which did not solidify. This was dissolved in bensenme
and added to a large excess of petroleum ether when a white

flocculent/
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flocculent precipitate was obtained melting point 64-66° C,
corresponding to the compound obtained above,

BENZALDEHYDE SEMICARBAZONE AND PYRIDYL HYDRAZINE,

EXPERIMENTAL.,

Benzaldehyde semicarbazone (8gm.) and
pyridyl hydrazing (5gm,) were mixed and heated without
golvent, in an atmosphere of nitrogen, There was no
perceptible reaction until 145° C was reached, when ammonia
was evolved and a yellowish liquid formed in the flask,
The reaction was continued for 13 hours after which time
ammonia ceased to be evolved. The melt was extracted with
8 small quantity of hot water, and on cooling the aqueous
extract,4-amino urazole was obtained, The resinous portion
which was insoluble in water, was dissolved in a small
quantity of methyl alcohol and,on cooling,crystals of
benzaldehyde pyridyl hydrazone ﬁere obtained, melting
point 148 ° C. (Fargher and Furness J.C.S. 1915, 692).
Nitrogen content, Found 21.,47%. 21.49%, |

Theory 21.3%17%.
Concentration of the alcoholic mother
liquor produced a resinous substance, which could not be

obtained in a solid form,

- - - - -t - - - ———
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ACETOPHENONE SEMICARBAZONE AND PYRIDYL HYDRAZINE,

EXPERIMENTAL,

The product from this reaction appeared
to be anomalous, in that it could not be identified,
gccording to the scheme outlined for similar reactions,

Molecular quantities of acetophenone
semicarbazone and pyridyl hydrgzine were heated to a
temperature of 140°C., when a reaction took place with
evolution of ammonia, The melt was extracted with hot
methyl alcohol, in which it dissolved completely, and on
cooling a small amount of a crystalline solid separated,
melting point 214-220° C. This material was further
purified by recrystallisation from chloroform, when clear
needle shaped crystals were obtained, melting point 226° C.
Nitrogen content 39,5%. 3%0.7%.

This product was not identified, On
hydrolysis with dilute hydrochloric acid, acetophenone was
obtained and a dark coloured tarry resin,

Acetophenone pyridyl hydrazone requires nitrogen 19,9%,
Acetophenone O 2-pyridyl semicarbazone requires nitrogen 24,3%,

On account of the small quantity of solid

obtainable and the unattractive nature of the Product, the

reaction was abandoned,
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BENZOIN SEMICARBAZONE AND PYRIDYL HYDRAZINE,

Benzoin semicarbazone (10gm,) and
pyridyl hydrazine (4gm.) were added to 4ééﬁuxylene.
On heating to the boil, solution took place and
ammonia was evolved,The temperature was maintained at
130 - 135° C, and heating continued until ammonia was
no longer evolved (about 3 hours), The xylene was
removed under reduced pressure, and the residue, on
recrystallisation from alcohol, yielded long, clear,
needle shaped crystals, melting point 179-180° C.
These consisted of benzoin 5 2-Pyridyl'semiéarbazone.
Nitrogen content. Found 19.,49%, . 19,3%.

Theory 19.3%9%.

o e - e = - - -

Benzoin 5 z-pyridy; semicarbazone
was dissolved in alcohol and a solution of tartarie
acid in alcohol was added to this, There was no
indicatibn of salt formation as the temperature did
not rise on mixing, On concentrating the mixed solut-
ions under reduced Pressure, unchanged semicarbazone

was recovered,

D o B -~ . o = o A= — -

Salt formation using camphor sul-

Phonic acid was also attempted without success.
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THE PYRIDYL HYDRAZONES OF SOME RACEMIC ALDEHYDES AND KETONES.

Some Ppyridyl hydrazones have heen
described by Fargher and Furness (loc, cit,), and since
these contain the basic pyridyl residue, it was felt that
salt formation would take Place with acids. Using a
pyridyl hydrazone derived from a racemic aldehyde or ketone;
and combining this with an active acid, separation into
isomers should be possible,

The pyridyl hydrazones of benzoin,
1-%-methylcyclohexanone, p-methoxyhydratropaldehyde and
menthone are described.

While the tartrates of p-methoxyhydra-
tropaldehyde and menthone pyridyl hydrazones were isolated,

. they did not prove suitable as a means of resolving these

compounds,

- — - - - ———— - —— - —— . =
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P-METHOXYHYDRATROPALDEHYDE PYRIDYL HYDRAZONE,

p-Methoxyhydratropaldehyde was Prepared
after the method of Bougault(Ann,., Chim. Bhys. 1902 (7),
25, 483) by the oxidation of anethole with mercuric oxide

end iodine,
CHu(oCH)CH CHCHy + Hq0 + 1, = Hal, + (. f‘/q(oéﬂg}CH:(fﬁ cHo.

The aldehyde (8e5gm.) was added to a solution
of pyridyl hydrazine (5+5gm,) in alcohol, The solution
warmed considerably and the reaction was completed by
refluxing for 15 mins. On cooling p-methoxhydratropaldehyde
pyridyl hydrazone separated in the form of long silky
needles, The compound was recrystallised from alcohﬁl.
Melting point 105° C. The yield of hydrazone was about
6% of the theoretical,

Nitrogen content, Found 16.4%.
Theory 16.4%,

—— - ——— - - - ———

P-METHOXYHYDRATROPALDEHYDE PYRIDYL HYDRAZONE TARTRATE,

The hydrazone (6e5¢m,) was dissolved in
alcohol and added to a solution of tartaric acid (2gm.)
in alcohol, The solution warmed and .the crystélline tartrate
separated almost immediately, The tartrate was recrystailised

from alcohol, and melted at 164 °
Nitrogen content, Found 12.6%,

Theoxry for tartrate 12,7,
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The tartrate was readily soluble in dioxan and chloroform,
but was insoluble in water,

No rotation was observed when the tartrate
was examined in alcoholiec solution; and a concentrated solut-
ion in chloroform also failed to show a rotation. This may
have been due to the fact that the natural rotatory power
of the tartrate was so slight as to be immeasurable, or %o
the racemisation of the tartaric acid, The latter view was
shown to be incorrect by decomposing the tartrate with tﬁe
requisite quantity of Sodium carbonate in agqueous alcoholic
solution, when the free pyridyl hydrazone was recovered,
in an inactive form and removed by filtration. The filtrate
was decolourised with animal charcoal and on examination
was found to be active, thereby indiéating that the tartarie
acid had not racemised, V

p-Methoxyhydratropaldehyde was also
.combined with d-camphor sulphonic acid in alcoholic
4solution. On removing the alcohol under reduced pressure,

a resin remained which could not be crystallised,

- e e = vee W= = =
- o - — -

BENZOIN PYRIDYL HYDRAZONE.

Benzoin (4gm.) was heated with pyridyl
hydrazine (2gm,) in 5@ce., alcohol. The solution was refluxed

for 7 hours and evaporated to half bulk, On cooling a small
qQuantity/
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quantity of unchanged benzoin was Precipitated. This was
removed by filtration and on allowing the filtrate to

stand, benzoin pyridyl hydrazone separated. The yield

of hydrazone obtained was poor, about 154 of the theoretical
value, Benzoin pyridyl hydrazone crystallises from aqueous
alcohol in small colourless crystals, melting Doint 189° C,

The crystals become yellow on exposure, Nitrogem Found 13,9%
Theory 13, 86%

- - — - . - e
- ——— -

Benzoin pyridyl hydrazone does not form
a tartrate, MThe hydrazone was dissolved in alcohol and
added to the requisite amount of %tartaric acid also dissolved
in alcohol, On standing, henzoin pyridyl hydrazone was
recovered unchanged.

An attempt was made to obtain the
camphor sulphonate by combining the reagents in alcoholic
solution, Precipitation of the camphor sulphonate was
expected to take place on addition of water to the.alcoholie
solution, but this procedure resulted in the formation
of benzoin, hydrolysis of the pyridyl hydrazone taking
place, The benzoin was identified by melting point and
by the production of a blue colour with alcoholic

potassium hydroxzide,
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1.3 METHYL CYCLOHEXANONE PYRIDYI HYDRAZONE,

1.3 Methyl cyclohexanoné (Bgm,) was added
to 20cc, alcohol, and mixed with a solution of pyridyl
hydrazine (4gm,) in 10cec, alcohol. The solutions warmed
on mixing and the reaction was completed by refluxing
for 15 mins, No solid matter separated on cooling or on
standing, and the alcohol was evaporated off under reduced
pressure when a very viscous oil remained, This oil could
be distilled under reduced pressure without decomposition
when methyl cyclohexanone pyridyl hydrazone was obtained,
The boiling point of the hydrazone was mhkmimad 168-170° ¢
under a pressure of 3mm, of mercury.

Nitrogen content, Found 2®;3%.
Theory 20.6%.
Neiﬁher the vartrate nor the camphor

sulphonate could be isolated,

MENTHONE PYRIDYL HYDRAZONE,

Menthone (6gm.) and pyridyl hydrazine
(4gm,) were heated under reflux in alcoholic solution
for a period of 5 hours, No éolid matter separated on
standing and the alcohol was removed under reduced pressure,
when a thick immobile o0il remained which did not solidify

on/
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on freezing. Mhe oil, however, could be distilled under
reduced pressure when menthone pyridyl hydrazone was
obtained as a viscous 0il, boiling point 184° C. under a
pressure of 4mms,
Nitrogen content. Found 16.9%.

Theory 17.1%.

MENTHONE PYRIDYL HYDRAZONE TARTRATE.

The tartrate of the hydrazone was preparea
by mixing a solution of menthone pyridyl hydrazone (6gm,)
in alcohol, with a solution of tartaric acid (2gm.) in
alcohol, On allowing to stand for a short time, crystals
of menthone pyridyl h&drazone tartrate separated, melting
point 136° C, the yield being theoretical, Mhe tartrate
is unstable in that it is readily hydrolysed in presenée
of water or aqueous alcohol with liberation of menthone,
1gm, of the tartrate in 25cec, of chloroform showed a
laevo rotation of %,0%° when examined in a 1 decimetre
tube.

The tartrate was recrystallised several
times from small quantities of metayl alcohol and a sample
O£ thrice recrystallised tartrate was hydrolysed by warming
with dilute hydrochloric acid for a minute, The liquid

was cooled and the liberated menthone extracted with ether,
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On distilling off the ether,0.3gm. of menthone was obtained
which showed & very slight rotation when examined in the

polarimeter,

4 Cn
0.3gm. in 1@cc. alcohol gave [o§]D+3.3.

This indicated that a Partial separation
of the isomers had occurred although the method is not

| likely to prove successful for the resolution of menthone.



PART 2.

THE RESOLUTION OF RACEMIC ALDEHYDES AND KETONES VIA

ACTIVE SEMICARBAZIDES,
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THE RESOLUTION OF RACEMIC ALDEHYDES AND KETONES VIA

ACTIVE SEMICARBAZIDES,

The use of optically active
semicarbazides for the resolution of racemic carbonyl
compounds has been suggested by various workers, Forster
and Fierz (J.C.S. 1905, 387, 722) prebared camphoryl
¢/ semicarpbazide, but do not appear to have used it for
this’ purpose , Hopper and Wilson (J.C.S. 1922; 121; 866)
prepared'activegq(phenylethyl)semicarbazide and in a
later paper (J.C.S. 1928, 248%) were successful in resolv-
ing benzoin by this method.

Goodson (J.C.S. 1927, 1997) attempted
a resolution of 1-3 methyl cyclohexanone using active
Sl_bornyl semicarbazide, and although well defined crystalline
compuunds were obtained, they did not separate into optical
antipodes on fractional crystallisation,

Crawford and Wilson (J.C.S. 1934, 1122)
effected a resolution of benzoin using laevo 5—menthyl semi-
carbazide, The separation of the isomers, however, proved
to be exceedingly difficult, as the gummy matrix formed on
condensing benzoin with f-g-menthyl semicarbazide, could be
induced to crystallise only after a period of years.

Stratton and Wilson (private commun-
ication) attempted to resolve benzoin and p-methoxyhydratrop-

aldehyde/
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aldehyde making use of d-nor ?’ ephedrinoformylhydrazide;
which they obtained by condensing benzaldehyde semicarbazone
with d-nor'¢ ephedrine (a primary amine), followed by
removal of benzaldehyde by hydrolysis. The products obtained
nowever, on éombiﬁing the hydrazide with benzoin and p-
methoxyhydratropaldehyde, were gumny and could not be
induced to crystallise,

- Mhe work described in the following
pages was undertaken in the knowledge that gummy Products
are to he regarded as the rule, rather than the exeeptidn;
and if any of the gums obtainéd in these experiments show
signs of crystallising during storage, the investigations
will be reopened, and the solid matter used for seeding
purposes,

Two methods were employed in the prepar-
ation of the active semicarbazones,

(1) The racemic aldehyde or ketone was combined with an
active B- substituted semicarbazide —
RRUCCHO + HNNHCO-NHK = KRUHCCH -N-NH-CO-NHX + H,0
(where X' is an active grouping).
and
(2) The semicarbazone of the aldehyde or ketone was heated

with an active amine till evolution of ammonia ceased,.

RRACCHN-NHCONHy + NH,X = R'RHC-CHN-NH-CONHK + NH.
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The second method is quicker, in that
the semicarbazones are more easily prepared than the
5- semicarbazides, but it has the disadvantage of requiring
a fairly»high temperatute to bring about the reaction.

As active amines, we emDPloyed o-Phenyl
ethylamine; camphylamine, and d-nor ¢ ephedrine, While the
ketones consisted of 1-3 methyleyclohexanone, camphor (d-f)
benzoin and menthone (d-{).

i}-} Methylecyclohexanone formed crystalline

5-(cxphenylethyl)semicarbazones, and while paftial

separation of the optical antipodes was affected by
fractional recrystallisation extending over a period of
three months, the process was much too laborious 4o he of
practical use, Goodson (loc, €it,) had the same difficulty
using the J-bornyl semicarbazone of 1-3 methylcyclohexanone;

| An attempt was made to resolve 1-% methyl-
cyclohexanone using d-camphylamine (methdd (2) above) but—
a gum was obtained.

Another a&témpt using 1-3 methylecyclohex-
anone thiosemicarbazone and active q, phenyl ethylamine
fesulted in complete decomposition taking place with evol-
ution of much hydregen sulphi;-de. This difficulty could be
overcome by using method (1). |

- e - —— - o = o ——
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Ccamphor semicarbazone combined with
active A phenylethylamine, but again, a separation into
the antipodes could not be effected. I+ seems strange that
the melting point of (d4Jcampnor £3(x phenylethyd)semicarba-
zone (A) should be higher than that of isomers, d-camphor
f-&dphenylethyl)semicarbazone (B) and ﬁ-camphor ﬁ@(dphenyl
‘efhyl)semicarbazones (C). From tnese findings, it would
appear that (A) is an eutectic compound, This view is
supported by the fact that when equal quantities of (B)
and (C) are mixed in solution, compound (A) crystallises,

Camphor semicarbazone was also condensed
with d-camphylamine when solid 5l camphyl semicarbazones
were obtained., Separation of these by fractional crystal-
lisation could not be carried out,

Camphor scmicarbazone condensed with
d-nor qf ‘ephedrine gave a guamy product.

Benzoin semicarbazone reacted with
inactive camphylamine to give benzoin 5—camphy1 semicar-
bazone, Using active camphylamine a resin was produced
which is slowly depositing a crystalline solid,

Benzoin thiosemicarbazone condensed
with éctive X phenylethylamine to give a crystalline

solid,/



gsolid, the analysis of which agrees with that required
for benzoin 5 (« phenylethyl) thiosemicarbazone, Benzoin
however, has not yet been obtained by hydrolysis of
this compound,

The preparations of the thiosemicar-
bazones of benzoin, 1-3 methyleyclohexanone and camphor
have not previously been deséribed, and accordingly;

the methods empPloyed for their preparation are given.
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ATTEMPT TQ RESOLVE 1.3 METHYL CYCLOHEXANONE.

