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Introduction and Theoretical,

In the year 1887, Pinner ( B. '■20, #958 ) 
showed that phenylbydrazine reacted with carbamide 

to give products depending on the proportions used, 
the reaction being accompanied by the evolution of 

ammonia. When one molecule of phenylbydrazine 
reacted with one or two of carbamide the product 
was found to be *.-phenylsemioarbazide*, formed 

according to the equation

Ph'NH'NHg f NHg'CO'NBa = Ph*NH*NH* CO*NBa. f NH^.

When a larger excess of carbamide was used, phenyl- 
urazole was obtained, a-phenylsemicarbazide being 
assumed as an intermediate product, thusj-

Ph'N— m
Ph.NR.NH'CO'NHg f NHs'OO'NPa = C^^OO f NE?

^NE

In 1888, Skinner and Ruhemann ( j.C.P. 59, 
550 ) gave an account of the action of phenyl- 
hydrazine on certain carbamide derivatives. With

* Nomenclature - NH?«NH*CO*NHs
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equiïïiolecular quantities of phenylbydrazine and 
urethane, a-phenylsemioarbazide was again formed, 

ethyl alcohol being eliminated -

PhNH.NHs f NR2.CO.0 Et . .PhNR'NR.OO'NHg + EtOR.

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

and ammonia, were formed -

2 PhNR-NHs f NRg'CO'OEt = (PhNR.NR*)2CO f EtOR + NR?.

Borsohe ( B.1901,14, 4299; 1904, '37, 3177; 

1905, 38, 831 ) found that in general, semicarbazones 
reacted with arylamines giving rise to cT-arylsemi

carbazones, thus ; -

RR'ClN'NR.OO.NRs + NRaAr = RR'0:N.NR*00'NRAr f NR?.;

These compounds on hydrolysis with dilute hydro
chloric acid gave the ^Larylsemicarbazide hydro
chloride from which the free base could be obtained 
by the action of weak alkalies -

RR*GiN'NR*GO'NRAr + RgO f RCl = RR'GO +
RGl,' NH2.NR.GO.NRAr.-

from the results of those researches, it 
was thought possible that hydrazines would react
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with semicarbazones to give /-aminosemioarbazones 

and ammonia -

RR'CIN'NB' CO'NRa f NHg'NHR" - RR̂ C* N« NH.'GG. NR* NHR”
f NR?.

fnôpfer ( Monatsh. 1910, 91, 87 ) investigated 

the mutual replacement of semicarbazide and phenyl— 
hydrazine residues, the reactions being carried 

out in boiling alcoholic or acetic acid solution.
He studied mainly aromatic aldehydic derivatives 
and found that usually a state of equilibrium was 
set up, this being independent of the temperature -

RCRîN*NH*C0*NR2 f NRaNRRhz^RCRtN'NRRh f NRa'NR'GO'NR*

With about five molecules of the decomposing 
reagent, the replacement was usually complete, but 

no regularities were detected; no formation of 6- 
anilihosemioarbazone was reported.

In 1924, Sutherland and Wilson ( J.G.S. 125, 
2145 ) showed that benzophenone and acetopbenone 
semicarbazones heated with phenylbydrazine in the 

presence of toluene as a solvent, gave the 
corresponding (Canilihosemicarbazones -

PhaOrN^NR'GO'NRg f NRa+NHPh = PhsCî N* NR* CO-NR*'NRPh
f NR?. '
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Hydrolysis of these compounds with dilute hydro
chloric acid gave the ketone and ^-anilihosemi- 
carhazide hydrochloride,

PhaClN'NH'OO'NB'NHPh + HsO + HOI *
PhaOO f H01,NH2*NH*C0.NH.NHPh,

and with stronger acid the cC-anilinosemioarbazide 

hydrochloride was split up into phenylbydrazine 

hydrochloride, hydrazine hydrochloride, and carbon 
dioxide, thus : -

PhNE.NH.CO.NH'NHa,HCl f HaO f 2 HOI « 
PhNH.NHg,HCl f NgHjyg HCl f COa.

To prove the correctness of their scheme, the base, 
/-anilihosemioarbazide, was synthesised from/3- 
carbethoxypbenylbydrazihe and hydrazine hydrate,

PhNH'NH'OO'OEt f NHaNHa,HaO = PhNH*NH*CO*NH«NHa f

+ HaO.

The author first investigated the action of 
phenylbydrazine on acetone semicarbazone under 
conditions similar to those used for acetopbenone 
and benzophenone semicarbazones. The reaction was 

however essentially one of replacement of the semi, 
carbazide residue by a phenylbydrazine residue.
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MeaC:N-NH-CO*NHa f NHg-NHPh =
MegG:N'NHPh f NHa*NH*CO-NHa ,

and even under varied conditions, the yield of
aoetone-d^anilinosemicarbazone never exceeded 5̂ .

The semicarbazide thus formed usually decomposed 
into hydrazodicarbonamide and hydrazine, and the 

hydrazine decomposed into nitrogen and ammonia 

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

.2 NBg'NH'OO'NBa * NHg-CQ.Ne•NH-CO-NHs f NHaNH* ;
3 NHsNH? - 4 NH? f N?

Hence, when a hydrazine reacts with a semicarbazone, 
the evolution of ammonia does not necessarily mean 
that cT—anilinosemicarbazone is being formed.

In view of the widely differing behaviour 
of acetone and acetopbenone semicarbazones, it was 
decided to make a general study of the behaviour of 
semicarbazones, both aldehydic and ketonio, on 
heating with phenylbydrazine. In all, the semi- 
oarbazones of seven aldehydes and fourteen ketones 

have been investigated.
The semicarbazones of aoetaldehyde, furfur- 

aldehyde; benzaldehyde*, anisaldehyde*, piperonal*,

♦ Investigated by others.
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and einnamaldehyde, gave only replacement products, 
whereas «‘-heptaldehyde gave a little /-.anilinosemi- 

carbazone.
The behaviour of the ketonio semi- 

carbazones varied in each case, and in general 

/-anilinosemidarbazone was formed together with 

replacement products. The following table shows the 
yields of ^-anilinosemioarbazone obtained from 
different ketonic semicarbazones, and also the 

molecular weight of the ketone.
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K E T 0 N F.
W 0 L. 
W T. Y I E L D .

Vfê CO 58. 5&.

MeEtCO 72. Mil.

MeprOO 86. 1!

EtsOO 86. 2%.

MefMsgOCO 100. 60i.

™3SrcSi“ 112 10*.

98. 1SÏ.

(WaOHgCHglpO 114. 13%.

(Me2CH)200 114. 90%.

fbsOO 182. 95%.

MePhOO 120. 95%.

M8(Ph089)00 134. 13%.

M8(PhOB9GH3)CO 148. 8%.

(PhCBajaCO 210. 95%.
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It is quite evident from the table that the 

molecular weight of the teqtone has little or no 
influence in determining the course of the reaction;

the semicarbazones of acetone (58), acetopbenone 

(120), and benzylacetone (148) give yields of 5#, 96#, 
and 8#, of their respective cT-anilinosemibarbazones.

Prom an examination of the general schemes 

shown by the equations

RR'C^M'MH-CO-MHs RR’C: M-MH* CO-MH-MHRh f MR; (D
X

f NHs-NHPh RR^C:N-MHPh f NBa'MR'CO'MPg (S)

it will be seen that in order to have replacement,
(g), the phenylbydrazine molecule must approach the 
ketonio carbon atom ( marked x in equation ), whereas 
for cCanilihosemicarbazone formation, (1), it must 

approach the MBs group of the semicarbazone. Mow if 
the groups R and R» are sufficiently bulky they will 
hinder the approach of the phenylbydrazine molecule 

to the ketonio carbon atom, thus hindering replace
ment, and consequently (/-anilihosemioarbazone 
formation will be increased, the NHsgroup of the 
semicarbazone being always easily accessible. The 
experimental results agree well with this supposition.

With the nonphenylated ketones, as expected, 
the yield of /-anilihosemicarbazone is small except
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with methyl fera-hutyl ketone and dü^^propyl ketone 

where there is a obneentration of methyl groups on 

one or both of the 4 -oarbon atoms. The dllsopropyl 
ketone semicarbazone gives a yield of 9 0 #,' whereas 
with di_%*propyl ketone semicarbazone the yield is

18#.
Considering the monophenylated ketones, it 

is obvious that reaction (1) should be more pronounced 

when the phenyl group is contiguous to the ketonio 
oarbon atom than when it is removed from it by one 

or two OH* groups. This is borne out experimentally 
by the semicarbazones of acetopbenone, methyl benzyl 

ketone, and benzylacetone, which give yields of 95#,' 
19#, and 8# of their respective /-anilinosemi- 

oarbazones.
With the diphenylated ketones, reaction (1) 

is pronounced with both benzophenone and dibenzyl 
ketone semicarbazones, the attachment of a phenyl 
group to both of the ot-carbon atoms evidently 

strongly inhibiting reaction (2).
Now if we consider a hydrazine of the type 

R"R'“N*MH2,'reacting with a semicarbazone according 

to the general schemes (1) and (2), (page 9 ), we 
Would expect that just as the ketonio groups R and 
Rf tend to hinder the hydrazine from approaching the



ketonio carbon atom, so would the groups and P*‘‘ 
of the hydrazine, if sufficiently bulky, tend to 

hinder replacement and consequently increase the 
yield of /-aminosemicarbazone. The following table 

indicates the main results, the yields given being 
those of the cT-amihosemioarbazones,

K S T 0 N E. H Y D R A Z I N E . Y I E I, D.

Acetone. i^MH'NHa. 6#.

n -̂MeOi5 H^NH'NHg 9#.

I! MePhM"NHg 52#.

n PhaM'NHa 80#.

Benzylacetone PhNH'NHa 8#.

M /*-MeG(5H4NH • NHs Nil.

n MephM'MBs 65%.



We see from the table that with acetone 

semicarbazone there is an increase in the yield of 
J-aminosemicarbazone from phenylbydrazine through 
ffiethylphenylhydrazine to diphenylhydrazine,■ in 

accordance with the theory. ^-Tolylhydrazine 
naturally behaves like phenylbydrazine 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 

a semicarbazone, the reaction will proceed according 

to the equations

RH’Ct M* MB* GO-NHs ^  RR^C • NH-CO*NH* (1)
+ NHg'NRHRw '^RR»C*.N •NR”R"V M B s • MH*C0-MBs (2),

and the extent in any direction will be determined 
by the steric effect of the groups R, R', R", and R“'.

The interaction of oq—oarbethoxy—oc—phenyl— 

hydrazine and acetopbenone semicarbazone was 
investigated in the expectation that it would proceed 

according to the scheme

phMeC:N•NB•CO•MB g PhMeC:M•M•GO•MB
I I .  + MBg f EtOB,

+ MBg'M(GOOEt)Ph GO---M-Ph

giving the acetopbenone derivative of 1-phenyl-l- 
amihourazole. The product was, however, acetopbenone-
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J-oarbethôxyanilinosemioarbazone, formed thus ;-

PbÜeQzM'MB'CO'MBg _ ,= ?bM8C:N'NB'Q0'MB'N(C00Et)?h f MB*,
+ MBg'M(COOEt)Ph

and efforts to eliminate ethyl alcohol from this 
compound were unsuccessful. The constitution was 
established by hydrolysis into acetopbenone and /- 
carbsthoxyanilinossmiGarbazide hydrochloride, further 

hydrolysis giving hydrazine, phenylbydrazine, and 

ethyl alcohol, in a manner similar to benzophenone-

f-anilinosemicarbazone (page 5).
The action of phenylbydrazine on thiosemi- 

carbazones was investigated in the hope that they 
would react in a manner similar to semicarbazones, 
and so give J-anilinothiosemicarbazones -

RB'G-N-HH-CS NBa  ̂ Rg'0 = N-HH■ CS-SH-MPh * NHq 
f ma-NHPh

The thiosemicarbazones of acetone, acetopbenone, 

and dibenzyl ketone were used, but in all cases 
only replacement products were formed -

RRTC:M'MB'08'MBa f MBg-MBPh =
RH’»C*• M• MBPh f MBs'MB'GS'MBa.

As the semicarbazones of acetopbenone and dibenzyl
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ketone gave very good yields of cT-anilinosemioarbazone, 
w© may assume that a thiosemioarbazide residue is 
more easily replaced than a semicarbazide residue. 

Attempts were made to synthesise the free 
base, (f-anilinothiossraîGarbazide, but they were 

without success. Fischer (A. 1878, 190, 114) showed 
that phenylbydrazine phsnyldithiocarbaziaate could 

loose hydrogen sulphide to give diphenylthiocarbp- 

hydrazide, thus ; -

phNH'NH'08-8B,MB3'NBPh = PhNH-MB'CS-MB'MBPh + BsS.

This reaction was extended and modified by other 
investigators; e, 8tolle and Bowles (B. 1908,
11, 1099) prepared thiocarbohydrazide from hydrazine 
dithiocarbazinate, using litharge to remove the 

hydrogen sulphide.
In an analogous manner it was hoped to 

obtain cT-anilinothiossmioarbazids from hydrazine 

phenyldithiooarbazinate,

phNH*MH‘CS* 8H, NH5NH3 = phMH* WH* OS *NH*NHs f B%. 8,

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

to /^substituted semicarbazones, it was thought
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that aniline would react with thibcarbohydrazide 

to form /-.anilinothiosemioarbazide,

NHs-NH-CS-MB-NHs f MBaPh = PhMB-MH*CS*MB-MB« f NBj,

but the method proved unsuccessful.
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EXPERIMENTAL. ■

Phenylbydrazine and Acetone Semicarbazone.

5.4 g. of phenylbydrazine and an equivalent 

quantity , 5.7 g., of acetone semicarbazone ( Thiele 
and gtange, A. 1894, 283. 18 ) were heated under 
reflux with 30 cos. of dry toluene in a bath at 80- 
90® for a period of 3| hours. The semicarbazone 
gradually dissolved, but no ammonia 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 contained.

The insoluble material was filtered off, 
washed with a little hot toluene, and reorystallised 

from water. Small silvery leaves M.P.- 245-246° were 
obtained, insoluble in ether, benzene, acetone and 
light petroleum, and almost insoluble in alcohol. 
From these properties, the substance was thought to 
be hydrazodicarbonamide, and a mixture with an 
authentic specimen showed no depression of melting 
point.



The toluene mother liquor, on ooolihg, 

deposited crystals which were filtered off and re- 
crystallised from absolute alcohol, giving yellowish 
prisms M.F. 95*.' After decolourising with charcoal, 
large colourless prisms M.P. 96° were obtained; these 
were very soluble in water and reduced Fehling’s 

solution even in the cold, thus corresponding to 
semicarbazide.

