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GENERAL INTRODUCTION AND SULMMARY .

This work is divided into three parts. The
results obtained from the first two parts were almost
entirely negative and they have been treated more briefly
than the third part, which describes the action of amines
on 2-substituted semicarbazones. The investigations are
described, however, in the order in which they were
carried out, as otherwise the connection between the diff-
erent sections would not be obvious. ‘

This introduction is intended merely to
indicate the contents of each part and the circumstances
which led to a change in the line of research at the ends
of the first and second parts.

The first part describes some attempts
which were made to resolve racemic benzoiln into its opt-
ically active components. Various methods were used,
advantage being taken of the fact that benzoin reacts
quite readily with hydrazine to form a hydrazone. A
basic group is thus introduced with which optically active
acid substances might be expected to react. Such subst-
ances as d.camphor sulphonic acid and d.bromcamphor

sulphonic chloride were used. It was also attempted to




make benzoin react with l.menthyl hydraziné and with
d.camphor hydrazone. The 1aeVO-ro£atory aldehydic
gluéoside,lhelicin, was also employed. For different
reasons these methods were unsuccessful.

In the meantime, however, the resolution
of benzoin had been successfully completed by Wilson and
' Hopperl. This was dome by means of an optically active
| semicarbazide, d{ - « -phenylethyl-semicarbazide which
they had previously described?®.

| It was then decided to investigate the
action of ¢ (w -phenylethyl)semicarbazide on severai
other racemic substances closely related to benzoin.
This constitutes the second part of the work.

The substances used were methyl-benzoin,
furoin, piperonyloin and anisoin. Unfortunately none
of these substances gave a crystalline product with

§ (o -phenylethyl)semicarbazide such as was obtained
with benzoin. Furoin and piperonyloin were too easlly
oxidised even by the atmosphere, while the other reac-—
tions yielded‘only oily and resinous products. Since no

crystalline products were obtained this section of the

13.0.8. 1928,2483.

®Wilson, Hopper & Crawford, J.C.S. 1922,121,866.




work wds abandoned at this point.
' - It éeemed pdssibie that, if an optiecally

active semicarbazide could be prepared, similar to

6(u‘-phenylethyl)semioarbazide but having a greater
moleoulér welght, it might yield higher melting products
with substances of the benzoin group. It was desired
therefore, to substitute some additional group of atoms
at a certain point in the ¢ (« -phenylethyl)semicarbazide
‘moleoule.

This substance, ¢ (& -phenylethyl)semi-

carbazide, was prepared by the interaction of « -phenyl-
-othylamine and acetone semlcarbazone with subsequent

loss of acetone by hydrolysis?®, thus,

(c),C:N.NH.CO.NH_, + NH _CH(Ph)CH,

= (CH,),C:N.NH.CO.NHCH(Ph)CH, + NH,

(CH,),C :N.NH.CO.NHCH(Ph)CH, + H0

1

CH,),0:0 + NH,NH.CO.NHCH(Ph)CH,

AThe most obvious point at which to intro-

duce the new group appeared to be the B - or 2-position

wilson, Hopper and Crawford, J.C.S.1922,121,866.




of the semicarbazone®. It was unlikely that a group
iﬁtréduded in that position would preVentAthe reaction
of the active semicarbazide with a ketonic group such
as tﬁat of the benzoins. Indeed, a number of ketonic
semiéarbaZOnes are known having groups substituted in
the 2-position.

In order to prepare this new active semi-
-carbazide it would have besn necessary‘to start with a
2-substituted semicarbazone and to act on it with active
& ~-phenylethylamine.

Although several 2-substituted semicarb-
-azones had been prepared, as 1s stated above, the
reactions of these substances with amines had not been
investigated. The reactions of unsubstituted semicarb-
azones with amines was first investigated by Borache?®.
He used only aromatic amines and it was the extension
of his work to include aliphatic amines and optically
active amines which led to the preparation of optically

active ¢ (« -phenylethyl)semicarbazide?3.

1The system used is, NH NH.CO.NH,
.  p 5
1 2 4

®Ber.1901,34,4297:1904,37,3177:1905,38,831.
*Page 3, and J.C.5.1925,127,103.




It was resolved, therefors, to inVestigate
the reactions of 2-substituted sémicérbazones with var-
ilous amines andbpossibly to obtain another optically
active semicarbazide. |

These investigations constitute the third
and most important part of the work.

.The Appendix contains descriptions of some
work which was carried out although not on the dirsct
line of research. Some preparations are also included
in casés where reference is made to these in the text.
In many of thesse breparations, modifications have been

introduced, usually with a view to increasing the yield.




PART 1I.

SOME ATTEMPTS TO BRING ABOUT THE RESOLUTION OF

RACEMIC BENZOIN.




"PART I.

INTRODUCTION.

Summary of various methods of resolving racemic

compounds.

Since the phenomenon of optical activity
wag first observed, the resolution of racemic substances
into.their optidally active components has attracted
- many ihvestigators with the result that a large amount
of experimental work has been done on this subjéct.
Host of the methods adopted depend ultimatsly on the
process of fractionation by crystallisatdion for the
geparation of the enantiomorphs.

The most important contribution to the
subject was the work of Pasteur omn the resolution of
acids aﬁd particularly of tartaric acld. He brought
about this resolution by several different methods.
The onse of most general interest i1s that in which he

combined the racemic acid with an optically active base.




In this reaction two salts are formed.
If the base used is laevo-rotatory, these wbuld be
(a) d.acid-l.bage, and (b) l.acld-l.base. These two
salts are not enantiomorphous, that is, their molecules
do not possess the relationship of an object to its
mirror image, and as they probably show some difference
of solubility, they may be separated by fractional
crystallisation.

This method.has been modified and extend-
ed in many different ways and its general principle can
be applied to.ihs resolution of almost any class of
racemic compound. Pasteur and other workers resolved
many aclds in this way using as optically active bases
the alkaloids, cinchonine, quinine, strychnine and
brucine.

Racemic bases can be resolved in the same
way by combination with an optically active aoid. In
this case, if a dextro-rotatory acid be used, the two
salts formed would be (a) d.acid-l.base, and (b)
d.acid-d.base, and these might then be separated by
fractional crystallisation. In this way ethyl-piper-

idine and coniine werse resolved using d.tartaric acid?.

'Ladenburg, A.1888,247,85.
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Dextro-tartaric aoid was used successfully
in a number of cases. Pope and Peachey’, however,
pointed out a disadvantage attached to the use of this
acid. Tartaric acid has a small dissociation coﬁstant
and, therefore, would form stable salts only with strong
béses. In order to bring about the resoclution of weak
bases, it was necessary to find an optically active
acid having a much greater dissocliation comnstant. They
found a suitabls acid in d.camphor sulphonic acid, but
showed that d.bromcamphor and d.chlorcamphor sulphonic
acids were preferable in many cases. Camphor sulphonic
acid was used with success in the resolution of tstra-
-hydroquinaldine® and camphoroxime®. Reychler?® resolved
tetrahydropapaverine by means of d.bromcamphor sulphonic
acid but found that d.camphor sulphonic acid gave only
a syrupy mixture.

Pope and Peachey® made some interesting
observatiqns on the resolution of externally compens-

ated basic substances by optically active acids. Taking

_the case of an attempted resolution of a racemic base dlB

Pope & Peachey, J.C.S5.1898,73,893.
®pope & Peachey, J.C.5.1899,75,1066.
3Pope, J.C.5.1899,75,1105.

“Bul1l.Soc.Chim., 1898, (111),19,120.



by means of a dextro-rotatory acid dA, they pointed out
that thé disadvantage of the ordihary method of separat-
ing by fréotional crystallisation is that the difference
of solubilities of the two salts dB.dA and 1B.dA is not
sufficient to permit of the salts being isolated in a
pure state. The solubilities of the salts dB.dA and
1B.dA of a dextro-rotatory acid with a racemic base
would hardly be expected to differ much since solubility
is partly a function of the chemical composition of the
salts. If, however, the salt 1B.dA is the less soluble
of the two, and if only sufficient of the acid dA, nec-
-éssary for formation of this salt is added, the balance
of acid required to dissolve the base being made up by
adding the requisite amount of an inactive acid such as
hydrochloric acid which forms comparatively soluble salts
with the base, then it would be expected that the greater
part of the 1B would separate as the sparingly soluble
salt IB.dA while the mother liquor would contain 48.HC1l.
Pope and Peachey obtained very good results by the adopt-
ion of this method. The principle could also be modified
to sult particular cases. Thus in one case they mixed

hot aqueous solutions of one molecular proportion of

ammonium d.bromcamphor sulphonate and of two molecular
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proportions of raqemic.tetrahydroquinaldine hydrochlorids.
On c¢ooling, they obtained l.tetrahydroquinaldine-d.brom-
~camphor sulphonate almost pure.

A further extension of this general method
of resolving racémic compournids was made when Neuberg
suggested the use of an optically active hydrazine as
a means of fesolving racemic aldehydes, ketones and
acids. Hé experimented with the sugars and successfully
regolved r.arabinose both by means of d.phenylamylhydr-
-azine® and by l.menthylhydrazine®.

| . Pundamentally this method is siﬁilar to

the original method of Pasteur. Thus, if we start with
a racemic ketorie le:CO, and an optically active hydra-
zine AR'NH.NH, we should obtain two compounds dR:C:N.NHdJR'
and 1R:C:N.NHAR'. It should now be possible to separate
these substances by fractional crystallisation and to
liberate the enantiomorphous ketones by hydrolysis.

| Recently, an optically éctiVe semicarbazide
was also used successfully for the resolution of a racemic
ketone when Hopper and Wilson® brought about the resol-

-ution of benzoin by means of ¢ (« -phenylethyl)semi-

'Neuberg & Federer, Ber.1905,38,866.
®Neuberg, Ber. 1903,36,1192.

. ®Hopper & Wilson, J.C.S5.1928,2483.



-carbazide.

| Another modification was introduced by
Erlenmeyer. He suggested that racemic amineé might be
resolved by condensation with an optically active ald-
ehyde. He used this method successfully in bringing
about the resolution of r.isodiphenyl-oxy—ethylaminel.
The aldehyde used was the glucoside, Helicin. The

P

reaction can be represented by the equatton,

Ph.CH(OH)CH(NH )Ph + C gl 04 +04C H, .CHO

Ph.CH (OH )CH (Ph)N :CH.C H .0.C H,0,.+ H,0

Thig product was then fractionated as
before and the active forms of the amine liberated by

hydrolysis with dilute hydrochloric acid.

lErlemmeyer, Ber.1903,36,976.

11.
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TEHEORETIOAL.

This work consisted of a gerlies of attempts
to resolve racemic benzoin,

~ Pn.CH(0H).CO.Ph.

Various methods were used, all of which
depended primarily on the principles outlined in the
introduction.

It will be seen that the investigations of
these methods were not carried to completion in every
case. When 1t became evident that any particular
method was going to prove unsuitable, it was abandoned
even 1f it were not quite clear what course the reaction
had taken.

The first methods required that a basic
group should be introduced to the benzoin moleculse,
which group might then be made to react with optically
active acid substances. For this reason the racemic
benzoin was converted to benzoin hydrazone,

Ph.cH(OH).c(Ph):N.NH2
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Benzoin hydrazone + d.bromcamphor sulphonic

chloride.

The first reaction attempted was that of
benzoin hydrazone with the chloride of d.bromcanmphor
sulphonic acid. It was expected that this reaction

would go according to the equation,

Ph.CH(OH).C(Ph):N.NE, + C_H OBr.so,cl

10 14

Ph.CH(OH).C(Ph):N.NHS0,.C H OBr + HCL

This product would consist, of course, of
equal numbers df moleculses containing d.benzoin hydra-
zone united with d.bromcamphor sulphonic acid and
l.benzoin hydrazone united with d.bromcamphor sulphonic
acld. It was intended, if the reaction went as expected,
that these should then be separated by fractional cryst-
allisation.

The reaction was tried first using ether
as solvent, pyridine being added to take up the hydro-~
¢hloric acid which would be liberated. Equimoleculér
proportions of the substances were dissolved separately
in ether without warming and the solutions were then

mixed.
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' A red oil which separated after standing
for a day, was the only product. The reaction was
fepeated using benzene as solvent. There was no evidence -
of reaction on standing in the cold and the solution was
warmed. Pyridine hydrochloride separated, and on filter-
ing this off, and concentrating the mother liquor, a
yellowish bfown.substance was obtained. This appeared
to be a substance which Curtius and Bluimer obtained by
heating penZOin hydrazone in alcoholic solution*. They
describe it as "Bisbenzoylphenylazimethylene" and assign
to it the formula,

~ Ph.CO  0C.Ph
Ph.C=N-N=C.Ph

No other products were igolated.

Sodium derivative of benzoin hydrazone + d.bromcamphor

sulphonic chloride.

The use of the sodium derivative of benzoin
hydrazone avoided the necessity of having pyridine present
as sodium chloride would be split off instead of hydro-

chloric acid. The reaction can be represented by this

*Curtius & Blumer, J.pr.1895,(2),52,124.
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equation,

Ph.CH(OH).C(Ph):N.NHNa + G H OBr.so,Cl

107714

Ph.CH(OH).C(Ph):N.NHSOQ.CNHHOBr + NaCl

Sodium chloride was obtained as expected
but the only other solid product obtained consisted of a
small quantity of clear crystals which appeared to melt
with decomposition at about 250°. The residue was sticky
and»did not yileld any other pure products. The substance
which melted about 250° may have béen thé substance
which Curtius and Bliimer' obtained from benzoin hydrazone
having the formula,

Ph.¢=———=C.Ph

Ph.C=N-N=C.Ph

They stated its M.Pt. to be 246°. I
obtained this substance, however, and found its M.Pt.
to be 249°. A mixture of this substance with the prod-
uct of the‘reaction showed no depression of M.Pt. but,
on the other hand, the former substance, when heated
alone to its M.Pt. showed no sign of decomposition.

The product from the reaction was not

obtained in sufficient quantity for analysis and may

*Curtius & Blimer, J.pr.1895,(2),52,124,
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not have been quite purse.

Benzoin hydrazone + d.camphor sulphonic acid.

The next optically active substance Whichb.
was tried with benzoin hydrazone was d.camphor sulphonic
acid. This, of course, was just a slight variation on
-the first rsaction.

Equimolecular proportions of benzoin hydra-
zone and d.camphor sulphonic acid were dissolved in
absolute alcohol and left to stand in the cold. Nothing
having separated, the sdlution was taken to dryness when
é mixture was obtained. This was found to consist of
two substances, =& yellow, crystalline solid #.Pt. 202°,
and a white substance which decomposed between 265-270°
and was difficult to purify.

The yellow substance l.Pt.202° was the same
as that obtained from.the reaction with d.bromcamphor
sulphonic chloride, namely "Bisbenzoylphenylazimethylene".

