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Note:~

The section of the work relating to the action of Piperidinse
on Acetonesemicarbazone has already been published in tas
Journal of the Chemical Society, a copy of the paper is

included witn this thesis.

Where reference is made in the text to another section of
the work, the letters "a  and b following the nuaber of

the page indicate top and bottom halves respectively.:
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PIPERIDINL AND ACETONESEMICARBAZONE,:

Plan showing connection between derivatives.

Acetonesemicarbazone and piperidine reaction.

( anhydrous conditions ).
(1) Acetonepiperidihoformylhydrazone;
CMes:N*NH<CO*NCsH10
Hydrolysis by water with loss of acetone,.

loss of piperidine from two mols. ,:and
recombination wi%h acetone.,-

/////(11) Acetone—f—piperidinoformylcarbohydrazone—

hydrate.-
CMe o (OH) *NH+NH+CO*NH*NH*CO+<NCsH1o .-

v replacement of latter by benzaldehyde.:
(111) Benzaldehyde—¢—piperidinoformyl-

carbohydrazone,-
CHPn:N+*NH+<CO*NH*NH+*CO*NCsH10 -
Hydrolysis by water with loss of acetone and

v combination of base'with'acetophenone;

Hydrolysis by water with loss of acetone and

(1v) Acetophenone~g—piperidinoformylcarbohydrazone. -

CPhMe:N'NH'CO'NH'NH'CO'N05H10 .
Hydrolysis of (11), (111) and (1V) with dilute
hydrochloric acid.:

(v) ¢-Piperidinoformylcarbohydrazide hydrochloride.:

NHg*NH+CO*NH*NH+CO*NCsH1o, HC1,Ho0 .-
[ Hydrolysis of (11) with picric acid.

¢—Piperidinoformylcarbohydrazide picrate.-

NHz*NH+CO+NH *NH+CO*NCsH1o,CeH30nNs .]

0

PIPERIDINE AND ACRTOPHIENONESEMICARBAZONE,

Continuation of plan.:

Aqftophenonesemibarbazone and piperidine reaction.-

(v1) Acetophenonepiperi&ihoformylhydrazone.‘
CPhMe:N*NH*CO*NCsH1o »-
Hydrolysis with dilute hydrochloric acid,-

loss of acetophenone,-

(vi1) Piperidinoformylhydrazide hydrochloride.-

NHg*NH+CO*NCgsH10, HC1 .-

Combination with benwzaldehyde.
(vii1) Benzaldehydepiperidinoformylhydrazone.-

CHPh:N+NH-CO+NCsHio .

Formation of normal base, loss of piperidine

v from two mols., and combination with acetone.-

(11) Acetone—g—piperidinoformylcarbohydrazone—

hydrate.-
CMeo (OH) *NHNH*CO*NH*NH*CO*NCgsH10 «°
Hydrolysis with water, loss of acetone.-

7 >
(1x) ¢~Piperidinoformylcarbohydrazide.-

NHz+NH+CO*NH-NH-CO*NCsH10 .-

[ Hydrolysis by water of (1), with loss
of acetone and loss of piperidine from
two molecules of the base.-

(1X)_ f-Piperidinoformylcarbohydrazide.)







INTRODUCTION.

]

This investigation on the acbion of certain secondary amianes
and one: primary. amine on'semic;rbazones, forms part of a
scheme of work which: has been followed out for a considerable
number of*ye#rs,»under thae directibn'of'Prbfessor F.J.Wilson,
D.Sec.,P.I.Cs, in the Organic Chemistry Department of this
College.

The scheme is concerned with the reactions of semicarbazones
and 2-substituted semicarbazones, RRC:N-NH-CO-NHs,
RRYC:N-NR®+CO+NHa,  thiosenicarbasones, RRMC:N-NH+CS-Nis,
and semioxamazones, RR1C:N~NH'OO'CO-NHe.d

The action of amines on these subsbtances nas been

extensively investigated.

Wilson, Hopper and Crawford,:J,, 1922, 121, 843
Wilson and Crawford, J., 1925, 127, 103,

Wilson and Chapman, J.,. 1931, 507,

Wilson, Baird and Burans, J., 1927, 2527.-
Wilson and Pickering, J., 1924, 125, 1152,

—— o o 0 1528 270 0l 84 8
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(CHgz) 2:C:N*NH-CO-Nd2 .
P
(CH3) 2:C: N NH-CO-Nd-HHs .

£




The first work on the action of amines on semicarbazones
was carried ou% by Borsche and nis collaborators, ( Ber.:
1901, 34, 4297; 1904, 37, 3177; 1905,38,831;‘)'who found that
the two. gsubstances reacted on heating to form é—aryl—
semicarbazones with liberation of ammonia, as in the
following general equation :
CRRY:N-NHsCO-NHs + R NHz = CRR :N-NH-CO-NHR® + Nia
The latter product could be aydrolysed with dilute ahydro-—
chloric acid to give S—arylsemioarbazide nydrochloride wica
liberation of the ketone or aldehyde.
ORRY:N-NE-CO-NER® + HOL # 20

= CRR':0 + Nia-NH-CO-NHR,HCL .
On treatment of the nydrochloride with alkali'the bage
corresponding to the above galt, viz, d—arylsenicarbazide
could generally be isolated.,

The amines studied by Borsche included aniline, thae
toluidines, the naphthyiamines, and similar amino compounds,
all of which conformed to the above general reactions.-

The investigation has been extended ( Wilson, Hopper and
Crawford, loe., cit. ) and the same reaction has been found
to take place with other primary amines in which the amino
group occurs in a side chain, and also with certain aliphatic
s amineg, Benzylamine, a-phenyletaylamine and l-menthyl-—

amine/



—~amine were among those investigatbted.

These authors suggested that optically active semicarbazides
might be useful in the resolution of cerbain racenic aldenydes
and ketones, since the {~substituted semicarbazide obtained
by aydrolysis could recombine with those to form different
d=subgtitubed semicarbazones. In a later paper Wilson and
Hopper (J., 1928,2483.):accomplished a resolution of benzoin
using d=d=(aphenylethyl)semicarbazide aydrocaloride and also
the l-isomer.: It was thought that possibly othaer
opbically active substituted semicarbazides might be used
with advantage, and that those of anigher molecular weight
might give good yields of solid products free from oils, when
combined with the substbances to be resolved.

It was witn this in view tnat the preparation of «—napatiayl—
benzylamine (Busch and Leefnelm, J.: fir Prakt.'Cbem.(2)v77,

14 (1908);‘).was undertaken, as it seemed a very suitable one
for thne purpose,»aﬁd capable of easy resolution into its
enantiomorphs by means of tartaric acid.  (Berlingozzi, Gazz.
Chim, Ital. 50, (1920) 215 and 321.)

The primary base was, however, not isolated in a pure sbtate
from the nydrocaloride as it decomposed too rapidly witn loss

of ammonia to form the secondary di(naphbtaylbenzyl)amine.
C1o0H7(CeHs) CH.

2C10H7CH(CgHs) *NHs = NHgz + _ o D
C1oH7'(CeHs) CH



Fe i

The secondary amine also contained asymmetric carbon, and,
if gecondary amines could react with»semicarbazones in
accordance with the general equation, to. produce , on
subsequent hydrolysis, §=substituted semicarbazides, this
amine might prove suitable,

No work héd apparently been carried out on the action of
secondary. amines on semicarbazones, so it wag decided to
investigate the reactions with a number of amines, and find
out whether their benaviour was similar to that of the
primary. amines.’

Acebtonesenmicarbazone, acetophénonesemicarbazone and
benzaldenydesemicarbazone were employed for tne experiments,

The general metaod was to aeat tﬁe amine and the semni-

carbazone in equimolecular quantities in toluene.-

The use of the amine itself as a solvent was avoidsd , since

d=substitutedsemicarbazones may themselves react wita amine

to give a carbamide and a hydrazone when the substances are
kept at a high temperature for a considerable time.
RR'C:N-NH-CO-NHR® + NHaR® = CO(NHR?)s + BRRC:§-Nda.
In every case examined the duration of neating was considerw—
ably longer than had been necessary witn primary amines.

The possibility of formation of decomposition products

of the senicarbazones aad also to be taken into consideratioan.

Semicarbazones/
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Semicarbazones may. decompose on heating to give an azine
and hydrazodicarbonamide,-

(CHs) 2C:N*NH-CO-NHz = (CHs)2C:N  NH-CO-Ni2
(CHz) 2C:N#NH+CO*NH2 ~ (CHs)aC:N NH+CO-NH2

( Curtius, Ber. 28,405; 27,57;)

Ammonia may be evolved from decomposition of aydrazine,
3NHao*NHs = 4NHs + Ng, or from decomposition of the
semicarbazone. ( Acetonesemicarbazone aneated in %oluene at
11Q?—115° gives ammonia.f

Various other types of decomposition may also take place,
According to Poth and Baile&,( J.Am.C,S.  45,3008) g~phenyl—
semicarbazidebmay decompose to give urea and dipanenylcarbazide.
CgHg*NH- Vd CO NH2 Co:NHg . Cels*NH-NH." 1.
CeHp*NH» Ndmco NH2 NH2 CeHg *NHNH"
A similar decomposition seems possible with acetonesemicarbazoae,
A second reaction may occur with the urea formed giving amnonia
and phenyluragzole,- diphenylupazole may also be produced in

accordance with the taird equation,

- Cells
CeHs'NHINd CO“NHz\ <N 'NH 2.
| = 2NHa + CO. )
‘Naa«co NHH J NH 00
Cedsvwﬂ'MH codﬁﬁé \ .N(CgHg) *NH.
N ~2 1= aNHs + COL (Cstis) 1co 2.
\NH -co NH- NH.csﬂs NH-N(CegHs)

~ _'/

The formation of 4—aminourazole and piperidine hydrochloride

from/
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from thermal decomposition of the piperidinosemicarbazide
hydrochloride ( Substance (V1i1) . Page 38b .) is similar

to these last two. reactions.:

N»co NH N q HC1 LNHe NH.
Cstao: i = 2CgH10:NH,HCL + CO.- o
HCl,@HN NH - co«n CsHao N(NH2)

" S -

Amino compounds of the aniline type e.g. methylaniline and
benzylaniline seem to. react only to a very slight extent wita
semicarbazones, wibth more basic amines sucn. as dibenzylamine
and piperidine the reaction is much more vigorous.

This is in agreemeant with tone observations on primary. amines.
( Crawford, Private communication,)

Piperidine was expected to react normally with semicarbagzones,
particularly siance it reacts witan acetophenonesenioxamazone
to form acetopnenonepiperidinooxalylhydrazone and ammonia.

In this the semioxanazone has behaved in exactly similar
fashion to a semicarbazone, which is exceptional. ( ¥ Wilson
and Pickering, loc. cit.).

Two series of derivatives were, however, obtained from tae
piperidine reactions. ( See plan on page 3 ,extending.)

The normal acetonesemicarbazone derivative, viz. acetone-
piperidinoformylhydrazone (1) was aygroscopic and was aydrol—

ysed by water with loss of acetone. Two molecules of the

vase/



base, produced in solution,lost one molecule of piperidiae
giving rise to an abnormal base (1X) which unibed with
acetone to give acetone-f-piperidinoformylecarbohydrazone=
nydrate (11). This base (1X) or acetone derivative (11)
gave é series of abnormal derivatives (111), (1Vv), and (V).
(' See page 3 .)

05H10N~CO'NH9N§§§»+"Cﬁg}gg}CO'NH'NHz

= (CgHyoNH + CgHioN*CO-NH+NH<«CO-NH-NHz .
This reaction also is comparable to that cited above by Potn
and Bailey. ( Page 10b,Eqn.3.)
The normal {—~subgtibtuted semicarbazide of this series, viaz.
piperidinoformylaydrazids was too unstable to permit of i:ss

isolation from the hydrocaloride (V1il) waich was obtained.

The next amine investigated was metayl aniline.
The reaction was very slow and the structure of the derivative

isolated was not determineda

Benzylaniline reacted slowly but gave a small yield of the
§~substituted semicarbazone, this, however, did not give a

stable semicarbazide bydrochlgride‘on‘hydrolysisu

Jp——

. Dibenzylamine also gave normal f-substituted semicarbazones

( acetone, acetophenone and benzaldehyde ), no é=substituted
semi/
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gemicarbazide aydrochloride could, however, be obbtained by
boiling these with dilubte hydrochloric acid, since the
semicarbazide was 1itself completely hydrolysed produciug
hydrszine hydrocinloride and dibenzylamine aydrocalorids.

In the experiment with acetonesemicarbagone a secondary
reaction set in by which two molecules of the acetonedibenzyle
aminoformylhydrazone ({—substitubed semicarbazone) combined
with loss of acetoneketazine to form a hydrazodicarbonanide
derivative, viz. s=di(dibenzylamninoformyl)aydrazide.
(CH:;)QC.Nv'Nd +CO-N: (CH2CeHs) 2 (CHs)2:N NH+CO-N(CH2CsHs) 2
(cH3) oC: N'-N‘{ CO-N: (CHaCsHs) 2 (CHg)z:P} * I:TH'C()'N(CHngi"Is)g
A somewnat similar reacbi?n is reported with S—ﬁ-naphthyl—
thiosemicarbazide aydrocaloride ( Wilson, Baird and Buras,
loc, cit. p.2583.,) in which %two molecules combine with loss

of hydrazine hydrochloride to give hydrazinedihniocarbo—ﬁ-

napnthylamide.-
NngNd C3*NH*C1oHn,HCL _ NHs,HCL . NH+CS+*NH+C10Hy
NHaa‘NrI CS+NH+*C10oHy,HC1 NHs, HC1 NH+CS+NH+C10H»

The next amine investigated was a primary amine which

occurs in nature as the d=isomer in tone extraction products

of the Chinese drug Ma Huang.® The normal benzaldenyde-—

nor/



~nor¥:ephedrinoformylhydrazone was obtained, and a aydro-—
chloride of the d=substituted semicarbazide. The latter,
nowever, decomposed , giving an oxazmol derivabtive and hydf—
azine hydrochloride, (p.125). The S~substituted semicarb—
azide aydrochloride could be made to recombine with benzaldenyde,
but only extremely slowly and to give a poor yield.
Attenpts were also made to combine this substance witn racenic
benzoin and with p-methoxyhydratropaldenyde but only oils
resulted, The reaction witnh benzoia was attempted bota in
alcoholic solution by the method of Baeyer(Ber.,1894,27,1918),
and in pyridi;e golution according to the method used by
active
Wilson and Hopper, (J.,1928,2485) but the,base was apparently
unsuitable,"

Three other secondary amines were then examined.
Tetrahydroquinaldine reacted exbtremely slowly with acebopaen—
onesemicarbazoue’giving merely a trace of an abnormal product.:

Dipropylamine gave a very small yield of a compound insuff-—
icient to permit of further sxamianation.: From ethylbanzyle
amine, - however,  a good yield of acetophenoneetnylbenzylamino—
formylhydrazone was ébtained. Tanis substance could be
hydrolysed without separation of aydrazine hydrocnloride, as
had occurred wita the dibenzylamine compounds.

A comparison of the results obtained with the various amines

shows/



shows, that those conbtaining the benzyl group seem to react
readily, and in accordance with tne general equation,

In view of tnhe abnormal behaviour of nor dtpephédrin?—
formylnydrazide hydrochloride which seemed %o render it
unsuitable for the type of resolution aimed at, the invesi—
igation of the action of ephedrine and yephedrine, a secoandary

amine, CgHsCH(OH)*CH(CHgz) *NHCH3 , might be of value,




. ONAPHTHYLBENZYLAMINE,




A-~NAPHTHY LPHENY LAMINOMETHANE, -

(a~Naphthylbenzylamine).:

The hydrochloride of this amine was described as having been
obtained by the action of tin and hydrochloric acid on the
oximes of phenyl—X-naphthylketone,{ Atti. R. accad. L. 1914, [V]
28,1, 340~348) .- This ketone can be prepared from G=naphthyl
magnesium bromide and benzoyl cialoride( Ber.,1904,37,2753=-2754).
Betti and Poccianti ( Gazz.; 45, 1,372 [1915]) prepared a-napatayl
- benzylamine hydrochlofide and found it to be identical wilnh that
prepared by Busch and Leefhelm from O—naphthyl magnesium broaide

and hydrobenzanide,( J.- fir Prakt.Chem. ,1908, [2],77,14).

2MgC10HyBr + CHPh(N:CHPh)2 = CHPh[N(MgBr)CH(C10Hn)Ph]s
-—:gﬁas GHPRQ + 2NH2°CH(C10Hn)Ph + 2Mg(0H)Br
2

The above is the type of reaction involved, but the
behaviour of o=~naphthyl magnesium bromide with aydrobenzamide
is abnormal in tnat considerable quantities qf isoamarine are
formed.- This intra-molecular change which takes place normally
with hydrobenzamide at 240°, occurs nere below 100°.-
CHPh(N:CHPh)2 = CHPhNH+CPh:NCHPh .-

Busch and Leefhelm described the free base, o-naphtnylbenzyl—
amine, as an oily substance which solidified on standing to give
tufts of crystals M.Pt. 121°,- |

Berlingozzi/



BerlingozziftGazz;;1920,50,215.) prepared o—naphthylbenzyl—
amine by the reauction'of'the oximes of phenyl-—x-napbthylketone,
and described it a2s a transparent crystalline solid melting at
5é°-59°.- In a later paper (Gazz.,50,1,323) Berlingozzi repeated
the preparation given by Busch and Leefnelm, and,starting from
o=bromnaphthalene, magnesium and hydrobenzamide, he again
obtained the base in crystalline form melting at 58°-59°,:

A resolution of the racemic base by means of tartaric acid
was accomplished later, (Gazz.;1920,50,{2],58)."
a-Naphthylbenzylamine anydrochloride was prepared by Busca
and Leefhelm's method, being obtained as pale buff—coloured
small crystals melting with decomposition at 278°.  Tahe motaer—
liguors . (alcoholic) rapidly darkened in colour, and subseqguent
fractions of'cryétals were brown.- Several attempts were nade
to obtain the pure base, but in every case some decomposition
had taken place, and mixtures of the primary and secondary
amines formed in accordance with the equation:=—
2C10H7*CHPh+*NHz = NHz + (C10Hn*CHPh)g:NH .-

Waen the primary amine appeared to decompose so readily, the
substance was considered unsuitable for the preparation of
6-sﬁbstituted semicarbazones, as this necessitated comparatively
high temperatures.- Before the secondary amine could be used,
it was desirable to ascertain whether secondary amines conformed

to the general reaction given on page 7ae.’



EXPERIMENTAL:
e e e

PREPARATION OF O-NAPHYHYLBENZYLAMINE HYDROCHLORIDE.:
3+2 gm, of thoroughly cleaned magnesium ribbon cut into small
pieeeé was placed in a flask with 278 gm. O=monobromnaphtnalene
dissolved in about 100ccs. pure dry ether. The liquid was tnen
warmed under reflux until solution was complete; the addition of
a few drops of methyl iodide proved very beneficial in nastening
the start of the reaction. The olive=—green coloured solusion
was cooled and the nydrobenzamide ( 20 gm.) added in' small
quantities,  During the addition the liguid was thorougaly
cooled to minimise tne conversion of tne nydrobenzamide to
isoamarine,- The mass became cherry-red in colour.: After toe
ether had been distilled off, the residue was slightly warned
and treated with aqueous HCL.- Benzaldehyde was liberated in
accordance with the equation given, (p.17) énd tnis was removed
by steam distillation'élong with a considerable qguantity of
napathalene .“ Ammonium chloride followed by excess of ammonia
was added to the acid solution;, and the base which separated was
extracted with ether.- This etherecal solution was at first a
golden yellow colour but it gradually turned greenish-brown,
exhibiting slignt fluorescence, and a guantity of wnite crystals

separated.” These were identified as isoamarine produced from

the/



tae hydrobenzamide by intra-molecular change.  Waen no mcve
of these crystals appesred to be separating, the ether was
evaporated, and the base obtained as a thick dark yellow oil.

The hydrochloride was formed as a pasty solid when the cil
was mixed with the dilute acid, this substance was then reuoved
and purified by recrystallization from alconol,.:

The salt formed in slightly coloured erystals,M.Pt.278°,
but the alcoholic soclutions darkened on evaporation deposiving
later fractions much darker in colour,"

The base was liberated from the hydrochloride by gently
grinding the lstter with a very dilute solubion of caustic
soda, and then rapidly extracting the alkaline mixture witn
ether,- | Petroleum ether was added to the extract until tne
liquid was ,glightly turbid.: On standihg, a precipitate seo—
arated out, this wes, however, a mixture of tne primary an/
secondary amines formed by spontaneous decomposition of tac
primary amine with loss of ammonia.- Various fractions of
tae bass were obtained, the melting points being : 80°=85°,
120°«125° and 90°=93°, in every instance the ethereal soludiou
had smelt stréngly of ammonia. The melting point of tae
primary base was§ stated by Berlingozzi to be 58°=59°, whereas
Buseh and Leefheln nad originally given 121° as the figure.
Tne secondary amine , di(o~napnthylbenzyl) anine, was describer

as melting at 181°,;-







THE ACTION OF PIPERIDINE ON ACETONESEMICARBAZOWE.

e

-

THEORETICAL.-

The interaction of acetonesemicarbazone and the amine was

first investigated; it was expected that this would follow

the normal course and vield acetonepiperidinoformylaydrazoane,

substance (1); with evolution of ammonia as indicated in tihe

following equatioﬁ:—

CMeg:N+NH+*CONHs + NHCsHio = OCMeg:Ne*NH*CO-NCpH1io + Widsz.
1

The substances, in equimolecular quantities,weéﬁ neated
under reflux in toluene. Ammonia was evolved strongly, and
at the end of the reaction no unchanged acetonesemicarbazoae
separated from the toluene on cooling.: No anydrazodicarvrbon-—
amide appeared to nave been formed, and this also indicated
tnhat combination between the gsemicarbazone and tne amine had
taken place.

The main product,which was isolabted in a practically pure
state, was a crystalline solid, M.Pt. 145°,- This compound
was analysed and é molecular formula, Ci1oH3103Nps obtained;
this sﬂowed clearly that it was nolt the expected derivative
CMeg:N+*NH+*CO*NCgsH10 (1), the molecular formula of which is

CoH17ONs." The compound obtained, substaace (11),

was/
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was then examined.:

Hydrolysis was accomplished readily with dilute mioneral acid
and with picric acid, acetone being liberated.