Found:- N * 56. 20#; 55.

CH*ON* requires N - 56.00#.'

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 solid thus obtained filtered 

off and reorystallised from absolute alcohol. Yellow
ish granules M.P.' 167° were thus obtained, and further 
crystallising and decolourising gave almost white 

plates M.P.' 169*; the melting point seemed to vary 
slightly with the rate of heating. The compound was 
acet one-mcf̂  anil i no semi car b azonef MSaC: N» MH* MHPh.

* This. tyi>e is used to denote new com^ ounds, ̂
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found î- M = 27.28#; 27.35#.'

CieHijOMy requires N * 27.18#.'

T© prove the constitution of the compound, it was 
hydrolysed by boiling for & hour, under reflux, with 
dilute hydrochloric acid. Some of the liquid was 

distilled off, and the distillate was found to 
contain acetone by the nitroprusside test*. The 
residual liquid was taken to dryness by distillation 
under reduced pressure, and the solid washed out 
with ether. This solid was recrystaûlised from, a 
mixture of absolute alcohol and light petroleum, and 
gave leaflets M.P. 193° ( decomp. ). This product 
was identified as /-anilinosemicarbazide hydrochlor
ide by comparison with an authentic specimen, aid 

by means of the benzylidene derivatives; hence the 

constitution of the original substance is proved.
The method adopted for the preparation of the 
benzylidene derivative, and used successfully in 
other cases, was as follows. The hydrochloride was 
dissolved in water, a few drops of alcohol and one 
drop of benzaldehyde added, and the mixture shaken

* On adding acetone to a freshly prepared ammoniacal 
solution of sodium nitroprusside, and shaking, a 
violet colouration is produced.
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vigorously until a solid separated. This was filtered 

off, the filtrate treated with another drop of 

henzaldehyde, and the process repeated until no more 

solid was obtained.
The acetone-d^anilinoseniicarbazone was in

soluble in light petroleum, cold water, benzene, and 
ether, sparingly soluble in cold alcohol and acetone, 

and moderately soluble in hot alcohol, benzene, and 
acetone. It reduced Fehling's solution only after 
prolonged boiling, and was blackened by copper 
sulphate solution. The yield was

The toluene was removed from the mother 
liquor, by distillation under reduced pressure, and 
the residual oil cooled in ice, but no further solid 
was obtained. The oil was therefore distilled under 

reduced pressure, and a fraction E.P. 139®/S7 ma. was 
obtained, this being within 1® of the boiling noint 
of acetone phenylhydrazone, at that pressure. The 
distillate, a pale yellowish oil, 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 quite white, 
melted at about 35®, and quickly turned to a brown 
oil on exposure. It would therefore appear to be
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acetone phenylhydrazone, and this was confirmed by 

hydrolysis, acetone and phenylhydrazine being 
identified. The phenylhydrazine could not be purified 
as hydrochloride, and was therefore converted to its 
benzylidene derivative which crystallised easily.

Hence the main products of the reaction 

were semioarbazide and acetone phenylhydrazone, while 
aoetone-ctanilinosemioarbazone was only formed to a 

small extent. The hydrazodicarbonamide was doubtless 
due to the decomposition of some of the semioarbazide.

A similar reaction was carried out using 

benzene as a solvent, the benzene being refluxed, 
vigorously for 34 hours, at the end of which time 
ammonia was still being evolved.

The large quantity of insoluble material was 
filtered off and identified as hydrazodicarbonamide.

Some of the benzene was removed under reduced 
pressure, and on cooling the residual liquid, acetone- 
cAanilinosemioarbazons separated out of solution to 
the extent of about 5̂ .

The mother liquor was then fractionated under 
reduced pressure as in the previous experiment, and 

acetone phenylhydrazone was again the only product.
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(3 ) This reaction was carried out without the 

use of a solvent, the materials being heated at 120- 

130® for 11 hours.
The products were found to be the same as 

before, the yield of ^-anilinosemicarbazone being 51.

(4 ) In the preparation of triphenylrosaniline 

by heating aniline and rosaniline, ammonia being 
split off, the yield is increased by the addition of 
benzoic acid which seems to act as a catalyst, Eince 
the reaction is similar to the one being tried, it 
was thought that the addition of benzoic acid might 
increase the yield of <$-anilinosemicarbazone.

The previous reaction was therefore repeated 

with the addition of 0.5 g. of benzoic acid, but 

the results were the same.

Since mainly replacement had so far taken 
place, it was thought that an increase in temperature 
and the previous heating of the reactants to that 
temperature before mixing, might raise the yield of 

4-anilinosemicarbazone.
5.4 g. of phenylhydrazine were therefore 

added to a gently refluxing solution of 5.7 g. of
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acetone semioarbazone in 30 cos, of xylene. The 

temperature of the bath was maintained at 140®, 
until the evolution of ammonia ceased, the time 
required being 3| hours.

On working up as before, the reaction 

products were the same, the yield of acetone-/- 
anilinosemicarbazone being slightly smaller, 

namely 3l.

(6) The above reaction was repeated, using

a paraffin fraction B.P. 160-170®. The evolution 
of ammonia ceased after | hour.

The products were as before, and the yield 
of cCanilinosemioarbazons was 2̂ .



Phenylhydrazine and Methyl ethyl ketone 

Semioarbazone

4.32 g. of phenylhydrazine, 5.16 g. of methyl 
ethyl ketone semioarbazone ( Soholtz, B. 1898, Bg,
610 ) and 20 oos. of toluene were heated under reflux 
in a bath at 80-90® until an insoluble material 
commenced to separate. This required about 4 hours 

heating.
The insoluble was filtered off while hot, 

washed with toluene and recrystallised from water.
As in the case of acetone semioarbazone, it was 
found to be hydrazodicarbonamide.

The toluene solution, on cooling, gave 
crystals, which, after reorystallising and decolour

ising, were identified as semioarbazide.
Most of the toluene was distilled off from 

the mother liquor, under reduced pressure, and the 

residual oil cooled in ice for three days, but no 
more solid was obtained. It was therefore fractionated 
at 100 mm. ( methyl ethyl ketone phenylhydrazone, 

Arnold, B.1897, 30, 1016, boils at 190®/lOO mm. ) 
and the fraction B.P. 188-192® collected. This was
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hydrolysed by boiling with dilute hydroohlorio aoid, 
and a portion of the liquid distilled off. This was 

found to contain methyl ethyl ketone by the nitro- 

prusside test* and by its odour. Phenylhydrazine was 
' found in the residual liquid, being separated and : 

identified by means of its benzylidene derivative as 
in the case of acetone phenylhydrazone.

(2 ) The above experiment was repeated, the heat

ing being continued for 10 hours.
The products were mainly hydrazodicarbonamide 

and methyl ethyl ketone phenylhydrazone. A little 

semioarbazide was also produced, but no other 

substances were found.

(3 ) 4.92 g. of phenylhydrazine, 5.16 g. of the 
semioarbazone and 5 oos. of toluene were heated in 

a bath at 130* for 4 hours.
The products were only hydrazodicarbonamide 

and methyl ethyl ketone phenylhydrazone, no trace 

of other products being found.

* As for acetone, page 18.
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Phenylhydrazine and Methyl propyl ketone
Semioarbazone,

4.44 g. of phenylhydrazine, 6.00 g. of methyl 
propyl ketone semioarbazone ( Bouveault and Bongert, 

Bl. 1902, [3] , 27, 1083 ) , and 20 oos. of toluene, 
were heated under reflux in a bath at 130®, for 9 

hours. Ammonia was evolved, and an insoluble product 
separated.

This insoluble was filtered off, and found 
to be hydrazodicarbonamide as in previous oases.

The toluene was removed from the filtra're 
under reduced pressure and the oily residue cooled 
in ice for about 40 hours, No solid separated, and 

the addition of light petroleum produced no precipi
tate. The solvent was therefore distilled off and 
the residue fractionated under reduced pressure. A 

fraction B.P. 188-193®/90 mm. was obtained, and was 
found by hydrolysis to be methyl propyl ketone 
phenylhydrazone ( Fischer, A. 1888, 236. 132 ).

No other products were obtained.



Phenylhydrazine and Diethyl ketone
Semioarbazone,

4.0 g. of phenylhydrazine, 5.4 g. of diethyl 
ketone semioarbazone ( Dilthey, B. 1901» 34, 2i2? ), 
and 20 oos. of toluene, were heated under reflux- in 

a bath at 130® for 7 hours. Ammonia was evolved, and 

a large quantity of insoluble material separated.
This insoluble substance was filtered off, 

washed with a little hot toluene, and found to be, 
as in previous cases, hydrazodicarbonamide.

The toluene was removed from the filtrats by 

distillation under reduced pressure, and to the 

residual oil was added twice its volume of light 

petroleum. On cooling in ice, a little solid was 
obtained, and this was filtered off and recrystallised 

from alcohol. Colourless plates, M.P. 180-182® were 
thus obtained, but the quantity was too small to 
permit of further investigation. The mother liquor on 

standing, deposited more solid, and this was filtered 

off. On reorystallising from alcohol, 0.2 g* of
d i e t h y l 4— lino semi cctrb aeone, -

EtgOzN'NH'CO'NB'NBPh, was obtained in the form of
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white needles, M.P. 140-141®.

Found : - N = 24.16^.
CisHidON^ requires N - 23.99#.

0 . 1 g. of the compound was hydrolysed by 

boiling with dilute hydrochloric aoid, and some of 
the liquid distilled off. Diethyl ketone was identified 

in the distillate by its odour and semioarbazone. The 

residual liquid was taken to dryness under reduced 
pressure, and the residue identified as /-anilinosemi- 

carbazide hydrochloride by comparison with an 

authentic specimen, and by means of its benzylidene 
derivative. Hence the constitution of the original 

compound was proved.
The compound was fairly soluble in alcohol, 

and insoluble in light petroleum. The yield was 2#.

The solvent was removed from the original 

mother liquor, and the remaining oil distilled under 

reduced pressure. A fraction B.P. 130®/6 mm. was 
obtained, and found by hydrolysis to be diethyl 
ketone phenylhydrazone ( plancher, G. 1898, 28, ü,

387 ).



Phenylhydrazine and Methyl teri-butyl ketone
Semioarbazone.

3.6 g. of phenylhydrazine, 5.2 g. of the 

semioarbazone ( Carlinfanti, G. 1897, 27, if, 387 ), 
and 20 cos. of toluene, were heated under reflux in 

a bath at 130® till the evolution of ammonia ceased;

this required 7$ hours.
The small quantity of insoluble material which 

had formed, was filtered off and identified as before 

as hydrazodicarbonamide.
Most of the toluene was then removed uider 

reduced pressure, and the solid which separated on 

cooling was filtered off and reorystallised from 

alcohol, feathery needles were thus obtained, and 
these proved to be m s t h y l tert-&%*y% k etone-^ <f-anilino- 

semi0arhaaonef Me(Meg0)0'N'NH'00"NH"NHPh, M.P. 179

found : - N - 22.54#; 22.69#.
O1 9B3 0ON4 requires N = 22.58#.

Gn hydrolysis with dilute hydrochloric acid, it gave 
methyl fart-butyl ketone and cT-anilinosemioarbazide 

hydrochloride, identified as before.



It was insoluble in water and light petroleum, 

slightly soluble in cold alcohol, more soluble in 
cold benzene, and easily soluble in ether, hot 

benzene, and alcohol. It reduced fehling^s solution 
after considerable boiling, probably because of 
hydrolysis, for the odour of the ketone was quHe 

distinct. The yield was 60#.
As the yield of /-anilinosemioarbazone was 

large, phenylhydrazone, if formed, could only be 
present in small quantity. Hence instead of distill

ing, it was decided to remove impurities which would 
vitiate the results of hydrolysis. The mother liquor 
from the crude /-anilinossmicarbazone was therefore 

treated with light petroleum till no more precipitate 
was obtained, and the petroleum solution washed with 

dilute acetic acid and water to remove unchanged 
phenylhydrazine. The solvent was then distilled off 

and the residual oil hydrolysed, methyl *,r*-butyl 
ketone and phenylhydrazine being Identified by the 

usual means.
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Phenylhydrazine and cydoHexanone

Semioarbazone.

3.6 g. of phenylhydrazine, 5.2 g. of the 
semioarbazone ( Zelinsky, B. 1897, 30, 1541 ):, and 
20 0 0 8 . of toluene were heated under reflux till the 

evolution of ammonia oeased; this required 4 hours 
at 135°.

The insoluble material produced, was filtered 

off and found to be hydrazodicarbonamide.
The filtrate was cooled in ice and as no 

solid was obtained the toluene was removed under 
reduced pressure, and the almost solid residue washed 
out with a little cold alcohol. On reorystallising 

from alcohol it gave a white amorphous mass , M.P. 194°, 

of Q'^aXohexanone-é^anilino semi carh aaonOt

:N •NH- CO• • N BPh.^Cng'CHs

Found ;- N = 22.95#; 22.90#.
C1.9H1.5ON4 requires N = 22.77#.

Slightly 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



alcohol, in which it was only slightly soluble. TTasily 
soluble in pyridine, it crystallised from a mixture of 

alcohol and pyridine in plates, M.P. 192°. A mixture 
of the two forms melted at 192®. The yield was 12#.

The alcohol was distilled off from the mother 
liquor of the crude d-anilinosemioarbazone, and the 

residual oil cooled in ice. The pasty solid obtained 
was crystallised from aqueous alcohol, giving long 

needles, M.P. 77-78°. These, on treating with hot 

dilute sulphuric acid, gave tetrahydrocarbazole.

OHa NH 
09a 0I IICHa C--- thus conforming to the behaviour of

CHa
cyctohexanone phenylhydrazone under the same treatment-

^Oga 
CHÎ C:N'N9Ph 
CHa ^GHa

CHa

( Baeyer, A. 1894, 278, 105 ) .
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Phenylkyelraziae and l-Methylcyc%oh8xan-2-@n9

Semioarbazone.

3.21 g. of phenylhydrazine, 4.86 g. of the 
semioarbazone* ( Zelinsky, B. 1897, 30, 1542 ), and 
20 0 0 8 . of toluene were heated under reflux for 8' 

hours, in a bath at 130®. Ammonia was evolved.

The insoluble material was filtered off while 
still hot, washed with hot toluene, and identified as 

in other oases, as hydrazodicarbonamide.
The filtrate, on cooling in ice, deposited 

crystals which after several crystallisations from 
alcohol gave white needles of l-%ef%y%cycloAe%a%^2-o%g
4^^anil iîio s emi carb a s o n s  f CHs ^ 0  : N* NH * CO • NH * ̂ HPh,"̂ 0 n CH

M.P. 182-183®. The yield was 10#.

