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Introduction and Theoretical.

-~ — — -

TIn the year 1887, Pinner ( B. 20, '2358 )

showed that phenylhydrazine reacted with earbamide

‘to give products depending on the proportions used,:

‘the reaction being accompanied by the evolution of
smmonia. When one molecule of phenylhydrazine
reacted with one or two of carbamide the product
was found to be a-phenylsemicarbazide*, formed

according to the eguation
PheNH-NHz + NHz:CO«NHz = PheNH.NH.CO-NH2z + NP3.

When a larger excess of carbamide was used, phenyl-
urazols was obtained, a-phenylsemicarbazide being
~assumed as an intermediats product, thus:-
Ph-y——-ga
Phe NHe NHe CO+ NH2 + NH2¢CO+NH2 = CQ\/CO + NHg
NH

In 1888, Skinner and Ruhemann ( J.C.€. 58,

550 ) gave an account of the action of phenyl-

hydrazine on certain carbamide derivatives, With

* Nomenclature ~ NEHz«NH.CTOsVNE2
S Y I B |

Za
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equimolecular quantities of phenylhydrazine and
urethane, «-phenylsemicarbazide was again forwsd,

ethyl alcohol being eliminated -
PhNH.NF2 + NH2+00«0Ft =.PhNH.NH.CO+NH2z + EtOH.

By using two molecules of phenylhydrazine to one
of urethane, diphenylcarbohydrazide, ethyl alcohol,:

and ammonia, were formed -
© PhNH«NHz + NH2+CO+0Ft = (PhNH-WH:)2C0 + BLOH + NHg.

Borsche ( B.1901, :34, 4299; 1904, 87, 3177;
1905, 88, 831 ) found that in general, semicarbazones
rescted with arylsmines giving rise to d-arylsemi-

carbazones, thus -
RR'C:NeNHeCOsNHz + NH2Ar = RR'C:NeNHeCO:NHAT + NHg,

These compounds on hydrolysis with dilute hydro-
chloric acid gave the d-arylsemicarbagzide hydro-
ehloride from which the free base could be obtained

by the action of weak alkalies -

RRFC: N+ NHe COs NHAT + Hz20 + HC1 = RR'CO +
HCL, NHze NHeCO.NHAT,

from the results of those researches, it

was thought possible that hydrazines would react



with semicarbazones to give d —aminoseunicarbazones

and ammonia -

RR'C;N'NH-CO~NH2 + NHz+ NHR" = RR'(C$ N NHe COo NHe NHR"
+ NHa.

Rndpfer ( Monatsh. 1910, 31, 87 ) investigated
the mutual replacement of semicarbazide and phenyl-
hydrazine residues, the reactions being carried
out in boiling alcohelic or acetic acid solution.

He studied mainly aromatic eldehydic derivatives
and found that usually a state of equilibrium was

gset up, this being independent of the temperature -
RCH: N-NH.CO-NH2 + NH2NEPh = RCH: N« NHPh + NHze NH.TO-NHz

¥ith sbout five molecules of the decomposing
reagent, the replacement was usually complete, but
no regularities were detected; no formation of 4-
anilinosemicarbagzone was reportedy

In 1924, Sutherland and Wilson ( J.C.8. 125,
2145 ) showed that benzophenone and acetephenonse
semiCarbézones heated with phenylhydrazine in the

presence of toluene as a solvent, gave the

corresponding d-snilinosemicarbazones -

PhaCiNeNHeCO+ NB2 + NHzeNHPh = PhaCt Ne WHé CO- NHe NHPh

¥ o e

+ NHB. .



5e

Hydrolysis of these compounds with dilute hydro-
chloric acid gave the ketone and d-anilinosemi-

carbazide hydrochloride,.

PhaCtNeNHe CO+NH: NHPh + H20 + HCl =
Ph2C0 + BC1,NHz.NH.CO-NH.NHPh,

and with stronger acid the Jd-anilinosemicarbazide
hydrochloride was split vp into phenylhydrazine
hydrochloride, hydrazine hydrochloride, and carbon

dioxide, thus - :

PhNEe NHe CO- NHeNH2, HC1 + H20 + 2 HCL =
PhNH.NHg, HC1 + NgHg, 2 HCL + COa.

To prove the correctness of their scheme,. the base,
J;anilinOSGmicarbazide, was synthesised from 3-

carbethoxyphenylhydrazine and hydrazine hydrate,

PhNHeNHeCO-0Ft + NHzNHz2,H20 = PhNHeNH.CO+NHNHz +
FtOH + B20.

The author first investigated the sction of.
phenylhydrazine on acetone semicarbazone under
conditions similer to those used for aoetophengne
and benzophenone semicarbazones.” The reaction was
however essentially one of replacement of the semi~

carbazide residue by a phenylhydrazine residue,



MeoC:N-NH-CO-NHz + NHz-NHPh =
MeoC:N-NHPh + NHz-NH.-CO-NHz ,

and even under varied conditibns,ithe yield of
acetone-d—anilinosemicarbazone never exceeded 5%.
The semicarbazide thus formed usually decomposed
into hydrazodicarbonamide and hydrazine, and the
hydrazine decomposed into nitrogen and ammonia

( Curtius, B. 1894, 27, 57 ) -

.2 NHBz-NH-CO-NH2 NH2-CO-NB-NH-CO-NH2z + NHzNHz ;.

3 NHaNHz

4 NHg + Nz .

Hence, when a hydrazine reacte with a semicarbazone,
the evolution of ammonia does not necessarily mean
that d-anilinosemicarbazone is being formed.

Tn view of the widely differing behaviour
of scetone and acetophenone semicarbazones, it was
decided to make a general study of the behaviour of
gemicarbazones, both aldehydic and ketonia,voh
heating with phenylhydrazine. In all, the senmi-
carbazones of seven aldehydes and fourteen ketones
heve been investigated.

The semicarbazones of acetaldehyde, furfur-

aldehyde; benzaldehyde*, anisaldehyde*, piperonal*,

* Tnvestigated by others.:

B



and einnamaldehyde: gave only replacement products,.
whereas n-heptaldehyde gave a little d-anilinosemi-
~carbazone.’

The behaviour of the ketonic semi-
earbszones varied in each case, and in general
JLaniliﬂesemiCafbazon§ was formed together with
replacement products. The following table shows the
yields of d-anilinosemicarbazone obtained from |

different ketonic semicarbazones, and also the

L}

molecular weight of the ketonse,:




¥ 0 T
K ETONT. _— BT D
Ve200 58, 5%.
WemtCo 72. Nil.
MePrcb a8, "
Tt 200 88. 24,
Ms (M2 30)CO 100. 80%.
cﬁgggz:égigco 112 10,
oﬁgggz:gggco 08, 127,
(MaCH2CH2)C0 114. 13¢%.
(Ve 2CH) 2C0 114. 90%.
Ph2C0 182. 95%.

_ Meébco 120. 95%,
Me(PhCH2)CO 134, 13%.
¥e(PhCH2CH2)CO 148, 8%.
(PhCH2) 200 210, 05%.

8.



Tt is quite evident from the table that the
nolecular weight of the keteme has 1ittle or no
influeﬁoe in determining the course of the reaction;

e. 4., the semicarbazones of acetone (58), acetophenone
(120), and benzylacetone (148) give yields of 5%, 95%,
and 8%,  of their respective d-snilinosemicarbazones,

From an examination of the genersal schemes

shown by the equations

RRYC:N-NH-CO-NHz RR'C:N-NH-CO-NH-NHPh + NH, (1)
X

+ NH2-NHPh <RR*G:N.NH@h + NHz-NH-CO-NHz (2),
it will be seen that in order to have replacement, |
(2), the phenylhydrazine molecule must approsch the
ketonic ecarbon atom ( marked x in eguation ), whereas
for é-anilinosemicarbezone formation, (1), it must
approach the NHz group of the semicarbazone. Now if
the groups R and R!' are sufficiently bulky they will
hinder the approach of the phenylhydrazine molecule
to the ketonic carbon atom, thus hindering replace-
ment, and consequently d-anilinosemicarbazone
formation will be increased, the NHzgroup of the
gsemicarbazone being always easily accessible. The
experimental results agree well with this suppositien.

¥ith the nonphenylated ketones,: as expected,

the yield of J-anilinosemicarbazone is small except



with methyl tert-butyl ketone and diisepropyl ketone
where tﬁere-is a concentration of methyl groups on
one or both of the «-carbon atoms. The diisepropyl
ketone semicarbazone gives a yield of 90%, whereas
with di_p.propyl ketone semicarbazone the yield ie
13%."

Considering the monophenylated ketones, it
is obvious that reaction (1) should be more pronounced
when the phenyl group is contiguous to the ketonic
carbon atom than when it is removed from it by one
or two CHz groups. This is borne out experimentally
by the semicarbazones of acetophenone, methyl benzyl
ketone, and benzylacetone, which give yields of oK%,
13%, and 8% of their respective d-anilinosemi-
carbazones,"

¥ith the diphenylated ketones, reaction (1)
is pronounced with both benzophenone and dibenzyl
ketons semicarbazones, the attachment of a phenyl
- group to both of the d-carbon atoms evidently
strongly inhibiting reaction (2).

Now if we consider a hydrazine of the type
R"R™N-NHg, reacting with a semicarbazone according
to the general schemes (1) and (2), ( page 9 ), we
would expect that just as the ketonic groups R and

R? tend to hinder the hydrazine from approaching the



_ ketonic earbon atom, so would the groups R" and Rw
of the hydrazine, if sufficiently bulky, tend to
hinder replacement and consequentiy increase the
yield of d-aminosemicarbazone. The following table
indicates the main results, the yields given being

those of the d;aminosemiCarbazones;

R ETONER| HYDRAZTINE YTELD.

rcetone. PhNH - NH2. 5%,
n p-MelsHaNH- NH2 9%.

" MePhV - NH2 597,

" Ph2N+NH2 80%.
" Benzylacsetone| PﬁNH-NHe 84,
" p-MeCsHaNH NH2 Nil.

n MePhN-NUz 857.




. We see from the table that with acetone
semicarbazone there is an increase in the yield of
J-sminosemicarbazone from phenylhydrazine through
methylphenylhydrazine to diphenylhydrazine, in
accordance with the theory. s-Tolylhydrazine
naturally behaves like phenylhydrazine as the methyl
group is too far away to influence the course of the
reaction to any extent.

Thus, in general, if a hydrazine reacts with
s semicarbazone, the reaction will prooeed according

to the equatiens

RR'C:N-NH-CO-NHz , RR'C:N-NH-CO-NH-NR"R™ + WHj
" 4 NHg-NR"R® T™RR'C:N-NR"R"+ NHz-NH:CO-NHz

and the extent in any direction will be determined

by the steric effect of the groups R,VR',:R",.aﬁd R™."
The interaction of a-carbethoxy-o«-phenyl-

hydrazine and acetophenone semicarbagzone was

investigated in the expectation that it would proceed

according to the scheme

PhMeC:N-NH-CO-NHz PhMeC: N-N-CO- NH

. = I |+ NHg + EtOH,
+ NHz-N(COOEt)Ph Co—N-Ph

giving the acetophenone derivative of 4-phenyl-1~

aminourazole., The product was, however, acetophenone-

(1)
(2),-

Lia



J—carbethoxyanilinosenicarbazone, fermed thus .-

Ph¥teC:N-NH-CO-NHa 4
- = PhVeC:N-NH-CO-NH-N(COOFt)Ph + NHg,
+ WHz-N(COO®L)Ph

and efforts to sliminate ethyl alcohol fron this
compound were unsuccessful. The constitution was
established by hydrolysis into acetophenonse and 4-
earbethoxyanilinosemioarbazide hydrochloride, further
hydrolysis giving hydrazine, phenylhydrazine, and
ethyl alcohol, in a mannsr similar to benzophenone-
§-anilinosemicarbazons (page 5).

The action of phenylhydrazine on thioseni-
carbazones was investigdated in the hope that they
would react in a manner similar to semicarbazonss,

and so give J-anilinothiosemicarbazones -

RR'C:N-NH-CS-NHz .
= RR'C:N-NH-CS-NH-NHPh + NHg
+ NHz-NHPh

The thiosemicarbazones of acetone, acetophenons,
and dibsenzyl ketone were used, but in all sases

only replacement products were formed -

RR'C:N-NH-CS-NHz + NHz- NUPh =
RRTC:N.NHPh + NHz-NH-CS-NHa.

As the ssmicarbazones of acetophenone and dibenzyl



ketone gave very gobd yields of d-anilinosemicarhazone,

we may assume bthat a thiosemicarbazide residus is

mors sasily revlacad than a semicarbazids residus.
Attempts wers made to synthesise the frse

base, d-anilinothiosemicarbazids, but they were

without success. Wischer (A. 1878, 190, 114) showead

that phsanylhydrazins phsnyldithiocarbazinate could

looss hydrogen sulphids to give diphsnylthiocarbo-

hydrazide, thus :-
PhNY-NH-CS-SH,NH2- NHPh = PhNH-NH-CS-NH-NHPh + H2S,

Thig reaction was extended and modified by othsr
‘investigators; e. 2., Stolle and Bowles (B. 1908,
41, 1099) prevarsd thioccarbohydrazide from hydrazine
dithiocarbazinate, using litharde to rsmovs ths
hydroden -sulphide.

Tn an analogous mannar it was hopsd to
obtain d-anilinothiosemicarbazidse from hydrazine

phenyldithiccarbazinate,
PhNH-NH-CS-SH,NHaNH2 = PhNH-NH-CS-NH-NH2 + Ha§,

but none was obtainad.
As amines act on semicarbazones giving rise

to S-substituted semicarbazones, it was thought



thet aniline would react with thiocarbohydragide

to form d-anilinothiosemicarbazide,

NHz NH-CS -NH-NHz + NHzPh = PhNH-NH-CS-NH-NHz + Wi,

but the method proved unsuccessful.




EXPERIMENTAL.-

.~ — . . T T > . S S S

| 5.4 g.- of phenylhydrazine and an equivalent
quantity , 5.7 g., of acetone semicarbazonse ( Thiele
and Stande, A. 1894, 283, 18 ) were heated under
reflux with 30 ccs. of dry toluene in a bath st 80-
90° for a period of 8% hours. The semibarbazonel
‘gradually dissolved, but no ammonis was evolved.
Towards the end of the heating, a thin film of an .
insoluble substance separated on the walls of the
boiling tube in which the materials were contsined.:

The insoluble material was filtered off,

washed with a little hot toluene, and recrystallised
from water, Small silvery leaves M.P. 245-248° were
obtained, insoluble in ether, benzene, acetone and
light petroleum, and almost insoluble in alcohol.:
From these properties, the substance was thought to
be hydrazodicarbonesmide, and a mixturé with an
authentic specimen showed no depression of melting

point.-

16'



173'

The toluene mother liguor, on cooling,
deposited orystals whioh were filtered off and re-
crystaliiéed from absolute alcohol, giving yellowish
prisms M.P. 95°, Afteér decolourising with charcoal,
large colourless prisms M,P, OR° were obtained; these
were very soluble in water and reduoéd Fehling's
solution even in the cold, thus corresponding to

senicarbazide."

Found:- N = 568.20%; 55.94%,
CHsONg requires N = 58.00%.

7 To prove its identity further, it was dissolved in
alcohol and a few drops of hydrochloric acid added:;.
on cooling, needles of semicarbazide hydrochloride
M.P. 175° were obtained.

The toluene mother liquor was cooled in ice
for a few days, and the s0l1id thus obtained filtered
off and recrystallised from absolute alcohol. Yellow-
igh granules M.P.  187° were thus obtained, and further
orystallising and decolourising dave almost white
plates M.P. 189°;. the melting point seemed to vary
8lightly with the rate of heating. The compound was

acetone-dlanilinoscmicarbasonet»MBQC§N-NH~UO-NH-NHPh;

* This tybe is used to denote new compounds..