EXPERIMENTAL.

The following compounds are described;-

r-1.3 Methyl éyclohexanone rS (X phenyl
% y-1.3 Methyl cyclohexanone ﬁ-S(x phenyl
X r-1.3 Methyl cycldhexanone d-5 (& phenyl

d-1.3 Methyl cyclohexanone ds'(x Phenyl

r-1,3 Methyl cyclohexanone rS (X Phenyl

ethyl) semicarbaaone,
ethyl) semicarbazone.
gthyl) semicarbazone,
ethyl )semicérbazone.

ethyl) thiosemicarbazone.

These substances marked with the

astertisk are, of course, mixtures of the d-and’1-

forﬁs'of the ketone combined with the active semicar-

hazide,
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1.3 METHYL CYCLCHEXANONE,

1.3 Methyl cyclohexanone (Knoevenagel
A 297, 154) was prepared by the oxidation of the corresp-
onding alcohol (methyl cyclohexanol) with chromic acid,
the reaction being carried out in acetic acid. When
oxidation was complete, the acetic acid was neutralised
with»excesé caustic soda and the methyl cyclohexanone
extracted with sther, The ketone was purified by forming
the bisulphite compound, and on treating this with
potassium carbonate, methyl cyclohaxanone was obtained;
boiling point 169° C.

Neutralisation of the acid oxidising
medium with caustic soda may be advantageously omitted;
as this procedure leads to the formation of a fairly
stable emulsion on extracting the ketone with ether; It
was found to be more convenient to dilute the acid
liquor with water after oxidation was complete, and

then to extract with ether,

S..d_ ( PHENYLETHYL) SEMICARBAZIDE,

7

Hu - NHCO- NHCH{C He) CHs
& Phenylethylamine was Prepared by the

reduction of acetophenone oxime, 13gm. of the amine were
heated with 12gm, of acetone semicarbazone at 135.138° ¢
for an hour, The product (acetone So(phenylethyl

semicarbazone)/
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semicarbazoﬁe) was hydrolysed with 5% hydrochloric acid,
.when 5.(<Xphenylethyl) semicarbazide hydrochloride was

obtained,
Active§ { X phenylethyl) semicarbazide

hydrochloride was prepared in a similar manner using
active amine, (Active X phenylethylamine was obtained
by a combination of the methods of Lovén and Betti; see
Hopper and Ritchie (Journal Roy. Tech., College 1926,

3, 65) ).

r-1.3 METHYL CYCLOHEXANONE r- 2 ( X PHENYLETHYL )SEMICARBAZONE,

It was decided to experiment with the
racemic semicarbazide, in order %0 gain some experience
of the nature of the semicarbazones involved, The reaction
between the ketone and the semicarbazide hydrochloride
was carried out in alcohol and in pyridine,

REACTION IN PYRIDINE.

4gm, Racenic S(((phenylethyl) semicarbé.z-
ide hydrochloride was dissolved in about AQecec, Pyridine
and 4gm, methyl cyvclohexanone added., The solution hecame
warm on mixing, and after standing for three days at
room temperature, it was poured into half a litre of 1ice
water, A plastic solid separated, which was washed free
of pyridine with water and dried in vacuo. The amber
coloured solid which remained was dissolved in benzene

and by careful addition of petroleum ether to this

solution/
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solution r-methYl cyclohexanone nél(q Phenylethyl)
semicarbazone was obtained as a crystalline solid, melting
point 130° C, The solid was readily recrystallised from
benzene-petroleum ether mixtures,
Nitrogen content, Found 15.37%. 15.40%.

mheory 15.38%.
REACTION IN ALCOHOL:-

4gm, Racemicgb&phenylethyl)semicarbaz_
ide hydrochloride was dissolved in about 10cec. ho% water:
and a solution of {,9gm, anhydrous potassium acetate in
30ce, alcohol added, The precipitated potassium chloride
was filtered off and 4gm. r-methyl cyclohexanone added |
to the filtrate. The solution was refluxed for 3 hours
and, on cooling, poured into half a litre of ice water,
A plastic solid separated as before, which was dissolved .
in benzene, On adding petroleum ether %o thé benzene
solution r-1.3 methyl cyclohexanone rgfxphenylethyl)
semicarbazone was obtained, exactly similar to the
compound prepared in pyridine solution,

r.123 METHYL CYCLOHEXANONE ANDgﬁﬁé(x.PHENYLETHYL\ SEMICARBAZIﬁﬁ;
-0 (% phenylethyl) semicarbazide
hydrochloride (22gm.) was dissolved in pyridine and 10gm,
1.3 methyl cyclohéxanone added. The solution was allowed
to stand for a week and then poured into ice water, when a

plastic/
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plastic solid separated which largely solidified on
standing for some time, The semi solid mass was washed '
by decantation to remove pyridine, and then dissolved
in a small quantity of alcohol. On immersion of the
alcoholic solution in ice, crystals of isomeric semicar-
bazones were deposited showing a melting range of 95°.
190 ° C. Continued recrystallisation caused elevation
of the melting point to 101-104° C, but a sharp
melting point could not be obtained.
Nitrogen content of material melting 101-164° C,

Found 15.%29%,

Theory 15.38%,

2gm, of the less soluble fraction
(melting 101-104° C) was hydrolysed by heating with
?N hydrochloric acid, and the liberated ketone extracted
with ether, On evaporating off the ether, a small quantity
of ketone remained which was distilled from a 5ce, distill-
ing flask. 2 drops of ketone were obtained which showed
a dextro rotation when examined in the polérimeter in
ethereal solution, The quantity did not justify an accurate
determination of the rotation, but it seemed that the cro?
melting 101-104° C contained a Preponderance of d-ketone

f-semicarbdzone.

- . e o - " n - ——

It was hoped that the experience

gained/
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gained in the first attempt to resolve 1,3-methyl
cyclohexanone, would prove of value in a second effort.
In the second case, however, d_S-(« phenylethyl) semi-
carbazide hydrochloride was employed.

—— o - - = o - —— -~

r-1.3-METHYL CYCLOHEXANONE AND d- 8-(«x PHENYLETHYL)

SEMICARBAZIDE.

The recation was carried out
exactly as before in pyridine solution, and on Pouring
the latter into ice water a semi solid mass separated;
which deposited needle shaped crystals from henzene
petroleum ether mixture, melting point 97-99° C, This
material was readily soluble in organic solvents; but
could be recrystallised from aqueous alcohol and from
petroleum ether, AQueous alcohol was empPloyed aﬁd the
‘melting point of the recrystallised substance raised
to 1901-104° C. An extensive fractional recrystallisatioﬁ
of this was then attempted using petroleum ether as
solvent, and after many recrystallisations the:melting
point of the less soluble fraction was raised to 106~
110° C.

Nitrogen content 15,40%,

This material was believed to be mainly‘é-ketone
d-semicarbazone,and the belief was confirmed by a
synthesis of d-ketone d-semicarbazone, which was found
to melt at 386° C, whereas the above recrystallisations

are producing a progressively higher melting product.

i o
Rotation of 106-110° ¢ fraction Ld J; -49,9, (C ;4.(700)
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d1.%_METHYL CYCLOHEXANONE d- - (% PHENYLETHYL)

SEMICARBAZONE.,

Active 1,%2-methyl cyclohexanone
was prepared frOm'pulegon by treating the latter with
sulphuric acid (Knoevanagel loc,cit.), the liberated
ketone being.purified via the bisulphite compound. The
active ketone (dextro-rotatory) was combhined with
d- g-(<x phenylethyl) semicarhazide in pyridine as
above, and the plastic solid obtained on pouring the
pyridine solution into water was dried and recrystal-
lised from petroleum ether, when d-1.3 methyl eyelo-
hexanone d- 3—(& phenylethyl) semicarbazone was
obtained, melting point 86° C.

Nitrogen content Found 15.42%,
Theory 15;38%.

Like the {-xetone d-semicarbazone
(106-110° C) obtained previously, this compound was
readily soluble in organic solvents and insoluble in
water, but it appeared to be rather more soluble in
petroleum ether than the 106-110° C mixture; thus
indicating that petroleum ether would he a likely
solvent to affect a separation by recrystallisation,
This, however, could not he accomplished after many
recrystallisations,

The optical rotation of d-ketone

d-semicarbazone was determined and the value[&]w; ~100.7
obtained, (¢ = 3-974) b
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r-1,3 METHYL CYCLOHEXANONE AND r-5 (X PHENYLETHYL)
THIOS C L.

2.6gm, 9 (.« Phenylethyl) thiesemi-
carbazide ( Burns, Baird and Wilson J.C.S; 19217, 2533)
was combined with 1.5gm, methyl cyclohexanone by heating
the reagents in alcoholic solution for six hours on
the water bath, The alcohol was removed under reduced
Pressure leaving én amber coloured resin which was
dissolved in a small quantity of benzene, Additién of
petroleum ether and immersion in a freezing mixture
caused separation of r-1.% methyl cyclohexanone |
1‘5 (« phenylethyl) thiosemicarbazone, melting point
62° C - 63° C, Recrystallisation was carried out by
dissolving in benzene and adding petroleum ether +1i1l
a haze appeared, A drop or two of benzene was then
added to clear the solution, and on immersion in
g freezing mixture the thiosemicarbazone separated,
Nitrogen content.,  Found 14.6%. 14.6%;

Theory 14.,5%.
The above compound was also

Prepared in pyridine solution.

- - —— - ——— - ——————
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vy 1,3 METHYL CYCLOHEXANONE AND ACTIVE 5 (X PHENYLETHYL )

THIOSEMICARBAZIDE,

An attempt was made %o prepare active

5 ( x phenylethyl) thiosemicarhazide from acetone thio-
semicarbazone and I- X phenylethylamine but the laevo

S ( X phenylethyl) thiosemicarhazide o6btained was a thick
syrup and could not be purified, In view of this difficulty
it was decided to adopt method (2) (page 60) in preparing
the active semicarbazones, viz;- r-1,3% methyl cyclohexan-
one thiosemicarbazone (below) was heated with fcxPhenyl_
ethylamine in toluene suspension, Decomposition, however,
was extensive, much hydrogen sulphide being evolved, and
the reaction was uiscontinued. [It was found later (page 93)
that the syrupy i-% ( X phenylethyl) thiosemicarbazide
could he employed in the preparatio;pfé(cxphenylethyl)

thiosemicarbazones without purification.]

PREPARATION OF 1.3 METHYL CYCLOHEXANONE THIOSEMICARBAZONT,

6.5gm., Thiosemicarbszide was dissolved
in about é0cc, hot water and 8gm, 1,3 methyl cyclohexanone
added, Sufficient alcohol &as then added to form a homo-
geneous solution and the mixture was refluxed for 24 hours,
An o0il separated during refluxing but this was redissolved

by/
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by addition of a further small quan%ity of alcohol. On
cooling the solution in ice, an 0il separated which
soon solidified, the solid matter being removed by
filtration, Recrystallisation'of the solid from dilute
alcohol gave 1,3 methyl cyclohexanone thiosemiéarbazone;
melting point 1179 C,

Nitrogen content. TFound 22.7%. 22,8%.

Theory 22.7%.

———— . — " T o - - — - o - .
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AN ATTEMET T0 RESOLVE CAMPHOR VIA ACTIVE B (X PHENYLETHYL )
SEMICARBAZIDE,

The following compounds are describeds-

r.-Camphor r 5( X phenylethyl) semicarbazone,
d-i Camphor 1—5-(0( pPhenylethyl) semicarbazone,
d-Camphor ﬁg( X phenylethyl) semicarbazone,

f—Camphor fé( X phenylethyl) semicarbazone,

¥ This substance is a'mixture of thé
dextro and laevo forms of the ketone combined with

active 3(0( Phenylethyl) semicarbazige,

- —— —— o —— -
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ATTEMET TO RESOLVE CAMPHOR VIA LAEVQ 8- (X PHENYLETHYL)

SEMICARBALIDE,

Instead of isolating Z—g—( A phenylethyl)
semicarbazide as was done in the previous experiments
with 1.3-methyl cyclohexanone, it was decided to Pprepare
‘the 5osubstituted semicarbazones by interaction of laevo
« phenylethylamine with camphor semicarbazone, [Method
(2) page 6@). This procedure was successfully carried
out but the isomers, namely [~ camphor [—semicarbazone
and d-camphor Z- semicarbazohe counld not be separated,
The results are rather surprising, in that the melting
point of the semicarbazone obtained from r-camphor
semicarbazone and [- amine namely (d-é } camphor
£-§ (x phenylethyl) semicarbazone, was higher than that
of the isomers d-camphor l— Semicarbazone and anmphor
L- semicarbazone. ®his would point +o (i-£ ) camphor
Z-semicarbazone having the nature of a eutectic com-
pound, and this view was supported by the fact that if
could be DpPrepared by mixing equal gquantities of
d-camphor Z-semicarbazone and [- camphor Z-semicarbazone;

In ordei‘ to gain some knowledge of the
semicarbazones inirolved, we again experimented with

racemic compounds firsst.

r-CAMPHOR r- S~(°( FHENYLETHYL) SEMICARBAZONE.

7gm, r-camphor semicarbazone and
4gm. r- X phenylethylamine were heated together for
1hour/
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1 hour at a temperature of 180° ¢, during which time
ammonia was evolved, The melt liquefied completely to
give an almost clear coloured liquid, and, on cooling:
this was dissolved in alcohol., The alcoholie solution
deposited beautiful crystals, which,when recrystallised
from alecohol,showed a melting point of 144° C. An
analysis showed this chmpound to contain 14.4% nitrOgen;
whereas theory requires 17.,4%, This discrepancy was
traced to the presence of methane in the nitrogen, the
latter being examined in the Haldane gas analysis
apparatus and found to contain 6,24% methane, APDPlying
the necessary correction, a nitrogen content of 13%,.5%
was obtained,

The following data was obtained from the Haldane
apparatus; -

Initial vol, of gas (18.50cc) was diluted with air to

41.55ce,
Volume of sample - 18;030&&.
Volume after combustion . 16;97000.
V:.Cantraction after combustion - 1.060ce.
Volume after absorption of CO, = 16.528ce.
Contraction after absorption of CO, :  D.442ce.
Volume of methane ;‘%'total contratciion
: ,% X 0,442, :  0.501ce,

7, CH, in original gas 0,501 41.55 x 100

18.03 ¥18.5
6. 24,060

(13
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AS the analysis of the gas in the
Haldane apparatus takes a considerable time in un-
skilled hands, it was decided to employ copper
oxide containing cuprous chloride in carrying out the
combustion, In the presence of cuprous chloride as
catalyst, methane is said %o be completely oxidised,
The catalyst, prepared as follows, was found to be .
entirely suitable, Cuprous chloride (40gm,) was
suspended in water and copper oxide (200gm,) added
+0 the suspension. The mixture was taken to dryness
, with continual stirring and then ignited at a dull
red heat, The mixture was found to burn methane

combpletely,

- - . - - - -

r-CAMPHOR SEMICARBAZONE AND f”CPHENYLETHYLAMINE.

r-Camphor semicarbazone (8gm;) and
{- x phenylethylamine (4.6gm.) were neated as before
and alédhol added to the melt. Crystallisation did not
take place, however, and addition of water caused
precipitation of an oil, The o0il was readily soluble
in organic solvents and was dissolved in Petroleun
ether and filtered from a small quantity of insoluble
matter, The filtrate did not deposit crystals, however,
and was taken to dryness when a sticky solid remained:

This was again dissolved in alcohol and water added in

Just/
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just sufficient quantity to prevent precipitation of oil,
On allowing the aqd?us alcoholic solution to evaporate
slowly in a conical flask, crystals were deposited, which
were recrystallised from alcoholic water mixtures with
ease, scratching of the glass promoting crystallisation,
After two recrystallisations, compound melted at 122-123° C;
Nitrogen content, Found 13.6%. 13.5%. V
Theory 13.4%.