Found N » 21.54#.

CijHaoONj requires N =» 21.59#.

' It was hydrolysed by boiling with dilute 

hydrochloric acid, and a portion of the liquid 

distilled off. This distillate was found to contain

*For preparation of the ketone see appendix, p.: 135



l-methylcycîohsxan-2-one by its odour and semi- 

carbazone.The residual liquid was found to contain 

/-anilinosemicarbazide hydrochloride, by the usual 
methods.

The toluene was distilled off from the mother 
liquor under reduced pressure, and the oily residue 
cooled in ice. The crystals thus obtained were 
extracted with light petroleum, and filtered. The 

residue was found to be /-anilinosemicarbazone. The 
solvent was removed from the filtrate in an evacuated 

desiccator, leaving a solid residue. By analogy with 
previous experiments, this was expected to be 1-methyls 

cyc&ohexan-2-one phenylhydrazone, but this compound 

has been previously described as an oil B.P. 204-205*/ 

30 mm. by Plancher ( P.A.L. 1900, 9, 221 ). The solid 
was reorystallised from warm aqueous alcohol, and 

gave white needles M.P. 45-46° identical with a 
prepared specimen of 1 - m e t h y l I (jhexan-2-one phenyl
hydrazone*. The compound quickly turned to a brown 

oil on exposure.

* See appendix, p.-138.
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Fhenylhyàpaziae and Dl-%-propyl ketone
Semioarbazone

3.6 g. of phenylhydrazine, 5,7 g. of di-%- 

propyl ketone semioarbazone ( Dilthey, B. 1901, §4,
2123 ), and 10 oos. of toluene, were heated in a bath 

at 130* for 5| hours. Ammonia was evolved, and an 
insoluble compound separated.

This insoluble was filtered off, washed with 

hot toluene, and identified as hydrazodicarbonamide.
The filtrate was cooled in ice, but as 

nothing separated, the toluene was distilled off 

under reduced pressure. On cooling the residue in ice, 

crystals were obtained, and the separation was aided 
by the addition of light petroleum. After filtering 

and reorystallising from absolute alcohol, they gave 

beautiful silky matted needles M.P. 152* which were 
proved to be di-̂ Xi-propyl ketone-~(^^~anilinosemiGarbasone, 

( GH9 •CHs•CB9>«0:N 'NH•CO * NH•NHPh.

found ;- N - 21.48#; 21.

C14H2 2ON4 requires N = 2 1.

On hydrolysis with dilute hydrochloric acid
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di-n-propyl ketone and /-anilinosemioarbazide hydro

chloride were obtained, being identified in the 

usual manner.
The compound was insoluble in water and light 

petroleum, slightly soluble in cold alcohol, and very 
soluble in benzene, ether, acetone, and hot alcohol. 

The yield was 13#.
The solvent was removed from the mother 

liquor and the residual oil fractionated at 7 mm. and 

the portion boiling about 159° collected - di-»- 
propyl ketone phenylhydrazone ( Arbusow, G. 191§,

>1, 1474 ) has B.P. 159-160*/? mm. The fraction 
obtained was identified as di-«-propyl ketone phenyl

hydrazone by hydrolysis.
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phenylhydrazine and Difsopropyl ketone
gemioarhazone.

3,1 g. of phenylhydrazine, 4.9 g. of di-tso- 

propyl ketone* semioarbazone**, and 20 oos. of 
toluene, were heated under reflux in a bath at 135° 

for 6| hours. Ammonia was evolved, and no insoluble

product separated.
The solution on cooling deposited crystals, 

and these were filtered off and washed with a little 
cold toluene. After two rscrystallisations from 

absolute alcohol, colourless prismatic needles of
d i  j.QOpr o p  y Ik et 0 n e  - a n i  li n o  s e m i  G a r b  a s o n  e ,

E 0H9 )2GB]gC:N'NB'C0 'NH'NHPh» were obtained, M.P. 

181°. The yield was 90#.

Pound N = 21.46#; 21.47#.'
G1 4H22ON4 requires N = 21.37#.

The compound was hydrolysed by boiling with

* The ketone was prepared from isobutyric aoid
by the manganous oxide method of Babatier 
and Mailhe ( G.R. 1914, im, 832 ).

** See appendix P. 136.
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dilute hydrochloric acid, the liquid extracted with 

ether and separated, Bitsopropyl ketone was 

identified in the ethereal extract by means of its 
semioarbazone, and /-anilinosemioarbazide hydro
chloride was obtained from the aqueous part by the 

usual means.
On concentrating the toluene mother liquor, 

a little more ^-anilinosemicarbazone was obtained.

No other products were found.
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fhenylhydrazine and Methyl benzyl ketone
Semioarbazone,

3.6 g. of phenylhydrazine, 6.4 g. of methyl 
benzyl ketone semioarbazone ( Wolff, Bock, Lorentz, 

and Trappe, A. 1902, 825, 146 ), and 20 oos. of 
toluene were heated under reflux in a bath at 130° 

for 7 hours. Ammonia was evolved, and an insoluble
r

substance separated.
This insoluble product was filtered off, 

and identified as hydrazodicarbonamide as before.
The toluene was removed from the filtrate 

under reduced pressure, and some light petroleum 

added to the oily residue. After cooling in ice, a 
solid was obtained, and this was filtered off and 

reorystallised from alcohol. The resultant crystals 
melted at 88°, and were extracted with hot light 
petroleum since methyl benzyl ketone phenylhydrazone 

( frenkler, A. 1888, MS, 110 ) melts at 83° and is 
soluble in that solvent. The insoluble portion was 
filtered off and reorystallised from alcohol, giving, 
finally, colourless glistening plates of niethylhenzyU
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k et o n e - é - a n i l i n o  s emi g arb  aaott e ̂ M6(PhOHs)C*N* NH* 00 *NH

M.P. 171-172*. The yield was

found :— N » 19.93#; 19.90#.
CÏ6H18ON4 requires N = 19.86#.

On hydrolysis with dilute hydrochloric aoid 

it gave methyl benzyl ketone and d-anilinosemi- 
earbazide hydrochloride which were separated and 

identified as in the previous experiment.
The petroleum filtrate from the crude /- 

anilinosemicarbazone deposited crystals on cooling, 

and these after filtration were found to melt at 83°* 
They were further proved by hydrolysis to consist 

of methyl benzyl ketone phenylhydrazone.



Phenylhydrazine and Benzylaoetone

Bemioarbazone.

2.7 g. of phenylhydrazine, 5.0 g. of benzyl- 
aoetone semioarbazone ( Klages, B. 1904, 37, 2313 ), 

and 10 COS. of toluene, were heated under reflux in 

a bath at 125* for 8 hours. Ammonia was evolved, ‘and 

a large quantity of insoluble material formed.
The insoluble was filtered off, washed with 

toluene, and identified as hydrazodioarbonamide.
The filtrate was oooled in ice but nothing 

separated, and so the toluene was distilled off 

under reduced pressure. The residue on cooling gave 
crystals which were filtered off and reorystallised 
from alcohol. Silky needles of b enzylacetone-<$- 
ctni I i no s smi c arb a a 0 n & f Me( PhCHs* NH* GG* NB* NBPh,

M.P. 162°, were thus obtained.

Pound I - N * 19.14#; 18.97#.
GiyHsoON^ requires N * 18.92#.

It was insoluble in water and light petroleum, 

slightly soluble in cold alcohol, and easily soluble
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in ether, benzene, and hot alcohol. While the first 

crop separated in the form of needles, the substance 

came down from the mother liquor, on standing, in 
small plates of the same melting point. It turned 
slightly yellow on standing, and was blackened by 

boiling Fehling's solution though no reduction took 
place. The yield was 8#.

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

Unsuccessful attempts were made to obtain, 

from the original mother liquor from the crude /- 
anilinosemicarbazone, benzylacetone phenylhydrazone 

in a solid condition - Schlenk ( J.Pr. 1908, ii,
!IE, 60 ) describes it as melting at 59°. All traces 
of solvent were therefore removed, and the residual 
oil hydrolysed. Benzylacetone and phenylhydrazine 

were obtained, thus proving the presence of benzyl- 

aoetone phenylhydrazone.



Phenylhydrazine and üihenzyl ketone
Semioarbazone.

2.06 g. of phenylhydrazine, 5.10 g. of 

dibenzyl ketone semioarbazone ( Senderens, C.R.

1910, 150, 1337 ), and 20 oos,of toluene, were 
heated in a bath at 130* for 4 hours, the evolution 

of ammonia having oeased after that time. After about 

& hour of heating, a white crystalline solid 

commenced to separate, and by the time the reaction 

was finished, an almost solid mass was formed.
This product was filtered off and reoryst- 

allised from a mixture of aloohol and pyridine, 
and gave a mass of white needles, M.P. 205*, which
proved to be dibensylketone-^-anilinosemicarbazons, 

(PhOHajsOzN'NH'GO'NH'NBPh.

found :- N - 15.85#; 15.77#.
G9 2H3 9ON4 requires N = 15.62#.

The compound was insoluble in water, light 

petroleum, and benzene, and only slightly soluble 
in the usual solvents except pyridine and glacial
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aoetio aoid , The yield was

On hydrolysis with dilute hydrochloric aoid, 
it gave dibenzyl ketone and c^-anilinosemioarbazide 

hydrochloride, identified in the usual manner.

Since the semicarbazone, phenylhydrazone, 
and semioxamazone of this ketone exist in dimorphous 
forms, it was thought that the ^-anilinosemicarbazone 

might also possibly give two forms. Attempts to 
get different crystals by crystallising from dilute, 

concentrated, cold, and hot solutions, etc., were 

unsuccessful, though some of the crops examined 
under the microscope seemed to contain plates as 
well as needles.

No other products were obtained on working 

up the toluene solution.



Phenylkydrazlae and Aoetaldehyde
Semiearbazone,

5.40 g. of phenylb.ydrazine, 5.05 g. of the 
semioarbazons (Thiele and Bailey, A. 1898, 79),
and 30 ©os. of toluene, were heated under reflux in 
a bath at 130° for 6 hours. A little ammonia was 

evolved, the semioarbazons dissolved gradually, and 
an insoluble product separated.

This insoluble material was filtered off, 
washed with a little hot toluene and extracted with 
alcohol. The residue was found to be, as in previous 

cases, hydrazodicarbonamide.
The alcoholic extract was concentrated, and 

finally gave crystals which were identified as 
unchanged acetaldehyde semicarbazone.

The toluene was removed from the mother 
liquor under reduced pressure, and the oily residue 

cooled in ice till crystals were obtained. These 
were recrystallised from light petroleum, and gave 

leaves, M.B. 59-60°r by recrystallising from alcohol, 
the M.B. was raised to 75°. This corresponds to the
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behaviour of acetaldehyde phenylhydrazone (Laws and 

Sidgwick, J.0.8. 1911, 29, 2086). It was therefore 
recrystallised from 75^ alcohol containing a little 
hydrochloric acid, and the product M.F. 58° was 
identical with a prepared specimen of the form 
of acetaldehyde phenylhydrazone.

No other products were isolated.
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Phenylhydpazine and «^Heptaldehyde

Semicarbazone.

4.3 g. of phenylhydrazine, 6.8 g. of the 
semicarbazone (Semmler, B. 1909, 42, 1162), and 20 
0 0 8 . of toluene, were heated in a bath at 125° for 
8 hours. Ammonia was evolved during this period, and

an insoluble product separated.
This insoluble material was filtered off and 

identified as hydrazodicarbonamide.
The toluene was distilled off from the 

filtrate under reduced pressure, and a solid was 
obtained by cooling the residue in ice. This was 
filtered off, washed with light petroleum, and 
crystallised several times from alcohol. Small white 

lustrous balls of fine needles, M.F. 176°, were 
finally obtained, and these proved to be
aldehyde^d-anilino semi earbazone,

CB3(0H3)<CB:N'NR'C0'NB'NBPh.

Found Î— N * 21.46^; 21.55^.
C14B99ON4 requires N = 21.371.

The substance was insoluble in light petroleum.
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and sparingly soluble in oold aloohol. The yield
was 84.

The compound was hydrolysed by boiling with 
dilute hydrochloric acid for a short time, and %- 

heptaldehyde and J-anilinosemioarbazide hydro
chloride were separated and identified in the usual 
manner.

The solvent was distilled off from the 
filtrate of the crude c^-anilinosemicarbazone and 
the residue fractionated under reduced pressure. A 
fraction E.P. 180-190°/14 mm. was obtained, and a 
portion hydrolysed by boiling with dilute hydro
chloric acid. The odour of ^-heptaldehyde could not 

be detected, but phenylhydrazine was found. Hydrolysis 
with dilute sulphuric acid for a few moments, however, 
revealed the presepce of the aldehyde. Some %-hept— 
aldehyde phenylhydrazone (Heisenegger, B. 1883, 16, 

663) was prepared, and behaved exactly as the above; 

it gave B.P. 184-187^14 mm.
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Phenylhydrazine and furfuraldéhyde
Semicarbazone.

8.6 g. of phenylhydrazine, 5.1 g. of furfur
aldéhyde . semicarbazone (Knopfer, Monatsh. 1910, 31, 

95), and 20 cos. of toluene, were heated under reflux 
in a bath at 135° for 10 hours. Ammonia was evolved 

and an insoluble product separated.

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

The toluene was removed under reduced 

pressure, leaving a clear viscous mass which crystall

ised by cooling overnight in ice. On recrystallising 

from aqueous alcohol, yellowish plates M.P. 95-96° 
were obtained. These were identified, by comparison 
with an authentic specimen, as furfuraldéhyde 

phenylhydrazone (fischer, B. 1884, 17, 574).
No other products were obtained.



cf-Methyl-otrphenylhydrazine and
Acetophenone Semicarbazone.

3.87 g. of oc-methyl-ot-pbsnylhydrazine, 5.10 g. 
of acetophenone semicarbazone (Stobbe, A. 1899, 308, 
123), and 17 cos. of toluene, were heated under reflux 
in a bath at 125-130* for 8 hours. Ammonia was 
evolved, and the semicarbazone gradually dissolved 
to give a clear solution.

A solid separated from the solution on cool

ing, and this was filtered off and washed with a 

little cold toluene, giving an almost white mass.
On crystallising from absolute aloohol it gave 
colourless prisms of acetoi>henone’-6^metkylanilino-. 
semicarbazonef MePhC^N*NH*CO*NH*NMeph, M.P. 196*.'

Pound N = 19.94#; 19.99#.
CzdBidONj requires N * 19.86#.