18.

Found :— W = 27,98%; 27.35%.
CieH§40N4frequires N = 27.18%.

To prove the constitution of the compound, it was
hydrolysed by boiling for % hour, uvnder reflux, with
dilute hydrochloric acid. Some of the liquid was
distilled éff, and the distillate was found to
contain acetone by the nitroprusside test*. The
residual liquid was taken to dryness by distillation
ﬁnder reduced pressure, and the solid washed out
with ether. This so0lid was recrystailised from 2
mixture of absolute alcohol and light petroleunm, and
gave leaflets M.P. 193° ( decomp. ).  This produ~t
was identified as J-anilinosemicarbazide hydrochlor—
ide by comparison with an authentic specimen, amd

by means of the benzylidene derivatives;. hence the
constitution of the original substance is provéﬂ.
The method adopted for the preparation of the
benzylidene derivative, and used successfully in
6ther cases, was as follows. The hydrochloride was
dissolved in water, a few drops of alcohol and one

drop of benzsldehyde added, and the mixture shaken

* On adding acetone to a freshly prepared ammoniacal
solution of sodium nitroprusside, and shaking, a
violet colouration is produced.:



19.

vigofously.until a so0lid separated. This was filtered
off, the filirate treated with another dre§ of
benzaldehyde, and the process repeated until no more
s0lid was obtained.

The acetone—d-anilinosemicarbazone was in-
soluble in light petroleum, cold water, benzene, and
ether, sparingly solvble in cold alcohol and acetone,
and moderately soluble in hot alcohol, benzene, and
acetone., Tt reduced Fehling's solution only aftsr
prolonged boiling, and was blackened by copper
sulphate'éolutiOn.'The yield was £%.

The toluene was removed from the mother
liquor, by distillation under reduéed pressure, and
the residual oil cooled in ics, but no further solid
was obtained. The o0il was therefore distilled under
reduced pressure, and e fraction R.P. 129°/37 mm. was
obtained, this being within 1° of the boiling point
of acetone phenylhydrazone, at that pressure. The
distillate, a pale yellowish o0il,. did not reduce
Fehling's‘solutiOn,~and on cooling in a freezing
mixture it gave long needles. These were filtered off,
washed with a little light petroleum, and dried in an
evacuated desiccator. The crystals were qﬁite white,
melted at about 25°, and quickly turned to a brown

.01l on exposure. It would therefore appear to be



(2)

20,

acetone phenylhydrazone, and this was confirmed by
hydrolysis, acetone and phenylhydrazine being
identified.  The phenylhydrazine could not be purified
as hydrochloride, and wes therefore-oonvefted to its
benzylidens derivative which crystallised easilv.
Hence ths main products of tha rééotion
ware gemicarbazids and acstone phsaylhydrazona, while
acstons~d-anilinossnicarbazons was oaly formed to a
small sxtent. The hydrazodicarbonamids was doubtless

dus to the decomposition of some of the semicarbazide.

A similar resaction was carried ;ut using
benzene as a solvent, the benzens being refluxéi
vigorously for 34 hours, at ths end of which tias
anmonia wag still bsing svolved,

The‘large.quantity of ingoluble material was
filtersd off and idsntified as hydrazodicarbonamide.

Some of the benzens was rsmoved under reduced
pressurs; and on cooling the residual liquid, acatone-
d;anilinosemicarbazoﬁe SQDaratadvout'of solution to
the extent of about 5%.

The mother liguor was then fractionatsd under
roduced pressurs as in tﬁe previous experimsant, aad

acetone phenylhydrazons was again tha only product.



(3)

(4)

(B8)

This rsaction was carried out without ths
uss of a solvent, the materials being heated at 120-
130° for 11 hours.

The products wers found to be the same as

before, the yisld of d-anilinosemicarbazons being B%.

In the preparation of triphsnylrosanilias
by heating anilins and rosanilins, ammonia bsing
split off, the yield is inoreased by ths additisn of
benzoic acid which seems to act as a catalyst. Since
the rsaction is similar to ths one being tried, it
was thought that ths addition of benzoic acid might
incrsase the yield of §-anilinosemicarbazons.

The previous reaction was therefore repsated
with the addition of 0.5 g. of beanzoic acid, bub

the results wers the sanme.

since mainly rsplacsment had so far taksn

place, it was thought that an inorease in tempsrature

‘and ths previous heating of the reactants to that

temperature before mixing, misht raise the yield of
§-anilinosemicarbazone.
5.4 ¢g. of phenylhydrazine wers -therefors

added to a gently refluxing solution of 5.7 g. of




(8)

acetone semicarbazonse in 30 cos. of xylene. The
temperatura of the bath was maintained at 140°,
until the evolution of ammonia ceassd, the time
required being 3% hours.

On working up as before, the rsaction
products were the sams, the yield of acstonefa;
anilinosemicarbazone bsing slightly smaller,

namzly 3%,

The above reaction was repeated, using
a paraffin fraction B.P. 180-170°. The evolution
of ammonia ceased after % hour.:
| The products weres as befors, and the yield

of d-anilinosemicarbazons was 2%.-



Phenylhydrazine and Methyl'ethyl ketone

Semicarbazone

e g e

4.32 g, of phenylhydrazins, 5.18 g. of msthyl
ethyl ketone semicarbazons ( Scholtz, B, 1898, 29,
810 i and 20 cos.  of tolusns were heated under reflux
in a bath at 80-90° until an insoluble material
esmmenced to separate. This reguired about 4 hours
heating.

The insoluble was filtered off whils hot,
washed with toluene and recrystallissd from water,

As in the ocass of acetdne semicarbazone, it was
found to bs hydrazodicarbonanids,

The tolusns solution, on cooling, gave
erystals, which, after recrystallising and dscolour-
ising, were identifisd as semicarbazidse.

Most of the toluens was distilled off from
the mother liguor, undser reduced pressurs, and the
residual oil cooled in ice for three days, but no
more solid was obtained. It was therefors fractionated
at 100 mm., ( methyl ethyl ketone phenylhydrazone,
srnold, B.1897, 30, 1016, boils at 190°/100 mm. )
and the fraotion B.P. 188-192° collected. This was

L g



(2)

(3)

hydrolysed by boiling with dilute hydrochloric acid,
and a portion of the liguid distilled off, This was
found to contain methyl ethyl ketons by the nitro-
prusside test* ‘and by its odour, Phenylhydrazins was
found in the residual liquid, being separated and
identified by msans of its benzylidens derivativs as

in the case of acetonz pheanylhydrazons,

The above éxperiment was rspeated, the heat-
ing being continusd for 10 hours.

The products were mainly hydrazodicarbonanide
and methyl ethyl ketons phenylhydrazone. A little
semicarbazide was also produced, but no other

substancss were found.

'4.32 ¢, of phsaylhydrazine, 5.18 g. of the
semicarbazone and 5 cos. of toluene wers heated in
a bath at 130° for 4 hours. v

Tﬁe products were only hydrazodicarbonamide
and methyl ethyl ketone phenylhydrazons, no trace

of other products being found.

* As for acstone, page 18."




Phenylhydrazine and Methyl propyl ketone

Semicarbazons,

—— o v te

4.44 g. of phenylhydrazine, 8.00 g. of methyl
propyl ketone ssmicarbazons ( Bouveault and Bougsrt,
Bl. 1902, [Bi, 27, 10823 ), and 20 cos. of toluens,
were heated under reflux in a bath at 130°, for ¢
hours, Ammonia was evolved, and an insoluble product
separated.

This insolubls was filtered off, and found
to be hydrazodicarbonamide as in prsevious casss.

The tolusne was removed from the filtrafs
upder reducéd prassura and the oily rssidue coolasd
in ioe for about 40 hours. No solid separated, and
the addition of light petroleum produsced no precipi-
tate. The solvent was thersfors distilled off and
the residue fractionated undsr'reduoed prassure, A
fraction B.P. 188-193°/90 mm, was obtained, and was
found by hydrolysis to be methyl propyl ketone
pﬁenylhydrazone ( Pischer, A, 1886,'23§;}132').

No other products were obtained.

De



Phenylhydrazine and Diethyl ketone

Semicarbazone.

i e ot

4,0 g. of phenylhydrazine, 5.4 g. of diethyl
ketons semicarbazone ( Dilthsy, B, 1901, 34, 2122 ),
and 20 ccs. of tolusns, were hsated under reflux in
a bath at 1380° for 7 hours. Ammonia Wwas evolve&, and
a large quantity of insolubls material ssparated.

This insoluble subétanoe was filtered off,
washsd with a little hot btolusne, and found to be,
as in previous casss, hydrazodicarbonamide.

The toluesne was removad from the filtrats by
distillation undsr raduced prsssure, and to ths
residual oil was added twice its volums of light

petrolsum. On cooling in ice, a little solid was

obtainsd, and this was filtersd off andvreorystalliséd

from alocohol. Colourless plates, M.P. 180-182% ware
thus obtained, but the quantity was too small to
pernit of further investigation. The mother liguor on
standing, deposited more solid, and this-was filtered
off. On recrystallising from alcohol, 0.2 g. of
diethyl ketone-d-ani li.nosemi carbasone, -

Bt20:N-NH-CO-NH-NHPh, was obtainad in the form of

8.



white needles, M.P, 140-141°,

L]

found :- N = 24.18%.

i

G22H180N4 requires N = 23,93%,

0.1 g, of thes compound was hydrolysed by
boiling with dilute hydrochloric acid, and soms of
the liguid distilled off. Diethyl kstons was identified
in ths distillate by its odour and semicarbazons. The
residual liguid was taken to dryness under reduced
'pressure,-and ths residus identified as d-anilinosemi-
carbazids hydrochlorids by‘comparison with an
authsntic spacimen, aad by means of its benzylidsne
derivativse, Henos ths constitubtion of ths original
compound was proved.

The oompound wags fairly soluble in alcohol,:
and insoluble in light pstrolsaum. The yield was 2%,

The solvent was removed from the original
mother liquor,- and ths remaining oil distilled under
reducsd pressure. A fraction B.P. 130°/6 mm. was
obtained, and found by hydrolysis to be diethyl
ketone pheanylhydrazone ( Planoher, G. 1898, 28, ii,
387 ).

At



Phenylhydrazine and Methyl tert-butyl ketons

Semicarbazons,

3.8 g. of phenylhydrazine, 5.2 g. of the
gemicarbazons ( Carlinfanti, 3. 1897, 27, ii, 387 ),
and 20 ccs. of toluens, wsrs heated under reflux in
a bath at 130° till the evolution of ammenia ceassd;
this reqguired 7% hours.

The small guantity of insoluble material which
had formed, was filtered off and identifisd as bafore
a8 hydrazodicarbonamide,

Vost of tha tolusne was then ramoved uzder
reduced pressure, and the solid which separated on
cooling was filtered off and reorysballised from»

slcohol. Feathery needles wers thus obtained, and

these proved to be methyl tert-butyl betone-d-anilino=- ~

semicarbazone, Me(MesC)C:N-NH-CO-NH-NHPh, M.P. 179°..

Found :— N = 22.54%; 22.89%.

G14M200N4 requires N = 22.58%.

On hydrolysis with dilute hydrochlorioc acid, it dave
methyl tert-butyl ketone and f-anilinosenicarbazide

hydrochlorids, identified as before.

s



Tt was insoluble in water and 1light peirolsunm,
slightly soluble in cold alcohol, mors soluble in
cold benzsns, and sasily soluble in ethsr, hot
benzeng, and alcohol. It reduced Wahling's solution
aftsr considerable boiling, probably because of
hydrolysis, for the odour of thz ketons was quite
distinct. The yisld was 80%.

As the yisld of d—-anilinosemicarbazone was
largs, phenylhydrazone, if formed, could only be
pressnt in small gnantity. Hence instead of distill-
ing, it was dscided to rsmovs impurities which would
vitiate the results of hydrolysis. The mother liaguor
from the crude d-anilinossmicarbazons was therefore
treated with light pstrolsua till no more precipitate
was obtainsd, and the patroleum solution washed with
dilute acetic acid and water to remove unchanged
phenylhydrazine. The solvent was then distilled off
and the residual oil hydrolysed, methyl tert-butyl
ketone and phenylhydrazine being identifisd by the

usual means.



30.

Phenylhydrazine and cycloHexanone

Semicarbaszons,

3.8 g. of phenylhydrazins, 5.2 g. of the
semicarbazone ( Zeliasky, B. 1897, 30, 1541 ), ani
20 ccs.  of tolusne wsre heated undsr reflux till the
evolution of ammonia ceased; this regquired 4 hours
at 135°,"

The insoluble matarial producad, was filtered
off and found to bs hydrazodicarbonanids,-

The filtrate was cooled in ice and as no
so0lid was obtainsd ths toluene was removed undsr
reduced pressure, and ths almost so0lid residus washed
out with a little cold alcohol. On rscrystallising
from alcohol it gava a white amorphous mass ,~M.b; 194°,
of ocyclohexanone-d-anilinosemicarbazone,

~CHz:-CH2 -
SC:N-NH-CO-NH-NHPh.
CH&CHQ'CHQC N-NH-CO

Pound := N = 22.95%; 22.90%.

C13H180N4 reguirss N = 22.77%.

‘§1ightly soluble in hot alcohol, acetone, and
methyl ethyl ketone, from which it separated in an

amorphous form, it gave plates M.P. 192° from methyl
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alecohol, in which it was only slightly soluble. Wasily

goluble in pyridine, it crystallissd from a mixture of

aleohol and pyridine in plates, M.P. 199°.. A mixture

of ths two forms melted at 192°, The yisld was 127.
The alcohol was distilled off from tha mothar

liguor of the crude d-anilinosemicarbazone, and the

residual oil cooled in ice. The pasty solid obbtainad

was corystallised from aqusous alcohol, giving long

needlss, M.,P, 77-72°, Thess, on treating with hot

dilute sulphuric acid, gave tetrahydrocarbazole,

CH2 NH

s N~

CHz C .. .

i 1 s thus conforming to ths behavionr of

CHz C

~

CHz2 '

cyeclohsxanons phsnythdrazone under the same trestment-

_CHa | _CHa ¥H
CHz  C:N-NBPh CH2 gj :I ] + NHg -
GHz CHaz = QHz O
~
\Cﬂ CHa ‘ .

( Basyer, A. 1894, 278, 105 ). y .
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Phenylhydrazine and 1-Methyleyclohexan-2-ons

‘Semicarbszons.

3.21 ¢g. of phenylhydrazine, 4.88 g, of ths
semicarbazone* ( Zelinsky, B. 1897, 30, 1542 ), and
20 ocs. of toluene wers heated undsr reflux for 8
hours, in a bath at 130°. Ammonia was evolﬁed.

The insoluble matsrial was filtered off while
gtill hot, washed with hot toluene, and jidentified as
in other cases, as hydrazodicarbonamids,

The filtrate, on cooling in ioe,~depositei
‘crystals which after several crystallisations from

L,alcphol gave white neadles of 1-metkylcyolohexa;—?-one
d-anilinosenicarbazone, Gﬁégg::ggé

CHg

C:N-NH-CO-NH-NHEPH,

M.P. 182-183°., The yield was 10%.

Found ;- N = 21.54%.

C14H200N4 requires N = 21.59%."

" Tt was hydrolysed by boiling with dilute
hydrochloric acid, and a portion of the liguid

distilled off. This distillate was found to contain

*Por preparation of the ketonse ses appendix,~R;135
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1-methyleyclohexan-2-one by its odour and semi-
carbazone,The residual liguid was found to contain
d-anilinosemicarbazide hydrochloride, by the usual
methods.