' The nitrogen content for the white solid
was fairly near the theoretical figure for benzoin-
hydrazone-d.camphor sulphonate. An attempt to hydrolyse

this substance, however, gave no benzoin. The substance
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wasg bolled with different strengths of hydrochloric acid
from normal up to ooncentrated acid. It seems unlikely

ﬁhat benzoin was present as it would certainly have sep-
arated from the solution had it been liberated. Benzoin
hydrazone itself is easily hydrolysed with liberation of
benzoin. It is possible, though unlikely, that the ben-
zoin might be reduced during hydrolysis to hydrobenzoin

which is more soluble. In any case, this method did not

promise to be satiafactory as the product was difficult

to crystallise and probably could not have been fraction
ated. Even had this been successful, it ig necessary
that the substance should be easily hydrolysed with 1lib-
-eration of the active ketonse.

This reaction was repeated using two mole-
-cules of benzoin hydrazone to one molscule of d.camphor
sulphonio acid. This was done in accordance with thse
methods of Pope and Peachey described on pages 8 and 9.
It was hoped that either d.benzoin hyorazone or l.benzoin
hydrazone might react more readily than the other giving
a product which, if not pure would at least contain a
large proportion of either d.benzoin-hydrazone-d.camphor
sulphonate or l.benzoin-hydrazone-d.camphor sulphonate.

The only difference, however, in the
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result was an increased yield of the substance M.Pt.202°.

Benzoin + l.menthyl-hydrazine.

Neuberg and Federer® brought about the
resolution of r.arabinose by means of optlcally active
hydrazines. It was now attempted to adapt their method
to the resolution of benzoin using l.menthyl-hydrazine.
It was expected that this would react with benzoin accord-
ing to the equation,

Ph.CH (OH) Ph.CH (0H)
| + = | + H,0.
Ph.C:0 NHNHC H, ~ Ph.C:N.NHC H

The product of this reaction would, of
course, contain equal quantities of d.benzoin-l.menthyl-
hydrazone and l.benzoin-l.menthyl-hydrazone. It was
intended to separate these substances as befors, by
fractional crystallisation and then to recover the opt-
¥ica11y active forms of benzoin from the separate frac-—
-tions by means of acld hydrolysis.

It wasgs found, however, that thess subst-
-ances would not react, the benzoin being recovered

unchanged. l.Menthyl-hydrazine was used in the form

'Neuberg & Federer, Ber.1905,38,868.
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of the hydrochloride and the reaction was carried out

using pyridine as solvent:

Benzoin -+ d.camphor hydrazone.

It was next attempted to make benzoin
react with d.camphor hydrazone. It was hoped that thess
substances would react in this way,

Ph.CH (OH) Ph.CH (OH)
+ = | +  H,0.
Ph.C:0 NH_N:C.C H Ph.C:N.N:C.C H

The subsequent treatment of this substance
would then follow the course described under the presvious
reaction.

Benzoin and camphor hydrazone were first
heated together in boiling alcohol for 9 hours. It was
found, however, that under these conditions no reacﬁion
took place, the benzoin being recovered unchanged. It
was decided, therefore, to increase the reaction temp-
-erature and n.butyl alcohol was selected as the new
solvent. At the boiling-point (117°), decomposition
apparently took place, ammonia being given off. On

reducing the temperature to 100° ammonia was still being




204 |

evolved and the method was then abandoned.

Benzoin hydrazone + Helicin.

The next method adopted was that used by
Erlemmeyer® for the resolution of racemic amines by
condensation with an optically active aldehyde. He
found that iso-diphenylhydroxyethylamine reacted in this
way with helicin,

Ph.CH (OH)

+  CgH,0p+0.CgH ,-CHO

Ph.CH.NE,
Ph.CH(OH)
= | + HLO.
Ph.CH.N:CH.C.H _.0.CgH,0,
It was hoped that benzoim hydrazone would
react in a similar way with helicin, thus,
Ph.CH (OH)
. + Ceﬂnos OOOCGH4-CH0"
Ph.C:N.NH,
Ph.CH (0H)
= | + HL0.
Ph.C:N.N:CH.CqH,.0.CgH,0¢
However, the product of the reaction of

benzoin hydrazone with helicin was obtained in a jelly-

1see page 11.
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—-like form. Attempts were made to crystallise it from
many different solvents and mixtures of solvents, but it
resistedvall such treatment. Indeed, after standing for
more than a year it still retained its jelly=like form.

A small quantity was ultimately obtained in a solid form
after repeated purification using a benzene-alcohol mixt-
-ure. 1t was very difficult to purify, however, and the
game method applied to the bulk of the substance proved

a failure. Under these conditions, fractionation by
crystallisation was impossible and thils method was

therefore abandoned.




EXPERIMENTAL.,

Preparation of benzoin hydrazone.

22.

Benzoin hydrazone was prepared according to

the method of Curtius and Blumer. It was found that a

slight modification of this method gave improved results

Benzoin hydrazone + d.bromcamphor sulphonic chloride.

(a) In ether, in the cold.

1
.

The reaction was tried first using ether as

the solvent. Pyridine was used to take up the hydrochlor-

-ic acid which is liberated. Equimolecular quantities of

benzoin hydrazone, d.bromcamphor sulphonic chloride and
pyridine were used.

Benzoin hydrazone was dissolved in dry
ether and the requisite quantity of pyridine added. The
brdmcamphorvsulphonic chloride was dissolved separately
in ether and the two solutions were then mixed. No heat
was used in making either of these solutions. After

standing in the cold for a day, a red, oily substance

'See..Appendix page 114.
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separated. This substance was insoluble in water, soluble
in alcohol or boiling ether and insoluble in petrolsum
'ethef. It could not be crystallised from any mixtures of
thé common solvents.

(b) In benzene, in the cold.

The reaction was repeated in exactly the
same way except that dry benzene was used as the solvent
instead of ether. However, after standing for several
days in the cold there was no evidence of a reaction
having taken place.

(¢) In benzene, at its B.Pt.

The solution used in (b) was then heated to
its B.Pt. After boiling for about an hour a solid subst-
-ance began to separate. This was shown to be pyridine
hydrochloride. The solution was boiled for 5 hours and
the pyridine hydrochloride was then filtered off. After
concentrating the filtrate, and allowing it to stand
overnight, it was found that a yellow-brown, crystalline
substance had separated. This substance was soluble in
alcohol, insoluble in ether or light petroleum. On
recrystallising from alcohol, it was obtained as small,
yellow crystals. The M.Pt. was 202°.

Curtius and Blumer® obtained a yellow

13ee page 14.




substance M.Pt. 202°, on heating benzoin hydrazone.

They give it the formula,

Ph.CO  0OC.Ph
C.H. ON. .
Ph.C=N-N=C.Ph 38730873

Found - - - - N = 7.08%

Cagl 0,8, requires N = 6.73¢

Sodium derivative of benzoin hydrazone + d.bromcamphor

sulphonic chloride.

24, |

The preparation of a sodium derivative of

benzoin hydrazone was described by Curtius and Blumer?*.

In this case, howsever, the sodium derivative was not isol-

-ated, the reaction being carried out in this way.

1.5 gms. of benzoin hydrazone was dissolvsad

in absolute alcohol, and an equimolecular guantity of

sodium also dissolved in absolute alcohol, was added.

This solution was then mixed with a solution of 2 gms. of

d.bromcamphor sulphonic chloride in absolute alcohol.

each case the minimum quantity of alcohol, necessary to

bring about solution, was used.

In

After standing overnight, it was found that

some sodium chloride had separated and this was then

*Curtius & Blimer, J.pr.1895,(2),52,124.




filtered off. The flltrate was left to stand for some
days. Nothing separated and the alcohol was then remov-
¥éd in the vacuum desiccator. The residue, which was
sticky, was pressed on a porous plate and again placed in
an evacuated desiccator: After two days, the yellow-
brown solid which remained on the plate was scraped off.
This substance was then heated under reflux with carbon
tétrachloride in which it was slightly soluble. On
cooling the solution obtained, and adding ether , a solid
substance came out of solution.

This substance, of which there was only a
minute quantity, separated from the solution in the form
of colourless needles. It was soluble in alcohol, slight-
1y soluble in benzene, carbon tetrachloride and carbon
disulbhide, and insoluble in ether and light petroleum.
On heating, it did not give a definite M.Pt. but decom-
posed gradually as the temperature approached 250°. One
of the decomposition products of benzoin hydrazone is a
substance l.Pt. 249°. A mixture of this substance with
the product of this reaction showed no depression of M.Pt.
The mixture meltéd gradually with signs of decomposition
up to 249°.

However, the identity of this substance was

not established. The quantity obtained was not sufficient




to allow further purification or analysis. As this
method was not at allApromising, it was abandoned at this

point.

7

Benzoin kydrazone + d.camphor sulphonic acid.

This reaction was carried out in absolute
alcohol which had been carefully dried by boiling for
two aays with metallic calcium. Equimolecular guantities
of benzoin hydrazone and d.camphor sulphonic acid were
dissolved in this alcohol in the cold. As before, the
minimum guantity of solvent was used. These solutions
were mixed and the mixture was left to stand overnight.
Nothing having separated, it was then taken to dryness
under reduced pressure. The residue consisted of a
yellow solid. This was found to be a mixture Which was
separated into its components by means of benzene. On
shaking with benzene, part of the mixture dissolved,
leaving a pure white residue. The benzene solution was
taken to dryness, and the residue, after recrystallising
from alcohol, was found to consist of yellow crystals
which had a M.Pt. 202°. This substance was shown to be
identical with the "Bisbenzoylphenylazimethylene"

obtained from the reaction with d.bromcamphor sulphonic




chloride.
| The white substance was dissolved in alcoh-
ol-benzens mixture and precipitated with petroleum ether.

It melted with decomposition between 265-270°.

Found. - - N = 5og6, 6-17%‘
Benzoin hydrazone camphor sulphonate, CQ¢H3°O4SNB

requires N = 6.31%

An attempt was made to hydrolyse this sub-
stance. The substance was boiled first with normal
hydrochloric acid. After several hours, however, nothing
had sebarated and the concentration of the acid was
therefore increased. There was no obvious result.
Greater concentrations were used till at length, a por-
tion of the substance was boiled with concentrated hydro-
chloric acid. Even this, however, did not produce ben-
zoin and it was thsrefore concluded that the benzoin
hydrazone molecule had undsrgoﬁe decomposition during the
reaction.

The reaction was repeated using the subst~
ances in the proportibn, two molecules of benzoin hydra-
zone to ome molecule of d.camphor sulphonic acid. The ..

same substances were obtained as before, the only differ-

ence being an increased yield of the substance M.Pt.202°.
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Benzoin + 1l.menthyl-hydrazine.

l.lienthyl-hydrazine was prepared according
to the method of Kishner'. Menthyl-hydrazine is obtained
by this method in the form of the hydrochloride.

| 1.6 gms. of menthyl-hydrazine hydrochloride
and 1.25 gms. of benzoin were dissolved in dry pyridine
and the mixture was then left to stand for 14 days. The
pyridine which was used had previously been distilled
over solid caustic potash. After standing for 14 days,
nothing had separated and the solution was then taken to
dryness under reduced pressure.

The residue was washed well with water and
the resulting red mass was then dried in an evacuated
desiccator. It was next treated with petroleum ether to
which had been added a small quantity of ether. A large
part}of the substance did not dissolve readily and remain-
ed as a brown solid. This was recrystallised several
times from alcohol. Its M.Pt. was then 134°. This
substahce was shown by comparison to be benzoin. As
practically all the benzoin used, was recovered, it was

evident that no reaction had taken place.

K ishner, J.pr.1901,64,113.




Benzoin + d.camphor hydrazone.

Camphor hydrazone was prepared by the
method described by Kishner®. Equal parts by weight, of
camphor and hydrazine hydrate (509), are boiled for 170
hours in alcoholic solution. The alcohol is then distill-
ed off on the water bath and the camphor hydrazone is
distiiled under reduoed.pressure.

| Equimolecular quantities of benzoin and
camphor hydrazone were dissolved in absolute alcohol and
boiled under reflux for about 9 hours. It was found, on
cooling at the end of that time, that benzoin separated
from the solution, no reaction having taken place. It
was then decided to try the reaétion at a higher temper-
ature>and n.butyl alcohol was chosen as the solvent for
this purpose. The alcohol was therefore distilled off
and the residue dissolved in n.butyl alcchol. The
reaction mixture was then heated to the boiling point of
that solvent (117°). Some decomposition took place at
that temperature, however, ammonia, being given off. The
temperature wes then reduced to 100°, but on heating at
this temperature for some time, ammonie was still being

evolved and this method was then abandoned.

'Kishner, J.Russ.Phys.~Chem.Soc.43,582-593,
¢.1911,1I,363.
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Benioin hydrazone + Helicin.

Equimolecular quantities of benzoin hydra-
zone and helicin were dissolved, the benzoin hydrazone in
alcohol ahd the helicin in aqueous alcohol, and the sol-
ﬁtions were mixed.

A yellowish-white substance separated almost
immediately. Atteﬁpts to purify this substance by recryst-
alligation from alcohol gave a jelly-like substance.
Precipitation with ether or petroleum from benzene gave
the same result. Iiany other solvents and combinations of
solvents were tried but these efforts met with little
success. Agqueous alcohol (25¢ alcohol), gave slightly
better results, and a benzene-alcohol mixture was also
more successful than most of the others. A small quantity
was ultimately obtgined from the latter mixture as a
white solid .Pt.208°. An estimation of nitrogen was
carried out on a portion which was first recrystallised
from aqueous alcohol, then dried for a considerable time
in an evacuated desiccator and finally recrystallised
from benzene-alcohol mixture. It is doubtful, however,

whether this substance was purs.
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The substance which it was hoped to obtain
_ has this formula, |

C ,H O N, .

Ph.CH(OH)
| 37728773

Ph;C:N.E:GH.CGH4;O.C6HuO5 ’

CrH, 0,1, requires N = 5.69%.

Little importance can be attached to the
result of this estimation.

o When these methods of purification were
applied to the bulk of the substance they were found to
be Quite unsuccessful, the substance being obtained again
as a jelly. After standing for alﬁost two years in an |
open flask this substance still retained its jelly-like |

form. Attempts were made to obtain a rough fractionation

by benzene-alcohol and aqueous alcohol but these were

soon found to be quite hopeless.




PART II

THE AQTION OF §(x-PHENYLETHYL)SEMICARBAZIDE ON SOUE

COMPOUNDS RELATED TO BENZOIN.




PART II.

IBNTRODUCTION.

The resolution ¢f benzoin by Hopper and
Wilson' appears to be the first recorded instance of an
"optically active semicarbazide Eeing used for the résol—
ution of a racemic aldehyde or ketone. Other optically
active éemicarbazides have been prepared, for example,
camphoryl-y -semicarbazide®, but there is no evidence of
" its being used for the resolution of racemic compounds.