An aqgueous solution of the substance was prepared, and to
this was added a small quantity of benzaldenyde dissolved ia
sufficient alcohol to give a nomogenecous solution with the
water. A white crystalline precipitate separated out, waich,
when purified, melted at 211°." This was substance (111).

When distilled with dilute sulphuric acid, - this compound was

hydrolysed, and benzaldenyde was detected in the distillate:

acetone was, however, absent, indicating that replacement aad
oecurred, The molecular formula determined by analysis
was C14H1902N5.

The acetone derivative (il) wés treated in a similar amaaner
with acetophenone. As with ben=zaldeayde, - the acetone
residue was replaced by an acetophenone residue to give
substance (1V). This product, when purified, melted at 204°,
and- the molecular formula found was Ci1s5H2102Ns. Hydrolysis
with dilute mineral acid liberated acetopaenone,-

Substance (11) was aydrolysed with dilute aydrocaloric acid
to remove acetone.’ The residue on concentration in vacuo
deposited a small quantity of crystals which were identified

as hydrazine dihydrochloride by 1) melting point 198°., 2) tnhe

reduction/



reduction of Pehling's solution without heating, and 3) by
the formation of benzalazine, M.Pt. 93°,
A hydrochloride was also obtained which, on treatument wita
benzaldehyde in aqueous salcohol yielded substance (111),
and from which by treatment with acetone and acebopaenone
respectively substances (11) and (1V) were also obbtained.
This same aydrochlorids, substance (V), was produced when
substances (111) and (1V) were aydrolysed with dilute acid.
The nydrocnloride (V) exhibited dimorpaism.:
When crystallized from water or alconol—etner sligntly acidified
with anydrocaloric acid, white crystalline plates M.Pt. 144°
werelobtained; slow crysﬁallization from absolute alcohol oy
the addition of ebaner and light petroleum yielded long prisus
melting at 185°. Winen tne two forms were mixed the melting
point was that of the second, vigz., 185°, Both forms of
the salt gave on analysis tae molecular formula CgHi1ns03N¥s, 4C1.
Substance (11), had already been hydrolysed by picric acid,
and a picrate was now isolated from the residue, The same
picrate was obtained by adding picric acid to an aqueous
solution of tne hydrochloride (V), The picrate was a origas
yellow substance melting witn decompcsiﬂion at. 204°, and
having a molecular formula C13H1309Ng, or possibly CpH1s0sis,
CeHz0nN3, if one molecule of pieric acid is present.,

Substances/



Substances (11), (111), (1v), (V) and the picrate formed
a closeiy related series of derivatives whicnh were shown Dby
the analytical results to be abnormal.

A later reaction between acetophenonesemicarbazone and
piperidine produced a derivative of a normal series.,
The coﬁ%titution'of‘the abnormal derivatives was not deter—

mined until substance (11) had been prepared froam the noraal

series.’

THE ACTION OF PIPERIDINE ON BENZALDEHYDESEMICARBAZONE.

Benzaldehydesemicarbazone and piperidine were heated togetner
under reflux in toluene suspension at 130°-=135° for eight aours
but no reaction hed appareatly occurred, since only unchanged
starting materials were recovered. The substances were ¥taen
neated together in a sealed tube at 185° for six hours, but,

on working up the contents, only some unch;nged benzaldenyde—
semicarbazone and benzalazine from decomposition of the latter

were obtained.




THE ACTION OF PIPERIDINE ON ACETOPHENONESEMICARBAZONE.

Acetophenonesemicarbazone was next tried and this was neated
with piperidine in solvent napatha. Ammonia was evolved
during the reaction which was allowed to proceed until the
semicarbazone had been completely dissolved. ‘A white
erystalline product, M.Pt. 188°, was obtained from tane
solution,- This substance (V1) was shown by aydrolysis to
contain an écetophenone residue, and the presence of a aydragzias
linkage also, was proved by the reducion of Fenling's solution,
The product was identified as acebtophenonepiperidinoformyl-
hydrazone and this was confirmed by the analysis. The reaction
between the amine and the semicarbazone has therefore proceceded
normally, |
CPhMe:N+NH-CO-NH2 + NCsHipo = CPhMe:N-NH.CO*NCsH1o (vi) + uiis
When hydrolysed with 1% hydrochloric acid , acetophenone—
piperidinoformylaydrazone yielded the corresponding hyd:ochloride
as white needles melting at 189°., Substance (V1l) was accord—
ingly piperidinoformylhydrazide hydrochloride.
CPhMe:N*NHCO+*NCgH1o + H20 + HC1L = CPhMe:0 +

NHo*NH*CO+NCsH10,HC1 (V11) .

.
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The benzaldehyde compound of this second series was preparal
.by combining the hydrochloride (vil) with benzaldehyde.
The reaction was carried oub in dqueuus alconol, and a white
precipitate of the expected derivative (V11l) separated.
Tnis product was purified by repeated crystallization, beinau
finally obtained as long thread=like prisms, M.Pt. 179°,
The substance was proved by analysis to be benzaldeayde=-
piperidinoformylhydrazone,’
NHo*NH«CO+NCsH10,dC1 + CHPhO = CHPhiNeNH-CO°NCgsHio + €20 + {CL,
Attempts were made to prepare the acetone derivative of tais
series, viz., acetonepiperidinoformylaydrazone (1) waich nad
not yet been obtained. It was thougnt that the action of
acetone on the hydrocaloride (Vil), or the correspoading
acetate should give tais derivative. The aydrocnloride
was mixed with potassium acetate in alcoholic solution so
‘that the potasgsium chloride would be precipitated.
The residue was then treated with aéetone and concentrabea.
Subsequent precipitation with ether produced the acebone
derivative of the abnormal series (11),

Another method for tne syantnesis of substituted forunyle

aydrazones was then investigated, and this coanfirmed tae

structure/



structure of benzaldehydepiperidinoformylhydrazone (Viil),
and therefore also that of substances (V1) and (Vil).
Piperidinoformyl chloride ( Wallach and Lehmann, Ann,., 1837,
287, 249 ) was added to hydrazine hydrate ( 2mols.) in
alcoholic solution, Hydrochloric acid was eliminated and
né&tralised by the second molecule of aydrazine to give a
precipitate of the monohydrochloride. Benzaldehyde was
added to the alconolic solution which now contained piperid-—
inoformylhydrazide.- Addition of water caused precipitation

of benzaldehydepiperidinoformylhydraszone. (Egn. on p. 28 b.)

THE DEDUCTION OF FORMULAE FOR THE ABNORMAL SERIES OF

DERIVATIVES. (11) (111)‘(1v)'(v) .

fhe members-of'ﬁhe abnormal series and the data known
concerning them are given in tne following table.
(11) ... Molecular formula Ci10H210aNs. Acetone derivative,
(111) ... - Molecular formula Ci14H1902Ns5 . Benzaldenyde

derivative, acetone replaced.
(1V) ...  Molecular formula C1s5H2102N5 .

Acetophenone derivative, acetone replaced.

(V) ... Molecular formula CrH170alNs,HCl. Hydrochloride

of base corresponding to substances (11), (111), (1V)



The picrate of this series was also known, its molecular
formula being C13H1g0¢Ng or probably CrHi1502Ns5,CeH309Ng.
These substances were all derivatives of a common base
which was shown by the reduétion of Fehling's solution, to
~contain a hydrazine linkagde.

A complete hydrolysis of (11) had been carried out by boil-
ing it'with concentrated hydrocnloric acid for three aours.
The residue after evaporation nhad been extracted witn alconol.
A deposit of white crystals remaining undissolved were ident—
ified as hydrazine diaydrocialoride. Etner added in excess o
the alcoholic extract precipitated piperidine anydrocaloride
M.Pt. 237°, which was identified by a mixed melting point
determination with an autnentic specimen, and confirned oy tae
production of benzénesulphonpiperidide,—M.Pt. 22°,

When the base was known to contain both a aydrazine residue
and a piperidine residue, it was decided to carry out a
complete hydrolysis and to determine quantitatively the acetone,
hydrazine and piperidine produced.

An estimation was carried out wita substance (11). Acebone
was separated by distillation and estimated, 1% HaS504 was used
for this first hydrolysis. The residue was tnen completely
hydrolysed with conec.  HCl, and divided into two portions.

Hydrazine was estimated in the first by measuring the nitrogen

evolved/



evolved on destroying the base with Fehling's solubtion:

and piperidine in the second by collecting in standard acid

the piperidine which distilled from the strongly alkaline
Pehling's solution, nydrazino nitrogen escaping as free nitrogen.
Ammonia was tested for several times in various hydrolysis
residues , but in no instance was it found. The percentadge

of nitrogen derived from the piperidine residue in the comnovound,
and the percentage of nitrogen present in hydrazino form,
accounted for the total nitrogen content in the substance.

The values obtained indicated that the substance gave on
hydrolysis,-acetone,-hydrazindhydrochloride and piperidine
nydrochloride in the molecular ratios 1:2:1 .-

Two hydrazine residues account for 4 nitrogen atoms, and one
piperidine residue for 1 nitrogen atom;- this is therefore in
agreement with the molecular formulae obtained from analysis,
since each substance contained in the molecule 5N.

The presence of only one acetone residue is in agreecnment
with the fact that the difference between the molecular form—
ulae of (111) and (1V) is CHs which is also the difference
between the molecular formulae of benzaldehyde and aceto—
phenone,

Removal of benzaldeayde from (111),or acetophenone from (1V)

by nydrolysis would give as molecular formula for the base

CrH1502N5.



C14H1903Ng + H20 = CgHsCHO = CrHa1s02Np5 .

This differs from the formula of the hydrochloride (V) by
Ha0 and HCl, (V) is therefore base,H20,HCl. CrH1s02Ns is,
however, identical with the formula of the picrate after
subtraction of picric acid.

Substance (11) ig CwH1s502N5 + one molecule of acebone without
elimination of water, or + an acetone residue and one molecule
of water of crystalligzation.-

The base CgHi1s02Ng which was proved to contain one piperidine
residue, CsHioN= and two anydrazine residues, 2{( —NHNH= )
must therefore be := CsH1oN*CO*NH*NH*CO+NHNH2 or
CsH1oN*CO-N(NHg) »CO-NH*NH3 .-

The formation of subsbtance (11l) from acebtonesemicarbazons
‘and piperidine in accordance with the following equations was
at one time considered possible. This would give the secoand
structure suggested for the base.. This strucbture was, howevzr,

v even excess of
disproved when only mono—=derivatives were formed with tne

aldenyde and ketones,:

CsH1oNH + NHo+CO+NH+*N:CMes = CsHi1oN*CO+NH+N:CMes + Nig
CsH1oN*CO*NH*N:CMes + Ha0 = CsH1oN*CO*NH*NHs + CMes0d
(from air.)
CsHloN‘CO'MH?NHQ . CsH1oN*CO*N-Nig
+ . = CsH1oNHd + .

CMes:N+NH-CO%NCsH1o CO-NH-N:CMeng
N + water of crystallization,

CsH1oN*CO-NHNd 5 CsH1oN*COsN-NH
v I = CsH1oNd ere -0
NHo+NH+CONCsH10 CO-NH-NH2



CsH1oN+CO N *NH CsHaoN*CO*N *N:i-CMes
sR10 . e + CMesO = Hz0 + . g
CONH+*NHs CO *NH « Nda,

(water of crystallization)
The sbtructure of the bagse is therefore formulated:=—
CgH1oN*CONH«NH-CO-NHNHg .

Substance (11)vis then : CMeazN-NHva'NH°NH~CO~N05H1o,Hgo.

e (111) CHPh:N+NH+CONHNH*CO+NCsH10 .
1 (1v) CPhMe: N+ NH »CONH+NH+CO*NCsH1o
v (v) NHg*NH*CO*NH NH*CONCsH10,HC1,d20 .

Picrate NHo+NH*CO+NH*NHd+CO*NCsH10,CslH307Ng o
Several attempts were made to re@ové water from (11). In one
experiment it was heated to within three degrees of the
mélting point ( 145° ) at a reduced pressure of émm. mercury,.
but its composition remained unchanged.: When treated with
phosphorus pentoxide in chloroform solution an unstable
phosphate was formed. It was not until the substance was
heated four degrees above the melting point that water was
liberated, but decomposition also ensued. Prom this it
appears that the compound should be formulated, not as con-
taining water of erystallization, but\rather as being a hydrate;-
in support of this conclusion there is an analogy in a case
reported by Read and Smith, ( J., 1922, 121, 1889 ).

Substance (11) is accordingly reformulated as

OMe s (OH) +NH*NH +CO«NH *NH +CO *NCsH1o o i.e./
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i.e. acetonewg=piperidinoforamylcarbohnydrazone hydrate.
(111) and (1V) are respectively benzaldehyde—f~piperidino=
foramylog®bahydrazone and acetophenone—t~piperidinoformyl-
cérbohydrazone.

The reactions by which the base, ¢~piperidinoformylcarbo~
hydrazide, could be formed were now considered.:
Substance (11) had been obtained in an atbtempt to combine
acetone with the aydrochloride (V1il) of the normal series,
so that the formation of the abnormal base , in this instahce,
must be due to decomposition of the normal base.

The benzaldehyde derivative of the normal series had been

obtained from piperidinoformyl chloride and aydrazine by tae

following reactions:— ( see page 28a);
CsH1oN+COC1l + 2NHg+*NHz = CpgH1oN<-CO=NH+*NHs + NHa°*NHs,HClL
CsH1oN*CO-NH-NHg + CgHsCHO = CpH1oN*CONH+N:CHCgHg + H20 .

The alcoholic solution which was therefore known to contain

the normal base, piperidinoformylaydrazide, was now treated
with acebone, but instead of giving acetonepiperidinoformyl—
hydrazone, the reaction produced a mixture of piperidine
aydrocnloride and substance (11).

The mode of decomposition is accordingly a loss of piperidine
from two molecules“of the normal base giving g~piperidinoformyl—

carboaydrazide which subsequently unites with acetone to

yield /
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yield substance (11).

05310:Noco«ua~wm& + CpHio:NCONH*NHs = CpHyoNH
+ CpH1p:N*CONHNH*CO-NH-NH2

CeH10:N*CO-NH-NH+CO+NH+NHz + CMesz0 =

CsH10:N*CO-NHNH*CO+NH-NH+CMeo+0H (11).

( ct. page 10b, egn. 3.)

The foregoing reactions explained the production of acetone=
g~piperidinoformylecarboaydrazone nydrate from the normal base
witn the abnormal base as intermediate stage. These
reactions did not at first appear to explain the original
prepa:ation'of'(ll) from acetonesemicarbazone and piperidine.-
The following reactions indicatelanotner theory tnat Qas
considered.-

CsH1ioNH + NHo+*CO*NH-NiCMes = CgsH1oN<CO-NH*N:CMeg + NHaz

Cs5H10N+*CO-NH*N:CMes - N:CMes
+ i = - + CsH1oN*CO*NH*NH+*CO+NCsH10
CsH1oN+CO-NH9N:CMes N:CMeso
' Product [4] Product [B]
CeH1oN*CO*NH NH*CONCsH10 «NCsH1o
+ o = . Product [C] -
CMez:N‘NH'COrNG§H1o NCsH1o

+ CpH1oN*CO-NH*NH-CO-NH+N:CMes,water of cryst?,
If such had been thne case, some indication of the course
of the reaction would have been given by an examination of all

the products. A large quantity of Product [A] , acetone—

ketazine/



ketazine, would have been expected, a somewhat smaller yield
of Product [C], dipiperidyl carbamide, and,in all probability,
a small quantity of Product [B] which is hydrazidicarbon—
piperidide.- A trace of acetoneketazine was found, but
decomposition of acetonesemicarbazone itself would yield this.

Hydrazidicarbonpiperidide is known, ( Kesting, Ber., 1924,
57, 1824 ). This substance, beiag sparingly soluble in ether,
would, if formed, have been precipitated with substance (11).
In view of the non=occurrence of these by-products, this
theory was considered improbable.-

The essential difference between this theory and the pre-
vious one, when applied to the formation of the abnormal
molecule from the acetonesemicarbazone and piperidine reaction,
is that water is necessary in the former to produce the free
piperidinoformylhydrazide, ( two molecules of whica react ),
and in the latter theory water is not required.-

Since a ketonic or aldehydic substituent in tae a=position

to be produced
rendered it impossible for the abnormal moleculejfrom the
normal molecule by loss of piperidine, it now became necessary
Yo determine whether hydrolysis had taken place at some stage
of the reaction.: The original preparation was accordingly

repeated under anhydrous conditions.
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THE ACTION OF PIPERIDINE ON ACETONESEMICARBAZONE.

(anhydrous conditions)

The reaction between the amine and the semicarbazone under
anhydrous conditions gave a compound, M.Pt. 101°, which was
deposited in compact rosebttes of'priéms from petroleum ether,:

When an agqueous solution of this substance was shaken with
a few drops of benzaldenyde dissolved in a little alcohol, a
precipitate of benzasldenydepiperidinoformylaydrazone foraed
rapidly; in a similar manner the acetophenone derivative (V1)
of the normal series could be produced.- This indicated tna£
the product was acetonepiperidinoforaylhydrazone (1).
$he derivative was shown by hydrolysis to contain an acetone
residue and also a nydrazine linkage; and analysis confirméd
tae formula as being CMesg:N-NH-CO-NCsH1o0 , (1).-

The substance was hygroscoplc, and when left exposed to the
air, it gradually decomposed forming an alkaline solution.
Ethereal solutions also absorbed moisture readily, and slowly
deposited a precipitate of substance (11).

When (1) was boiled with wabter s acetone was liberated at
once and then the solution became strongly alkaline; on longer
boiling piperidine also was detected in the distillate.

A quantity was boiled wita waber until this decomposition seemed

complete, [/



complete. Some benzaldehyde dissolved in alcohol.'was then

added to the solution, and in a short time a precipitate of
benzaldehyde—e—piperidinoformylcafbohydrazone separated.

A second quantity was boiled with water as before, and tiae
solution evaporated to dryness.: The solid obtained, M.Pt. 108°=~
108°, was found to be the base, g~piperidinoformylcarbonhydrazide -
(1X), since combination with acetone, benzaldenyde and aceto—
pnenone produced substances (11), (111) and (1V) respectively.

Substance (11) was boiled with water and it also was found
to undergo hydrolysis producing the base (1X) and acetone.

When air-dried the base contained one molecule of wabter of
crystallization, but this could be removed by keeping the
substance in a high vacuum over concentrated sulphuric ackd.

The anhydrous substance which also crystallized in plates, M.P%.
106°—107°, appeared to be less stable than the hydrated product.

The foregoing results proved tnat, in the reaction between
piperidine and acetonesemicarbazone, the normal product (1)
was first produced., If no moistuee were present tae substance
did not decompose, but, if hydrolysis occurred, tae ;bnormal
compound was then produced.

In view of these results, the theory discussed on page 34
was discarded in favour of the one immediately preceding it,

and tae formation of acetone~f—piperidinoforamylcarbohydrazone

aydrate/



hydrate from acetonesemicarbazone and piperidine explained

by the following reactions :

~2NH
2CMeg: N+NH-CO+NHs + 2CsHioNH 3 2C0Meog: N*NH*CO*NCgH10

+2H 20 ~CsH4oNH
> 2CgH1oN*CONHNHg - >
—-20Me 20

+CMe 50
CsH1oN*CO-NH NH+CO+NH+NHz (1X) _—

CsH1oN+CO-NH*NH-CO+NH-NH+CMez+-0H (11).

Attempbts to isolate the base CsgHioN*CO-NH-NHz from the
piperidinoformylhydrazide hydrocnloride were unsuccessful,

as this base appeared to decompose readily.:

Thermal decomposition of piperidinoformylaydrazide hydro—
chloride proceeded a stage farther than the reaction shown
above, but apparently on exactly similar lines to the
decomposition of the base;  two molecules of piperidine
hydrochloride were liberated leaVing 4—aminourazole.

JNH -NH.

2CsH1oN+CO+NH-NHs,HCL = 2CgH1oNH,HC1 + COL .
N (NH5)

38
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EXPERIMENTAL. -

S

PIPERIDINE AND ACETONESEMICARBAZONE{non-anhydrous conditions)
The piperidine used had been dried and distilled Put no
precautions were taken to prevent moisture from the air
entering the condenser during the reactibn;

The acetonesemicarbazone was prepared from semicarbazide
hydrochloride and acetone.:

Equimolecular quantities of the two substances were heated
under reflux ih toluene for ninhe hours at 130°.:

The vapour attacked corks and. rubber stoppers very readily
causing a good deal of discoloration to the liquid;- this
effect was partly overcome by wrapping the corks in tinfoil,

but Patterson flasks witn ground-=in condensers were subsequently
used,- Ammonia was evolved during the heating, the evolution
being qguite rapid after a short time and diminishing towards
the end of the period.:

After»nine hours refluxing the solution was allowed to cool

and a small quantity of unchanged acetonesemicarbsazone separated
out, no hydrazodicarbonamide appeared to have been formed.-

The filtrate was evaporated under..reduced pressure giving a

very viscous brown oil.- This was dissolved in a few ces.-

of alcohol, and then a large excess of ether added.: The addition

of a/



40

of a small quantity of water facilitated crystallization, as it
was necessar&vfor the hydrolysis outlined in the theoretical
section, any moisture already present having been obtained
almost entirely from the atmosphere.,  The liquid was warmed
untilAthe oil_diSsolved in' the ether, then it was set aside to
crystallize." After standing overnight o crop of white
ecrystals had separated, and these when washed with ether
melted at 141°—143°;' To purify the substance it was dissolved
in a small quantity of absolute alcohol, discolored fractions
were cleaned with decolorising carbon, solution was filtered
and the crystals reprecipitated by the addition of much ether.:
The substance was also crystallized from chloroform by the
addition of petroleum, from hot acetone, water and benzene.-
The crystals were very long prisms M.Pt. 145°C

On anélysis the following results were obtained:-

C, 48+6;. H, 7+9, 8+1;. N, 27-2, 289%. (macro Dumas).

