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FOREWORTE

The principal work described under the title

of this thesis might be sub-divided as follows:—

(1). The preparation of inactive and active X—phenylethylamine
for use in (2).

(2). he preparation of S—substituted semicarbazides, the most
important of which was an active form of S—drphenylethyl—
semiearbazide(hydrochloride).

(Si. Derivatives and decomposition products of S—Substituted
semicarbazidss,

(4). The action of 8—substituted semicarbazides on benzoin
wheréby-a number of geometrical igomerides wers obtained,
and a resolution of benzoin was effected.

A number of problems closely related to the
above have been investigated.
Halogenation in ultra-violet light, a subject
accepted by the University of CGlasgow as part—title of the
author'g ihtended work for the degree of Doctor of Philosophy,

ig described in the lagt chapter.



"CHAPTER I

-PHENYLETHYLAMTIN E

Preparation, Resolution and Saltsa,



The synthesis and resolution of amines formsj
one of the most interesting fields of organic chemistry.
Many examplgs of this work have been recorded,but in few,
if any, is the result 80 easily attainable‘as'in the case
ef(ifphenylethyiamine, the opﬁical enantiomorphs of which
have proved effectivs in the following resolu£ions i
Mandelic acid, atrolactinic acid and {-phenylethylglycolliec
acid (J.prakt.chem.1911,84.731); dichlorsuccinic acids
(Svensk.Xem. Tidskrift.24.105); keto-lactone of benzophenons
tetracarboxylic acid (J.C.S. 1920.117.1407). In %the lastb
resolution the commoner alkaloids had failed,and the author
(William Hobson Mills) expresses the opinion that L~phenyl- -

ethylamine might'also prove useful for other compounds aot

resolvable by alkaloids.



The present invegtigation forms part of the work on
the preparation of sn optically active semicarbagmide
(§=x— phenylethyl-semicarbazide) from d~<&-phenylethylamine
and scetone semicarbasone (J.C.S. 1922,121,868).See also p.41,
CeH sCH (CHg) NHe +NH2C0NHN: C(CHs) 2 =CeH sCH (CHs) NHCONHN: C(CHg) 2 +NH3
The abave #cetone derivative on hydrolysis with 5% hydroehloeriec
agid yields d-8=d~phenylethylsemicarbazide hydrochloride
‘([dJ1;-+664@°) which compines readily in the usual manner
with aldehydes and ketones, and it is hoped to effect with
ity aid the resolution of somes aldehydes or ketones containing
an asyﬁ%trmc carbon atom. For resolution of benzoin see p.l185,

The methods of preparing and resolving K-phenylethylamine
were investigated, and as the amine was prepared in large
quantities the opportunity was'taken to atudy in detail tﬁe
methods already recommended in the literaturé, apd in thqse
congiderable improvement has been effected.

K=-phenylethylamine is usually prepared from

acetophenone , the exime of which yields the amine on reductioen.



CeHs*C(3NOH) CHg + Hz = CgHgCH(CHg) *NHg + Hg0..

The oxime was prepared by Janny's method
(Ber.1882. 15, 2781) which consists in heating for 8 heurs
in agueous alcoholic solution, hydroxylamine hydrochloride
'( 1 mol.,) sacetophenone (1 mol.) and rather less than
1 mol of potassium hydroxide. Owing to the union eof
hydrexylamine with the ketone,the acidity of the solution
gradually inereases, By neutraliging (with alkali), at
intervals, this acidity which would otherwise retard the
completion of oxime formétion, it was found that the
duration of heating could be shorteaed,and a solid preduct

invariably secured on pouring the resction mizture into

water. It was also. found that acetophenone oxime
(B.P)%° 248° — with decomposition) distils unehanged at

158° under 20 mme, presgure, This is the best method of
purifying samples whioh do noet eolidify, sinee owing to

ite low meliing peint (58°) the presence of foreign bedies
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(generally aeetophenone)‘eften makeé crystalliéati@n ineffective,

»The reduotion of the oxime by Goldschmidt's method,
i.e. Wwith sodium amalgam in slcoholic solution-acetic seid
being added at intervals, has been described by Psfel (Ber. 1888.
19, 2929) and by Hunter and Kipping (J.C,8.,1908.83.1147).  The
method was found effective but réguires very large guantities
of smalganm. Kann and Tafel (Rer.1884.27,2808) state that the
amine is very easily ébtained by reducing the oxime with eodiqm
in absolute aleohol, but no details are diven. | This process
was studied and a method and spparatus devised whish gave
excellent results snd which seem adaptable to many 'sodium—
sleohol' reduections.

x-phenylethylanine has a eonsiderablé vapeur pressure

in aloohol.and in ether,.ané when the amine is recovered by
distillation from these solventsvmucb 8t it i& carried. ever
with their vapours, In the method worked out the amine
carried over by ether in @he final distillat;on was re-—

covered from the ether distillate by pessing in cearbon
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diexide, and the oarbamate formed filtered off, The pro-
perties of the carbamate are described; it can be used
diregtlyvfor the resolution.

Loven (Ber.1896,29,2313) effected a partial resolution
of the amine by fractional crystallisation.of the salts
foermed with d-tsrtaric aeid. The 4 ~amine hydrogen d;tartraﬁe

salt ocontaiming 1% Hgl separated first and on decompositien

‘with alkali gave amine of rotation + 0-75°, From the mother

ligquer the snhydrous salt 6f the l-amine seésrated snd this
gave base of retation - 8-5°,

Pope and Harvey (J.C.S. 1899.75.1160) ebtained partially
racemic salts of the amine with d-camphor sulphonice aeid.
Hunter and Kipping (loc.cit.) state there is me deubt that
fraetional orystallisation of the salt fermed with d-bromw
camphor sulphonic acid affords a means of reselution, though

partially racemic salts were obtained; they obtsined 1l-base

having BXJD —-25° and its hydrochleride having [OGD—E-?°.
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Marekwald and Meth. (Ber.1905.88.801) ebtained the g-amine
([oqE + 89-§6°) and l-emine ([qu ~30+51°) by fractionmal
er;stallisation of the amide formed with sebive gquinieo
acid.

Leven (J.prakt.ohem.1905,31,72,307) combined the
inaetive bage wiﬁh l-malic acid,and obtained the d-amine v
1-malate as large prisms soluble in 18+1 parts of water at
10°, which yielded the d-base ha?ing B“ﬂig 40+27°,
l-o—~phenylethylanine l-malate is highly solubie in wate®
and crystallises only from a viseid syrup. The pase,
ebtained frem the mother-liguer of the d-amine salt,en
combination with d-tartarioc acid yielded l-base hydregen
d-tartrate, beven's method was employed in the present
investigation and details of the method of erystallisation
for obtaining the best yield of d-amine, are given,

Pope snd Read (J.C.8.1909,95, 172.) eombined

d~oxymethylens eamphor with X-phenylethylamige, snd ebbtained



E two isomeric condensation products meliting at 145-148° and
112-114+5° respectively. These products (which strongly resisted

! hydrolysis} on decomposition by bromine yielded the hydrobromides
of the szotive forms of the base (J.C.S,1918,105, 444).

Tafel (Ber. 1888, 19, 1929) prepared the hydrochloride

; (M.P,155°) of the racemic amine, by btreating an ethereal
solution of the base with an alcoholic solubion of hydrochlorie

aaid, Marokwald and Meth. (1oc.eit.) for the hydroshloride

of the l-base give M.P,171°, and specific rotation - 8-5°,
é while Hunter and Kipping give — 8-7° for the latter constant,

It seemed of sufficient interesti to examine the hydrochloride of
E _ the d-base since this salt has not been previously mentioned
in the literature; it was prepared by mixing an ethersal

solution of d-base with a like solution of hgdroehloria

acid, Its rotation was examined at different temperatures,
and was found to increase with increase of concentration,

and to decrease with rise of temperature,



Tafel (Ber. 1888, 19, 1829.) prepared the sulphate

ef the imastive base [(Cs Hii N)s, H2S04, M./P.,me‘] by
treating an alceholic selubtion ef the base with a like
selution eof sulphuric aecid. A similar method was fellowed (P-ij
in preparing-thie salt of the d-base, which melted with
decompesition at 282°, For the sulphate of the d-base,
Mareokwald ‘ﬂé Moth, give M.P.272°%. The specifie »etation
o? the salt was found te inoerease both with consentration
and with temperature, the ianfluence of bﬁe latber factor
on the hydroochloride and sulphate being in marked sontrast.