The toluene was distilled off from the mother
liquor under reduced pressure, and the eily residus
cooled in ice. The crystals thus obtained wers
extracted with light pstroleum, and filtsred. The
residue was found to be J-anilinosemicarbazone. Ths
solvent was resmoved from the filtrate in an evacustad
desiccator, leaving a solid residue. By analogy with
previous experiments, this was expected to be 1-msthyl-
eyelohexan-2-one phenylhydrazons, but this compound
has been praviously dssoribed as an oil B.P. 204-2nKe/
30 mm. by Plancher ( R.A.L. 1900, 9, 221 ). The solid
nas rscrystallised from warm agueous alcohol, and
gave white nesdles M.P. 45-48° identical with a
preparsd specimen of 1-methyleycl5hexap—2-one phenyl-
hydrazons*. The compound quickly turned to a brewn

0il on exposurs,

* 3ee appendix, P. 138.
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Phenylhydrazine ahd Di-n-propY1 ketone

Semicarbazone

3.8 g, of phenylhydrazine, 5.7 g. of di-»-
propyl ketone ssmicarbazons ( Dilthey, B, 1801, 24,
21923 ), and 10 ccs. of tolusns, wers heated in a bath
at 130° for 5% hours. Ammonia was evolved, and an
insoluble compound separated.

This insolubls was filtsred off, washed with
hot toluene, and identified as hydrazodicarbonamide.

The filtrate was cooled in ice, but as
nothing separated, the tolusne was distilled off
ander rsduced pressurs, On cooling the residue ir ice,
crystals wers obtained, and the separation was s2id=d
by the addition of light petroleum. After filtering
and recrystallising from absolute alcohol, they gave
beautiful silky matted nsedlaes M.P. 152° whieh were
proved to be di-n-propyl ketone;o’-aniLinasemicarbgzone,f

( CHg-CHz-CHz)20:N-NH-CO-NB-NHPh.

Tound :—= N = 21.48%; 21.42%.

C14H220N4 raquires N = 21.88%.

On hydrolysis with dilute hydroehlorioc acid
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di-n-propyl ketone and d-anilinosemicarbazids hydro-
chloride were obtained, being identified in the
usual manner.

The compound wasg insoluble in water and light
petroleum, slightly soluble‘in cold alcohol, and very
goluble in benzsnsz, ether, aocetone, and hot alcohol.
The yield was 13%.

The solvent was rsmoved from the mother
liguor and the rssidual oil fractionated at 7 am. and
the portion boiling about 159° collacted - Qi-=-
propyl ketone phsnylhydrazons ( Arbusow, C. 1913,

2, 1474 ) has B.P. 159-160°/7 mm. The fraction
obtained was identified as di-s-propyl kstone phemyl-

hydrazone by hydrelysis.
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Phenylhydrazine and Diisopropyl ketone

‘Semicarbazone,

3,1 g. of phenylhydrazines, 4.9 g. of di-iso-
propyl ketone* semicarbazone**, and 20 ces. of
toluene, wers heated under rsflux in a bath at 135°
for 8% hours. Ammonia was evolvad, and no insoluble
product separated.

The solution on cooling depositsd erystels,
and these were filtered off and washed with a little
cold toluene. After two rescrystallisations from
absolute alcohol, colourless prismatic needles of
diisopropylhketone-Jd-anilinosenicarbazone,

[(CH3) 2CH] 2C:N-NH-CO-NH-NHPh, were obtained, M.P.

181°, The yield was 207%.

Found := N = 21.48%; 21.47%."

C14H220N4 requires N = 21.37%.

The compound was hydrolysed by boiling with

* The ketone was prepared from isobutyric acid
by the manganous oxide method of Sabatier
and Mailhe ( C.R. 1914, 158, 832 ).

** See appendix P, 138.



dilute hydrochloric acid, the liguid extraocted with
sther and separated. Diisopropyl ketone was
identifiesd in the ethereal extract by means of its
gemicarbazone, and d-anilinosenicarbazide hydro-
chloride was obtained from the agueous part by the.
usual means.

On concentrating the tolusne mother ligunr,
a little more d-anilinosemicarbazone was obtained.

No othsr products were found,

’

37.



Phenylhydrazine and Methyl benzyl ketone

Qemicarbazone,

——— —— e o —

8.8 g. of phenylhydrazine, 8.4 g. of methyl
benzyl ketone semicarbazons ( Wolff, Rock, Torentz,
and Trappe, A. 1902, 325, 148 ), and 20 cos. of
toluene wers heatsd under reflux in a bath at 137°
for 7 hours, Ammonia was svolvsd, and an insoluble
substance separated. '

This insoluble product was filtered off,
and identified as hydrazodicarbonamide as before.

The toluene was resmovsd from the filtrats
under reduced pressurs, and some light petroleun
added to the oily residue, After cooling in ice, 2
gsolid was obtained, and this was filtsred off and
recrystallised from alcohol. The resultant orystals
melted at 88°, and were extracted with hot light
pstroléum gince methyl benzyl kstons phenylhydrazons
( Wrenkler, A. 1888, 248, 110 ) melts at 83° and is
goluble in that solvent. The insoluble portion wes
filtered off and recrystallised from aleohol, giving,

finally, colourless glistening plates of methylbenzyls

38.



betone-b-anilinosemicarbazons, Me(PhCH2)C:N-NH-CO ‘NH'NH.Ph,
M.P. 171-172°. The yield was 13%.

Tound := N = 19,93%; 19.%0%.

C16H180N, requires N = 19.88%.

On hydrolysis with dilute hydrochloric acid
it gave methyl benzyl ketone and é-anilinosemi-
carbazide hydrochloride which were sepsrated and
identified as in the previous expseriment.

The petroleum filtrate from the erude d-
-anilinosemicarbazone deposited orystals on eooling,
and these after filtration were found to melt at 83°.
They were further proved by hydrolysis to consist

Qf methyl benzyl ketone phenylhydrazone.

39.



Phenylhydrazine and Benzylacstone

‘Remicarbazone,

2,7 g. of phenylhydrazine, 5.0 g, of benzyl-
acetone semicarbazone ( Klages, B. 1904, 37, 2312 ),
and 10 ccs. of toluene, were heated under reflux in
a bath at 125° for 8 hours. Ammonia was evolved, ‘and
a large quantity of insoluble matarial formed.

The insoluble was filtered off, washed with
toluene, and idsntified as hydrazodicarbonamids.

The filtrate was cooled in ies but nothing
separatad, and so the toluene was distilled off
under reducsd pressurs, The residue on cooling geve
erystals which were filtered off and recrystallised
from aleohol. Silky nsedles of benzylacetone-d-
anilinosemicarbazone, Me(PhCHa- GH‘Q)CtN-NH'd@NH' NEPh,

M.P., 162°, wers thus obtained.

Found :- N = 19.14%; 18.97%.

C;7H200N4 requires N = 18,92%.

Tt was insoluble in water and light petrcleum,

alightly soluble in cold alecehol, and easily solubls

40.
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in ether, benzene, and hot alcohol. Whils the first
crop separated in the form of needles, the substarce
came down from the mother ligquor, on standing, in
small plates of the same melting point. It turned
slightly yellow on standing, and was blackened by
boiling Pehling's solution though no reduction teck
place. The yield was 8%.

Tt was hydrolysed by boiling with dilute
hydrochloric acid giving benzylacetone and §— anilino-
semicarbazide hydrochloride, these being separated
and identified in the usual manner,

Unsuoccessful attempts were made to obtain,
from the original mother liguor from the orude d-
-anilinosemicarbazone, benzylacetone phenylhydrazors
in a solid condition - Schlenk ( J.Pr. 1908, ii,
78, 80 ) describss it as melting at 59°, All traces
of solvant wers therefors removed, and the residusl
0il hydrolysed. Benzylacetone and phenylhydrazine
were obtained, thus proving the presence of benzyl-

acetone phenylhydrazone,



Phenylhydrazine and Dibenzyl ketoﬁe.,

‘Bemicarbazones,

2.08 ¢g. of phenylhydrazine, 5.10 g. of
dibenzyl kstonz semicarbazons ( Senderens, C.R.
1910, 150, 1337 ), and 20 ccs,of tolusne, wers

heated in a bath at 130° for 4 hours, the evolution

of ammonia having ceassd aftsr that time. After about

% hour of heating, a white crystalline solid

comnmenced to separate, and by the time the reactioﬁ
was finished, an almost solid mass was formed.

This product was filtered off and recryst-
allissd from a mixture of alcohol and pyridine,

and gave a mass of white nsedles, ¥M.P. 205°, which

proved to be dibenzyl,ketone-é-anilinosemicarbazone,:

(PhCH2) 20:N-NH-CO-NH- VHPh.

Tound := N = 15.85%; 1B5.77%.

C22H220N4 requires N = 15,82%,

The compound was insoluble in water, lidht

petroleum, and benzene, and only glightly soluble

in the unsual solvents except pyridine and glaoial

42,



acetic acid . The yield was 90%.

On hydrolysis with dilute hydrochloric acid,
it gavs dibenzyl ketone and é-anilinosemicarbazide
hydrochloride, identified in the usual manner.

Since the semicarbazone, phsanylhydrazone,
and semioxamazone of this ketone sxist in dimorphous
forms, it was thought that the d-anilinosemicarbazone
might also possiﬁly give two forms, Attempts to
got different orystals by crystallising from dilute,
concentrated, cold, and hot solutions, eto., were
unguccessful, though some of the crops examined
under the microscope ssemed to comtain plates as
well as needles.-

No othar prodoncts were obtained on working

up the toluens solution.

a
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Phenylhydrazins and Acetaldshyde

Remiearbazons,-

5.40 ¢. of phenylhydrazine, E.05 d. of the
semicarbazons (Thiels and Railey, A. 1898, 303, 79),
and 30 ecs. of toluens, were heated under rsflux in
a bath at 130° for & hours, A little ammonia was
evolvad, the semicarbazone dissolvad gradually, and
an insoclubls product separated,

This insoluble matsrial was filtered off,
washed with a little hot toluens and extracted with
alcohol. The residue was found to be, as in previous
cases, hydrazodicarbonamids. |

The alcoholic sxtract was oconcentrated, and
finally gave crystals which wers identified as
anchanded acetaldehyde semicarbaszoans,

‘The toluesne was rsmoved from the mothsr
liquor under rsduced pressure, and the oily residue
cooled in ice till crystals were obtained, Thease
wers racrystallised from light petroleum, and gave
leaves, M.P, 59-80°; by recrystallising from alcohol,

the M.P. was raisad to 75°. This correésponds to the




behaviour of adataldehyde phenylhydrazone (T.aws snd
Sidgwick, J.C.8. 1911, 99, '2085). Tt was thersfore
recrystallised from 757 alcohol contaiﬁing a little
hydrochloric acid, and the product M.P. 58° was
identical with a prepared specimsn of the b form

of acetaldehyde phenylhydrazons,

No other products were isolated.-



Phenylhydrazine and n-Heptaldshyde

Semicarbazene,

4.3 g. of phenylhydrazine, 8.8 g. of the
semicérbazone (Semmler, B. 1909, 42, 1182), and 20
ece. of toluens, were heated in a bath at 1é5° for
8 hours. Ammonia was evolved during this period, and
an insoluble product séparated.

This insoluble material was filtered off and
identified as hydrazodicarbonamide.

The toluene was distilled off from the
filtrate under reduced pressurs, and a solid was
obtained by cqoling the residue in ice. This was
filtered off, washasd with light petroleum, and
'erystallised gsveral times from alcohol. Small white
lustrous balls of fine nesdles, M.P. 176%, were
finally obtained, and thess proved to be n-hepi-
aldehyde-g-anilinosemicarbazons,

CHg(CHz)sCHtN-NH~CO'NH~NHPh.'

Found 1= N = 21.46%; 21.55%.

C14H220N4 Tequires N = 21.37%.

Ths substancs was insoluble in light;petfoleum,




and sparingly soluble in cold alcohol. The yield
was K%,

_ The compound was hydrolysed by boiling with
dilute hydrochloric acid for a short time, and n-
heptaldehyde and d-anilinosenmicarbazide hydro-
chloride were separated and identified in the wvsual
mannser,

The solvent was digtilled off from the
filtrate of the crude d-anilinossmicarbazone and
the residus fractionatsd uadsr reducsed pressurs, A
frection E.P. 180-190°/14 mm, was obtained, and a
portion hydrolysed by boiling with dilute hydrc-
chloric acid. The odour of a-heptaldehyde could not

be detected, but phenylhydrazine was found. Hydrolysis

with dilute sulphuric acid for a few moments, however,.

revealed the presence of the aldshyde. Some n-hept-
aldehyde phenylhydrazone (Reisenedger, B. 1883, 16,
883) was prepared, and behaved exactly as the above;.

it gave R.P. 184-187%14 mm,



.Phenylhydrazine and Furfuraldehyde

‘Senicarbazone.,

—————— v~ —

3.8 ¢, of phenylhydrazine, E.1 g. of furfur-
aldehyde semicarbazone (Xndpfer, Monatsh, 1210, 31,
95), and 20 ccs. of toluene, wesre heated under reflux
in a bath at 128° for 10 boﬁrs. Ammonia was evolved
and an insolvble product separated.

The insoluble was filtered off, extracted
with alcohol, and found to be hydrazodicarbonemide.
Nothing was obtained from the alcoholic extract.

The ﬁoluene was removed under reduced
pressure, leaving & clear viscous mass which crystall-
iged by cooling overnight in ice, On recrystallising
from aqueous slecohol, yellowish plates ¥.P. 95-98°
were obtained. These were identified,. by compériSon
with an aﬁthsntic specimen, as furfursldehyde
phenylhydrazone (Fischer, B. 1884, 17, B74).

No other products were obtained.



«~Methyl-o-phenylhydrazine snd

Acetophenone Semicarbazone,:

- - — - - > —-—

3,87 g,:of a~m8thyl-o-phenylhydrazine, 5,10 g.

of acetophenone semicarbazone (Stobbe, A. 1899, 208,
128), and 17 ccs. of toluene, were heated undsr reflux
in a bath at 125-120° for 8 hours. Ammonia was
evolved, snd the semicarbazone gradually dissolved
to éive a Clear solutibn;

A s01id separated from the solution on cool-
ing, and this was Ffiltered off and washed with o
little cold toluene, giving an a2lmest white mass,
On crystallising from sbsolute alcohol it gave
colourless prisms of acetoshenone-d-methylanilino=

semicarbazone, Mef?hC:N-NH-CO-NH'NMe@h,‘M.i?. 198°,"

Found := N = 19,94%; 19.99%.

C16H180N4 requires N = 19.867%.

The compound was sparingly scluble in cold alcohol,
ether,.acetone, and benzene, moderately soluble in

cold chloroform, pyridine, glacial acetic acid, hot
alcohol and benzens, and easily soluble in hot

pyridine and glacial scetic acid. Tt was precipitated

49,



from solution in pyridine and acetic acid by the
addition of water, The yield, increased slightly by
working up the toluene mother liguor, waes 8F%, —
0.5 g.  of the acetophenone-dlmethylanilino—
semicarbazone was hydrolysed by boiling with 10 cecs.:
of dilute hydrochloric acid, under reflux, until a
clear solution was obteined; this necessitated &
miﬁﬁtes boiling. The solution was extracted with
ether and separated. The ethereal part was distilled
free from ether and the residuval oil identified as
acetophenone by its odour and semicarbazone. The
aqueous portion was‘téken tc dryness under reduced
pressure, and the semi-oily residue treated with
ether, thus cavsing it to become guite golid. The
g0lid wag then washed ocut with ether and dissolved
in absolute alcchol in which it was found to be
rather éoluble.'On adding dry ether or light petrol-
eum to the solution, d-methylanilinosemicarbazide
hydrochloride, PhMeN-NH<CO+NH-NH2,HCl, was precipitated
sometimes as a white solid, ¥.P. 181°, and sometimes

58 an oil which solidified on standing and scratching.