The results of the nitrogen estimations were irregular at
first, possibly due to formation of methane from the two
methyl groups attached to the same carbon atom, { Haas, J.,
1908, 59, 570; Dunstan and Carr , P., 18968, 12, 48 ).

Thi's diffibulty'was, however,overcome by using a tube filling
of copper oxide impregnated with 5% cobalt oxide.{ Campbell and

Gray, J.S.C.I,, 1930, 49, 450 ).: Micro Dumas determinations

were/



41

were carried out at a later stage, values of 273 and 27-1%

being srrived at without any additional precautions beihg
unsuitable

necessary.  The substance proved totally,for estimation by

the Kjeldahl method.- The molecular weight by the

eryoscopic method in nitrobenzene was 311,

A molecular formula Ci0H210sNs requires C, 46+3, H,8+1, N 27-0%

and M.W.- 259.- This was Substance (11).

Preparatibn'of'Benzaldehydefsepiperidinoformylcarbohydrazone.

A saturated solution of substance (11) in hot water was
prepared and a few drops of benzaldehyde added with sufficient
alcohol to prevent turbidity,- A white crystalline precipitate
separated M.Pt.- 197-198°,- After repeabed crystallization
by addition of water to an alcoholic solution, the pure
substance was obtained in the form of long félted thread-like
prisms M.Pt. 211°, soluble in alcohol and ether, insoluble in
water,- (Pound := C, 578, H, 66, N,24%4, 24+5%.

C14H1002N5 requires C, 58+1, H, B8+8, N, 24-2%)o




A gquantity of substance (11) dissolved in water was treated
in a similar manner with acetophenone dissolved in a little
alcohol. Needle=like prisms formed in branching tufis, and
these, when recrystallized from alcohol-water, melted at 204°,
were easily soluble in alcohol and chloroform, sligntly soluble

in ether, and insocluble in petroleum ether and water.-

( Pound :-=~ C,59+8, H,6+7, N,28+1%. Ci1sH2102Np i.e.:

Qualitative: Substance (11) was nydrolysed by boiling it with
dilute hydrochloric acid,  Acetone was identified in the distill-
ate, and the residue on concentration in vacuo deposited crystals
of hydraziné dihydrochloride recognised by conversion to benzal=—
azine,.- The remaining liguid was evaporated to dryness and
extracted with absolute alcohol which left the hydrazine hydro-
chloride undissolved; - ether added in excess slowly precipitated
a substance which was a mixture of €~piperidinoforaylcarbonydr—
azide hydrochloride (V) and’piperidine hydrochloride.” The
latter was identified by the formation‘of’benzenesulphona
piperidide, M.Pt, 829, The hydrazine aydrochloride and the
piperidine aydrochloride were produced by substance (V) itself

undergoing a further hydrolysis.




Quantitative Estimation of Hydrolysis Products.:

A known weight of the s;;;tg;éé‘i1ii was distilled with 1%
sulphuric acid.- Acetone distilled over and was collected
in a stout glass bottle contaihihg mercuric oxide dissolved
in sulphuric acid.- After the distillation of the acetone
was complete, the stopper of the bottle was wired in and the
latter heated for ten minutes'in a boiling waterbath.

The white precipitate was filtered off on to a previously
dried and weighed filter paper, dried in a desiccator over
sulphuric acid, and its weight found. ( Method of Denigées,
Compt. rend.  1898,127,983).  The ppt. was (HgSO04) 2, 3Hg0C3HaO .

The solution remaining in the distilling flask was then boiled
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for three hours with 20% aydrochloric acid, made up to 100Ocecs.-

and divided into two parts,

Hydrazine was estimated in one portion by measuring the
nitrogen evolved on heating with Fehling's solution. ( NasCOs
was substituted for NaOH in the solution used).-

The nitrogen was collected in a nitrometer over 50% KOH, air
being removed from the apparatus before introducing the
Fehling's solution to the liguid to be estimated, partially by

water vapour and partially by a current of COz generated

2

from NaHCOga,-

The piperidine was estimated in the second portion by distilling

with/
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wita Pehling's solutibn'(NaOH);and allowing the piperidine to
pass over into a flask containing a known quantity of standard
acid.- The piperidine distilled over was estimated by
titration.- The molecular ratios were acetone : 1-0,
hydrazine : 1+9, piperidine : 1-025,-

The above method tends to give a high result for piperidihne
and a low result for hydrazine owing to the fact thaﬁ some.
ammonia is produced,and the convereion of hydrazine to

nitrogen is therefore not quite quantitative.-

Hydrolysis of‘(ll)ito obtain g=piperidinoformylcarbonydrazide
hydrochloride.-

Substance (11) was refluxed forv% hour with 1% hydrochloritc
acid and the solution evaporated to dryness under reduced
pressure. ( acetgne in distillate).- The residue crystallized
from water or alcohol-ether ( slightly acidified with HCl) in
plates M.Pt,- 144°.- When allowed to crystallize slowly from
absolute alcohol = petroleum ether the g~piperidinoformyl-—
carbohydrazide hydrochloride (V) was obtained in the form of
long prisms M,Pt, 185°=186° with decoméositibn.

A mixture of the two hydrochlorides melted at the nigher

temperature.-

Hydrolysis of benzaldehyde—t~piperidinoformylcarbohydrazone

witan 3%/



with 8% hydrochloric acid yielded benzaldehyde and the same
hydrochloride in either form depending on the mode of
crystallization,-
( Found in substance of M.Pt. 144°:~

¢, 32+8; H, 7+0; N, 27-5§4 Cl, 13+8%.-
Found in substance of M.Pt. 185-188° :=

C, 33+1; H, 8+9;- N, 27+5;. Cl, 140%.-
CqH1502Ns, HC1,H20 requires :— .

C, 82.9; H, 7-1; N, 27.4; Cl, 13+9%).

¢-Piveridinoformylcarbohydrazide picrate.

Acetone=g=piperidinoformylogebehydrazone hydrate wés boiled
with an agueous solution of picric acid.  Acetone was ident-
-ified in the distillate, and the residue on coolihg deposited
rosettes of long bright yellow prisms of g—piperidinoformyl-
carbohydrazide picrate.- Tane substance was recrystallized
from alcohol and melted with decomposition at 204°%,.-

The picrate was carefully diluted with pure dry silica in the
estimations of carbon, hydrogen and nitrogen.

(Pound :=~ ¢, 35-8; H, 4+2; N, 25+9;

C7H1502Ns, CaH30yN3 requires C, 36+3; H, 4+2; N, 2840% ).-
Both forms of the hydrochloride (V) gave the same picrate on

mixing with pieriec acid in water.-
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Benzaldehydew=piperidinoformylcarbohydrazone and
acetophenone~f{=piperidinoformylcarbohydrazone were readily
prepared from gEwpiperidinoformylcarbohydrazide hydrochloride.
The hydrochloride was shaken with the benzaldehyde and
acetophenone respectively in water containing sufficient
alcohol to render the solution homogeneous.: Owihg to the
relative insolubilities of (111) and (1V) in water they
separated out easily.- This method had to be slightly
modified for the pfeparatibn of the acetone derivative (11).-
The hydrochloride was dissolved in absolute alcohol and amixed
with the calculated quantity of potassium acetate also dissolved
in alcohol.- Acetone was added and the liguid filtered to
remove the precipitated potassium chloride, then evaporated to
small bulk in a desiccator.: Ether in excess was next added,
but not until a drop of water was also introduced did the

derivative (11) begin to crystallize.-




47

Equimolecular guantities of piperidine and acetophenone-—

semicarbazone were placed in a flask fitted with a ground-in

AR S Lot atd

condenser;- 100c6s.‘solvent naphthe (B.Pt.170°~190°) and a

few ces.  of toluene were then added.,  The mixture was heated

at 125°-135° under reflux for thiriy hours;- ammonia was evol—

ved fairly strongly and the semicarbazone gradually dissolved.
The reaction was complete when no undissolved substance

remained in the not liguid.- Some decolorising carbon was

added, and the solution then separated through a heated filter;.

on cooling the liquid, crystals formed rapidly until the mass

wes almost solid.: The o0il was pressed out on a Biichner

filter and the yield washed with a small guantity of ether.-

The acetophenonepiperidinoforaylnydrazone was recrystallized

from alcohol-water, chnloroform—petroléum ether and ether,

the crystals being long colourless prisms in each case,M.Pt,188°,"

The yield (twice crystallized) amounted to rather more than

80% of theoretical. Found := N, 17-1%;-

CsH10:N*CO*NH*N:C(CHs)Cels , C14H100N3 requires := N, 17-1%.-
An- attempt to carry out the reaction more guickly by neating

the reactants without solvent in a sealed tube at 150° for six

aours gave acetophenoneazine and decomposition products.-
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PREPARATION OF PIPERIDINOFORMYLHYDRAZIDE HYDROCHLORIDE. (vi1).

o

e T e

This subgtance was obtained by hydrolysis of acetophenonew

- piperidinoformylhydrazone (V1i).- The latter was boiled

vigorously with 1% hydrochloric acid, acetophenone was

é collected and iaentified in the distillate and the residue

was evaporated to dryness under reduﬁed pressure. The creany
white solid remaining was dissolved in a small volume of
alconol, then ether added in large excess precipitated the
piperidinoformylahydrazide nydrocaloride as colourless needle—

like prisms M.Pt. 189°, ( Pound :— N, 28+8% ;

. o

PREPARATION OF BENZALDEHYDEPIPBRIDINOFORMYLHYDRAZONE. (vii1).

To a sligntly alcoholic aqueous sgolution: of the mhydrochloride
prepared above,. the equivalent quantity of potassium acetate
dissolved in water was added. The liguid wag filtered free

from a small precipitate of pobtassium chloride and mixed wita

a few drops of benzaldehyde. A thick white precipitate

formed rapidly and this was filtered , washed with water
containing some alcohol,. dried, and recrystallized several
times from 1) ethylene dichloride—petroleum ethner,

2) chloroform—=petroleun ether, 3) alcohol=water and
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4) acetone. When purified it consisted of very

fine long prisms, M.Pt. 179° and containing 18+2% nitrogen.
CsH1o:N*CO-NH*N:CHCegHs , (C14H170N4 ) requires N, 18-2%.

This subs@ance.(V111) was ihsoluble.in';ater and pebtroleun
ebher, bubt dissolved readily iﬁ éhloroform,.ethylene dichloride,.

alcohol,ether , acetone and benzene.

THE INTERACTION OF HYDROCHLORIDE (V11) AND ACBTONE.

1. 8 gm. piperidinoformylhydrazide hydpochloride.and 333 gm.,
pobassium acetate were dissolved sdparately in agqueous alcohol
and the solutions mixed. Potassium cnloride was filtered off,
acetone added and the solution evaporated to dryness under
reduced pressure. A yellow oil was left whicha was dissolved
in ether and filtered free from the last traces of potassium
chloride.. The. ether was then evaporated and the oil dissolved
in chlorofora. Petroleun ether was added to this solution
until it was slightly turbid;. subsequent addition of acebtone
gave a white crystalline. precipitate which was identified as

acetone—f-~piperidinoformylcarbonydrazone aydrate M.Pt. 145°,

2. A solution of aydrochloride (V11l) in alcohol was treated

with sodium ethoxide until it was almost neutralised; it was

then/



tnen filtered free from sodium cihloride and concentrated.:
Acetone and a few drops of water were added, and the whole weas
refluxed for six hours. Tae solution was then distilled

at slightly reduced pressure into dilute hydrochloric acid,
the heating being carried out in a glycerine batn which was
gradually hested to 120°, wnile a current of air free from
carbon dioxide was aspirated through the apparatus during the
distillation,- The presence of piperidine in the distillate
was proved by the formation and identification of benzenec-
sulphonpiperidide, M.Pt.92°.,- The yellow oil in the distilling
flask was dissolved in caloroform, decolorised with charcoal,
nixed with: a little acetone, and excess petroleum etner added

as before.- Crystals of the abnormal acetone derivative (11)

were obtained.:

PREPARATION OF BENZALDEZYDEPIPERIDINOFORMYLHYDRAZONE.- (viii).-
( 2nd, method.)

To an absolute alconholic solution of aydrazine aydrate
(slightly more than two mols.) piperidinoforayl chloride
(Wallaeh and Lehmann,- Ann.- 1887, 237, 249) was added drop by drop.-
A vigorous reaction ensued with evolution of much heat and

aydrazine mononydrochloride separated out and was filtered off.-

A portion/



A portion of the filtrate was diluted with water and
benzaldenyde added. A yellowish éolid»was precipitated
and recognised to be a mixture. Petroleum ether dissolved
the yellow crystals which were identified as benzalazine,
and left a white residue. The latter was purified by
recrystallization from benzene-= light petroleum and found to be
identical with substance (Vili).

A second portion was btreated with acebtone and evaporated to
dryness in a desiccator. The residue ( a mixture ) was
disaolved in alconol, decolorised with charcoal and poured
into excess of etner. Precipitation of piperidine hydro-—
~caloride 00k place immediabtely and this substance was
tiltered off at once. When the filtrate had stood for a
gaort time, fine wnite crystals began to separate from i%,
and tihnese were recognised as acelbtone~E~piperidinoformyl—
carbonydrazone aydrate.

B T e

PAERMAL DECOMPOSITION OF PIPERLDINOFORMYLHYDRAZIDE HYDROCHLORIDE.

~

Tnis hydrociloride melted with decomposition at 189°,
A quantity was accordingly heated in an oil bath at a témp—
—erature of 1907-200° for six hours. The melt was cooled

and extracted witn boiling absolute alecohol.’ The undissolved

fraction/
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fraction was recrystallized from water and was identified as
4=aminourazole by its characteristic reactions.

Bther was added in excess to the alcoholic exbtract causing
precipitation of a white crystalline hydrochloride, M.Pt. 237°
wnich was recognised by comparison with an authentic specimen ,
and by conversion into benzenesulphonpiperidide,to be

piperidine hydrochloride.
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THE ACTION OF PIPERIDINE ON ACETONESEMICARBAZONE.-

( Anhydrous conditions).

The piperidine was dried over potassium hydroxide and
distilled, acetonesemicarbazone was kept in an evacuated
degiccator over concentrated sulphuric acid,and the toluene
used was dried over sodium. During the reaction
moisture was prevented from entering by £fitting a calcium
chloride tube in the mouth of the conden;er‘

Equimolecular quantities were neated under reflux in toluene
suspension as before. The reaction was first allowed to
proceed at 130®° for nine hours, ammonia being evolved rapidly;
The solution was cooled and the btoluene removed as completely
as possible under reduced pressure. A small quantity of
80l1id began to be deposited from the viscous oil, and rapid
washing with dry ebther removed the oil and left some crean—
coloured crystals, M.Pt. 84?—88°. ' These crystals were
exbtremely soluble in metayl and ethyl aleohols, water,
chloroform, ecarboan tetracnloride and benzene, also readily
soluble in ether and light petroleunm. The yield was first
crystallized from dry ether and, when washed with petroleum
ether, a nearly white substance, M.Pt. 93° was obtained,

Ethereal amother liquors containing this substance, when left

exposged/
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exposed to the air slowly deposited crystals of acetone=f-
—piperidinnfofmylcarhohydrazone.hydrate.formed due to the
hygroscopic nature of the acetonepiperidinoformylhydrazone
and its subgequent decomposition.

Crystallizabion of derivative, M.Pt. 93° from petroleum ether
produced a white substance M.Pt. 101°, which gave the
following results on analysis:— c, 59+1; H, 9-1;

N, 22+9%; CsH1o:N*CO*NH*N:C(CHg) 2 i.e.

CoH1nON3 requires :=~ G, 59-0; H, 93; N, 22-9%.

The preparation was repeated heabing the substances togetaer
without solvent at 130° for ten aours., A small quantity of
unchanged piperidine was removed by vacuum distillation, and
the residue. was then extracted with dry ether. The ethereal
extract was evaporated to dryness in a desiccator, and the
acetoﬁepiperidinoformylhydrazone crystallized from the residue
' by means of warm petroleum ether. Thi; method gave a better

yield, but the extremely hygroscopic nature of the ethereal

solutions of the product was a .disadvantage.

vt

e v sy s

Since the melting point of the substance required was
comparatively low, viz. 101°, it was thought advisable to

attgmpt the reaction at a lower temperature. Equimolecular

quantities/
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quantities were therefore neated at 100°~110° for 25 nours
with toluene as solvent. At the end of tnis period no solid
separated on cooling. The liguid was rapidly filtered,
concentrated in vacuo, dry air being bubbled slowly tarough
tae 0il, and the viscous residue was then extracted with

warm dry petroleum etaer,.- The resulting solution was
fiitered througn decolorising carbon, and, after standing
for a short time, it deposited compact rosettes of white
prisms, M.Pt. 101°. The yield from tais method was higher
than from the previous preparations, and petroleum ether

solutions being less hygroscopic, were more convenient to use,

When the substance was boiled with dilute acid, aydrolysis
occurred witn liberation of acetone. The‘residue reduced
Fehling's solution rapidly indicating the presence of a
hydrazine xzsxkdwe linkage.

A quantity of the substance was dissolved in water and
shaken with a few drops of benzaldeayde, alcohol sufficient
to give nomogeneous solution having been added with the oil.
A white precipitate separated out, and thais proved to be
identical wita benzaldehyAepiperidinoformylhydrazone, (viii)

a compound of the normal series.:




58

PRODUCTION OF &-PIPERIDINOFORMYLCARBOHYDRAZIDE (1X)
FROM ACETONEPIPERIDINOFORMYLHYDRAZONE (1) AND
ACETONEmg=PIPERIDINOFORMYLCARBOHYDRAZONE HYDRATE (11}

BY HYDROLYSIS WITH WATER.

When acetonepiperidinoformylhydrazone was left exposed to the
air , it was noticed that it deliquesced forming an alkaline
solution. It was accordingly boiled with water and the
volatile portion distilled. Acetone was liberated very
rapidly on boiling, and a portion of the residue removed at
this stage and treated with benzaldehyde produced benzaldehyde—
piperidinoformylaydrazone, On further boiling, piperidine
distilled ovér and was identified by production of benzenecw-
sulphonpiperidide. The residual solution was evaporabed to
dryness and a deposit of white crystalline plates obtained. (1X).-
Benzaldenyde was added to an agueous alcoholic solution of a
quantity of these crystals,. and tne precipitate which

gradually separated was identified as Henzaldehyde—€-—piperi-
dinoformylcarbohydrazone.(111) The preparation of tnis
latter derivative from acetone—~f—piperidinoforamylcarbo~
hydrazone hydrate in aqueous alcohol indicated that hydrolysis
of (11) also takes place in water.: A quantity of (id)was

boiled with water and acetone was identified in the distillate.

When/
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When no further trace of the ketone distilled, the aqueous
solution was evaporated to dryness. The residue consisted

of white crystalline plates of the base, (1X) and these were
identical with the substance obtained from the normal acetone
~ derivative (1) on prolonged boiling with water,-

The base, f~piperidinoformylcarbohydrazide can therefore be
obtained from hydrolysis of (11) with loss of acetone, or from
hydrolysis of (1) with loss of acetone and elimination of
piperidine from two molecules,-

The crude base was dissolved in hot absolute alcohol and
precipitated by the addition of light petroleum in excess.
After repeated crystalliéation, plates, M.Pt. 108°=108°, of"
é~piperidinoformylaydrazide were isolated.-

This substance, when air—dried, contained one molecule of"
water of crystallizetion;- but, when dried in a hign vacuun
over concentrated sulphuric acid until constant in weight,
and then crystallized rapidly in the cold from absolute
alcohol by precipitation with pure dry ether or petroleum
ether, it yielded the anhydrous substance in plates melting
at 108°-107°,- The melting point of the anhydrous deriv—
ative fell considerably over a few days, indicating that the
substance was decomposing on keeping, and for this reason, it

was difficult to purify;- tae aydrate was more stable.-

The/
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The following results were obtained on analysis:—
(air—dried) N, 82+8, 32+8%;- CnH1s02Ns,H20 reguires N, 32+0%,-

(anhydrous substance) N, 34+9%;- CrHais02Np requires N, 24+8%,-

The ether used in the precipitation and washing of ol . .
é=piperidinoformylcarbohydrazide had to be very pure, and
particular care had to be taken to remove acetone which is

often present in commercial samples.:
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THE ACTION OF METHYLANILINE ON ACETOPHENONESEMICARBAZONE. -

In the first paper published by Borsche on the action of
amines qn"semiCarbazones,'he states that the action of methy;—
aniline, which he had attempted, if it proceeded at all, did
so very much less smootnly thsn that of aniline.-

This experiment was done presumably with the amine as
solvent, in which case decomposition of the semicarbazone
would occur to a very great extent, before any marked reaction
could set in.- | It was decided, therefore, to attempt a reaction
between metnylaniline and acetophenonesemicarbazone in equi-
molecular proportions , using a considerable volume of toluene
as solvent.- The reaction between amines and semicarbazones
in solvent at 130°, although slower than when no sodvent is
employgd, has the advantage that very little decompositionm of
the starting material occurs.