It was thought thet the malic acid used in the
resolution oould be recovered similarly to the preparation
of mealie 8e8id from mountain ash berries, by & process in
which ealcium malate is converted into the mush~more soluble
saleium aeid.malate, which on btreatment with lead-aeatate
gives lesd malate, snd this on decomposition with sulphuretted

hydrogen yields malic acid. In this 8o mueh difficulty
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wag enocountered that it was decided to investigate the
whele process for the preparation of malic asid (Hagen,
Annalen 1841.38,257. and Lennser;,Ber. 1870. 8 988).

(e.f. Theorpes Lictionary of Applied Chemistry, Vol,a,p.aso.)
Samples of pure ¢sloium melats, esloium seid malate, and lead
malate were prepared, aand eoaverted in the order given,into

'nglic aeld..

Foer the sonversion of ealoium malatevintb ealoium
acid malate, dilute nitric aeid (1 :10) as recommended by
Hagen &nd Lennsen gave & syrupy solution from which the acid-
salt did net orystallise readily; 1 part of 80% asid te
10 of water, however was satisfactory, a 924 yield being
ebtained.

The ac¢ld malate was recrystallised from water not

heated above 60°; its solubility at 18° is 1+8 gms. per

© 100 gms. water.

To sonvert ealoium acid malate into lead malate, agueous
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.
gsolutions of lesd scetate (24 mels ) Ca(C4 Hs Og)s B8HaO +

2Pb (CH3C0O0) ¢ 8H20-—>2 G4 Hy Op.Pb.8Hg0 | and ocaloium aoid
malate (1 mél.) saturated at room temperature were mixed
at EO°. A higher temperature was avoided because ealeium
80id malate decomposes at 80° into malic aeid and nermal
ealesium malate, snd the latter then appears in the pre-
eipitate sleng with the 1eaé malate, ualike which it is
net readily deqomposed by hydrogen sulphide, Under these
conditions the lead malate was obtained in & erystalline
form readily decomposed by passing hydroden sulphide threugh
its asgueous suspension, 8snd a 7B5% yield of malic acid was
ebtained.

All processes for the isolation ef natural malie
aeié~muk§ use of caloium malate and osaloelum hyérogen malate,
but for the remainder of the precess there are alternative
methods. Broeoksmit (Pharm,Weeklad 42,637) decomposes lead

msalate with the theoeretical apount of sulphuris aeid; Warren
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(J. Amer.Chem. Soc. 1911, 88+1205) itreats caloium hydrogen maslate
with the theoretical quantity of oxalic acid, while

Hartzen (Areh.Pharm,([8],VI,110) in erder to separate lesad
malate from lead salts of ebher organic aeids 1ikely»to be
agsooiated with it, found thab disgolving it in dilute acetio

seid at B@~70° end cooling te 40—80° gave pure erystsls.

‘
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- EXPERIMENTAL

ACETOPHENONE QXIME.

To 50 gme. (1 mol.) of hydroxylamine h&droohloride
disgolved in 100 ccs8. of water and oontained in a flask,
30 gms. (less than 1 mol) of potassium hydrexide disselved
in B0 cocs, ef water,were added. 80 gus, (slightly less than
1 mél.) of asocetophenone were then added,and the mixture heated
in a feflux apparatus on a boiling water bath.  Alcohol
in small quantities at a time was run down the condenser
until the boiling solution just became oclear. iAfter an hour,
heating was stopped, the solution cooled, and & drop tested en
litmus paper; it should be acid owing to the aﬁsorption of
'hydroxylamine by the ketone. Caustic potash selution was
then carefully added until the solution was neutral, The
econdenger was again attached and boeiling contiﬁued for about

30 minutes, at the end of which time the solution was tested,

and if aoid, was cooled snd neutralised with esustic potash.



14

After about 10 minutes further heating,rtha solution was
once more btesbed Yith litmus and a few drops of it mixed
with iee water. If neutral, and if the test sample solid-
ified quickly in water, the reaction was complete, 8&nd the
sontents of the flask were poured into 1000 ecs., of water
containing lumps of ice. (If the test sample deoes not
splidify, furbher heating agd perhaps neutralisatien are
necessary). The water should be viderously stirred during
the addition to cause the separation of the oxime in small
lumps and f£lakes. The product was filtered off, end washsd
with water, pressed on & porous plate to dry, &nd recrystallised
fromn petroleum ether. Yield 89% theoretical (80 gms.).
3,5;290246° {(with deoomposition); B.P.8°156-157° (without
decomposition). The best way to purify a sample which

does not solidify on peuring into water,is to distil at

20 mms. pressure,
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K~ PHENYLETHYLAMIN E.

O gms, sacetophenone oxime and 100 ecs. abgolute
alcohol were placed in & litre round bottomed flask having
& long neck, = The flask was fitted with & cork carryiag
sn sddition tube (see fig.), the sloping limb of which was
attachedvte a long re#lux condenser, while %he ve?tical limb
was olosed with a cork. Pieces ef bright sedium (about EO gms, )
of a size that easily slip down the addition tube, were placed
in & bottle containing benzene, The flask wag heated on a

water bath until the alcohol boiled. pieces of sodium
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(ene at & time) were introduced througp the vertiscal limb

of the addition tube, the cork in which was mementarily
withdrawn; & pliece of drawn out glass rod served to transfer
the sodium, from which adherent benzZens need not be removed.
The reaction was vigorous with the first pieces of sodium,
bgﬁ later bescame moderate, and the sodium melted to a ball
which remained largely, and at times completely immersed

in the ligﬁid. When the reaction became sluggish or when a
white coating appeared on the sodium, more alcohol (about
100 ces. ab a btime) was added. The conbtents of the flask
were kept actively beiling throughout bthe eperation.
Altogether about BOO ees. absolutbe alcohdl and 40 gme. sodium
were reguired to‘effect somplete reducstionywhieh was proved
when a @ample (about 2 ccs.), mixed with water (2 vols.) and
eené.hydroehlorio acid (1 vel,)}, 8snd beiled for ahminute,did

net reduce heot Pehling's solutioenl, When reduction was com-—

Blete and the sodium all dissolved, the flask was coeoled,
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and 200 coa. water added to decompose the ethoxide. A
sloping condenser was then sttached and ﬁeating continued
on & water bath until distillatien slsaekened. 4 further
200 cos. wWaber were then added,and heating sentinued.on

8 sand bath, until all the éleohol had passed over,and a
thermometer ianserted in the neck of the flask registered
96°. The centents of the flask, econsisting of a layer

of smine and a layer of caustic soda, were cooled and poured
into & separating funnel, A little ether w;s used to com-
plete the trangsference of the amine. The tetal distillate,
coptaining aleohol, water andz{—phen&lethylamine, yas made
strongly acid with hydféehlorio socid and evaporated to small
bulk, after whieh the residual agueous solution ef amine
hydroehloride was added to the contents of the-seéarating
fannsel where the excess of saustic soda liberated the basase,
After some time the lower layer of cauétie s&da wag run off;

the upper layer of amine was agitated with 20 eos. +720 ether,
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and the final traces of caustioc soda aseparated. The
ethereal ;;lution along with ethereal washings were dried
over anhydrous sodium sulphate and distillead. At first
ether containing some amine passed over - this partion of
distillate,whioh was alkaline to litmus,was kept separate
for recovery as carbamate, The temperature then ross rapidly
te 186~187°% at whioch the amine distilled; the eondenser whioh
ghould be long, was only palf-filled with water at this stage.
OQwing to the avidity of the amine for carbon dioxide it
ghould be collleected in & flask hgving a soda~lime side tube..
vield 90% theoretical; dry earbon dioxide.passed into the
dry ethereal distillate, caused preoipitation of a guantity
ef sarbamate which increased the yield to 95%.