The semicarbazide which was successfully
employed by Hopper and Wilson for the resolution of ben-
zoin was 0 (& -phenylethyl)semicarbazids,

NH ,NH.CO.NHCH (Ph )CH , .

This was prepared® by heating acetone semi-
carbazone with « -phenylethylamine, forming acetone-
$(o -phenylethyl)semicarbazone from which acetone was
subsequently removed by acid hydrolysis. The following

equations represent these reactions.

Mopper & Wilson, J.C.S.1928,24583.
Forster & Fierz, J.C.3.1905,87,722.

®yilson, Hopper & Crawford, J.C.S.1922,121,866.

52
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(CH,),C:N.NH.CO.NH, + NH_CH(Ph)CH,

=  (CH,),C:N.NH.CO.NH.CH(Ph)CH, + NH,

(CH,),C:N.NH.CO.NE.CH(Ph)CH, + H_0

1l

NH _NH.CO.NH.CH(Ph)CH, + (CH,,C:0

It was found possible to obtain the hydro-
chloride of either the d. or the l.modification ofv
d(x -phenylethyl)semicarbazide by using the appropriate
active form of «& -phenylethylamine.

The object of this work was to find whether
(o -pheny'lethyl)semica.rbazide would react in a similar
manner with some other compounds related to benzoin.v It
was hopeci that the resolution of the racemic forms of

these substances might thus be effected.
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THEORETICATL .

Neuberg! took advantage of the reaction of
ketones with hydrazine in bringing about the resolution
of racemic sugars. Hopper and Wilson utilised the sim<+
ilar reaction of ketones with semicarbazide when they
resolved benzoin by means of §(& -phenylethyl)semicarb-
azide. These substances reéot in this way ,

Ph.CH (OH)
+  NH_NH.CO.NH.CH(Ph)CH,
Ph.C:0
Ph.CH(OH)
Ph.C:N.NH.CO.NH.CH (Ph)CH,

Before prooeéding with the resolution of
benzoin, Hopper and Wilson found, by experimenting with
racemic §(« -phenylethyl)semicarbazide and benzoin, that
the reaction took place most smoothly in pyridine sol-
uﬁion. Alcohol was also used but was not so satisfactory.
There are four possible sterso-isomeric modifications of
the product of this reaction. ¥When pyridine was used as

golvent threse of the modifications were isolated.

‘See Part I, page 10.
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This reaction was then repseated using
dextro-rotatory ¢(« —phenylethyl)semicarbazide. Pyrid-
ine was used as solvent as before, the hydrochloride of
the base being used. This time, only one of the modif-
ications was obtained in a crystalline form, the others
being oily and very soluble. This substance was laevo-
rotatory and, on hydrolysis with oxalic acid, liberated
d.benzoin.

Similarly, by combining 1.d8(x -phenylethyl)
semicarbazide with r.benzoin, a dextro-rotatory semicar-
bazone was obtained, which yielded l.benzoin on hydrol-

ysis.

The reactions déscribed here were carried
out under the same conditions as were found to be satis-
factory in the case of benzoin.
| The substances used were methyl-benzoin,

furoin, anisoin and piperonyloin. A series of experim-
‘ental reactions was undertaken using racemic §(x -phenyl-
~othyl)semicarbazide hydrochloride. It..-was hoped that
these reactions would follow the course represented by

the general equation,




R.CH(OH).CO.R' + NH_NH.CO.NH.CH(Ph)CH
3

R.CH(OH).C(R") :N.NH.CO.NH.CH(Ph)CH, + H_O.

The results, however, were disappointing.

Methyl-benzoin + ¢(« -phenylethyl)semicarbazide.

The first substance used was methyl-
benzoin, Ph.CH(OCH,).CO.Ph. From this reaction only

an oily product was obtained.

Furoin + ¢(« -phenylethyl)semicarbazide.

The next substance used was furoin,

ZCH-CH_ ( CH=CH
CH\\\O//,C .CH (0H).CO. c\\\

\

/

This reaction gave a crystalline substance

which, however, proved to be the diketone, furil,

CH-CH\ CH—CH

bH\\\O///C .C0.CO. c\\\ P

It was shown that the oxidation of the
furoin to furil was not caused by the presence 6f
§(x ~phenylethyl)semicarbazide since a solution of
furoin in pyridine yielded furil after a short exposure

to the atmosphere.




. ' Fischer! showed that furoln in alcoholic
solution containing a trace of sodiﬁm hydroxide, is very
readily oxidised. It has not'been observed before that

pyridina has the same effect.

Anisoin + &(« -phenylethyl)semicarbazide.

The third substance used was anisoin,

GH30<<:::>GH(OH).CO< > OCH,

A solid was obtained which, however, was
resinous in character. It melted at about 51° but could

not be purified sufficiently for analysis.

Piperonyloin + ¢(x -phenylethyl)semicarbazide.

The next reaction tried was that of piper-

onyloin,
O ( N
cqgo/ceﬂs.CH OH).GO.CGHS\O/CHB

The first time this reaction was carried
out, a very small quantity of a yellow-brown powder was

obtained. The M.Pt. was about 56°. It did not melt

Ber.1880,13,1337.
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sharply and could not be purified further.

The reaction was repeated and this time the
reaction mixture was left to stand for about twelve
months. At the end of that time some crystals had separ-
ated. These were shown to be the diketone, piperil,

o 0
N N
cz;@\o/cens.co.co.ceﬂs\o/cn2
This substance can be obtained by oxidation
of piperonyloin with Fehling's solution?.
‘ | The remaining solution was worked up, but
yielded only a sticky substance which could not be cryst-

allised.

Biltz & Wienands, A.1899,308,11.




EXPERIMENTAL.

Methyl-benzoin + §(« -phenylethyl)semicarbazide.

2.75 gms. of methyl-benzoin® was dissolved
in 8 parts of pyridine and mixed with 2.5 gms. of
8(e ;phenylethyl)semicarbazide hydrochloride dissolved in
about 5 parts of water.

There was rno evidence of reaction on mixing,
and the solution was left to stand for about & days. It
was then darker in colour but nothing had separated.

On pouring into a large volume of water, a
brown, heavy o0il was precipitated. The vessel was then
cooled in ice in order to solidify the oil as much as
possible. The water was then decanted. The olly subst-
ance was shaken up repeatedly with cold water till most
of the pyridine and pyridine hydrochloride were removed.
This.was then repeated several times with boiling water
to remove the finmal traces. It was found necessary to
cool the vessel in ice each time before decanting the
washings as the oily substance became much more liquid

in the hot water. When the substance had been well

lrischer, Ber.1893,26,2413.
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washed, it was placed in a vacuum desiccator and dried as
far as possible. vIt remained, however, in an oily state.
| | lany solvents and'combinations of solvents
wers used in attempts to crystallise the substance but it
resisted all such treatment. |

On cooling in ice and salt, it stiffened

considerably but did not actually become solid.

Furoin + &(x-phenylethyl)semicarbazide.

2 gms. of furoin® was dissolved in & parts
of pyridine and mixed with 2 gms. of d(x-phenylethyl)
semicarbazide hydrochloride, (1mol.:1mol.), dissolved in
. about 5 parts of cold water.

In this case a precipitate appeared almost
immediately. It was a yellow, crystalline solid which,
in the crude state, melted at 159°. It was soluble in
alcohol and hot water. After recrystallising from hot
water, it had M.Pt. 165°. It was shown to be the diketone
furil, by oomparison with a specimen of that substance.

Some furoin was dissolved in slightly warm

pyridine. On cooling, it was found to have been oxidised

vigcher, A.1882,211,218.




to furil, showing that oxidation during the rsaction had
not been brought about by the influence of ¢(x-phenyl-

-othyl)semicarbazide hydrochloride.

Anisoin + Jd(x-phenylethyl)semicarbazide.

The same method was followed as befors,
eduimolecular quantities of anisoin® and §(x-phenylethyl)
semicarbazide hydrochloride being dissolved in & parts of
pyridine and 5 parts of cold water respectively.

A precipitate appeared as the pyridine
golution was poured into the aqueous solution. This
diéappeared, however, as more of the solution was added.
After standing overnight, some of the anisoin had separ-
ated out. Sufficlent pyridine was added to keep it in
solution.

After standing for 15 days, the solution was
poured into about 800 ccs. of ice-water. A yellow-brown
oil was precipitated. It was treated in the same way as
before, being washed first with cold, then with hot watar,
and dried in an evacuated desiccator. A few drops of dry
ether were added to the substance and the vessgel was

again evacuated. The resulting froth solidified, after

Rossel, A.1869,151,33.
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standing for some time, to a very pale yellow substancs
which meited gradually at about 55°.

This substance, however, although quite
hard appeared to be resinous in character. In some
solvents it dissolved and then came down as an oil, in
others it seemed to become oily immediately it came in
contact with the solvent. In order to bring it back to
its original state, it was necessary to remove the solvent,
dry the substance, dissolve in a few drops of ether and
leave to stand as a froth in an evacuated desiccator as

before.

Piperonyloin + §(x-phenylethyl)semicarbazide.

Piperonyloin was prepared according to the

method of Perkin?. |
| The reaction was carried out in exactly the

gsame way as before. Thers was no change of appsarance on
mixing the solutions. After standing for six weeks, the
solution was darker in colour, but no solid matter had
separated.

On pouring into water mixed with ice, a

light brown coloured oil was precipitated. This was

lperkin, 3.0.8.1891,22,164. See Appendix page 116.
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allowed to settle as far as possible. It did not separ-
ate out completely, being apparently very light, and a
quantity of it,which remained in suspension, had to be
decanted with the water. It was washed with cold and hot
water as usual. On drying, part of the oil had solidified
to a brown solid.

This substance was easily soluble in alcohol,
slightly soluble in hot ether, and insoluble in benzene
and petrolsum ether.

A portion was extracted with hot ether but
was obtained again as a reddish-brown oil. This was
dissolved in absolute alcohol. After taking off most of
the alcohol in a vacuum desiccator, a light-yellow powder
was obtained. Only a very small quantity was obtained.
The M.Pt., which was not sharp, was about 55°.

An attempt was made to recrystallise this
substance from various solvents. It was obtained again
as a light powder. The M.Pt. showed no rise but was still
indefinite. This substance differed in solubility from
the product of similar M.Pt. obtained from the reaction
with anisoin.

The ‘reaction was repeated. This time the
reaction mixture was left to stand for about twelve

months. After about three months, a small deposit of



crystals was observed. These increased in bulk very
gradually and, at the end of the year, ths crystals werse
filtered off;and the rest of the mixture treated as before.
| These crystalé were found to be slightly
soluble in hot alcohol. A small quantity, recrystallised
from this solvent, melted at 170°. The substance could

be recrystallised mors easily from benzene. After furthsr
recrystallisation from the latter solvent it melted at
171.5°.

This substance was shown to be the diketons,
piperil, by comparison with a specimen of that substance
prepared by oxidising piperonyloin with Fehling's sol-
ution®.

The solution remaining after the crystals
had been removed was treated as before. On ?ouring into
ice-water, a light-brown, sticky mass was precipitated.

It remained in the same conditioﬁ after
washing and drying and all attempts to improve its state

were unsuccessful.

Biltz & Wienands, A.1899,308,11.



PART I1I

THE ACTIOR OF AMINES OF 2-SUBSTITUTED SEMICARBAZONES.




PART III.

INTRODUCTION.

The action of amines on semli¢arbazones was
first investigated by Borsche and his collaborators®.
ﬁe used only aromatic amines, and semicarbazones such as
acetone semicarbazone. He found that these substances

!

reacted generally according to the equation,
RR'C:N.NH.CO.NH, + R"NH, = RR'C:N.NH.CO.NHR" + NH_

This product, RR'C:N.NH.CO.NHR", then
yields on hydrolysis the semicarbazide, NH ,NH.CO.NHR".
The reactions with aniline, toluidines and naphthyl-
amines were studied by Borschs.

Thié work has been extended by Wilson,
Hopper and Crawford® to include aliphatic amines and
aromatic amines containing the amino group in the side
chain. They found that benzylamine, « -phenylethylamine,
l.menthylamine and some esters of amino-acids reacted

normally giving, for example, in the case of «—-phenyl-

"Ber.1901, 34,4297 :1904, 37,3177 :1905, 38,851
J.C.5.1922,121,866:1925,127,103.



~othylamine, aQetone-Sfophenylethyl)semicarbazona which,
on hydrolysis, gave {(x-phenylethyl)semicarbazide. This

is the semicarbazide used in the investigations described
in part II of this work.

When this work is extended to include other
amino-compounds such as hydrazine derivétives, some
exceptions are found. Knbpfer' showed that phenylhydra-
zine, with the aromatic aldehydic semicarbazones reacted
in quite é different way. In this case, thers is a
mutual replacement of phenylhydrazine and semicarbazide

groupé, thus,
R'CH:N.NH.GO.NHS + NHBNHR" = R'CH:N.NHR" + NHBNH.GO.NH8

Wilson and Sutherland® found, however, that
while acetone semicarbazone reacts with phenylhydrazine
according to Kndpfer's scheme, benzophenone and aceto-
phenone semicarbazones react with it according to the
general scheme for amines propounded by Borsche.

Little is known of the reactions of semi-
carbazones having a group substituted in the 2-position
and it is now proposed to investigate the action of

amines on these substances.

Lionatsh.1910, 31,87.

2J.C.S.1924,1§2,2145.
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There are two systems used in naming sub-
stituted semlcarbazones. The nitrogen atoms are desig-

nated in this way,

NH _NH.CO.NH
« B )
1 2 4

The first system is the one more generally
used in dealing with monosubstituted semicarbazones.
The second system, however, is a more convenient method
of naming di-substituted semicarbazones.

The second system has been adopted through-

out this work.
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THEORETIOCAL.

It was expected that the substitution of a
group in the 2-position of a semicarbazone would in no
way affect its reactions with amines, that is, that it

would react according to the general equation,

RR'C:N.N(X).CO.NH, + R"NH,

= RR'C:N.N(X).CO.NHR" + NH,

It has been found, however, that while this
equation represents the reactions of certain 2-substit-
uted semicarbazones with amines, other semicarbazones
behave in a different manner.