In the first preparation attempted, ordinary distilled
methylaniline was employed. It was known to contain a little
aniline, and the fact that one product isolated was acebto—
rhenone—§~phenylsemicarbazone showed that the semicarbazone
reacied much more readily with aniline than with methylaniline.-

The second prodhct isolated, M.Pt. 194°, was a derivative of

methylaniline and the semicarbazone, bub not tae normal

derivative., /



derivative.- The empirical formula deduced from analysis

was CnHgON2, and an estimation of the percentage of acetophenone
residue present indicated that the molecular formula, ( based on
the assumption that the substance contained one such residue )
would be Cz21Hz403Ng.-

Methylaniline whicn nhad been freed from aniline was used in
the next experiments.- Solvent naphtha, B.Pt.170°=190°, was
substituted for the toluene and a slightly higher temperature
maintained. - Decomposition of the semicarbazone occurred,
producing a considerable quantity of acetophenoneazine and
some hydrazodicarbonamide.,” No yield of the derivative,M.Pt.
194°, which was obtained in the previous experiment was isolated
here; on the contrary, a trace of another substance, M.Pt.196°«
1987 was found, this , however, could not be identified.-

Two furﬁher preparations were carried out with toluene as
solvent, slightly increased yields of the product M.Pt, 194°
were obtained, but in no case was the yield good.:

A hydrolysis was attempted, but the hydrochloride obtained

was very oily and difficult to crystallize, so the investigation

was not continued.-
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EXPERIMENT AL,

THE ACTION OF METHYLANILINE ON ACETOPHENONESEMICARBAZOVE.
22 gm. ordinary distilled methylaniline and 36 gm. aceto=
pheﬁonesemiogrbazone were heated togetner in toluene under
reflux ;t 180° for 28 hours. Ammonia was evolved during tae
heating. A% the end of this period the liquid was cooled, and
filtered free from the solid which was unchanged acetophenone=
semicarbazone, Tne filtrate was evaporated to small bulk
under reduced pressure, the oil was then dissolved in 968%
alcohol, and the solution then mixed with as much water as
possible without causing turbidity. A small precipitate,
M.Pt.:175°—181°, separated which, when recrystallized from
absolute alcohol and washed witn petroleum etaner, melted at
i87° This substance lost acetophenone on boiling with
dilute sulphuric acid, and tane hydrolysed residue reduced
Penling's solution.' This produet was identified as --aceto-
phenone=§~phenylsemicarbazone formed from aniline present in-
the methylaniline. ( Found:; N, 18+4, 18+7% ;
CeHsNH*CO+NH*N:C(CHg) CgHs requires:=— N, 16+6%. )

The residues from tne preparation were evaporated again
under reduced pressure, and then etner was added in excess

witn gentle warming until the viscous ofl dissolved. A small

quantity/
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quantity of crystals melting at approximately 167° separated
slowly from the solution.- Abttempted purification was carried
out by recrystallization from chloroform~petroleum ether, but
no alteration in- the melting point was observed,” Two recryst-—
allizations from absolute aléohol, however, raised the melting
point to 194°, at which value it remained constant,

This substance contained an acetophenone residue which could
be removed by boiling. with dilube acid, a aydrazine linkage
was also present.  On analysis the following results were
obtained:~ C, 81+80;- H, 5+99;- N, 20-82, 20-44, 20-38%.-

An empirical formula CyHgON2 requires:~ C, 8%2+78, H, 5+88;.
N, '20+59% .-

The product was hydrolysed with 4% aydrochloric acid, and
the acetophenone estimated by the method of Marsh and Struthers
( Proe., 1908; 24, 267.) Acetophenone reacts with mercuric
iodide dissolved in cold agueous potassiﬁm hydroxide soiution
as shown in the following equation:—
PhCOMe + 6HgI= + 4KOH = HgI,PhCOCHgals + 2KsHglse + 4Hs0
This compound of the ketone is formed as a yellow precipitate, -
and in absence of other ketone the acetophenone may be estimated
either by determining volumetrically the amount of alkali
absorbed in presence of excess of HgI's or by weighing the

precipitate formed.- In the present estimation the ketone

was/
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was distilled into a solution of HgIs in KOH and the precip-
itate formed was washed by decantation, filtered, and dried in
a desiccator until constant in weight.- The percentage of
Celis(CHg)C: found in the substance was 24°94; the molecular
weight of a derivative containing one acetophenone residue
would therefore be 417, Cz1Ho403Ng gives a molecular weight of

408, -

A quantity of methylaniline was purified by refluxing it
with CSs, KOH and alcohol according to the method described
by depp (Ber., 10, 328 );. the reaction converted the aniline
to thiocarbanilide, and the secondary amine waich was unattacked
was removed by extraction with dilute acid, reprecipitated by
caustic soda , taen extpacted with ether.  The ethereal extract,-
after drying over potassium carbonate, was fracﬁibnated, and the

portion distilling at 192° collected.

The purified amine was now neated with acetophenonesemi-
carbazone, solvent naphtha was, nowever, used in place of the

toluene, the temperature was maintained at 140° s and the time

extended to 385 hours.- Unchanged acetophenonesemicarbazone .

wag again obtained and removed by filtration of the hot liquid.

The filtrate was evaporated to a thick oil which was dissolved

in/
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in 2 small gquantity of alconhol , the solution was then

diluted with a large volume of water just insufficient to

caugse turbidity.- A yellow precipitate of acetophenoneazine
containing some hydrazodicarbonamide separated;- this indicated
considerable decomposition of the semicarbazone.

A small erop of white crystals separsted after this, and these,
waen recrystallized from chloroform~petroleum ether, melted at
128°=198°.- This was found to be a different product from the
derivative, M.Pbt. 194°%, buit being present.oniy'in a very small

quantity, it was not identified.-

The preparation with toluene as solvent was then repeated
using the purified methylaniline,- 25 gm. of the amine and
38 gm. of the semicarbazone were neated at 130° for 50 hours,"
Amnonia was again evolved; and, at the end of the period of
asating,18 gm. of uncnanged semicarbazone were filtered off
from the hot ligquid.: The filtrate was evaporated in vacuo,
alconol and water added as before, and a yellow crystalline
precivitate separated. Tais product was chiefly acetophenone—
z2zine, bub g@méicrystals melting at 155°-159° were carried
down with “the azine and separated from it by dissolving the
latter in petroleun ether. This small fraction was recryst-—

2llized several times without purification being effected. It

was/
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was subsequently found to be a mixture of the derivative,
Mo.Pt. 194°, with some unknown substance.:

The filtrate was again evaporated tohsmall bulk and etaer
added.- After standing twelve hours, crystals separated from
the solution.' These were washed with ether, and recrystallized
from absolute alcohol.  The substance separated from solution
in the form of rings of small crystals on the bottom of the
flask, bthis formation had been already noticed and appeared
to be a characteristic of the substance .- ( M.Pt. 194°)

A further crystallization from.chloroform—petroleum‘ether
left the melting pbint?%ZChanged.' The yield was poor.’

Prom the last residues,on evaporation and treatment again
with mixed solvents , a second gquantity of unchanged aceto—

phenonesemicarbazone was recovered,

Another attempt was made to prepare the methylaniline
acetophenonesemicarbazone derivative.  The neating in toluene
was continued for fifty hours at 125° and then forty hours at
125°~130°.- The liguid was filtered while not, leaving some
unchanged semicarbagone.- On' cooling, a fairly bulky precip—
itate separated from the filtrate.. This was removed and washed
with ether until white;- it was found to be a mixture melting
at 185°-~170°,{ Product 1 .)

The/
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The toluene residues, after removal of Product 1, -, deposited,
on standing,  a further crop of mealy solid.  This was washed
with'ether,/then'crystalliZed twice from absolute alcohol to
give derivative, M.Pt. 194°,: Finally, concentration of the
toluene residues and treatment with alcohol and water gave
some acetophenoneazine and a quantity of acetophenonesemicarb-
azone,"

Purification of Product 1.; M.Pt. 185°=170°, by fractional
crystallization, wes attempted as shown in the following scheme,-

Crystallizgation from

!
alcohol,M.Pt.170°~173°

CHCls—p%?.ether, ‘ Aqueous 3lcohol,
M.Pt.1689°=171°,- Me.Pt.172°-172°,-

l

| ! | | |

Ag. -alecohol, ' Acetone, Ben=zene, Ethyl acetate,
v ! v v v

I
M.Pt.174°~176°.iM.Pt.190°.' M.Pt.,170°-180°," M.Pt.3192°-194°,"
I

The highest melting fraction was identified as impure aceto—
phenoneseamicarbazone.- This product,M.Pt.185°<170° was thnere—
. fore a mixture of acetophenonesemicarbazone and derivative,
M.Pt.194°, and the solubilities of the two substances were
very éimilar,‘thereby rendering purification troublesome.-

The followiﬁg plan was adopted: The solid (Product 1.) was

extracted with cold ethyl acetate insufficient to dissolve it

completely/
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completely.: The filtrate was evaporated to dryness, and the
residue obtained was recfystallizéd from absolute alcohol.
These crystals were then warmed with toluene on a water=bath,-
a guantity insufficient to dissolve all the solid being used.
The toluene solubion was filtered and allowed to crystallisze,
giving a substance, M.Pt. 189°=131°,- A finwl crystallization

from absolute alcohol gave the pure'substance,M.Pt.’194°{

HYDROLYSIS OF THE DERIVATIVE, M.Pt.- 194°,-

1 gm. of the substance, M.Pt.194°, was hydrolysed by boiling
for fifteen'minutes with 100ces.  of 4% hydrochloric acid.-

The liguid was then evaporated to dryness under reduced
pressure,- Acetophenone was found in the distillate. - The
residue was dissolved in alcohol and decolorised with charcoal.-
No hydrazine hydrochloride separated on the addition of the
alecohol.  Addition of ekher to this solution produced a turbid—
ity but no precipitate,: The liquid was again evaporated until
only a yellow oil remained.  This oil was insoluble in ether,:
it was kept for some time in an evacuated desiccator, and ether
added fz af intervals to promote frotndng.  Some brownish solid
and some hardened oil were obtained. The former was removed and
washed with ether, but the melting point was not sharp,75°-85°,-

The yield was too small tglpermit of'purificatibn and analysis,-
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/

The next secondary amine selected was benzylaniline, sihce it
possessed both the benzyl residue, in presence of which the
reaction under investigation appeared to proceed readily, and
also the phenyl group which was very unfavourable to tinis
reacbtion.-

The action proceeded very slowly, ammonia was evolved slowly,
and a2 small yield of the normal product, acetophenonebenzyl—
phenylaminoformylhydrazone, was obtained.:

CeHsCHo#NH+CgHs + NH2+CO-NHN:C(CHgz)CgHs = NHs +
CeHsCHo (CeHs)N*CO-NH-N:C(CHz) CeHs ,M.Pt. 143°=144°,."

The yield was so very poor (3%) that the experiment was repeated
under varying conditions of time and temperature, but no further
quantities of the substance were isolated.-

The substance was nydrolysed with dilute hydrochloric acid,-
acetophenone was found in the distillate, and the presence of
& hydrazine linkage in the residue was indicated by the reduct-
ion of Fehling's solution. Tnis confiramed the structure given
above.- The aydrochloride left on evaporation of the residue
was oily and appeared to be hygroscopic.  Alconol=ether
solutions darkened on standing.' On account of the small
quantity obtainable, and the unstable nature of the aydrochloride,

this investigation was not continued.
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EXPERIMENTAL,"

THE ACTION OF BENZYLANILINE ON ACETOPHENONESEMICARBAZONE.-
18+3 gm, benzylaniline and 17+7 gm. acetophenonesemicarbazone
were heated in toluene at 180°."There was a slight evolution
of ammonia which ceased after about tairty hours heating, much
of the semicarbazone was, however, still unchanged.-

A small additional quantity of the amine was poured into the
not liguid, and the evolution of ammonia recommenced.- After
fifty hours heating altogether, the unchanged acetophenone-
semicarbazone ( 12 gm.) was filtered off from the partially
cooled liguid. - The filtrate was evaporated to small bulk,

and portions of the residual o0il dissolved in various solvents
and mixed solvents, but in no case was & solid product obtained.:
Alconol, chiloroform, ether, petroleum ether and alcohol-water,
alcohol-ether, and chloroform—petroleum ether were amongst
those tried, but only oils were precivitated.  The residue,
combined with all the oils from the various attemptis at cryst—
allization, was then evaporated under a high vacuum at 140° to
remove as mueh solvent as possible, The viscous oil remaining
was dissolved in ether in a shallow basin, and kept in an evac—
uated desiccator .- On evaporation of the gwzmkiitkex ®X ether,

2 solid was obtained; this was ground and washed several

times/
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times witha ether. A creamy-—white crystalline substance
remained undissolived. This product whicn melted at 139° was
crystallized from alcoholic solution after decolorisation by
charcoal a3 a white substance , M.,Pt. 139°-140°, a second
crystallization and washing with ether gave white needles of
the pure substance melting at 1438°-144°,- idydrolysis with
dilute aeid indicated the presence of an acetophenone and a
aydrazine residue.  ( PFound:: N, 1281, 12+31%;. Ca22H210Ng,
i.e. CoHsCHz(CaHp)N-CO*NH*N:C(CHs)CgHp requires: N, 12-25%.

The ethereal washings were now evaporated to dryness, the
golid obtainmed w;s dissolved in alcohol, boiled with decolor—
isging carben, and the solvent then removed in vacuo.-
Crysbals, MePt. 37°-39°, and after further recrystallization
from etier, M.Pb. 33°-32°,were obtained." The solubility,
MePto,y zlkaline reaction and smell of this compound indicated
taat 1t wae uncemanged amine., . This was confirmed by preparing
from it tae nibroso compound and also the benzenesulphonyl
derivative, swd comparing these with authentic specimens.

4 second preparation was abtbempted, and in this the amine
and the semicarbazone were heated in solvent napntha(B.Pét. 170°-
188°%) for tairby hours, the temperature being maintained at 170°.
At tae end of bais period, some brownish crystals remained

suspendad in tae solubtion, These , when filtered and crystallized

from/



from water, were identified as hydrazodicarbonamide by amixed
nelting point determinations with a previously prepared sample.’
The filtrate deposited yellow crystals on cooling, and these
were removed and washed with ether, The yellow portion dis-—
solved in the ether from which it crystallized on concentration,
and the crystals were recognized as acetophenoneazine, M.Pt.122°,-
Some acetophenonesemicarbazone had been precipitated amongst
this quantity of azine, and was identified when the latter
nad been removed by excess of ether.: No yield of the
acetophenonebenzylphenylaeminoformylhydrazone was isolated
from this experiment.-

Toluene was used again in anotner endeavour to obtain
this substance. 25 gm. of each of the starting materials
were heated together at 125° for ninety hours. Some unchanged
acetopnenonesemicarbazone separated on cooling thé solution.
The filtrate was then evsporated to leave about 1Oces. of oil
which was dissolved in ether and the solution then allowed
to evaporate slowly in vacuo.' Another quantity of semicarb—
agone was removed from the partially evaporated liquid, and
complete evaporation of the ether left a residue which con=

sisted only of'acetOphenpneazine and benzylaniline.-
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HYDROLYSIS OF ACETOPHENONEBENZYLPHENYLAMINQFQRMYLHYDRAZONEr

—

The normal derivative, M.Pt.  143°, was hydrolysed by rapid
boiling with 1% hydrochloric acid.' The solution was evapor—
ated under reduced pressure, acetophenones being found in the
distillate.: A small quantity of viscous yellow oil remained,
but this did not solidify, and decomposition, indicated by a
gradual darkening of the solutions, set in when crystalligation

was abttempted.: This was not repeated since the yield of the

Lt e e o A - e s

9 gm. amine was refluxed in toluene solution witih the equi-—
valent weight of acetonesemicarbazone at 150° for thirty hours.:
At the end of this time there was a considerable deposit of
hydrazodicarbonamide.- This was removed and the filtrate evapor—
atéd to very small bulk.  Petroleum ether was added to the
viscous residue, and the liquid was allowed to evaporate slowly
in vacuo. - Unchanged benzylaniline remained as a deposit of

discoloured crystals, M.Pt.  37°.-
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DIBENZYLAMINE.

It was decided to investigate the action on semicarbazones
:of this strongly basic secondary amine of aigh molecular
weight, it being one which mignt, judging¥xg from its

formula, behave similarly to di(naphthylbenzyl)amine.

THE ACTION OF DIBENZYLAMINE CN ACETONESEMICARBAZONE.

It was thought that the amine and semicarbazone would react,
with evolution of ammonia, to give acetonedibenzylamino-—
formylhydraszone. The reactants were accordingly
mixed in equimolecular proportions and heated in toluene at
180° for seven hours. Ammonia was evolved and the reaction
was carried on until the. production of tais gas weakened.
Several unsuccessful attempts were made to cause separation
of a solid from the viscous oil obtained after removal of
the toluene: finally a small quantity of impure and sticky
substance was isolated from ebther-petroleum ether.

Various fractions melted between 130° and 150°, but when
recrystallized from acetone, a pure substance M.Pt. 198°

was obtained, [1].

The addition of benzaldenyde in aqueous alcohol to the oily

regidue/
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residue gave a white crystalline precipitate which, when
purified melted also at 196° [11]. Mixed melting point
determinations proved, however,. that these substances wers
different.

[1] was not aydrolysed by dilute acid bubt reduced Fehling's
solution,.

[11] was aydrolysed by dilute acid losing benzaldehyde, it
also contained a hydrazine. residue.

By analysis [1] was identified as s=di(dibenzylaminoformyl)-
hydrazdde, and [11] as benzaldehydedibenzylaminoformylhydraszone.
[1] :=  (CsHs5CH3)2:N-CO-NH-NH+CO-N:(CoHs5CHz2)2 .

[11] := CeHsCH:N-NH-CO-N:(CHsCsHs)a -

Acetone ketazine was detected in‘the toluene distillate from
sa® the preparation, so that [1] appears to nave beeh'formed
by. decomposition of two molecules of acetonesdibenzylamnino—
formylhydrazone into acetoneketazine and s—=di(dibenzylamino-
forayl)hydrazida.

2(CHg) aC:N-NH*CO*NHs + 2NH: (CHa2CgHs)s = 2NHg +
NH+CO+N: (CH2CgHs5) 2

2(CH3) 2C: N+NH-CO-N: (CH2CaHs)2 =
NH-CO*N: (CH2CsHs) 2

N:C(CHa)
¥:C(CH3a) 2
The probability. that acetonedibenzylaminoformylaydrazone

exists, although not yet isolated in this first preparation,
is indicated also by the formation of the corresponding

benzaldenyde/
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benzaldehyde compound.: Benzaldehyde is presumably. able to
displace. the acetone group in the molecule, as happened

previously in the case of the‘piperidine derivative, and can
also occurlwhen'acetonesemicarbazone is treated with benzale

dehyde.

THE ACTION OF DIBENZYLAMINE ON BENZEALDEHYDESEMICARBAZONE.

This reaction was now investigated with a view to confirming
the structure of the derivative previously obtained.
Equimolecular quantities were heated at 145° for eignt hours.
The residue on treatment with alconol gave crystals which were
a mixture of unchanged benzaldenydesemicarbazone and the
expected product, benzaldenydedibenzylaminoformylhydrazone.
Repeated crystallization from alconol waé necessary to purify
this substance from the unchanged starting material. |
CeHsCH: N*NH+CO-NHz + HN: (CH2CgHs) 2 = NHsz +

CeHsCH: NeNH+CO-N: (CH2CsHs) 2

THE ACTION OF DIBENZYLAMINE ON ACETOPHENONESEMICARBAZONE.

This reaction was carried out at 130° for twenty hours.

i

A pure product, M.Pt. 153°-154°, was readily separated which,"

when hydrolysed, gave acetophenone, and a hydrazine residue.

was recognised by the reduction of Fehling's solupion;
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This substance was proved from analysis and the feregoing
tests to be'acetophenonedibenzylaminoformylhydrazone,

CeHs(CHz) C:N*NH-CO+N: (CH2CgHs) 2 »

HYDROLYSIS OF DIBENZYLAMINOFORMYLHYDRAZONES.

It was hoped to obtain dibengylaminoformylaydrazide
hydrochloride by hydrolysis of either benzaldehydedibenzyl-
aninoformylhydrazade or acetophenonedibenzylaminoformyi—
hydrazone but, although repeated attempts were made with
increasing dilutions of acid, no such intermediate stage
was isolated; and the break-down of the molecule into
aldehyde or ketone, hydrazine aydrochloride and dibenzyl-—

amine hydrochloride was practically complete each time.

PREPARATION OF ACETONEDIBENZYLAMINOFORMYLHYDRAZONE.

The presence of acetonedibenzylaminoformylhydrazone in the
preparation carried out at 180° for seven hours, was indicated
by the corresponding benzaldehyde derivative being formed

on treatment of the preparation residues. Tais compound
also appears to have been decomposed to a much greater extent
in a later preparation in which the temperature was raised

from 145° to 185° in- sixteen hours and heating continued at
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185° for a furtaer sixteen hours.: In view of these
observations an experiment was carried out in which the
mixture was heated at 110° for fifteen hours only.:

From this preparation a substance was obtained which, on
repveated crystallization from acetone, gave colourless
erystalline plates, M.Pt. 130°=132°." This product
con%ained an acetqne and a nydrazine residue, and was
identified as acetonedibenzylaminoformylaydrazone,

(CH3) 2:N+NH-CO-N(CH2CsHs) 2 o i The formation of
benzaldenydedibenzylaninoforamylhydrazone frém tne above
on tr§atment with benzaldehyde in aqueous alconol confiraned
this structure, the aldehydic group anaving replacéd the
ketonic."

il i 2 e s oo o+ b

2nd. PREPARATION OF s—DI(DIBENZYLAMINOFORMYL)HYDRAZIDE,

Since a very poor yield of s—di(dibenzylambnoformyl)hydrazide
had been obtained in the first preparation, the experiment

was repeated and the temperature and time of heating increased
to facilitate decomposition of the normal derivative.

A very much larger yield separated from the concentrated

toluene solution.
NH+CO+*N(CH2CgHs) 2

Analysis confirmed the formula:=— )
N +CO-N(CH2CaHs) 2 .




HYDROLYSIS OF s-DI(DIBENZYLAMINOFORMYL)HYDRAZIDE,:

As was to be expected tnis substance was difficult to
hydrolyse.’ Boiling it with concentrated hydrochloric acid
did not accomplish this, and it was necessary to decompose

it in‘a sealed tube,: Hydrazine hydrochloride and dibenzyl-

81

amine hydrochloride were isolated from the hydrolysed residue.

NH*CO-N(CH3CgHs) 2

+ 2Hg0 + 4HC1 = NHa*NHs,2HCL + 2C0
NH+CO*N(CH2CeHs) 2 2R 2

+ 2[(CgH5CH3) aNH,HCL] .
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BXPERIMENTAL.

The dibenzylamine was dried over potassium aydroxide and
distilled in vacuo. 7+9 gm. amine and 4°+6gm.
acetoﬁesemibarbazone were heated under reflux in a small
quantity of toluene at approximately 180° for seven hours.
Ammonia was evolved during the period, and no s0lid separated
from solution on cooling. The solution was evaporated under
reduced pressure, the temperature being again raised to 180°,
After evaporation only a viscous oil remained.