For the recovery of the amine from the redustion
liquer, a different methoed, invelving neutraiisation of the

8lkali with hydrochloric aeid,snd subsequent decompoesition

of the K-phenylethylamine hydrochloride with csustio sods,
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is given by Cumming,Hopper and Wheeler: 'Systemmatic Orgsnioc
Chemistry' p. 3881,

Mr. A,B. Crawford, of this College, has found the
method and_apparatus degcribed above, excelleat for the

reduction of menthone oxime (private communication).

A ~PHENYLETHYLAMINE CARBAMATE.

OgHg+CH (CHg) +NHCOONHg *CH (CHg) *CgHpe

The garbamate is precipitated in theorebieal yield when dry carbon
dioxide is passed into an absolute ethereal solution of the amine.
Traces of alcohol or water inhibit precipitation. Found:N=10 +0%;
theory = 9+8%  M.P, 101~-102° (with dissociation). It is
insoluble in ether or petroleum ether, and ies decomposed with
liberation of carbon dioxide when treated with aleohoel er carbon
disulphide. The only method by which it was ebtained erystalline

(needleé) was when the amine absorbed earbon diexide from air,
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X~ PHENYLETHYLAMINE CARBONATE. .

[CeHBCH(CHa)WHal 2 COs.

2 gmé. of X-phenylesthylamine carbamate were
dissolved in 10 cecs. water on a steam bath, After alight
eooling,the selution deposited a crop of long feathery
neadles, and‘further srops were obltained on standing.

MoP. 94° (with decomposition). FoundzNéby Kjeldanl

mcth@é} =018 per cent; CinHoaOsNa reguires N=9+21 per eent.

RESOLUTION. OF 0<~PHENYLETHYLAMINE.

A mixture of 80 gms. of l-malic acid (commercial
ma;ic acid) and 320 gms. cold water, was placed im a bath
of 00ld water, and without waibting for the aecid te dissolvs,
70 gme, (theory 72 gms,) of inastive K-phenylethylamine
were added in & thin stream with constant stirring. The

amine disesolves immediately and the assid dissppears grsdually,
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but befors the latter has completely dissolved, the d-amins
l-malate begins to sépafate and the mass becomes pasty.

After stirring for a few @Binutes ﬁntil the acid had all
disgolved, a heavy crop separated,which was kept overnight,
filtered off,and washed with 50 ces. water. When Aried in
air the yield of the salt weighed 80 gms. (i.e.82% theory).
The mother 1§quor (L) was kept #part for the recovery ef

the l—Pase.

The above operation was repsated in instalments; _537 gms, of

the base gave 480 gms., of ¢rude malate,

A ' C D
81 . bl) c1 dq
Y I ‘ !

I JMsLs, conc, ) JM.Ls,. conc. | JM.Ls,cone, I
a4 b4 c4 dg

(M.Ls, = mother liguors).
The crude salt A(see diagram) was dissolved in
rather more than twice 143 weight of water by heating neot

above 20°, The solubion was filtered, cooled in ice
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water, and stirred in order to obtain small crystals wﬁich,
after 80 minutes in the cooling medium,were filtered off,
washed first with 160 ces. water, and after draining well,

with BO e¢cs. slcohol. (The alcoholic washings contained

a slight amount of colouring matter, and were kept apart.)

‘Proceeding in this way, A was crystallised four times from water,

and gave 160 gms. of pure d-amine l-malate, The aqueous
mother 1iqgors from the recrystallisation of A were concentrated
(not sbove 90°) to one.half volume; and the erop B,which
separated on cooling, was recrystallised 5 times from water,
’ L ]

yielding 48 gms., of pure salt,. Further procedure is indioated
in diagram. Cs and dg weighed 22 and 20 gms. Throughout
the work, sach orop was washed with water and with alcohol.

The mother liquors from D were oonsidérsbly celoured,
and on conoentration did not give a sufficient amount of sal%b

to justify further recovery; still since they eeontained a

preponderanse of d—amine [on decomposition they gave 80 gms,
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amine having retation + 1+7°] they were not mixed with the
liquors L from which l-amine was recovered, because it is
most important to have removed as much as possible of the
dextro-isomer before proeeeding to the isolation of the
laevo-. The reason for this is obvious when it is reecalled
that Loven,on oombining the inactive base with tartarie acid,
found that the d-amine taritrate being the less soluble,
separated‘first.

The pure malate‘dissolved in 8 times its weight ef
water was pléeed in a separating funnel and graduslly
treated with the theoretical amount + 10% excess of 50% csustio
sodsa solution. On eooling,the mixture was shaken up with
-other and sllowed to stand overnight, when it was separated,
and the ethereal layer dried over sodium sulphate, The ether
was distilled off, and the residue distiiled from a Claisen

flask in & ourrent of pure dry hydrogen whereby any earbamate

present is dissociated at 101°, and the oarbon diexide swept
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away — 8lso further absorpti§n of COg is prevented, A portion

was eollee;ed direetly in a polarimeter tube placed inside

& Brihl's fractional distillatien receiver. The samine

distilled at 188°, Yield 131 gms. (BO% theory, caleulated

on racemic amine). At 18°, (XK= + 88+73° and RX]13,= + 40 +80°.
As mentioned in theory (p.8. ), the e¢arbamate may

be used for the above resolution, the theoretical quaﬁtdty

af the 80lid carbamate being gradually added to the agueous

solution of malic aeid. carpbon dioxide is evolved and the

erude d-amine l-malate separates quiockly.

BESOLUTION ~ L-BASE.

o Ve L S U S V. Y T i S e T 2 . S s P

(p-u)

The mether liquors L, were treated in & separating

funnel with amn excess of B50% scdium hydroxide solution. A
@oloured layer of amine separated on top; when mixed with
ether and kept evernight the colour was largely discharged

and evidently reabsorbed by the alkali. If, as recommended
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by Loven,the caustic sodes had been run off first, and ether

then added,a thiek brown liguid would have separated, and
this would have reguired to be run off from the eolourless
ethereal layer. [Attempts were made, without much sucocess,
to inveatigate this bye product formed during the recrystallisation
of l-phenylethylamine malate; it is formed in moderate
quantity whgn the mother ligueors containing l-amine malate
are conc¢entrated to the syrupy stage; it is soluble in eonc.
alkali and less soluble in dilute alkali; when steam distilled
in contact with alkalyqi—phenylethylamine passes over- ]

The ethereal layer of X—-phenylethylamine was
separated, dried ever sodium sulphate and fractioneted.

gave

The amine obtained,a rotation of -27° in a 1 dem.tube.
260 ¢gms, of d-tartarie acid were mixed with 1000 ees. cold
water and 200 gms. of this base added with ecoling and

stirring. The product attained the eonsistency of a stiff

paste, and in 15 minutes crystals sep8trated. After 12 hours
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these were filtered off and re-dissolved in wabter fronm
whieh it was allowed to recrystillise until mized erystals
began to appear. ‘The product was recrystallised 8 times
from water, and & sampie in the form of a 10% aqueous soiu?ion
had then & rotation of + 1+10° at 1B°. 223 gmas., of erude
tartrate gave 181 gms, of pure salt from whieh by decom-
: similar i

positien with alkali im a mannegAte that for the d=amine
malate, BO gms. l-amine,havingd(=-38+58° and [dJiBig ~40 +59°,
were obtained.

A comparison of the work of Kipping and Huanter
(Chem. Soc. Trans, 19083,1147), with the earlier work of
boven (Ber.1396.29.2813) would indicate that d~bromcamphor
sulphonic acid is a much better reagent than taritarie acid
for isolating the l=-base. The former workers,by combining
the inactive amine with d-brom—camphor sulphenie agid,obtained
from the more insoluble pary of the salt, l-amine of rotation

-25°, The latter workeg by ceombinfng the inactive amine

with d-tartarie acid, found the salt of the d-amine to separate
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first, and from the mother liquors portion, he obtained
l—amine of rotation = 8.5°, It appsars to the auther,
therefore, that for the complete purifieation of sgmples

of l-amine having already & high negative rotation, it

would be better to combine them With d-brom-camphor sulphenie
acid, The sccesdibility of tartaric acid however, favours

hoven's method.

d—p PHENYLEPHYLAMINE HYDROCHLORLDE AND ITS ROTATION.