The first reaction which was investigated
was that of acetone-2-phenyl-semicarbazone with benzyl-
amine. Acetone semicarbazone reacts in this way with

benzylamine,

CE,),C:N.NH.CO.NH, + NH,CH_Ph

CH),C:N.NH.CO.NH.CH Ph + NH,

Had the reaction with acetone-2-phenyl-
semicarbazone taken the same course as that of acetone

semicarbazons with benzylamine, the products would have




been acetone-2-phenyl-4-benzyl-semicarbazone and ammonia,

thus,

CH,LC:N.N(Ph).CO.NH, + NH_OH_Ph
=  (H,LC:N.N(Ph).CO.NH.CH,Ph + N

It was found, however, that this did not
take place. Ammonia was split off as in the case of
non-substituted semicarbazones but the other products
were acetone phenylhydrazone and symmetrical dibenzyl-

urea. The reaction can be represented by this equation,

(CH,),C:N.N(Ph).CO.NH, + 2 NH,CH_Ph

=  [CH,),C:N.NHPh + CO(NH.CH_Ph), + NH,

Acetone-2-phenyl-semicarbazone appears to
react equally seasily with aromatic and aliphatic amines.
Aniline, p;toluidine, benzylamine, f -phenylethylamine
and n.heptylamine all react in this way, giving acetone
phenylhydrazone and a sym. di-substituted urea. The

general equation is,

(CHsC:N.N(Ph).CO.NH, + 2 NH,R

(CH,.C:N.NHPh + CO(NHR), + NH

3

In the reaction with benzylamine, a small

guantity of monobenzylurea was also produced. The
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production of monobenzylurea can be represented by the

equation,

(Cu ),C:N.N(Ph).CO.NH, + NH_CH,Ph
= (CH4),C:N.NHPh + NH,.CO.NH.CH,Ph

This reaction, however, requires further
explanation. No semicarbazone has previously been shown
to react in this way with an amine. In reactions describ-
ed before; the primary stage has always been the elimin-
ation of ammonia with formation of a 4-substituted semi-
cafbazone. According to this equation, a reaction takes
place between a semicarbazone and a primary amine without
liberation of ammonia. The intermediate stages of this
change have been elucidated by subsequent investigations.
These are described in some of the following pages.

No trace was found, in any of these reac-
tions, of the normal product, that is, the 2.4-substit-
uted semicarbazonse.

This reaction of semicarbazones and amines
to form substituted ureas has been observed beforse.
Borsche® found that certain semicarbazones reacted prim-
arily in the normal way, but that the product reactesd

with another molecule of the amine to give a di-substit-

1Ber.1901 ,éﬁ,4297:1904,§1,5177‘



-uted urea and the hydrazone of the aldehyde or ketons.
For example, salicylaldehyde semidarbazone.and aniline
react according to the equation,

() |
C,H, (OH)CH:N.NH.CO.NH, + NH_Ph

= COgH (OH)CH:N.NH.CO.NHPh + NH,

On further heating, the product of this
reaction reacts with another molecule of amine,

(11)
CeH (OH)CH:N.NH.CO.NHPh + NH_Ph

= C H (OH)CH:N.NH, + CO(NHPh),

The method adopted by Borsche in carrying
out these reactions was to boil the semicarbazone in a
large excess of the amine. In the reaction of sallicyl-
aldehyde semicarbazone, the amount of aniline used was
five times by weight that of the semicarbazone which
fepresents a molecular proportion of approximately ten
molecules of aniline to omne of sallcylaldehyde semicarb-
azone.

In the case of acetone-2-phenyl-semicarb-
azone the reaction appears to be general for all types of
amines and in rno case was any of the intermediate product
found, that is, the product from reaction I.

This was very unexpected, as in these

b5l




reactions with acetone-2-phenyl-semicarbazone the excess
of amine was never more than 20% over the sesquimolsecular
quantity. Even in Borsche's reactions, where the amine
was present in the proportion of tem moleculses to one of
the semicarbazone, a quantity of the 4-substituted semi-
carbazone was always found among the products. Indeed,
in the majority of the reactions between semlcarbazones
and amines, the 4-substituted semicarbazone is the maih
product, or in other words, most of these reactions stop
when the first stage has completed itself,

(1)
RR'C:N.NH.CO.NH, + NH.R"

= RR'C:N.NH.CO.NHR" + NHj

It is only on exceptional cases that the
second reaction occurs to any marked degree.

If we accept Borsche's explanation as being
applicable also to the case of acetone-2-phenyl-semicarb-

azone, the corresponding equations would be,

(1)
(CE,),C:N.N(Ph).CO.NE, + NH,R

= (CH,),C:N.N(Ph).CO.NHR + NH,

(11)
(CH,),C:N.N(Ph).CO.NER + NHZR

= (CHLC:N.NHPh + CO(NHR),




We should, therefore, have expected that
the reactions of acetone-2-phenyl-semicarbazone, when
carried out under the conditions stated, would have
yielded considerable quantities of 2.4.substituted semi-
carbazones.

The result of a thermal decomposition of
acetone-2-phenyl-semicarbazone showed that-.the reactions
of ﬁhat substance with amines do not follow exactly, the
scheme sﬁown in equations I and II. The final result is

the same but the intermediate stages are apparently diff-

erent.

It has been shown by Scholtz?, Borsche® and
others that such semicarbazones as acetone semicarbazone
decompose on heating into an azine and hydrazodicarbon-

amide. The general scheme for this decompositlon can be

represented thus,

RR'C:N.NH.CO-NHQ RR'C:N NH.CO.NHB
+ = +
RR'C:NoNHQCOoNHB RR'C:N NH.CO.NHQ

Assuming, then, that the phenyl group in

the 2-position does not affect the course of the decomp-

'Ber.1896,29,611.
aBer.1901,éi,4297-
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-osition, we should expect acetone—2-phenyl-semicarbazons,
when heated, to give acetone ketazine and a substituted

hydrazodicarbonamide.

(CH 5),C :N.N(Ph) .CO.NH, (CH ,),C:N N(Ph).CO.NH,
+ = +
(CH 4),C:N.N(Ph).CO.NH,, cu ),c:H N(Ph).CO.NH

Ths result of this decomposition, however,
was found to be quite different from that of ketonic
semicarbazones with no group substituted in the 2-pos-
ition.

On heating acetone-2-phenyl-semicarbazone
to a maximum temperature of 180°, acetone phenylhydrazone
and cyamuric acid were obtained. Acetone~2-phenyl-seml-
carbazone is prepared by the interaction of acetone
phenylhydrazone and cyanic acid. It appesars, thersfors,
that this reaction is reversed at high temperaturses.

The cyanic acid which is liberated, polymerises, of
course, to form cyamuric acid.
5(c::{a\,t,;c:xsw.maph1 + 3 HNCO

3 (CH).¢:X.N(Ph).CO.NH,

3 (CH),C:¥.NEPh +  (HNCO),
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Decomposition in this way has not been
observed before in the case of a simple ketonlic semicarb-
azone, ﬁhether substituted or unsubstituted. An analogy
is found, however, in the case of tetrahydroindazol-2-~

carbonamide® which loses cyanic acid at about 220°, thus,

P O
N.CO.NH, = >NH + CONH
N\ Ny

This substance, tetrahydroindazol-2-carb-
onamide can be considered as a cyclic semicarbazone.

The result of this decomposition revealed
another possible explanation of the unexpected results
obtalned in the reactions of acetone-2-phenyl-semicarb-
azone with amines. If this decomposition took place at
a lower temperature than that of the reactions, then

these reactions were not characteristic of acetone-2-

phenyl-semicarbazone as such, but were really the reac-
tions of its decomposition products. As we have seen,
these products are acetone phenylhydrazone and cyanic
acid. Cyanic acid, however, reacts with amines to give
substituted ureas. The products, therefore, should |

consist of acetonse phenylhydrazone and substituted ureas

pAuwers, Buschmann & Heidenreich, A.1923,435,281.



and this agrees with the results of these reactions.

it became necessary, then, to determine
more exactly, the temperature of decomposition of
acetone-2-phenyl-semicarbazone, or at least, to ascert-
ain whether that temperature was higher or lower than
the ftemperature at which its reactions with amines took
place. These reactions usually required a temperature
of about 160°. The lowest one was that of p.toluidine
which commenced at 145°. |

‘ Acetone—-2-phenyl-semicarbazone which melts
at 140° was heated for an hour to 140-145°. Decompos-
ition took place at this temperature, the products
being the same as before.

It is obvious from this, that these reac-—
tions do not follow the same course as those investig-
ated 5y Borsche. Instead, acetone-2-phenyl-semicarb-
azone first decomposes into acetone phenylhydrazone and
cyanic acid which then unites with two molecules of the
amine to give a di-substituted urea. Thus, taking the
reaction with aniline as an example, the course of the

reaction could be represented by these eguationg,

(CH 5),C :N.NEPh + CONH

il

1)
(CH )0 :N.N (Pn).CONH,

(11)

CONH + 2 NE_Ph CO(NHPh), + NH,4

20 .
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The first reaction apparently takes place
about 145° and the second at 155-160°.

» The second reaction probably takes place in
two stages. Even at ordinary temperatures, cyanic acid
reacts with amines to give mono-substituted ureas. This
is probably the first stage.

(11a)

CONH + ©NH,R = NH,CO.NHR

The mono-substituted urea will then react
with another molecule of the amine to give the di-substit-
uted urea, thus,

(11Ib)
NH,CO.NHR + ©NH,R = Co(NHR), + NH,

This explains the fact that no 2.4.substit-
uted semicarbazones were obtained as these substances
would not be formed at any stage of the reaction.

It also explains the fact that a quantity
of monobenzyl urea was obtained in the reaction of
acetone-2-phenyl-semicarbazone with benzylamine. Iono-
benzyl urea does not react as readily with the amine as
gsome other mono-substituted ureas. In this case, there-
fore, the eguation (IIb) would not go to completion.
Thus, a mixture was obtained, containing monobenzyl-urea

and also sym. dibenzyl-urea.
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The action of heat on benzaldehyde-2-benzyl-
semlcarbazone was also invéstigated. It was expected
that this substance would decompose in the same manner
as aceﬁone~2~phenyl-semioarbazone with liberation of
benzaldehyde benzylhydrazone and cyamuric acid. As
benzaldehyde benzylhydrazone is very unstable, the
decomposition was carried out in an atmosphere of carbon
dioxide.

However, after heating for 1), hours at a
temperature of 200°, a large proportion of the substance
was recovered unchanged. The only other product obtained
was a small quantity of a thick, yellow oil smelling of
benzaldehyds.

In view of the fact that benzaldehyde-2-
benzyl-semicarbazone was found to be more stable when
heated than acstone-2-phenyl-semicarbazone it became
interesting to investigate the reactions of this compound
with amines. If it reacted at about the same temperature
as acetone~2-phenyl-semicarbazone, about 16Q°, we should
eipect to obtain the normal product, that is, a 2.4.sub-
stituted semicarbazone, since, in this case, there would
be no cyanic acid liberated at that temperature. If,
however, no reaction took place till a temperature above

200° was reached, then it would appear that semicarbazones
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having groups substituted in the 2-position werse much
less reactive towards amines than unsubstituted semicarb-
azones. In this case, we would expect to obtain a sub-
stituted urea and benzaldehyde benzylhydrazone (or tts
decomposition products) since the reaction would appar-
ently depend on the decomposition of the benzaldehyde-
2~benzyl-semicarbazone.

The first reaction carried out was that
with aniline. Ammonia was evolved as usual at about 160°.
In this case, benzaldehyde-2-benzyl-4-phenyl-semicarbazone
was obtained. It appears, therefore, that benzaldehyde-
yzrbenzyl-semicarbaZOne reacts according to the general
scheme propounded by Borsche for the reactions of amines
and semicarbazones. This equation reprsesents the reac-

tion in this case.

Ph.CH:N.N(Ph.CH,).CO.NH, + NHyPh

= Ph.CH:N.N(Ph.CH,).CO.NEPh + NH,

It was found that benzaldehyde-2-benzyl-—~
semicarbazone reacted in the same way with p.toluidine.
The normal product was also produced in the reaction with
bénzylamine but in this case, some sym. dibenzyl-urea
was also produced. No benzaldehyde benzylhydraZoﬁe was

obtained, but this was to be expected as this substance
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is unstable even at ordinary temperatures. Its main
decomposition product is benzaldehyde and the presence of
this subatance was detected by its smell in the tarry
residues from the mother liquor.

| The 2.4.substituted semicarbazones obtained
from these rsactions have not been described before.
Both substances are white, crystalline solids. Benzal-
dehyde-2—benzyl—4-p.tolyl—semicarbazone melts at 172°,
and benzaldehyde-2.4-dibenzyl-semicarbazone at 123.5°.

The production of sym. dibenzyl-urea in the
reaction with benzylamine was surprising as benzaldehyde-
2-benzyl-semicarbazonse was recovered unchanged after
heating to a higher temperature than that of the reaction.
| The fact that sym. dibenzyl-urea and benzal-
dehyde-2.4-dibenzyl-semicarbazone were produced in the
same reaction would appear to favour the view that the
former substance was obtained by the interaction of the
latter substance with a further quantity of amine. That
would mean that the reaction followed the same course as

those investigated by Borsche, that is, according to

these equations,

(1)
Ph.CH:N.N(Ph.CH,).CO.NH, + NHZCH;Ph

= Ph.CH:N.N(Ph.CH,).CO.NE.CE,Ph + NH,



(I1) |
Ph.CH:N.N(Ph.CH,).CO.NH.CH ,Ph + NH,OH,Fh

= Ph.CH:N.NH.CH,Ph + CO(NH.CH_Ph),

The reactions of benzaldehyde-2-benzyl-
semicarbazone with aniline and p.toluidine gave only the
2.4 .3ubstituted semicarbazones, no substituted ureas
being produced. The reaction with benzylamine, however,
required a higher temperature and, although it seems
very unlikely that this could have happened, it might be
argued that at this temperature the semicarbazone decom=-
posed slightly with liberation of cyanic acid and sub-
sequent formation of sym. dibenzyl-ursa.

The next reaction tried was that of
acetophenone-2-phenyl-semicarbazone with aniline. It
was foﬁnd that this semicarbazone behaved in exactly the
same way as acetone-2-phenyl-semicarbazone, giving acet-
ophenone phenylhydrazone and sym. diphenyl-urea.

No trace was found of acetophenone=2.4-
diphenyl-semicarbazone. It seems probable, therefors,
that this reaction took the same course as those of
acetone-2-phenyl-semicarbazone, that is, that acetophen-
one-2-pheny l-semicarbazone first decomposed into aceto-
phenone phenylhydrazone and cyanic acid which then com-

bined with aniline to give sym. diphenyl-urea.

61.
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Additional evidence in favour of this is the
fact that acetophenone-2~phenyl-semicarbazone has a lower
M.Pt. than most members of 1ts class. It melts at 126°
(Rolla® states 122°) and it seems reasonable to suppose
that its decomposition temperature might also be lower
.than those of the other 2-substituted semicarbazones
used.

Benzaldehyde-2-methyl-semicarbazone, ,which
was tried next, gave with aniline the normal product,
benzaldehyde-2-methyl-4-phenyl-semicarbazone.

Nevertheless, with benzylamine it gave
mainly sym. dibenzyl-urea and only a small gquantity of
benzaldehyde-2-methy l-4~benzyl-semicarbazone.

The reaction with aniline required a temp-
erature of 180°, whereas with benzylamine, the temperat-
ure was only 170°. As the reaction with aniline gave
benzaldehyde-2-methy 1-4-phenyl-semicarbazone and no sym.
diphenyl-urea, it follows that benzaldehyde-2-methyl-semi-
carbazone does not decompose with evolution of cyanic
acid at a temperature of 180°. In the reactlion with
benzjlamine, however, the temperature was only 170° yet
sym. dibenzyl-urea was obtained as well as the normal

product, benzaldehyde—2-methyl—4—benzyl-semicarbazone.