Various portions were treated with (1) alconol-water,

(2) acetic acid, (8) alcohol=sther and (4) benzene-petroleunm
ether but no. solid products were obtained.

A part was then dissolved in ether, petroleum ether added in
excesgs, and after standing two days, a deposit of very. sticky
crystals was obtained on the walls of the flask., M.Pt. 149°=
1s54°, Recrystallization of these from ;cetone gave fine
needle~like prisms ,M.Pt. 196° [1].

A second portion was dissolved in alcohol and mixed with
benzaldehyde and as much water as could be added without

causing/



cauging turbidity. Precipitation of needle=~like crystals
took place fairly rapidly. on shaking the liquid.

This substance was crystallized successively.f;em alcohol,
chloroform—light petroleum and acetone and mslted at 198° [11],
A mixed melting point debtermination proved that [11] was

a different substance from tanat previously obtained , [1].
Product [1] gave no acetone on boiling with hydrochloriec
acid and did not appear to be hydrolysed: .-

Product [11] hydrolysed readily with dilute hydrocaloriec
acid losing bengzaldenyde.

Analyses of these substances were carried out on samples

produced from later experiments and are reported thereunder.

THE ACTION OF DIBENZYLAMINE ON BENZALDEHYDESEMICARBAZONE.

5 gn. dibenzylamine and 2 gm. benzaldeanydesemicarbazone

were heated together in toluene at 145° for eight hours,

and the solvent was then removed by distillation in vacuo.
The contents of the flask were dissolved in hot alcohol

from which solution crystals separated on cooling.

After repeated crystallization of the product from alcohol,

a2 pure sample of benzaldenydedibenzylaminoformylhydragone [11]

was obtained.
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( Pound := N, 12431, 12+22% ; (CgHsCHz)2:N+CO*NH*N:CHCsHs,
i.e. Ca2sH310Nz requires N, 12-22%.)

The molecular weight was determined by the ebullioscopic
method using chloroform as solvent; The value obtained was
318, and theory. requires 343,

This substance was readily soluble in alcohol,. chloroform and
acetone, and sparingly soluble in water and petroleum etaer.
This derivative in the pure state was, however, obtained
more. readily by the action of benzaidehyde on the oil
containing a large percentage of acetonedibenzylaminoformyl-
hydrazone, as was done in the preceding preparabtion.

The direct preparation from benzaldehydesemicarbagone is
troublesome on account of the repeated crystallization
i§volved in separating tne product from any traces of the
unchanged semicarbazone.

16 gm. dibenzylamine and 20gm. acetonesemicarbazone were
heated in toluene at 130°-135° for thirteen nours; tae
soclution was evaporated in vacuo, and the residual oil

- extracted with ether, 0-+5 gm. acetonesemicarbazone which
separated at this stage was removed. The ether was then
evaporated off and benzaldehyde, alcohol and a large

volume of water added. Benzaldehydedibenzylaminofornyl-
hydrazone was obtained in good yield and in a practically.

pure state.
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THE ACTION. OF DIBENZYLAMINE ON ACETOPHENONESEMICARBAZONE.

Preparation of  Acetophenonedibenzylaminoformylhydrazone.

9 gm. acebtophenonesemicarbazone and 10 gm. amine. were heated
in toluene for twenty hours at 130°. Solution of the semi=
carbazone was then complste, and the smell of ammonia was

no longer strong. The liquid was filtered while hot, then
a;lowed to cool ; the contents of the flask crystallized to
form an almost solid mass. The so0lid was pressed free

from %toluene on a Bichner filter and washed with a little ether.
A sample was recrystallized as follows:~

from hot 98% alconol (twice), M.Pt. 153°«154° ;

from chloroform—petroleum ether, M.Pt. 158°;

from acetone, M.Pt. 158°,

The total yield was therefore purified by two crystallizations
from alcohol: the last fractions precipitated from the
alcoholic mother liquors bj.addition‘of water contained a
small quantity of unchanged acetophenonesemicarbazone.

( Found N, 1177 , 1188 % ; C23H230Ns requires N, 11-78%.
Molecular weight by ebullioscopic method in chloroform was
382, theoretical is 357.)

These results confirm the formula :—
Cels (CH3) C2N *NH-CO-N: (CHzCells) 2 -
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The crystals of acetophenonedibenzylaminoformylhydrazone
were obtained as long prisms,. almost thread=like; they
were soluble in chloroform,. benzene, alcohol,. acetone,
slightly. soluble in ether, but insoluble in light petroleun,

and sparingly soluble in water.

HYDROLYSIS OF THE DIBENZYLAMINOFORMYLHYDRAZONES.-

Attempts to obtain'Dibgnzy;amihoﬁprmylhydrazide Hydrochloride,-

Benzaldehydedibenzylaminoformylhydrazone was boiled with 2%
hydrochloribracia until solution was complete. Benzsasldehyde
was identified in the aqueous distillate which was removed
under reduced pressure.’ The solid remaining was warmed

with absolute aleohol, and a crystallihe deposit.of hydrazine
dihydrochloride separated.- The filtrabe, on addition of"
ether gave a precipitate of dibenszylamine hydrochloride

which was recognised by the formation of the benzenesulphonyl
derivative, and by comparing it with an authentic sample of
benzenesulphondibenzylamide." Hydrolysis appears to have
decomposed the substituted formylhydrazide also, into its
component parts, A later hydrolysis with 8% acid
gave a trace of precipitate M.Pt. 78°-83° when caustic soda was

added/
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added to the hydrolysed residue. This substance gave a
benzenesulphonyl derivative M.Pt. 124°, but so little was

isolated that i% could_not be identified;

Phe acetophenonedibenzylaminoformylhydrazone hydrolysed more
quieckly, so that it was hoped to prevent complete hydrolysis
by using this substance and boiling for a shorter period.:

1 % hydrochloriec acid hydrolysed the so0lid rapidly giving
acetophenone, hydrazine hydrochloride and dibenzylamine
hydrochloride without any trace of an inhtermediate stage.-

05 % acid gave the same result. The hydrolysis was

next carried out in a2 large volume of alcohol containing the
theoretibal guantity of acid, but again it appeared to be
complete,- 0+2 % hydrochloric acid was then used and
a trace of a yellowish hydrochloride , M.Pt. 55°(approx.)

was isolated from the concentrated aqueous residues, from
these also a trace of a benzenesulphonyl derivative, M.Pt. 121°
was formed.- The remainder of the residues was treated with
sodium hydroxide and extracted with ether;. evaporation of the

ether yielded some crystals, M.Pt. 157°«161°.
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PREPARATION OF ACETONEDIBENZYLAMINOFORMYLHYDRAZONE.:

Acetonesemicarbazore and dibenzylamine in molecular proportions
were heated together in toluene at 110° for fifteen hours.:
Ammonib was evolved and the solution; on cooling, deposited
crystals,: The first fraction which separated was unchanged
acetonesemicarbazone, but the second portion when pressed free
from toluene melted at 118°— 120°.: This substance was very
soluble in alcohol, and was evidently a mixture of starting
material and tae required: acetonedibenzylaminhoformylaydrazone.:
Purification by fractional crystallization was carried out in
accordance with the following scheme, the results of which are
shown s~

Ether as solvent ... .»»- 1st. fraction M.Pt, 114°~120°

2nd.,- e M. Pt,  118°-~122°
Benzene ' ... .ii lst.  '7 M.Pt. 180°-180°
Alcohol~etherk Ist. e M.Pt,- 187°
+ excess petroleum ether.: (aéetonesemibarbazone)
2nd.- e M.Pt.  120°~150°
3rd.- re Mo Pt. 124%-126°
4th. T M.Pt.  113°=117°
Chloroform- petroleun 1st.- ''  M.Pt. 118°-132°
ether,:
Acetone ist.: re M.Pt, 124°-3128°

Fraction/



Fraction No. 4 from alcohol—ethers was recrystallized from
acetone,:. M.Pt. 127°=130°, Praction No.l1l from acetone

was precipitated from chloroform solution by petroleum ether,
M.Pt. 125°~1380°,- All fractions except those which melted
above 130° and were thefefore largely acetonesemicarbazone,
were combined and subjected to repeated crystallization

from acetone : crystals inh the form of irregular plates
M.Pt. 130°-132° were finally obtained.-

This substance was soluble in water from which it crystallized
as' 2 flocculent precipitate.:

By hydrolysis with dilute acid, it was shown to contain an
acetone residue.-

( Pounda :— N, 14+0 %; (CeHsCHz)2:N+CO+NHN:C(CH3) 2

ives” (C1gH210N3 requires N, 14-2% .)‘

The identity of this substance was further confirmed by the
_following experiment,- A small quantity was dissolved
in aleohnol , then a drop of benzaldehyde was introduced.:
Water was added with shaking until the alcohol was just
sufficient to keep the oil in solution. - After a very short
time crystals separated, and these on examination proved to

be benzaldehydedibenzylamihoformylhydrazone M.Pt. 198°

89
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PREPARATION OF s=~DI(DIBENZYLAMINOFORMYL)HYDRAZIDE,. [1]

20 gm. acetonesemicarbazone and 30 gm. dibenzylamine were
heated in toluene for eight hours at 145°, then the temperature
was ralsed through another eight nours to 165° and the aeating
continued until evolution of ammonia had ceased, approximately
32 hours in all.: The solution was partially distilled in
vacuo, and the distillate then examined as follows:=

Dilute hydrochloric acid was added to the toluene, and the
mixbture was distilled from a glycerine bath, the two layers
being mixéd as much as possible by frequent shaking.:

Acetone was identified in the agqueous portion of the mixed
distillate, and hydrazine hydrochloride in tae acid layer
of the mixed residue.- This indicated the formation of"
acetoneketazine in the resction, but this was apparently
not due to decomposition of acetonesemicarbazone itself,
since no hydrézodicarbonamide bad been produced."

The preparation residues from which half of the solvent aad
already been removed, were allowed to stand for several days
while a flocculent sclid separated slowly,., This substance
Was very easily soluble in most organic solvents, but it
Was possible to erystallize it from ethylene dichloride-
vetroleum ether, chloroform—petroleun ebher and dekalin.:

Tne/
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The toluene mother—~liguors were again concentrated and mixed
with ether and petroleum ether;. a second guantity of solid
separated after another period of several days.

The pure product, melting at 196°=197°, was extremely light
in weignt, and the crystals were fine thréad—like prisms waich
felted readily. Found:= N, 1182, 11+65%;- Mol. Wt. in
chloroform by the ebullioscopic method, 487,

NH*CO+N(CHaCeHs)
NE (STUUBYEESIE aoHzoO2Ng requires N, 11+71%, and
NH«CO-N(CH3CaHs) 2

Mol. Wt., 478,

This substance was boiled with concenbtrated aydrochloric
acid, but did not dissolve.:

0+1 gm. was placed in a segled tube witn four ccs. of the
acid and heated at 150° for three hours.:
The tube, in which there was considerable pressure due to COs,
was then opened, the contents washed out with water, filtered
free from a trace of tar and evaporated to dryness. ( Acetone
was tested for but not found.) The dry residue was warmed
with absolute alecohol and filtered.  Hydrazine nydrochloride
remained undissolved, and was identified by formation of the
characteristic yellow precipitate of benzalazine, M.Pt.93°%.

The filtrate/



The filtrate was concentrated slightly, and ether added which
caused separation of a crystalline precipitate, M.Pt, 245°,:
This 4id not lower the melting point of a sample of dibenzyl=
amine hydrochloride, and its identity was confirmed by the
formation of a benzenesulphonyl. derivative, insoluble in
alkali, M.Pﬁ.'62° and identical with benzenesulphondibenzyl—
amide."

Hydrolysis therefore produced CO2, hydrazine hydrochloride




' NOR 4 ¢ EPHEDRINE,.
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Nor d ¢ ephedrine, which is a primary amine containing an
asymmetric carbon atom, was next studied: the obﬁezt of the
inﬁestigation’beihg the production, if possible, of an optic~
2lly active aminoformylhydrazide which could be used in the
resolution of racemic aldehydes and ketones.:

The dextrorotatory form can be obtained as the normal sul—
pbafe from which the base itself ig easily isolated. ( Smitn,
Jey 1928,51;. Gibson and Levin, J., 1929, 2754;. Nagéi and

Kanao,  Ann, 1929, 470, 157-182.)

The optical rotabion of the base was determined in an' aqueous
sblution of concentration 1-6868 gm. per 100ccs.; using a four
decimetre polarimeter tube and mercury-—green light, A5461.

At 21+5° the observed rotation was 1465°, making the specific
rotation [a]3i5g1 = +25-2°.-

The value according to Gibson and Levin is + 24:7° at 20°C

with light. of the same wave length.-
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THE AGTION OF NOR d () EPHEDRINE ON' ACETOPHENONESEMICARBAZONE.

This was the: Pirst reaction to be investigated, and equiw
noleeular: geantities of the amine and the semicarbazone

were heated in' toluene under reflux as inh previous experiments,.
and, as before,the evolution of ammonia proceeded rapidly.-

No solid preduet could, however, be obtained from the pale
yellow viscous 0il which remained after evaporation of the
toluene : but dilute hydrochloric acid left in contact with the
oil-.feo¥ several days caused separation of a small gquantity of
a-561id hydrochloride. This substance reduced Fehling's
selution- in' the cold, and its melting point was 193° .-

This wes therefore a slightly impure deposit of hydraszine
dihydroenloride produced possibly from decomposition of an
ahinoformylhydrzzide hydrochloride. formed although not isolated.
The remaining liguid, which was toluene mixed with acid,
some-acetophenone from hydrolysis, and various organic

solvents used’in attempts to separate a solid from the
preparation, was evaporated under reduced pressure.’

Quantities of water were adde® at intervals, and the mixture
distillied off.- A mealy solid remained which, when
purifiea, yieided a white subsbtence M.Pt, 123°~1235°
eryetalliming in tufts of very long prisms. It was

soluble/
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soluble in' alcohol, ether, chloroform, hot water and benzene;
very sparingly soluble in cold water, and insoluble in light

petroleum.-

ELUCIDATION OF THE STRUCTURE OF THE SUBSTANCE,:M.Pt.‘123°

This substance was hydrolysed with concentrated hydrochloric
‘acid, the distillate being testea for acetophénone,and the
residue for nydrazine or a nydrazine linkage.- Both were
absent,- The low percentage of nitrogen present ( 8% approx.)
indicated that this must be derived from a nor Y ephedrine
residue alone.- The substance was again hydrolysed, and
nor ¢ ephedrine shown to be present in the residue by the
formation of the benzenesulphonyl’derivative of the amine.(P.109).

At a later stage, this same substance was obtained from
some impure nor ¢ epanedrinoformylinydrazide hydrochloride which
was undergoing decomposition.-

The compound was analysed, and a molecular formula,
c1.0511021‘1 obtained. Difficulty was experienced at first
with macro-combustions for determination of nitrogen, but
the values were carefully vefified later,-

Befofe reliable analytical data were established, it was

thought that the substance might be a disubstituted urea

waich/



which could presumably be formed from decomposition of the

nor ¢ ephedrinoformylhydrazide hydrochloride in the following
CsHscﬁ(OH)'CH(CES)~NH!CQﬂNH'NHz,H01

NANNECTL S == s
CeHacH(GH)-CH(CH;)'NHWCO'NH'NHQ,HCl

CeﬁscH(OH)~CH(CHQ)'NH: o 4 go:YH:NHa,HCL

CeHsCH(OH) «CH(CHz) - NH NH-NHg, HC1
An experiment was carried out in accordance with a general
method described by Davis ana Blanchard, ( JLAm.C.S.;1928,45,
1819,) for the preparation of ureas of this type.-
Urea reacted with nor 4 ¢ ephedrine sulpha;é wbéd*the dry
aaterials were neated together at 180°-170°,- Subsequent
extraction of tae residue with water separated a derivative
identical with the substance under investigation. (M.Pt. 128°.)

A second method, that of Dixon, ( J., 1889,55,622; 1893,63,

328, ) was then tried. The general outline of this
method of synthesis is as follows.  The amine,in ethereal or
alconolic solution, reacts with'carbonﬁisulphide to form a
salt of the amine and the aminodithiocarbamic acid, tais salt
decomposes on prolonged boiling in alcoholic solution to give
H2S and a disubstituted thiourea.:
RNH+CSSH, HaNR = HeS + RNH*CS-NHR .-
The sulpaur atom in this compound may then be replaced by
OXygen on treating the thiourea with alcoholic silver nitrate.’
This metnod did hot yield the product taat the previous one

had given.:
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Analysis, however, disproved the possibility of the substance .
(mpe. 1237

being a disubstituted urea, since the nitrogen percentage

required for this was 8¢5,  and the value obtained was 7+9,-

Carbon"and.hydrogen'values were also different.-

The formation of a substance having an empirical formula,
CioH1202N from urea and the sulphate of the amine , might
take place according to the following equations.-
2NH2+CO+Nie + [CeHsCH(OH)+CH(CH3) *NH2]2,H2504

= (NH2) 2804 + 2CgH5CH(OH) +CH(CH3) *NH+CO*NHg .-

CeHgCH (0H) -Cil(CHs) *NH+CO*NHa _  CeHsCH(OH) +CH(CHa) *NH+CO
CeHsCH (0H) -CH (CHa) *NH-CO*NH2 " CeHsCH(OH) «CH(CHz) *NH+CO

+ NHs+*NHs o
This substance would be an oxalyl derivative.:
Phe action of urea on the amine did not,however, liberate
aydrazine,- The evolution of ammonia was noticed during
the reaction, and it has already been shown ( P.10a) thaat
hydrazine can decompose to give ammonia.-
An' attempt to form an oxalyl derivative by heating the
base with oxalic acid gave the oxalate, M.Pt. 235°.
A similar attempt to prepare a foramyl derivative gave a
formate melting over 200°.:
dydrolysis of the substance with dilute sulphuric acid gave
no trace of either oxalic or formic aciﬁs.' No oxalate was

founa/
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found in another hydrolysis carried out with 50% caustic soda.

The nor ¢y ephedrincformylhydrazide hydrochloride had now
been defihitely characterized, so the by-products in the
preparation of the substance, M.Pt.  128°, from this hydro-—
chloride were studied.

Carbohydrazide was absent, and this again negatived the
possibility of the substance being a disubstituted urea.:
( see equatibn'on'pagé 973)

A decomposition of the hydrochldride in attempted dehydration
yielded hydrazine hydrochloridé as the only by-product.:
Decomposition by picric écid had also given hydrazine directly

as the picrate.-

The difference Betweeh the molecular formula found, viz.:
C10H1103N, and that of the nor ephedrine ( CoH1s0N ) which
the substance gave on aydrolysis, wés-+1c,f+10,-—2H;

The linkage —~CO~ was almost certain to be present since no
carbon  atom or oxygen atom gppubped’ in the by-product: from
the decomposéd hydrochloride,-

It was thought that the action of phosphoric acid on' the
substance might show how this group was situated in the
molecule,- When  warmed witn phosphoric acid, the

substance/
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substance dissolved wita loss of COs . A quantitative
estimatidn"of tﬂe proportion of the total carbon available as
COz, was carried out, the ratio obtained being 1/10. This
figure was incompatible with the suppositions that the substance
could be an oxalyl derivative, a formyl derivative, or a disube
stituted.urea, since an oxalyl structure would give a ratio of
1/20, the urea a ratio of 1/19, and a formyl derivative would
give no COg. ( Sée equations on following page, par.[3]. )
The mode of formation indicates the grouping =NH=CO=~ .-
To give CO2 on nydrolysis this cannot be expanded to -NHQCO—C
or —NH=CO-H , it may, however, be —NH=CO=O= or =NH~CO=NH= ,
but, since only one nitrogen atom is present the only possibility
is ~NHw=CO=O= . This indicates that the hydrogen of the
aydroxyl, (since this is where the second oxygen atom is situated)
must be eliminated with the —=NHs of the mono-=substituted urea,
and with the —~NH+NHs group of the §~substituted semicarbazide,
to form ammonia and hydrazine respectively, leaving the .same
ring structure in each case. The substance would then be

2—0x0 4-methyl 5—phenyl oxeszol tetrahydride, or 4-methyl
CeHs*CH -0.

S5—phenyl 2-oxazolidone, . .CO
CHg*CHNH .

This satisfies all the conditions as shown by the following
equationsg s

[11. The molecular formula is Ci10H1102N .



101

[2]. Nor Yephedrine is obtainable on aydrolysis.

CeH5'CH'ﬁO¢

c CeHs+CH*OH
CHg *CHNE"

+ Hg0 = ) : +
CHa*CH+NH3

CQOgq

rsl.: One tenth of the total carbon is liberated as CQg
on: hydrolysis,

CgHg*CH +0. CgHs*CH=0H
s Ylco 4+ He0 = s CO2 ( 1/10)
CHs+CHNH CHs*CH*NH2

[ whereas the urea would give 1/19 ,

CeHsCH(OH) »CH(CH3) *NH.
. Ha0 = (C0s +
CeHsCH(OH) -CH(CH3) *NH
2CgHsCH(0OH) +CH(CHg) *NH» ( 1/19)
the oxalyl derivative would give 1/20 ,

CegHsCH(OH) «CH{CHg) *NH+CO
C:H:CHEOH;‘CHECH:;'NH-éO 20 = 00 % CG0s
+ 2CgHsCH(OH) -CH(CH3) +NH3g ( 1/20)
a¥® and btne formyl derivative would give no
CO2 when aydrolysed.-

ceﬂscH(OH)QCH(cHS)-NH-cHo + Hg0 = €O + Hs0

+ CgHsCH(0H) +CH(CHa) *Nd3 1

-

[4]. The gubstaace can be formed from nor¢fephedrinoformyl—
hydrazide nydrochloride with loss of aydrazine hydrochlorider

CeHs*CH+0H Cels*CH -0,

.00+ NHg*NHz,HCl .
CHa*CH*NH-CO+NH*NH3,HCL CHgCH-NH




[5]. The substance is obbtainable by the action of urea
on nor 4 Y epiaedrine sulphate.:
[CeHsCH(OH) +CH(CHg) *NHale, H2804 +  2NH3+CO-NHa
= 20gHsCH(OH) *CH(CHz) *NH+CO*NHz + (NH4) 2804

Ceig+CH*0H CgHs*CH *0. 'Co
CHs +CH*NH +CO *NH2 CHg*CH*NH

it b o0 VT80 e o v A0

+ Nda .