2gm, of compound, melting Ppoint
122-1239, was hydrolysed by boiling for an hour with
zN hydrochloric acid, and the liberated camphor steam
distilled, The camphor which collected in thé distillate
was found to be inactive, so that the compound formed
above appeared to be d-f camphor f-)-( x phenylethyl)
semicarbazone and showed a rotation [d]iﬂ -+ 68.9 in
alcohol, This rotation was found to be intermediate
to that obtained from d-camphor f-semicarbazone and
{-camphor I-semicarbazone,

- - . — - -

d-CAMPHOR félLo(PHENYLETHYL) SEMICARBAZONE,

8gm, d-camphor semicarbazone
and 4.égnp., f-o(phenylethylamine were heated together as
above and oily substance obtained was recrystallised
by allowing agqueous alcoholic solutions to evaporate

slowly, when d-camphor f(5~( X phenylethyl) semicarbazone

was/
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was obtained, melting point 112° C.
Nitrogen content. Found 13%,5%.,
Theory 1%.4%.

1Y ' ‘
Rotation in alcoholic solution [&]D : 4+ 41.3.. (Cz4.01)

- m - . - —— e e A A —n - -

1-cavpHOR £- 5-( o PHENVLETHYL) SEMICARBAZONE.

{-campher was prepared by the
oxidation of f-borneol with concentrated nitrie acid;
(Pope and Harvey J.C.S. 1901, 76} and the corresponding
semicarbazone prepared. The ﬁ_camphor semicarbazone was
combined with active amine, and the melt taken up in
alcohol, On cooling the alcoholic extract, fine needles
of L-campnor ¥« phenylethyl) semicarbazone separafed;
which were recfystallised from alcohol, melting point
112°C.

Nitrogen content, Found 1%,5%,
Theory 1%.4%,
Rotation in alecohol [«7] : + 102.4. (¢ = 400)
While the melting points of d-camphor
f-semicarbazaene and ﬁ;camphor f-semicarbazone were the Same,
the former appeared to be more soluble in alcohol and it
was surprising that a separation could not be affected,
Igm. of each was combined and dissolved in 1g¢ce. alcohol;

Freezing did not cause separation of L_camphor {_.senmicar-

bazone as was expected, and addition of water caused

separation/



30

separation oféd-ylcamphor f&{« phenylethyl) semicarbazone,

melting point 123-124° C.

- - - — - ——— — A - - - ———

CAMPHOR THIQSEMICARBAZONE AND f- X PHENYLETHYLAMIRE.

*Camphor thiosemicarhazone has not heen
described, It was prepared by heating equimolecnlar
quantities of camphor and thiosemicarhbazide in agueous
alcoholic solution for 30 hours, Thiosemicarbazide
(5gm, ) was dissolved in about 30ce, water and camphor
(7.5¢gm.) added along with suflicient alcohol to form
a homogeneous solution., After refluxing for 30 hours
the solution was cooled when an oil scparated, which
solidified on standing. The solid was reerystallised
'from alcohol when camphor thiosemicarbazone was
obtained, melting point 156° C.

Nitrogen content. Found 18, 8%,
Theory 18, 7%,
It was nccessary to use copper oxide-
cuprous chloride mixture in the nitrogen estimation,
When camphor thiosemicarbazone was
heated to 160 ° ¢ with f«phenylethylamine,ammonia was
evolved. The melt solidified to & resin and all

attempts at recrystallisation trailled,
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AN ATTEMPT TO RESOLVE CAMPHOR VIA ACTIVE 5‘ CAMPHYL

SEMICARBAZIDE.

The following compounds are described;-

r-Camphor r g—camphyl semicarbazone.
(d-f)-Camphor d &ca.mphyl semicarbazone,
d-Camphor dg-camphyl semiearbazoﬁe;
f.-Ca.mphor d.s-ca.mphyl semicarbé,zone;

InactiveAcamphyl semicarbazide hydrochloride,
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ISOMERIC CAMPHOR § CAMPHYL SEMICARBAZONES.

The camphor S-Gamphyl semicarbazones
were prepared by heating camphor semicarbazone with
camphylamine to a sufficiently high temperature to cause
interaction with liberation of ammonia, It was found
that while r-ketone r- semicarbazone was sparingly
soluble, r-ketone active-semicarhazones were,in all
cases, readily soluble in organic solvents, but
could he recrystallised from alcohol-water mixtures.

A separation of the isomers, however, could not bhe effected;
The preparation of camphylamine is

interesting in that,by slightly varying the method;

active or inactive amine can be obtained, The methods

which were employed are described;-

PREPARATION OF d-CAMPHYLAMINE,

HC“"‘ cﬂz, N Hz HC—‘ CHL\
| JCHE N —> I o CH-CH N,
CHy € — o), ChyC — cfens),

& Campholen nitrile, X Camphylamine,

d-Campholen nitrile ( Tiemann B 29{ 2008)
was brepared by digesting camphor oxime with 25# H&SO@ .
The nitrile so obtained was dissolved in 4 to 5 times
its volume of absolute alcohol and sodium added until the
reaction was éluggish at the boil. Much water was added

to the reduction mixture to decompose the ethoxide, and the

amine/



amine separated as an oil, After separating the oil, the
aqueous layer was shaken with ether to increase the yield
of amine, The amine together with the ethereal extract,
was washed with water, dried with anhydrous sodium
sulphate and distilled. The fraction boiling from 200-
210 ¢ C was collected, higher bhoiling material being

mainly unchanged nitrile, Redistillation of the 200-210° C
fraction, gave d-camphylamine, boiling point 204-206° C.
Rotation ¥+ 6.02 in a 1 decimetre tube,

INACTIVE CAMPHYLAMINE.

d-Campholen nitrile was reduced as
above with sodium in alcohol, and hydrochloric acid added
to neutralise the reduction mixture, The unchanged nitrike
was extracted with ether and the aqueous layer concentrated
on the water bath to quarter bulk. During concentration,
a slimy skin formed on the surface of the solution and
was probably amine hydrochloride, Excess sodium hydroxide
was added to the concentvrated solution and the liberated
amine steam distilled. The amine so obtained was redistill.

~ed, boiling point 194-196°Cand found to be inactive,

- - = o v
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r-CAMPHOR r ) ~CAMPHYL SEMICARBAZONE,

5gm, r-camphor semicarhazone and 3,5gm,.
inactive camphylamine were heated together for 1 hour at
a temperature of 175° C, ammonia being evolved freely,
The melt was extracted with hot methyl alcohol and, on
cooling, the alcoholic solution,r-camphor:r—S-camphyl
semicarbazone separated readily, melting point 175¢ C.
Nitrogen content, Found 12.3%., 12.4%,

Theory 12,2%,

(Copper oxide-cuprous chloride mixture

was used in nitrogen determinations),

- o - ——— tae M S We ——— —

(a-1)} cAMPHOR a- - CAMPHYL, SEMICARBAZONE.

Camphor semicarbazone (10gm.) and
d-camphylamine were heated together as above for { hour
at 160° C to 165° C. The melt was dissolved in methyl
alcohol and the alcoholic solution deposited crystals
on cooling and scratching after the addition of a little
water, It was found most convenient to reorystallise
the product from alcohol and water mixtures, but repeated
recrystallisation did not raise the melting point of the
material above 119° C- 113° C.

Nitrogen content, Found 12,3%.

Theory 12.2%.
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2gm, of the substance melting at 110-113° C
was hydrolysed by refluxing with hydrochloric acid,
gufficient alcohol being present to retain the substance
in solution, The product was steam distilled when inactive
camphor was obtained, thus indicating that the original
substance was a mixture of the d and T forms of camphor
combined with the active semicarbazide, This view was
supported by the fact that the specific rotation of the
compound was approximately the mean of that of d-camphor

a- X'camphyl semicarbazone, and ﬁ-camphor dSbamphyl semiearbazone,
gd- S'camphyl semicarbazone, snd L-camphor d8camphyl semiearbazone

’Rotation_of(@-i}camphor d- g-camphyl semicarbazone,
-1
[dJ;’ (in alcohol) :+ 2.9, (e = 3‘43}

AZCAMPHOR d- & - CAMPHYL SEMICARBAZONE.'

d-Camphor d_.gcamghyl semicarbazone was
prepared as above from d-camphor semicarbazone and d-
camphylamine, The melt obtained was readily soluble in
organic solvents but could be crystallised from alcohol
water mixtures, when d-camphor d- 5 camPhyl semicarbazone
was obtained, meltiug point 1095° C,
Nitrogen content. Found 12.25%.

Theory 12.2%.

Rotation in alcohol [d]i':-.23.1. (C =.3.g4)

— e - - — - . - — -
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T-CAMPHOR d-J CAMPHYL SEMICARBAZONE.

ﬁ_Camphor d-g camphyl semicarbazone was
prepared as above from f-camphor semicarbazone and d-camphyl-
amine, The melt was dissolved in petroleum ether and a small
amount of unchanged f-camphor semicarbazone removed by
filtration, "he petroleum ether solutvion was taken to dryness
and the residue was recrystallised from 90% alcohol, freezing
being necessary to cause separation of crystals. In this way
{-camphor &-S-Oamphyl semicaroasone was obtained; nelting
point 117-118° C.
Rotation in alcoholic solution [«J:*; + 26.9. (c=3-66)
Nitrogen content, Found 12.2%.

Theory 12.2%.
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AN ATTEMPT TO RESOLVE BENZOIN VIA THE ACTIVE S—CAMPHYL
SEMICARBAZONE.

An attempt was made to Pprepare d-S:camphyl
semicarbazide hydrochloridé by neating acectone semicarbazone
with d-camphylamine, The acetone d-%-camphyl Semicarbazone
obtained was resinous, and a hydrolysis of the resin yielded
inactive S-camphyl semicarbazide hydrochloride, It seems
reasonable to assume that during the hydrolysis, racemisation
had occurred, for while the resinous acetone d-5 camphyl
semicarbazone was not examined in the polarimeter, the
corresponding compound from r-camphor had already been
shown to be active, Consequently, for resolutions involving
d-camphylamine, method (1) page 60, namely the combination
of ketone with active semicarbazide, is not applicable,.

r-Benzoin was combined with inactrves-camphyl
semicarbazide, in alcoholic and in pyridine solution and
the corresponding r-benzoin r;B- camphyl semicarbazone
isolated,

The combination of r-benzoin semicarhazone
With d-camphylamine yielded a resin which is slowly
depositing solid matter.

- - —— o -

AN _ATTEMPT M0 PREPARE d- 9-CAMPHYT SEMICARBAZIDE

HYDROCHLORIDE,

Acetone semicarbazone and d-camphylamine

in/
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d-camphylamine,in equimolecular quantities, were heated
together for half an hour to a temperature of -150-155° ¢
when ammonia was evolved. The melt obtained was syrupy and
could not be obtained in the solid form, The syrup( 9gm. )
was dissolved in agqueous alcohol(é0cc.) and hydrolysed
by boiling with hydrochloric acid for an hour, (15ce.
of concentrated acid were added to the alcoholié.
solution), The solution was thenevaporated under reduced
pressure until solid matter separated, when it was
cooled and filtered, The filtrate was again evaporated
under reduced pressure till solid matter separated,
'and again filtered, the process being repeated until
evaporation was complete. This procedure was adopted
t0 Prevent unnecessary heating of concentrated solutions;
The combined residues were recrystallised from absolute
alcohol, when 5 camphyl semicarbazide hydrochloride
was obtained, melting point 179-180° C. |
Nitrogen contvent. Found 17,2%,
Theory 17.04%,
The S.camphyl semicarbazide hydrochloride was

inactive,

r-BENZOIN r-g CAMPHYL SEMICARBAZONE,

Inactive 5 camphyl semicarbazide hydrochloride
(6gm,) was dissolved in 4pcc. alcohol and added to a

solutiony
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solufioh of'botassium acetate (2.5gm.) in alcohol, The
mixed solution was'cobled and potassium chloride removed
by filtration, Benzoin (5.2gm.) was added to the filtrate
and the solution was refluxed for 5 hours, On cooling,a
small quantity of benzoin separated and was filtered off,.
The filtrate on evaporation yielded a resin which
solidified on standing. All attempts at crystallisation
failed until a crystal of r-henzoin r- S camphyl semi-
carbazone (obtained below) was introduced into an
aqueous alcoholie solution of the resin, When this was
done, & good yield of crystalline matter was obtained
overnight, r-benzoin r- S«damphyl semicarbazone
crystallises from methyl alcohol in fine needles,
melting point 169° C.
Nitrogen content, Found 10.34%.

Theory 10.45%.
REACTION IN PYRIDINE,

The reaction between r-benzoin
and r- S-camphyl semicarbazide hydrochloride was also
carried out in pyridine solution, by allowing the
reactants to stand at the ordinary temperature for a
week., After that time the pyridine solution was poured
into water when a sticky, semi solid mass separafed.
This was washed free of pyridine and allowed to stand
in an open flask, and after 4 months a few crystals
appeared, Tnese were used to seced the aleoholic solution

above/
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above, when r-benzoin r-g camphyl semicarbazone was

obtained,

HYDROLYSIS OF r-BENZOIN r- S CAMPHYL SEMICARBAZONE,

r-Benzoin r-s camphyl semicarbazone (1gm.)
was dissolved in t5cec, ot alcohol, and t5ce. hydrothdric
acid (5N) added to the solution. Refluxing was carried out
for 10 minutes and thes solution cooled. Crystals separated
which were identified as benzoin, and after a short time
a8 further crop of a crystalline solid separated which
was identified as:r-S camphyl semicarbazide hydrochloride;

- . - - — - - = . - - -

BENZOIN SEMICARBAZONE AND ACTIVE CAMPHYLAMINE,
Equimolecular quantities of benzoin
semicarbazone and d-camphylamine were heated together
for 1 hour at a temperature of 160° C, The cooled
product was resinous in nature and wés soluble in all
the common organic solvents with the exception of
Petroleum ether, A solution of the resin was left
standing in a conical flask for several months, but
evaporation of the alcohol took place without crystal-
lisation occurring. (The resin has now been standing
for about 3 years and is slowly deﬁositing solid
matter, melting point 82-84° C. This substance will

be investigated.).

o oo e o - e We Al 4m W T  Te T we R
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AN ATTEMPT M0 RESOLVE BENZOIN VIA ACTIVE § (& PHENYLETHVL,)

THIOSEMICARBAZIDE,

- ™he preparation of f-3(<xPheny1ethyl)
thiosemicarbazide hydrochloride describéd on page 172,
resulted in the formation of a syrup. It has now heen
shown that this syrup may be used for the preparation
of r-benzoin f- 5-(x phenylethyl) thiosemicarbazone

The possibility of preparing the
substituted thiosemicarbazone trom henzoin thiosemicar-
bazone and active  phenylethylamine was also considered.
( Benzoin thiosemicarbazone has not previously been
described and its method of preparation is given),

It was found that hoth methods;viz;-

(1) Benzoin+ L-d-(  phenylethyl) thiosemicarbazide,

(2) Benzoin thiosemicarbazone{‘fcxphenylethylamine.
gave a product, which on complete analysis

indicated that it was a benzoin f's-(cx Phenylethyl)

thiosemicarbazone, but so far, attempts to liberate

benzoin from this compound by hydrolysis have been

unsuccessful,

— . - T - e M e e

EXPERIMENTAL

BENZOIN THIOSEMICARBAZONE,

mhiosemicarbazide (3gm.) was dissolved

in about 29cc. hot water, and 50cc, alcohol added to

they
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the solution,Benzoin (7gm.) was added and a few drops
glacial acetic acid, and the solution refluxed for

15 hours, The Presence of acetic acid was found to
catalyse the condensation, (This has heen confirmed
quantitatively by Conant and Bartlett J.Am,.C.S.