Rolla, G.38&,(i),327. See Appendix p. 118.
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The latter substance, which has not been
previously described, crystallises from alcohol in the
form of'plates melting at 106-107°. It is evident, then,
that the sym. dibenzyl urea obtained in this reaction is
not produced in the same way as that obtained in the i
reaction of acetone-2-phenyl-semicarbazone with benzyl-
amine.. The only obvious explanation is that it is prod-
uced in the same mamner as the ureas and hydrazones
found by Borache in his reactions with galicylaldsehyde
gsemicarbazone. This would mean that the reaction had
gone in two stages according to the equations,

(1)
Ph.CH:N.N(CH,).CO.NH, + NH,CH,Ph

=  Ph.CH:N.N(CH,).CO.NH.CH,Ph + XNH,

(IT)
Ph.CH:N.N(CH,).CO.NH.CH,Ph + NH,CH,Ph

i

Ph.CH:N.NH(CH;) + CO(NH.CH,Ph),

It will be seen from this, that benzalde-
hyde methylhydrazone should have been produced. This
substance, however, was not obtained. The products
congisted of benzaldehyde-Q-methyl-4—benzy1-semioarbaz—
one, sym. dibenzyl-urea, ammonia and a quantity of
sticky, oily substances. From these substances, minute

quantities of two solids were eventually isolated.
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One of these melted at 63° and appears to have the emp-
irical formula, Ci17Hz;0,N,. The other one melts at 207°
and has the formula, (C,,H,,0,8.), - In each case, the
quantity of substance obtained was too small to permit
any further investigation.

| Benzaldehyde methylhydrazone is described
by Harries and Haga' as a crystalline solid, M.Pt. 179°.
They state that when equimolecular quantities of metﬂyl-
hydrazine and benzaldehyde are mixed, this substance,
normal benzaldehyde methylhydrazone is obtained along
with another substance, tribenzalmethylhydrazone. The
information about the normal benzaldehyde methylhydrazone
is very meagre.

It was intended to prepare benzaldehyde
methylhydrazone in order to find whether it would be
stable under the conditions of the reaction, and if not,
to find whether the substances having M.Pts. 63° and 207°
would be among its decomposition products. It was found,
however, on carrying out the reaction, that the substance
M.Pt. 179° was not obtained. Even when a slight excess
of methylhydrazine was used, the only solid product was

the substance described as tribenzalmethylhydrazone.

‘Ber.1898,31,62.
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After carrying out the reactions of benzal-

dehyde-2-methyl-gemicarbazone with>aniline and benzylaminse, .

it.was decided to investigate the action of amines on
certain 2.4.substituted semicarbazones. In other words,
1t was decided to carry out separately, the second stage
indicated in such reactions as that of benzaldehyde-2-
methyl-semicarbazone with benzylamine.

Borsche's explanation® of the reactions of
amines and semicarbazones required that certain semicarb-
azones substituted in the 4-position should react with
amines to give a sym. di-substituted ures and the hydra-
zone of the aldehyde or ketone. He showed that thls
actually took place with some of these semicarbazones.
The semicarbazones which he used, however, were substit-
uted only in the 4-position. It has been shown that the
presence of a group in the 2-position causes considerable
differences in the character of the semlcarbazone, for
exdmple, in its decomposition products. For this reason,
it was thought advisable that some investigation should
be made of the action of amines on semicarbazones substit-
uted both in the 2- and the 4-positions. This was part-
icularly the case since Borsche carried out his reactlons

in a much larger excess of amine than was present in the

1306 pages 50-51.
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reactions described here. It was necessary, therefore,
to find whether the same reactions would take place under
conditions nearer those of the present work.

The reactions of benzaldehyde-2-methyl-
4-phenyl-semicarbazone with aniline and of benzaldehyde-
2-methyl-4-~benzyl-semicarbazone with benzylamine were
carried out. The results of these reactions give valuable
support to the theory that the reaction of benzaldehyde-
2-methyl-semicarbazone with benzylamine takes place in the
two stages stated.

Benzaldehyde-2-methyl=~4 -phenyl-semicarbazone
was heated with aniline to 180° for four hours. At the
end of this time the substances were recoversd unchanged.
In the reaction of benzaldehyde-2-methyl-semicarbazone
with aniline, which was also carried out at 180°, benzal-
dehyde-2-methyl-4-phenyl-semicarbazone was produced, but
no sym. diphenyl-urea. These results agree well, since,
as benzaldehyde-2-methyl-4-phenyl-semicarbazone does not
react with aniline at 180°, the reaction of benzaldehyde-
2-methyl-semicarbazone with aniline will stop at the

first stage, that is, when this reaction has completed

itgelf,

Ph.CH:N.N(CH,).CO.NH; + NHyPh
= Ph.CH:N.N(CH,).CO.NHPh + NH,
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Benzaldehyde~2-methyl-4-benzyl-semicarbazons
with benzylamine gave sym. dibenzyl~ureé, a small quantity
of the semicarbazohe being recoversd unchanged. This
also>agraes with the results obtained before as benzal-
dehyde—-2-methyl-semicarbazone with benzylamine gave a
miiture of benzaldehyde-2~methyl-4—benzyl—semicarbaZOne
and sym. dibenzyl-urea. This reaction takes place, thers-

fore, in two stages, according to the equations,

(1)
PR.CH:N.N(CH;).CO.NH, + NH,CH,Ph

= Ph.CH:N.N(CH,).CO.NH.CH,Ph + NH,4

(11)
Ph.CH:N.N(CH,).CO.NH.CH ,Ph + NH,CH,Ph

Ph.CH:N.NE(CHz;) + OCO(NH.CH Ph),

I

It will be remembered that one of the
objects of this investigation of the action of amines on
2-gubstituted semicarbazones was the preparation of new
optically active semicarbazides having a group substit-
uted in the 2—position. Substances of that type could
only be prepared from 2-substituted semicarbazones which
react in the normal manner with amines giving 2.4.sub-
stituted semicarbazones. These 2.4.substituted semicarb-:
azones must not react too readily with amines, otherwise

substituted ureas and hydrazones will be obtained.



It has besn shown that benzaldehyde-2-
methyl-gemicarbazone reacts in the normal manner with
aniline, while with benzylamine the main product is sym.
dibenzyl-urea although a small quantity of the normal
product is obtained in this case also. It was decided to
try the reaction of benzaldehyde-2-methyl-semicarbazone
with «w-phenylethylamine. For the experimental reaction
the racemic form of the amine was used.
| After heating to 175-180° for 2 hours, much
of the benzaldehyde-2-methyl-semicarbazone remained un-
changed. The only product which was isolated, apart from :
a sticky residue, was sym. di (x~-phenylethyl )urea. Had i
this reaction been repeated on a larger scale, it is poss- f
ible that a small quantity of benzaldehyde-2-methyl-4-
(x-phenylethyl)semicarbazone might have been obtained.
However, in view of the fact that sym. di(x-phenylethyl)
urea was obtained while most of the benzaldehyde-2-methyl-
semicarbazone remained unchanged, it is almost certain
that the yield of the benzaldehyde-2-methyl-4-(«~-phenyl-
ethyl)semicarbazone would be too small to make this meth-
od practicable as a means of preparing an optically active
semicarbazide.

It was intended, also, to study the decom-
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position products of acetone-2.4-diphenyl-semicarbazone.
This substance is described by Whyburn and Balley' as a
crystalline solid, M.Pt. 191°. On attempting to prepare
it from the same starting materials, but under slightly
different conditions, a substance was obtained, M.Pt. 138°.
This preparation and the reactions of this substance are

described in the Appendix.

lJ’oA—».G 0301928,_5-9., 912'



CONCLUSION.
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The substitution of a group in the 2-posit-

lon of a semicarbazone affects its behaviour to a greater

extent .than was anticipated. The most striking differ-
ence is in the manner in which it decomposes on heating.
It has been shown, for instance, that acetone-2-phenyl-
semicarbazone decomposes on heating in an altogether
different way from acetone semicarbazone. The decompos-
ition products of acetone-2-phenyl-semicarbazone are
acetone phenylhydrazone and cyanuric acid.

The reactions of a 2-substituted semicarb-
azone with amines appear to depend on its temperature of
decomposition. Thus, acetone-2-phenyl-semicarbazone
decomposes before the temperature is reached at which it
ﬁill react with amines. In this case, therefors, no
2.4 .substituted semicarbazones are formed at all, the
products being acetone phenylhydrazone and sym. di-sub-
stituted ureas. The same thing occurs in the case of

acetophenone-2-pheny l-semicarbazone.

The higher-melting semicarbazones, benzal-
dehyde-2-benzyl-semicarbazone and benzaldehyde-2-methyl-

semicarbazone are much more stable when heated. Thesse
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substances, with amines, give the normal products, that
is, 2.4.substituted semicarbazones. These 2.4.substit-
'uﬁed semicarbazones, however, may react with another mol-
ecule of the amine. This reaction has been observed
before in the case of semicarbazones substituted in the
4-position. The reaction appears to take place much more
readily in the case of 2.4.substituted semicarbazones
than of those substituted only in the 4-position.

It was thought that this work might lead up
to the preparation of a new optically active semicarbazide.
That it has not done so is due partly to the low decomp-
osition temperature of certain 2-substituted semicarbaz-
ones and also to the small yield of 2.4.substituted semi-
carbazone which was generally obtained when the reaction
went in the normal manner. 1t is possible, however, that
another 2-substituted semicarbazone may be found, which
will prove more sultable as a starting material for the

preparation of optlcally active semicarbazides.



EXPERIMENTAL.

Acetone-2-phenyl-semicarbazone + Benzylamine.

The reaction was first carried out in this
way. Equimolecular guantities of acetone-2-phenyl-semi-
carbazone® and benzylamine were mixed and heated. Ammonia
was evolved at 160° and the mixture was kept at that
temperature for about an hour. It was then poured into
a large bulk of ice-water»in which it formed a brown,
viscous mass. On purification, this yielded the solid

products described below.

It was decided, however, to alter this
method to some extent in order to isolate the more vol-

atile products. The following method was adopted.

15 gms. of acetone-2-phenyl-semicarbazone
and & gms. of benzylamine were mixed and heated. Ammonia
was given off between 155-160°. The mixture was kept at
160° i1l evolution of ammonia had abated. The reaction
lasted almost an hour. The reaction mixture was then cool-
od and heated again under 4 mm. pressure in order to

distil any volatile products.

leoodwin & Bailey, JeA.C.S5.1924,46,2829.

See Appendix page 117.
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The first distillate consisted of a few
drops of an oil with a peculiar odour. This olil was
insoluble in alkali; eagily soluble in concentrated
hydrochloric acid and darkened on standing exposed to the
atmosphers.

At 110° and 4 mm. pressure a clear, slight-
ly yellow liquid began to distil and solidified to some
extent in the receiver. This substance was identified
as acetone phenylhydrazone. On redistilling, its B.Pt.
under 44 mm. pressure was found to be 160° which agroees
with that given by Blanksma®. It was disgsolved in
glacial acetic acid to which was then added potassium
cyanate. A substance K.Pt. 140° was obtained and was
shown by comparison to be acetone-2-phenyl-semicarbazone?.
The yield of acetone phenylhydrazone amounted to 6 gms.

Nothing else distilled on raising the temp-
eraturs .of the bath to 160°, the pressure being 4 mm.

The solid residue which remained in the
flask was dissolved out with boiling alcohol. On cooling,
fine, white needles separated. After recrystalllsing
several times from alcohol and also from chloroform,

these melted at 171°. This substance was identified as

sym. dibenzyl-urea.

6.1913,I,603.

?3ee Appendix page 117.



Found - - - N = 11.59, 11.69%.

C,sH,40N, requires N = 11.67¢

The M.Pt. of sym. dibenzyl-urea has been
stated in various papers either as 167° or 169°. A spec-—
imen was prepafed, however, from urea and benzylamine®.
After several recrystallisations it melted at 171° and
was shown to be identical with the substance obtained in
the reaction. The yield of sym. dibenzyl-urea was 4 gms.

The mother liquor was taken to dryness and
the residue was dissolved in ethyl acetate. A crystalline
substance ‘separated, which, aftef further recrystallis-
ation from the same solvent, was obtained as colourless
nesdles, M.Pt. 149°. This substance was shown to be
monobeﬁzyl-urea by analysis and comparison with a

prepared specimen of tkat substance.

Found - - - -0 =63.77, H =7.10, N = 15‘.45%.
CoH, ON_ requires C = 63.99, H = 6.67, N = 1%.66%.
Found - - = - Iol. Wt. = 156.

(By the ebullioscopic method using acetone as solvent.)

CoH, ON, requires liol. Wt. = 150.

The mother liguor was taken to dryness

pavis & Blanchard, J.A.C.S.1923,45,1819.



again and left a tarry residue from which no other pure

substance was obtained.

In toluene.

| The reaction of acetone-2-phenyl-semicarb-
azone and benzylamine was repeated using toluene as a
solvent. Some high-boiling paraffin was added to raise
the B.Pt. The mixture was boiled for 3 hours. The temp-
erature of the bath for the greater part of the time Wés
between 155-160°. The highest temperature reached was
163°. |

No reaction took place, the acetone-2-

Phenyl-semicarbazone being recovered unchanged.

Acetone-2-phenyl-semicarbazone + Aniline.

10 gms. of acetone-2-phenyl-semicarbazone
and 6 gms. of aniline were mixed and heated.

About 105° a clear liquid distilled up the
side of the flask but none of it came over into the rec-
eiver even after the temperature had been increased to
160°.

At 155° evolution of ammonia began and the

mixture was kept between 155-160° till this had abated to
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some extent. The reaction lasted about 40 minutes.

The mixture was then distilled under reduced
pressure. The pregsure was reduced to 15 mm. and the
mixture was again heated. Between 100-110°, a clear,
slightly yellow liquid distilled and solidified in the
receiver. This was shown to be acetone phenylhydrazone
by acting on it with potassium cyanate in glaclal acetic
acid solution, when acetone;2-phenyl-semicarbazone was
again obtained.

The temperature of the bath was gradually
raised to 160° but no other products were obtained and
the distillation was tken stopped.

The solid residue which was left in the
flask was recrystallised from alcohol. A white, cryst-
alline substance was obtained having M.Pt. 237°. This

was skown to be sym. diphenyl-urea by comparison with a

gtock sample.

On concentrating the solution, a further
quantity of sym. diphenyl-urea was obtalned. Thke alcohol
was finally removed completely under reduced pressure.

A considerable residue of a black, tarry substance rem-
ained. This was dissolved in benzene. On standing for

some time, a small quantity of a solid was obtained

whick, after recrystallisation melted at 133°. This




substance was not obtained in sufficient quantity for
further purification. The tar which was obtained on con-
centration of the mother liquor yielded no other pure

products.