. - .
- o - - b U o

8 gma, of the d-amine were dissolved in 10 ees.
of absolute ether, and a solution of dry hydroehloric acid
in 45 ees, absolute ether gradually added, with eocoling.
The hydrochloride, érecipitated in thick white curdy masses,
wag filtered off, dissolved in 10 ecs. absolute aleochol, aud
sbsolute ether (about 20 ces.) added until tufts ef needles
began to separate. These were filtered, and washed with

sbher. M.P.169°, ( See also p. 8.)
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4 solution of 80% concentration in water was first
prepared; parts of this were diluted te 20,10, and 4% and

polarimetriec readings taken in a 1 dgm.tube.

C. 8°, K [dat’
D
117 2B 833 .
14+ 2+45 8186
80 16+5 2+44 813
18- : 241 808
By T 240 ' 8+0
E | 25 2+37 ' 7.9
80 2+385 783
42+ 229 7 .83
12. 1+25 8+25
165+ 1+20 , . 8-00
20 - 1+19 595
20 26 - 1.18 : 5+80
81. 1+14 870
40+ 1-01 5+06
20 0-52 ' 52
; 10 28 0 +50 5+0
: 815 047 47
40+ . @+42 . 4+2
‘25 o+21 5425
18- 9-31 5+265
21. 0-+19 4+75
4 28- 018 4+5
' 81+ 017 4425

40 0+14 ‘ 85
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(Ber.38.808)
The table readingslcompileqppy Marckwald and Meth, fer

the l-~amine hydroochleride is given for comparisen. They do

not mentien temperatures.

¢ SN 5
81-45 »520 -g.27
26-18 -3-53 ~7+01
18 -87 -2.24 -6+93
16+00 -0+91 -4+ 57

4400 -9 +28 -3+50

d=th- PHENYLETHYLAMINE SULPHATE.

| i

Separate solutions of B gms, d—amine and of 2+5 gms.
conc, sulphuric acid - each in 10 ccs. of absolute aleohol,
were ice—cooled and mixed. Small granular erysials separated
whieh after being filtered off and washed, were dissolved in
boiling 90% alcohol. On cooling and adding abselute aleohol

in which they are almost insoluble, glistening plates, M.P.282°

(decomp,) were obtained. (CeH11N) 8 He80 4 requires 8=9 +81%;

é found 8=0+47%. Sulphuric acid in excess of the above quantity
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csuses the salt first preeipitated to redissolve. Con—

centrations of 12,10 and 4% were examined pelarimetrically i1-—

Co t°, & [ *
. . . b
13- 1.14 45

18- - 1+15 479
12 20 +5 1+19 498
255 1+19 498

gi. 1.2 499
40 184 B+18
9 0+91 4456
14+5 8.93 . 4485
10 21. 0+97 485
27 0+07 485
33+ 0+97 485

43+ 0-98 . 4-90

125 0-168 241

17 <25 0207 28

4 22, 0-24 3+0
27+ 0+25 . 8-12

82 0-25 8+18

43~ 0+26 325

2 dem., tube used. e
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RECOVERY OF MALTC ACID.

T Mo 2 k. W e B0 R Boh s e G e s Wk S S e i Mo

the alksline 11quo£iﬁ§g)diluted with one~half its
volume of weter and filtered through asbestos from solid
impurities, = The filtrate was kept cold and graduslly
neutrzlised witbh 15% hydrochloric acid of which an excess
of 20 ces. was slso added. Sodium Chloride and gummy metter
were filtered off and the hot filirate treated with milk of lime
until alkaline, On cooling, the whole solidified to a
gelatinous mass.ﬁhich was filtered off and treated on a
water bath with hot dilute nitric acid (1 part 604 acid to
10 parts water ) until s clear solution was obtained.
Caleium hydrogen malate separeted on copling, and & further
erop waes obtained by evaporating the mother liquer teo &
quarter of its voluume, This selt was recrystallised from
weter heated to 68°. A solution in water of the concentration
(1+8 gms, per 100 ces.) of the salt (1 mol.) was prepared,

heated to 50% and at this tempersture mixed with o BO% solution
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of lead amcetate (25 mols.) also at B5O°,  The mixture was
allowed to cool, and when separation was complete, the lead
malate was filtered off, trapsferred to a large flask; mixed
with hot water, and hydrogen sulpnide passed through the
warm mixture for two hours as well asg when cooling. The
lead sulphide was filtered off and washed, and the filirate
asoncentrated en water ba#h t1ll eyrupy, after which it was
left to stand in s large desiccator until erystals of malie

acid separated.

SUMMATRY.

- Bt St S S $2n 45 A M ALL B A A . s i

l. A& rgview of the literature on the preparatioen and
resolution of X—phenylethylamine, and on the applications
of the optically sective forms of the base as reselfing ageﬁts,
is given, and further spplications of the active base are
indicated.

2. The reduction of acetophenone oxime to & ~phenylethylamine

ig achieved by & '"sodium=~alcohol' method whiseh shoeuld find
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exteneive application for similar reductioms.

8. Details are given for the iaolﬂtieg‘of the dexto-
and 1aevo- forms of the base in good yield,

4, The rotatory pewers of the hydrochloride and sulphate
of the derbase have been examined.

6. Improvements in the prepsration and purification of
acetophenone ox;me are reecorded,

8. A method is given for the recovery of the malic
acid used in the resolution.

7. The isolation of d-ophenylethylamine by the pro-
cesees given would be a most suitable laboratory exercise

in optical resolution.
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Borsehe and his collaborators (Ber. 1901, 34, 4207;
1904, 87, 8177; 1905,38,831) found that seﬁicarbaZQnes react
with aromatic amines on heating, according to the scheme :—
C(RR):N°NH-CO~NH2 + FEKeNHz —» C(RR) :N+NH+CO+NHE + NHj
ammonia being evolved aad 8-5ubsti£uted semicarbsazones
formed,

The action of aniline, the toluidines, sad the
naghthylamines on such semicarbazones as those of acetoﬁe,
acetophenoue, benzophenone,/f—methylhexanone, l-menthone,
d—camphér, pulegone and d-carvone, was gtudied by Boersche,
with the results indicated by the above equation.

In some instances Rorsche obtained a number of bye
products as well as the §-substituted semioarbazones.  The
formation of these (sym-substituted ureas, -azines and_
hydrazoedicarbonamides ) is explained by the following
GQuationskﬁ—

C(RK) ;W -NH+CONHR + ReNdg —> C(RR):N+NHg + €CO(NHR)s
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2C(RR) :W+NHe —>C(BR):N¥-N: C(RR) + NHp-NHg

2C(RR) : NeNH<CO-NHR —> C(RR) :¥+N: C(RR) + RNH+CO +NH «NH +CO NHER
Work on this reaction has been contiaued by other

investigators. Heilbron and Wilson (J.C.S., 1913,108, 1504), by

the action of boiling aniline on the(x—and,];forms of phenylstyryl

ketone semlcarbazowe, preparsd the<X—and.JAstereoisomerides )

of phenylstyryl ketone S—phenylsemioarbazoné

CeﬁBeCH:GH- C(CeHg) N NH-CO-NHg + NHgCgHg —>

CgHg*CH: CH- C(CgHp) :N+NH-CO-NH+CgHg + NHy

When camphor quinoge semicarbazone is heated with aniline

it undergoes the changs described b?'gorsche giving rise

to camphorgquinone phenylsemicarbazone, with liberation

of ammonia (Forster and Zimmerli, J.C,S, 1910,97,2157).7

CIN+NH-CO*NHg + NHe+CgHg

CgHy
< —

CsN «NH ~CO +NH -CH +CgH g
GéH14<:\ o
CO + NHg
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Wilson and Hopper — working with X-phenylethylamine

(pe 41 ), and Wilson and Crawford working with benzylemine,
have foumd (J.C.8.1922,121,8866) that aromatic amines econ-—
taining the eamino group in & side chain resct with acetone
semicarbezone, after the fashion of simple aromatio smines,
yielding aecetone —gﬁxphenylethylsemicarbazene or acetone
-5- bentylsemicarbazone snd ammonia :

C(CHg) 22 N°NH-CO+NHg + NH2R ——>

C(CHg) g2 N*NH+CO*NH*R + NHa.