The compound was sparingly soluble in cold alcohol, 
ether, acetone, and benzene, moderately soluble in 
oold chloroform, pyridine, glacial acetic acid, hot 

alcohol and benzene, and easily soluble in hot 
pyridine and glacial acetic acid. Tt was precipitated



from solution in pyridine and aoetic aoid by the 
addition of water. The yield, increased slightly by 
working up the toluene mother liquor, was 85#.

0.5 g. of the acetophenone-J’-methylanilino- 
semicarbazone was hydrolysed by boiling with' 10 cos, 

of dilute hydrochloric acid, under reflux, until a 

clear solution was obtained; this necessitated 5 

minutes boiling. The solution was extracted with 
ether and separated. The ethereal part was distilled 

free from ether and the residual oil identified as 
acetophenone by its odour and semicarbazone. The 
aqueous portion was taken to dryness under reduced 
pressure, and the semi-oily residue treated with 
ether, thus causing it to become quite solid. The 
solid was then washed out with ether and dissolved 
in absolute aloohol in which it was found to be 
rather soluble. On adding dry ether or light petrol
eum to the solution, (f^methyl a n i l i n o  semi carb asi de 

kydrocAZorfde, ptMeN»NR«C0 'NE'NB2,ECl, was precipitated 
sometimes as a white solid, M.P. 181», and sometimes
as an oil which solidified on standing and scratching.

Pound Cl . 16.31#; N = 25.81#.

C15H1 5OW4CI requires Cl » 16.38#; N = 95.86#.



An attempt was made to prepare the base <4- 
methylaniîinosemlcarbazide from its hydrochloride, 

by dissolving 0.3 g. in a little absolute aloohol 

and adding the theoretical quantity 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 oarbylamine was 

noticed, showing that decomposition must have 

taken place, and so the attempt was given up.
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ce ce-Diphenylhydrazine and Acetophenone 

gemibarbazone.

5.00 g. of ofcoe-dipbenylhydrazine, 4.90 g. 
of acetophenone semicarbazone, and 20 ces. of toluene, 

were heated under reflux in a bath at 1 3 5-1 4 0° for 

8$ hours. Ammonia was evolved during that period, 
and the semicarbazone seemed to dissolve gradually 
and be replaced by small colourless crystals.

After cooling, the product was filtered off, 

washed with alcohol in which they seemed to be 
almost insoluble, and recrystallised from a mixture 

of pyridine and alcohol. Thick colourless hexagonal
plates of ac et oi>henone~-6~‘di't)kenyl am i n o  s emi c arb azone, ‘ 

WePhCiN'NH'CO'NB'NPha, M.P. 236-237°, were thus 

obtained.

Found N = 16.31#; 16.35#.

C2 1H20ON4 requires N = 16.28#.

The compound was insoluble in ether, aloohol, and 
benzene, and easily soluble in hot pyridine and 
glacial acetic acid. It gave a blueish-green colour 
with concentrated sulphuric acid, and was not acted
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upon by Fehling'8 solution or copper sulphate. The
yield, increased slightly by concentrating the
toluene mother liquor, was 90#,

1.0 g. of the acetophenone-cf-diphenylamino- 
semioarbazone was boiled with 40 cos. of 12# hydro
chloric acid for 2 hours. The unchanged 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 aqueous 

portion was taken to dryness under reduced pressure 
and the residue washed out with ether. It was 

extracted with a little hot absolute 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 the 
residue must have been hydrazine hydrochloride. Dry 
ether was added to the filtrate from the hydrazine 
hydrochloride and the precipitate filtered off. It 

was of a greenish colour, was very soluble in water, 
and proved to be a hydrochloride. Instead of trying 
to purify this hydrochloride, as the presence of the 
hydrazine hydrochloride showed that the hydrolysis 
had gone further than desired (Cf. cf-anilinosemi- 

carbazide hydrochloride, page 5), it was converted 
into its benzylidene derivative, these compounds
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being usually easily purified.

This benzylidene derivative on crystallising 
from alcohol gave white silky needles, M.P. 284-286*,, 
of h en zy I i de fie eny I ami no semi car h azone f

PhCHiN'NB'CO'NH'NPbs.
found N = 17.02#.
CaoBi&ONj requires N » 16.97#.

It was insoluble in light petroleum, slightly 

soluble in ether, and moderately soluble in boiling 
alcohol. It gave a blueish-green colour with 
concentrated sulphuric acid.
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A-Tolylhydrazihe and Acetone

Semicarbazone. ' ^

5.0 g. of A-tolylhydrazine, 5.0 g. of 
acetone semicarbazone, and 20 cos. of toluene, were 
heated under reflux for 9 hours in a bath at 135°. 
Ammonia was evolved, and an insoluble product 
formed during the course of the reaction.

This insoluble was filtered off, washed with 
toluene, and identified as hydrazodicarbonamide.

A little light petroleum was added to the 
filtrate which was then allowed to stand in ice with 

occasional scratching for two days. The solid thus 

obtained was filtered off, and after two crystallis

ations from alcohol melted at 168-169°. By further 
recrystallisation from alcohol and benzene, the 
melting point was raised to 175-176°. The substance 
was probably a c e t o n e - S ^ V ’- t o l u i d i n o s e m i  c a r b a z o m , 

MegCzN'NB'CO'NB'NB'CaBj'CBs.

Pound :- N = 24.98#; 24.85#.
C1 1H1 6ON4 requires N = 25.46#.

The experiment had to be repeated to obtain
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sufficient 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 liquor and the oily residue 
crystallised by cooling in ice. On recrystallising 

from light petroleum, yellow crystals of acetone-^- 

tolylhydrazone (Hasohen, 1887, £^, 227) were 
obtained, being identified by hydrolysis into 

acetone and A-tolylhydrazine.
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ec-Methyl-a-phenylhydrazine and Acetone
Semicarbazone.

6 . 0 0  g. of the hydrazine, 4.71 g. of acetone 
semicarbazone, and 20 cos, of toluene, were heated 
under reflux in a bath at 186* 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 
crystals which were filtered off and recrystallised 
from alcohol. Elongated masses of diamond plates, 
M.P.' 194°, were thus obtained, and these were 

identified as acetone-S-methylanilinosemicarhazone, 
WegCrN'NH'CO'NB'NWePh.

Found N = 26.68#; 26.48#.
C11H16OM4 requires N * 26.46#.

It was sparingly soluble in ether, cold aloohol, 
and hot water, and moderately soluble in hot alcohol. 

It reduced Fehlihg^s solution slightly on boiling, 
and was unaffected by copper sulphate. The yield
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was 62#.

The toluene was distilled off from the 
mother liquor under reduced pressure and light 

petroleum added to the oily residue. The solid 
which separated proved to be more acetone-d-methyl. 

anilinosemicarbazone. The solvent was removed from 
the mother liquor and the residual oil distilled 

under reduced pressure, but the quantity was too 
small to determine the boiling point. The distill

ate was hydrolysed and acetone and ot-methyl-ot- 
phenylhydrazihe identified by the usual means, 

thus showing the presence of acetone methylphenyl- 
hydrazone.
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o(. ct-Diphenylhydrazine and Acetone

Semicarbazone.

6.31 g. of otot-diphenylhydrazine, 3.83 g. 

of acetone semicarbazone, and 20 ccs, of toluene, 
were heated under reflux in a bath at 136* for 7 
hours. Ammonia was evolved and the semicarbazone 

dissolved gradually to give a clear solution.
The toluene solution deposited crystals on 

cooling and these were filtered off. On reorystall- 
ising from alcohol* needles of aorbone-6~diphenyl^
OrMino s emi c arb azone f MeaCiN'NH'CO'NE'NPhg, M.P.

186-187*, were obtained.

Found :- N = 19.96#; 19.
CidPiF0N4 requires N * 19.86#.'

The needles on standing in cold alcohol were 
converted into colourless prisms of the same melt
ing point, and this change 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 sulphuric 

acid, and a very deep blue colour when the acid
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contained a trace of nitric acid, with copper 

sulphate solution, an alcoholic solution of the 
compound gave a pale light blue colour which 
gradually changed to a violet purple, very like 
dilute permanganate. Ferric chloride gave a 

similar permanganate 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 liquor, under reduced pressure, and adding 
alcohol to the residue, a little more of this 
compound was obtained. The total yield was 80#, 
and no other products were found.



A-Tolylhydrazihe and Benzylaeetone
Bemicarbazone,

3.06 g. of A-tolylhydrazine, 6.13 g. of 
benzylaeetone semicarbazone (Kessler and Rape, 1.

1912, 46, 29; by the reduction of benzylideneaoetone 
semicarbazone), and 20 ccs. of toluene, were heated 

under reflux for 9 hours in a bath at 136*. Ammonia 
was evolved and an insoluble product separated.

The insoluble material was filtered off, 

treated in the usual amnner, and identified as 

hydrazodicarbonamide.
The toluene filtrate was cooled in ice and 

the crystals which separated after 24 hours were 
filtered off and recrystallised from alcohol. Pale 
yellow needles of b ensylideneacetone ^-.tolylhy dr azone, 

Me(?hCH:CH)C*N'NH‘C6H4Me, M.P. 172-174*, were thus 
obtained, showing that the method of preparation 
of the semicarbazone was not altogether satisfactory. 

It was identified by comparison with an authentic 

specimen*.

* See appendix, B. 139.
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The toluene was removed from the mother 

liquor by distillation under reduced pressure, and 
the residual oil cooled in ice till it crystallised. 

After several crystallisations from light petroleum, 

a crop of crystals M.P. 74-78° was obtained, and 

this appeared to be benzylaeetone ji-^tolylhy dr azone f' 

Me(BhCH3'0H9)C:N'NB'CgH4'Me.

Pound : - N * 11.'2'
CiyHsoNs requires N = 11.11#.

It was further Identified by hydrolysis with dilute 
hydrochloric acid, benzylaeetone and A-tolylhydrazine 
being separated and identified in the usual manner. 

The compound was rather unstable, turning, on 
exposure, to a reddish oil, and decomposing even 

in solution.



oc-Methyl-oi-phenylh.ydrazine and
Benzylaeetone Seoiicarbazone.

4.07 g. of oc-methyl-ot-phenylhydrazine,
6.82 g. of benzylaeetone semioarbazone, and 14 g o s .- 
of toluene, were heated under reflux for 7 hours in 

a bath at 135°. A considerable evolution of ammonia 
occurred, and practically no insoluble material was 
formed.

The solution was cooled but no crystals 
were obtained, so the toluene was distilled off 

under reduced pressure. The clear viscous oil thus 
obtained did not crystallise on freezing, so it was 
dissolved in ether and the solution evaporated in a 
vacuum desiccator. The solid thus formed was extracted 
with alcohol, a little insoluble substance, M.P,

213°, being left* the quantity was too small to 

permit of further treatment. The alcoholic solution 
on cooling deposited crystals of henzylacetone-6^ 
m et hy I ani l i n o  semi car b a z o n e  .f

Me(C«H-rCHs-CHs)C:fl-NH-CO-NH-NMePh, In the form of 

aoioular rosettes, M.P. 113®



Found % = 18.09#; 18.12#.
OiSBaaONj requires N = 18.06#.

The yield was 6*5#, and no other products were
obtained.

64.



oc-Methyl-oL-phenylhydrazine and
«—Heptaldehyde Semioarbazone.

4.07 g. of cjL-methyl-ci-phenylhydrazine,
5.70 g. of «-heptaldehyde semicarbazone, and 20 
CCS. of toluene, were heated under reflux in a 
bath at 135-140* for 7 hours. A little ammonia 
was evolved.

The insoluble substance which separated 

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 
solution 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 residual oil washed with dilute acetic acid 

and water, extracted with ether, and dried over 

anhydrous potassium carbonate. The ether was
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then removed and the oil fractionated under reduced 
pressure, A fraction B.P. 169-172»/6 mm. was 
obtained and this proved to be n^hej>taldehyde 

m e t h y l h h e n y l h y d r a s o n e  , CH^ (CHs) ̂CH*. N • NMePh.

Found N 12.76#.

C1 4H9 9N9 requires N = 12.84#.

It was an almost colourless liquid which did not

reduce Fehling's solution on boiling. On hydrolysis

with dilute hydrochloric acid it gave the aldehyde 
and methylphenylhydrazine hydrochloride, both 
being identified in the usual manner.



<x-Carbethoxy-ot-phenylhydrazine and
Acetophenone Semicarbazone.

5.0 g. of cc-carbethoxy-oc-phenylhydrazine 
(Rupe and Gebhardt, B. 1899, 32, 11), 4.9 g. of 
acetophenone semicarbazone, and 15 ccs. of toluene, 
were heated in a bath at 135°. The boiling tubs 

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 
very slight suction maintained. Ammonia was soon 
evolved, and after about 4 hours heating the semi- 

oarbazone 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 first small quantity of distillate tested 

for alcohol but none was found. Borne of the toluene 
was then distilled off, extracted with water and 
the aqueous part tested for alcohol, but without
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sueoess.
After eooling, the product was filtered off 

and recrystallised from alcohol, giving acetophenone^

(T- earh et ho xy ani l i n o s e m i c a r h a z o n e ,  
MeBhC:N*NH*GO-NH-N(COsEt)Fh,in the form of white 

rosettes of aoioular plates M.P. 192°

Found N » 16.46#; 16.50#; C = 68.36#; H = 5.90#.
requires V = 16.47#; C = 63.58#; H - 5.88#.

The aoioular plates on standing in contact with 
their mother liquor or alcohol gradually changed 

into thick colourless plates of the same melting 
point, and these on reorystallisation from aloohol 
were converted to aoioular plates. A. mixture of 
the dimorphous forms showed no depression of melt

ing point.
1.0 g. of the substance was hydrolysed by 

boiling with 20 cos. of dilute hydrochloric acid 
for 4 minutes, a clear solution with a little oil 
on top being obtained. A portion of the liquid was 
distilled off, the distillate separated from the 

oil and tested for alcohol but none was found. The 
oil was identified as acetophenone by its odour and 

semicarbazone. The residual liquid was extracted
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with ether to remove the aoetophenone still remain
ing, separated, and the aqueous part taken to dry
ness under reduced pressure. The residue was washed 
out with ether and dissolved in a little hot 

absolute alcohol. It did not crystallise and was 
therefore precipitated by the addition of ether, 

separating as a white amorphous solid M.P. 190®.
Several attemps were made to crystallise this 
compound, identified as 6 - o a r b  e t h o x y a n i l i n o s e m i ^  

c a r h a z i d e  h y d r o  c h l o r i d e  y ph(COsî!t)N* CO'NH• NHs, HCl, but 

were unsuccessful.

Found*:- Cl* 18.864; 12.89&.
CiofisOgNjCl requires Cl * 18.914.