The resemblance of tais. mmhzkamzz structure to that of a
lactone may explain the readiness with which the compound

dissolved in dilute caustic soda solution.

CONFIRMATION OF THE STRUCTURE BY SYNTHESIS.

A compound similar to substance, M.Pt. 123° was known.
Tais was p= or 2-oxazolidone which nad been prepared froa
o=hydroxyetaylanine by Knorr and Réssler, ( Ber. 1903, 38,
1280 ); the method being as follows.:

The sulphabe of the amine was heated in aqueous golubtion

with pobtassium cyanate , ( general reaction for the formation

of mono-~substituted ureas ); The waber was slowly evaporatbed

and the residue extracted with aleohol to remove potassium
sulphate., The oily residue left after evaporation of the
alcohol was decomposed at 200°, to give 2.0xagzolidone with

liberation/
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liberation of ammonia.

CHo+0OH CHo*OH
.. + CONH = .. :
CHa*NHo CHg *NH=CO*NH2o CHa*NH

A preparation exactly analogous to that of Knorr and Rdossler
was carried out,starting from nor d ¢ ephedrine sulphate and
potassium cyanate;' The thermal decomposition was accompanied
by loss of ammonia, and produced substance, M,Pt. 123°,

Cells+CH*O0H CeHs*CH*0H CeHg*CH +0.- ;
8TBIUETTR 4 oo = 00 = 2TPLT Cl00 + NHs.
CHaz*CH*NHz CHsg *CH *NH » GO *NH 3 CHa*CH-NH |

Tnis synthesis proved the substance to be 4-methyl 5=phenyl

2-0xazolidone., -




104

THE ACTION OF NOR 4 Y EPHEDRINE ON' ACETONESEMICARBAZONE.:

A toluene solution of the amihe was heated with acetone—

semicarbazone at 110°=120°.- Ammonia was evolved briskly

for twelve hours, then the solution was evaporated.:

No so0lid product was obtained, only an o0il being precip=

itated when petroleum ether was added to a benzene solution

of the residue.’ The oil was left in

contact with a small guantity of concentrated nydrochloric

acid for several days, and a white precipitate separated

which was removed and washed free from adherihg oil by means

of ether, This so0lid was recrystallized and identifiéd-

as a hydrochloride M.Pt. 158°, +the presence in it of a

nydrazine residue being shown by the reduction of PFehling's

solution.- It was identical with the nor wephedrinoformyl-

hydrazide hydrochloride obtained later by the hydrolysis of-

the product from benzaldehydesemicarbazone and nor & ¢ ephedrine.-
It is practically certain that the o0il obtained after heating

contained acetone nor yephedrinoformylhydrazone which was

hydrolysed without being separated from the solvent.:
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These two substances reacted much more slowly under similar
conditions to the preceding, viz. in toluene at 110°=120°,.
the reaction requiring about 75 hours;- a good yield was,
however, obtained in a high degree of purity, directly from
the toluene solution by shnaking tne latter in a wet flask.

This substance was purified by recrysballization from
benzene and benzens-petroleum ether, M.Pt. 118°.-

It was proved by hydroljsis to contain benzaldehyde, hydrazine
and nor d ¢ephedrine residues, and analysis confirmed the
formula := CeHpCH:N+NH*CO+NH-CH(CHs) -CH(0H) CeHs ,  i.es
benzaldehyde norq)epbedrinofp?my}pyd?azonep

Benzaldehyde nor d ¢ephedrinoformylhydrazone was optically
active to a far greater exﬁent than tne base itselfy. the
specific rotation was determined in an alconolic solution of

concentration 1+9928 gm./lOQpps,-.- [a]i§431 = + 290-5°,-

This hydrolysis nad to be carried out with very dilute acid
(1%) to avoid complete hydrolysis of the substituted formyl—

aydrazide to give hydrazine hydrochloride.” The benzaldenyde/
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The benzaldehyde which was easily liberated, required to be
removed as rapidly as possible by. steam distillation, since
the benzaldehyde nor dq/ephedrihoformylhydrazone wasg re—
formed at once on cooling.- Extraction methods
for rapid removal of the aldehyde were tried, but steam~
distillation proved the most effective means.

The residue left z2fter evaporation of the acid under reduced
pressure was completely soluble in cold alcohol, (no aydrazine).
When tne alcohol was evaporated in a desiccator, a yellowish
sticky o0il remained, which, after repeated addition and
evaporation in vacuo of high-~boiling petroleum ether (80°-90°),
solidified to form a creamy-—wnite s0lid, becoming sticky again
on exposure to the air,- This substance was the
nydrocaloride previously obtained from acetonesemicarbazone
and nor 4 yepnedrine reaction.: Precipitation from alcobolic
solution by tane addition of excess of ether gave white crystals
M.Pt. 158° of tae nor ¢ ephedrinoformylaydrazide hydrochloride
which appeared stable.-

Tne compound was aydrolysed qualitatively, and found to give
hydrazine hydrochloride and nor ( ephedrine, the latter being
identified 28 the benzenesulphonamide.- (9,109.?

A quantitative estimation of the hydrazine proved that 2/3 of

tne nitrogen came from the hydrazine residue, and consgeguently

1/3 wes/
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1/3 was in the amino residue,- The substance was thus shown

to be a hydrochloride of'nortpephedrinoformylhydrazide,
HoN+NH+CO -NH+CH(CHs) *CH(CaHs) OH .-

Prom analysis the composition of the salt appeared to be :=
8[ceHsCH(OH) «CH(CHS) *NH*CO+NH*NHz2], 4HC1, H20,"

The substance was dextrorotatory, [0]12231 = +37+8, at

concentration, ¢ = 2:842 gm./ 100ccs. (' aleonolic solution,)

The benzaldehyde nor 4 yephedrinoformylhydrazone was obtaihed
by the action of benzéldehyde on this salt. but it formed
very. slowly, and, inh one or two ihstances, precipitation
occured only after the solution had been seeded with a

crystal of the required substance.-

Attempts to dehydrate the hydrochloride, M.Pt. 158°.-

Some portions of the hydrolysed residue from the benzaldehyde
nor d ¢ ephedrinoformylhydrazone had been kept inh a desiccator
for a considerable time, and these were now treated with
water, - The substance appeared to be dissolving at first,
but later, white crystals of'ﬂhe oxazoliaone derivative

M.Pt,  128° started to separate.

A quantity/
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A quantity of tae nydrocaloride was kept for taree hours
at 100° and a pressure of 5mm..- The loss of weight was
negligible.- The experiment was repeated in presence of
KO3 at a temperature of 140°,- The substance lost HCl and

N water, and the 4-methyl 5-pnenyl 2-~oxazolidone was identified
in tne residue.- In a third experiment carried out at 140°
but without KOGH, a crystalline sublimate of tane oxazol
derivative containing some anydrazine nydrocnloride was formed
on tne cooler surface of the outer coptaining bottle.:

3[CelsCH(OH) *0H(CHz) *NH+CO+NH"NH2],4HC1,Ha0 =

2(NHg*NHp,HCL) + NHp+NHp,2HCl + 3CgHp*CH = CH+CHa
0+CO-NH

TREATMENT OF NOR 4 @ EPHEDRINOFORMYLHYDRAZIDE HYDROCHLORIDE

"1).- Since the composition of the anydrochloride was rataer
complex, it was decided to try to obtain some other salt

more definite in its composition.: Picric acid in alconol

wnen added to the hydrochloride, produced rosettes of long brignt
yellow needles. which, however, proved to be nydrazine picrate,
2). Some of tae nydrocnloride was added to 2 5% solution of
cnloroplatiniec acid, but only a very small quantity of 4-metayl

5~pnenyl 2-oxazolidone separsted,-
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PREPARATION OF'BENZENESULPHQNYL-NOR!VEPHEDRINE.’

o ettt

A suitable derivative was required by means of which nory
ephedrine, when present in small quantities, might be readily
identified.- When hydrolysis residues were
being examined, the concentration of the nor ¢ ephedrine salt
in' solution was in many cases too low to permit of its easy 
isolation in a pure state, and subsequent examination;. and,
in particular, if hydrochloric were the acid used, the extreme
solubility of nor ¢ ephedrine hydrocﬁloride in water and alcohol‘
necessitated the finding of such a derivative.-

Nor & Y ephedrine in aqueous solution was found to react with
benzenesulphonyl chloride in presence of caustic soda.(General
reaction for the characterisation of amines.)

When the solution was concentrated, a thick white precipitate

of the sodium salt of the benzenesulphonyl derivative formed,
but this dissolved on the addition of more waber.-

The sodium salt was then decomposed with hydrochloric acid,

and therenzenesulphpnyl nory ephedrine separated slowly,

M.Pt,  103°,- The melting point of the pure substance was 104°,-
It was readily crystallized from alcohol-water and benzene=
petroleum ether,- The specific rotation in alcohol is
expressed by , [a]§g461 = + 8+93 at concentration, ¢ =

4-4788 gm./ 100 cecs.-
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The insolubility in water of this product, and the ease with
which it could be obtained practically pure, rendered this
compound very suitable for the identification of nor ¢ ephedrine

in residues from hyapplyses.and similar solutions.

CelHsCH(OH) »CH(CHz) *NH2 + CgHs+S02Cl + 2NaOH
= CgHsCH(OH) »CH(CHg) *N(Na) *S02CgHs + ©2H20 + NaCl
v + HC1

= QgligCH(OH)+CH(CHg) *NH*S02CgHs. + NaCl




EXPERIMENTAL. -

THE ACTIDN OF NOR d ¢ EPHEDRINE ON' SEMICARBAZONES.-

Nor d«ephedrine was obtained by the addition of a slight
excess over thez theoretical of potassium aydroxide solution

to an aqueous solution of the pure sulphate.: A small
guantity of the base separated at this stage, and the filirate
was extracted thoroughly witn ether to remove the rest,

The ethereal solution was dried over potassium carbonate,
filtered and evaporated.,- The crystalline residue, purified
by further crystalligation from benzene and benzene—petroleunm
ether, formed colourless plates, M.Pt. 77°.- ( Gibson and
Levin, J.,1829,2754,)

Ine specific rotation was determined in an aqueocus solution
of concentration 1-8388 gm. / 100ccs. using a four decimetre
polarimeter tube .- Taoe source of light used was a mercury-
vapour lamp fitted witn a colour filter to give greern light

of wavelength A5461,- [x]33i8: = + 25-2°

A solution of barium bydroxide was 2lsoc used to liberate tae
base from the solution of the normal sulphate, Barium sulphate
was precipitated, filtered off, and tone aqueous filtrate con-

centrated in vacuo vefore extraction with ether.:
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THE ACTION OF NOR 4 ¢ EPHEDRINE ON ACETOPHENONESEMICARBAZONE.

17 gm. - acetophenonesemicarbazone and 15 gm. nor 4 ¢ ephedrine

were heated in 150 ccs. of toluene in a flask fitted with a
ground=in condenser,- The temperature of the heating-~bath was
maintained at 115°=125°,- The reaction proceeded briskly
accompanied by the evolution of ammonia,and, after six to seven
hours heating, no. acetophenonesemicarbazone remained undissolved.-
After nine hours heating the smell of ammonia diminished, and
the reaction mixture was allowed to cool. The toluene was
distilled off in vacuo leaving a thick and yellow vibcous oil,.-
The 0il was dissolved in ether and tne solution allowed to
stand; a trace of unchanged azcetophenonesemicarbazone
separated after two days, and after its removal, the solution
was again concentrated,-
Repeaéed attempts were made with various solvents and aixtures
of solvents to induce crystallization of a solid produet, but
without result.: Among the solvents tried were benzene,
chloroform—-petroleun ether, alconol-water, carbon tetracaloride,
dekalin and ethylene dicaloride.

The o0il was finally left in contact with a little dilute
aydrocnloric acid, and, after standing several days, a small
quantity of a white s0lid had separated.- Tais substance was

resoved/




removed and examined.- It reduced Fehling's solution rapidly
without heating, was a hydrocaloride melting at 193°, and was
practically insoluble in alcohol; it was recognised as a
slightly impure precipitate of nydrazine dinydrochloride

which must have been produced during the decomposition of the
hydrélysis product from acetophenone nor{ ephedrinoforayl-
aydragzone wihich is presumably present although not isolated.

[ Hydrazine hydrochloride was produced when tae hydrolysis

product from benzaldenyde noryephedrinoformylaydrazone

decomposed. ( see pagelosa) ]
The acid residues were tnen subjected to steam—-distillation

to. remove traces of the organic solvents used in attempted
erystallization, and also acetopanenone liberated by tne acid.-
Tne steam-distillation was continued for eight nours, and tne
agueous residue from waica 211 tae oil had been separated was
reduced to small bulk in vacuo to avoid concentration of the
acid present. A pale brown mealy solid remained.

Tnis substance was soluble in boiling water, alconol, etner,
benzene, chloroform and dilute caustic soda solution, very
sparingly soluble in cold water and insoluble in petroleum
etaer. It was obtained pure as long colourless prisas
forning in rosettes when petroleum ether was added just in
excess to a benzene solution; tihe crystals melted saarply

at 123°, The constitution of tais product

waicn/



which was 4-methyl b=phenyl 2-o0xazolidone was not determined
when it was first prepared, but proved later by synthesis;
details of analyses and structure are accordingly given under
the reactions of'ﬁor dtyéphedrine with urea and potassium
cyanate,-

> ot ————— > 2 L D 28 O vt

THE ACTION OF NOR 4 YEPHEDRINE ON ACETONESEMICARBAZONE.

3 gm. nor d ¢ epnedrine and 2+3 gm. acetonesemicarbazone were
neated together under reflux in toluene at 110°=120° for
twelve nours. Ammonia was evolved strongly.-

The yellowish solution was evaporated under reduced pressure
until all tne solvent was removed.: A viscous yellow mass
remained which became very tnick on cooling, but did not
crystallize, The product was dissolved in benzene, but only
an oil was precipitated on tne addition of petroleum ether,
The o0il was mixed witn light petroleum and kept in an evacuated
degiccator for some time, but there was no separation of any
solid, A few drops of concentrated anydrocalorie acid was

poured over the oil, and , after standing for several days

2 white precipitate separatei.- Pais precipitate was filtered
with etner until
off, and waahedAfree from adinering oil on the filter. The

substance, when recrystallized from alcohol—etiaer was obtained

in/
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in the form of prismatic needles , M.Pt. 158°, It was

found to be a hydrocinloride, and it reduced Fehling's solution
rapidly indicating the presence of a hydrazine residue.

This same subsbtance was obtained later by the hydrolysis of

the derivative from benzaldenydesemicarbazone and nor dqzephedrine

and tae analyses are reported under that section.

THE ACTION OF NOR 4 Y EPHEDRINE ON BENZALDEHYDESEMICARBAZONE,

This reaction proceeded very mucin more slowly than tae two
previous ones with acetopnenonesemicarbazone and acetone~-
semicarbazone, but was thae only one to yield a s0lid substit~
uted semicarbazone,-

The first reaction was carried out as follows:
5 gmn., of the amine and 5*5 gm., benzaldehydesemicarbazone were
neated in toluene at 120°=130° for 48 hours. Ammonia was
produced slowly. The toluene was distilled off under reduced
pressure to leave a thick o0il; wmore toluene was added, and on
removing this by a furtaer distillation in vacuo, the oil began
%o crystallige.- The solid mass in the flask was dissolved in
benzene, and a crop of white erystals, M.Pt. 118° gseparated on
cooling.” The orystals, long prisms, were soluble in alconol
also, but insoluble in water and petroleum etaer.

A small/
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A small quantity was warmed with dilute sulphuric acid, and
benzaldehyde vapour was detectedy- the presence of a hydrazine
residue in the hydrolysed solution was shown by the reduction
of Fehling's solution. The results obtained on analysis
were:-= C, 69+00; H, 847; N, 14-14%. C1nH1902N3 requires
: C, 6878; H, 8+40; N, 1l4-14%. The substance is therefore
benzaldehyde nor d ¢ ephedrinoformylaydrazone ,
CeHsCH:N*NH+CO+NH-CH(CH3) «CH(CsH5)0d

The optical activity was determined in an alcoholic solution
of concentration 1+9926 gm./100 ccs. solution, using a 10 cms.
polarimeter tube and light of wave length A5481, the mercury

19 0
green line.- [a] A5481 = + 2905,

The preparation was repeated, 2 gm. of the amine and 10 gm.-
of the semicarbazone being heated in toluene at 110°=120°
:for sixty hours. The liquid wnich was pale yellow in colour
and contained no. undissolved solid, was cooled and filtered
througn some decolorising carbon into a flask which had been
rinsed in water, and the walls of which were still wet.
Precipitation of the desired product took place very rapidly
and tne first crop of crystals represented about 88-70% of the
theoretical yield.: The mother-liquors were concentrated, then
dissolved in benzene, Petroleum etiher was added until the

solution/
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solution became turbid; it was set aside and a further crop
of crystals, bringing the yield up to 80% was obtained,

A third preparation in which the heating lasted 75 nours gave
a yield of 83% in the firsﬁ quantity. of substance separated.

These crystals were also,practically'pure.‘

HYDROLYSIS OF BENZALDEHYDE NOR 4 WEPHEDRINOFORMYLHYDRAZONE.

10 gm. of the benzaldehyde derivative were boiled with 150ces.
water containing 4 ccs. concentrated hydrochloric acid.

The hydrolysis was not carried wvat under reflux but by rapid
boiling in a wideemouthed flask so that benzaldeayde could
escape readily; tne volume of 1ligquid was not allowed to fall
below 150 ccs. . After two hours? boiliug, the liquid
was decanted from some oil remaining at the bottom.-

This oil solidified, and on purification, was identified as
unnydrolysed matgrial.‘ The aqueous solution became turbid
on cooling due to the formation of the benzaldehyde derivative.-
After removal by filtration of the small quantity re—formed,
the liquid was evaporated in vacuo leaving a glassy deposit.
This deposit was washed with etner to remove any unchanged
starting material » and then extracted with absolute alcohol.-
Some solid wnich did not dissolve in the alconol,was identified

as hydrazine hydrochloride by the formation of benzalazine,
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when it was shaken witn benza}dehyde in aqueous alcohol.
The absolute alconolic extract was evaporated in a vacuum
desiccator, and then mixed with etaner. A sticky white mass
was formed whicn did not dry when pressed on porous plate.
Some of this substance, after standing overnigat with '
benzaldenydejin an agueous alcoholic solution , deposited

crystals of benzaldehyde nor dq)ephedrinoformylhydrazone;

Anotner quantity of the benzaldehyde derivative was
aydrolysed by rapid boiling with 1% hydrochloric acid, and
an attempt was made to remove the benzaldenyde from tane hot
solution by rapid extraction witin: toluene. Toluene was
chosen, since any cooling of ftne liquid to perait of etner
or chloroform being used, caused tne benzaldeayde to combine
again witn the base. The toluene extraction, anowever,
did not prove successful as bthe original derivative formed
again as a firm shell where the toluene came in contact witn:
the wet wall of the extraction vessel and at the common
surface of the two layers.- Extraction with a nign
boiling fraction of petroleum ether ( 80°—909). was also

unsuccessful, recombination being again too rapid.-

A furtner hydrolysis was carried out with 1% aydrochloric acid,

and/ ‘ . .
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and the solution was boiled vigorously ( volume being main=
tained ) until the smell of benzaldehyde could no longer be
detected.: The solution was then evaporated to dryness in vacuo
and the residue dissolved in alcohol. The substance obtained
on evaporabion of the alconol was a creamy—wnite sticky solid
which yieldgd the starting material when treated witn bengz-
aldenyde, but which could not be induced to erystallize,
Water was added to it, and at first solution took place , tnen
followed separation of white crystals M.Pt. 119°, These were
recrystallized from boiling water and separated in brancniag
tufts of needle-like prisms, M.Pt. 123°, This substance was
found to be identical witn that previously obtained froam tae
stean—distillation of thae nor 4 ¢ ephedrine and acetopnenone—
semlcarbazone reaction residues, and was later identified as
4~metnyl BS-phenyl 2=oxazolidone.

The aqueous solution from which the impure fraction of tae
oxazol derivative, M.Pt. 119°, nad separated, was evaporated to
dryness again in a desiccator over concentrated sulphuric acid,-
The residue was again dissolved in alconol to remove a small
guantity of hydrazine aydrocnloride, ( it being insoluble in
alecohol ) and this solution on evaporation yielded a deposit of
wnite crystals, M.Pt,  153°,° When recrystallized from alcohol—
etner, tals substance was obtained in the form of colourless

prisns/
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prisms, M.Pt. 158°, identical with those isolated from tne
acidified residues of the acetonesemicarbazone and nor 44

. . (p115a) . :
ephedrine experiment,” This product was the required nory
ephedrineformylaydrazide hydrochloride , analysis of waich is

reported later.

In the last nydrolysis, some of the available anydrocanloride
had been converted into the metayl phenyl oxazolidoae which
had hindered the separation of a2 crystalline nydrocnloride
besides decreasing tae yield. Anotaer aydrolysisz was taere-—
fore carried out with weaker acid, and in the followiag manner,

12 gm. of the benzaldeayde nor d(pepnedriaoformylnydrazone
was placed in a two=litre flask wita 250 ces, weter containing
5 ees. of 33% aydrocaloric acid, Tae liguid was aeated o
boiling, tnea a rapid curreant of steam was passed tarouga for
ten nours, ( volume beiag maintained ), At tae end of tais
period no smell of benzaldeayde remained and no turpidity
appeared on cooling tne solution. Tae latter was evaporated
under reduced pressure, leaving a ¢olourless viscous mnass,
Tais residue disgsolved coupletely in 120 ece. cold aleoaol,
and tge rssulting solution was evaporated to dryaess in 2
desiccator. Congideraole frotaing took place leaving 2
gligntly yellowisa gard viscous mess waica, wgean grouad,

appezred/



appeared as cream coloured crystals, these, however became
sticky¥ again on exposure to the air. Mixing the crystals
with petroleum ether ( B.Pt. 80°=20° ) , and subsequently
removing this in an evacuated desiccator, considerably
improved the dryness of the product. It was taen purified
by crystallization from cold absolute alecoholic solution by
the addition of etaer in excess., The crystals obtained,
M.Pt. 158°, were soluble in mkxer water and alconol, and
insoluble in ether and petroleum etaner, Combination witn
benzaldehyde in agueous alcoholic solution gave a slight
precipitete of benzaldeayde nor 4 ¢ epnedrinoformylaydrazone
indicating tnat this was a nydrochloride of tae correspoadiag

base, nor ¢ epaedrinoformylnydrazide,

HYDROLYSIS OF NORYEPHEDRINOFORMYLHYDRAZIDE HYDROCHLORIDE.