(where R={~phenylethyl er benzyl).
The method 560pted forK~phenylethylamine (for pre-~

paration see p. 1 ) censisted in mixing escetone semicarbazene
(heated to 180°) with slightly mere than oné‘squimoleeular

proportion of the smine (alse at 180°). Vigerous evolution

of ammonie took place immedistely and the acetone semicarbagone

quickly disselved. As soon as selution had been effected

(requiring enly & few minutes) the reaction mixture was ceoled
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somewheat and dilutedeith sn egqusl velume eof aloohel. The
product (scetone -8£&phenylethylsemicarbaZene) was preeipiteted
by the addition of ice and a few drops ef dilute acetic acid

{to neutralise residual smine), after whieh it was reorystallised
from aicohol.

While Borsche uéed a large excess of amine, it was
found here that the theoretiecal quantity (1 mol.per mol.of
semicerbasone) of X~phenylethylamine gave the best results.

This was 8 desireble economy.

A similar plan was sadopted for the preparatien of
active —acetone-§-glphenylethylsemicarbazone fromdege-phenyl—
ethylamine (for preﬁaration g6 P. 43 ). It is notherthy
thet the active eompound melts st a lower temperature(84°®)
then the racemic form (M.P.114°).

Acetone —5;d%phenylathylsemicarbazeue is readily
hydrolysed by h§ating en the water bath with 10 times its

weight of N-hydroechleric aeid, the produscts — aceteome and
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6—¢—phenylethylsemioarbaaide hydrochloride - géing into
solution.

C(CHs).s: N -NH-CO+NH+ CH(CHg) CeoHp + Hed + HCL =

HOl *NH2 *NH+*CO-NH+ CH(CHs) CeHs + CO(CHs)p
Ceneéntration ef this soclution yields the hydreehloride,
which ¢an be purified by recrystallisation from absolute
aleohol.

The advantage of using acetone semicarbagone for
thede preparations is twofold; firstly, the acetone 8—substituteé
semicarbazone is so readily hydrolysed; end secondly, the
removal of the ketone following hydrolysis is effected during
the concentration of the solution. This removal is net
necessery - a8 would have been the ease had the semicerbaszene
of esetophenone or bengophenone been used,

The hydrochloride ef the active semiocarbagide,in
melting at 1893 behaves like the'majority of sctive ecom—

Pounds in havieg & higher melting point than the imsetive
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form (M.P.185°). The active hydrochloride is dextrorotatory
in agueous solution, while the acetone (p. 45), benzaldehyde
(p.'99 ) and benzoin (p. 188 ) derivatives are laevorotatory,

It is intended to apply this optically active semi-
earbazide to the resolution of certain racemic aldehydes and
ketonesd, A resolution of benzoin by this means is given
on P 185.' The only optically active semicarbazide hitherto
prepared appears to be the eamphorylyk-semicarbazide of Forster

and Fierz (J.C.8, 10805,87,72%2).
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EXPERIMENTA L.

§ - A-PHENYLETH YLSEMI CARBAZI D¥.

Inactive and Aetive Forms of its Hydrechleride and Aestone

TDerivative,

Finely powdered acetone semicarbaszone (1 mol.)
snd (X~ phenylethylemine (15 mols.,) were heated separstely
in & bath to 180° end mixed, the mixture being mainteined
at this tempersture. Vigorous evolution of smmonia
took plece end the acetone derivative quickly dissolved =
solution being complete in a few minutes. Heating wae
continued for about 3 minutes longer, during whieh, evolution
of ammonia eontinued, The product was then withdrawn from
the bath, diluted with en equal volume of aleohol, and &
few pieces of ice added. After acidification with dilute
soetie aeid to remove excess of (X~ phenylethylamine, and
dilution with water, a white finely divided precipitate of

acetone J-{~phenylethylcarbazone was at once thrown down.

This product wes filtered, washed with water, eand disseolved
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in the minimum quentity ef het eleochol, from which the
semicarbagzone separsted in eoclourless prisms on eocoling in
ice. Acetone S—ak phenylethyleemicarbazene ia very
gsoluble in alco@ol or benzene, and almos8t insoluble in light
petroleum or water ; it is best recrystallised from a
mixﬁure of benzene and light petroleum. It melts at 114°
and is resdily hydrolysed by heating with dilute hydrochloric

acid. Found; N=19+04.  C1oHynONg requires N=19+17 per cent.

r-§-de- phenylethylsemicarbazide hydrochloride.

The ebove acetone semicaerbazone was heéted with
ten times its weight of N~hydrochloric aecid in & boiling
water bath, and the solutiop, when cold, was extracted with
ebther to remove impurities, the aqueocus portion being evaporated
to dryness on & water bath. The residue was recrystsllised
from sbsolute aleohol, froﬁ which tha~hydrochlot;de separsted
in plates or priems melting at 16E° with decomposition. Found:

Cl=18+47, (9H180NgsHC1l requires Cl=16-47 per cent.
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These experiments were then repeated using d-pi= phenylethy—

lamine (p. 24 ). The base employed gave Ex]ia + 40+8°,
B - ~

Active ~ Acetone S—MF Phenylethylsemicarbazone.

The reaction was carried oubt in the same way
a8 in the preparation of the recemic éemioarbazone, and a
similar plan was adopted in working up the product, which
.was_finally reerystallised from light petréleum; a smsall
iasoluble reéidue remainad. The petroleum solubion deposited
beautiful rhombic prisms of the semicsrbazone whioh,after
one further recrystallisation,melted at 84°,

The insoluble residue mentioned.abovef while
vinsoluﬁle in petroleum ether, was slightly socluble in a
petroleun ether solution of the semicarbagone. Puring
the primary erystallisation of the acetone fmckm phenyl~-
ethylsemieaébazoaa from petroleum, sometimes after a

orop of prisms had eonbinued to grow for = time, the

supernatant ligquid guddenly became oloudy and & white
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amorphous precipitate gradually separated, In such a

case, &8 soon as cloudiness appeared, the supernabtant solution

wés agitated and decanted, and the prisms washed with a few

ccs. of cold N- hydrochloric acid which readily dissoived

the amorphous precipitate, From the solution whioh had

been decanted, the precipitate cont inued to separate for

gome time, but afterwards prisms again
Ab this stage gentle heat was applied,
redissolved much more readily than ths
was then filbered off, In this way a
be effeoted. The preecipitate, after

from benZens melted with decompowitioen

began to aépsar.
when the prisms
precipitate, which
separation sould
recrystalligation

at 185°, The

quantity was too small feor iavestigation.

The active — scetonse J=0& phenylethylsemicarbazona

is extremely soluble in alechol or ben#ene, &nd moderately

soluble in petroieum. I% is readily hydrelysed by warm

dilute hydroochloric aeid. Found: N=19+14 per gent.
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CieH1nONga requures N=19+17 per cent. It is lasvorotatory
in alooholio solution; 07820 ¢gm. in 10 ees, of sloohol
18° °
gave aLD - 5°26° (1=1 dom.) whence [X]*® - g7.3°. Both
D
the racemic and the active semicarbazZones become bright red
on the addition of concentrated sulphuric acid, a&nd ultimately

give an orsnge coloured solution.

Astive J-o(~ Phenylethyldemicarbazide hydrochloride,

The active acetone derivative was heated on the
water bgth with ten times its weight eof N— hydroechlorie
acid, and the solution ceomncentrated until erystals appeared.
After cooling, theae were collected, waghed with a very
little water, dried on the pump, and thoroughly wasghed with

‘benszsene.
The hydroehloride forms besutiful psarly plates,
soluble in water, soluble in hot aloohol, and insoluble in
It melts at 189°(with decompositionk

benzens. ~ Found: Cl=18+40 per eentb, GQH1QON3,HC; requires

Cl=18+47 per cenb. It ie dextrorotatory in aqueous solubien.