- Acetone—-2-phenyl-semicarbazone + p.Toluidine.

12 gms. of acetone~2-phenyl-semicarbazone
was mixed with & gms. of p.toluidine and heated. The
clear liquid noted in the last reaction was again
observed at 110°.

Evolution of ammonia began at 144°. The
mixture was kept at 145° for half an hour and the temp-
erature was then raised to 150° for ten minutes to com-
plete the reaction. During the reaction, a solid crust
formed on the surface of the mixture.

When the reaction was finished, the mixture
was distilled as before. Acetone phenylhydrazone was
obtained and was identified in the same manner as before.

The solid residue was dissolved in boiling

alcohol from which a crystalline solid was obtained

immediately on cooling. After further recrystallisation

from alcohol the li.Pt. was 260°. This was shown to be

di-p-tolyl—urea by comparison with a prepared sample of



that substance'. About 4 gms. of di-p.tolyl urea was
obtained.

| The mother liquor was then taken to dryness
leaving a dark, tarry substance. This was easily soluble
in benzene from which nothing separated even on cooling
in ice. The benzene was then removed and an attempt was
made to recrystallise the substance from chloroform. A
- sticky substance separated from this solution. After
pressing out on a porous plate, it melted about 160°. It
was then recrystallised from chloroform with the addition
of a few drops of alcohol. It now melted about 162° but
the .Pt. was not yet sharp.

The quantity obtained was insufficient to

allow further purification.

Acetone-2-phenyl-semicarbazone + p-Phenylethylamine.

g gms. of acetone-2~phenyl-semicarbazone

and 6 gms. of p-phenylethylamine were heated together.
At 150° ammonia came off fairly steadlly.

The mixture was kept at 150-160° till the reaction was

completed.
The mixture was then digtilled under red-

Marmelli, Ricca-Rosellini,G.29,1I,1353.
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uced pressure. Acetone phenylhydrazone wag obtained and
was identified as before.

The dafk-ooloured residue was dissolved in
alcohol. A small quantity of a crystalline substance
had separated on standing for 12 hours. A small gquantity
of petroleum ether was added and the solid which separ-~
atéd was filtered off. It was recrystallised first from
benzene but it was found that it crystallised best from
ethyl acetate as clusters of colourless needles, M.Pt.
136-137°.

It was shown to be identical with sym. di-
(ﬁ-TMEnylethyl)ursa, by comparison with a prepared spec-—
imen of that substance.

The mother liquor yielded only a tarry

substance from which no pure products were isolated.

Acetone-2-phenyl-semicarbazone + n.Heptylamine.

5 gms. of acetone-2-pheny l-semicarbazone
and 3;5 gms. of n.heptylamine were heated together in

the usual way.
The mixture was heated till the amine was
almost boiling. The temperature of the bath was 160-162°.

The reaction slowed down after about 45



30.%

mimites. The mixture was then distilled under reduced
pressure and acetone phenylhydrazone was obtained and
identified as Dbefore. | ,
The residue was recrystallised from alcohol
and gave a ofystalline solid melting at 91°. This is the

M.Pt. of sym. di-n.heptyl-ureal.

I

Found - = - - =-1N 11.05%.

10.94 4.

i

C,gH;,0N;, reguires N

On concentration, the mother liquor yielded

a tarry substance.

Action of Heat on Acstone-2-phenyl-semicarbazone.

At 180°. |
15 gms. of acetome-2-phenyl-~semicarbazone

was placed in a distilling flask and heated.
At 160° there was slight effervescence and

a clear liquid was observed to distil inside the flask.

The témperature was raised to 180°, however, in order to

bring about complete decomposition. The mixture was kept

at this temperature for 35 mimates. The total time of

heating was about an hour and a quarter. There was

Y anuelli, Ricca-Rosellini, G.29,II,135.



slight evolution of ammonia at 180°. When it was thought
that decomposition was complete, the mixture was distilled
under reduced pressure.

A clear, pale-yellow liquid distilled when
the bath temperature was 135° and the pressure 15 mm.
This liquid was shown to be acetone phenylhydrazone by
reconversion to acetone-2-phenyl-semicarbazons. The

yield of acetone phenylhydrazone was 7 gns.

It was attempted to dissolve out the res-
idue in the flask with hot alcohol. It appeared to be
soluble to a slight extent only. MNethyl alcohol proved
to be more suitable and a quantity of the substancs was
recrystallised several times from that solvent.

It was found that the substance could be
heated to 350° without melting or darkening in colour.
The substance was thought from its properties to be

cyanuric acid and analysis confirmed this.

Found - - - - N = 32.507.

CsHaOQNs requires N = 32.55%.

No other products were isolated.

At 145°.

12 gms. of acetone—-2-phenyl-semicarbazoneé



was heated to 140-145° for ome hour. At the end of this
time, the only change observed was a darkening of the
colour of the liquid. No gas was evolved. It was then
cooled and again heated to 145°, this time under 10 mm.
pressure. A pale-yellow liquid distilled, B.Pt. 1193, »
and solidified to some extent in the receiver.

The distillate solidified in the form of
plates, M.Pt. 40°. This substance was shown to be
acetone phenylhydrazone. It was hydrolysed with dilute
hydrochloric acid. This solution, after neutralisation
with sodium hydroxide, gave the nitroprusside test for
acetone and also reduced Fehling's solution. On treat-
ment with potassium cyanate in glacial acetic acid, it
gave acetone-2-phenyl-semicarbazone.

The residue in the flask, consisting of a
mixture of solid and red, oily liquid, was treated with
hot alcohol. A portion was almost insoluble. It was

boiled up with benzene and again with alcohol to remove

colouring matter. It was then recrystallised from water.

The colourless crystals which were obtained did not melt

at 330° and showed no signs of decomposition. This

substance was identified as cyamuric acid. With ammonla

and copper sulphate it gave the characteristic amethyst-

coloured precipitate.
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Found - - N = 32046, 52-49%0

CzHzO0sN, requires N = 52.55%.

No other products were isolated.

Action of Heat on Benzaldehyde—2-benzyl-semicarbazone®.

About 5 gms. of benzaldehyde-2-benzyl-semi-
carbazone was heated in a distilling flask through which ‘
was passed a steady current of carbon dioxide.

The mixture was raised to 190° and kept at
that temperature for 1/;hours. It was then distilled
under reduced pressure. This time the temperature was
raised to 200°, the pressure being 6 mm. Nothing
distilled, howevVer.

The viscous mass in the flask was then
digsolved in hot alcohol. A white, crystalline solid
was deposited on cooling which, recrystallised from
alcohol, melted at 159°.

This was shown, by comparison and analysis,

to be unchanged benzaldehyde-2-benzyl-semicarbazone.

16.65%.
16.60%.

Found = - ~— - N

i

'GlsHlsoNs requires N

When the remaining mother liquor was evap-

Bougault & Leboucq, C.r.1928,186,957.




orated, a thick ysllow-brown oil was obtained which had

the smell of benzaldehyde.

Benzaldehyde-2-benzyl-semicarbazone + Aniline.

5 gms. of benialdehyde-Z—benzyl~semioarb—
azone was mixed in a flask with 2 gms. of aniline and
the mixture gradually heated in a glycerine bath. When
the temperature reached 155° small bubbles of a gas were
slowly evolved. HowsevVer, this showed no signs of increas-
ing and the heating was continued till the temperature
was 165-170°. After the mixture had been at this temp-
erature for about 20 mirmites, ammonia was being steadily
evolved. After a further 45 minutes, the reaction appear-
ed to be nearing completion and the mixture was allowed
to cool. When it had resached a temperature of about 50°
an attempt was made to distil it under a pressure of 15 mm.

The temperature was gradually ralsed and a
small quantity of a clear liquid distilled. It was iden-
tified as aniline by conversion to benzanilide and com-
parison with the latter substance. The guantity of anil-
ine just amounted to a few drops. No other substancs
distilled on raising the temperature of the mixture to

the reaction temperature, 170°.




Ohe

The residue in the flask was dissolved in
boiling alcohol. On cooling, a white, crystalline solid
separated from the solution. Aftér recrystallising sev-
eral times from alcohol, the M.Pt. of this substance was
152°. This is the M.Pt. of benzaldehyde-2-benzyl—4-
phenyl-semicarbazone which was prepared by Busch, Opfer-
mann and Walther? by the action of benzaldehyde on
2-benzyl-4-phenyl-semicarbazide which was obtained from
benzylhydrazine and phenyl isocyanate.

Analysis confirmed that the substance
obtained in the reaction was benzaldehyde-2-benzyl-4~-

phenyl-semicarbazonse.

1}

Found - - - - N 12.34%.

12.76 .

C,,H,,0N, requires N

On taking the alcoholic solution to dryness,
a tarry substance was obtained. A further quantity of
benzaldehyde-2-benzyl-4-phenyl-semicarbazone was obtained

but no other products were isolated.

Benzaldehyde-2-benzyl-semicarbazone + p.Toluidine.

4.5 gms. of benzaldehyde-2-benzyl-semicarb-

lBeI‘.1904,éZ_; 2327‘



azone and 2 gms. of p.toluidine were heated together.

At 165° there was brisk effervescence and
ammonia was given off. A liquid was distilling inside
the flask but the temperaturse was not raised high enough

to cause it to come over.

The mixture was kept at 165-170° for 2 hours.

It was then distilled under a pressure of 15 mm.

Ween tke bath temperature was 140° a subst-
ance distilled and solidified in the condenser. This
was found to be unchanged p.toluidine.

The residue in the flask was dissolved out
with kot alcokrol. After ;everal recrystallisations

from this solvent, it melted at 172°.

CQSHQION3 requires N = 12.23%.

This substance, benzaldehyde-2-benzyl-4-
p.tolyl-semicarbazone, is insoluble 1in water and
petroleum ether, soluble in kot alcokol and benzene

and slightly soluble in hot ethker.




O/sj

Benzaldehyde-2-benzyl-semicarbazone + Benzylamine.

Some benzaldehyde-Z-benzyl-semicarbazone
was heated in the same manner as before with an excess of
benzylamine, about 15—20% over the equimolecular quantity.

This reaction required a higher temperature
than the previous one. It was mot until 185° was reached
that a steady stream of ammonia was given off. The reac-
tion appeared to go quite steadily for about an hour when
the evolution of ammonia abated somewhat. The mixture
was then cooled to some extent and an attempt was made,
as before, to distil off the volatile products. In this
case, however, nothing distilled on taking the tempefature
of the bath up to the reaction temperature, 185°, under a
pressure of 14 mm.

The contents of the flask %ere then dissolv-
ed in boiling alcohol. On cooling, a crystalline solid
separated which, after further recrystallisation from
alcohol, melted at 171°. This was shown by comparison

and analysis to be sym. dibenzyl-urea.

]

11.61%.
11.66%

Found - - - N

i

C15 H16ON requires N

Oon concentrating the mother ligquor a further

quantity of solid separated. This was found to be a

i
{

|
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mixture of sym. dibenzyl-urea and another substance. A
separation was brought about by the use, first of chloro-
form and then of benzene. In both of these solvents sym.
dibenzyl-urea is less soluble than the second product of
the reaction.

The latter substance was then recrystallis-
ed several times from alcohol. Its M.Pt. was then 123.5°.
This substance appears to be the normal product, benzal-
dehyde—-2.4-dibenzyl-semicarbazone. It is soluble in
ether, acetone and chloroform in the cold, and in hot

alcohol or benzene. It is insoluble in petroleum ether.

]

Found - - - - - N 12.25%.

12.24%.

CopHyy ON,;  requires N

The mother liguor, when finally evaporated,
yielded a tarry substance from which no other pure prod-
ucts were isolated. It had a strong smell of benzalde-
hyde.

On repeating this reaction it was found
possible to make it take place at a lower temperature.
This time the reaction mixture was heated to 175° for
1% hours. It was then worked up in the same manner as
before and again yielded a mixture of sym. dibenzyl-urea

and benzaldehyde-2.4-dibenzyl-semlcarbazone.
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Acstophenone-2-phenyl-semicarbazone + Anilins.

7 gms. of acetophenone-2-phenyl-semicarb-
azone was heated slowly with 3 gms. of aniline.

Effervescence commenced very slowly at 135°
and became slightly brisker at 145° when the smell of
ammonié first became apparent. The mixture was kept at
this temperature for 30 minutes. As the ammonia had been
cdming off very slowly the temperature was then increased
again. At 155° there was a definite increase in the rate
of evolutlon of the ammonia and the mixture was kept at
that temperature till the reaction abated. This took
piace at the end of a further 45 minutes.

The mixture was then cooled and raised
again to 160° ﬁnder 15 mm. pressure. A very small quan-
tity of a clear liquid distilled and solidified to some
extent in the side-tube. This was not identified. No
aniline was obtalned.

The solid residue in the flask was dissolved
in boiling alcohol. A white, crystalline substance sep-
arated on cooling. This was found to be a mixture melt-
ing over a wide range from 195-225°. It was treated with
ether and partially dissolved. The ether extract was

then taken to dryness leaving a solid residue. This was
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recrystallised several times from alcohol after which its
M.Pt. was 104°. This substance was shown to be aceto-
pPhenone phenylhydrazone by comparison with a prepared
specimen of that substance.

The part which was insoluble or less soluble
in ether was also recrystallised several times from
alcohol. Its U.Pt. was then 238°. This substance was
shown by comparison to be sym. diphenyl-urea.

No other products were isolated.

Benzaldehyde—-2-methyl-semicarbazone + Aniline.

At 155-165° for 1 hour.

20 gms. of benzaldehyde-Q-methyl-semicarb;
azone™ and 13 gms. of aniline were heated together in the
usual way. At 155° some ammonia was evolved. The temp-
erature of the mizture was kept at 155-165° for one hour.
It was then cooled and an attempt was made to distil it
under reduced pressure. On raising the temperature some
unchanged aniline distilled. 10 gms. of aniline was
obtained. No other products distilled on raising the
temperature to 165° under 4 mm. pressure.

The solid residue was then dissolved in

Young & Oates, J.C.S5.1901,79,662.
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boiling alcohol. On cooling, a white, crystalline subst-
ance separated. This was found to considt of unchanged
benzaldehyde-2-methyl-semicarbazone. The only other
product obtained, on evaporation of the mother liquor,
was & small quantity of a thick, oily substance.

The reaction was therefore repeated at a

higher temperature.

At 180° for 3 hours.

The last reaction was repeated in an attempt
to bring it to completion.

9 gms. of benzaldshyde~2-methyl-semicarb-
azone and 6 gms. of aniline were heated together. The
mixture was heated this time to 180° at which temperaturse
ammonia was being evolved vigorously. It was kept at
180° for 3 hours when the reaction abated to some extent.
It was then distilled as before. This time about 2 gms.
of unchanged aniline was recovered.