A benzylidene derivative,
c arh etho xy anil i no s emi c arh a z o n e ,
PhCR:N'NB'C0'NB'K(C09Ft)Ph,, was prepared in the 

usual manner from the hydrochloride. It crystall
ised from alcohol in white silky needles M.F. 158" 

with decomposition.

Found :- N * 17.004; 17.064.

OÏ7H18O3N4 requires N * 17.184.

* By Volhard method,
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As it was desired to split up the 
oarbethoxyanilihosemicarbazide hydrochloride into 

alcohol, hydrazine, and phenylhydrazine, in order 

to prove its constitution, about 8.5 g. were boiled 
under reflux with 30 cos. of concentrated hydro
chloric acid for 8 hours. The uncondensed products 
were led into a wash-bottle containing water.

Portions were distilled from the acid 

solution and the liquid in the wash-bottle and 

tested for alcohol, but none was found.
The residual liquid from the hydrolysis 

was taken to dryness under reduced pressure and 
the solid dissolved in hot alcohol. On cooling and 

concentrating in vacuo, a small amount of a 
sparingly soluble compound separated. This was found 
to be hydrazine hydrochloride by its melting point 

and by its benzylidene derivative.
The alcoholic mother liquor was further 

concentrated and another crop obtained. This was 
filtered off and extracted with a little absolute 

alcohol, and filtered free from a little hydrazine 
hydrochloride. The solution was evaporated to small 
bulk as no crystals could be obtained, diluted with 
water, and a benzylidene derivative prepared after
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adding potassium acetate to remove the strong acid. 
This was reorystallised and identified as 

benzylidene-cf-oarbethoxyanilinosemicarbazone, thus 
showing the presence of ^-oarbethoxyanilinosemi- 
carbazide hydrochloride.

The mother liquor was now taken to dryness, 
and the residue proved to be more J-carbethoxy- 

anilinosemioarbazide hydrochloride, being identified 
by its benzylidene derivative as above.

Since the above experiment had proved 

unsuccessful, 1.5 g. of the J-carbethoxyanilino- 
semioarbazide hydrochloride were refluxed with 30 

CCS. of 504 potassium hydroxide. Ammonia was 
evolved, and after that had ceased a portion of 
the liquid was distilled off and tested for alcohol 

but none was found.
About 8 g. of the hydrochloride were there

fore distilled slowly with 40 ocs. of 404 sulphuric 
acid. Alcohol was detected in the distillate by 
means of the iodoform test. After distilling off 

about a third of the liquid, it was allowed to cool 
and the crystals which separated out were filtered 
off. These were dissolved in water and a benzyl

idene prepared in the usual manner. This was
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identified as benzal azine by comparison with an 

authentic specimen. Caustic soda was added to the 
mother liquor to partly neutralise the acid, and 
the precipitated bisulphate filtered off. The 
filtrate was treated with potassium acetate and 
benzaldehyde, the product being identified as 
benzylidene phenylhydrazone. Consequently the 

products of hydrolysis were alcohol, hydrazine, and 
phenylhydrazine, thus proving the constitution.

An attempt was made to split off alcohol 

from aoetophenone-J-carbethoxyanilinosemioarbazone, ■ 
thus giving the aoetophenone derivative of 4-phenyl- 

1-aminourazole (which was expected from the reaction 
described on P. 67), by heating it above its melt
ing point. 1.0 g. of the compound was heated at 

195° 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 

petroleum and filtered. The residue after recryst- 

allising from alcohol was found to be unchanged 
starting material. The petroleum solution on 
cooling gave yellow plates M.P. 181° which were 
found by hydrolysis to be methyl phenyl ketazine.
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The experiment was repeated, heating 
being carried out at 800-205° for 4 hours. The 

melt was treated as before, and the only product 

identified was methyl phenyl ketazine. A small 
quantity of an insoluble substance I.p.• 836° 
was also isolated, but not identified.



Phenylhydrazine and Acetone
Thiosefflioarbazone.

4.38 g. of phenylhydrazine, 5.'24 g. of 
acetone thiosemioarbazone ( Freund and Sohander, E. 
1902, 2604), and 20 ops, of toluene, were
heated under reflux for 6$ hours in a bath at 135®. 

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 crystals 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 1S2°, and this was 
unchanged by reorystallisation from alcohol. 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 suoh 
by comparison with an authentic specimen.

The toluene was removed from the mother 
liquor by distillation under reduced pressure, and 
a few crystals separated from the oily residue on 
cooling in ice. These were filtered off but the 

quantity was too small to permit of identification.
The filtrate was fractionated under reduced 

pressure, and a fraction B.P. 139-142°/17 mm. 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.



Fhenylfeydrazîne and Aoetophenone
Thibsemioarbazone.

8.70 g. of phenylhydrazine, 4.88 g. of 
aoetophenone thiosemlearbazone (Neuberg and Nsimann, 
B. 1902, 35, 8052), and 20 cos. of toluene, were 
heated under reflux for 5 hours in a bath at 135°. 
After about & hour a olear solution was obtained 

and in about 1 hour a white crystalline solid 

commenced to separate out. The odour of ammonia apd 
sometimes that of hydrogen sulphide, was noticed. A 
yellow distillate, probably a polysulphide of 
ammonium, 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 

liquor by distillation under reduced pressure, and 

the rather resinous residue cooled in ice till it



crystallised, it 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 residue was the orange coloured 

substance,W.P. 171-172°, but the quantity was too 
small to permit of further treatment.

The carbon disulphide was removed from the 
filtrate in a vacuum desiccator and the residue 

recrystallised from alcohol. Almost white crystals 
M.P.' 104—105° were thus obtained and they were 

identified as aoetophenone phenylhydrazone by their 
behaviour and by comparison with an authentic 

specimen* (Peisenegger, B. 1883, 16, 662),

* Aoetophenone phenylhydrazone was found to give 
coloured solutions with some halogen-captaining 

solvents, Bee appendix ip.
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Fhenylhydrazine and Dibenzyl ketone

Thibsemicarbazone.

1.80 g. of phenylhydrazine, 4.72 g. of 
dibenzyl ketone thiosemioarbazone ( Appendix P. I4 P) 
and 20 0 0 s. of toluene were heated under reflux for 
4 hours in a bath at 190-195°. Borne ammonia was 

evolved and towards the end of the reaction some 

hydrpgen sulphide was formed. Crystals separated 
from the clear solution during the reaction.

These crystals were filtered off, washed 
with a little hot toluene, and reorystallised from 

alcohol. Crystals M.P. 182° were obtained, and were 
identified as thiosemicarbazide by comparison with 
an authentic specimen.

The toluene filtrate was cooled in ice 
and the crystals which separated were filtered off, 
washed with toluene and reorystallised from alcohol, 

and then from light petroleum. Needles M.P., 128-129° 
were thus obtained, and these proved to be dibenzyl 

ketone phenylhydrazone (Francis, J.C.S. 1899, 7f, 
8 6 8 ), being identified by comparison with an 
authentic specimen. The second crop of crystals



from the alcoholic mother liquor of the crude 

dibenzyl ketone phenylhydrazone, after several 

recrystallisations from alcohol, melted at 165-106°, 
and was found to be unchanged dibenzyl ketone 
thiosemicarbazone.

The toluene was removed from the mother 
liquor under reduced pressure, the residue cooled 
in ice and reorystallised from alcohol, but only 
more dibenzyl ketone phenylhydrazone was found.
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Attempts to Synthesise 

(f- An i 1 i not h i 0 s em i 0 arh a zi d e

(1) From Hydrazine Phenyldithiooarbazinate.

17 g. of hydrazine phenyldithiooarbazinate 

(Losanitoh, J.C.S. 1921, 119, 765) and the theoretical 
quantity of freshly precipitated lead carbonate were 

suspended in 250 ocs. of water and stirred vigorously 
for 1& hours. As no appreciable darkening of the 
lead carbonate was taking place, the temperature was 

slowly raised to 60° and maintained at 60-70° for 
a further period of It hours.

The quite black solid was filtered off and 
extracted with water, alcohol, and finally with acetic 
acid. Nothing was obtained from these extracts. The 

filtrate was cooled in ice but nothing separated 
out, and therefore the solution was concentrated 
under reduced pressure till a solid formed. After 
oooling, this was filtered off and reorystallised 
from water. Xt separated first as an oil and



orystaJlised on oooling further; the product melted 
at 133-134°. It was reorystallised from absolute 

alcohol giving colourless glistening leaves M.P.

136°. Further'crystallisation raised the melting 
point to 149° but the substance then looked less 
pure. An analysis of the crop M.P. 136° was carried 
out as the quantity did not permit of further treat
ment.

Found N , 29.144.

(f-Anilinothiosemioarbazide requires N = 30.774.

The mother liquor on further concentration 
gave more crystals, and these were filtered off 

and reorystallsed from water. A product M.P. 169° 

with decomposition was thus obtained, and this was 

converted into its benzylidene derivative by boil
ing with benzaldehyde in alcoholic solution.
Yellowish needles M.P. 192-194° separated on cooling
and these were identified as dibenzylidene thiocarbo- 
hydrazons by analysis and by comparison with an 

authentic specimen.

Found :- N * 19.684.

C1 4H1 4N4 S requires N * 19.854.

Hence- the compound M.P. 169° was thiocarbohydrazide.



(NHs'NHÏgCS.

The mother liquor from the crude thiocarbo
hydrazide was then treated with benzaldehyde and 
the product after purification was identified as 
benzylidene phenylhydrazone, thus showing the presence 
of free phenylhydrazine.

No other products were isolated.

The experiment was repeated, heating being 
carried out on a boiling water bath for 1 hour, but 
the same results were obtained with the exception 
that no substance melting at 136° was found.

Another experiment was tried using litharge 
instead of lead carbonate, 15 g. of the salt, 20 g. 
of litharge, and 150 cos. of water, being heated at 

‘ 50-60° for I hour. On working up as before, a large 
quantity of unchanged salt was obtained, and the 

attempt was abandoned.

From Thiocarbohydrazide and Aniline.

0.74 g. of thiocarbohydrazide (Stolle and
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Bowles, B. 1908, 41, 1099), 0.65 g. of aniline, 
and 20 oos. of toluene, were heated under reflux 
for 4 hours at 130-135*.

The solid was filtered off and found to be 
unchanged thiocarbohydrazide.

The experiment was therefore repeated 

using xylene, the bath being heated to 165*.
Ammonia was evolved and also some hydrogen sulphide, 
and what appeared to be sulphur separated out.
After 2 hours the insoluble material was filtered 

off, extracted with water, and a benzylidene 
derivative prepared from the extract. This melted 

at 193-194* and was probably dibenzylidene tbio- 
carbohydrazone (which melts at 193-194* — Stolle 
and Bowles, B. 1903, iX, 1100). The toluene mother 
liquor gave a little of a compound, M.P. 172°, 
which was not Identified^ on account of the small 

quantity.



PART T
The THERMAL DECOMPOSITION of the 

(i’-AMINOSfMIGARBAZONEg.-
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Introduction and Theoretical.

It was shown by Scholtz (B. 1896, iâ, 611), 

Borsche (1. 1901, 34, 4297), and others, that semi- 
oarbazones decompose on heating to give azine and 

hydrazodicarbonamide, thus

N*NB*CO*NHs RB'C'N NB'OO'NBs
f * I I

BB»C*'N'MB* CO-NHs BB’C'N NB'CO'NHs

Gurtius and Burkhardt (J.Pr. 1898, [2],
293) further found that d-phenylsemicarbazide 
decomposes on heating, giving hydrazine and hydrazo- 
dicarbonanilide, according to the equation

NHs•NH'CG'MBPh NBa NH'GO'NEPh

NHe'NB'GO'NBPh NBa NH'OO'NHPh

from those results it was thought that tne 
(f-aminossmicarbazones would decompose on heating to 

give azine and a substituted hydrazidicarbon- 

hydrazide, thus

R B ^C îN 'N H'G O*NH-NHB" P P ' G : #  H I ’ CO-NH*NHR"  

R H 'G :N -N H -C 0 -N H -W H F "  '  RR»G:N HH-CO-NH-NBR"
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then, however, benzophenoiie-<(-anllinossiiii- 
oarbazone was heated at 160-185* for 3 hours, 

besides some unchanged 4-anilinosemioarbazone, 
benzophenona oarbohydrazone, (1 ), and an unoryst- 

allisable resinous product were obtained. The resin 
gave colours with copper* sulphate and ammonia 
similar to. those given by diphsnylcarbohydrazide, (It). 
Hence the reaction would appear to have followed the 
course shown by the equation

PhaC:N"NH'GO'NH'NHPh PhgCzN-NH /NH-NHPh
f = ) 00 f 0 0 ^

Ph9C:N'NH'C0'NH'NHPh PhaCtN-NH. NH-NHPR

When the heating was carried out at a higher temp
erature and for a longer period, the only product 
identified was benzophenone phenylhydrazone. This 
must therefore have been formed by the interaction 
of the benzophenone oarbohydrazone and the diphenyl- 
carbohydrazide. To test this supposition, equi- 
molecular quantities of the oarbohydrazone and 

diphenylcarbohydrazide were heated in a manner 
similar to the <^-anilinosemicarbazone, and the 
products were bonzophenone phenylhydrazone and N- 
aminourazole, thus agreeing with the theory. The 
interaction is shown by the equation



= 2 Ph%C:N'NHPh f #  N* NHs (2)
NR— CO

All the other (f-anilinosemioarbazones on 
heating gave the phenylhydrazone and N-aminonrazole, 
and sometimes also a little azine. This latter was 

presumably formed by the partial decomposition of 
the intermediate oarbohydrazone according to the 
scheme shown by Brown, Pickering, and Wilson, (J.C.B. 
1987, IBl, 108) -

00
RR'0:N'NR'00.NR'N:0RR' RR'C:N NR^^^N-NRa

■f- ' 2 I  ̂ I I (3)
RR'0:N'NR'C0'NR'N:0RR' RR'0:N NR 00

When acetone oarbohydrazone and diphenyl- 
carbohydrazide were heated together in equimolar 
quantities:, acetone phenylhydrazone, N-aminourazole, 
and dimethyl ketazine were formed, thus showing 

that reactions (2) and (3 ) take place at the same 
time.

When acetone-d-diphenylaminosemicarbazone 
was heated above its melting point, it decomposed 
and gave tetraphenylcarbohydrazide, N-aminourazole, 
dimethyl ketazine and acetone diphenylhydrazone, 
thus conforming to the behaviour of the 6-anilino-
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ssmioarbazonss.