48

0+9788 gm. in 10 c¢.e. of water in a 1 dom. tube g8ve

-] -]
- 19°
OG)“’ ®: 4 g.58°, whenoe [X] ; . + 860°.  Wnile the

hydroohloride is dextrototatory, like bthe A= phenylethylamiﬁe
from whieh it was prepared, it is noteworthy that the above

acetone derivative,as well as the benzaldehyde (p. 99 ) and

benzoin (p.d88 ) derivatives,are laevorotatory.
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CHAPTER III

The' A ¢ ¥ I ONGf AMINESon SEMICARBAZONES

- P ART II
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While the suthor's work on this subject was mainly

concerned with the action of racemic and optieelly setive
dephenylethylamine,he has had eccasion to repeat the work of
Borsche (on aniline) and of Crawford (on benszylamine) for
the purpose of preparing large gusntities of §— phenyl and
6; behzylsemica?bazides; and as he has made considerabley'
impreveménts en the firet pwblished method (J.C. 8 18282, 121,
866) for making §-0& phenylethylsemicarbsagzide hydrochloride,
theseimggééggggﬁshave been spplied to the preparetion af
its phenyl 8and benszyl anslogues, snd are therefore givem in
detail in the following experimental part.

Borsche by heeting aniline and acetone semicafbazene
et 180°, ebtained & considerable bye product ef diphenylurea,

Wilson, Hopper and Crawford (loc.eit.) earried out
the reactions with benzylemine snd p& phenylethylemine at
180°, and obtained emall guantities of ures derivatives,

It has noﬁ been found that aniline, benzylemine end

X-phenylethylamine react with acetone semicsrbsszone at
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temperatures muehbbiem;,180°. ¥hen eguimeleculsr parts ef

benzylamine or X-phenylethyleamine and acetene semicsrbazene

are mixed and heated up to 120°, @ moderate evolutien of

ammonie btakes place ~ bubbling up through the mikture.

ReNHg+NHg+CO+NH *N: C(CHg) p—>NHg+R+NH+CO *NH °Nz.C(CHg) 2
(Reaetion I)

B 4 heating.be eentinued abt this temperature the'mixture
becemes entirely flwuid and’in sbout an hour, the ead-—point
of Reaction I is clearly defined by the slmost ecomplete

eeseastion of smmonie bubbles. At this stege,if the temperature
be raised to sbout 160° evolution ef alkaline vapours beginms
agein,and beating for any length ef time at this tempefature,
causes 8n increased amount of urea derivetives smongst the
produéts of the experiment.

R'NH;CG‘NH’NIC(CHQ)3+R’NH2——>XH3?N33(GH8)S&CQ(NHfR)S

(Resetion II ).

With sniline end seetone semicarbazone Reaction I begins

&t 185°, though here it is evident from the mueh slower
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evolutien of ammonis thet aniline bas a less energetic actien
on the semicarbazone than have the more sliphsiic amines —
benzylamine andb<—pheny1§tbylamine.

Borsche (Ber.19065.,88.832) heated secetone semicarbaszone

(1 mol.,) with amiline (12+5 mols.) for B minutes &t 180°.

On repeating this experiment the author found that a
conaiderable améunt of sym—diphenyl ures was formed., It,
howe#er, 8 mixture of the semicarbazone (1l mol.) ard aniline
(1 mol.) is héated (see p. 56 ) for aebout an heur at 140°,
acetone g—phenylsemiearbazone is obtained,

In the following experiments,the scetone (J—phenyl,
S=benzyl, er-g-dé phenylethyl-) semiocarbaZones, obtained by
pouring the rgactien mixture (mixed with aleahol)_intc water,
were not purified. The preduct,tas hydrelysed with 4he
theoretical quantity (1 mel -~ ealeculated on smine qaed‘in<the
reaction) of B per eent.hydrochlorie acid, by heating on the

water bath for 80 minutes,
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ReNH+CO *NH*N? c(vpﬁa) 2+Hg0+HCL ~—> R+NH+CO*NH+NHg *HCL+CO (CHs) o
the resulting solutien of the hydroehloriée being sapproximately
saturated at 1abopatory temperature.

[In one experiment, using 10 per eent, hydrochleriec
acid for hydrolysis, the expected hydroechloride wss not
ebtained; instead, the evolution of carbon dloxide was detected,
snd the ether products were very soluble. Here it would
appear that a decomposition of the 5;substitut§d;semi-
carbauzide hydrocploride into carbon dioxide, amine hydroehloride,
and hydrazine dihydrochleride was taking place -
R'NH'CO'NH'NH?+HQO+8HCLJ—>R‘NHQQHCL+CGQ+NH3’NHB'2HCL
Thiele and Stange (Ann. 1894, 283, 3) found thet en heating
semicarbazide hydrochloride with concentrated hydrpchloric
acid, tpe resulting preoducte were ammonium ehleride, .earbon
dioxide, sand hydragine dihydrochloride :-
NHQ'e@‘NH’NH3&+3HCL*HQO‘9'NH4GE+CQS*COB*NHQ%NHS&EHGL
A method of estimating semicarbaside is baséd‘en this

decomposition (breught about with dilute eulphuric aeid), the
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hydrazine formed being estimated by oxidation with standard
potassium iodate solution (Maselly. @.1905,i, 28%) . Hydrechlorie
acid stronger than 5 per oent, must therefore not be used
for hydrolysis of the semicarbazone.]

The resction product, after hydrolyeis, was filtered
to remove & slight guontity of insoluble matter eonsisting
of substituted urea body, and the filtrat; eoncentrated
until it deposited cryestals on cooling, It is better to
remové the crops of hydrochloride in instalments by cooling
in a freezing mixture following slight eoncentratioen, eince
the heating ef coneentrsted solutions of the hydrochloride
(under the eonditions of the experiment) gives to & moderate
extent &8 decompositien inte hydrasine dihydrechleride sand
& substituted hydrazédicarbonamide -
2§'NH‘C9‘NH‘NHQ‘HCL—9 R-NH*G@‘NH~NH~G@'NH~R+NH3‘NHg~ZHCL‘
Finally the hydrochloride was reorystellised from absolute

alcohol in whiech it is mederstely scluble in the het, bat

only slightly in the celd, Additien of skher to the
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elcoholic mother liquor brings about eemplete separstion
of the hydrochloride, but leaves the 8bove mentioned bye
products in solution,

The hydrochlorides of these J;substituted semi—
carbazides, when pure, are beautiful compounds éf great
erystallising power and are quite stable on keeping.

On heating te melting they deoompose with evolubion of

much gas due to the fermatioen of.substituted hydrazodi-
carbemides snd hydrazine dihydrochloride.(see last
equation) — the latter substance evolving nitrogen. They

are precipitated from their agueous solutions by hydrochlerie
acid, but no further recovery can be made from the result~
ing mother liquer by evapbratiog simcg.the decomposition
(previously mentioned) of the hot acid solution takes plsace.
Recrystallisetjon from aloohol was prefé;red to this method
of purification.

Adueous solutions of the hydrechlerides when

trested with the theoretical quentity ef alkali yield
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the free (—subgtituted semicarbazide, which being sgaringly
soluble in water separstes eut. In consequence of thie
property th® isolation of the free bages is €88y ceompared
with the isolsation of semicarbazide itself, Semicarbagide
is not stable on keepiné (Bouvealt, Lecquin, Fl. (8), 88, 183),
and hence it would be advantsgeous if it could be quickly

prepared, when required, from ite stable hydrochloride.