25, 81%.

Found - ¢l = 16.231%; N

i

C180150N4C1l requires Cl = 16.88%; W



An attempt was made to prepare the base d-

methylaniltinosemicarbezide from its hydrochloride,.

by dissolving 0.2 g. in a little absolute alcohol
and‘adding the theoretical gquantity of sodium
ethoxide, The precipitated sodium chloride was
filtered off and the filtrate concentrated to a
pasty mass in an evacuated desiccator. On treating
this with chloroform the odour of carbylamine wasg
noticed, showing that decomposition must have

taken place, and so the attempt was given up.




o a~Diphenylhydrazine and Acetophenone

Semicarbazone.:

5.00 g. of aa-diphenylhydrazine, 4,90 g.
of acetophenone semicarbazone, and 20 ccs. of toluene,
were heated under reflux in a bath at 135-140° for
8% hours, Ammonia was evolved during that period,
and the semicarbazone seemed to dissolve dradually
and be replaced by small colourless crystals.

After cooling, the product was filtered off,.
washed with alcohel in which they seemed to bs
almost insoluble, and recrystallised from a mixture
of pyridine and alcchcl. Thick colourless hexagonal
plates of acetophenone-d-dishenylaninosenicarbaszone, .

MePhC:N-NHeCO-NH- NPhz, M.P. 2838-237°, were thus

obtained."

Found :— N = 18.231%; 16.35%.

C21Hz00N4 requires N = 16.28%.

The compound was insoluble in ether, alcohol, and
benzene, and easily soluble in hot pyridine and
glacial acetic acid. Tt gave a blueish-green colour |

with concentrated sulphuric acid, and was not acted



upon by Fehling's.solutiOn or copper sulphate; The
yield, increased slightly by concentrating the
toluene mother liquor, was 00%.

1.0 g." of the scetophenone-d-diphenylamino-
semicarbazone was boiled with 40 ecs, of 124 hydro;
chloric acid for 2 hours, The unchended substance |
was filtered off and the filtrate extracted with

ether and separated. The ethereal part was found to

contain acetophenone by the usual means. The agueous

portion was taken to dryness under reduced prassure
and the residue washed out with ether, Tt was
extracted with a little hot sbsolute alcohol and
filtered, The residue, the amount of which was
small, was converted into its benzylidene derivative
which was found to be benzal azine, and so ths |
residue must have been hydrazine hydrochloride. Dry
ether was added to the filtrate from the hydrazine
hydrochloride and the precipitate filtered off., Tt
was of a ¢reenish colour, was very soluble in water,
and proved to be a hydrochloride. Instead cf trying
fo purify this hydrochloride, as the presence of the
hydrazine hydrochloride showed that the hydrolysis
had gone further than desired (Cf. d-anilinosemi-
carbazide hydrochloride. page 5), it was converted

into its benzylidene derivative, these compounds



being usually easily purified.

This benzylidene derivative on crystallising
from alcohol gave white silky needles,'M.@.*234—285°.:
of benzylidene-d-diphenylaminosemicarbaszone,

PhCH: N+NH-CO«NH: WPha.

Tound :- N o= 17.02%,

C20H180N4 requires N = 168,97%."
Tt was inscluble in light petroleum, slightly
soluble iq ether, and moderately soluble in boiling
alcohol, Tt gave & blueish-green colour with |

concentrated sulphuric acid.




p-Tolylhydrazine and Acetone

Semicarbazone,

T o v

5.0 g. of p-tolylhydrazine, 5.0 g. of
acetone semiCarbazoﬁe, and 20 ccs. of toluéne, were
heated under reflux for ¢ hours in a bath at 135°.
Anmonia was evolved, and an insoluble product
formed during the course of the reaction.

This insoluble was filtered off, washed with
toluene, and idsentified as hydfazodioarbonamide.

A little 1ight petroleum was added to the
filtrate which was then allowed to stend in ice with
occasional scratching for two days. The solid thus
obtained was filtered off, and after two crystallis-
ations from alcohol melted at 188-18¢°, Ry further
recrystallisation from alcohol and benzene, the
melting point wes raised to 175-178°. The substance
was probably acetone-d-p-toluidinosemicarbazone,

MegC:N-NH+CO-NH-NH+CsHy* CHz.

_ Pound - N = 24,98%; 24.8F%.

C11H160N4 requires N = '25.48%,

The experiment had to be repeated to obtain

m



-

gufficient for the second analysis,: and on account
of the small yield (9%, crude) it was decided not
to proceed further with it.

The toluene was distilled off under reduced
- pressure from the mother liguor and the oily residue
ocrystallised by cooling in ice. On recrystallising
from 1ight petroleum, yellow crystals of acetone-s-
toiylhydrazone (Raschen, 1887, 239, 227) were
obtained, being identified by hydrolysis into
ascetone and p-tolylhydrazine.

.
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ufMethyl-q~pheny1hydrazine and Acetone

Semicarbazone,

5.00 g.  of the hydrazine, 4,71 g. of acetone
semicarbazone, and 20 ccs. of toluene, were heated
under reflux in a bath at 135° for 8 hours. Ammonia
was evolved, and an insoluble product separated.

The insoluble material was filtered off,
washed with a little hot toluene, and identified as
hydrazodicarbonamide,

The toluene filtrate, on cooling, deposited
erysteals which were filtered off and recrystalliSed
from alcohol. Flongated masses of diamond plates,
M.%.‘194°; were thus obtained, and these were
identified as acetone-S-methylanilinosemicarbaozone,

MezC:N-NH-CO-NH-NMePh,"

Found :- N = 25.58%; 25.48%.

- C11H160N4 requires N = 25.45%.

Tt was sparingiy soluble in ether, cold alcohol, -
and hot water, and moderately soluble in hot alcohel.
Tt reduced Wehling's solution slightly on boiling,.

and was unaffected by oopéer sulphate. The yield



was 52%,

The toluene was distilled off from the
mother ligquor under reduced pressure and light
petroleum added to the oily residue. The solid
which separated proved to be more acetone-d-methyl-
anilinosemicarbazons, The solvent was removed from
the mother liguer and the residual qil distilled
under reduced pressure, but the gquantity was too
small to determine the boiling point., The distill-
ate was hydrolysed and qoetone and a-methyl-a-
phenylhydrazine identified by the usual means,
thus showing the presence of acetone methylphenyl-

hydrazone.-
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a.a-Diphenylhydraz1ne and Acetone

Semicarbazone.

G.Bi g. of aa.diphenylhydrazine, 3.83 g..
of acetone semicarbszone, and 20 ccs, of toluene,:
were heated under reflux in a bath at 135° for 7
hours. Ammonis was svolved and the semicarbazone
dissolved gradually to give a clear solution.

The toluene solution deposited crystals on

eooling énd-these were filtered off. On recrystall- .

ising from alcohel, needles éfvaae%one-J-dibhgnyl;
aminosemicarbaszone, MeaC: N.NH-CO-NH-NPha, M.P.-

188-187°, were obtained.

Found := N = 19.98%; 19.88%.

C16H280N, requires N = 19.868%.

The needles on standing in cold alcohol were
converted 1nto colourless prisms of the same melt-
ing point, and this qhange was greatly accelerated
by heat, There was no depression of melting point
on mixing the two forms. The compound gave a pale
blueish-green colour with concentrated sulpbhuric

scid, and a very deep blue colour when the acid

On



oontained a trace of nitric aecid.  With copper
sulphsate solution, an alcoholic golution of ths
compound gave a pale light blue colour which
gradually changed to a violet purple, very like
dilute permanganate, Ferric chloride gave a
similar permandganste colour much more rapidly.
The colour of the solution with copper sulphate
was unaffected by boiling, whereas that with
ferric chloride was changed to a brownish-red.
By distilling off the toluene from the
mother liguor, under reduced pressure, and adding
aleohel to the residue, s little more of this
compound was obtained. The total yield was 80%,

and no other products were found.
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¢-Tolylhydrazine and Renzylacetone

Semicarbagzone,

———— — a— —

3.05 g." of p-tolylhydrazine, E.13 ¢. of
benzyiaeetone semicarbazone (Xessler and Rube, R.
1912, 45, 29; by the reduction of benzylideneacetons
semicarbazone), and 20 ccs. of toluene, were heated
pnder reflux for 9 hours in a bath at 135°, Ammonia
wags evolved and an insoluble product separated.

The insoluble materisl was filtered off,
treated in the usual amnner, and identified as
hydrazodicarbonamide.

The toluense fiitrate was cooled in ice and
the crystals which separated after 24 hours were

filtered off and recrystallised from alcohol. Pale

vellow needles of benzylideneacetone p-tolylhydrasone, .

Me(PhCH: CH)C* N -NH-C6H Me, M.P. 172-174°, were thus
obtained, showing that the method of preparation

of the semicarbazone wag not altogether gsatisfactory.
'It.was ijdentified by comparison with an authentioc

specimen*,

* gSee appendix, P. 139.

.




The toluene was removed from the mother
liguor by distillation under reduced pressure, and
the residval o0il cooled in ice till it crystallised.:
After several corystellisations from light petroleun,.
a ecrop of crystals M.P, 74-78° was obtained, and
this appeared to be benszylacetone p-tolylhydrazone,

Me(PhCHz2-CH2)C:N-NH-CgHy- Me,

Found :< N = 11.927%.
C17Hz0Nz requires N = 11.11%.

It quvfurther identified by hydrolysis with dilute
hydrochloric acid, benzylacetone and s-tolylhydrazine
being separated and identified in the ﬁsual manner,
The compound was rather unstable, turning, on
exposure, to a reddish oil, and decomposing even

in solution.




a—Methyl—q-phenylhydrazine and

Benzylacetone Semicarbazone,:

e . = -

4,07 ¢, of d-methyl-d-phenylhydrazine,
8.82 g, of benzylacetone semicarbazone, and 14 cecs,-
of toluene, were heated under reflux for 7 hours in
a bath at 135°, & oonsiderable_evolu£i0n of ammonia
occurred, and practically no inséluble material was
formed, |

The solution was cooled but.no cryétals
were obtained, so the toluene was distilled off.
under reduced pressure.’ The clear viscous o0il thus
obtained did not crystallise on freezing, so it ﬁas
dissolved in ether and the solution evaporated in a
vacuum desiccator. The solid thus formed was extracted
with alcohol, a little insoluble substance, ¥.P.
2183°, being left: the Quantity was too small to
pernit of further treatment.- The alcoholic solution
on cooling deposited crystals of benzylacetone-4-
methylanilinosemicarbacone,
Me(CsHaCHz- CH2)C:N-NH-CO-NH-NMePh, in the form of

acicular rosettes, M,P, 11R°

n
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Found :- N = 18.09%; 18.192%.

0180220V, requires § = 18.08%.

The yield was 65%, and no other products wers

obtained,




a-Methyl-a-phenylhydrazine and

n-Heptaldehyde Semicarbazone.:

——— -t

4,07 g. of a~-methyl-a-phenylhydrazine,
5.70.g.'of n-heptaldehyde semicarbazone, and 20
.ccs, of toluene, were heated under reflux in o ‘
bath at 135-140° for 7 hours. A little ammonie
was evolved,

The insoluble substance which separatéd
during the reaction was filtered off while hot
and washed with a little hot toluene. Tt was
identified as hydrazodicarbonamide.,:

As nothing separated from the toluene
golution on cooling, the solvent was distilled
off under reduced pressure and light petroleum
added to the viscous residual oil.  Only a very
small quantity of solid separated, and this was
filtered off; it was not treated further, The
solvent was distilled off from the filtrate and
the residuval oil washed with dilute acetie acid
and water, extracted with ether, and dried over

anhydrous potassium carbonate, The ether was



then removed and the o0il fractionated under reduced
pressure., A fraction B.P. 189-172°/5 mm.  was
obtained and this proved to be N-heptaldehyde

methyldbhenylhydrazone, CHq(CHz)sCHiN'NMe@ﬁ;

S 12.78%,

Tound s~ N

C14Hz2N2 requires ¥ = 19,847,

It was an almost colourless liguid which did not
reduce Fehling's solution on boiling. On hydrolysis
with-dilate hydrochlorie acid it gave the aldehyde
and methylphenylhydrazine hydrochloride,: both

being identified‘in the uwsuval manner,

B8
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a-Carbethoxy-a-phenylhydrazine and

Acetophenone Semicarbazone.:

8.0 g of a-carbethoxy-a-phenylhydrazine
(Rupe and Gebhardt,-B.'1899, 32, 11), 4.9 g. of
‘acetophenone semicarbazone, and 15 cos.' of toluene,
were heated in a bath at 135°, The boiling tube
containing the reactants was fitted with a reflux
condenser, the top of which was joined to a wash-
bottle containing a little dilute sulphuric acid,
and the wash-bottle was attached to the pump and a
Qery slight suction maintained., Ammonia was soon
evolved, and after about 4 hours heating the ssmi-
carbazone had all dissolved. About 5 hours later,

a white substance commenced to separate, and after
about 10 hours heating the evolution of ammonia
ceased, .

The liquid in the wash-bottle was distilled
and the firet small quantity eof distillate tested
for alcohol but none was found, Some of the toluene
was then distilled off, extracted with water and

the aqueous part tested for alcohol, but without



guccess,”

_After cooling, the product was filtersd off
and recrystallised from alcohol, giving acetodhenone-~
S-carbethoxyanilinosemicarbaszone,
MePhC:N-NH-CO-NH-N(CO2Et)Ph,in the form of white

rosettes of scicular plates M.P. 192°

[
i

found = N = 18.48%; 18.50%; C = 83.36%; U = 5.90%.°

C18H 200484 requirses ¥ = 16.47%; C

83.53%; ¥ = B.88%.

The acicular plates on standing in contact with
their mother liguor or alcohol gradually changed
into thick colourless plates of the same melting
point, and these on recrystallisation frbm alcohol
were converted t6 aoiéular.plates.'A mnixture of
the dimorphous forms showed no.depress{on of melt-
ing point.

1.0 g. of the substance was hydrolysed by
boiling with 20 ccs. of dilute hydrochloric acid
for 4 minutes, ® clear solution with a little oil
on top being obtained. A portion of the liguid was
distilled off, the distillate gseparated from the
0il and tested for alcohol but none was found. The
oil was identified.as acetophenone by its odour and

semicarbazone. The residual liquid was extracted



with ether ﬁo remove the acetophenone still remain-
ing, separated, and the agueous part taken to dry-
ness uvnder reduced pressure. The residue was washed
ouvt with ether and dissolved in a little hot
absolute alcohol. Tt did not crystallise and was
therefore precipitated by the addition of ether,
separating as a white amorphous solid M.P. 120°.
Several attemps were made to crystellise this

compound, identified as S-carbethoxyanilinosemi-

carbazide hydrochloride, Ph(COzEt)N~NH-CO'NH'NHQ,HCl,but

were wnsuccessful.:

Found*: - cl = 12.86%; 12.89%,
C10H1505W4C1 requires Cl = 12.91%.

A benzylidene derivative, benzylidene-§-
carbethoxyanilinosenicarbasone,
PhOH: N-NH-CO-NH-N(CO2Ft)Ph, was prepared in the
usval manner from the hydroehloride., It erystall-
ised from alcohol in white silky needles M.P. 158°

with decomposition.