Consequently we may say that in general, 
j-amlnosemioarbazones decompose on heating, in two 
stages, according to the equations

RR’G-.N-NH'CO'NH*NR"R’" RR»C'.N*NH. /NM-NR"R"
+ = ,C0 f 0 0  ̂ (1 )

R R ' C : N ' N H ' C O - N H ' N R " R "  R R ' C i N - N R /  N B - N R n R *

00
*  2 R R '0: N ' N R " R "  f  N R ^  NHg ( 2) ,

NH CO

and usually the intermediate oarbohydrazone, (i), 

decomposes to a certain, extent at the same time as 

reaction (2) is taking place, according to equation 
(3) on page 8 8 .

The compounds actually isolated would seem 

to depend on the temperature at which the reaction 
is carried out and on the relative stability of the 

products of the different stages; the reaction 
temperature is .of course limited by the melting point 
of the d-aminosemicarbazone. E.g., benzophenone 
oarbohydrazone was the only oarbohydrazone Isolated, 

presumably because it is fairly stable, and has a 

high melting point, (223-225®), and also because 
benzophenone—6-anilinosemicarbazone has a fairly



low melting point, namely 161°:, thus enabling the 

decomposition to take place at a low temperature. 
In the case of benzylidsne-/-anilinosemi- 

carbazone, special precautions had to be adopted 
to isolate the phenylhydrazone as it decomposed at 

the temperature of the reaction, giving stilbene, 
benzylideneaniline, etc, (Chattaway, Gumming, and 

filsdon, J.C.S. 1911, 99> 1952).
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EXPERIMENTAL;

Benzophenone-cT-anilinossmioarbazons.

g g. of benzophanone-d-aniliaosemioarbazone 

(Sutherland and Wilson, J.C.S. 1924, 125, 2147) were 

heated at 180-185* for 1 hour. After oooling, the 
hard yellowish melt was treated with ether in order
to promote crystallisation. The crystals were filtered
off, washed with ether, and reorystallised from 

alcohol, and gave fine white needles, M.P. 223-225*. 
These were identified as benzophenone oarbohydrazone 

by analysis and comparison with an authentic 

specimen.
Found :— N = 13.224.
C27H22ON4 requires N * 13.394.

The alcoholic mother liquor from the 
benzophenone oarbohydrazone, on concentration, gave 

crystals M.P. 155*, which were reorystallised from 
aloohol and identified as unchanged benzophenone-/- 

anilinosemioarbazone, M.P. 161*.
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The mother liquor gave a violet precipitate 
with copper sulphate and a scarlet colour .with 

ammonia, which would seem to indicate that it contained 

diphenylcarbohydrazide (Skinner and Ruhemann, J.C.S. 
1888, 5^, 551). 'The solution was therefore concentrated 
in a vacuum desiccator, but only a resinous mass was 
left. This was treated with ether and other solvents 

but could not be obtained in a crystalline form. An 

attempt .was made to isolate the diphenylcarbohydrazide 
by its mercuric chloride derivative, but the 
precipitate obtained could not be purified.

Another reaction was therefore carried out 
by heating 3 g. of the ^-anilinosemioarbazone for 3 

hours at 160-165*. The melt was treated with ether 
and the crystals filtered off, washed with ether, and 
reorystallised from alcohol. The product turned pink 
in the air like diphenylcarbohydrazide and was 

fractionally crystallised from alcohol, but only 
benzophenone oarbohydrazone and unchanged substance 

were isolated.
,g g, of benzophsnons-<^-anilinosemicarbazone

were heated for -7 hours in a bath at 180—185®. The 
melt when cold was a hard clear resin, and was 
dissolved in ether. On removing the ether in vacuo.



a 'ssmi-orystalline solid was obtained, and this was 

treated with oold aloohol and filtered. The residue 
was reorystallised from aloohol, giving yellowish 

crystals M.P. 194* which were reorystallised from 
aloohol and decolourised with charcoal. The product 
was almost white and melted at 136-137° (which is 

the melting point of benzophenone phenylhydrazone).
It was insoluble in water and slightly soluble in 

light petroleum. On hydrolysis with dilute hydro
chloric acid it gave benzophenone and phenylhydrazine. 
The former was extracted with ether and identified 
by means of its phenylhydrazone, and the latter was 

separated and identified as the benzylidene derivat

ive in the usual manner. Hence the compound/
136-137* was benzophenone phenylhydrazone, and this 
was confirmed by comparison with a prepared specimen.

No other products were identified.



ÂcetopheQon0-<C.anilinose!!iioapbazone.

2.0 g. of aoetophenone-t^’-anilinosemioarbazone 
(Sutherland and Wilson, J.C.S. 1924. 125.-2146) were 

heated in a bath at 220-225° for 2 hours. A small 
quantity of a gas resembling ammonia was evolved.

When cold, the mass was extracted with 

ether and the solvent removed in a vacuum desiccator. 

This was repeated in order to promote crystallisat
ion, the mass again taken up with ether, filtered, 
and the residue washed with ether. The residue was 
extracted with boiling alcohol, and the insoluble 
portion reorystallised twice from water. Colourless 
prisms, M.?. 273-274°, were obtained. Their aqueous 

solution was strongly acid to litmus, gave a white 
precipitate with silver nitrate, and gave a red 
colouration with ferric chloride. From these 
properties it was thought to be N—aminourazole, and 

this was confirmed by analysis.

Found :- N =48.334.

C2H4O2N4 requires N = 48.284.

The alcoholic extract from the crude N-amino-
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urazols was oonoentrated and yellowish crystals, 
W.P. 121®, were obtained. These were identified as 
methyl phenyl ketazine by comparison with an 
authentic specimen.

The solvent was removed from the ethereal 
extract of the melt and the residue reorystallised 
from alcohol. The first crop which was filtered 
off melted at 90-91° and decomposed on standing to 

give a dark oil smelling of acetophenone, thus 
resembling acetophenone phenylhydrazone in 
behaviour. The second crop was reorystallised from 
light petroleum and the resultant product was found 
to be acetophenone phenylhydrazone by comparison 
with an authentic specimen.

Mo other products were found.



.Aoetone-/^a!iilinosemicarbazoiie,

2.0 g. of aoetone-dCanilinosemioarbazone 
(Appendix, p. 13%) were heated in a small distill
ation flask immersed in a bath at 180°. To the 
flask was oonneoted a similar one to act as a 
receiver, and this was connected to the pump. The 

apparatus was evacuated every hour till no more 
liquid distilled over.

The semi-resinous residue in the flask was 

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

The alcoholic filtrate was taken to dryness 
under reduced pressure, and the resinous residue 
treated with ether, frozen, etc., but it could not 
be crystallised. The alcoholic solution gave the 
usual colourations of diphenylcarbohydrazide with 

copper sulphate and ammonia.
The distillate wàs too small in quantity 

to be successfully fractionated, and was therefore
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was
hydrolysed by boiling with dilate hydroohlorio 

aoid. By distilling off part of the liquid it 
found to contain acetone by the nitroprusside test.

The residual liquid was taken to dryness under 
reduced pressure and the residue dissolved in water. 

This solution was treated with benzaldehyde in the 
usual manner till exhausted. The product was filtered 
off and reorystallised from alcohol and then from 

■light petroleum, the crystals filtered off and well 
washed with the latter solvent. The compound thus 
obtained was identified as benzylidene phenylhydrazone 
by comparison with a prepared specimen; the quantity 
was small. The light petroleum filtrate was concen
trated till crystals were obtained and these were 
reorystallised from alcohol and identified as benzal 

a z X ne.
Hence the distillate was a mixture of acetone 

phenylhydrazone and dimethyl ketazine.
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Methyl &era.-butyl ketone

J-Anilinosemioarbazona.

3 g. of the /-anilinosemioarbazone (page 28) 
were heated under conditions exactly similar to 

those used for the aoetons-/-anilinosemicarbazone.
The semi-resinous residue was extracted 

with boiling alcohol and the insoluble part filtered 
off, reorystallised from water and identified as 

M-aminourazole as before.
The distillate was hydrolysed by boiling 

with dilute hydrochloric acid and a portion of the 
liquid distilled off. This distillate was found to 
contain methyl Zert.-butyl ketone by its odour and 
by its semicarbazone. The residual liquid, on cooling, 
deposited crystals which were filtered off and 
identified as phenylhydrazine hydrochloride by 
their benzylidene derivative. The mother liquor from 
them was taken to dryness under reduced pressure 
and the residue extracted with a little hot absolute 

alcohol and filtered. The insoluble residue was 
found to be hydrazine hydrochloride by its melting 
point and that of its benzylidene derivative.



Hence the distillate contained methyl 

*srA.-butyl ketone phenylhydrazone and methyl 
Aarf.-bntyl ketazine*.

100.

» See appendix, f. 140'
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Benzylidene-Z-anilinosemioarbazone.

3 g. of benzylidene-if-aniliîiosemioarbazone 

(Appendix, B. 134) were heated in a flask of the 

Anschutz type to which was attached a small 
receiver. The temperature was maintained at about 
2 2 0° 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 extracted

several times with absolute alcohol and the residue 
filtered off. This was identified as N-aminourazole

as in previous cases.
The alcoholic extract on cooling, gave 

crystals of benzylidene phenylhydrazone.
No other products were found.
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Acetone-J-diphenylaminosemioarbazona.

2 g. of acetone-^-diphenylaminosemioarbazone 

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

was kept evacuated, A liquid distilled over and 

a black residue remained.
This residue, which was expected to be M- 

aminourazole, was extracted with boiling absolute 

alcohol and filtered. As the filtrate deposited 
crystals on cooling, it was decided to extract the 

M-aminourazole, if present, from the residue with 
hot water. This residue, therefore, after boiling 
with water and filtration, was reorystallised from 

alcohol and the first alcoholic extract added. It 

gave white needles, M.P. 241-242°, which were 
identified as tetraphenyloarbohydrazide (Aoree, B.

1903, aa, 3157).

Found Î— M * 14.44^; 14.27&#

C9 9H99ON4 requires M = 14.21$.

The compound remained white on standing whereas

Aoree states that it turns blue.
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The aqueous extract of the crude tetra
phenyloarbohydrazide was taken to dryness under 
reduced pressure. There was not sufficient residue 
to give a melting point, but its aqueous solution 
was aoid to litmus and gave a white precipitate with 

silver nitrate and a red colouration with ferric 

chloride. 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 contain 
acetone by the nitroprusside test. The residual 

liquid on cooling deposited crystals which were 

filtered off. They did not give a benzylidene 
derivative when treated in the usual way, but with 
a trace of nitric aoid in sulphuric aoid they gave 
a deep blue colour the same as diphenylhydrazin^.

An attempt was made to obtain the free bass from 
the hydrochloride by means of alkali and to prepare 
the benzylidene derivative from the base*, but the 
quantity was too small to give a satisfactory 
derivative. The mother liquor from the above was 

oonoentrated and gave hydrazine hydrochloride, 
identified as usual. Hence the distillate was a 
mixture of acetone diphenylhydrazone and dimethyl ketazine.

* See appendix, B.141.



The Aotlon of Blphenyloapfeohydrazide on
Benzophetione Garbohydrazone.

0.18 g. of diphenyloarbohydrazide (Barnebey 
and Wilson, J.Am.0.3. 1913, 35, 156) and 0.30 g. of 
benzophenone Garbohydrazone (page 91) were intimately 

mixed and heated for 5 hours at 180-185° - i. e.,
under conditions similar to those used for the 

decomposition of benzophenons-Jlanilinosemioarbazone.
The cold mass was extracted with ether and 

allowed to stand for a short time to promote 

crystallisation. The small quantity of insoluble 
material was filtered off and found to be N-amino- 
urazole by its reactions.

The ethereal filtrate was taken to dryness 

and the residue reorystallised from alcohol several 

times. Crystals, M.F. 136-137° were finally obtained 
and these were identified as benzophenone phenyl
hydrazone by comparison with a prepared specimen.



The action of Biphenylcapbohydrazide on 
Acetone Garbohydrazone,

2,07 g, of diphenyloarbohydrazide and 1.45 
g. of aoetone oarbohydrazone (Brown, Bickering, and 

Wilson, J.C.S. 1927, 131, 108) were ground intimately 
together and heated in exactly the same manner as 
acetone-jLanilinosemicarbazone (page 97).

The residue in the flask was extracted 

several times with boiling absolute alcohol and 
the insoluble part identified as N-aminourazole as

in previous oases.
The distillate was hydrolysed by boiling 

with dilute hydrochloric acid, and a portion of the 
liquid distilled off. This distillate was found to 

contain acetone by the nitroprusside test. The 
residual liquid was taken to dryness under reduced 
pressure, and the residue extracted with boiling 

absolute alcohol and filtered. The residue was 
shown to be hydrazine hydrochloride by its melting 

point and that of its benzylidene derivative. The 
alcoholic filtrate was concentrated to small volume 

and, after diluting with water, a benzylidene
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derivative was prepared in the usual manner. This 

was found to be benzylidene phenylhydrazone.

Henoe the distillate would appear to have 
been a mixture of aoetone phenylhydrazone and 
dimethyl ketazine.

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

aoetone-cCanilinosemicarbazone.



107

PART f
Ths ACTION 0 f AMINES 90 

THIOSEMIOABBAZONES.
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Introduction and Theoretical.

It was shown by Borsche (B. 1901, 4299;
1904, m.f 3177; 1905, SS, 831) that arylamines 
reacted with semioarbazones to give ammonia and a 
ct-arylsemicarbazone, thus ; -

RR*0:N'NH'00'NHa f NHaAr = RR'G:N-MH*CO-NHAr + NRg,

These compounds on hydrolysis with dilute 
hydrochloric acid gave the ketone and the Jlaryl- 
semicarbazide hydrochloride, from which the free 

bass could be obtained by the action of weak 

alkalies -

RR'G:M'MB'CO"NRAr f HsO + HGl * RR'GO +
HGl,NH4 "NB"G0 'MHAr.

This reaction was extended to aliphatic 

amines and amines with the MBs group in a side 
chain by Wilson, Hopper, and Crawford (J.G.S. 1922,

121, 886)..
It has now been found that amines react 

with thiosemicarbazones in a similar manner giving 
ammonia and <T—substituted thiosemicarbazones -
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RR’ C'N-MH-CS-NHs MHsR” *  RR'C:M 'NH'08-NHR" +

Aliphatic amines, aromatic amines, and amines with 
the NH@ group in a side chain, /II reacted in the 
normal manner.

On hydrolysis with dilute hydrochloric 
acid they gave the ketone and the ^-substituted 
thiosemicarbazide hydrochloride -

RR'0 :M'NE"C8 'MBR" f RgO f HCl = RR^CQ f

HCl,NRs'NH-CS-NHR".