2 gm, of the salt was boiled for 5 nours wita concentrated
nydroenloriec acid.- On cooling the solution crystals separated.
Tae solution was decanted, and tahe erystals wasned wita zalconol
and identified as hydrazine dinydrocaloride , by comparison wita
an autaentic sample, and by formation of benzalazine,

Tae liquid and wasnings were evaporated to drymess, tnen extracted
wita cold absolute alcoacl so tnat tae remainder of tane aydraszine

nydrocaloride/



nydrochloride was removed.- A trace of ammonium chloride
separated on concentration of this alcoholic solution, The
filtrate was further evaporated to remove the aleconol, and tae
residue shaken with benzenesulphonyl chloride aend csustic soda
solution. On acidification, 8 white precipitate reparasted
which, on examination, proved to be ideatical wita a2 previously

prepared sample of d-=N benzenesulpinonyl nory epnedriae.

4 quantitative aydrolysis of nor ¢ epaedrinoforaylaydrazide
hydrochloride was carried out as follows:=
A weigned quantity of tne salt ( 0-1587 gm.) was coapletely
hydrolysed by boeiling for taree nours witan 25ces. concentrated
aydrocaloric acid.- At tae end of tais period the conteats of
toe flask were partially evaporated , and added to 2 volume of

(. P43p )

Fepling's solution,: The nitrogen evolved was collected ian a
nitrometer, being swept out froam tae reaction flask vy a current
of CO2; it was measured over 50% caustic potash solutioga, and
it was estimated tnat 2/3 of toe total nitrogen in tae substahece
wags liberated by tais means, indicating tnat tae molecular
proportions in tae compound of anydrazine residue to amige
regsidue were as 1 : 1 ., Paie proves tne aydroenloride to
be a salt of the normual base, viz, norgvepaedrinoformylhydrazide
CetsCr(0d) ~CH(CHg) *NH-CO NH~NH2 . Pne resulis of

the/
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the ultimabe analysis were 1= C, 454, 45+4; H, B8+5, B-4;
Cl, 17-9, 18+5; N, 159, 16-2%.

A formula, 3[CgHsCH(OH)+CH(CH3) *NH-CO-NH*NHz],4HC1,H20 ,
requires:=~ C, 45+5; H, 8+4; Cl, 18-0; N, 15+9%.

The optical rotation'waé determined using a four decimetbtre
polarimeter tube filled with an alcoholic solution of tae
salt of concentration 2842 gm,/100ccs., and ligat of wave

17° o
lengtn A5481 ( Mercury green.). ,[a]AZ431 = +37-8.

DEHYDRATION OF NOR 4 YEPHEDRINOFORMYLHYDRAZIDE HYDROCHLORIDE.

-

0<4 gm, of the aydrochloride was weigned accurately into a
weignhing bottle supported inside a strong glass bottle with
a tight—fitting rubber stopper tarough which a glass tube
carrying a stop-cock passed. The latter was connected to
an 0il pump and a reduced pressure of 5~8 mms. maintained
while the apparatus was neated to 100° on a water-bata.
After three hours the substance was found to aave lost only
2 mgs. weignt.

The attempted denydration was repeated wita a piece of
potassium hydroxide in the outer bobtle to act as a deaydrating
agent, and tae temperature was raised to 140° by heating tae
outer vessel in a glycerol bathn. The contents of the

weigning /



weignhing bottle melted and frotned losiag hydrochloric acid
and water which were heid by thne pobtassium nydroxide.

After the decomposition had procecded for sbout ten minutes,
the apparabtus was disconnecied, and the conbents examined,
HCl was found to bave been absorbed by the KOH waicn elso
appeared moist.: The wviscous residue in tae small bottle
was digested wiin water, and a walle crystalliae subsiance
separated which, on exanination, was ideatified as 4-mebtayl
% 5=phenyl 2-0xazolidone since it was identigal witn previous
samples., - The portion winien dissolved in the water was
snown to contain some undecoauposed szlt or base siance tine
action of benzaldenyde produced benzaldenyde nor dy epnedriano—
foruylaydrazone.

A second decoaposition was carried out without tae potassiuam
nydroxide in tae oubter bottle. Tae substance was kept at
140° and 7amms. until tae bubbling of the melt had sbated.
Aftver tapee hgurs a erysialline deposit was observed on tae
upper wall of taoe larger botile, sand tne oil in tane weigniag
bottle started to solidify.: Tae apparatus was discopaected
and allowed {0 ¢ool. Tne ¢rystalline sublimate was a
mixture of tne metnyl phenyl oxazolidone and hydraziae

aydrocaloride, Tae former remained undissolved on additbtion
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of cold water, and was dried and recogniséd by melting point
determinations. The latter in solution gave benzalazine ,

M.Pt. 93°, when mixed witn a drop of benzaldeayde dissolved

in alcobol, The residue in the bottle was extracted
with benzene to remeve 4-metayl S—paenyl 2-~o0xazolidone waich
was recovered from the benzene solution by precipifation wita
petroleun ether; tais left an impure aydrocaloride wiica was
wasned wiitn absolute alcoaol %to remove any tfaces of undecoa-
posed nor d ¥ epaedrinoformylaydrazide aydrocaloride. Only a
very small quantity nad not undergone decomppsition.

The remaining nydroenloride melted at 89°, was spariagly soluble
in alconol, reduced Fenliang's solution rapidly even in the cold,
and waen saaken wita benzaldeayde in aqueous alconol formed a
yellow precipitate of beazalazine, It was therefore recognised
as nydrazine mononydrocaloride, |
3[CesCil{OH) +CH(CHg) NH-CO-NH~NHg], 4HC1, H20 =

%Iaz’NHz’HC]-) + NHo+*NHg,RHC1 + 3CgHg-CH - gﬂ»iéCH.a)
Q‘QO’NH
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TREATMENT. OF THE HYDROCHLORIDE ( M.Pb.- 156°) WITH PICRIC ACID.

A solution: of picric acid in warm alcobhol was prepared,  and a
quantity of nor d yephedrinoformylhydrazide hydrochloride
added to it.- By this means it was hoped to form a picrate of
the base of simpler composition than the hydrochloride, which
could be readily analysed.: Bright yellow needles separated
when the solution was allowed to cool,” These were filtered
from the yellow solution, wasned with ether, and found to melt
at 184°,- The crystals were identified as hydrazine picrate by

mixed melting point determinatipps with a prepared sample.-

TREATMENT OF THE HYDROCHLQRIDE WITH CHLOROPLATINIC ACID.-

After the failure to obtain a picrate, formation of a chloro-—
platinate was attempted.- Some of the hydrochloride was
added to a 5% solution of chloroplatinic acid, but, after
standing overnight, a few crystals of thérmethyl phenyl
oxazolidone had separated.  In both this and the previous
experiment, decomposition of the nor d(pephedrinoformyl-
hydrazide hydrochloride took place in accordance with the

equation given on the previous page.’
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EXPERIMENTS TO DETERMINE THE CONSTITUTION OF SUBSTANCE,M.Pt.- 123°,:

( 4~methyl 5-phenyl 2~oxazolidone )

When this derivative was first isolated from the steam-~distilled
residues of the acetophenonesemicarbazones and nor dy ephedrine
experiment, a qualitative hydrolysis was carried out to discover
if the acetophenone residue and the hydrazine residue remained
in" the molecule. Both were shown to be absent. Later
experiments in which the derivative was obtained indicated

that hydrazine was split off from the semicarbazide molecule

in the formation of this substance.. ( See dehydration of
hydrochloride,M.Pt. 158°.  Pagel25),

The comparatively low percentage of nitrogen (8% approx.)
also indicated that only the nitrogen of the nor Wephedrine
residue was retained in the new substance.:

On nydrolysing lgm. of the substance in a sealed tube with
4cces. cone, hydrochloric acid for five hours at 135°, and
examining the residue, the only substance identified was
nor ¢ ephedrine. This amine was readily recognised by the
formation of its benzenesulbhqnyl derivative which is described
on page 137.° ( 4 trace of ammonium chloride also found was

probably due to a decomposition'of‘the nor ¢/ ephedrine molecule.)
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The analysis was then carried out.: Macro—nitrogenw
estimations by the Dumas method tended to.give high results
even'when'complete combustion of any methane formed was
facilitated by using Cu0 + 5%Co0 as a tube filling, and in
one case using PbCr04 on Cul0 and removing the oxygen from the
gas in the nitrometer by the addition of a 10% solution of
pyrogallic acid.: ( Found; N, 8-15, 8-02,and 8-14%.)
Micro—anazlysis by the Dumas—Pregl method, however gave#esults
of 7+95% and 7+92%, and the author was also able to carry out
Miero~Kjeldahl estimations on the substance, when the foliowing
values were obtained;. N, 7+86, 7°-78%,"

The results of the carbon and hydrogen estimations were;-—
C, 68+1, 877, 68+0, 88+1; H, 8+3, 63, 8+2, 60%.
The estimation of carbon by the wet combustion method using
conc, sulphuric acid, and potassium and silver dichromates,:
( Lieb—-Krainik method) gave unsatisfactory results.-
The empirical formula requires: C, 87-78, H, 8+21, N, 7-90%.
The molecular weight determination was made according to the
Rast method, the author's results and that of an other

investigator being,-Qol,'ng,:204;= C10H1102N requires M.Wt.,177.-
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THE ACTION OF NOR d(#EPHEDRINE SULPHATE ON UREA,-

It was thought earlier that this derivative might possibly be
a disubstituted urea, and two general methods for tbé prew
peration of such carbamides were tried,-

The first was that of Davis and Blanchard (J.Am.C.S. 1923,
45, 1818.) .- 5 gm.- of nor d Yephedrine sulphate
and 0+8 gm., of urea were heated together under reflux for
three hours at 170°-180°,° There was evolution of smmonis,:
but besides this and a little charring, there was no obvious
reaction.  ( In a later experiment sozne condensed liquid was
noticed on the sides of tihe flask, and a2 small sublimate of
}he product was found in tae tube of the condenser.)

Tne mixture was a2llowed to cool, and tnen heated on a water—
batn with sufficient water to dissolve 2ll the crystals.:
With the exception of 2 small quantity of yellowish oil, the
contents of the flask dissclved completely in the hot water,
but the solution became turbid at once when cooled, and the

crystals grew rapidly as thne liqguid cleared. The crystals
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obtained melted at 123°, whicio melting point remained constant

wnen they were recrystallized from benzene~petroleun etaner.
Tnis product was again 4-metnyl S~pnenyl 2-oxazolidone.-
4 disubstituted ures would, nowever, nave the following

conposition/
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composition : [CgHs*CH(OH) -CH(CHS) *NH] 2CO corresponding

to : C, 69+5;. H, 7+3; N, 8:5%; M.Wt.; 328,

The second general method of synthesis attempted ﬁas that
described by Dixon ( J. 1889, 55, 822;) 1893,-63, 328.)l

Two solutions of nor dcpephedrine were prepared, one in dry
ether and the other in alcohol.- Carbon'aisulphide in slight
excess over the theoretical was added to each,- 1Ih both cases
heat was evolved and the solutions became yellow.: Alcohol
was added to the ethereal solution and the ether and excess
carbon disulphide distilled off.- Tne two alcoholic solutions
were boiled separately under reflux for several nours, until
the presence of HsS in the condenser was no longer detected.-
Each solution was treated with alconolic silver nitrate, and
the precipitated silver sulphide removed.- The filtrates

were concentrated in an evacuated desiceator, but no solid

product was obtained from either,-

PURTHER EXPERIMENTS TO DETERMINE THE SRRUCTURE.-

The formation of an oxalyl derivative of the nor d¢ ephedrine

was then tried as the possible structure of such a compound
CeHsCH(OH) «CH(CH3) *NH+CO
CegHsCH(OH) ~CH(CH3): *NH <CO

formula , CgoH1202N, a difference of one hydrogen atom from

would be : reguiring an empirical




that found,- Oxalic acid and nor d ¢ ephedrine were heated
together for two hours at 110°, but the product obtained
melted at 285° and was found to be the oxalate.:

The fact that no hydrazine was found in the agueous filtrate
from which crystals of the derivative had been separated in
the reaction between urea and nor d ¢ ephedrine, also tends to
disprove the possibility of the substance being an oxalyl
derivative, since , if it were, its formation might be

'expressed by the equations given below.-

2[CeHsCH(OH) *CH(CH3) *NH2],H2804 + 2NHg+CO+NHp =

203H50H(OH)-CH(CH3)°NH°CO-NH9' + (NH4) 2804
CeHsCH(0OH) - CH(CHg) NH -+ CO‘VHz _ CeHsCH(OH) -CH(CHg) *NH+CO
CeHgCH(OH) - CH(CHs) NH- co NHgz CgHgCH(OH) ~CH(CHSg) *NH<CO

NHg*NHg -

The empirical formula required by a formyl derivative of the
amine would be, Ci1oH1303N, a difference of two hydrogen atoms.-
The amine was heated with an aqueous solution of formic acid,
and the solution was evaporated to dryness. The formate, a
cream coloured solid melting at 264°=287°, was obtained.

The nor d ¢ ephedrine sulphate was also heated with sodium
formate according to a method for preparing formyl derivatives,
( Ber., 36, 2287.) but the substance did not sublime, and

decomposition appeared to be taking place.
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The derivative, M.Pt.  123°, was hydrolysed agaih, but with
25% sulphuric acid.- The distillate was tested thoroughly
for any trace of formic acid gprxesskigxsek%, but with no

positive results.EBEXBIXKEE.

Hydrolysis with alkali was then attempted as follows:=
1 gm. of the substance was boiled for 1} hours with a 50%
solution of caustic soda in a nickel crucible with a lid.-
Dense alkaline vapours similar to those of a solid undergoing
sublimation were evolved from the crucible, and when these
nad ceased the liquid was cooled and diluted with much water,-
A clear solution was obtained, and this was just acidified to
destroy carbonate.,” Some cazlcium chloride was added and the
solution made alkaline with ammonia, then heated on the
water—bath." A white precipitatewseparated which was filtered
off and examined, Hydrochloric acid destroyed the substance
with evolution of COg; - and since further addition of ammonia
to a solution which had been prepared by dissolving the
precipitate in a large excess of 2N hydrochloric acid, gave

no turbidity,  oxalate was shown to be absent.-
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THE ACTION OF PHOSPHORIC ACID ON THE SUBSTANCE, M.Pt, 1238°,:

Estimati0piof'carbon'available a8 COs.-

A weighed quantity of the substance under investigation was
placed in a small tube supported inside a flask containing
syrupy phosphoric acid, the apparatus being so arranged that
the two substances could be brought into contact without
opening the flask.- Air freed from COz by passing it
over soda~lime, and dried over calcium chloride, was finally
bubbled through concenbrated supphuric acid, then driven into
the flask througn a tube reaching almost to the surface of
the phosphoric acid.: Two U tubes containing pumice
stone moistened with conc. H2SO4 were used to dry the gas
issuing from the flask before it was passed into an absorption
apparatus filled wita 50% KOH.  The apparatus was swept out
by a current of air, the weighed absorption apparatus was
connected, and the substance brought into contact witn the
phosphoric acid,  The acid was warmed gently until all the COs
had been liberated and collectéd in the potash bulbs.-

It was found that one tenth of the total carbon present in

the compound had been liberated as COz by the action of tne

pbosphoric acid'~ C as COz, 6‘7%, total caroon 5 67"8%0

e onan




THE ACTION OF POTASSIUM CYANATE ON NOR 44 EPHEDRINE SULPHATE,-

From the foregoing experiments, it was deduced thst the
substance, M.Pt. 123°, must be an oxazol derivative, viz,
2=0x0 4-methyl S-~phenyl oxazoltetrahydride, or 4~ methyl
S5~phenyl 2-o0xazolidone. This structure was now confirmed

by the following synthesis analogous»to thet of 2=o0xezolidone
by KNOrr and Réseler ( Ber. 1903, 88, 1280).-

8 gm. of nor d¢ ephedrine sulphate and 2°3 gm. of potassium
cyznate were dissclved togetner in water, and the solution was
neated for several hours on the water-—bath,- The water
evaporated slowly, at a certein concentration some crystals
of potassium sulphate separated, but, when tne evaporation
proceeded further, a viscous and slightly greenisn oil
renained,’ The flask was then heated bn & phosphoric aeid
bath at 120°=120° until a aard glassy deposeit remained on
cooling,” Ammonia had been evolved sligntly during the heate
ing on the water-bath, and more strongly during the evaporation
at 130°. The mass was warmed with benzene and the
extrzct examined. (Extract 1). The solvent wes removed in
an evacuated desiccator, and the oily residue dissolved in
etner. Light petroleum was added and the liquid again
evaporated. A sticky deposit containing some crystals was

obtained/



obtained, but the latter decomposed forming a resinous and
discoloured substance when pressed on'borous plate.-

Absolute alcohol was used to carry out the second extracte
ion of the reaction residue which was still glassy in appear~
ance,’ The alcohol dissolved the oily product causing
separation of a white crystalline deposit of potassium
sulphate.- The filtered solution was then evaporated in a
desiccator.: (Bxtract 11). No crystallization took
place in' the o0il whiech remained, so the latter was redissolved
in alcohol, mixed with the residue from Extragt 1 also
dissolved in alcohol, and the whole transferred to a small
distilling flask.- The alcohol was distilled off, then
the temperature of the heating~bath gradually raised to 200°,:

The evolution of ammonie commenced slowly during the removal
of the alcohol, but became very brisk between 200° and 210°,
wnile the brown oil in the flask frothed vigorously.-

When the decomposition appeared complete, the liquid was
cooled to 100°, and the receiver connected to the pump.-

At 250° some of the oil distilled but solidified in the side=
tube of the flask.' The remaining oll was then allowed to
cool , when it solidified rapidly giving a light-—brown mass.:
This crystallipe residue was extracted with boiling water,

all of the so0lid dissolving and leaving only a small quantity

of/
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of brown oil.- The solution was filtered, it became milky
immediately,fana on' further cooling deposited long white
prismatic crystals, M.Pt. 123°,- These were identical

with the product from the decomposition of nor d¢ ephedrino-
formylhydrazide hydrochloride, and with that from the action

of urea on nor d¢ ephedrine sulphate.:

CeHp#CH+OH | Calis+CHs0H
. + CONH = .
CHs*CH*NHz CHgz*CH*NH* CO-NHz
\ Ceils*CH*0."
= Nis oTe L,
CHz*CH-NH
iie.  4-methyl 5—phenyl 2-oxazolidone.

OPTICAL ROTATION OF 4-METHYL 5-PHENYL 2~0XAZOLIDONE.-

A four decimetre polarimeter tube was used and filled with
an- alcoholic solution of concentration, 4+97684 gm./100ces."

The substance was levorotatory.-

4 o ° 1
[@]Xg462 = =180 , [&]rgaez = -18+5 .{c= 3+932gm./100cc)
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PREPARATION OF d-—¥ BENZENESULPHONYL NORY EPHEDRINE."

Some nor d yephedrine sulphate was dissolved in a small
quantity of water, and benzenesulphonyl chloride and caustic
soda solutibn'added,' The mixture was shaken at intervals
for two hours;- no smell of unchanged benzenesulphonyl
chloride remained, and the flask contained a bulky white
precipitate.- Water was added, and this sodium salt of the
required derivative diséolved.' The solution was acidified
with hydrochloric acid and left'£o crystallize overnight.-
A large yield of white crystals, M.Pt.  103°, separated in
tufts from the acid solution.- Crystallization from benzene~
petroleun ether, or alcohol-water gave the pure product as
long prisms melting at 104°.- ( Found : N, 4°-78%;-
CeHg+CH(OH) *CH(CH3) *NH*SO02°CgHs i.e.' Ci1sH1n0sNS requires:
N,  4=81%.-

The substance was dextrorotatory. An alcoholic solution
of concentration 4+4788 gm./100 ccs.' was used for the:

. 17’ e
determination," [0l xsa61 = +8+9 .