The solid residue was dissolved in hot
alcohol. On cooling, a white substance crystallised out.
This was recrystallised several times from alcohol and
then from a small Quantity of benzene with the addition
of petroleum ether. It was obtalned from both solvents

as clusters of small needles, M.Pt. 108°. This is the
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H.Pt. of benzaldehyde-2-methyl-4~phenyl-gemicarbazone
which was prepared by Busch, Opfermann and Walther® by
the action of benzaldehyde on 2-methyl-4-phenyl-semicarb-
azlde. The latter substance was obtained from methyl-

hydrazine and phenyl isocyanate.

Found - - - N = 16-71’ 16075%0
C,sH,,O0N, requires N = 16.60%.

It is easily soluble in ether, benzene,
chloroform and ethyl acetate, soluble in hot alcokhol and

insoluble in petroleum ether.

Benzaldehyde-2-methyl-semicarbazone + Benzylamine.

At 170° for 3 hours.

20 gms. of benzaldehyde-2-methyl-semicarb-
azone and 14 gms. of benzylamine were heated together in
the usual mamner. This semicarbazone appeared to be
more soluble in the amine than any of the others prev-
iously used. It dissolved completely before its M.Pt.
wag reached. There was no svolution of ammonia up to
the temperature at which it had all dissolved.

The first bubbles of gas were observed at

'Ber.1904, 37,2324,
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153° but ammonia was not given off steadily till about

10° higher. The mixture was kept at 165-170° for 3 hrs.
It was then cooled and heated to the same temperature
under 14 mm. pressure. Nothing distilled. The residue
in the flask was treated with boiling alcohol. On cool-
ing, a substance crystallised in the form of long needles.
After further recrystallisation from alcohol, the M.Pt.
was 171°. This was shown by comparison to be sym. diben-
zyl-urea.

The mother liquor was concentrated but
nothing further separated and it was finally taken to
dryness under reduced pressure. The residue was a red i
oll. This was then dissolved in hot benzene but it was
eventually found necessary to remove this solvent also,
nothing having separated. The addition of petroleum
ether reprecipitated the oil. After the oil had been
left to stand for two days, more solid separaﬁed and was
removed from the oil by filtration. This was a further

quantityvof gym. dibenzyl-ursa.

A portion of the oil was distilled under a

pressure of 2 mm. The distillate was a pale yellow oil.
The B.Pt. at this pressure was about 125°. The temper-

ature of the bath was 170°. This portion of the oil

was redistilled. After standing for several days it
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showed signs of solidifying. The remainder of the oil
was then distilled under a pressure of less than 1 mm.

up to a bath temperature of 185°. The distillate, which
was redistilled, solidified in ths receiver. After
pressing out on a poréus plate this substance was found

to have a M.Pt. of 60°. It was recrystallised by dissolv-
ing ih a small quantity of ether and precipitating with
petroleum ether. After repeating this several times, the
subétance was obtaihed as long, colourless needles, .Pt.
63°.

It is easily soluble in the cold, in alcohol,
ether, benzene, chloroform, ethyl acetate and carbon
disulphide and is insoluble in petroleum ether. g

| Anslytical results indicate as its empirical

formula, C,,H,,0,N, , but its constitution has not been

determined.
Found = = - - =0 =71.93, H=7.13, N = 9.63%.
C,,H,,0. N, requires ¢ = 71.58, B = 7.37, N = 9.824.

Found - - - - Mol.Wt. = 240 (By Rast's lMethod).

285,

C,yHg,0,N, requires Mol.Wt.

The quantity of substance available for this

molecular welight determination was not sufficient to

YO




ensure an accurate result.
4 There was a residue in the flask after
distilling up to 185° but when attempts were made to

distil this at a higher temperature it decomposed.

At 170° for 1 hour.

The preceding reaction was repeated under
8lightly different conditions.

15 gms. of benzaldehyde-2-methyl-semicarb-
azone and 10.5 gms. of benzylamine were heated to 170°.
The mixture was cooled at the end of one hour. It was
then distilled up to 170° under 6 mm. pressure. From
140° (bath temp.), a clear liquid distilled and solid-
ified in the condenser. Its B.Pt. was 90§. This solid
appeared to be hygroscopic and its aqueous solution was
alkaline to litmus although not strongly so. After
pressing on a porous plate and leaving in an evacuated
desiccator for two days, its M.Pt. was found to be 88-89°.
After this treatment, an attempt was made to crystallise
it from dry benzene. On standing, a substance M.Pt. 204°
separated from this solution. After filtering this off,
the filtrate was concentrated but the only product
obtained was a thick o0il smelling of benzaldehyde. The

qubstance M.Pt. 204°, of which there was only a minute
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quantity, was then recrystallised from benzene, when the

K.Pt. rose to 207°.
Anglysis indicates thke empirical formula,
n(c, ®,,0,N_ ). The quantity obtained was insufficient

for a molecular weight determination.

il

5.41, X
5.45, X

1}
il

Found - - - = =-¢ 59.70,

60.01, H

12.66%.
12.73¢.

Il
1l
1

Ollﬁlsosﬂ2 requires C

The residue after distillation was dissolved
in kot alcokol. On cooling, a crystalline solid was
obtained M.Pt. 171°. This was shown by. comparison to be
sym. dibenzyl-urea.

The mother liquor was then concentrated on
the water bath. After standing for some time, a solid
came out of solution. This was filtered off and boiled
witkh ether. It was partially soluble. On cooling the
ethereal extract, a crystalline substance separated out.
After recrystallisation the H.Pt. was 106°. The portion
of the substance which was insoluble in ether was disgs-
olved in boiling alcohol. On cooling, a mizture was
obtained consisting of needles and large rhomboidal
plates. These plates were very large and were easily
separated mechanically from the needles. The needles

were shown to be sym. dibenzyl-urea. The plates were
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identical with the substance which had been extracted
previously with ether. This substance, M.Pt. 106°, is
the normal product of the reaction, benzaldehyde-2-

methyl-4-benzyl—semiéarbazone.

71.85, H

1l
Il
Il

Found - - - = C 6.13, X 15.96%.

15.72%.

n
I

CleﬂlVQKa requires C

71.91, H = 6.36, N

N

The remainder of the alcohol was evaporated
from the mother liquor on the water bath. The residus
was a Very thick, brown oil. This was treated with ether.
The ethereal solution containing the more soluble part of
the oil was decanted and dried over sodium sulphate. On
addition of petroleum ether, the oily substance was
obtained once more. The ether and petroleum were distil-
led off. After the o0il had been left to stand in an
evacuated desiccator for several days, an attempt was
made to distil it. On heating it to 180° under 2 mm.
pressurse, a small guantity of a clear yellow oil distill-
od. It was finally heated to 200° under a pressure of
1 mm. but only & few more drops of the oil were obtalned.
Decomposition commenced at this temperature and the
distillation was stopped.

This oil was similar in appearance and had
the same odour as the oil from which was obtained the

substance, M.Pt. 63°. Although this oil showed signs of
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going solid, the substance M.Pt. 63° has not been isol-
ated from it.

Benzaldehyde-2-methyl-4-phenyl-semicarbazone + Aniline.

3.5 gms. of benzaldehyde-2-methyl-4~phenyl-
semlcarbazone and 1.3 gms. of aniline were heated togeth-
er. The mixture was kept at 180° for 4 hours. It was
then cooled and distilled under reduced pressure to 170°.
Some unchanged aniline was the only distillate obtained.

The residue, a clear, resinous substancs,
was dissolved in hot alcohol. On cooling and allowing to
gtand for some time, a white crystalline substance separ-
ated, M.Pt. 107°. This substance was shown by comparison
to be unchanged benzaldehyde—-2-methyl-4-phenyl-semicarb-
azone.

After filtering off this substance, the
mother liquor was concentrated on the water bath.

Nothing having separated, the remaining alcohol was
removed in an evacuated desiooator- The mixture of solid
and oil which remained was pressed on a porous plate and
left in an evacuated desiccator for two days. Attempts
were made to crystallise this mixture from various

solvents. A further quantity of benzaldehyde-2-methyl-




~4-phenyl-semicarbazone was obtained but apart from this

the products were of an oily or resinous nature.

Benzaldehyde-2-methyl-4-benzyl-semicarbazone + Benzyl-

amine.

Equimolecular quantities’of benzaldehyde-
-2-methyl-4-benzyl-semicarbazone and benzylamine were
mixed and the mixture heated to 170° for 1/, hours. At
the end of this time, it was cooled and then heated under
16 mm. pressure. Nothing distilled on heating the mixt-
ure to 170° under this pressure. The contents of the
flask were then dissolved in boiling alcohol. On cooling,
a substance crystallised in the form of long needles,
M.Pt. 171°. This was shown by comparison to be sym.
dibenzyl-urea.

On concentrating the mother liquor, a
small quantity of unchanged benzaldehyde—2-methyl-4-
benzyl—semioarbaZone was obtained. The unchanged subst-
ance amounted to little more than a trace. When the
remaining alcohol was removed the residue was foﬁnd to

consist of an oil from which no other pure products were

igolated.
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Benzaldehyde-2-methyl-semicarbazone + «~Phenylethylamine.

8.7 gms. of bénzaldehyde—z~methyl—semicarb—
azone was heated with 7 gms. of racemic a«-phenylethyl-
amine. The mixture was heated to 175° for 45 minutes.
Ammonia was evolved at this temperature. On cooling, a
solid separated from the mixture. This was shown to be
unchanged benzaldehyde-2-methyl-semicarbazone and the
mixture was therefore heated again. It was kept at 175-
180° for a further 1y, hours. It was then distilled
under reduced pressure. A few drops of «-phenylethyl-
amine was obtained.

The residue was dissolved in hot alcochol.
On cooling, unchanged benzaldehyde-2-methyl-semicarbazone
came out of solution. On concentrating the mother liquor
another white crystalline substance was obtained. After
recrystallisation from alcohol, it melted at 179-180°.
Ohlsson® gives the li.Pt. of sym. di(a—phenylethyl)urea

(from the racemic amine) as 180°.

Found - - - - N 10.74%.

Ci7H 00N, requires N = 10.444,

Further concentration of the mother liquor

yielded only an oil.

'Ber.1916,49,1341.
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APPENDIX.

The Action of Carbonyl Chloride on Acetone Phenylhydr-
azone.

Attempted Formation of Acetone-2-phenyl-4-benzyl-semi-

carbazone.

Theoretical.

When it was found that the reaction of
acetone-2-phenyl-semicarbazone with benzylamine did not
go in the way anticipated, it was thought tkhat some of
the products of that reaction might4be decomposition
products of acetone-2-phenyl-4~benzyl-semicarbazone.

It was therefore proposed to attempt the
preparation of this substance by some other method and
then to study its decomposition products. ‘

Busch and Walther' found that carbonyl
chloride reacted with benzaldehyde phenylhydrazone

according to this equation,
Ph.CH:N.NEPh + C$0Cl, = Ph.CH:N.N(Ph).00C1 + HO1.

The reaction was carried out in benzene

Ber.1903, 36,1358.
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solution, pyridine being added tovtake up the hydrochlor-
ic acid.

They also showed that, if the product from
this reaction were dissolved in alcohol and a quantity of
aniline representing two molecules were added, and the
mixture warmed, benzaldehyde-2.4-diphenyl-semicarbazone

was obtained.

Ph.CH:N.N(Ph).COC1l + NH,Ph

= Ph.CH:N.N(Ph).CO.NHPh + HC1

It was hoped that acetone‘phenylhydrazone
would react in the same way with carbonyl chloride and
that the product of this reaction might react with benzyl-
amine to give acetone-2-phenyl-4-benzyl-semicarbazotnie.

It was found that the first reaction took
place in the same way as with benzaldehyde phenylhydrazone.
The product from the second reaction, however, was not
acetone-2-phenyl-4-benzyl-semicarbazone. The analytical
results obtained agree fairly well with the theoretical
figure for 2-phenyl-4-benzyl-semicarbazide. It is poss-
ible that hydrolysis took place during the second reac-

tion. This investigation has not been continued.
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Experimental.

When this reaction was carried out first,
the method usedbby Busch and Walther for a similar reac-—
tion was followed exactly.

10 gms. of acetone phenylhydrazone was dig-
gsolved in 150 ccs. of benzene and 7.5 gms. of pyridine
was added. The mixture was then added gradually to 60
gms. of a 20% solution of phosgene in toluene which was
cooled.during the addition. On shaking up with water to
remove pyridine hydrochloride a solid began to separate
from the benzene solution. The water wés run off and
the solid filtered from the benzene. After recrystall-
iéing from benzene-alcohol mixture and from ethyl acetats
it melted at 162°. The yield was poor.

It was found that a better yield was obtain-
ed by working up in this way. After adding the solution
of acetone phenylhydrazone etc. to the cooled solution
of phosgene, the mixture is left to stand for some time.
The iiquid is then poured off from the pyridine hydro-
chloride which has separated. The latter is dissolved
in water and the aqueous solution is extrac;ed With‘ben—
zene, the benzene extract being afterwards added to the

benzene-toluene mother ligquor. This is then evaporated
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to dryness under reduced pressure. The residue 1s recryst-

allised as before.

Found - - = - = N 13.56%.

13.344.

C,0H,,0N Cl requires N

Attempted Formation of Acetone—2-phenyl-4-benzyl-semil-

carbazone.

About 0.5 gm. of the compound obtained from
the last reaction was dissolved in alcohol. 0.5 gm. of
benzylamine was added and the mixture warmed on the water
bath for about 10 minutes. On standing overnight, a
white substance had separated. After recrystallising
from benzene the .Pt. was 114°.

The substance is slightly soluble in cold

water, easily in hot. .
Found - - - - N = 17 .20%-

2-Phenyl-4-ben2yl-semicarbazide requires N = 17 .424.
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The Action of Potassium Cyanate in Glacial Acetic Acid on

(1) Acetophenone Phenylhydrazone.

(i1) Benzophenone PhenylhydraZone.

Theoretical.

| The number of 2-substituted semlcarbazones
which have been described is somewhat limited. In order
to extend the scope of this work it was desirable to
obtain more of these substances.

' Acetone-2-phenyl-semicarbazone is preparsd
by the action of potassium cyanate on acetone phenylhydr-
azone in glacial acetic acid solution. Benzaldehyde
benzylhydrazone also reacts in this way* but benzaldelLyde
phenylhydrazone will not react under those conditions?®.

Acetophenone-2-phenyl-~semicarbazone is
known® but was not prepared in this way. It was decided
to investigate whether acetophenone phenylhydrazonse
would react with potassium cyanate in the same way as
acetone phenylhydrazone.

The substance obtained had approximately

the same nitrogen content as acetophenone-2-phenyl-semi-

l5ee page 117.
33ailey & Read, J.A.C.S.1915,37,1888.

®Rolla, G.38,(i),327. See page 118,
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carbazone. Its M.Pt. was 183°, however, whereas that of
acetophenone-2-phenyl-semicarbazone ig given by ﬁolla as
122°. (I have shown this to be 126°).