Sometimes a little ^sethiocyanate and hydrazine 
hydrochloride were formed by the decomposition of 
the (^-substituted thiosemicarbazide hydrochloride, 
as was shown in the case of cT-phsnylthiosemi- • 
carbazide by Pulverm%nher fR. 1894, E2,'616)

R"MR'0S'MR'MR2,RC1 f RCl = R"N:C:8 f NBaMHg,? RCl.

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

To prove their constitution, it was shown 
that the compound obtained from the action of 
aniline bn acetone thibsemicarbazone was identical 
with acetone-<^-phenylthiosemibarbazone prepared



from aoetone and 4-phenylthiosemioarbazide (Stephen 

and Wilson, J.C.S. 1926, 129. 2534). Also the <A 

benzylthiosemioarbazide synthesised in a manner 
similar to d-phenylthiosemioarbazide (Bulvermaober,

B. 1894, 27, 615), namely from benzyl isothio- 
oyanate and hydrazine hydrate,

BhCHâM'CîS + NHsNHstHsO = BhCHsNH-CS-MH-NHs + HsO,

was the same as that obtained from the aoetone 
derivative produced by the action of benzylamine 

on acetone thiosernioarbazone.
In some of the reactions, notably that of 

/3-naphthylamine on acetone thiosernioarbazone, a 

little insoluble material was formed, and this was 
supposed to be due to the decomposition of the 
thiosemicarbazone. Bulvermaoher (B, 1894, 2%, 618) 
showed that 4 -phenylthiosemicarbazide decomposed on 
heating to give s-diphenylthiocarbamylhydrazide -

,2 PhWH'CS-NH*NBs = phNB'CS•MH*NH*CS•NHPh +

This decomposed further on heating to give a compound 

shown by Busch and Schmidt (B. 1913, 46, 2241) to
be diphenyliminotetrahydrothiodiazole, hydrogen

sulphide being evolved
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PhNH-CS-NH-NH-CS-BHPh =
NH-C:NFh

);S + HaS
NH-C:NPh

presumably acetone-dL^Lnapbthyltbiosemi- 

oarbazone would, on beating, decompose in a 

similar way giving dimethyl ketazine and s-di-#- 
naphthylthiooarbamylhydrazide

8 Me2C:N'MH'C8 'MH'CioH7 = MegC:M'N:CMeg +
CioHy'MH'CS'NH'MH'CS'NH'OioH?,

which latter could then decompose to give hydrogen 
sulphide and di-A-naphthyliminotetrahydrothiodiazole

Cio#?'NR'C8'MH'NH'C8'MH'CioH7
W H - C C 10-H7

")8 f 8 2 8.
NH-d:M'Cio87

The insoluble product from the /3-naphthylamine and 
acetone thiosemioarbazone gave an analysis oorrespond-
ing to di-,/3-naphthyliminotetrahydrothiodiazole.

The aoetone-£r-/3-naphtbylthiosemicarbazone

when boiled with dilute hydrochloric acid gave 
mainly a large quantity of an insoluble product 
and a small amount of hydrazine hydrochloride. The 
insoluble product was probably s-di-/3~naphthylthio- 

carbamylhydrazide and it was presumably formed,
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together with the hydrazine hydrochloride, by the 

decomposition of the cf-/3-.naphthylthiosemioarbazide 
hydrochloride,

CioB7'MB'C8'NR'NH9,HCl Gio^ • NH'CS • MH NH2,HC1
_ I IOzoH7'NB'C8'N9'NH2,RCl OioH7 'NB'C8 .NB NH9 ,BC1
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EXPERIMENTAL.

Aniline and Aoetone 

Thiosemioarbazone,

1 . 8 6 g. of aniline, 2.62 g. of acetone 
thiosemioarbazone, and 20 cos. of toluene, were 

heated under reflux for 20 hours at 125-130*. As 
some unchanged substance separated out on cooling, 
the heating was continued at 130-135° for 17 hours, 
at the end of which period the evolution of ammonia 

had again ceased. A small quantity of an insoluble 

substance separated, and towards the end of the 

reaction some hydrogen sulphide was evolved.
The insoluble material was filtered off, 

washed, and reorystallised from alcohol. It gave 
leaves M.P. 245°, but the quantity was too small to 

permit of further treatment.
As nothing separated from the filtrate on 

cooling, the toluene was distilled off under 
reduced pressure. The clear yellow resinous residue 

obtained was dissolved in hot alcohol, and on



cooling, crystals were deposited. After recryst

allisation, these were identified as aoetone-^- 

phenylthiosemicarbazone by comparison with an 
authentic specimen. More of this compound was 
obtained by concentrating the mother liquor and 
adding light petroleum. The total yield did not 

exceed 80$.
The residual mother liquor was distilled 

under reduced pressure but only a little dimethyl 

ketazine was found.



/3-Naphth.ylamine and Acetone

Thiosemioarbazone. -

5.72 g. of /3-naphthylamine, 5.24 g. of 
aoetone thiosemioarbazone, and 30 cos. of toluene, 

were heated under reflux for 18 hours in a bath at 

125-130°. Ammonia was evolved and an appreciable 
quantity of an insoluble substance separated out.

The insoluble material was filtered off 
and washed with a little hot toluene. It was then 

extracted with boiling alcohol, in which it was 

insoluble, and reorystallised from a mixture of 
alcohol and pyridine. It separated as an amorphous 
white solid which began to decompose at 266° and 
melted finally at 275°. It was thought to be dt-#-
n a p k t h y l i m i n o t e t r a h y d r o t h i o d i a s o l e f  NR-C MC10R7

I > s  ,
N R -0  NCZ0R7

Found ; - w * 15.52$.
CagRidNfS requires N = 15.̂ 22$.

A solid separated from the toluene solution 

on cooling in ice and scratching. This was filtered 

off and after several recrystallisations from



alcohol melted at 147-149°; after recrystallisation 
from benzene and again from alcohol, yellowish 

plates, M.P. 150-151°, . of acetone-.6-/3-nai}hthylthio^ 
semi carbazone, MesC-* N-MB ' CS C10R7 , were obtained.

Found Î- N = 16.41$.

C1 4B33M98 requires N = 16.94$

The compound existed in dimorphous forms, since, 

when reorystallised from benzene, it gave an 
apparently amorphous form M.P.'197-188° which 
returned to the higher melting form on reorystall- 
isation from alcohol. The yield was about 65$ in 

the crude condition but decreased rapidly on 
purification. The mother liquors darkened as though 

decomposition were taking place.
About 1 g. of the compound was boiled with 

40 CCS. of 6$ hydrochloric acid, under reflux, for 
1 hour. A large amount of insoluble material was 
formed and this was filtered off. It was insoluble 
in water and alcohol, and was reorystallised from 

a mixture of alcohol and pyridine. It formed a 
slightly pinkish solid which began to decompose at 

220°and finally melted at 252°.: It was thought to
be B~‘di^^^~-nai>hthylthi 0 c arh amylhy dr aside ,
CzoH7'NB'08-NH'NB'C8"NB'CzoH7.
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Found N , 13.71$.
CggHzaNjSg requires N = 13,8

The filtrate from the crude s-di-a-naphthyl 

thiocarbamylhydrazide was found to contain acetone 
by the usual method.

The remaining liquid was taken to dryness 
under reduced pressure, and the residue extracted 
with hot absolute alcohol and filtered. The residue 

was found to be hydrazine hydrochloride by its 

melting point and that of its benzylidene derivative. 
The alcoholic filtrate was concentrated and found 

to contain a hydrochloride, but the amount was too 
small to permit of identification.



%-Beptylamine and Acetone
Thiosemioarbazone,

4.60 g. of «-heptylamine, 5,24 g, of acetone 
thiosemioarbazone, and 30 cos, of toluene, were 
heated under reflux for 21$ hours in a bath at 125- 

130°, Ammonia was evolved, and the thiosemioarbazone 
dissolved to give a perfectly clear solution.

No crystals separated from the solution on 
cooling, and so the solvent was distilled off under 
reduced pressure, a clear viscous oil being left.
This crystallised on cooling and was dissolved in 
a little hot absolute alcohol. On cooling this 
solution in ice , crystals were obtained and these 
were filtered off and reorystallised from light 

petroleum. They gave thin glistening plates of
ac et on e-<S-k ei>t y I tki 0 s emi c arh asone p MegC * N * NH• 03* NHCyHia,

M.P. 74-74,5°. A further crystallisation raised the 
melting point to 7 5°, and the substance possessed 
the same melting point after recrystallisation from 
aqueous alcohol. It sometimes separated as needles.

Pound ;- N - 13,87$.'
CiiBggNgS requires N * 18.34$.
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The compound was easily soluble in ether, carbon 

tetrachloride, alcohol, and benzene. The yield was 
increased by concentrating the mother liquor in 
vacuo and adding light petroleum, and amounted 
finally to 65$, No other products were isolated.

About 1 g. of the acetone-/-heptylthiosemi- 
oarbazone was hydrolysed by boiling under reflux 

with 20 cos. of 6 $ hydrochloric acid for 10 minutes, 
a perfectly clear solution resulting. A small 
quantity of the liquid was distilled off and found 

to contain acetone by the nitroprusside test. 
Crystals separated from the residual liquid on 
cooling, and these were filtered off and reorystall

ised from light petroleum containing a little 
alcohol. Silvery leaflets, M.P. 135-136° were 
obtained and identified as 6-hei>tylthiosemicarh aside 

hydro chloride f SyBi ̂ N̂H* OS* NB 'NHg, BCl.

found •- N = 10.52$.
C9B3 0N98CI requires N = 10.62$.'

It was sparingly soluble in hot water and melted
under 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 easily 
soluble in alcohol. The yield was about 80$,

The benzylidene derivative, b e n z y l i d e n e - ( f ^  

h e p t y l t h i  0 s e m i  c a r b  a s o n e , PhCH* N * NH * OS * NHCyHih'j was 
prepared from the above hydrochloride in the usual 
manner. It tended to separate as an oil, but 
solidified on cooling in ice. It was reorystallised 
from light petroleum, giving white matted needles 
M.P. 73°.

found ;- N = 16.2o%.

C13H2 2N38 requires N = 15.16$.-

It was easily soluble in alcohol, ether, and benzene, 

and turned yellow on standing.
0.'5 g of (i-heptylthiosemicarbazide hydro

chloride was dissolved in aqueous alcohol and an
excess of sodium carbonate added. The liquid was 

*
then boiled till the evolution of gas ceased, and 
the solid filtered off. The filtrate was taken to 
dryness under reduced pressure, and the residue 

extracted with hot light petroleum and filtered.
The crystals separating from the filtrate were 
filtered off and reorystallised from light petroleum, 

giving silky glistening acicular plates of
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6 • h e p t y l t h i o s e m i c a r h a s i d e  y M.P.

64.6-55°.

found N » =28.%6̂ .-
G5H1 9N5 S requires N = 2 2.B2#.

Itr was easily soluble in alcohol and benzene.
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Benzylamlne and Acetone 

Tfe i b s em i 0 ar b a 2 on e • *

5.36 g. of benzylamine, 6.55 g. of acetone 
thiosemicarbazone, and 10 cos. of toluene, were 
heated under reflux for 20 hours in a bath at 125- 

127*. A product separated on cooling, and this was 
filtered off,

Tt was recrystallised several times from 
methyl alcohol, and then from alcohol and benzene, 
from benzene it separated in yellowish thin square 
plates, and from alcohol in prismatic needles, both 
forms melting at 148°. It was identified as a c e t o n e .

cf- h e n z y l  thio s emi a a r b  a s o n  e , PhCHs* NH* GS • NH* N »C’̂e2 • '

found S - 14.44^.

CïiHi»)N.̂ S requires 8 = 14.48%.

The yield, increased by concentrating the toluene 

mother liquor, was 65%.
1 . 0  g. of the compound was hydrolysed by 

boiling with 20 cos. of 2% hydrochloric acid for

* The author is indebted to Dr. Burns for the 
preliminary work of this reaction.
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20 minutes. The liquid was found to contain acetone
by the usual means. The residual liquid, which had

a cress-like odour presumably due to benzyl tsothio- 
cyanate, deposited crystals on cooling, and these 

were filtered off. The filtrate was taken to dryness 
under reduced pressure, the residue washed out with 
ether and added to the crystals already obtained.

On extracting with a little hot absolute alcohol 
and filtering, a small amount of residue identified 
as hydrazine hydrochloride was obtained.

The filtrate, on cooling, gave colourless 
plates, M.?. 189* (decomp.), of 6~ h e n z y l t h i o s e m i -  

c a r h a z i d e  h y d r o c h l o r i d e ^  PhCH^NH*CS•NH*NHa,HCl.

found Î- 01 = 16.16%.

OgHiaNgSOl requires 01 - 16.32%.

The' compound was insoluble in benzene and ether, 
and dissolved in water to give an acid solution.

The yield was 87%.
B e n z y l i d e n e - 6 ~ h  e n z y l t h i  0 s e m i  c a r h  a z o n e ,

PhOH*N*NH*08*NB*OH2Ph , was prepared from the 
hydrochloride in the usual way. It was fairly 

soluble in alcohol, and best recrystallised from a 

mixture of alcohol and light petroleum. It formed
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long matted needles, M.P. 188-184*.

found :- N * 15.72%.
C15H19N98 requires N = 15.61%.

0 . 8 g. of the J-henzylthiosemioarbazide 
hydrochloride was boiled with 20 cos.- of water for 

5 minutes. A slight odour of cress, doubtless due 
to benzyl isothiocyanate, was noticed. On cooling, 
glistening leaves separated out, and these were 
filtered off and recrystaliised from absolute 
alcohol. Silvery glistening leaves of 6 .-h e n z y l t h i o ^  

s e m i c a r b a z i d e ,  fhCHs•MB-OS-NH-NHs, M.P.130*, were 
obtained. The fact of the base being obtainable in 

this way shows that the hydrochloride is very 

easily hydrolysed.

found ; - N = 28.19%.

C4B1 1N98 requires N = 28.20%.

The base was sparingly soluble in cold water, easily 
soluble in hot water, alcohol, and benzene. Its 
aqueous solution gave a white precipitate with 
silver nitrate, soluble in hot water and separating 

from solution on cooling. It was turned violet by 
hot copper sulphate and gave a brown oil on boiling,
the odour of the mustard oil was.also very distinct.
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The yield was 76%.
The base was synthesised by mixing eqni- 

moleoular quantities of benzyl isothiooyanate 

(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 recrystaliised from 

alcohol, giving tabular prisms,-M.P. 130°, of J- 
benzylthiosemicarbazide. On reorystallising from 

benzene, it gave glistening leaves of the same 
melting point, identical with the base previously 
obtained. The benzylidene-J-benzylthibsemicarbazone 

was also the same as that described before. The 

yield was good.
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Benzylamine and Aoetophenone
Thiosemicarbazone.