/ 4
‘Po isolate semicarbazide (RBouvealt,Loecquin,loc.cit,.)bowever,

“ig & tedious operationm, Its hydrochloride in agueous

solution, is neutralised with potassium earbonate.
NHo*CO*NH NHg *HCL+K2C0sg = NHz!CO~NH‘NHg+KCL+C@2

and ;lcohol added to precipitste most of the potassium
ochloride, after which the precipitate isbfiltered off,
end the semicarbaside recovered from bhe_tiltrate by

evaporation in vacuoy the yield is very poor,

for work on semiocarbazone formation requiring

the use of & free earbsmylhydrazid

e — end net ibs hydrochloride-
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the three 5;substituted gemicarbegides now under discussion

.are eminently suitable. - They ocondense readily with

aldehydes and ketones.
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§ - PHENYLEEMICAREAZILDE.

CeH 5 *NH *CO *NH *NHz4

(a) Acetone J~phenylsemicarbazoue,

26 gms, of acetone semicarbazone (recrystallised
from water ) were mixed with an equasl moleculsr preportion
of freshly distilled eniline in a flagk which was placed
in & glyeerine bath and heated., At 185° (bath temperature)
eavelution of amﬁonia commenced, and the solid graduelly
dissolved. The temperature was taken up to 140°, and
meaintained there until (about 1 hour) the evolution of
gas ceased.

The flask was then withdrawn frem the bath, eocoled
to sbout 100°, the eontents mixed with an~equal velume of
aleohol, and quiockly poured into 600 ccs. of well stirred
iece eeld ﬁater. The flask was washed eﬁt with some.hat

sleohol to remove completely the acetene J;phenylnomioarbanene,
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some of which erystellised eut on the sides of the vessel
during the transference, On mixing with water the acetene
derivative wae quickly precipitated; sfter breaking up with

s glass rod and stgnding for a few hours it became completely
granular. It wes filtered off and well washed with water.

(o) g;phenylsemicarbazide hydrochloride.

The above crude acetone deriveative was met purified
at this stage, but wes hydrolysed by heating in an asctively
boiling water bath for 50 minutes with an equal melecular
proportion of hydroechloric scid in the form ef a B%¥ agueous
solution. Hydrolyseis took plsee readily end the phenyle
semicarbazide'hydroehloride being soluble. passed into .
solution. ‘There remaingd insoluble hgwever,,a light
bulky preeipitate of diphenylurea which was filtered eff,
The‘filtrate econtaining the phenylsemicarbagzide hydrochleride,
when ¢oeoled in a freezing mixture of ice asnd hydrechloric

acid, gave & large crop of beautiful plates, which were
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filtered off end washed with a little very dilute hydrochlorie

scid, the washings being added to the filtrate, A sueoession‘
of similar erops was obtained from the filtrate by alter—
nately . coneentrating on the water bath ?“d cooeling in

& freezing mixture. The total yield of hydroohloride,
after draining well st the pump,was washed with ether which
removed any ocolouring matter. It was then fecrystaliised
in two portions from sbsolute alcohol, the mother 1iquof
from the first lot being used for the recrystellisation

ef the secomnd, Finally the addition of ether to the

last alcohélic mother liquor eaused almost complete
separstion of .the hydreohloride in & pure form, but at the
same time kept_in solutiog the impurities — diphenylurea

snd oelouring matter. Yield wae excellemnt, M.P, 218°,

(0) J:- phenylsemicarbagzide.

About ene guarter of the abeve phenylsemicarbazide

hydreehleride was dissolved in water to give a saturated
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solution at ordinary temperatqre. rThis aolutien‘was
immereed in ice water amd treated with a eoncentrated
solution of esustioc potash until & faint alkaline reaction
was shown to phenolphthalein used &s on external indicater.
The free phenj@emicarhazide>wae quickly precipitated on
addition of the alkali; it was filtered off and washed
with water. .

The filtrate plus washiggs were usged to dissoclve
enother quarter of the pheny%emicarbazide hydrochloride,
‘and the resulting solution treated with alkali, as sbove
described, to give the free base. gophenykemiearbazide
is slightly soluble in water end hence the preparatiern was
earried out in two instalmepnte to avoid using & larger
volume of the solvent. fimilarly the recrystallisetion of
the product from water was done in two instalmente, the

impurities present being inseluble., M .P.128°%, Yield was

very satisfactory.
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The remaining one-half of the J;phenylscmiearbaside
hydrochloride was used for the preparatien ef benzoin

derivetives (p.1863 ).

éi~BENZYL$EMICARBAZIDE.

s e i b e s e . e e T T W T

CeHg*CHg*NH~CO*NH~NHg.

(a) Acetone~f§~benzylsemicarbazone.

’

4 mizxture of 20 gms. finely ground sacetone
gemicarbazone and 20 gms. benzylamine (slightly more than
1 mol) in & flask having & short air condenser attached
was heated imn e glyecerine bath. When the bath temperature
reached 120° evolution of smmonia began and the mass
swelled. At 188° ammonia was much more vigorouasly dis-—
ocherged thean was the eaée in th; aniline expgriment (p. 68 )3
after 10 minutes at this temperature the acetene semicarbazene

had completely dissolved; after 8@ minutes the evolution of

ammonis sleckened, and at the end ef BO minutes ~ when ihe
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flesk was withdrawn from the bath — the bubbling ef ammonisa

had eeased.

The centents of the flask were mixed whilerhot with
an egual volume of alcohol, and this solution aleng with
alcoholic washings of the vessel,poured in & thim stresm
into a modersately large volume of iee water well stirred,
The acetone Jlbenzylsemicarbazone, whieh sepsareted at éﬁce,
wag broken up with a rod and left to stamd overnight, after
whieh it was filtered off and wsshed with eold water.

(b) J- Bengylsemicarbazide hydrochloride.

The apove erude acetone derivative while gtill

moist was treated with a seluiien of 2; ees., eoencentrated
hydrochlorie aeid im 120 ccs. of water, aqd hested in &
boiling water bath for 80 minutes. After cooling with water
to ordingry tempersature, some_insoluble dibenzylurs a was

filtered off sand washed with a little water. The filtrate

was eooled in & freezing mixture of ice amd hydrechleric seid,
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and a‘few drops of ether added whiech assists the separation;
flaky erystals of benzZylsemicarbazide hydrochleride separated.
.Phese were filtered off, washed first with a little dilute
hydrochloric acid end then with ether to remove colouring

matter -~ the ether washings being discarded. Further crops
were obtained from the filtrate by slternately concentrating
snd freezing ( as described for phenylsemicarbaside hydrochleride
on p.58 ). The purificetion from alcoholic solution wase
effeeted similarly to that of the phenyl-enalogue (p 5g).

In this cese the impurities are dibensyl ufea, probably &
little dibenzylesrbamylhydrazine (p. 88), and a slight

quantity of eelouring matter. The yield ef hydreehleride

was B87% theeretical, When yeated in & mal@ing poeint tube

to 194° it swelled up censiderably but still remsined solid;

on further heating it melted at 2£5° with vigorous.deecomposition.

¥i¢ld: 80 per eent, esloulated on bensylemine used.
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(e) éi-Benzylsemicarbazide.

Two portions of benzylsemicarbazide hydrochleride
were taken, and ene was dissolved in water so as te form
an approximately saturated solution &t ordinary temperatumpe.
This solution was then immersed in ice and oarefﬁlly treated
with a2 concentrated solution of sodium carbenate until
effervescence ceased.. Mederately pure Benzylsemicarbazide
was precipitated at once, and was filtered off and washed
with a little water. The second portion of the hydrochloride
was dissolved in the filtrate and btreated with sedium
carbonate as before. After some time the second erop of
the free base was ggltered off and wgshed.' The mother liguer
on standing overnight yielded a little more in erystalline
form.

The product was resrystallised ir two portions from
hot aloohol, the mother liguor from the first being used for

dissolving the second. A 1little dibenzqusrhayyiiydrazine
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(p. 88 ) which is but slightly seluble, was eliminatéd.
‘The base separatéd from concentrated alcohoelie selutien

in be#utiful large prisms, sgeparatimg first en the sarface
and showing a fascinating movement during their growth.
Melting Point 111°, Yield very good.

Later ﬁork (p. 88 ) which showed thattfphenylethy&
-semicarbazi&e when dissolved in sleohol gave diphenylethyl-
-earbamylhydrazine, suggested a Eimilar experimgnt on

d:benzylsemicarbazide. Here it was found thet fermetien

of dibengylearbemylhydrazine took plece, though very slowly.