Acetophenone~4-phenyl-semicarbazone melts at
187° but a mixture of that substance with the product of
the reaction showed a distinct depression of M.Pt.

Acetophenone was removed by hydrolysis from
the product, M.Pt. 183°, and acetone was made to react
with the residue. The product of this reaction melted
at 156° which is the l.Pt. of acetone~4~phenyl-semicarb-
azone. However, it was shown by a depréssion of M.Pt.
that the product of the reaction was not identical with
that substance.

The action of potassium cyanate in glacial
acetic acld on benzophenone phenylhydraione was also
tried. In this case, there was no reaction, the benzo-

phenone phenylhydrazone being recovered unchanged.
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Experimental.

(1) 10.5 gms. of acetophenone phenylhydrazone
ﬁas dissolved in about 30 ccs. of glacial acetic acid
and 5 gms. of potassium cyanate was added to the solution
which was well shaken during the addition. The mixture
was then warmed to about 60° for 15 minutes and left to
stand. On cooling, some unchanged acetophenone phenyl-
hydrazone separated. Sufficlent acetic acid was added
to keep this in solution and a further 5 gms. of potass-
ium cyanate was added. The mixture was heated to 60°
for 17/, hours. The temperature was raised to 80° and
then allowed to cool. On the addition of water to a
small portion, acetophenone phenylhydrazone was precip-
itated. However, on cooling the solution in ice, a
solid separated which, after many recrystalllsations

from alcohol, melted at 183°.

Found - = - - N =16.724.

C gHy ON, roquires N = 16.60%.

!

The substance was then hydrolysed with |

hydrochloric acid and the acetophenone was extracted with |
ether. On the addition of acetone and sodium acetate

a substance was obtained, M.Pt. 156°. A mixture of this |




substance with acetone-4-phenyl-semicarbazone showed a

depression of M.Pt.

(1i) 17 gms. of benzophenone phenylhydrazone was
dissolved in about 175 ccs. of hot glacial acetic acid.

5 gms. of potassium cyanate was added gradually to the
warm solution which was kept at a sufficiently high temp-
erature to ensure that the benzophenone phenylhydrazone
should remain in solution. |

After the addition of the potassium cyanate
the mixture was kept at 70-75° for about 2%, hours and
was then cooled. Benzophenons phenylhydrazone was
recovered unchanged.

liore acetic acid was added as benzophenone
phenylhydrazone is very sparingly soluble. A further
5 gms. of potassium cyanate was added gradually and the
solution was warmed to 70° for 4 hours. Benzophenone

phenylhydrazone was again recovered unchanged.

108.
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The Action of Phenyl Isocyanate on Acetone Phenyl-

hzdrazone.

Theoretical.

Whyburn and Bailey™ heated phenyl isocyan-
~ate and acetone phenylhydrazone in a sealed tube to 100°
and obtained a substance M.Pt. 191° which they state to
be aceﬁone-z.4-dipheny1-semicarbazone.

On heating these substances to 100° under
reflux in a small quantity of benZene,rthis substance
was not obtained. Two products were obtained, one melt-
ing at 208° and the other at 138°. The latter substance
was analysed and gave figures approximating to the theor-
etical figures for acetone-2.4-diphenyl-semicarbazone.

On acting on 2.4.diphenyl-semicarbazide
with acetone, a substance was obtained, Pt 138°,
which was shown to be identical with the substance obtain-

ed from the above reaction.

Thermal Decomposition of the Substance, M.Pt.138°.

Acetone-2~phenyl-semicarbazonse decompdses
on heating to give acetone phenylhydrazone and cyanic

acid, thus,

lyhyburn & Bailey, JeA.C.S.1928,50,912.
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(CHg,C:N.N(Ph).CO.NH, = (CH,,C:N.NEPh + CONH

It was expected, therefore, that acetone-
2.4-diphenyl-semicarbazone would decompose in a similar
manner,'giving acetone phenylhydrazone and phenyl iso-
cyanate. It was found that the substance M.Pt. 138°
behaved in this way. A quantity of sym. diﬁhenyl—urea,
howeﬁer, was also found. Phenyl isocyanate glves sym.
diphenyl urea with aniline or water but it is difficult
to explain how either of these substances could be pres-—
ent. No aqueous solvents were used in the purification

of the substance.

The Action of Aniline on the Substance HM.Pt. 138°.

Acetone-2.4-diphenyl-semicarbazone with
aniline would probably give acetone phenylhydrazone and
sym. diphenyl-urea in the mammer of other 2.4-substituted
semicarbazones with amines.

It was found that these products were
obtained when the substance M.Pt. 138° was acted on with

aniline.
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Experimental.

When thls reaction was carried out first,
it was done in this way. Equimolecular quantities of
acetone and phenylhydrazine were mixed. Benzene was then
added and the solution was dried over anhydrous sodium
sulphate. This was then filtered off and phenyl isocyan-
éte was added to the solution. It was found, however,
that this drying treatment was not severe enough.
Carbanilide was formed through the action of phenyl iso-
cyanate with water present. The acetone phenylhydrazone
must be prepared separately, dried over potassium carbon-
ate and distilleﬁ before use.

8 gms. of acetone phenylhydrazone and 5 gms.
of phenyl isocyanate were mixed with the addition of 10 |
ccs. of benzene. After standing for two days, nothing |
had separated from the mixture which was then heated to
75-80° for 17, hours. Nothing separated on cooling and
it was afterwards heated to its B.Pt. for a further 2 hrs.
A small quantity of petroleum ether was added and the
mixture was cooled in ice for a few hours. A crystalline

 solid separated. After recrystallisation from benzene,

it melted at 138°.

Found - - - - g

72.44, H
71.91, H

H

6048, N = 16.02,15-68%.
6.36, ¥ = 15.734.

C.eBy, 0N3 requires C
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A substance, M.Pt. 208° was also formed.

It is less soluble in benzene than the substance M.Pt.133°

A better method of separating them, however, is by the
use of chloroform in which the substance, M.Pt.138°, is

much more soluble.

Reaction of Acetone with 2.4-diphenyl-semicarbazids.

A small quantity of 2.4-diphenyl-semicarb-
azide was warmed with an excess of acetone. The mixturs
was ‘allowed to boil gently for 17; hours. After standing
overnight in an open flask, most of the acetone had evap-
orated énd a solid crystallised in square plates. After
Qréorystallising from benzene, it melted at 138°. This
substance was identical with the one obtained from

phenyl isocyanate and acetone phenylhydrazone.

Thermal Decomposition of Substance, M.Pt. 138°.

6 gms. of the substance was heated to 160°

for 1 hour. It was then cooled and distilled under 10 mm. _

pressure.

The first few drops of distillate had the
strong smell of phenyl isocyanate. This portion was
warmed with anliline. The product was recrystallised from
alcohol. It melted at 238° and was shown, by comparison,

to consist of sym. diphenyl-urea.
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The remainder of the distillate was a
liquid, B.Pt. 120° under 10 mm. pressure. This is about
the B.Pt. of acetone phenylhydrazone at that pressure.
It was hydrdlysed and gave the nitroprusside test for
acetone and reduced Fehling's solution.

The residue was extracted with bolling

alcohol. On cooling, sym. diphenyl-ursa was obtained.

Reaction of Aniline with the Substance, M.Pt. 138°.

2.2 gms. of the substance M.Pt. 138° was
heated with 0.9 gms. of aniline to 160° for 40 mimutes.

On distilling under reduced pressure, a
liquid was obtained having the B.Pt. of acetone phenyl-
hydrazone. On hydrolysis, it gave the nitroprusside
test for acetone and reduced Fehling's solution.

Sym. diphenyi-urea was obtained on treating

the residue with boiling alcohol.
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PREPARATIONS.

Part I.

Benzoin hydrazonse.

Curtius & Blimer, J.pr.52,(2),124.

40 gms. of benzoin is mixed with 11/, gnms.
of hydrazine hydrate. Ailow it to digest on the water-
bath till it forms a homogeneous liquid. Heat for 4 hrs.
and allow to stand for & days. Thé product forms a tough
mass which is pounded in a mortar and‘rubbed up with
ether. Therse remains a powder which is washed with ether
and recrystallised from as little alcohol as possible.
The M.Pt. is 75°.

Using the method of Curtius and Blumer, it
was Ffound that a red jelly was formed on taking up with
ether. This was recrystallised from alcohol and gave a
solid M.Pt.249°. lore satisfactory resulté were obtained
by keeping the temperature just below the B.Pt. and
restricting the time of heating to 3 hrs. The solution is
then reduced to small bulk and left to stand overnight.

It is purified in the same way as befors.

Sodium derivative. 3 gms. of benzoin hydrazone are dis-

solved in as 1little absolute alcohol as possible and to

this is added the exact calculated quantity of sodium
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also dissolved in absolute alcohol. The sodium derivative

is precipitated with dry ether.

1l.Menthyl-hydrazine.

Kiéhher, J.pr.1901,64,113.
20 gms. of l.menthylamine hydrochloride is dissolved in
water and 15 gms. of potassium hydrate is added. It is
then cooled in ice and 20 gms. of bromine is added grad-
ually with vigorous shaking. The bromamine settles to the
bottom. After decanting the liguid and adding water at 0°
it is mixed with Ag, 0 obtained from 20 gms. of silver
nitrate. Menthone menPhylhydrazone crystallises from
alcohol as prisms, H.Pt.93°. ilenthone menthylhydfazone is
boiled for 1 hour with dilute hydrochloric acid and the
menthoné liberated is extracted with benzene. The aqueous
solution is then evaporated to dryness, leaving.l.menthyl—

hydrazine hydrochloride.

d .Camphor hydrazone.

Kishner, J.Russ.Phys.-Chem.Soc.43,582-593.
200 gms. of camphor ahd 200 gms. of hydrazine hydrate
(50¢) are boiled for 170 hrs. in 750>gms. of alcohol.
The alcohol is then removed on the water bath and the
camphor hydrazone is distilled under reduced pressure.

B.Pt. 143° at 33 mm. pressure.



Part II.

Y(a—Phenylethyl)semicarbazide hydrochloride.

Wilson, Hopper & Crawford, J.C.S.1922,1gl,866 and

Hopﬁer, J«Roy.Tech.Coll.1927,4,52.
«-Phenylethylamine is prepared by the reduction of aceto-
phenone oxime. «-Phenylethylamine (slightly more than one
mol.) is heated with acetone semicarbazone (one mol.).
The mixture is heated at 138° for 30 minutes under reflux
and then at 142° for 20 minutes without the condenser.
The reaction mixture is then poured into cold water. The
acetone-¢$ (x-phenylethyl)semicarbazone is collected and
hydrolysed by heating with 10 times its weight of N.HC1
in a boiling water bath. The solution when cold is extr-
acted with ether and the agueous portion ig then taken to
dryness. The residue is recrystallised from alcohol.

HePt. 165° with decomposition.

Piperonyloin.’

Perkin, J.C.S.1891,§2,164.
5 gms. bf piperonal are dissolved in 20 gms. of alcohol,
(50%), and 2 gms. of pure potassium cyanide is added. The
whole is heated to gentle bolling under reflux for 37;
hrs. After standing for 12 hrs. the yellow mass which
separates is recrystallised first from ethyl alcohol then

methyl alcohol and dried at 100°. The H.Pt. is 120°.

116.

R e A e T LT




117.

After drying at 100° it was found that the piperonyloin

had been partially converted to a brown substance, M.Pt.

about 170°. The drying temperature was reduced, the

process being completed in an evacuated desiccator.

Part IIT.

Acetone-2-phenyl-semicarbazone.

Goodwin & Bailey, J.A.C.3.1924,46,2829.

To 50 gms. of acetone phenylhydrazone in 150 ccs. of

glacial acetic acid and 50 ccs. of water, is added over a

period of 20 minutes, 30 gms. of potassium cyanate. A
temperature of 60° is maintained for 30 minutes to com-
plete the reaction. iiost of the acetone-2-phenyl-semi-

carbazone crystallises and additional yield is obtained

by diluting and precipitating with ammonia. It is recryst-f@

allised from water or ethyl acetate. li.Pt. 140°.

It was found that ethyl acetate or fairly

dilute alcohol gave better results than pure water.

Benzaldehyde-2-benzyl-semicarbazons.

Bougault & Leboucq, C.r.1928,186,957.
Benzaldazine was reduced with sodium amalgam to benzalr
benzylhydrazone. Benzylhydrazine was obtained from this
and was converted to 2-benzyl-semicarbazide which was
then treated with benzaldehyde to give the required

product.




I have found, however, that it is unnecessary.to decompose
the benZaldehyde benzylhydrazone. Benzaldehyde-2-benzyl-
semicarbazone can be prepared by the same method as
acetone-2-phenyl-gemicarbazone.

Benzaldehyde benzylhydrazone is dissolved in a mixture of
3 parts of glécial acetic acid and 1 part of water, and

to this is added a 10% excess of potasgium cyanate. It is
left to stand for 12 hours. Benzaldehyde~2-benzyl-semi-
carbazone has then begun to separate. The yield is greatly

increased by cooling the solution in ice. M.Pt. 159-160°.

Acetophenone-2-phenyl-semicarbazone.

Rolla, G.38,(i),327.
This substance 1s prepared by acting on 2—phenyl-sémicarb-
azide with acetophenone in agueous alcohol as solvent.
The following quantities are used. t
8 gms. 2-phenyl-semicarbazide hydrochloride.
8 gms. sodium acetate.
5 gms. acetophenone.
40 ccs. alcohol.
16 ccs. water.
Rolla gives the i.Pt. as 122°.
This method of preparation was used, the 2-phenyl-semi-
carbazide hydrochloride being obtained by hydrolysis of

acetone—2-phenyl-semicarbazone. It was found, however,
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that the M.Pt. of the product was 126°¢

Found - -~ - - ©N = 16.74%.

(JmHmON_3 requires N

16.607;.

Beﬁzaldehyde-Z-methy1-semicarbaZOne‘

Von Briining, A.1889,253, 6-11, and

Young & Oates, J.C.5.1901,79,662.
Nitroso-methyl-urea is prepared according to the method
of von Brining. 50 gms. of methyl-urea nitrate are disg-
olved in warm water to which finely divided ice is then
added till crystallisation begins. To this is added the
calculated guantity of solid sodium nitrite. Nitroso-
methyl-urea comes out as small yellow plates, M.Pt. 123-
124° with decomposition.
One part of nitroso-methyl-urea is suspended in 6 parts
of water and to this is added 2), parts of acetic acid in
which the urea is not readily soluble. The temperature is
kept between 5-15° and 4 parts of zinc pdwder are added
during 2-3 hours with continuous shaking. More zinc and
acid are added if necessary till the solution no longer

reduces Fehling's solution. The solution is then filtersd

and the filtrate is shaken up with benzaldehyde. The prod-

uct separates as a mass of white needles which are recryst-

allised from water and benzene. M.Pt. 159-160°.
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