1932, 2881, with regard to the condensation of ketones
with semicarbazide), After refluxing, the solution
was cooled,when venzoin taiosemicarbazone crystallised
in the form of minute needles, The product was purified
by heating an alcoholic solution with animal charcoal;
melting point 182° C.

Nitrogen content; Found 14.5%.

Theofy 14.7%.
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RENZOLN MHIOSEMICARBALONE AND LX ¢HENYLETHYLAMINE

Benzoin thiosemicarbazone (4gm.) and
f- « phenylethylamine (2gm.) were heated togeﬁher’fn
xylene solution for 7 hours during which %ime ammonisg
was evolved, The xylene was removed under reduced:
pressure and the resin which remained as resiﬁhe%wﬁs
taken up in a small quantity of benzene, Petroleum ether
was added to the benzene solution in just sufficient
quantity to prevent separation of an oil. On standing
for some time crystals separated whiceh were readily
recrystallised from benzene-petroleum ether nmixtures or
from aqueous alcohol in the form of long colourless:
needles, melting point 171° C.
analysis of this compound indicated that it was a benzoin

i~&(d.phenylethyl)'thiosemicarbazone.

Nitrogen TFound 10, 73%. Nitrogen Theorﬁ 10, 785,
Sulphur  Found 8.01%. Sulphur Theory  8,224%,
Carbon Found 71.01%, Carhon Theory 70;9%.

Hydrogen Found  5,96h%, Hydrogen Theory 5;91%.

So far, benzoin has not been obtained by

hydrolysis of the above compound,

BENGOIN AND 1-0 - ( XPHENYLETHYL) THIOSEMICARBAZIDE,

f-g-(C(Phenylethyl) thiosemicarbazide has

not,/
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been described, It was prepared by heating acetone thio-=
semicarbazone with frx phenylethylamine in xylene
solution for 6 hours,é when on removal of the xylene,
acetone ﬁ*S—(N,phenyethyl) thiosemicarbazone remained as
a syrup. The syrup was hydrolysed by refluxing with
hydrochloric acid in aqueous alcohol., On removing the
alcohol a syrup remained which could not be obtained in
the solid form, and was suspected to bejﬂ51c&pheny1ethyl)
thiosemicarbazide hydrochloride,

The above syrup (2gm,) was dissolved in
alcohol and a solution of potassium acetate in alcohol
added, The precipitated potassium chloride was filtered
off and benzoin (2gm.) dissolved in the filtrate; The
solution was refluxed for 1Y hours and on cooling and
removal of most of the solvent,a benzoin fﬁ-(«,phenyl-
ethyl) thiosemicarbazone was obtained, identical with
that obtained above, This was recrystallised from agueous

alcohol and had a melting point of 171° C.

EXPERIMENTS EMPLOYING d nor'f'EPHEDRINE.

Stratton and Wilson (locs cit.) attempted
to combine racemic benzoin and p-methoxyhydratropaldehyde
with 4 nor ¢ ephedrino formyl hydrazide with a view %o
resolving these carbonyl compgounds but the products in

both/ .
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both cases were oily,

Camphor semicarbazone and camphor thio-
semicarbazone on heating with d nor ¢ ephedrine have
also been found to yield resinous products, which have

not solidified on standing for 3 years,

- . - e~ — —— - -
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MHIAZOLE FORMATION FROM THIOSEMICARBAZONES.

PREPARATION OF OPTICALLY ACTIVE THIAZOLES.

INTRODUCTLION.

Wilson and Burns (J.C.S, 1922;‘121;
870) found that the sodium derivative of acetone thio-
semicarhazone reacted with esters of chloracetic aecid
with eixkeoxkdke formation of a ¢ thio hydantoin of a new
type, viz;- ethyl chloracetate and the sodium sal% of
acetone thiosemicarbazone gave 2.4 diketo-tetrahydro-

thiazole 2-isopropylidene hydrazone.

Clhyume Nty Ch Gt
S -

{»/r\?a,f‘-
e NSO+ + Nalt
> CHe Ny EroH .
In a later paper (J.C.S. 1923, 123,
799) these authors extended the above reaction to the

esters of other & halogenated acids and found the

reaction proceeded according to the general scheme,
CM61:N'N:§'NHQ_

;

Ne

+ CHR‘BY‘COO&”

NH—Co -
- AN i + EpoH + NaBy.

Hydrolysis of these compounds by

a
boiling with concentrated hydrochloric acid gave, 2.4

diketo/
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MH —¢o
l .

diketo tetrahydrothiazole,— cx>\
§— CHR

These 2,4 diketo tetrahydrothiazoles
contain an asymmetric carbon atom and it was hoped to
effect a synthesis of an optically active one, by employing
an ester of an active X halogenated acid, Accordingly
the ethyl ester of active phenyl éhloracetic acid was
combined with the sodium salt of acetone thiosemicarbazone;
but the thiazole obtained was inactive, DProbably due to

enolisation occurring;-

. _ Nh—co N —¢(oH)
NN — > (M NNiC I
Me, N \S——-<,:HPL = ¢ Ng —¢Ph

mo overcome this difficulty; esters of

acids containing no & hydrogen were employed viz;-
Ethyl  bromo methyl ethyl acetate, C&(C,H;)c’&-coogr, _
Ethyl Xbromo iso butyrate , 61{3@[{5)(?3\,-(?006#,
Diethyl brom acetic ester ; (Cﬂﬂ*LCBY'Cooih
Diphenyl chlor acetic ester, (Ph), CCe- Coott.

Using these esters no reaction was
found to occur, the thiosemicarbazone being recovered in
each case, This can only be attributed to steric hindrance;
and in this connection Cohen (Vol.,1 Reactions Pp.3%57) cites
& parallel example of steric hindrance in that & brom
isobutyric ester does not react with sodio-ethyl malonate;

It was felt that by employing an ester

in/
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in which the halogen atom was in close proximity to two
carbonyl groups a reaction might occur due to the
enhanced activity of the halogen and the following esters
were employed;-

Methyl brom malonic ester . — CHgffBrQCOOif)z.

Isopropyl brom malonic ester — C3Hy ¢ By (COVEL),

Benzyl brom malonic ester — C¢H§CHfC?6v(§00Pk)L

With metinyl brom malonic ester and
benzyl brom malonic ester a reaction secemed to take place
but the oily products could not be identified, With
isopropyl brom malonic ester no reaction took place and
the acetone thiosemicarbazone was recovered, While {he
products obtained using benzyl brom malonic ester and
methyl brom malonic ester were oily, it was felt that
by employing a thiosemicarhazone of higher meolecular
weight, a solid product might be obtained and accordingly
camphor thiosemicarbazone was used in place of acetone
thiosemicarbazone but the resinous solids obtained could
not be identified,

Other methods of preparing racemic
thiazols were investigated. Wheeler and Barnes (Amer.
Chem, Jour. 1900, 24, 60) describe the preparation of
thiazole derivatives from «.sulphodyanic esters, by
boiling these with hydrochloric acid when ring closure

takes place, viz;-
SCN Hyo SN,  —tlot $ — ¢o
| — —> | p1E
R Ch-coott R-CH-COOEH R-cH — ¢co
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Moreover, these authors found that while
sulphocyanic esters of the type,CHI(SCM)cooﬁléreacted
smoothly, to give thiazole derivatives, the replacement
of one of the hydrogen atoms in the « position by
alkyl groups inhibited the reaction., They did not,
however, employ esters containing the grouping(ﬁ?ﬁ@h7vfooﬂm
in which both hydrogen atoms in the & position are
replaced by heavier groups.

The possibility of adopting this method
for the preparation of a thiazole derivative containing
an asymmetric carbon atom was.investigated; Methyl ethym
sulphocyanic acetic ester was synthesised from methyl
ethyl brom acetic ester,'ahd if ring closure occurred
on boiling with hydrochloric acid, a thiazole derivative
should be formed in which enolisation is not possible

with destruction of asymmetry.

SCN H0 $-Co-NH, ~LFIft §— O
——— O .' ~ Nﬁ
Ae-£F. C Coo L0 o ) 7
00¢F Me.bre Cooir e tp 7—m—p0

This ester, however, did not undergo riné
closure, which confirmed our previaus findinglthat steric
hindrance does not allow the reaction to occur when both
X hydrogen atoms are replaced by bulkier groups.

Again, Andreasch (Ber. 1898, 21, 137)
describes the preparation of thiazole derivatives by
condensing thiocarbamide with ethyl chloracetate and

ethyl X bromo propionate in alecoholic solution,
CH, e s, o |
L e N HEL

, o) ; HN”
CO f/f" HIN/ Lo - N
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He did not employ esters of the type CRR'U COOEL.
which should yield a thiazole derivative containing
an asymmetric carbon atom. The possibility of employing
esters of this type was investigated but unchanged
starting materials were recovered, again confirming
our findings that the ester must contain hydrogen
attached to the carbon atom adjacent to the carbethoxy
group,

Gabriel and Ohle (Ber. 22, 2985, ) describe
the preparation of a thiazole derivative, 2-imino -
5-methyl thiazolidine hydrochloride, by heating allyl

thio urea with concentrated hydrochloric acid under

pressure.
CHy= CH , CHy-CHeg
I + Hee > 31
CHNH-CS- NH., CH, NH-CS-NH,
CHy- CHee CHye — S
/ - | N NKHee
CHy NH-CS-NIH, CHy —— Nif

mhis thiazolidine was prepared and sueccess.
fully resolved into the dextro and laevo forms by means
of d:&ml»er camphor sulphonic acid§, The resolution of a

thiazole has not previously been described.
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THIAZOLE FORMATION FROM THIOSEMICARBAZONES.

PREPARATLON OF OFTICALLY ACTIVE THIAZOLES.

EXPER IMENTAL.,

ACETONE THIOSEMICARBAZONE AND L_RTHYL PHENVL CHLOR-AGETATE.

f-Ethyl pPhenyl chlor acetate was prepared
from ethyl f-mandelate and thionyl chloride (MecKenzie
" and Barrow J.C.S. 1911, 1919) and had a specifiec

17 '

. <1 -

rotation of [‘;L 64. |

Acetone thiosemicarbazone (5gm,) was
dissolved in AUcc. hot absolute alcohol and sodium
ethoxide (2.6gm,) added in alcoholic solution, The
mixture was refluxed for 5 minutes to complete the
formation of the sodium salt of acetone thiosemicarbaz-

one, and allowed to cool,

CMe,:N-N-C(SH) NI, + NaOgk —>  CMe: NN C(SNe) NH, .

{-Ethyl phenyl chloracetate ( 8gm, )

was added to the cold solution, which was allowed %o

stand at the ordinary temperature for 3 days then

heated to boiling and filtered from sodium chloride,

On cooling, the filtrate,crystals of 2.4 diketo

tetrahydrothiazole 2-isopropylidene hydrazone were

obtained, melting point 198-199° C (Burns and Wilson

J.C.8. 1923,'803). This compound showed no rotation in

chloroform solution, as enolisation had probably

occurred ( page 98).

- e = ———_ e - -
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ACETONE THIOSEMICARBAZONE AND ETHYIL, « BROM METHYL

ETHYL ACETATE,

ETHYL XBROM METHYL ETHYL ACETATE,

Methyl ethyl acetic acid was prepared

from secondary butyl bromide ( Organic Synthesis v,75)
hy forming the Grignard compound with magnesium,
treating this with carbon dioxide, and decomposing %the
product with water, The following equations indicate
the course of the reaction;-

Gl CHBy CHy + Mg~ Cobiy CH{PG ) CHy,

Colls CH(Mg By )CHy + COp ~> CoHlg-ch-(Mghvco) Chy

CI//I‘CH(/Ing”wL)[//g—fHZO —=> C';/w’;Ch‘/CO,/{)CH; * Mf(a”/g}’

The acid was then brominated with
Phosphorus and bromine and converted to the ester with
alcohol ( Auwers Ann. 297, 167). It was found to be more
convenient to form the acid chloride with thionyl
chloride, brominate this, and treat with alcohol when

ethyl o brom methyl ethyl acetate was obtained.

Acetone thiosemicarhazone(5gm.) was
dissolved in égcc, boiling alcohol and sodium ethoxide
‘added ( 0.9gm, sodium in 15cc., absolute alcohol). The
solution was refluxed for 1 minutes, cooled, and ethyl

X bromo methyl ethyl acetate (7.8gm.) added to the
cold,
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cold solution. Separation of sodium bromide did not oeceur
and the solution was refluxed for 2 hours, during
which time the sodium bromide had separated. The solution
was filtered hot, and the filtrate,on standing, deposited
crystals, melting at 1802 C. These were identified as
acetone thiosemicarbazone,
Nitrogen content. Found 3%2,9%,
Theory 32.6%.

Apparently the sodiun had reacted as
sodium ethoxide, and to overcome this difficulty, it
was decided to isolate the sodium salt of acetone
thiosemicarbazone and carry out the reaction in benzene
suspension., This was done by precipitating the sodium
salt of the thioscemicarbazone from alcoholie solution
by the addition of excess dry ether. (Burns and Wilson
J.C.S. 1922, 879). The dry sodium acetone thiosemicar-
bazone was suspended in benzene and the hromo ester
added, (No heat was evolved on mixing, whereas with
bromo esters containing hydrogen in the Xposition
considerable warming occurs whnen the reaction is
conducted in pbenzene suspension)., The suspension
was refluxed for 6 hours but'no reaction occurred.

Another attempt was made to ﬁring
about a reaction by‘mixing acetone thiosemicarbazone
and the bromo ester in pyridine solution, This was

also unsuccessful, Wilson and Burns (loec. cit.)

found,/
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found the reaction could be carried out in pyridine
using ethyl chlor acetate without the necessity of
preparing the sodium salt of the thiosemicarhazone,

ACETONE THIOSEMICARBAZONE AND ETHYIL, X BROM ISOBUTYRATE,

Ethyl « brom isobutyrate was prepared
by converting isobutyric acid to the acid chloride
with thionyl chloride, the reaction being completed
on the water bath, The acid chloride was then bromin-
ated and when the reaction was complete,sufficient
alcohol was added to form the bromo ester; boiling
point 164° ¢. (This agress with the boiling point
given by Volhard A 242, 161, but the method of
preparation is different),.

0. 75¢gm, Sodium was dissolved in 15ce.
absolute alcohol and édded to a boiling solution of
4.18m, acefone thiosemicarbazone in absolute alcohol;
boiling being continued for 1y minutes, The solution
was then cooled and 6.1gm., of ethyl« brom isobutyrate
added, No sodium bromide separated until the solution
was refluxed, the refluxing being conducted for 1 hour,
The solution was filtered hot from sodium bromide,and;
on cooling the filtrate, crystals of acetone thiosemi-
carhazone separated, Here again the sodium apparently

reacts as sodium ethoxide.
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ACETONE THIOSEMICARBAZQNE AND DI-ETHYL BROM

ACETIC ESTER,

Di-ethyl brom acetic ester was
prepared by converting diethyl acetic acid (25gm.) to
'the acid chloride with thionyl chloride (33gm.) the
reaction being completed on the water bath., Bromine
(45gm, ) was added to the acid chloride and bromination
conducted in sunlight, the reaction being completed
on the water bath, When the colour of the bromine had
disappeared, the reaction mixture was allowed %o cool
and 20cc, absolute alcohol added gradually. The mixiure
was again heated to complete the conversion to ester;
cooled, and treated with a saturated solution of
potassium bicarbonate to remove any free acid.The ester
separated as an oil, boiling point 195-197° C. This
agrees with boiling point given by Rosenmund B; 42,
4472, but his method of preparation was different, in
that he prepéred diethyl brom acetié acid from diethyl
malonic acid and bromine,and then esterified the bromo acid,
‘ The reaction between the sodium
salt of acetone thiosemicaroazone and diethyl brom
acetic ester was conducted in alcoholic solution as

before, and acetone thiosemicarbazone recovered,

- ——— — e e am = o = e

Diphenyl chlor acetic ester

(Bickel B, 22, 1537) was also employed and again the
acetone/
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acetone thiosemicarbazone was recovered,

ACETONE THIQSEMICARBAZONI AND METHYL BROM MALONIC ESTER.