Pound :- N = 17.00%; 17.06%.

C17H1804N4 requires N = 17.18%.

* By Volbard method.
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" As it was desired to split up the 4~
carbethoxyanilinosemicarbazide hydrochloride into
alcohol, hydrazine, and phenylhydrazine, in order
to prove its constitution, about 2.5 g. were boiled
under ref;ux with 80 cos. of concentrated hydro-
chloric acid for 2 hours. The uncondensed products
were led into a wash-bottle ccntaining water.

Portions wers distilled from the acid
solution and the liquid in the wash-bottle and
tested for alcohdl, but none was found.

The residval liguid from the hydrolysis
wag taken to dryness under reduced preésure and
the solid dissolved in hot alcohol. On coolind and
concentrating in vacvo, a small amount of a
sparingly soluble compound separated, This was found
to be hydrazine hydrochloride by its melting boint
and by its benzylidene derivative.

The alcoholic mother ligquor was further
concentrated. and another crop obtained. This was
filtered off and extracted with a 1ittle absolute
alecohcl, and filtered fres from a little hydrazine
hydrochléride.'The solution was evaporated to small
bulk as no orystals ocould be obtained, diluted with

water, and aAbenzylidene derivative prepared after



adding potessium acetate to remove the strong acid.
This was recrystallised and identified as
benzylidene-d-oarbethoxyanilinosemiCarbazone, thus
showing the presence of d-carbethoxyanilinosemi-
carbazide hydrochloride.

The mother liguor was now taken to dryness,
and the residue proved to be more S-carbethoxy-
anilinosemicarbazide hydrochloride, being idéntified
by its benzylidene derivative as above,:

\ Since the above experiment had proved
unsuccessful, 1.5 g. of the J-carbethoxyanilino—
semicarbazide hydrochloride were refluxed with 30
ccs, of B0% potassium hydroxide, Ammonia was
évolved, and after that had ceased a portion of
 the 11@uid Was»distilled off and tested for alcchol
buﬁ none was found,

About 2 ¢. of the hydrochloride were thepe-
fore distilled slowly with 40 ccs. of 40% sulphuric
acid. Alcohol was detected in the distillate by
means of the iodoform test, After distilling off
about a third of the liguid, it was allewed to cool
and the orystals which separated out were filtered
off. These were dissolved in water and a benzyl-

idene prepared in the ususl manner. This was
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identified as benzal azine by comparison with an
authentic specimen. Caustic soda was added to the
-mother liqudr to pgrtly neutralise the‘acid, and
the precipitated bisvlphate filtered off. The
filtrate was treated with potassium acetate and
benzaldehyde, the product being identified as
benzylidene phenylhydragzons. Conssqusntly the
products of hydrolysis were alcohol, hydrazins, and
phenylhydrazine, thus proving the constitution.-

An attempt was made to split off alcohol
from acetophenone-d-carbethoxyanilinosemicarbazone,.
thus giving the acetophenone derivative of 4-phenyl<
1-aminourazole (which was expected from the reéctibn
described on @;‘67), by heating it above its melt-
ind point. 1.0 g. of the compound was heated at
185° for 1% hours.  The molten mass set on cooling
to a clear resin which was dissolved in alcohol.:
Yellowish crystals separated from the solution, and
after filtration they were extracted with hot light
petroleﬁm and filtered. The residue after recryst-
glliging from'alcohol was found to be unchanded
starting material. The petroleum solutien on
cooling ¢ave yellow plates M.P. 121° which were

found by hydrolysis to be methyl phenyl ketazine.



The experiment was repeated, heating
being carried out at 200-905° forl4 hours. The
melt was treated as before, and the only product
identified was methyl phenyl ketazine. A small
quantity of an insoluble substance ¥.P.  938°

was also isolated, but not identified,:
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Phenylhydrazine and Acetone

Thiosemicarbazone,:

——— o -

4.32 4.  of phenylhydrazine, 5,24 g, of

acetone thiosemicarbazone ( Freund and Schander, B,

1902, 3B, 26804), and 2C ccs. of toluene, were

heated under reflux for AL houvrs in a bath at 13K°.

A little ammonia was evolved, and a change in the
form of the crystals suspended in the toluene
appeared to take place. The mass of crystais was
stirred up after an hour to ensure a greatet
surface.-
| The undissolved material was filtered off
while still hot, and washed with a little hot
toluene.  The product melted at 182°, and this was
unohanged by recrystallisstion ffom aléohol.'Tt
‘was identified as thiosemicarbazide by comparison
with an authentic specimen.

| The first crop deposited from the toluene
on cooling was recrystallised from alcohol and
then from water, The crystals so obtained melted

at 179° which is the melting point of acetone
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thiosemicarbazone, and it was identified as such
by comparison with an authentic specimen,-

The toluene was removed from the mother
liquor by distillation underireduced pressure, and
a few crystale separated from the 0ily residue on

cooling in ice.' These were filtered off but the

guantity was too small to permit of identifioation.'l

The filtrate was fractionated under reduced
preésure, and o fractiom R.P. 139-142°/17 mn. was
obtained. This was shown.to be acetone phenyl-
hydrazone by hydrolysis, acetone and phenylhydrazine
being identified in the usual manner.

No other products were isolated.
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Phenylhydrazine and Acetophenone

Thiosemicarbazone.:

2.70 g. of phenylhydrazine, 4.82 g. of
acetophenone thiosemicarbazone (Neuberg and Neimann,.
B. 1902, 85, 2052), and 20 ccs. of toluene, were
heated under reflux for § hours in a bath at 135°.
After about % hour a clear solution was obtained
and in about 1 hour a2 white crystalline solid
commenced to separate out, The odour of ammonis and
gometimes that of hydrogden sulphide, was noticed. A
vellow distillate, probably a polysulphide of
ammoniuﬁ, formed in the condenser.

After cooling overnight, the crystals were
filtered off, washed with alcohol, and recrystallised
from alcohol. Glistening plates M.P. 177-178° were
thus obtained., These were recrystallised from water
and then melted at 182°, and were identified‘as
thiosemicarbazide by comparison with an authentic
specimen,-

The toluene was removed from the mother
~liaquor by‘distillatiOn under reduced pressure, and

the rather resinous residue cooled in ioce till it
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orystallised. Tt was dissolved in hot absolute
alcohol and the product obtained on cooling was
obviously a mixture of yellowish crystals with an
orange coloured amorphous substance. The mixture
was extracted with a little cold carbon disulphide
and filtered.'The residve was the orange coloured
substance,M.P.‘171—172°, but the quantity was too
small to permit of further treatment.

' The carbon disulphide was removed from the
filtrate in a vacuoun desiccator and the residue
recrystallised from aloohol.'Aimost white crystals
M.P. 104-10K° weres thus obtained and they were
ideﬁtified as aoetophenone phenylhydrazone by their
behaviour and by comparison with an authentic

specimen* (Reisenegger,-B.'1888, 18, BB2).-

* Acetophenone phenylhydrazone was found to give
coloured solutions with some halogen-contalning

solvents, See appendix P.-



Phenylhydrazine and Dibenzyl ketone

Thiosemicarbazons,:

o g e -

1.80 ¢. of phenylhydrazine, 4.72 g. of
dibenzyl ketone thiosemicarbazone ( Appendix P. 122)
and 20 ecs. of toluesne were heated under reflux for
4 hours_in a bath at 130-135°,- Some ammonia was
evolved and towerds the end of the reaction some
hydroden sulptide was formed. Crystals separated
from the clear solﬁtion during the reaction.

These crystals wsrs Filtersl off, washsad
with a littls hot toluene,»aﬁd recrystallisad from
alcohol. Crystals ¥M.P. 1399° wers obtainsd, and wers
identified as thiossmicarbazids by comparison with
an authentic spscimsen,

The tolusnz filtrats was cooled in ics
and the crystals which separated wers filtersd off,
washad with toluens and racrystallissd fron alcohol,
and then from light petroleum. Needlss M.P. 128-129°
were thus obtainsd, and thsse provsd to bs dibenzyl
ketons phenylhydrazone (Francis, J.C.S. 1899, 75,
888), being identifisd by comparison with an

authentic spascimsn. The second crop of orystals
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fron the alcoholic mothar liguor of the orude
dibenzyl ketons phenylhydrazons, aftar savéral
recrystallisations from alcohol, melted at 185-188°,
and was found to be unchangad dibsnzyl ketons
thiosemicarbazons,

The tolusne was removed from the mother
liguor under rsducsd prassurs, ths residus cooled
in ice'and feorystallisad from alcohol, but only

moré dibenzyl ketons phenylhydrazone was found,




Attempts to Synthesiss

§-Anilinothiosemicarbazide

(1) from Hydrazine Phenyldithioocarbazinatas.

- 17 ¢. of hydrazins phenyldithiocarbazinate
(Tosanitech, J.0.9, 1921, 119, 785) and the thsoretical
quantity eof freshly przcipitatsd 1sad carbonats were
suspendsd in 250 cos. of water and stirred vidorously
for 1% hours. As no appreciable darkening of thé
lesd carbonats was taking placs, the temperature was
slowly rsised to AD° and maintained at B0-70° for
a further period of 1% hours.

The quite black solid was filtered off and
extractad with water, alcohol, and finally with acetic
acid. Nothing was obtained from these sxtracts, The
filtrate was‘cooled in ices but nothing separated
out, and thersfors ths solution was concantratad
under reduced prassurs till a solid formed, After
cooling, this was filtersd off and recrystallisad

from water. Tt ssparated first as an oil and



crystailised on cooling further; ths product ﬁelted
at 183—184°. Tt was rscrystailissd FProm absolnts
alcohol giving colourlsss glistsning leavass ¥. 0D,
138°, Wurther’orystallisatién raisad ths meltinsg
- point to 149° but the substance then looked less
pure. An analysis of ths crop M.P, 138° was carcied

out as the gquantity did not permit of further tresat-

ment,
Tound :- N = 29,147%,
§-Anilinothiocseaicarbazids raquires N = 30.77%.

The mothar liguor on furthsr concentration
gave more crystals, and thsse wers filtersd off
and rscrystallssd from water., A product ¥.P. 139°
with decomposition was thus obtainazd, and this was
convertad into its bsnzylidsas darivativs by boil;
ing with benzdldahvda in alcoholic solution.:
Yellowish nsedles M.P., 192-194° gaparated on cooling
and thase were identified as dibesnzylidene thiocarbo-

hydrazone by analysis and by comparison with an

authentic specimsen.

19.88%."

Found - N

12.85%.

]

C14H14N4S requirss N

Hence: the coampound ¥.P. 189° was thiocarbohydrazide,



(NHz-NH) 2CS,

The mothsr liguor from ths cruds thiocarbo-
hydrazide was then tresated with benzaldehyds and
the product aftsr pourification was identified as
benzylidene phenylhydrazons, thus showing ths presencs
of free phenylhyirazins.,

No othar nroductis wars isolatsd,

The experimant.was repsatad, hsating bsaing
carrizd out on a boiliﬁg water bath for 1 hour, but
the same rasults were obtainzd with ths exception
that no substancs melting at 138° was found,

. Anothar experiment was tried using litharge
instsad of lead carbonate, 15 g. of the salt, 20 g.
of lithargs, and 150 ccs., of water, besing heatad at

© B0-80° for % hour. On working up as before, a large
guantity of unchangsd salt was obtained, and the

attempt was abandoned.

(2). From Thiocarbohydrazide and Anilins.-

0.74 g. of thiocarbohydrazide (Stelle and



X

Bowles, B. 1908, 41, 1099), 0.85 g. of aniliae;
and 20 cos. of tolusna, wers heated under raflu&
for 4 hours at 130-135°,

‘The so0lid was filtered off and found to be
unchangad thiocarbohydrazide,

The expsrimsnt was thersfore rspeated
using xylene, ths bath being heated to 185°.
Ammonia was evolvaed and also some hydrogen sulphide,
and what appsarsd to bs sulphur separated out.
Aftar 2 hours the insolubls material was filtersd
off, extracted with watesr, and a besnzylidsne
derivative prapared from the extract. This melted
at 198—194; and was probably dibesnzylidens thio-
carbohydrazons (which melts at 193-194° - Stolle
‘and Bowles, R. 1908, 41, 1100). The toluens mother
liguor gave a littls of a compound, M.P. 172°,
which was not identifiesd, on account of the smalli

guantity.



PART T

The THERMAL DECOMPOSITION of the

& - AVTNOSEMICARBAZONES, -




Tntroduction and Theoretical,

———————

Tt was shown by Scholtz (R. 1898, 29, 811),
RBorsche (B. 1901, 34, 4297), and others, that semi-
- ecarbazones dscompose on heating to give azine and

hydragzodicarbonamida, thus =

RRTC:N-NH-CO-NF4 RR'C=T NE-CO*NH2
+ = +
RR'C:N-NH-CO-NHz RR'C:N  NH-CO-NH2

curtios and Rurkhardt (J.Pr. 1898, [2], 58,
993) further found that §-—phenylsenicarbazide
decomposes on heating, giving hydrazinse and hydrazo-

dicarbonanilide, according to the equation

1,  NH.CO-NHPh
+

NHz-NH-CO-NHPh !
H, NH+CO:NHPh

=

=

2 —

+ .
NHz-NA-CO-NHPD

From thoss results it was thought that the
§ ~aminossmicarbazones would decompose on heatiag to
| give azine and a substitauted hydrazidicarbon-

hydrazide, thus .-

RR*C: N-NH-CO-NH-NHR"  RR'C:N NH-CO-NH-NHR"

* + )
RR'C:N-NH-CO- NH- NHR" RR'C:N NH-CO-NH-NHRY




When, however, benzophenone-J-anilinosemi-
carbazone was heated at 180-185° for 3 hours,
besides some unchanged é-anlllnossmloarbaZOﬁ
bcnzophan01° carbohydrazona, (2), and an uncryst-
allisable resinous product were obtainsd. The resin
gave colours with oopper'éulphate and ammonia
similar to those given by diphsayloarbohydrazide, (1),
Hence ths reaction would appsar to have followed the

_ course shown by the equation

thC=N-NH°CO-NH-NHPh Ph2C:N-NH_ _NH-NHPh

i + ”O + OC
thczN-NH»CO-NH'NHPh PhaC:N-NH “WE-NHPR
1 g

When the heating was carrisd out at a higher temp-
erature and for a londer pesriod, the only product
identified was benzophenons vhanylhydrazone. This
must therefore have bsen fofmed by the intesraction
of the benzophsnons carbohydrazons and ths diphenyl-
carbohydrazide., To test this supposition, squi-
molecular quantities of the carbohydrazone and
diphenylcarbohydrazids were heated in a manner
similar to the d-anilinosemicarbazone, and the
products wars benzephanonse phenylhydrazone and N-
aminourazole, thus agresing with the thesory. Thse

interaction is shown by the sguation

87.

(1)



C

$+% = 2 PhaC:N-NHPh + B 3 - N2 (2)
H—G0

z—

A1l the other J-anilinosemicarbazones on
heating gave ths phenylhydrazons and N-aminourazole,
and sometimes also a little azine. This latter was
presumably formed by the partial decomposition of
ths intermsdiats carbohydrazons according to the
gocheme shown by Rrown, Picksring, and Wilson, (J.C.S.