8,06 g. of benzylamine, 5.50 g. of aceto- 
phenone thiosemicarbazone, and 20 cos. of toluene, 
were heated under reflux in a bath at 125-180° 
until the evolution of ammonia ceased. There was a 

little insoluble material formed, and 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 cooling, and these were filtered off and recryst
allised from alcohol, creamy aoicular plates, M.P. 
157-159°, -being obtained. Peorystallisation from 

benzene gave a white mass of fine needles having 
the same melting point, and a further crystallisation 

from alcohol gave colourless plates M.P. 160-161°. 
These were identified as aeetophenone~<^^bensylthio- 

MeP%C:N'NB'C8 'NE'CB9ph. More was 

obtained from the toluene mother liquor, the total 

yield being 87%.
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Found N = 14.91%; 8 = 11.

C1 6R17N98 requires N = 14.84%; 8 ^11.31%.

1.0 g. was boiled with 20 cos.- of 6% hydro
chloric acid for 4| hours. At the end of that time 

quite a large amount of the substance was unchanged, 
and this %as filtered off. The filtrate had the 

odour of acetophenone, and this substance was 
removed by extracting the liquid, while still hot, 
with carbon tetrachloride. After cooling, the 
crystals which were deposited were filtered off 
and identified as "4-benzylthiosemicarbazide hydro

chloride by comparison with an authentic specimen. 
The filtrate was taken to dryness under reduced 

pressure, and the residue extracted with a little 
hot alcohol. The insoluble part was found to be 

hydrazine hydrochloride.



r a c , ûC-Fhenyletbylamine and Acetone

Thiosemicarbazone.

4.84 g. of a-phenylethylamine, 5.34 g. of 

acetone thiosemicarbazone, and 30 cos. of toluene, 
were heated in a bath for 3 5& hours, the temperature 

being 125-130°. Ammonia was evolved and a little 
insoluble material separated.

This insoluble substance was filtered off, 

but was not identified as the quantity was too small.
The filtrate was cooled in ice but no solid 

formed, and therefore the toluene was removed under 

reduced pressure. The clear viscous residual oil 
set to a straw coloured resin on cooling, and this 
was dissolved in a little hot absolute alcohol. The 
crystals which were obtained by cooling the solution 
in ice, were recrystaliised from alcohol, giving 
tabular prisms, M.P. 89-90% of a c e t o n e - S - d . - i > h e n y l -  

e t k y l t h i o s e m i c a r h a s o n e ,  MSaC:N•NH•CS-NH'CHMSph.

Pound s- N = 18.00%; S - 13.76«.
C1 SH1 7 N3 S requires N » 17.87#; S = 18.62#.

The compound m e  fairly soluble in cold benzene



128,

and almost insoluble in light petroleum,

1.0 g. of the compound was hydrolysed by 
boiling with 20 cos. of 6% hydrochloric acid for 17 
minutes, under reflux, and a small quantity of the 
liquid then distilled off. The distillate was found 
to contain acetone by the nitroprusside test. A 

small quantity of oil separated from the remaining 
liquid on cooling; this was separated off and 
neglected as the quantity was very small. The main 

portion of the liquid was taken to dryness under 
reduced pressure, and the residue extracted with 
hot absolute alcohol and filtered free from a very 
small quantity of insoluble material. No crystals 
separated from the filtrate, and the addition of
benzene produced no precipitate. The solution was
therefore concentrated in vacuo, and small colour
less plates of p h e n y l  e t h y l  thio s e m i  e a r b  a s i d e

h y d r o c h l o r i d e ,  PhMeCH* NH* CS• NB-NH^',HGl, M.P.157- 

158°, were obtained.

found ;- Cl » 15.
C9B14N9 8CI requires Cl = 15

The compound was insoluble in benzene and ether, 
and easily soluble in alcohol. The yield mas 80#.



B e n z y l i d e n e  - d i -phenyl e t h y l t h i  ù s emi c a r h  a z o  n e y 

PhCH*.N* NH-CS-NH* CHMePh, was obtained from the 
hydrochloride in the usual manner. It tended to 
separate as an oil, but became quite solid on 

standing. It was very soluble in alcohol and was 

crystallised from light petroleum, giving colourless 

plates 128-189*..

Found : - N = 15.00%.

C16H37N 9S requires N = 14.

An attempt was made to prepare the base by 

boiling 0.7 g. of the hydrochloride with 20 cos. of 
water for 5 minutes. A slight odour of cress was 
noticed, and on cooling, a turbidity was produced 
by the separation of a small quantity of an oil, 
but 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 reduced 
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 crystals, M.?. 84°, of J-a- 

P h e n y I  e t h y l t h i o  s e m i  c a r h a z i d e , PhMeCH'NB'CS'NH'NHg.

found N = 81.62%.
O9B13N98 requires N , 2 1 .5 4%.

The base was very soluble in alcohol and benzene.
It is possible that the oil which separated 

from the aqueous solution of the hydrochloride, and 
that formed in the hydrolysis of the acetone-4-a- 

phenylethylthiosemicarbazone, mentioned above, was 

the base just described.
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AGetone-J’-anilinosemiGarbazone,

The following method was adopted for the 

preparation of this compound in an appreciable 
quantity as the yield from the ordinary reaction 
was very small. Tt is similar to that used for the 

preparation of the semicarbazones, namely from the 
hydrochloride of the base, potassium acetate, and 
acetone. The method of preparation of the d^anilino- 
semicarbazide hydrochloride (Sutherland and Wilson, 
J.C.8 .- 1924, i£5, 8146) was altered slightly.

3.3 g. of acetophsnone-/-anilinosemi- 
carbazone were hydrolysed by boiling for 20 minutes 

with 75 CCS. of 6% hydrochloric acid. While still 
hot, the acetophenone was removed by three extract
ions with carbon tetrachloride. The hydrochloride 
which separated on cooling was filtered off and the 
remainder obtained by evaporating the filtrate to 

dryness under reduced pressure.
The total amount of hydrochloride was 

dissolved in a minimum of water, 10 ces. of acetone 
added to the solution, and then a slight excess
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(4 g,), of potassium acetate was added in small 

quantities, 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 g hours 
it was filtered off, thoroughly washed with water, 

dried, and recrystaliised from alcohol. It was 

found to be identical with that previously obtained. 

The yield, calculated on the acetophenone-4-anilino- 
semiearbazone, was 94%.

Methyl ethyl ketone-<4-anilihosemicarbazone.

This compound, which could not be obtained 

by the action of phenylhydrazine on methyl ethyl 
ketone semicarbazone, was prepared by the method 
described above. 1.5 g. of the hydrochloride were 
dissolved, in 30 ces. of water, 3 cos. of the ketone 
added and the solution cooled in ice. The product 
was filtered off and more obtained from the filtrate 

by the addition of 2 g. of potassium acetate. The
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whole was recrystaliised from alcohol and gave 
almost white plates, M.P.- 137°, of m e t h y l e t k y l -  

k et o n e - 6^ a n i l i n o  s e m i c a r h  a z o n e , MeftC-N * NH•CO•NH * NHPh,

found I- N = 26.4

C2 1H16ON4 requires N = 25.45%.

yield of the crude product was almost theoretical.

Benzylidene-4-anilinosemicarbazone.

The method previously described (Sutherland 
and Wilson, J.C.3. 1924, 125, 2146) was altered for 
the preparation of à large quantity. The hydrochloride 
was dissolved a a minimum of water, and a very slight 

excess of benzaldehyde together with sufficient 
alcohol to give a clear solution added. After being 
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 practically pure by further washing with 

hot alcohol. The yield was 95%.'



l-MethylcycZohexan-2-one.

The ketone was prepared by the method used 
for the 1:3 compound by Knoevenagel and Tubben 
(A. 1997, 897, 154).

170 g. of Beokmann^s ohromio acid mixture 

were added to 85 g. of l-methylcyc%ohexan-8-ol and 
the mixture well shaken. After it had started to 
oool it was heated on a water bath for % hour. 

After oooling, the ketone was separated off and 
the aoid portion extracted with ether. The ketone 

was added to the ethereal solution and the whole 
washed with caustic soda and then with water. The 
crude ketone was purified by means of its 
bisulphite compound in the usual manner.
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D i t propyl ketone Semicarbazone,

The melting point of this compound, 
presumably always prepared in the same manner, 

varies from 136° to 157° in different references. 

Salkind (C. 1906, li, 316) gives 136-137° as does 
also Wereschkowski (0. 1914, i, 1814), whereas 
Henderson, Henderson, and Heilbron (B. 1914, 47,
887) give 142°, Haller and Bauer (C.R. 1910, 150,

662) give 143-144°, Blaise and Marcilly (Bl. 1904, 

t33, M j 114) give 151-152°, and Staudinger (B. 1911, 

&4^ 529) gives 157°.
That prepared by the author in the usual 

manner melted at 143-144°. The semicarbazone from 
the dit so propyl ketone obtained by the hydrolysis 
of the d'-anilinosemicarbazone melted at 157° after 

three crystallisations from alcohol. A mixture of 

this with that melting at 143-144° melted at 152-159°, 
and when the low melting specimen was recrystaliised 

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
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melting at 143-144°. As there was only a small 

quantity it was not investigated further. There 

was no obvious difference in the crystalline form 
of the two specimens.



l-Methylcy.oiobexan-2-one 
Phenylhydrazone. •

l-methylcyclohexan-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 finally dried 

over calcium chloride. On removing the ether in an 
evacuated desiccator, solid l-methylcyc%ohexan-2-one 

phenylhydrazone was obtained. This was recrystaliised 

from warm aqueous alcohol and gave almost white 
needles, M.P. 45-46°, identical with the product 
obtained from the reaction described on page 38.

found I - N = 13. 68%.'

CigHigNs requires N = 13.87%.

Tt was very soluble in the usual organic solvents, 
and an attempt.to distill it at 30 mm. was not very 
successful, the temperature rising from 195-209°.
The distillate did not crystallise on codling, 

though it became very viscous.



139.

Benzylideneacetone
A-tolylhydrazone,

1.5 g. of benzylideneaoetone and a slight 

excess (1 . 4 g.):of A-tolylhydrazine were heated 

under reflux with 15 ccs, of alcohol for 1 hour.
B e n s y l i d e n e a c e t o n e  p - t o l y l h y d r a s o n e j

Me(BhGH:CH)C:N-NH-C6H4Me, separated on cooling, 

and was purified by two recrystallisations from 
alcohol.It gave pale yellow needles, M.P. 172-173».

Pound I- N - 11.21%.

C2 7H15N2 requires N - 11.



Methyl ferf.-butyl ketazlne

2,5 g, of 100% hydrazine hydrate and 11.0 
g, of methyl Aeri.-butyl ketone were heated under 
reflux with 10 oes. of alcohol for 2 hours. After 
drying over anhydrous potassium carbonate it was 

distilled and a fraction B.P.- 213-216° was obtained.

On redistillation under reduced pressure, 

methyl t e r t . ketasine, Me(MegC)C:N»N:0(CMes)Me, 
was obtained, it was an almost colourless oil with 

an odour similar to that of crude acetamide and 

boiled at 103°/17 mm. The yield"was 77%.

found ;- N = 14.33%.
C15H24N5 requires N = 14.20%.

On hydrolysis with dilute hydrochloric aoid it 
gave the ketone and hydrazine hydrochloride^



Acetone Diphenylhydrazone.

6.1 g. of diphenylhydrazihe were refluxed 
with 6 COS.- of acetone for 2& hours, dried over 
calcium chloride and distilled under reduced pressure. 
A fraction B.P.-156°/5 mm. was obtained. It was a 

yellowish oil which did not crystallise on freezing, 
and the nitrogen content was about 1% below that 
required for acetone diphenylhydrazone. It was 
therefore redistilled but the boiling point was as 

before and the nitrogen content still lower. A 
black residue was left in the flask, and it would 
appear, therefore, that decomposition was taking 
place. The oil was hydrolysed and acetone detected 
in the usual manner. The solution deposited crystals 
on cooling and these were filtered off. They did 
not give a benzylidene derivative by the usual 
method, and so the free base was liberated and the 
benzylidene derivative prepared from that. This was 

identified as benzylidene diphenylhydrazone, and 

therefore the oil must have been largely acetone 

diphenylhydrazone.
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Dibenzyl ketone
Thiosemicarbazone.

2.1 g. of dibenzyl ketone in 15 ccs. of ' 
alcohol and 0.91 g. of thiosemioarbazide in a 
minimum of water were heated under reflux for # 

hour. Crystals of d i b e n s y l  k e t o n e  t h i  o s e m i  c a r b  a z o n e ,  

(?hCH3)sGîN*NH*CvS*NH2, separated on cooling and 
were recrystaliised from alcohol and then from 
benzene. It formed silvery glistening leaves,

M.P. 135-166°. The yield was 85%.

found Î- N » 14.86%.
Gi5Hi7%S requires N » 14.84%.



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 fluorescence to a deep 
violet. Chloroform, ethylene dichloride, ethyl 

iodide, and chlorobenzene, gave similar colourations.

4 g. of acetophenone phenylhydrazone were 
dissolved in 60 cos. of carbon tetrachloride, the 
solution warmed to 35° and then allowed to stand 
for 24 hours. Hydrochloric acid gas and carbonyl 
chloride were evolved, the latter being detected 
by its conversion of aniline into oarbanilide. No 

change occurred when the solution was kept in an 
atmosphere of carbon tetrachloride.

When the coloured solution was taken to 
dryness, a deep violet pasty mass was left. This 
was extracted for 3 hours in a Sohxlet apparatus 

with light petroleum, a brownish violet mass 
being obtained. All attempts to crystallise this 

product were without success. It appeared to be a



hydrochloride and was therefore dissolved in 
absolute alcohol and the solution saturated with 
dry hydrochloric aoid gas. The deep violet solution 
obtained was taken to dryness in a vacuum desiccator 
and the residue washed out with dry ether saturated 
with hydrochloric acid. A deep violet crystalline 
solid was obtained, the analysis of which varied 

considerably each time it was prepared.
An attempt was made to prepare the free 

base by treating the hydrochloride with dilute 
sodium hydroxide and extracting with ether. On 

removing the ether a reddish resinous mass was 
obtained but could not be crystallised. It gave a 
picrate, chloroplatinate, perchlorate, benzoyl and 

nitrobenzoyl derivatives, but none of these could

be obtained pure.
As it was not in the direct line of research

the investigation was abandoned.
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