In methyl brom malonic ester C(/; Kv(.f'ooff)L
the bromine atom is adjacent %o two carbonyl groups;
and consequently will probably exhibit pronounced
activity., It was in this belief that the ester was
employed,

Methyl malonic ester was prepared
from ethyl malonate and brominated in presence of a
crystal of iodine,

The methyl brom malonic ester so
prepared was combined with the sodium salt of acetone
thiosemicarbazone in alconol solution, and sodium
bromide separated almost immediately. The reaction was
completed by refluxing for half an hour and the liberated
sodium bromide removed by filtration, The filtrate did
not deposit solid matter on cooling and was taken to
dryness under reduced pressure when an oil remained
which was contaminated with sodium bromide. The bromide
was removed by washing with water and the oily residue
left in a vacuum desiccator, but it did not solidify:
En attempt to distil it under reduced pressure resulted
in decomposition taking place.

- — - ——— - T WS we o
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In view of the fact that a reacﬁion
of some kind took place with methyl brom malonic ester;
it was decided to vary the nature of the malonic ester
with a view to producing a solid product., Accordingly
‘esters of higher molecular weight were employed
namely isopropyl brom malonic ester and benzyl brom
malonic ester,

Isopropyl Brom maloniec ester ( Koetz
J.pr.(2) 175, 495} behaved like the esters of monobasie
acids in that a reaction did not appear to take place
in alcoholic solution, the acetone thiosemicarbazone
being recovered,

Benzyl brom malonic ester (Conrad
B, 35, 1821) on the other behaved like methyl brom
malonic ester. Dn bringing the reactants together
in alcoholic solution, heat was svolved with separation
of sodium bromide, The filtrate,after removal of sodium
bromide, yielded a viscous glue on removal of solvent,
Camphor thiosemicarbazone was combhined with benzyl
brom malonic ester with the same result, the viscous
material which was obtained could not be ohtained in
the solid form,

—— -
- o A = e e e -

THIAZOLE FORMATION FROM SUEPHOCYANIC ESTERS,

Wheeler and Barnes (loc, cit.) deseribe

the/
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the preparation of thiazoles from sulphocyanic esters
(page 99). With a view to preparing a thiazole
containing an asymmetric carbon, the possibilities of
this method were investigated, and a preparation of

methyl ethyl sulphocyanic acetic estér was undertaken.

METHYL ETHYL SULPHOCYANIC ACETIC ESTER.

Methyl ethyl brom acetic ester (14gm,)
was refluxed for 30 hours with potassium sulphocyanige
(7gm.) in 30cc, alcohol. After that time the Precipitated
potassium bromide was filtered off and the alcohol
removed under reduced pressure, The residue was oily
and distilled at 90-92° C under 2mm, Pressure; to give
a colourless oil with a strong, penetrating odour,
Nitrogen content., Found 8.1%.

Theory for methyl ethyl brom acetic ester 7,9%,
The methyl ethyl brom acetic ester
(3gm,) was heated with 4cec. concentrated hydrochloric
acid for 6 hours on the water bath, and during that
time the two layers (oil and agqueous hydrochloric acid)
persisted, In the cases reported by Wheeler and Barnes
(Page gg9) using methyl sulphocyan acetic aster, CH(CH%XSCN)COOZ%,
and ethyl sulphocyan acetic ester, CH@;H;XSCM)COO&/’,
the oily layer disappeared after heating for a short

time, It is interesting to note that these authors were

not/
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not successful in forming thiazoles from the sulpho-
cyanic esters of the higher members of the fatty acid
series, which confirms our suspicion that steric |
nindrance is preventing these reactions from taking

place,

Andreasch (Ber. 1898, 31, 137 and
Monatshefte 1928, 49, 122) prepared thiazole derivatives
by heating brom esters with thiocarbamide in alcoholic
solution (page 169). As further support for the Present
argument we attempted to comhine thiocarbamide with
esters which did not contain hydrogen in the  position

t0 the carbethoxy group.

When methyl ethyl brom acetic estér was
refluxed with thiocarbamide in alcoholic solution for
6 hours; no reaction ﬁook Place, the thiocarbamide
being recovered unchanged., Refluxing for & further
period of 6 hours did not bring about a reaétion;

Again, thiocarbamide did not condense
with ethyl  brom isobutyrate when the reagents

were heated in alecoholic solution for 6 hours,
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RESOLUTION OF 2-IMINO 5-METHYL THIAZOLIDENE.

cabriel and Ohle (Ber. 22, 2985)
describe the preparation of a reduced thiazole
derivative containing an asymmetric carbon atom;
namely 2-imino 5-methyl thiazolidene (Dpage 101)
The resolution of this compound is described.'

- - o ———— - e

INACTIVE 2-IMINO 5-METHYL THIAZOLIDENE,

Allyl thiourea (20gm.) was heated
in a pressure flask with 40cc. concentrated hydrochlorie
acid. on a boiling water bath, the flask being stodPpered.
In this way the reaction was conducted under increased
pressure, After heating for an hour, the solution
which had formed was evaporated on a water bath to a
syrup, the latter solidifying readily when rubbed
with a glass rod. The solid which consisted of 2-imino
5-methyl thiazolidene hydrochloride was decomposed
by addition of potassium hydroxide (3%%2gm. in 100ce.
of water) when the free base separated as a thick oil-
The oil was removed and aqueous layer extracted with
benzene, the benzene extract being added to the oil;
On evaporating off the benzene 2-imino 5-methyl
thiazolidene was obtained as a thick 0il which was
dried at 99° C. The oil could not be distilled as

it decomposed readily at high temperature,
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L-2-IMINQO S5-METHYL THIAZOLIDENE d-CAMPHOR SULPHONATE.

2-Imino 5-methyl thiazolidene (18gm.)

was added to a solution of d-camphor 10 sulphonic acid
(30gm.)} in 70cc. of absolute alcohol., On allowing the
mixture to stand overnight, a crop of crystals
(m.p. 180-~18%) were obtained which were filtered off
and washed with a little ice cold alcohol, After
2 crystallisations from small quantities of absolute
alcohol, the melting point rose to 182-184° C and
further recrystallisation did not alter the optical
rotation,

1gm, of f-thiazolidene d-camphor
sulphonate in 25cc, water showed a specific rgtation
[&]:.-— 19.63.

The mother liquors obtained during
the recrystallisation were mixed and evaporated +to
half bulk when a further small quantity of ﬂ_thiazol-

.

idene d-camphor sulphonate was obtained and filtered off,

1-2-IMINO 5-METHYL THIAZOLIDENE HYDROCHLORIDE,

15gm, of the ﬂ_thiazolidene d-camphor
sulphonate were dissolved in 709cc. water and a 50%
solution of caustic potash added in excess., The free
thiazolidene remained in solution and was separated

by/
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by repeated extractions with benzene, It was found to
. be advantageous to extract the hot solution with
penzene, otherwise the potassium salt of camphor
sulphonic acid separates and chokes the separafing
funnel, In all, 7 extractions were made, and the
combined benzene extracts evaporated under reduced
pressure, when the«[-base remained as a syrup., The
syrup was dissolved in dilute hydrochloric acid
ani evaporated to dryness when about 5gnm, Qflﬂthia—
zolidene hydrochloride was obtained, which was
recrystallised by addition of dry ether to an alcoholie
solution, melting point 175° C.
Nitrogen content. Found i0.1%. 10, 2%,

| Theory 190.10%.

Rotation (1gm. in 25ce, water ) «

e

-3.96;
[o(]:l - =76.5.

- — . o - o= — -

d-THIAZOLIDENE {-CAMPHOR SULPHONATE.

The alcoholic mother liquors
obtained on recrystallisation of theaﬂbase d-camphor
sulphonate, were taken to small bulk, when a syrup
remained which did not crystallise on cooling; This
Syrup was treated with excess of 504 potassium
hydroxide and the liherated base extracted repeatedly

with/
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with benzene, In all 6 extractions were made, 8gm. of
the base being obtained, A further 6 extractions
yielded an additional 1.5gm. of base, on removal of
benzene under diminished pressure., The liberated base
(9.5¢m.) was added to a solutidn of={-camphor 10 sulph-
onic acid (19gm.) in absolute alcohol (40ce.)., On
standing overnight the solution deposited crystals of
d-thiazolidene [~camphor sulphonate which were filtered
off and washed with a little ice cold alcohol. These
were optically pure after 2 crystallisations from
absolute alcohol, melting goint 182-164° C.
concentration of the mother liquors to half bulk
yielded a further crop of the salt,

-

i g
Rotation (1gm, in 25cc. water ) [«]v : 4+ 20,10,

- e e e v e e - o - ——

d-2-IMINO S5~-METHYL THIAZOLIDENE HYDROCHLORIDE,

The d-hase was separated from the
-d-base;[-camphor sulphonate, by dissolving the latter
in water and adding excess potassium hydroxide. Mhe
base was extracted from the aqueous solution with
benzene (6 extractions), and the benzene removed under
reduced pressure, The resulting syrup was dissolved in
dilute hydrochloric acid and evaporated to dryness on

the water bath, when 4gm. of the d-base hydrochloride

were/
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were obtained, melting point 171-17%2° C. This was
recrystallised by dissolving in ahsolute alcohol
and adding dry ether till crystals separated.
Nitrogen content, Found 10.2%. 10.2%.

Theory 10.1%.

- qlf ‘
Rotation (1gm., in 25cc. water) Lm]o <+ 177.5.

— . ——— = T e - . W o wap e e
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PART 4

REACTIONS OF THIOSEMICARBAZONES WITH THE ANHYDRIDES

-

OF UNSATURATED ACIDS.
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REACTIONS OF THIOSEMICARBAZONES WITH THE ANHYDRIDES

OF UNSATURATED ACIDS.

INTRODUCTION.

The action of thiosemicarbazones
on the anhydrides of unsaturated acids does not
appear to have becn investigated previously., With
anhydrides of saturated acids, thiosemicarbazide forms
& - substituted thiosemicarbazides (Freund and Meinecke
B 1896, 29, 2515) acetic anhydride, for example, gives
A - acetyl thiosemicarbézide.

0H3'(‘/0>0 + HNNH-CSNH, ~> CHyCONH-NHCSNH,
CHy-Co .

Andreasch (Monatshefte 14, 790)
investigated the reaction which occurred befween thio-
carbamide and the anhydrides of unsaturated acids and
concluded that there was no reaction usiﬁg the anhydride
of a monobasic unsaturated acid ( cretonie, cinnamie,
and oleic anhydrides were employed): while the anhydrides
of unsaturated dibasic acids condensed With thiocarbamide

to give ¥ thiohydantoins, according to the following

scheme. -
NH:ClsH)NH, 4 Re—coy 5 M —
/
K'c~ Co N~ o R CHR" Coo K

Thiosemicarbazide eand thiosemi-

carbazones/
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thiosenicarbazones have been found to behave in a
gimilar manner. With maleic anhydride and a semicar-
bazone the reaction proceeds with formation of a

derivative of diketo tetrahydrothiazole acetic acid

viz; - A
=0y 4 RR“C:N-N:C(SH) N,
o —Co
1. 3.
> RR'C:N-N:¢ —— NH
/ (o 4

LS \5677( CH,-Co0H
The product ié a monobasic aéid which

forms salts with organic bases and insoluble DPrecipitates
with many metallic salts, |

| With thiosemicarbazide and maleic
anhydride the free hydrazone presumably is formed
if the reaction is conducted in néutrai solvent,
Using glacial acetic acid as solvent; the corresponding

acetate is produced,

He=coN i Nt [SH)- N,
He ~ o’ ’ . N
HLN‘NI'C—'"‘NH
> | |
.5 /‘CO’*'
Nghenscoog

2.4-diketo tetrahydrothiazole~—,

—@-hydrazine 5- acetic acid,

e - - - . = = . - . W= - v

When water or aqueous alcohol was

emPloyed as solvent for the above condensation, the
, bl

- product/
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product was obtained in a resinous form but could he
purified(in the case of citraconic anhydride) by
dissolving the resin in alkali followed by Precipitation
with acid, This method of purification was not entirely
satisfactory as the precipitated solid ocecluded alkali,
and it was found to be much more convenient to conduct
the condensation in amyl alcohol solution, thiosemicar-
bazide being appreciably soluble in this solvent.

It was found that if thiosemicar-
bazide and maleic anhydride were heated together for a
short time in water, fumaric acid was produced and
thiosemicarbazide recovered., This change may have been
due to the presence of traces of free sulphur in the
thiosemicarbazide (Skraup J.C.S. 1930, 21%) on the
other hand it may have been due to the weak acidic
nature of thiosemicarbazide,

Whereas maleic and citraconic
anhydrides react with thiosemicarbazide and thiosemi-
carbazones according to the scheme outlined above,
the anhydrides of the unsaturated monobasic acids,
crotonic and cinnamic, do not react with thiosemicar-
bazones at all, and with thiosemicarbhazide they form
the corresponding & substituted thiosemicarbazide, in

this respect behaving like the anhydrides of saturated

acids,
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The nature of the condensation
products was confirmed by the synthesis of 2-4 diketo-
fetrahydrothiazole 2-acetophenone hyvdrazone 5-acetic
acid using the method of Wilson and Burns (loc. eit.)
namely from acetophenone thiosemicarbazone and mono-
chlorsuccinic acid. At the present time, this reaction
constitutes the only experimental evidence in support
of our theory regarding the condensation of thiosemicar-
bazones with the anhydrides of unsaturated dibasic acids,

The following condensations are
described;-~
Maleic anhydride and thiosemicarbazide,

Citracoﬁic enhydride and thiosemicarhazide.

Maleic anhydride and acetophenone“thiosemicarbazone;

Maleic anhydride and methyl cyclohexanone thiosemicarbazone,
Citraconic anhydride and Benzal thiosémicarbazone;

Cinnamiec anhydride and thiosemicarbazide,

Crotonic anhydride and thiosemicarhazide,
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MALRIC ANHYDRIDE AND THIOSEMICARBAZIDE.

EXPERIMENTAL.

REACTION IN AQUEQUS SOLUTION.

Maleic annydride (4.9gm.) was
dissolved in about 50cec. ﬁater and the solution heated
to 60° C. Thiosemicarbazide (4.5gm.) was added and
dissolved immediately with liberation of heat, In a
few minutes a product separated, which was recrystall-
ised from water, melting point 288° C in a sealed
capillary tube. This substance contained no nitrogen
and was identified as fumaric acid, The mother liquor
from which the fumaric acid had crystallised deposited
thiosemicarbazide on standing, the only change which
had taken place under the conditions specified being

the transformation of maleic acid to fumaric acid,

The above reaction was repeated

but the time of heating was extended to 8 hours,

during which the solution was boiled, On cooling; an

oil separated which solidified to a hard resin on drving.
The resin was readily soluble in caustic soda and in

ammonia and was precipitated from alkaline solution

&8 an amorphous powder which became sticky on

exposure for a short time to the atmosphere, therehy

rendering analysis impossible.
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REACTION WITHOUT SOLVENT.