ATTEMPTS TO COMBINE NOR d ¢ EPHEDRINOFORMYLHYDRAZIDE

HYDROCHLORIDE WITH 1) BENZOIN

2)  p-WBIHOXYHYDRATROPALDEHYDE. . .
| ppend.’ p.164

It was hoped that the optically active S~substituted semicarbe—
azide hydrochloride synthesised from nor 4 yephedrine mighnt
combine with racemic aldenydes and kétones such as tne two
substances given above, and that, by this means, a resolution
might be effected. Tnis {§=substituted semicarbazide nydro-
chloride, however, when once purified, seemed to combine very
slowly even wiitn benzaldehyde in aqueous alcohol, and in one
or Lwo cases the solution had t§ be seeded to promote separ—
ation of the semicarbazone in spite of tne insolubility of tiae
latter in water. This behaviour was ratner exceptional,
since the formation of benzaldeayde—f—substituted semicarbaz—
ones generally proceeds very readily.-

In view of this,the necessity for speedy reﬁoval of bengz-
aldehyde when this hydrochloride was being prepared by the
hydrolysis of benzaldenyde nor d ¢ ephedrinoformylnydrazone
is remarkable, It may be that an intra—molecular cnange
takes place gradually, possibly to an eqguilibrium between a

formula . CgHp*CH-0H . and CeHs*CH-0H
cas-éﬁaxa-g(g; CHa+CH*NH-CONH-Ndz .
HO
Wnen/
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Wnen first produced by hydrolysis of the benzaldehyde—d~subst-—

ituted semicarbazone, the substance would presumably anave the
structure of a d=~substituted semicarbazide aydrocnloride, sand
would recombine rapidly with the aldehyde;. if, however, an
intra-molecular change occurred on keeping to produce equile
ibrium, as shown below, then only a portion would react witn

an aldenyde or ketone, since sﬁrucbure {2) possesses no =NHg

group.’
Celg*CH+0H - 5 CeHgeCH-0H
CHg+CH-NHCO-NH-NHz = CHa*CHNH-C -
OH
(1) semicarbazide structure.: (2).-

A compound having the second structure would probably
decompose very readily with elimination of hydrazine to
give the oxazol ring.-

Cels*CH+0OH. - CeHs'?H *Q4-

- - * . .CO + Nﬁz'NHB
CH3‘CH'HH‘C\\§E : CHz+CH-NH
OH
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EXPERIMENTAL,
NOR d (Y EPHEDRINOFORMYLHYDRAZIDE HYDROCHLORIDE AND BENZOIN.
[ Method of Wilson and Hopper, J.,1928, 2483.]
A quantity (2gm.) of the hydrochloride was dissolved in 4cecs.
water and added to a solution of the equivalent quantity of
racemic benzoin dissolved in 18ccs, of pyridine. The mixture
was shaken and allowed to stand for seven days, then it was
poured into a large beaker of water, and a sticky dark yellow
oil separated.- The opalescent liquor was decanted after
three hours, and boiling water poured:on tne residue. After
cooling, this water was also poured off, and the contenbts of
the beaker were dried and the last traces of pyridiggfggd
evaporation in vacuo in a desiccator over concentrated HsS504."
The residue was dissolved in dry <720 ebther and the solution
filtered,.: On removal of the etner, the residue was sticky,
and did not solidify when it was evaporated in a desiccator
after mixing with petroleum ether. It was then dissolved in
alconol, and water was added slowly to tne solution, but, again,

an’ olil separated.

i s e e i S e Vi

Combination was now attempted in aqueous alcoholic solution.:
The hydrocnloride was dissolved in alconol and mixed with the
eqguivalent quantity of benzoin.- A solution of potassium

acetate/



acetate was then added, and the precipitated potassium
chloride filtered off. A large quantity of water just
insufficient tp cause burbidity was then poured into tne
solution, but no precipitation occurred on standing.-

The liquid was evaporated in'a\desiccator under reduced
pressure, leaving a yellowish oil.- This was mixed with
ether, and the slight excess of potassium acetate separated;
the filtrate was evaporated, but no solid was obtained from

the oily residue,-

2). p=~METHOXYHYDRATROPALDE{YDE.

A quantity of tne hydrocnloride (3+0Ogm.) and the equivalent

of potassium acebate (1~5§m.) were mixed in alcoholic solution,
énd the precipitate of potassium chloride removed.- 22 gm,
of the aldenyde was added, and after standing some time the
golution was diluted with water.: As in the previous

experiment with benzoin, only oils resulted.-




- TETRAHYDROQULN AL'DINE..'
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THE ACTION OF TETRAAYDROQUINALDINE ON ACETOPIENONBSEMICARBAZONE,

[ R Y

Tetrahydroquinaldine and acetopnenonesemicarbazone reacted only
to a very small extent in toluene. Some ammoniacal vapour was
evolved during bthae heabting, but at no time was this strong.

A trace of a derivative was obtained, but evidently in a rather
impure stabte as several crystallizations were required, and
even then no sharp melting-point resulted.. An' acetophenone
residue was shown to be present by the formation of the ketone
on aydrolysis. Had the reaction proceeded normally,

a substance having the following structure would nhave been

expecteds: ,CH—CH
_c—-C o v
H2C ON-CO*NH*N:C(CHg)CsHs &
CHo—CH :
CHs

i.e.” C19Ho410Ng .
Tbe'product was analysed, but the values obtained did not
correspond to this formula. The product was apparently abnormal,
and, the yield being so poor, the investigation was abandoned.
Two reacgiohs were atbtempted with acetonesemicarbazone, one
without solvent, the other in toluene; only decoamposition

products of the semicarbazone were found.



EXPERIMENTAL.

Bquimolecular quantities of acetopnenonesemicarbazone and
tetranydroquinaldine were héated in toluene at 120°-120° for
fifty hours. Ammonia was evolved in very small quantity, and
wnen bthe reaction mixture was allowed to cool, a large pro=
portion of the semicarbazone was recovered unchanged.

The residue obtained after evaporation of the filtrate was
mixed with ether and lignlt petroleum and placed in a desiccator.:
After standing for about two months, a sticky semi=crystalline
mass resulted which consisted largely of acetophenoneazine.
Repeated extraction with petroleuam ether remoééd the azine
leaving a cream—coloured solid wnicnh was finally washed with
ether, The substance crystallized from benzene as a precip=
itate of fine needles almost flocculent in appearance, M.Pt.:
195°-200°. After two crystallizations from 96% alcoaol, the
product melted at 208°=208°, but the yield was extremely small,
Hydrolysis showed the presence of an acetophenone residue, the
reduction of Fehling's solution by the nydrolysed residue was,
however, very slow.  (Found:= C,69+32, 4,627, N,14+08%; but

C10H210Ns (normal deriv.) required:= C,74+27, d,6+84, N,13-88%.)

o

A similar experiment was carried out using acetonesemicarb-—
azone. The solution on cooling deposited hydrazodicarbonamide,

but/




but this was the only solid isolated,

In anobther attempt to combine acetonesemicarbazone with
tetrahydroquinaldine, tne subétances were neated without
solvent at 150°,  No reaction appeared to take place, so the
temperature was raised to 180°+185° and maintained at taat
for two hours, There was a slignt evolution of ammonia, the
semicarbazone dissolved, and gradual separation of a cryste
all%%@f%%%&%red,f Tais solid was removed, washed wita ether,
and recrystallized from not water; it melted witn strong
decomposition at 253°, and was identified as nydrazodicarbon~
amide. The amine was recovered from the filtrate and ethereal
washings; in this experimenﬁ it had apparently acted only as

solvent during a thermal decomposition of the acetonesemi-

carvazone,’

s it ol s A28 i .38 08 ok




'DIPROPYLAMINE,.
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THE ACTION OF DIPROPYLAMINE ON ACETONESEMICARBAZONE,

Dipropylamine was the next amine chosen for investigation.
Being a strongly basic aliphatic amine, it was considered
probable that it would react readily wit@ semicarbazones in
accordance with the general equation.

Acetonesemicarbazone was the substance employed, and a
compound of tde structure (CHz*CHp*CHz)a2:N+CO-NH*N:C(CHg)2
was expected.-

iThe product from the reaction, after the removal of the
solvent,'was extremely oily, and‘only after it had been twice
mixed with petroleum etner, (B.Pt.80°~90°x and the solvent
evaporated in vacuo each time, were any crystals formed.
These separated as a flocculent deposit on the oil, and the
vield was consequently poor.: The pure crystals in the form
of fine needles from benzene melted at 208°.

Phe substance did not dissolve on boiling with dilube acid,
and this indicated that the structure was probably that of a
hydrazodicarbonamide derivative, {(cf. p.  81.) and not acetonew
dipropylaninoformylhydrazone, since tne latter would hydrolyse
readily witnh loss of acefone, When boiled with Fealing's.
solution the latter was reduced showing the presence of‘a
hydrazine linkage in the substance. Analysis confirmed thne

formula/
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formula of the aydrazodicarbonamide derivative,

(CH3+CH2+CHz) 2:N+CO-NH
(GHa o~ Cils) a:N-CO-NT s—-di(dipropylaminoformyl) hydrazide.
The following equations indicate the reactions by whieh this
substanée would be formed,
(CHa*CHg+CHg) a:NH + NH+CO-NH-N:C(CHs)2 = Nis

+ (CHz*CH2°CH3) 2:N+CO-NH-N:C(CHz) 2

(CHs-Cﬁg'CHQ)giN'CO-NH-N:C(CHs)a _ (CH3+CH2+CH3) 2:N+CO+NH
(CH3*CH2*CH2) 2:N+CO-NH-N:C(CH3) 2 (CHz*CH2+CH3g) 3:N-CONH

+ (CHg)2C:NeN:C(CHz)s .

These reacbtions are analogous to those obtained witn
dibenzylamine and acetonesemicarbasone, in wnich the normal
derivative was decomposed thermally to give acetoneketazine

and s—di(dibenzylamincformyl)hydrazide.
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BEXPERTMENTAL, -

THE ACTION OF DIPROPYLAMINE ON ACETONESEMICARBAZONE,
8 g¢gm. amine and 8+9 gm. semicarbazone were heated together in
xylene at 150° for 88 hours, ammonia being evolved during the
reaction. The xylene was distilled off under reduced pressure,
ether was added to the residue and precipitation occurred,
Thege crystals were identified as unchanged acetonesemicarbazone,-
The portion soluble in ether was kept in an evacuated desiccator
for three days, but it still remained sticky. Petroleum ether
(B.Pt.80°~90°) was added, and the oil again evaporated in vacuo.
This procedure was repeated until a trace of solid appeared.
More petroleum ether was then added, and some thread—like white
crystals separated in a flocculent mass on the surface of the
thick oily deposit. These were rinsed off from the lower layer
by several washings with petroleum ether. No further yield
could be obtained from tae oil. The product was recryst—
allized ffom bengene~-petroleum etner, and obtained as fine
white needles, M.Pt. 208°, soluble in alcohol, ether and benzene,
and insoluble in water and petroleum ether.

The substance did not dissol;e on boiling with dilute acid,
and therefore no acetone residue was present. It was then
boiled with Fenling's solution which it reduced indicating the
presence of a hydrazine linkage.  (Found: C,58-79, H,10-39,

N/



(Found := ¢,58+79, H,10+39, N, 1951%;

(Cﬂs'CHa‘Cﬂz)é:N%COﬁgﬁ

: i‘et 014H3003N4
(CH3*CH35@Hgz) 2:N+CO*NH

C,58+73, H,10+49, N,19+58%.,

requires ;e
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ETHYLBENZYLAMINE,
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THE ACTION OF BETHYLBENZYLAMINE ON ACETOPIENONESEMICARBAZONE,

Since this amine was a strong base containing botn the benszyl
residue with which the reaction under investigation seems to
proceed readily, and ah'aliphatic residue which also tends to
act normally, it was considered likely to produce J=substite
uted semicarbazones.-

The reaction with acefophenonesemicarbazone was investigated,
the reactants being heated in toluene. Ammonia was evolved,
and the semicafbazone dissolved readily. A good yield of ’
practically pure substance was isolated. When crystallized
it was obtained in the form of long needle=like prisms, M.Pt.
119+5°, soluble in alecohol, acetone, chioroform, and insoluble
in water, ether and petroleum ether, This substance was
proved by aydrolysis %o contain an acetopnenone residue and a
nydrazine linkage, the analysis corresponded‘to the formula,
CeHsCHz (CoHs) : N-CO-NH-N:C(CHa) Cofls thggeggigg%;g%enzyl—
aminoformylaydrazone, a normal derivative,

CeHsCHz(CaHg) :NH + NH5+CO°NH-N:C(CHs)CeHs = NHa
+  CeHsCHs(CaHg):N-CO-NH-N:C(CHs)Cels .-

'(Acetopbenoneethylbenzylaminoformylhydrazone.)




EXPERIMENTAL,

i o0 st bt o s o ot s

THE ACTION OF ETHYLBENZYLAMINE ON ACETOPHENONESEMICARBAZONE,-

Ethylbenzylamine was prepared according to the method described
by Zaunschira (Ann., 1888, 245,279.) except that the reduction' of
the benzylidene ethylamine was accomplisked by means of scdium
in alcohol. (Appendix p.162.)

7 gm., of the amine and 9 gm. acetophenonewemicarbazone were
heated in' toluene at 135°=140° for 8-9 hours. Ammonia was
evolved briskly, and solution was practically complete after
eight hours,- The solution was cooled and allowed to stand
overnight, when a quantity of white crystalline so0lid had separ-—
ated." A portion of this was removed and recrystallized.:
Addition of a few drops of water to an alcoholic solution gave
a precipitate, M.Pt.121°%; further addition of water produced a
second precipitate, M.Pt.190°, which wss identified as impure
acetophenoneseaicarbazone.- The reaction mixture was heated
for another five hours at 130°, then allowed to cool overnight.
1+5 gm. of unchanged semicarbazone separated in a practically
pure state. The filtrate deposited a further crop of crystals
which melted at 118°,- After removal of this second crop, the
solution was concentrated by distillation in vacuo;- petroleum

ether/
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ether was added in excess producing turbidity, and causing
gseparation of a sticky solid.- Ether was then added and the
0il dissolved leaving white crystals, M.Pt.119°.' On' tae’
addition of more ether and lignt petroleum a second fraction
also melting at 119° was precipitated,- The total yield was
dissolved ia warm alconol and allowed to crystallize, M.Pt.
119°=119-5°. A portion of this was recrystallized from
acebtone—~ether, M.Pt.119+5°, and a second portion from chloro-—
form—petroleum ether, M,Pt.1195°, The crystals were in
the form of long prisms generaliy arranged in rosettes,and
melting without decomposition at 119+5°,- The yield of pure
product was approximately 80% of the theoretical calculated
from the semicarbazone ased.’

Acetophnenone was libsrated when the subsbtance was hydrolysed
witah dilute gulphuric acid, and the residue reduced Fehling's
solution rapidly, thus proving the presence of a hydrazine
residue. The estimated percentage of nitrogen was 14-37,

CeHsCHa(CoHg) tN*CONHN:C(CHs) Ces requires : N, 14+23%.

THE ACTION OF ETHYLBENZYLAMINE ON ACETONESEMICARBAZONE.

7 gm. amine and 8 gm. acetonesemicarbazone were heated in

toluene at 110°=120° for 18 hours. Ammonia was evolved fairly

strongly/
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strongly, but the evolution diminished after 17-~18 hours.

The solution was allowed to cool overnight, and 0+3 gm. of
unchanged acebonesemicaroazone crystallized out. No nydrazo=
dicarbonamide appeared to nave been formed during the reaction,
The toluene éolubion was evaporated to'small bulk under reduced
pressure, the residual oil being then dissolved in ether.

A trace of acetonesemicarbazone separated at tnis stage and was
removed.  No solid product was obtained from this oil even

after repeated evaporation.:




),
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_APPENDIX," :




PREPARATION OF SEMICARBAZONES.

st s e St

Acetophenonesemicarbazone and benzaldehydesemicarbazone

were prepared by the method of Baeyer, ( Ber.,1894,27,1918)."

To an aqueous solution of semicarbazide hydrochloride was
added an alcoholic solgtion of the equivalent quantity of
potassium acetate.,” Precipitated potassium chloride was
filtered off, and then an alcoholic solution of the required
‘gquantity of ketone or aldehyde was poured in with:stirring;
The precipitated semicarbazone was filtered and washed with
water.: It was purified by crystallization from alcohol

by addition of water.- 'A trace of yellow azine was
occasionally produced due to the presence of a nydrazine
selt in the semicarbagide hyerChloride, this was removed

by washing the product with ether.:

In the preparation of acetonesemicarbazone water alone
was used to dissolve the reagents, and the solution was

cooled in ice to cause separation of the semicarbazone.-

157
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PREPARATION OF CARBOHYDRAZIDE.

[ Resting, Ber., 1924, 57, 1324, ]

+.0CgH NHdg*NHa, H30 NHg*NH,-
-0Calls 3 ?, 30 soHs0H + a*NH,
OCsoHs NHg*Ndg, H30 NHz*NH

80 gm. diethyl carbonate and 52 gm. hydrazine hydrate ( 99% )
were heated under reflux on a water-bath for 48 hours.:

At the end of this period a considerable quantity of the
carbohydrazide had separated out of solution.: The alcohol
liberated in tne reaction was distilled off very slowly over

a period of several hours, then tne flask was heated in an oilwm
bath at 130°, and water and unchanged starting material
distilled over, The residuve was practically pure carbo—
hydrazide.- The pure product was obtained in the form of

white needles, M.Pt. 152°=153°, by crystallization from aqueous

alcohol.:
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PREPARATION  OF PIPERYL URETHANE.-

[ Schotten, Ber., 1882, 15, 425,-].
2CsH10NH + CLCOOCzHs = CsH1oN+CO*0C2Hs + CsHioNH,HCL .

Etahlychlorformate (1 mol.) was dropped into a quantity of
piperidine (2 mols.) in a long-necked flask., Heat was
evolved and piperidine hydrochloride and piperyl urethane
were formed.- The mixture was allowed to cool,  and
water was added to extract the‘hydrochloridey

The uretnene which is insoluble in water, formed as an oily
layer below the wéter and was separated, dried o#er potassium
carbonate and distilled.- It boiled without decomposition
at 211° giving a colourless gilp

The yield by this method was very good.
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PREPARATION OF PIPERIDINOFORMYL CHLORIDE,

st st o oo i ik 1 S et

[ Wallach and Lehmann,- Ann, 1887, 237, 249. ]

) CO0CgqHs CO+NCgH1o
CsH1ioNH + ) = . i + CgHs0H
CO0CzHs CO0CgHs

CO*NCgH1o CO+*NCgH1o0 CO+*NCsH10
CO0CgHs Sodium ethoxide CO+*ONa HCl CO-0H

CO*NCgzH1o0 CO*NCsH10
——— . = - CO
PCls GO+Cl Cl

c— LGS S8 5 T LD G i 48 N

Piperidine anﬁ ethyl oxalabte in equimolecular quantities were.
boiled togetner under reflux for ten hours; the alcohol was
distilled off on a water bath and the oil then fractionated.
The ester distilled as a slightly coloured oily liquid, B.Pt.:
288°~290° , the yield being almost thsoretical,

The ester was diluted in a large evaporating basin with half
its volumne of alconhol, and a cold concentrated solution of the
equivalent quantiby of sodium dissolved in alconol, added witn
constant stirring. The bthick liquid was neated on a water—
bath until all the alconol had evaporated, The sodium salt
whnich nad formed as a cake was ground on a pordus plate,

It was taen dissolved in approximately double its volume of
water, and mixed with concentrated hydrochloric acid rather in
excess of the theoretical quantity. The acid was precipitated

as/
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as fine needles which were practically pure, M.Pt. 128°-129°,-
The yield again was very gdood."

The oxamic acid was then dissolved in chloroform, and
phosphorus pentachloride added to the golution in small
quantities since the reaction is vigorous, After the
equivalent quantity of the pentachloride had been added, the
caloroform was distilled off on a water—bath, then the temp~
erature was raised, and the phosphorus oxychloride removed
leaving a viscous brown oil,- This liquid was the oxamic
chloride which required to be heated under reflux to bring
about its decomposition to carbon monoxide and piperidino—
formyl chloride. When the evolubion of the gas anad ceased
the residue was fractionated and bthe portion boilihg at 112°«
114° at 13-14 mm. wasg collected.

The oil was colourless and had a disagreeable odour. A good
deal of tarry matter was formed during the removal of the POCly

and CO, which decreased the yield considerably.:
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[ Zaunschirm, - Ann. 1888, 245, 279.].

CeHsCHO + HgN+CoHs: CaHsCH:N=Csolp on CellsCH2*HNC2Hs

Benzaldehyde was shaken with a 38% solutibn of ethylamine

in water,” ( Molecular proportions.) Some heat was evolved

at the commencement of the reaction, The shaking was

conﬁinued until the smell of the ethylamine could no longer

be detected. The mixture was then extfacted with ether,

the extract dried over potassium carbonate, and fractionated.
The benzylidene ethylamine was a water-clear oily ligquid

with a disagreeable odour; it boiled without decomposition

at 198°~197°,- The yield was 80% of the theoretical.

The 0il was dissolved in absolute alconol, and the reduction
attempted using 3% sodium amalgam.- This metnod proved very
unsatisfactory, the reaction being far from complete, with
the result that subsequent acidification decomposed unchanged
benzylidene ethylamine giving benzaldehyde. Steam~distillation
was necessary to remove tais benzaldehyde, and a'good deal of
deconposition also appeared to have taken place.-

A good yield was, however, obtained when the reduction was

effected by sodium and alcohol as follows := 40 gm. of the

benzylidene/
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benzylidene ethylamine were dissolved in 250 cecs.  absolute
aléohol in a large two~necked flask. A reflux condenser was
fitted in the short neck, and the sodium in small pieces was
added through the long wide neck.- The theoretical quantity
of sodium was added, then some of the liguid was removed and
tested by boiling with acid.- T@e smell of benzaldehyde which
was produced indicated that the reduction was incomplete.-
A 25% excess of sodium was required,  and 50ces.  of alcohol
had to be added to dissolve this.: The resulting
solution was acidified with'hydrochloric acid, and the alcohol
distilled off from a water-bath.- The aqueous solution of
the hydrochloride was made alkaline with caustic soda,  then
extracted with ether.: The ethereal extract was dried over
potassium carbonate, and fractionated.- A colourless
oil ,B.Pt.: 197°~199° was obtained.-

This oil was used witaout further distillation in tae
preparation of the ethylbénzylamine derivative of acetophenone-—

semicarbazone,-
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*

[ Bougault,  Ann,Chim.' Pays. 1902 (7), 25, 483,]

CeHa(OCHg) *CH:CH+CHg + HgO + Io = Hglg +
CeHq(OCHS) *CH(CH3) *CHO

Anethole is oxidised by mercuric oxide and iodine to give
p-methoxyhydratropaldenyde. The above reaction is quantitative,:
10 gm.-aﬁethole were dissolved in 50 c¢cs.' of pure ether |
saturated with water, 15 gm.'qf_yellow mercuric oxide were
suspended in the ligquid and so0lid iodine was added in small
quantities with shakihg and cooling, each addition being
absorbed before the next was made.: The colour of the
suspended solid changed gradually from the colour of the
vellow oxide to the scarlet of tne iodide.- After 17+2 gm.-
of iodine had been added, the liquid was tested on wet starch
paper to determine the point at which iodine was just present
in excess. The mercuric iodide was then filtered off, and
the ethereal solution mixed with  a saturated aqueous solution
containing a slight excess over the required quantity of
sodium bisulphite,  The ether was removed on the water-bath,
leaving the bisulphite compound of the aldehyde,: this was then
decomposed by boiling with sodium carbonate solution, and the
aldehyde steam=distilled.” The latter was extracted with ether,-

~dried , and fractionated, giving a colourless 0il, B.Pt,250°=254°, "