1927, 131, 108) -

| o
RR'C:N- NH-CO- NH+N:CRR' RRTC:N  NB  W-Nf»
+ = 2 [ + | | (3)
NH——C0

RR'C:N-NH-CO-NH-N:CRR' RR'C:N

¥hen acetons carbohydrazons and diphanyl-
carbohydrazids wers heated todgethar in equimolar
quantities, acetons phenylhyvdrazons, N-aminourazole,:
and dimethyl kstazine were formed, thus showing
that reactions (2) and (3) takse pl#cs at the same
time.,

When acetonaz-4-diphenylaminosemicarbazone
was heaied above its melting point, it decomposed
and davs ﬁetraphenyldarbohydrazida,»N~aminourazolé,
dimethyl ketazine and acetons diphenylhydrazons,

thus conforming to the behaviour of the {-anilino-



semicarbazones,
Conssquently we may say that in gensral,
d-aminossmicarbazonss dscompose on heating, in two

stadges, according to the equations

RRTC:N-NH-CO-NH-NR"R™  RR'C:N-NH, SNH-NRWR™

+ = Co + OC\
RR'C:N-NH-CO-NH-NR"R™ RR'C:N.NH/ NH.NRWRY
3
G0

5 RRTC:N-NR"R" + NE N Nfs

NH——CO

-and usuélly the intermediats carbohydrazons, (%),
decbmposesvto a certain extent at the same tims as
reaction (2) is taking place, according to eguation
(2) on pagse 288.

The compounds actually isolated would sesm
to depend on thas temperature at which ths rsaction
is carrisd out and on ths relative stability of the
products of ths different stages; the reéotion
tenperature is of course limited by the melting point
of the d-aminossmicarbazons. ®.d., benzophenons
carbohydrazone was the only carbohydrazons isolated,
presumably because it is fairly stable, and has a
high melting point, (223-225°), and also hescauss

benzophenons-é-anilinosenicarbazons has a fairly

2}
O
L]

(1

(2),



low melting point, namely 181°, thus enabling the
decomposition to take placs at a low temperaturse.
In ths cass of benzylidena-é;anilinosemi-
earbazons, speoial prscautions had to be adoptzad
to igolate the phenylhydrazone as it decomposed at
ths température of ths reaction, diving stilbene,
benzylideneaniline, etoc. (Chattaway, Cumming, and

Wiledon, J.C.S. 1911, 99, 1952).




EXPERTMENTAT.

2 ¢g. of benzophsnone-d-anilinosemicarbazone
(Sutherland and Wilson, J.C.8. 1924, 125, 2147) were
heated at 180-185%° for 1 hour. After cooling, tns
hard yellowish nelt was treated with ether in order
to promote crystallisation. The crystals were filtered
off, washed with ethsr, and recrystallised from
alcohol, and gave fine white nesdles, M.P. 223-295°,
Thess were identifisd as benzopheﬁone carbohydrazone
by analysis and comparison with an authentic
specimen,

13.22%.

i

Tound :- N

13. 39¢%.

[}

CayH220N4 regquires N

The alcoholic mother liguor from ths
benzophenons carbohydrazons, on concentration, dave
orystals M.P. 155°, which were reorystallised from
alocohol and identified as ﬁnchanged banzophenone-J_

anilinosemiocarbazons, M.P. 161°.



The mothsr liquor gave a violet precipitate
with copper sulphate and a scarlet colour .with
ammonia, which would seem to indicate that it contained
diphenyloarbohydrazide (9kinner and Ruhemann, J7.C.S.
1888, 53, 551). The solution was thersfore concentrated
in a vacwuum dssizcator, but only a resinous mass was
left, This was treated with sther and other solvents
but could not bs obtainsd in a crystallias form. An
attampt was made to isolate the diphenylcarbohvdrazide
by its mercuric chloride derivativa, but the
precipitate obtainsd could not be purified.

_Another reaction was thersfore carrisd out
by heating 2 ¢. of ths d-anilinosemicarbazons for 3
hours at 180-185°, The melt was treated .with ether
and the cerystals filtsred off, washed with ether, and
raorystallised from alcohol. The product tvrnsd pink
in the-éir like diphenylcarbohydrazide and was
fractionally crysballised from alcohol, but only
benzophenons carbohydrazons and unchangsd subsbance
were isolatzad.

2.8. of~benzophenone_éLaniliﬂosemioarbazone
_.were heated for .7 hours .in a bath .at 180-185°. The
nelt when cold -was .a hard oclear rssin, and was

‘dissolved in ether. On ramoving the ethsr .in vacuo,



a 'semi-crystalline solid was obtained, and this was
treated with cold aloohol and filtered. The rasidue
‘Wwas reorystallised from alcohol, diving yellowish
orysﬂals M.P. 134° which were rscrystallissd from
alcohol and decolourised with charcoal., The nrodﬁot
was almost white and melted at 138-137° (which is

the melting point of benzophenons phenylhydrazons).
Tt was insoluble in water and slichtly solubls in
light pstroleum, On hydrolysis with dilute hydro-
chloric acid it ¢avs benzonhznone and phenylhydraszina,
Thé former was extracted with ether and idsntified

by means of its phenylhydrazons, and the latter was
goparated and identified as the benzylidsne darivat-
ive in the usual manner. Hencs ths compound’ V.P.
138-137° was benzophsnone phenylhydrazone, and this
was oonfirmed by comparison with a preparsad soscimen,

No other products were identified.



o5,

Acetophenone-d4-anilinosemicarbazone.

2.0 2. of acetophenone-d-anilinosemicarbazone
(Suthsrlanq and Wilson, J.C.S8. 1924, 125, .2148) wers
heated in a bath at 220-225° for 2 hours, A small
‘quantity of a das rasembling ammonia was evolvzd,

When cold, the mass was extractsd with
ether and ths solvant removed in a vacuum desiocatoﬁ;
This was repeated in ordser to promote crystallisat-
ion, the mass adain taken up with ether, filtered,
and the residue washsd with sther, The residue was
extracted with boiling alcohol, and the insoluble
portion recrystalliged twice from water. Colourless
prisms, ¥.P. 273-274°, were obtained. Their agvsous
solution was strongly acid to litmus, gave a white
precipitate with silver nitrate, and gave a rad
colouration with fsrric chloride. From these
properties it was thoucht to be N-aminourazols, and

this was confirmed by analysis.

'Fodnd 1= N =48,.83%.

C2H4 02N requires W = 48.28%.

The aleoholic extract frem the erude N-amino-



urazole was ooncentrated and yelldwish erystals,
M.P. 121°, wers obtainsd. These wsra identified as
methyl phanyl ketazins by comparison with an
authantic specimsn,

The solvent was removed from ths ethsreal
extract of the melt and the rssidus rscrystallised
from alcohol. The first crop which was filtsred
off melted at 90-91° and decomposad on standing to
givs a dark oil smelling of acsetophsnone, thus
resembling acetophsnone phenylhydrazone in
behaviour. The second crop was recrystallised from
light petroleum and the resultant product was found
to be acetophenone phenylhydrazons by comparison
with an authentic spescimen.:

No other products were found,

Q8.



) uAcetone-Jlanilinosemioarbazoney

2.0 d. of aoetone-d;anilinosemioarbazone:
(Appendix, P. 13R) were heated in a small distill-
ation flask immersed in a bath at 180°.  To the
flask was connected a similar ons to act as a
receiver, and this was connsctad to the pump. The
apparétus was sevacvated severy hour till no mors

liguid distilled over.:

The semi-rasinous rssidue in ths flask was

extraeted with hoiling absolute alcohol, filtered,
and the residue washed several times with hot
alcohol. After recrystallisation from water it was
identifisd as N-aminourazole by its reactions and
by comparison with an authentic specimen.

The alcohslic filtrate was taken to drvness
vnder reduced pressure,‘and the resinous residue
. treated with sther, frozen, etc., but it could not
be crystallised.‘The_alcﬁholic solution gave the
usual oolourations of diphsnylcarbohydrazide with
copper sulphate and ammonia.

The distillate was too small in guantity

to be successfully fractionated, and was therefore



hydrolysed by boiling with dilute hydrochloric
acid, By distilling off part of the liguid it was
found to contain acstone by the nitroprussids test.
The rasidual liquid was taken to dryness under
reduced pressure andbthe regidue dissolved in water.
This solution was treated with benzaldehyde in thé
usual mannsr till exhausted. The product was filtered
off and recrystallised from alcohol and then from
1ight petroleun, the crystals filtered off and well
washad with the lattsr solvant. The compound thus
obtainazd was identified as benzylidene phenylhydrazone
by comparison with a prepared specimen; the quantity
was small The 1ight petroleum filtrate was concen-
trated till crystals were obtained and these wars
recrystallissd from alcohol and identified as benzal
azine, |
Hence the distillate was a mixture of acetons

phenylhydrazone and dimethyl ketazina.

28.



.Methyl tert.-butyl ketone

d-Anilinosemicarbazona.

3 g, of the d-anilinosemicarbazone (page 28)
wera heated under conditions exactly similar to
those used for the acetone-d-anilinosemicarbazone,

The semi-resinous residue was extracted
with boiling alcohol and the insoluble part filtered
off, recrystallisesd frow watsr and identified as
N-aminourazole as before.

The distillate was hydrolysed by boiling
with dilute hydrochloric acid and a portion of the
liguid distilled off., This distillate was found to
contain methyl tert.-butyl ketone by its odour and
by its semicarbazons. The residual liguid, on cooling,
depositad orystais.whicﬁ wars filtsrad off 2nd
jdentified as phenvlhydrazine hydrochlorids by
their benzylidene derivativs. The mother liguor from
them was taken to dryness under reduced pressars
and the residue extracted with a little hot absolute
alcohol and filtered. The insoluble residue was
found to be hydrazins hydrochloride by its melting

point and that of its benzylidens derivativs.

o9¢.
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Hénos-thevdistillate contained methyl
tert.-butyl ketone phenylhydrazons and methyl

tert.-butyl ketagine*,

* See appendix, B. 140.



Benzylidene-d-anilinosemicarbazene.

3 g. of benzylidens-d-anilinosemicarbazone
(Appendix, P. 134) wers heated in a flask of the
Anschitz typs to whiech was attached a small
receiver. The temperaturs was maintainsd at about
990° for 1 hour, the apparatus being kept evacuated.
A liquid distilled up and solidified in the collar
of the flask.

The contents of the flask were extractsd
several timss with absolute alcohol and ths residue
filtered off. This was identified as N-aminourazole
as in previous cases.

The alcoholic extract on cooling, gdave
orystals of benzylidene phenylhydrazone.

No other product3=wéfe found.



102.

Aoetone-éldiphenylaminosamioarbazone.

i e s ey i i S s

2 g. of acetone-J.diphanylaminosemioarbazone

(page 59) wers heated at 190-195° for 4 hours in a
~small flask fitted with a receiver; the apparatus

was kept evacuated, A liquid distilled ovsr and

a black rssidus rsmained.

This residue, which was expected to be WN-
aminourazole, was extracted with boiling absdlute
alcohol and filtsred, As the filtrate depositad
erystals on cooling, it was decided to extract the
N-aminourazole, if pressnt, from the residue with
hot water. This residus, therefore, aftsr boiling
with water and filtration, was recrystallised from
alcohol and ths first alcoholic extract added. Tt
gave white needles, ¥.P. 241-242°, which wers
identified as tetraphenylearbohydrazide (Acree, B.

1903, 388, 3157).

Found 1~ N = 14.44%; 14.27%.

C2gH240Ng requirss N = 14.21%.

The compound remainsd white on standing whersas

poree states that it turns blue.



103.

The aqueous oxtract of the erude tetra-
phenylcarbohydrazide was taken to dryness under
reduced pressurs. Thers was not sufficient residue
to give a melting point, but its agueous solution
was acid to litmus and gdave a white precipitate with
silver nitrate and a red colsuration with ferric
chlorids, Hence it was N-aminourazole.

The distillate was hydrolysed with dilute
hydrochloric acid, and a small quantity of liquid
distilled off, This distillate was found to coabain
acatone by the nitroprusside test. The regidual
1iquid on cooling deposited crystals which wers
filtersed off. Thay 4id not give a benzylidene
derivative when treated in the usual way, but with
a tface of nitric acid in sulphuric acid they gave
a deep blus colour the samne as diphenylhydrazias.
An attempt was made to oﬁtain the free base from ,
the hydrochloride by means of alkasli and to prepars
the benzylidene derivative from the base*, but the
guantity was too small to give a éatisfaotory
derivative. The mother liguor from the above was
concentratad and gave hydrazins hydrochloride,
jdentified as usual. Henocs the distillate was 2

/
pizxture of acetons diphenylhydrazone and dimethyl ketazine.

* gge appendix, P.141.
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The Action of Diphenylearbohydrazide on

Benzophenona Carbohydrazona.-

[ .
——— — - — —

0.18 ¢. of diphenylcarbohydrazide (Rarnsbey
and Wilson, J.Am.C.S, 1912, 25, 158) and 0.30 ¢. of
benzophenone carbohydrazone (pags 91) were intimately
mixed and hsatsd for 5 hours at 180-185° - i, e.,
under conditions similar to those used for the
decomposition of'benzopheﬂone—d;anilinosemicarbézone.

The cold mass was extracted with ether and
allowed to stand for a short time to promote
crystallisation. The small quantity of insolubls
material was filtered off and found to be N-amino-
urazols by its reactions.

The ethersal filtrate was taken to dryness
and the residue recorystallised from alcohol sevsral
times. Crystals, M.P." 188-137° were finally obtained
and these were identified as benzophenonse phenvl—v

hydrazone by comparison with a prepared spscimen,



(XN
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The action of Diphenylearbohydrazide on

Acetone Carbohydrazonse,

2.07 g, of diphenylecarbohydrazide and 1.458
g. of aoétone carbohydrazons (Rrown, Pickerind, and
Wilson, J.C.S. 1927, 181, 108) were ground intimately
together and heated in exactly the same mannsr as
acetone-d-anilinosemicarbazone (page 97).

The residume in the flask was extracted
gseveral times with boiling absolute aleohoi and
the insoluble part identified as N-aminourazole as
in previous cases.

The distillate was hydrolysed by boiling
with dilute hydrochloric acid, and a portion of the
liguid distillsd off. This distillate was found to
contain acetone by the nitroprusside test. The
residual liguid was taken to dryness under resduced
pressurs, and the residue extracted with boiling
absolute alcohol and filtersd, The residue was
shown to be hydrazins hydrochloride by its meltins
point and that of its benzylidene derivative. The
alcoholic filtrate was concentrated to small volume

and, after diluting with water, a benzylidene




derivative was preparsed in the usual manner. This
was found to be benzylidene phenylhydrazons.

Hence the distillat® would appear to have
besn a mixture of acstone phenylhydrazone and
dimethyl ketazine,

The products of the reaction were the same
as those obtained from the decomposition of the

acetone~d-anilinosemicarbazons.
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PART 1]

The ACTION of AMINES on

THIOSEMICARBAZONES.



" Introduction and Theorstioal,

e 2 i o e

It was shown by Borsche (B. 1901, 34, 4299;
1904, 37, 3177; 1905, 38, 831) that arylaminss
reacted with semicarbazones to cgive ammonia and s

d-arylssmicarbazone, thus ;-
RRTC:N-NB-CO-NHz + NHa2Ar = RR'C:N-NH-CO-NHAr + NHg. .