Maleic anhydride and thiosemicar-
bazide in equimolecular quantities were heated together
for 5 minutes at a temperature of 120° C. The melt
1iquefied completely and, on cooling, was dissolved in
ammonia. Precipitation of the ammoniacal solution
with acid resulted again in the formation of a sticky

solid,

REACTION IN NON AQUEOQOUS SOLVENTS.

IN AMYL ALCOHOL.

Thiosemicarbazide (4;5gm,) was
dissolved in abbut 100ee., of hot amyl alcohol; Maleic
anhydride (4.9gm.) was then added and after a short
time a sticky solid separated from the hot solution
and adhered to the walls of the reaction vessel, The
liquid was decanted from the solid and, on cooling,

a very fine, colourless, amorphous powder separated.
This was purified by refluxing with alcohol until +he
melting point did not rise on further washing,
Melting point 203° C.

Nitrogen content, Found 22.00#%, 22,19%,

Theory for 2.,4-diketo 2-hydrazine tetrahydrothiazole
5-acetic acid is 22,224,
HNN: ¢ — :\Im
I

§ -
\CH'cHiCooﬂ
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IN GLACIAL ACETIC ACID.,

4.5gm, Thiosemicarbazide was
dissolved in 1¢pcec. of hot glacial acetic acid and
(4.9gm,) maleic anhydride added to the hot solution.
mhe mixture was allowed to stand overnight when an
amorphous solid separated, which was filtered off
and washed with alcohol, The powder was not soluble
in alcohol, henzene, petroleum ether or any of the
usual organic solvents, but was soluble in alkali,
Boiling water dissolved it but decomposition
appeared to take place, The most satisfactory method
of purification was found to be digestion with
boiling absolute alcohol until the melting point did
not rise on further treatment. The purified powder
decomposed at 225° C and from the alcoholic extract
an amorphous substance separated on addition of
petroleum ether, MThis substance was not identified
as it liquefied on standing in the air for a short
time and then solidified %o a hard resin, The
insoluble substance melting point 225° @ géve a
nitrogen content of 16.99%. 16.924%,
Theory for the acetate of 2,4 diketo 2 hydrazino
tetrahydrothizﬁ}cej'ﬁcetic acid is 16,87,
) " CHyCooif

] H-CH - cooH
The insoluble nature of this compound dig not allow

S\C

it to be condensed with aldehydes or ketones,
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CITRACONIC ANEYDRIDE AND THIOSEMICARBAZIDE.

In view of the results obtained
with maleic anhydride in conjunction with the work
of Andreasch (page 117) it was expected that
citraconic anhydride would react with thiosemicarbazide
to give 2.4-diketo 2-hydrazone tetrahydrothiazole

5 & propionic acid as follows;-

" : . He—co HNN:C — NH
HN-N:CLSH) N, + ' So = WG !
CHeheycoot

The reaction was conducted in aqQueous
solution and the solid resin which was obtained was
found on purification to give a compound whichAwas
very insoluble but the analysis agreed with that
demanded by the above theory. The constitution of +the
compound has not been proved and its insoluble nature.
does not permit of the preparation of a ketonic
derivative, In view of the reactions of the thiosemicarbaz.
ones with unsaturated anhydrides however, it seems
likely that the reaction takes the ahove course,

EXPER IMENT AL,

REACTION WITHOUT SOLVENT. Citraconic.anhydride (5.6gm. )

was mixed with thiosemicarbazide (4.5gm.) and the soligd

mixture/
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mixture heated to 170° C for an hour. The melt
liquefied and on cooling set to a hard transparent
resin, Two methods of purifying the resin were adopted ;-
(1) A portion of the resin was dissolved in caustic

soda and reprecipitated by neutralising the alkaline
solution with dilute acid., The precipitated amorphous
solid was washed with water, alcohol,and finally ether,
and melted with decompoéition at 225° C.

Nitrogen content, Found 19.1%,

Theory for condensation product is 20, 68%,

. It was felt that the low nitrogen result
was due to occlusion of caustic soda in the precipitated
powder and thxex ammonia was substituted for caustic sodag-
A portion of the resin was dissolved in ammonia and the
ammoniacal solution neutralised with dilute acid, The
amorphous powder which separated was washed as above
and an analysis revealed a high nitrogen content;
namely 21,2# ( Theory 20.68% ) which may be due to
occlusion of ammonia, ,

(2) Another method of purification was carried out,
A portion of the resin was ground to a fine powder
in an agate mortar, and the powder refluxed with
absolute alcohol for two hours, The alcohol was
‘removed by filtration and the colourless solid which
remained Jdecomposed sharply at 225° C.
Nitrogen content.. Found 20;59%. 20.61%,

Theory 20.68%.
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ACETOPHENONE THIOSEMICARBAZONE AND MALEIC ANHYDRIDE.

EXEER LMISNTAL,

Acetophenone thiosemicarbazoné
reacted with maleic anhydride to give 2.4-diketo

tetrahydrothiazole 2-acetophenone hydrazone 5-acetiec acid.

Gts ' ‘
N CH— co CoHf
S A0
CHCH CooH

The strtcture of the compound
formed was confirmed by its synthesis from acetophenone

thiosemicarhbazone and mono-chlorsuccinic acid.

43, B ‘
ch O N:e( SH) “Nity. CI/H, Coott
| coelt- COOH:,
> CGHg
CINN e — NH
City” l b
5N
Cl-Cit CooH

e o - - ———— . - ———

3,%3gm, Maleic anhydride was dissolved
in aboutlsocc. hot benzene and 64,3gm. acetoPhenone
thiosemicarbazone was added to the hot solution. The
thiosemicarbazone dissolved immediately,the solution -
becoming yellow in colour, and on heating to the boil

for/
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for a few minutes an amorphous solid separated, The
solution set to a solid mass on cooling, but gentle
warning rendered it sufficiently fluid to allow of
its filtration. The residue obtained on filtration
was washed with hot benzene in which it was very
sparingly soluble, and then purified by dissolving
in acetone and p?ecipitating the solid hy addition
of petroleum ether, when 2.,4-diketo %tetrahydro-
thiszole 2-acetophenone hydrazone 5-acetic acid was
obtained as a colourless amorphous powder, ﬁelting
point 244° C. This compound was soluble in acetone
and alcohol and Sparingly soluble in hot water; Like
the other condensation products it was readily soluble
in alkali.

Nitrogen content. Found 14.51%. 14.48%,

Theory 14.43%.

THE & PHENYL ETHYLAMINE SALT OF 2.4-DIKET0O TETRAHYDRO-

THIAZOLE 2-ACET@PHENONE HYDRAZONE S5-ACETIC ACID,

2.5gm, of the condensation produect
above was dissolved in a small quantity of boiling
absolute alcohol and 1.2gm, of X phenyl ethylamine
added to the solution, On cooling, the x Phenyl ethyl-
amine salt of the acid separated and was recrystallised

absolute/

from
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absolute alcohol, melting point 194° C.

(‘Hf‘c:N-Nw — N

CHy” 1 CHyH (e )N,
S\ A0

- CH“")'“’O—H‘

Nitrogen content, Found 13,61%. 13,68%,

Theory 13,59%,

ACETOPHENONE THIOSEMICARBAZONE AND MONOCHLORSUCCINIC ACID,

The reactions of thiosemicarbazones
with halogenated dibasic acids does not appear to have
been studied, but Tambach ( J.C.S. Abs, 1895; 1; 13)
Prepared thiohydantoin acetic acid from thiocafbamide ,

and monobromsuccinic acid, viz;-

NH=C—SH, CH, CooH Nj:¢c— S
[ ot N - | /LH- oo
NHE By CH-cooH) Nib, , H CHL Cook

If acetophenone thiosemicarhazone
reacts in a similar manner with monohalogenated sueceinie
acid it should yield the 2,4-diketo tetrahydrothiazole
2-acetophenone hydrazone 5-acetic acid descrihed above,

Molecular quantities of acetophenone
thiosemicarbazone and monochlorsuccinic acid were
mixed and heated to a temperature of 120° C for a few
minutes When liquefaction took place, The melt was
dissolved in a small quantity of hot alcohol and

filtered/
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filtered, the filtrate depositing 2.4-diketo tetra-
hydrothiazole 2-acetophenone hydrazone 5-acetic acid,
identical with the compound obtained above, melting
point 244° C. This was confirmed by forming the

& phenylethylemine salf which had melting point 194°C,

1.3-METHYL CYCLOHEXANONE THIOSEMICARBAZONE AND

MALEIC ANHYDRIDE.

EXPERIMENTAL.

4.6gm. 1.%3-methyl cyclohexanone
thiosemicarbazone was dissolved in about 20ce. of hot
benzene, To the hot solution 2,5gm, of maleic anhydride
was added and on hoiling for a few minutes the solution
became turbid due to the separation of a fine amorphous
powder. This was filtered off,and by addition of petro-
leum ether %o the mother liquor a further gquantity of
the solid was obtained, Purification of the solid was
effected by dissolving it in acetone and precipitating
by addition of petroleum ether, when 2,4-diketo tetra-
hydrothiazole 3(3imethyl cyclohexanonéngggztic acid

was obtained as a colourless amorphous powder, melting

point 208° C. Nitrogen TFound 14.75%. 14.80%.
CU-CHy
CHy \ iy Theory 14.85%.

|

LAVARE S A

CH,
S\\/iﬁ
CH- U, coOH
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This compound dissolved readily in
caustic soda solution and was precipitated on addition
of acid,

Since methyl cyclohexanone contains an
asymmetric carbon atom, the possibilityfﬁtilising the
acidic properties of the condensation product as a
meéns of resolving the ketone. was considered, The
condensation product however, wianen combined with active
& Pphenylethylamine formed a sticky resin which could

not be crystallised. The resin remained sticky after

standing for a year.
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BENZALDEHYDE THIOSEMICARBAZONE AND CITRACONIC ANHVDRIDE,

Benzaldehyde thiosemicarbazone is very
sparingly soluble in benzene and accordingly amyl
alcohol was chosen as the solvent, Molecular quantities
of the reactants were heated for 5 minutes in boiling
amyl alcohol solution, and on cooling, benzaldehyde
thiosemicarbazone was recovered unchanged, Refluxing
was then prolonged for a period of 2 hours, but again
no reaction took place,

REACTION WITHOUT SOLVENT,

5.3gm, Benzaldehyde thiosemicarhazone
was mixed with 3.3gm. of citraconic anhydride and the
mixture heated in a glycerine hath to a temperature
of 140-150° C. After some time liquefaction took place
and on cooling,the melt set to a solid mass. The solid
was dissolved in a small quantity of alecohol, and was
readily deposited in a crystalline form on codling;
melting point 245-248° C. On furthér recrystallisation
from a small quantity of alcohol 2.,4-diketo tetrahydro-
thiazole 2-benzal hydrazone 5  propionic acid was
obtained, melting point 252¢ C.
Nitrogen content, Found 14,31%. 14.40%,

mTheory 14.,43%%.

(H — o CHNN:A{ —

CH-CH(CH Yoot
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A PHENYLETHYLAMINE SALT OF 2.4-DIXETQ "ETRAHYDRO-

THIAZOLE 2-BENZAL HYDRAZON® 5 o« PROPIONIC ACID,

1.4gm, of the acid was dissolved
in a small qﬁantity of absolute alecohol and 0, 4hgm.
& DPhenyethylamine added. On standing for a Short
time colourless needles of the X phenylethylamine
salt of the acid separated, melting point 212° (.
Nitrogen content, Found 13,61%., 13.54%, |

Theory 13,60%,

- - - —— ——— - - o= -

THIOSEMICARBAZIDE AND ANHYDRIDES OF UNSATURATED
MONOBASIC ACIDS.

Thiosemicarbazide was found to reaet
with cinnamic and crotonie anhydrideé to give the
corresponding « substituted thiosemicarbazides;

With cinnamic anhydride the reaction may be represented

as follows:-

CHCHICHCOS o NS N,
C"Hs"cfﬂ CH CO

—> CHCH CHLOHNNHCS NHy, T CoHeCH:CH-CooH .
The « cinnamyl thiosemicarbeazide

formed was hydrolysed wnen cinnamic acid and thiosemi-

carbszide were obtained,
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THIOSEMICARBAZIDE AND CINNAMIC ANHYDRIDE,

EXPER LMENTAL,

Thiosenicarpazide (2,2gm,) was
dissolved in warm amyl alcohol and cinnamic anhydride
(3.5gm,) added to the hot solution, which was refluxed
for 1 hour, After refluxing for about 5 minutes the |
solution hacame opalescent due to the separation of
g so0lid in a finely divided state, but in spite of
this, heating was continued for an hour, the suspénsion
then being filtered hot, when a colourless insoluble
powder was obtained. Mhe filtrate on cooling, deposited
g further quantity of solid which was combined with
that already obtained, The combined solids were
digested witn boiling water to remove any unchanged
thiosemicarbazide, which is soluble in hot water, and
the residue was recrystallised from boiling absolute
alcohol in which it was sparingly soluble, whén
X ecinnamyl thiosemicarhazide wés obtained, melting
Point 221° C.

Nitrogen content. Found 19,03%., 19,20%,

Theory 19.00%.

About 1gm, of cinnamic acid
(melting point 13%° C) was obtained from the amyl
alcohol mother liquor on evaporating to small bulk

under reduced pressure,
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HYDROLYSIS OF X -CINNAMYL THIOSEMICARBAZIDE,

As there was some doubt as %o
the nature of the compound obhtained above, it was
hydrolysed with dilute hydrochloric acid (5N) sufficient
alcohol being added to 'wet' the solid, After refluxing
for half an hour the substance went into solution and
the odour of ethyl cinnamate hecame apparent, The soluti@n
was evaporated and the solid which was obtained, reeryst.
ailised from a small quantity of water; when cinnamic
acid crystallised, melting point 123° ¢, After removal
of the cinnamic acid, a second crop of crystéls was
obtained on evaporating the solvent to reduced bulk;
This solid was washed with alcohol to remove any
cinnamic acid and a solid remained, melting point 175~
180° C.0n recrystallising this from a small quantity
of water thiosemicarbazide was obtained, melting
point 179° C, iuentical with an authentic specimen of
this substance.

THIOSEMICARBAZIDE AND CROTONIC ANHYDRIDE.

Thiosemicarbazide (3gm,) was
suspended in about A0cc, hot amyl alcohol and crotonie
anhydride (5gm.) added to the suspengion. On boiling
under reflux for a few minutes solution became complete,
and on cooling/a little oily matter separated,6 followed

by/
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by a solid, The suspension was filtered after standing
for several hours and the residue washed with alecohol,

in which it was very sparingly soluble, Recrystallisation
from alcohol, gave « crotonyl thiosemicarbazide, melting
point 201° C.

Nitrogen content. Found 26.13%. 26.31%,

" Theory 26.41%.,

X Crotonyl thiosemicarbazide is readily
soluble in water and in hot alcohol, It is insoluble in

benzene, chloroform and petroleum ether,

- o o - - - — s = - - - - - ——

THIOSEMICARBAZONES AND THE ANHYDRIDES OF UNSATURATED

MONOBASIC ACIDS.

Acetophenone thiosemicarbhazone
did not react with crotonic anhydride or with cinnamiec
anhydride, when the reactants were heated for six hours
in benzene solution, the starting materials being
recovered,

Benzaldehyde thiosemicarhazone
behaved like acetophenone thiosemicarhazone in that no

reaction occurred with cinnamic or crotonic anhydrides.

———— e - - - - -



136

PART 5.

THE ACTION OF THIOSEMICARBAZONES ON HALOGENO-

ATLDEHYDES AND KEMONES.

Phe following reactions are desecribed:-

Benzaldehyde thiosemicarbazone and chlor-acetone;
Acetone thiosemicarbazone and chlor-acetbne;

Acetophenone thiosemicarbazone and chlor-acetone;
Acetone thiosemicarbazone and chlor-acetaldehyde,

Benzaldehyde thiosemicarbazone and chlor-acetaldehyde.
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THE ACTION OF THIOSEMICARBAZONES ON HALOGENO-ALDEHYDES

AND KETONES.

INTRODUCTION

The action of halogeno-aldehydes
and ketones on thiosemicarbazones has not been investig-
ated, but in a paper on the condensation of thiosemi-
carbazide with w-brom acetophenone,Bose ( J.Ind.C;S.
1924, 1, 51) studied the action of acetone thiosemicar-
bazone on (U-brom acetophenone and found that condensat-
ion occurred with formation of 2-keto 4-phenyl
2-3-dihydrothiazole 2-isopropylinene hydrazone hydrebrom- -
ide,

CMe, N-N:¢ W;_{/ )

: ?@-c‘uy
S 3 NN E ——
b CHy o CHe, NN‘;' Af” “HBsy.
o B S Alh
| CH
+ H.0

The free base could be obtained by
treatment of the hydrobromide with dilute alkali,

A similar type of ring closure is
reported by Traumann ( Ann, 249, 36, 37) by the
condensation of chlor-acetone with thiourea,amino

methyl thiazole being formed;-

SH U S8 ¢H
NH-’: ¢ W + \C’Hy —_ HLNC& 1 It ut H.Lo.

NK: bo- i, N — ¢ CH,
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In the following pages the reactions
of chloracetone and cnloracetaldehyde on thiosemicar-

bazones are reported and the reaction appears in all

Confoym to
cases to,the following general equation;-
RRC:NN: e — Nuth)- - [oe-ciy RRC:N-N:C — MH
g = *l > [ | “He
- e CH

or when chloracetaldehyde is employed the product
becomes; - RR'C:N‘N:C —
l

S\ ~CH

In both cases the product is a derivative of 2.3'di-

“Hee

hydrothiazole viz;-

2. CH,— NH 3.

|
1. 5\ =t u
\CH/S-

The condensations were carried out in
absolute alcohol solution, and it was not usual to
isolate the hydrochloride,

In the case of acetophophenone thio-
semicarhazone and chloracetone, an addition produect
appeared to be formed when the reaction was carried
out in henzene solution. The addition compound however
on treatment with dilute alkali formed the ring compound
This was confirmed by synthesising the ring compound

in alcoholic solution.
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The fact that the addition compound was
isolated in one case, would suggest that the mechanism
of thiazole formation from thiosemicarhazones and
chloracetone, depends first of all on the production
of an addition compound, which is prohably a sulphonium
derivative., The sulphonium compound then loses hydrogen
chloride and water to form a thiazole according %o the

following scheme; -

e N-NHC*NH, | RR'CNN:C — Nl
I —Hae —=
G s o Cochy $-CHy o CH;
RK'C-‘N'Nif",NHl oo RRC:N-N: ¢ — NH
— 2 ___> ’ ,
S-CH,-CoeHy S e
b3 \CH 3

The experimental work on the hydrolysis of
these thiazole products is still in progress, Mhe
condensation products obtained from (1) benzal thiosemi-
carbazone and chloracetone and (2) from acetone thiosemi-

carbazone and chloracetone, namely;-

c‘,ugc&:u-usg — N!H " CMe,NN:¢ — N’H
. !
NS ama S\ €M
(A) (3)

have been found to give similar products on hydrolysis
with (5N) hydrochloric acid.
(X) on hydrolysis nas given benzaldehyde, a solid melting

at 229-222° C and an oil.
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(B)Y has given acetone, a solid melting at 220-222° C
and an oil,

The solid (melting point 220-222¢ ()
has been analysed in both cases and the analysis agrees
with that of the free hydrazone hydrochloride;-

HNNC — My

S\CJ%?C%

condensation of the free hydrazone
with benzaldehyde has, however, not yvet proved

successful,

BENZALDEHYDE THIOSEMICARBAZONE AND CHLOR-ACETONE,

EXPERIMENTAL,

Benzaldehyde thiosemicarbazone
(3gm. ) was dissolved in absolute alcohol (100ce.)
and chloracetone (4,5gm,) added to the solutions; The
mixture was refluxed for 15 minutes, (during which
time a light reddish colour developed),and then cooled,
As no solid matter separated on cooling)the alecohol
was taken to small bulk and the residue dissolved in
water, On treating the aqueous solution with sodium
carbonéte, a dark yellow powder was precipitated, and
wes purified by dissolving in dilute hydrochlorie acid

followed by reprecipitation with sodium carhonate, On

Purification the powder had a light yellow colour and
when/
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when heated blackening occurred at 185° C, fusion heing
complete at 19p° C.
Nitrogen TFound 19,37%.
Sulphur  Found 14,.70%. 14.40%.
- 2-keto 4-methyl 2.3-dihydrothiazole 2-henzal-hydrazone
requires; - |
Nitrogen 19.35%,
Sulphur 14, 74%.
CHs CHNN:C — N
|t
Nt
(A

The substance was dissolved in normal
hydrochloric acid and the solution evaporated to dryness
under vacuum, A solid remained which was soluble in
chloroforim and could be precipitated from that éolvent,
by addition of petroleum ethér,when an almost colourless
amorphous powder was obtained, melting point 130° (C.
Nitrogen content 16.5%6. 16.4%. |
The hydrochloride of (A) requires;-
Nitrogen 16.69%..

o em e dmp o dae ot B e - -

HYDROLYSIS OF COMPQUND (A).

Substance (A) above was refluxed for

an hour with hydrochloric acid (5N), and after that
time/
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time the refluxed liquid did not give a precipitate
when a portion was neutralised with sodium carbonate
solution, thus indicating that decomposition of (A)
had occurred, The hydrochlorie acid solution was
filtered from a negligible quantity of solid matter
and the filtrate evaporated, when a reddish yellow
residue remained containing some solid matter
associated with oil, The o0ily matter was removed with
cold absolute alcohol,and the remaining solid purified
by dissolving it in hot absolute alcohol and precipit-
ating with petroleum ether. The purified substance
darkened about 215° C and fused from 22(3-222° C.
Nitrogen content. Found 25.3%. 25.2%.

The substance (melting point 220-222°(C)
was a hydrochloride giving a precipitate with silver
nitrate, the precipitate being insoluble in nitrie acid,

| The theoretical nitrogen content of
2-keto 4-methyl 2.3-dihydrothiazole 2-hydraz§ne

hydrochloride is 25.47%,
‘N —
NN 1 %H “Ha,

S P C'CH;
Nl

So far the above substance has not been
induced to form a benzaldehyde derivative, and with the
:N-NH, group present one would expect it to do so.

The oil which was aso obtained as g

hydrolysis/
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hydrolysis product was shown to be a hydrochloride hut

attempts to purify it have not been successful, It may

be the completely hydrolysed product:- o?—'ﬁi%ua;
——————————————————— 5\57 ’

ACETONE THIOSEMICAKBALONE AND CHLORACETONE.

This condensation was carried out in
alcoholic and in chloroform solution,

Acetone thiosemicarhazone (9,8gm,) was
suspended in about AQcc. chloroform and chloracetone
(6.9gm, ) added to the suspension, The mixture was re-
fluxed when complete solution of the thiosemicarbazone
took place, and after refluxing for 10-15 minutes, the
odour of chloracetone had disappeared and a small
amount of solid matter had separated. This was removed
by filtration and the chloroform solution extracted
‘with several amail[quantities of water. The aqueous
extracts were combined and neutralised with dilute
sodium carbonate, when a light yellow coloured precip-
itate was obtained. This substance was. readily soluble
in organic solvents, and could be purified by recryst-
allisation from aqueous alcohol, It was found to be
more convenient however, to purify it by dissolving
in dilute hydrochloric acid followed by Precipitation
with alkali. The pure subStance obtained melted a%
90¢° ¢ 1if heated quickly, but on slow heating it did

not melt until 115¢ C was reached.

Nitrogen content. Found 25.(4%. Sulphur content. Found 19;3%;



144

For 2-keto 4-methyl 2,3%-dihydrothiazole 2-isopropylidene

hydrazone viz;-

CMe, N'N'C;/ — N)H

S 4¢C'CH3 (B)
Nk

Theory requires‘ Nitrogen 24.84%.
Sulphur 18.9%,

- ———— —— = v = - —— > - oo a—— -

HYDROLYSIS OF (B).

Compound (B) was refluxed with
hydrochloric acid (5N) until no precipitate was
formed on neutralising a portion of the acid solution
with sodium carbonate, this atate being attained after
refluxing for an hour. On removal of the acid under
reduced pressure, the same products were formed as were
obtained from the benzaldenyde compound, namely, an oil
which was definitely a hydrochloride and a solid which
melted at 220-222° C. The solid Pproduct had a nitrogen
content of 25,6%,

Theory for the free hydrazone hydrochloride ;-

[ N {7
CiH

is 25.4%.
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The condensation of chloracetone with
acetone thiosemicarbazone was also conducted in absolute
alcohol, After refluxing for 15 minutes, most of the
alcohol was removed on the water bath and the residue
diluted with water, On adding sodium carbonate, compound
(B) separated, identical with the product obtained when

the reaction was conducted in chloroform.

. - - n - - ——

ACETOPHENONE THIOSEMICARBAZONE AND CHLORACETONE,

Acetophenone. thiosemicarhbazone was
found to combine with chloracetone in benzene solution
forﬁing an addition compound (page 1%8) which could
be recrystallised from absolute alcohol, melting point
152° C, Presumably the addition compound has the
structure of a sulphonium compound;-

CH,

(s CNNHCS N, 1 Cocl,-Co-chy

—> EZ?C: N'NH% - Y, (C)
S CHCOCHy
The. addition compound (€C) however on
recrystallisation from aqueous alcohol or on treétment
with sodium carbonate yielded a compound, melting point
134° C¢. It appeared that ring closure had been effecteqd

by this means as compound melting poin%t 134° C was

obtained/
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obtained when the reaction was carried out in alecohol
according to the usual plan, The addition compound is
interesting in that it serves to indicate a possible

mechanism of the reaction (page 139).
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ACETOPHENONE MHIOSEMICARBAZONE AND CHLOR-ACETONE,

EXPER IMENTAT,

REACTION CONDUCTED IN BENZENE SOLUTION.

Acetophenone thiosemicarbazone (6gm, )
was dissolved in about 100cc, hot henzene and chlor-
acetone (3gm.) added to the solution, On cooling s
cream coloured crystalline solid separated, melting
point 150-151° C which on recrystallisation from
absolute alcohol showed a melting point of 152¢ C. The
pure substance gquickly turned brown on standing in the
air,

Nitrogen content, Found 14,74%, 14,78%.
Theory for addition compound 14.72%,

Whén the above substance was
dissolved in aqueous alcohol and treated with sodium
carbonate it yielded a substance, melting point 1%24° C,
Moreover recrystallisation of compound, melting point
152° C from aqueous alcohol,also gave the substance
melting at 134° C,ring closure apgearing to -take place

with loss of hydrochloric acid and water.

CH5 ~ ¢
~CiN- f\m C — NH, Hz .
s, CHsCOCH, s\CH CCHy

Analysis of compound, melting point
134° C would indicate that it is 2-keto 4-methyl

2.%3-dihydrothiazole/
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2.3-dihydrothiazole 2-acetophenone hydrazone,
Nitrogen content,. Found 18.45%. 183.34%,

. Ttheory 18,2%,

———— - - —— o~ -t ———— -

REACTION IN ALCOHOL.

Acetophenone thiosemicarbézone and
.chloracetone in equimolecular proportions were heated
in absolute alcohol solution for 15 minutes, after
which time most of the alcohol was removed on the water
bath, Thé residue was diluted with water and sodium
carbonate solution added when compound melting point
124 ° ¢ was obtained identical with that obtained above,

Hydrolysis of this compound will
be carried out.

- — " P s W e - —— -
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_ACETONE THIQSEMIGARBAZONE AND CHLORACETALDEHYDE.

Acetone thiosemicarbazone (2gm,) was
dissolved in 20cc. absolute alcohol and chloracet-
aldehyde (1gm,) added to the solution, which was then
refluxed for 10 minutes, The solution was cooled and
diluted to 10¢cc., with water and dilute sodium carbon-
ate added till just alkaline, when a light yellow
coloured solid was precipitated. The solid was purified
by dissolving it in dilute hydrochloric acid followed
by reprecipitation with sodium carbonate; when a cream
coloured amorphous solid was obtained, melting point
140 ° C.

Nitrogen content. Found 27.20%. 27.14%.
Theory for condensation product 27.09%.
CMe,: CN-N:C(SH) N, + CHte-ciyo
= CHe, CHNC—Mh
Sl\quH

2-keto 2.%-dihydrothiazole 2-isopropylidene hydrazone °
is readily soluble in organic solvents and may he '

recrystallised from aqueous alcohol,

- e - - ————— . = - A o e . -
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BENZALDEHYDE THIOSEMICARBAZONE AND CHLORACETALDEHYDE,

Benzaldehyde thiosemicarhazone (1.8gm.)
was refluxed with chloracetaldehyde (0.R%gm.) in ahsolute
alcohol solution for half an hour, The alcohol was then
reduced to small bulk on a water bath and the residue
diluted considerably with water. The acid solution
was neutralised with sodium carbonate and on standing
and scratching, an amorphous solid of yellow colour
was Precipitated, which was purified by dissolving
in dilute hydrochloric acid followed by precipitation
with sodium carbonate,when a cream coloured amorphous Q
solid separated, melting point 169° C.

Nitrogen content, Found 20.6%. 20.6%.
Theory for 2-keto 2,3-dihydrothiazole 2-benzal -

-hydrazone requires 20, 7%.

CcﬂrCH:N'N:([: — NH

S

- ——— - —— - - am e e o -
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_THE ACTION OF HALOGENS. ON THIOSEMICARBAZONES.

The following compounds are described;-

Acetophenone thiosemicarbazone mono-bromide,
Acetophenone thiosemicarhazone tri-bfomide.
Acetophenone thiosemicarbazone mono_iodide;
Acetophenone thiosemicarbazone tri-iodide,

Benzal thiosemicarbazone di-iodide,

Berizal thiosemicarbazone tetra~iodide:

Acetone thiosemicarbazone mono-iodide.

Acetophenone 5 benzyl thiosemicarbazone mono-iocdide,

Benzal senmicarbazone di-iodide,
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THE ACTION OF HALOGENS ON THIOSEMICARBAZONES,

Wilson; Heilbron and Sutherland
(J.C.S. 1914, 105, 2991) describe the preparation of
a dibromide of cinnamaldehyde phenyl semicarhazone by
the interaction of the semicarbazone with bromine in
chloroform solution, and apart from this there does
not appear to be any reference in the literature to
other halides of semicarbazones or thiosemicarbazones,

From the work described in the
following pages it would appear to he the rule that
thiosemicarbazones react with the halogens, hromine
and iodine, to form addition compounds, when the
reaction is carried out in non polar solvents,

The bromides described, namely the
monobromide and the tribromide of acetophenone thio-
semicarbazone were found to be unstable, hut the
corresponding iodides form well defined solid com-
pounds of characteristic colour. The union of iodine
with thiosemicarbazone is however easily ruptured as
the iodine may be removed quantitatively with sodium
thiosulphate.'