These compounds on hydrolysis with dilute
hydrochloric acid gave the ketone and the d-aryl-
semicarbazids hydrochloride, from which the free
base could be obtained by ths action of weak

‘alkaliss -

RRYC:N-NH-CO-NHAT + H20 + HOL = RR'CO +
HC1,NH2-NH-CO-NHAT,

Thisg reaction was extended to aliphatioc
aminas and amines with the NHz droup in a side
chain by Wilson, Hopper, and Crawford‘(J.C;S. 1922,
121, 866). |

T+ has now been found that amines react
with thiosemicarbazones in a similar manner diving

ammonia and‘J-substituted thiossmicarbazones -



RR*C‘N‘NH-CS‘NHQ + NH2R" = RR'C:N-NH-CS-NHR" + WHg,

Aliphatic amines, aromatic amines, and amines with
the NH2 group in a side chain, 8ll reacted in the
norual menner,

On hjdrolysis with dilute hydrochloric
acid they cave the ketone and the S-substituted

thiosemicarbazide hydrochloride -

RRTC:N-NH-CS+NHR" + H20 # HCl = RR'CO +

HC1, NHz-NH-CS-NHRY,

Sometimes a little Zsothiocyanate and hydrazine
hydrochioride were formed by the decomposition of
tﬂe é-substituted thiosemicarbazide hydrochloride,
as wag shown in the case of dlphenylthiOSémi-‘

carbézide bv Pulvermacher (R, 18904, 27, - 818) -
RT"NE~CS-NHeNF2,HC1 # HC1 = R"N:(C:8 + WH2NHg,?2 HCI.

The free bases were obtained from their
respective hydrochlorides by the action of water,
barium carbonats, or sodium carbonate.

To prove their constitution, it was shown
that the compound obtained from the action of
aniline on acetone thiosemicarbazone was identicel

with acetone-d-phenylthiosemicarbazone prepared

=t

&



from acetone and d-phenylthiosemicarbazide (Stephen
and Wilson, J.C.S. 1998, 129, 2534). Alsoﬂthe 4~
benzylthiosemicarbazide synthesised in’a mannar
gimilar to d-phenylthiosemicarbazide (Pulvermaoher,
BR. 1894, 27, 815), namely frow benzyl isothio-

cyanateiand hydrazine hydrate,
PhCH2N:C:S + NH2NHe,H20 = PhCH2NH-CS-NH-NHz + H20,

was the same as that obtained from the acetone
derivative produced by the action of bhenzylamine
on acetone thiosemicarbazons.

In some of the reactions, notably that of
A-naphthylamine on acetone thiosemicarbazone, a
1ittle insoluble material was formed, and this was
supposed to be due to the deconposition of the 4-
thiosemicarbazone. Pulvermacher (B. 1894, 27, 818)
showed that J-phenylthiosemicarbazide decomposed on

heating to give s—diphenylthiooarbamylhydrazide -

9 PhNH-CS-NH-NH2 = PhNH-CS-NH-NH-CS-NHPh + N2fH4.

This decomposed further on heating to give a compound

shown by Busch and Sohmidt (B. 1913, 48, 2241) to
be dipheny1iminotetrahydrothiodiazole, hydrogen

sulphids being evolvsd -°

i,



110,

‘ - NH-Q:NPh
PhNH-CS-NH-NE-CS-NEPh = | 8+ Baf
NE-C:NPh
Presumsbly acetone-d-g-naphthylthiosemi-
carbazone would, on heating, decompose in a
similar way giving dimethyl ketazine and s-di-p-

naphthylthiocarbamylhydrazide

o MeoC:N-NH-CS-NH-C10Hy = Me20:N-N:CMes +

C10Hy -NH.CL-NH-NH-CS-NH-Cz0Hn,
which latter could then decompose to give hydroden
gulphide and hi-a-naphthyliminotetrahydrothiodiazole

NH-G:N:C10Hy

C1oHy-NH-CS-NH-NH-CS -NH-C1oHy = + HoS.

g
NH~6{N-C£oH7
The insoluble product from the A-naphthylamine and
acetone thiosemicarbazone gave an snalysis ccrrespond-
ing to di-A-naphthyliminotetrahydrothiodiazole.

The scetone-d-@-naphthylthiosemicarbazone
when boiled with dilute hydrochloric acid gave
mainly & lardge quantity of an insoluble product
and a small smount of hydrazine hydrochloride. The
insoluble product was probably g—di-p-naphthylthio-

carbamylhydragzide and it was presumably formed,




111,

together with the hydrazine hydrochloride, by the
decomposition of the d-s-naphthylthiosemicarbazide
hydrochloride,

C1087-NH- CS NH - NHz,HCl C1oH7-NH-CS-NB  NHe, HC1

. + |
G108y - NH- 08 -N8- NHz,BCL CioH7-NH-CS-NH  NHz,HC1




EXPERTNENTAL,-

Aniline and Acetone

Thiosemicarbazone.:

—— i, o

1.88 g. of aniline, 2.62 g. of scetone
thiosemicarbazone, and 20 ccs, of toluene, were
heated under reflux for 20 hours at 125-130°. #As
some'unchanged substance separated out on cooling,

- the heating was continved at 130-135° for 17 hours,

at the end of which period the evolution of ammonia

had again ceased., A swall guantity of an insoluble
substance separated, and towards'the end of the
reaction some hydrogen sulphide was evolved,

The insoluble material was filtered off,
washed, 2nd recrystallised from alcohol. It gave
leaves M.P, 24K°, but thé quantity was too small to
permit of further treatment.

As nothine sevarated from the filtrate on
cooling, the toluene was distilled off under ‘
reduced pressure. The clear yellow resinous residue

obtained was dissolved in hot alcochol, and on

11

7.




cooling, orystals were deposited, After recryst-
allisation, these were identified as acetone-4-
phenylthiosemicarbazone by comparison with an
authentic specimen., More of this compound was
obteined by concentrating the mother liguor and
adding light petroleum., The total yield d4id not
exceed 20%.

The residual mother liguor was distilled
under reduced pressure but only a little dimethyl

ketazine was found,




BA-Naphthylamine and Acetone

Thiosemnicarbazone.-

A - —— —— —

5.72 g. of A-naphthylanine, 5.24 g. of
acetone thiosemicarbazone, and 20 ccs, of toluene,
were heated under reflux for 18 hours in a bath 2t
125-130°,  Ammonia was evolved and sn appreciable
guantity of an insoluble svbstance separated out.

The insoluble material was filtered off
and washed with a 1ittle hot toluene;'It was then
extracted with boiling alcohol, in which it was
ingoluble, and recrystallised from a mixture of
alcohol and pyridine., It separsted as an amorphous
white sélid}whioh bégan to decompose at 266° and
‘melted finallv at 275°,. Tt was thought to be 4i-p-
naphthyliminotetrahydrothiodiaszole, NH—Q\NC50H7

>S .
NH-C NCi10H%

Found :- io= 16.52%.

C22H16048 requires N = 15.:22%.

A solid separated from the toluene solution
on cooling in ice and scratching. This was filtered

off and after several recrystallisations from

114
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alcohol melted at 147-149°; after recrystallisation
from benzene and again from alcohol, yellowish
plates, M.P. 180-151°,. of acetone-d-B-naphthylthio-

semicarbazone, MezC:N-NH-CS.NH-C20Hy, were obtained.:

Found - ¥ o= 18.41%,

C14815N38 requires N = 18, 24%

The compound existed in dimorphous forms, sincs,
vhen recrystallised from benzene, it gave an
apparently smorphous form ¥,P,  127-138° which
returned to the higher melting form on reorystall-
isation from alcohol. The yield was about 85% in
the crude condition but decreased rapidly on _
purification. The mother liquors darkened as thougﬁ
decomposition were taking place.

About 1 g. of the compound was boiled with
40 ccs., of 8% hydrochloric acid, under reflux, for
1 hour. A large smount of insoluble material wos
formed and this was filtered off., It was insoluble
in wafer and alcohnl, and was recrystallised from
a mixture of alcohol aﬁd pyridine. Tt formed 2
slightly pinkish solid which begdan to decompose at
220°and finally me]ped at 252°.. Tt was bthought to
be s-di-ﬁ-@abhthylthiocarbamylhydrazide,

G108y« NH-CS-NH-NH-CS-NH-C1087.
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Found :- N

13.71%,

C22H28N4S2 requires N = 13.93¢%,-

[}

The filtrate from the crude g§-di-a-naphthyl
thiocarbemylhydrazide was found to contain acetone
by the usual method,-

The remaining liquid was taken to dryness
under reduced pressure, and the residve extracted
with hot absolute alcohcl and filtered. The residge
was found to be hydrazine hydnoéhloride by its
melting point and that of its benzylidene derivative.
‘The alcoholic filtrate was concentratedvand found
to contain a hydrochloride, but the amount was too

small to permit of identification.-



n-Heptylamine and Acetone

Thiosemicarbazone,:

4.80 ¢. of n-heptylemine, E.24 g,  of acestone
thiosemicarbazone, and 380 ccs. of toluene, were
heated wnder reflux for 21% hours in a bath at 125~
130°, Anmonia wes evolved, and the thiosemicarbazone
dissolved to give g parfsctly clear solution.r

No crystals sepasrated from the solution on
cocling, and so the solvent wae distilled off under
reduced pressvre, a clear viscous oil being 1eft.
This crystallised on cooling and was dissolved in
a little hot absoclute alcohol. On cooling this
solution in ice , crystals were obtained and these
were filtered off and recrystsllised from light
petroleum,  They gave thin glistening plates of
acetone-d-heptylthiosemicarbazone, Me2C:N-NH-CS-NHCyH1s,
M.P.  74-74.5°, A further crystallisation raised the
melting point to 75°, and the substance possessed
the sane mélting poiﬁt after recorystallisation from

aqueous alcohol. It sometimes separated as needles.

Found :- N = 18.37%.

C11H24NgS requires ¥ = 18.34%.
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The compound was easily soluble in ether, carbon
tetrachloride, alcohol, and benzene. The yield wss
increased by concentrating the mother liguor in
vacuo and adding light petroleum, 2nd amounted
finally to 65%. No other produvcts wefe isolated.
About 1 g. of the acetone-d-heptylthiosemi-
carbazone was hydrolysed by boiling under reflux
- with 20 ecs. of R% hydrochloric acid for 10 minutes,
a perfectly clear solution resulting., A small
guantity of the liquid was distilled off and founa
t0 oontain acetone by the nitroprusside test.
Crystals separated from the residual liquid on
cooling, and tﬁese were filtered off and recrystall-
iged from 1ight petroleum containing a little
alcohol. Sllverv 1eaflets, M.P, 135-138° were
f obtalned and identified as J—hebtylthzosemzcarbaztde

hydrochloride, @yHzsNH-CS-NH-NHz,HCl.

18.52¢%.
18.62%."

Tound :- N

q

C8H20N58C1l requires N

Tt was sparingly soluble in hot water and melted
ander it; the solution was acid, This was thought
to be due to partial hydrolysis into the base which

!

was found to be a low melting solid, It was




insoluble in benzene and light petroleum, and sasily
gsoluble in 'elcohol. The yield was sbout 80%.

The benzylidene derivative, benzylidene-d-
heptylthiosemicarbazone, PhOH:N-NH-CS- NHC’;HQ'&;, was
prepared from the above hydrochloride in the usuval
manner, Tt tended to separate as an o0il, but
golidified 6n cooling in ice. Tt was recrystallised
frbm‘light petroleum, giving white matted needles

M.P. 73°.

Found - N 15.25%."

C15H22N358 requires N = 15.16%.

il

Tt was easily soluble in alcohol, ether, and benzene,
and turned yellow on standing.

0.5 ¢ of d-heptylthiosemicarbazide hydro-
chloride was dissolved in agueous alcohol and an
excess of sodiu% carbonate sdded., The ligquid was
then boiled £ti11 the evolution of gas ceased, and
the solid filtered off., The filtrate was taken to
dryness undsr reguced pressure, and the residue
extracted with hot light petroleum and filtered. :
The orystals separatiﬁg from the filtrate were

filtered off and.reorystallised from light petroleun,

giving silky glistening acicular plates of
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S-heptylthiosenicarbagide, CrHisNH-CS-NH-NHa2, M.P.-

540 5-55° .

Found :- N o= 22.96%.
CgH1oNgS requires W = 22.22%.-

\'If-}"‘was easily soluble in alcohol and benzene.:
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Benzylamine and Acetone

Thiosemicarbagzone, *

———— — —

5.35 g, of benzylemine, 8.55 g.  of acetone
thiosemicarbazone, and 10 ccs. of toluens, wers
heated under reflux for 20 hours in a bath at 125-
127°. A product separated on cooling, and this was
filtered off,

1t was recrystallised several times from
methyl alcohol, and then from aicohol and benzene.
From bénzene it separated in yellowish thin‘square
plates, and ffom alcohol in prismatic negdles, both
forms melting at 148°. Tt was identified as acetone-

d-b en;zylthio semicarbazone, PhCHz- NH-CS-NB:N:CWez,

Tound :- S = 14,44%.

C71H15NgS requires § = 14.48%.

The yield, increased by concentrating the toluene
mother liguor, was 65%.

| 1.0 g.'of'the compound was hydreolysed by
boiling with 20 ccs. of 2% hydrochloric acid for

* The suthor is indebted to Dr. Burns for the
preliminary work of this reaction.
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20 minutes. The 1i§uid was f&und to éontain acetone
by the usual means. The residhal liguid, which had
- 8 cress-like odour presumably due to benzyl isothio-
cyanafe, deposited crystals on cooling, and these
were filtered off. The filtrate was taken to dryness
under redvced pressure, the residve washed out with
ether and added to the orystals already obtalned
On extraotlng with a little hot absolute alcoho]
and filtering, a small amount of residue identified
as hydragzine hydrochloride was obtained;

| The filtrate, on cooling, gave colourless
plates, M.P. 189° (decomp.), of d-bensylthioseni-

carbazide hydrochloride, PhCHgNH'CS'NH'NHQ,HCl;

16.18%.
16.32%.

Found - Cl

1]

CgH12N3SC1 requires C1

The compound was insoluble in benzene and ether,
and dissolved in water to give an acid solution.
The yield was 87%. |
Renzylidene-d-benzylthiosemicarbazone,.
PhCH: N-NH-C%-NH-CH2Ph , was prepared from the
hydrochloride in-the usnal way.'It was fairly
goluble in alcohol, and best recrystallised from 2

mixture of alcohol and light petroleum. It formed



long matted needles, M.P, 138-134°,

15,72%.
15,814,

Found - N

C15H15NgS requires N

0.8 g.  of the d-benzylthiosemicarbazide
hydrochloride was boiled with 20 ccs, of water for
5 minutes. A slight odour of cress, doubtless Jue
to benzyl isothiocyanate, was noticed. On cooling, .
glistening leaves separated out, and these were
filtered off and recrystallised from absolute
alcohol. Silvery glistening leaves of d-benzylthio-
semicarbaside, PhCHz NH-CS:NH-NHaz, M.P.  180°, were
obtained, The fact of the base being obtainable in
this way shows that the hydrochloride is very

easily hydrolysed.

Found :- N 23,19%."

Cgliz1N4S requires N = 23.20%.

The base was sparingly soluble in cold water, easily
soluble in hot water, alcohol, and benzene. Tts
aqueous solution gdave a white precipitate with |
gilver nitrate, soluble in hot water and sepgrating
from solution on cooling, It was turned violet by

hot copper sulphate and dave & brown oil on boiling;

the odour of the mustard oil was. also very distinct.:



The yield was 78%.

The base was gsynthesised by mixing equi-
molecular quantities of benzyl 7isethiocyanate
(Hofmann, B. 1868, 1, 201) and 100% hydrazine
hydrate in ice cold alcoholic solution. Heat-was
evolved and crystals separated out on cooling.
These were filtered off- and recrystallised from
alcohol, giving tabuler prisms, . M.P. 1230°, of d-
benzylthiosemicarbazide., On recrystallising from
benzene, it gdave glisteniné leaves of the same
melting point, identical with the base previously
obtained, The benzylidene-é;benzylthibsemicarbazone
was also the same as that desoribed before. The

yield was good.
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Benzylamine’and Acetophenone

Thiosemicarbazone,-

8,08 g.” of benzylamine, 5.50 g. of aceto-
phénone thiosemicarbazone, and 20 cos., of toluene,
were heated under reflux in a bath at 125-130°
until the evolution of ammonia ceased. There was 3
little insoluble material fbrmed,rand the heating
lasted for 42 hours.