Acetophenone thiosemicarhazone was
found to form a monobromide and a tribromide hut as
great difficulty was experienced with the analysis

of these compounds,due to tneir unstable nature, it

was/
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was decided to concentrate on the formation of
iodides,

Acetophenone thiosemicarhazone formed
a mono and a tri-iodide. The former having a hright
scarlet colour, while the latter was hrown,

In every case the deepening of colour
with increasing iodine content was observed.

Benzal thiosemicarhazone formed s
di-iodide which was green in colour, and a tetra-iodide
which was a very dark green, in fact, almost hlack.

Acetone thiosemicarhazone formed a
mono-iodide of a maroon colour, The tri-iodide
was a dark oil.

Acetophenone 5 benzyl thiosemicarhazone
formed a mono-iodide of scarlet colour, and an oily tri-
iodide.

Attempts were made to form iodides of
the corresponding semicarbazones, but these do not
appear to form so readily, Only benzal semicarbazone

was found to give a solid di-iodide,

- e . - - - - —— o WS -
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ACETOPHENONE THIOSEMICARBAZONE AND BROMINE.

EXPERIMENTAL.

Acetophenone thiosemicarbazone
(1gm.) was dissolved in 6fQcec. cold glacial acetic acid
and a solution of bromine (0.4gm.) in glacial acetic
aéid added, the mixture being kept cold, The addition
of bromine caused immediate precipitation -to take place.
The precipitated bromide was filtered off, washed free
of glacial acetic acid with petroleum ether, and dried,
The dry substance melted at 147° C with decomposition,
Nitrogen content, Found 15,1%, 15.3%,

Theory for monobromide 15.,4%,

ACETOPHENONE THIOSEMICARBAZONE TRI-BROMIDE.

Acetophenone thiosemicarhazone
(0.5¢m, ) was dissolved in 1@cc. cold glacial acetic aeid
and a solution of bromine (3gm.) in glacial acetic acid
added, With the first few drops of bromine a DPreecipitate
appeared, but this dissolved on further addition of
bromine, When all the bromine had been added the liquid
was decanted from a small aﬁount of undissolved substance
and almost immediately the decanted liquid deposited
deep red coloured prisms . Thnese were filtered off,

washed/
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washed with a little petroleum ether and dried. ™e dried

substance had an odour of bromine and acetophenone ,

and melted at 87 °C with decomposition.

Nitrogen Found A3,7%, 9,3%,

Bromine  Found 57.6%.

Acetophenone thiosemicarbazone tri-bromide requires;-
Nitrogen 9,7%.

Bromine 55,4%.

Acetophenone thiosemicarhazone tri-
bromide was also prepared from the thiosemicarhazone
and bromine in co0ld chloroform solution, The unstable
nature of the tri-bromide however rendered the analysis
of doubtful value, and it was decided to investigate

the nature of the corresponding iodine compounds,

- - - —— - = o o = - —— -

- ACETOPHENONE THIOSEMICARBAZONE MONO-IODIDE,

Acetophenone thiosemicarbazone
(0.9gm, ) was dissolved in benzene (20cc.) and iodine
(0.6gm, ) added to the solution, which was heated until
the iodine dissolved, On allowing the mixture +to stand
overnight, beautiful scarlet coloured crystals separated
melting point 88-89° ¢, These were readily soluble in
alcohol, acetone and chloroform and could bhe recrystal-

lised from benzene., Addition of petroleum ether +o the

benzene/



156

benzene solution increased the yield of pure material,
Nitrogen content. Found_ 12.9%, 13.,0%, ( using
copper oxide-cuprous chloride mixture for the combust-
ion).
Todine:- Found. 38.2%. 38.5%,
Theory for acetophenone thiosemicarbazone mono-iodide
requires; - Nitrogen 13%,1%,
Iodine 38, Tk,

The estimation of iodine was performed
by dissolving the subétance in chloroform, and
titrating the coloured solution with deci-normal
sodium thiosulphate, shaking vigorously after each
addition of thiosulphate, Acetophenone thiosemicarbaz-
one ( melting point 118° C) separated at the interface
during the titration.

ACETOFHENONE THIOSTMICARBAZONE TRI-IODIDE,

Acetophenone thiosemicarbazone (1gm.)
and iodine (2gm.) were added to a small quantity of
glacial acetic acid ( about 20cc.), and the mixture
was heated on the water bath for 10 minutes, when
the iodine had gone into solution. On allowing the
dark coloured solution to stand for a short time, a
crystalline precipitate formed,which was filtered off,

and/
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and recrystallised from chloroform, The pure material
was brown in colour and melted at 115° C.
Nitrogen Tound 7, 2%. Iodine  Found 45,8,

Theory 7.3%. Theory 46,37,

————— v ——— -~ ————

BENZAL THIOSEMICARBAZONE DI-IODIDE.

In the expectation of preparing a
mono-iodide, 0.5gm. of benzal thiosemicarbazone was
dissolved in about 1ypcc, chloroform and a solution
of §.32gm. iodine in canlorofiorm added. The cihloroform
solution of iodine was violet before mixing but when
mixed with the thiosemicarbazone, the solution became‘
dark red., On allowing to stand for several days the
dark red solution deposited a spongy mass of minute
dark green needles. These were filtered off, and
melted at 144° C.
~Nitrogen content, Found 9, 6%,

Theory for di-iodide 9,7%,

In view of the fact that a di-iodide -
was formed, the experiment was repeated, the quantity
of iodine being doubled, Again the reaction took the
same course with formation of benzal thiosemicarbazone.
di-iodidey melting point t44° C.

Iodine, Found §58,9%, Theory 58, 6%,
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BENZAL THIOSEMICARBAZONE TETRA-IODIDE.

An attempt was made to form the tri-
iodide of benzal thiosemicarbazone by combining
iodine (@.96gnm.) with the thiosemicarbazone (0.45gzm,)
in chloroform solution, On standing fﬁr several days
a compound separated in the form of dark green
( almost black) crystals, melting Point 136° C. On
analysis the compound was shown %to he a tetra_iodide.
Iodine Found 72,5%, Theory 173,9%.,

Accordingly the experiment, was
repeated using the necessary quantities for formation
of this compound. xaxakx (0.45gm, of thiosemicarhazone
was dissolved in about 8pyecc, of chloroform and added
to a solution of iodiégrgﬁ)chloroform. On standing
for a short time, benzal thiosemicarbazone tetra-
iodide separated, melting point 1%36° C,

The crystals were washed with chloroform and analysed,

Iodine. Found 73.1%. Theory 73%.9%,

- o - g - —— - o————

ACETONE THIOSEMICARBAZONE MONO-IODIDE,

Acetone thiosemicarhazone is not
soluble in benzene or chloroform, and the iodide was
formed in benzene suspension, The thiosemicarbazone
(2.5gm,) was suspended in 4ycec., benzene and iodine (2.5gm3)

added.
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The mixture was then neated to boiling for 5 minutes
when solution became almost complete, the small
quantity of‘undissolved matter being removed by fil-
tration, The filtrate on cooling deposited bheantiful
maroon coloured crystals of acetone thiosemicarhazone
Amono—iodide, melting point 879 C.

Ioding content, Found 49.1%, 49.1%,

Theory 49, 2%.

An attempt to form the tri-iodide of
acetone thiosemicarbazone by the above method resulted
in the formation of a dark red oil which was unstable;
readily losing iodine on warming.

- . — - - — -t e - o - -

ACETOPHENONE S{BENZYL THIOSEMICARBAZONE MONO-IODIDE,

vAcetophenone 5-benzyl thiosemicar-
bazone (Burns, Baird and Wilson J.C.S. 1927; 2537) was
prepared by heating acetophenone thiosemicarbazone with
benzylamine at a temperature of 150° C until the evolu-
tion of ammonia slackened ( abhout 1% hours). The nmelt
was extracted with benzene when acetophenone § henzyl
thiosemicarbazone was obtained, melting point 161° (.

Acetophenone S-benzyl thiosemicar-
bazone (0.56zgm,) was dissolved in 2ycc, henzene and

iodine ({.27gm,) added, the mixture being warmed on

the/
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the water bath until solution wés complete., On allowing
to cool beautiful scarlet prisms. separated,.melﬁing
point 137°C., A further»crop was obtained by additien
of petroleum ether to the benzene solution,
Iodine content. Found 31.3%. 31.2%.

| Theory 31.0%.

An attempt to prepare the tri-iedide
using the above method resulted in the formation of

a dark red 6il,

- . - — - - e - —— -

SEMICARBAZONES AND IODINE,

In view of the ready formation of well
defined iodides from thiosemicarbazones, the
possibility of semicarbazones combining with iodine
was investigated, but only in one case was a solid
iodide isolated, namely benzal semicarbazone di-iodide,
This compound was less stable than the corresponding
benzal thiosemicarbazone di-iodide, as it lost iodine
on heating in a capillary tube before the melting
point was reached,

Attempts to prepare iodides of acetone

semicarbazone and acetophenone semicarbazone resulted

in/
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in the formation of dark red tarry oils which were

very unstable to heat,

BENZAL SEMICARBAZONE DI-IODIDE. i

Benzal semicarbazone (0.58gm.) was
dissolved in about 10cc. glacial acetic acid, and a ‘
solution of iodine (§.84sm.) in chloroform added. No
precipitation took place until petroleum ether was
added to the solution, when long,dark green, needle
shaped crystals separated on standing, These decom-
posed with evolution of iodine at 1209 C but fusion
did not take place till 145° C was reached,

Iodine content. Found 60.8%. 59, 8%.

Theory for di-iodide 60, 8%,

- — . —— . S . W .- > -
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HYDROLYS IS OF ACETOFPHENONE S'BENZYL SEMICARBAZONE,

( See page 18 ).

While the hydrolysis has been styled
quantitative, the method employed was somewhat crude,
but it proved to be sufficiently accurate to indicate
the nature of acetophenone S-benZyl semicarbazone,

A weighed amount of the semicarbhazone
was hydrolysed by boiling under reflux with dilute
nydrochloric acid and the liberated acetophenone
.extraoted with successive small quantities of Ppetroleum
ether. The petroleum ether extracts were combined and
evaporated, leaving a residue of acetophenone which

was weighed,

CA
CNNHCONHCH e+ Hyo = C‘Z“ SCo + NH,NH-CO-NHCHC H
3

[6615’\
C%’

The g-benzyl semicarbazide remained
in the aqueous layer as the hydrochloride. After.
removal of acetophenone the aqueous layer was concen-
trated and refluxed further, some concentrated hydro-
ehloric acid being added, In this way the S-benzyl

semicarbazide was broken up as follows;-

H o f
the hydrazine and benzylamine being present in solution

as the hydrochloride. The amount of these present was

ascertained/
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ascertained by evaporation, and the total quantity of
hydrazine dihydrochloride and benzylamine hydrochloride
estimated by weighing the residue,

mhe amount of hydrazine dihydrochloride
present was obtained by dissolving an aliquot portion
of the residue in water and introducing this solution
into a nitrometer containing Fehling's solution.
The volume of liberated nitrogen was read, corrected
to standard temperature and pressure, and estimated
a8 hydrazine dihydrochloride,
using the fact that tce.N : ,0047gm. hydrazine

dihydrochloride,
NHy + Lo = Ny + R6,0 + 24,0

Wt. of acetophenone 5 benzyl semicarbazone

z 5gm.
Wt. of acetophenone .
1.5¢8m,
Wt. of hydrazine dihydrochloride
+ ©benzylamine hydrochloride D3 yam:
Wt. of hydrazine dihydrochloride . :
Wt. of benzylamine hydrochloride +  1.9gm.

. . - —— . WS = - - = - ———
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CHLORO-METHYL- £ -MENTHYL ETHER.

.Chloro-methylm-é-menthyl ether has
been described by Wedekind (Ber. 1901, 34, B813) and
as this compound contains a reactive chlorine atom,
it seemed that it might be of value in bringing about
a resolution of benzoin, provided combination with
benzoin took place., The ether was prepared according
to Wedekind's method, but exhibited a marked
difference in boiling point from that given by him,
wedekind describes the ether as an oil, boiling at
160-162° ¢ under 16émms, Ppressure, whereas the specimen
prepared by us boiled at 120-123° C under 29 mms;
pressure.

In attempting to combine the ether
with benzoin in pyridine sblution, immediate separation
of glistening plates took place which were found +o be
a quaternary compound of pyridine with the ether;‘

The preparation of the ether is
described and also its compounds with pyridine and

quinoline,
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FREEARATION OF CHLORO-METHYL {- MENTHYL ETHIR,

{ _Menthél‘(sﬁgm.) was heated on a
water bath till it liquefied and 30gm. formalin (40%)
added. The mixture, which contained two layers was
saturated with dry hydrogen chloride, the gas being
passed for a period of 6 hours, Witn the first
bubbles of gas considerablg warming of thé mixture
occurred and it was essential to surround the reaction
vessel with ice. When the gas had passed for 6 hours,
the reaction was discontinued and the upper layer,
- which contained the ether, was separated from the
aqueous layer, which consisted of hydrochloric acid;
The ethereal layer was dried with anhydrous sodium
sulphate and distilled under a pressure of 20 mms;;
the distillation being conducted as quickly as
Ipossible. Several fractions were collected, much

hydrogen chloride being evolved with the first

fraction,
1st., Fraction 100° C - 120° C.
2nd., TFraction 120*C - 123° C,
z2rd, Fraction 123°C - 150° C.

mhe residue which remained was
completely charred, while the third fraction solidified

on cooling and consisted mainly of é~menthol



167

mhe second fraction was the largest
(about 325gm,) and was redistilled under a pressure
of 8 mm., when further decomposition took place
with elimination of hydrogen chloride, the ﬁain
portion distilling at 101-1062° C.

The analysis of this fraction was
difficult firstly because of the difficulty
experienced in purifying it, and secondly beéause
of its unstable nature, moisture causing rapid
decomposition,

The analysis of the fraction (101-102%)
was carried out and its rotation and réfractiﬁekindex
determined, These figures are contrasted with those

obtained by Wedekind,

Wedekind's Values-

Boiling Point 120-123° C//ZO mm, 160-162° C,/16mm.
Chlorine content 16,8%. f 15.03%,

. w o, | - 2 L,
Rotation [FYJD -116.8 (¢ : 6.163.; [&Jo f’7276' (c=4.18)
Refractive index (18° C)  1.468. 1.465,

The theoretical chlorine content is 17,3%,




PYRIDINE AND CHLORO-METHYL [~MENTHYL EMHER.

When chloro_methyl‘[-menthyl ether
(4cc.) was added to pyridine (5cc.), crystals, having
appearance of white plates, separated. These were
filtered off and washed with henzene and had a melting
point 193° C. Purification of this solid was carried/
out by dissolving it in dry chloroform and precipit-
ating from solution with dry benzepe.
Nitrogen content. Found §5,05%.

Theory for quaternary compound 4.,96%,
C,pHI‘fO'CHl \ (:>
¢ AN

A solution of the compound in dry

: !
chloroform exhibited a retation [«J;a: =102 (c : 2.01)

—— ., - - - - - o - — - - - ——

QUINOLINE AND CHLORO-METHYL[-MENTHYL.E'FHERL

The quinoline derivative of chlorb-
methyl‘f-menthyl ether was prepared by adding the
ether (4cc.,) to gquinoline (5ce,), the erystalline
Precipitate being filtered off, The solid was
purified by dissolving it in dry chloroform and
precipitating from solution with dry benzene, when
clusters of small needle shaped crystals were obtained,

melting point 8y C.
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Nitrogen content, Found 4.,26%. 4.29%.

Theory for quaternary compound 4,21%,

Cotig 0- CH, \ Ng:)}

Cf,/

S . . 4 B 20 p . '
‘Rota‘,tlon ( in chloroform) [c(]b - 163 (e : 2.15),