The insoluble substance was filtered off,
and was neglected owing to the small amount.

crystals separated from the toluene solution
on coéling, and these were filtered off and recryst-
allised from alcohol, creamy scicular plates, M. P,
157-159°, being obtsined. Recrystallisation from
benzene gave a white mass of fine needles having
the same melting point, end a further ecrystallisation
from aloobol save colourless plates M.P. 180-181°.
These were identified as acetophenone-d-bengylthio-
semicarbasone, MePhC:N-NH-CS-NH-CHaPh. More was
obtained from the toluene mother ligquor, the total

yield being 87%.



Found :- N

]
[EEY
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[{e]
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C16H17¥3S requires N = 14,84%; § = 11,314,

1.0 ¢. was boiled with 20 ccs.  of 8% hydro-

chloric acid for 4% hours. At the end of that time

guite a large amount of the substance was unchangded,

and this was filtered off., The filtrate had the
odour of acetophenons, and this substance was
removed by extracting the liquid, while still hot,
with carbon tetrachloride. After cocoling, the
crystals which were deposited were filtered off
and identified as ‘d-benzylthiosemicarbazide hydro-
chloride by oomparison with an authentic specimsn,
The filtrate was taken to dryness under reduced
pressure, and the residue extracted with a little
hot alcohol. The inscluble part was found to be

hydrazine hydrochloride.
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rac, d-Phenylethylemine and Acetone

Thiosemicarbazone,

4,84 g. of a-phenylethylamine, 5.24 g. of
acetone thiosemicarbazone, and 30 cos. of toluene,
were heated in 2 bath for 25% hours, the température
being 125-120°. Ammonia was evolved and a little
ingoluble materisl sevarated.

This insoluble substance was filtered off,

but was not identified as the quantity was too smell.

The filtrate was oooled.in ice but no solid
formed, and therefore the toluene was removed under
redvced pressure. The clear viscous residual oil
set to a straw coloured resin on cooling, and this
wag dissclved in a little hot absolute alcohol. The
crystals which were cbtained by cooling the solution
in ice, were recrystallised from slcohol, giVihé
tabular prisms, M.P. 89-90°, of acetone—d—o-phenyl=

ethylthiosemicarbazone, MeaC:N-NH-CS: NB- CBEMePh,

18.76%.

Found :=— N = 18.00%; £

.

C12H17N38 requires ¥ = 17.87%;- S = 13.62%.

The compound waes fairly goluble in cold benzene
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and almost insoluble in light petroleum.
1.0 g. of the compound was hydrolysed by
boiling with 20 ccs, of 8%4 hydrochloric acid for 17
minutes, under reflux, and a small guantity of the
liquid then distilled off. The distillate was found
to contain acetone by the nitroprusside test. 2
small quantity of oil separasted from the remaining
liguid on oooliné; this was separated off and
neglected as the quentity was very small, The main
portion of the liquid was taken to dryness under
reduced pressure, and the residue extracted with
hot sbsolute alcohol and filtered free from a very
small guantity of insoluble material. No crystals
separated from the filtrste, and the addition of
benzene produced no precipitate, The solution was
therefore concentrated in vacuo, and small colour-
less plates of d-a-phenylethylthiosemicarbazide ’ 1
hydrochloride, PhMeCH- NH- CS-NH-NHz,HC1, M.P. 157- |

158°, were obtained.

Tound :- Ccl = 15.49%.

15.32%.

OgH14N4SC1 requires Cl

The coupound was insoluble in benzene and ether,

and easily soluble in alcohol. The yield was 80%.




Benzylislene-cf-d-{:henyZ.ethy.lth'iosemi carbazone,
PhCH:N-NH-CS-NH-CHMePh, was obtained from the
hydroechloride in the usual manner. Tt tended to
gseparate as an oil, but became quite solid on
standing, It was very soluble in alcohol and was
crystallised from lidht petroleum, diving colourless

plates M,P. 128-129°.."

" Found - N 15.00%."

C16H17W48 requires N = 14.84%.

An attempt was made to prepare the base by
boiling 0.7 ¢. of the hydrochloride with 20 cos., of
water for 5 minutes. A slight odour of cress waé
noticed, and on cooling, a turbidity was produced
by the separation of a sﬁall quantity of am oil,
put no crystals were obtained., Some barium carbonate
was therefore added and the liquid boiled till the
evolution of gas ceased., The solid was filtered
off and the filtrate taken to dryness'under reduoed
pressure. The residue was extracted with benzene,
filtered, the filtrate dried over sodium sulphate,
and then the solvent removed in a vacuum desiccator.
The oily residue obtained solidified on standing,

and the solid, on crystallisation from light
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petroleum, gave small crystalse, M.P. 84°, of d-a-

phenylethylthiosemicarbazide, PhMeCH  NE-CS-NH-NH,,-

Found :- U= 21,624,
CoH14N3S requires N = 21,544,

The base was very soluble in alcohol and benzens.
Tt is possible that the oil which separated
. from the agueous solution of the hydrochloride, and
that formed in the hydrolysis of the aoetone-J-ar
phenylethylthiosemicarbazone, mentioned above, was

the base just described.
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Acetone-d-anilinosemicarbazone,

T e iy -

The following method was adopted for the
preparatibn of this compound in an appreciéble
gquantity as the yield from the ordinsry reaction
was very small, Tt is similar to that used for the
preparation of the semicarbazones, namely fram the
hydrochloride of the base, potassivm acetate, and
acetone.  The method of preparation of the d-anilino-
semicarbazide hydrochloride (Sutherland and ¥ilson,:
J.C. Q.- 1924, 12E, 2148) was altered slightly.

3,3 g, of acetophenone-d-anilinosemi-
carbazone were hydrolysed by boiling for 20 minutes
with 75 ccs. of 8% hydrochloric acid, While still
hqt,‘the acetophencne was removed by three extfaot-
jons with ocarbon tetrachleoride. The hydrochloride
which separated on cooling was filtered off and the
remainder obtained by evaporating the filtrate to
dryness under reduced pressure.

The total smount of hydrochloride was
dissolved in a minimum of water, 10 ces. of acetone

added to the solution, and then a slight 6XCEeSS



(4 g.), of potassium scetate was added in small
gusntities, the liquid being shaken after each
addition till solution was effected. Acetone-4-
anilinosemicarbazone commenced to separate almost
immediately, and after cooling in ice for 5 hours

it was filtered off, thorouc¢hly washed with water,
dried, and recrystallised from alcohol. It was

found to be identical with that preViOusly obtained."
. The yield, éalculated on the acetophenone-d-anilino-

gemicarbazone, was 94%.

Methyl ethyl ketone-d-anilinosemicarbazone.

This compound, which could not be obtained
by the sction of phenylhydrazine on methyl ethyl
ketone semicarbazone, was prepared by the method
described above. 1.5 ¢. of the hydrochloride were
diesolved in 30 cocs. of water, 3 ccs. of the ketone
sdded and the solution ccoled in ice. The product
wag filtered off énd more ebtained from the filtrate

by the addition of 2 ¢. of potassium acetate. The



whole was recrystallised from alcohol and gave
almost white plates, M.P. 127°, of methylethyl-

ketone-d}anilinosemicarbazone, ¥eRtC:N-NH-CO-NF-NHPh,

Found := N

L]

25.42%,

CQ§H560N4‘requires N

25.45%.,

The yield of the crude product was almost theoretical.

Renzylidene-~d-anilinosemicarbazone.

- —

The method previously described (Sutherland
and Wilson, J.C.S.- 1924, 195, 2148) was altered for
the preparation of a large quantity. The hydrochloride
was dissolved a a minimum of water, and a very sliéht
excess of benzaldehyde together»with sufficient
alcohol to give a clear solution added, After bsing
cooled in ice for % hour, and shaken vigorously
occasionally, the solid was filtered off and washed
with water and then with alcohol.  The compound was
obtained praetically pure by further washing with

hot alcohol. The yield was 9F%,"



1-Methyleyclohexan-2-one,-

———— o — -

The ketons was prepared by the method used
for the 1:3 conpound by Knoevenagel and Tabben
(A. 1897, 297, 154).

170 ¢. of Beckmann's chromic acid mixturs
were added to 25 g. of 1-mesthyleyclohexan-2-0l1 and
the mixture well shaksn, After it had started to
cool it was heated on a watsr bath for % hour.
After cooling, ths ketons was separated off:and
the acid portion extractsd with sther. The ketoas
was addsd to the etheresal solution and the whole
washed with caustic soda and then with water, The
- ecrude ketone was purified by means of its

bisulphite compound in the usual manner,



Diisopropyl ketone Semicarbazone.-

T —— — — —— ——— — T ——— S~ —

The melting point of this compound,
presumably always prepared in the same manner,
varies from 138° to 157° in different references.
Salkind (C. 1908, ii, 318) gives 1238-137° as does
also Mereschkowski (C., 1914, i, 1814), whereas

Henderson, Fenderson, and Feilbron (B. 1914,

5

)
887) give 142°, Haller and Rauer (C.R. 1910, 150,
B8B2) give 148-144°, Rlaise and Marcilly (Bl. 1904,
2}, 31, 114) give 151-152°, and Stavdinger (R. 1911,
44, B29) gives 157°.

That prepared by the author in thé usual
manner melted at 1428-144°, The semicarbazone from
the diisopropyl ketone obtained by the hydrolysis
of the d-anilinosenicarbazone melted at 157° after

three orystallisetions from alcohol. A mixture of

this with that melting at 142-144° melted at 152-183°,

and when the low melting specimen was recrystallised
and the solution seeded with the high melting, the
product melted at 151-152°, The specimen melting at

157°, on standing a few days, was changed to that

1:e,
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melting at 143-144°,  As there was only a small
guantity it was not investidated further. There
was no obvious difference in the crystalline form

of the two epecimens,
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1-Methyleyclohexan-2-o0ne

Phenylhydrazone,:

1-methylecyclohexan-2-cne was heated on a
boiling water bath with a very slight excess of
phenylhydrazine for 1 hour. After cooling, the
product was dissolved in ether, washed with dilute
acetic acid, then with water, and finsally dried
over calecium chloride, On removing the ether in an
evacuated desiccator, solid 1—metﬁy1cyczohexan-2—one
phenylhydrazone was obtained., This was recrystallised
frém warn aqueous alcohol and gave almost white
needles, M.P. 45-48°, identical with the product

obtained from the reaction described on page 22.

Found :- N = 13.88%.

' C14B18N2 requires N

n

13.87%."

Tt was very soluble in the usval orgapic solvents,
and an attempt to distill it at 30 mm. was not very
successful, the temperature rising from 195-209°.
The distillate did not orystallise on cooling,

though it beoame‘very viscous.
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Benzylideneacetone

p-tolylhydragone,-

1.5 g. of benzylideneacetone and a slight
excess (1.4 ¢g,) of s-tolylhydrazine were heated
under reflux with 15 ccé.'of alcohol for 1 hour.
Bengylideneacetone p-tolylhydrazone,
We(PhCH:CH)C:N-NH-C6HyMe, separated on cooling,
and was purified by two recrystsllisations from

_alcohol;”It gave pale yellow needles, M.?.‘172—173°}

Found :=+ N 11.21%."

11.20%.

L]

G17H18N2 Tequires N



: Méthyl tert,-butyl ketazine

2.5 g. of 1004 hydrazine hydrate and 11.0
g.  of methyl tert..butyl ketone were heated under
reflux with 10 ces. of alcohol for 2 hours. After
drying over anhydrous potassium carbonate it was
distilled and a fraction R.P. 212-218° was obtained.-

On redistillation under reduced pressure,

methyl tert.-butyl ketazine, Me(MegC)C:N-N:C(CYegq)Me,.

was obtained, Tt was an almost colourless o0il with
an odour gimilar to that of crude acetamide and

boiled at 102°/1%7 mm, The yield iwas 77%.

Tound :- N

"n

14.83%.

CieH24Ne requires N 14.20%.

On hydrolysis with dilute hydrochloric aeid it
gave the ketone and hydrazine hydrochleride.-

140.



‘Aecetone Diphenylhydrazone.-

Y ———— " S . e S S - ——— “

8.1 g. of diphenylhydrazine were refluxed

with 8 cos, of acetone for 2% hours, dried over

calcium chloride and distilled under reduced pressure.-

A fraction B.P.  158°/5 mm. was obtained. Tt was a
yellowish oii whiQh did not crystallise on freezing,
and the nitroden content was abouﬁ 1% below that
required for scetone diphenylhydrazone., Tt was
therefore redistilled but the boiling point was as
before and the nitrogsn contgnt still lower, A
black residus was left in ths flask, and it would
appear, therefore;‘that decomposition was taking
placz, The oil was hydrolyssd and acetons datectad
in the usual mannsr, Tha solution deposited crystals
on cooling and thess were filtersd off. They did
not sive a benzylidens derivative by the usual
method, and so the frse bass was liberated and ths
benzylidane derivativs prepared from that. This was
identified as benzylidsns diphenylhydraione, ani
therefore the oil must have been largsly acstons

diphenylhydrazonse.
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Dibenzyl ketone

Thiosemicarbazone.

2.1 ¢. of dibenzyl kstons in 15 ccs. of
alcohol and 0.91 ¢. of thiosemicarbazide in a

minimum of watsr were heated under rsflux for 2

hour. Crystals of dibenzyl ketons thiosemicarbazone, -

(PhCH2)2C:N-NH-CS-NH2, separated on cocoling and
were racrystallised from alcohol and then from
benzene, Tt formed silvery glistening leaves,

M.P. 135-188°. The yield was 85%.

Found :- A N = 14.88%.

C£5H27NQS requires ¥ = 14.84%.

Jnde

o



The action of Carbon Tetrachloride on

Acetophenone Phenylhydrazone.

When acetophenone phenylhydrazone was
dissolved in carbon tetrachloride and the solution
allowed to stand, it gradually turned yellow
through red with a violet fluorsscence to a deep
violst. Chloroform, sthylsns dichloridse, sthyl
iodids, and chlorobenzens, dave similar colourations.

4 g. of acetophenone phenylhydrazone wers
dissolved in 80 ccs., of carbon tetrachloride, the
solution warmed to 25° and then allow2d to stand
for 24 hou}s. Hydrochloric acid gas and carbonyl
chloride weré avolved, the latter bsing detected
by its conversion of anilins into carbanilids, WNo
changs occurred when ths solution was kept in an
atmosphere of carbon tetrachloride.

Whan the coloured solution was Taken to
dryneés, a deep violset pasty mass was left. This
was éXbraoted for 3 hours in a Sohxlet,apparatus
with 1ight petrolsum, a brownish violet mass
being obtained. A11 attempts to orystallise this

product were without success. Tt appsared to be 2
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hydrochloride and was therefore dissolved in
absolute alcohol and the solution saturated with

dry hydrochloric acid gas. The deep violet solution
obtained was taksn to dryaness in a vacuum‘desicoator
and the residue washed out with dry ether saturated
with hydrochloric acid. A deep violet crystallins
g80lid was obtaingd, the analysis of which varied
considarably sach time it was prepared.

An attempt was made to prepare the fres
base by treating the hydrochloride with dilute
sodiun hydroxide and extraoting with ether. On
removihg ﬁhs ebthar a reddish resinous mass was
obtainsd but could not be crystallissd, It gdave a
picrate, chloroplatinate, perchlorate, benzoyl and
nitrobenzoyl dari?atives,rbut none of these could

be obtained pure.

As it was not in the direct line of rssearch

the investigation was abandoned.
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