NH-CO *NH+CHg*CelH
2CeHp*CHg NH *CONH -NHg - 2TVONP 4 NHee NHs.
NH+*CO*KH*CHe*CeHp
It is ebvious therefere thai it would have'boen
a slight advantage to have recrystallised the yield ef erude

bengylsemicarbegide from water, as was deme for its phenyl

and phenylethyl asnalegues, From this medium it separates

handesomely in 1afge prisms,
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6;Benzylsemicarbaaide and its hydrochloride tﬁns
prepared were identical with the compounds eof these names
prepared by Crawford (see Wilsen, Hopper and Crawferd
Je€, 8.1922,121,886); the swelling up of the hydrochloride

below its melting point has been noted (p. 62 ).

J:U% PHENYLETHYLSEMI CARBAZIDE.

CaHg~CH(CHg) *NH *GO *NH *NH 2

Inactive aeetone&LXr phenylethylsemicarbsagene

Fipely powdered acetone semicarbasene (1 moel) snd
HA=phenylethylemine (1 mol) were hea£ed togetﬁer at 188° fer
80 minutes under & shert reflux air condenser, and\then fer
& further 80 minutes at 142° without the condemser. Ap with
benzylamine a vigerous action took place, The reflux coan-—
denser prevents, during the first bhalf of the experiment,.
lose of emine, which at the temperature, is véry appreociebly

velatile in the ocurrent ef ammenia. Later, the removal of
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the condenser permits the escape of & small guantity of
eily product, which would etherwise appear as an emulsien
during the recovery of the hydreehleriée.

When the reection mixture was ecooled to ablout 100°,
‘mixed with an equal volume of alcohol, snd poured into a
well stirred mese of erushed ice, @ @ticky solid separated,
which on bresking up snd standing evernigh£ became guite solid.
Thie erude aeetoneélaE phenylethylsemicarbazéne could have
been purified as described on p 42 , but was hydrelyéed inétead,

the impurities being eliminsted at the hydrochleride astage.

J;dé phenylethylsemicarbazide hydrochloride.

Phe crude ascetone derivative (1 mol) wes heated
in & boiling water bath with 5% hydroochlorie aeid (1 mél, -
caloulated en the (X~ phenylethylemine used ) for 80 minutes.
The insoluble matter which enly smounted to & mere trace —
showing that very little urea or hydrazodicarbonamide derivatives

had been fermed,—was filtered off, and en resrystallisstien
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from sloobhel and ether gave first smerphous meatter M.P.18F°

(probably diphenylethylearbamylhydragine — see p. 88 ) 8nd

later, long needles M.P, 135° (probably dy-Oephenylethylures).
The filtrate from this insoluble matter, when

extracted with ether to remove impurities, and*cooled in a

freezing mixture, gave crystals of the hydrechleride ié the form

of plates. Farther erops were obtained frem the mother

liguor by eencentrating and cooling alternately.

The éréduct, recrystallised in instelmebtes from
aloehol, in the same manner as was described feor thenzyl—
semicarbazide hydrochloride (p. 82 ), gave sometimes prisms,
end mometimes plates ~ all melting at 165° with decompositiens

Yield: about 75 per cent theoretiecal,

d:o@ Phenylethylsemicarbasgide.

When & ©6l1ld concentrated msolubtion o6f sedium
carbonste wee added to & similar agueous golution ef

J-o phenylethyleemicarbazide hydrochloride {.ceoled im ice)
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antil e¢ffervescence ceased, @ cloudinese first developed
and later sn oil separated, which,after seratching and
sooling in a freeging mixture ef ice and hydreshleorioc acid,
golidified to & low melting point solid. This was filtered,
off digsolved in the minimum quantity of het water, amd filtered
from a little insolub;e matter. From the filtrate, when
eold, long white needles of the free base melting at 92° with
decomposition, separated.

J=ct- phenylethylsemicarbazide is intensely soluble
in aleohel er ether; it does net reerystallise from these
solvenits, but on long stending followed by spontaneous
evaporation, diphenylethylecarbamylhydrazine (p. 90 ) separates,
melting at 1885°, This c;n enly be expleined by the loss
‘of hydrazine from two melecules ef the base .
R+CeHp CH(CHS) uu»ce‘NH~NH§\\;c,ﬂs'cﬁccns)Fee'NH

+ NHg*NHae
CeHe CH(CHg) +CO+NH
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ACTIVE-ACETONE J;U% PHENYLETHYLSEMI CARBAZON E,

This preparttion was carried out exactly as describked
for the insctive product (p. 85 ), 43 gms., of acetone semi~

sarbazone and 435 gms, of d-Ok-phenylethylemine being taken,

Aotive O—ok phenylethylsemicarbazide hydrochloride.

The srude acetone derivative was hydrelysed with
260 o.c. of & per eent hydrochlorioc seid &8 for the insaoctive
product (p. 88 ), but as larger quantities of material were
being worked with here,the bye products were obtained in gresater

bulk, snd were more fully investigated.

The solutien of hydrochloride,obtained after hydrolysis,
contained abeut 8 gms., of inseluble amorpheous ﬁatter, which
was filtered eff, washed with water, and reorystellised frem
alcohol in whieh it is speringly seluble in the oold, thereby
giving long thin needles,which melted at 208°, reselidified

on @ooling, snd remelted 8t the same temperature. By analogy
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with all ether work done on these lines, this preduct should
Sym—

~be sn opticel form of di ~0& phenylethylures, FoundsN=10 + 86

end 10+39 per cent; di -pe phenylethylurea, CquQOGNQ regquires

N=10 +44 per eént. Farther it was opticelly active; Q<2801 gms.

dissolved in BO ecs., slcohol gave e rotestion of +0°2E° im a

2 dem. tube at 17°, and hence @X31;:+ 84-8°,

When the adueous solution of actived:&} phenylethyl=~
semicarbagide hydrochloride was concentrated on the water bgth
during the recevery of the hydrochloride, an amorphous precipitsate,
as well ag good orystals of the hydrochleride was ebtained. ;t
was esteblished that this precipitate was due to & decompositien
of the phenylethylsemicarbagide hydrochleride into diphenyl-
ethylearbemylhydrazine and hydragine hydroehléride.
2+CeHp*CH(Clg) NH*CO+NH*NHg*HCI —

NsHq+2HCL + CgHg+CH(CHa) NH+CO-NH+NH~CONH-CH+(CHs) CeHs
ECurtiué (B. 29,563 J..pz'; ehem. 11, B2, 486) has noted

the decomposition of semiesarbazide into hydrazedicarbenamide
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and hydresine. |

The precipitate recristallised from bot aleohol in
well defined ﬁeedles, insoluble in water, benzene, ehloroform
or petroleum ether, was optiéally inactive and melted at 220°.
Found: N=17+19 per cent; diphenylethylcarbamylhydragine,
Ci1aHga0aNge requires N=17+18 per cent. The opﬁical inactivity
must be due to internal compensation similar to that existing
in meso-tertaric scid — since inactive diphenylethylcarbamyl~
hydragine (p. 90) prepared from inactive JLM; rhenylethylsemiocosarb-
ezide melts at 185°, The latter beody differs alse in being
nuch more seluble in sleohol.

The sbove argument i3 eubstantisted by the faet
that there grew, im the last mother liguer from the rsesovery
of (-0 phgnylethylsemicsrbazide hydrochloride, some very
fine eetahedral erystale of hydrazine dibydrochloride, whieh
melted at 199°.with vigorous decomposition.

Though S0 much prominence has been given in the
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abeve deseription to & gomnsideration eof th; bye products formed,
it must not be assumed that these dominated the other preducts
of the experiment, which was earried out exsctly as for the
aeeténe derivative  and the hydroebloridé of inactive

5—0% phenylethylsenicarbagide (pp.8E,88). The yield of active
hydroohleride wae B2 gms., (72 per eent.theoretiogl — caleculated
on & phenylethylemine,) Its melting peint and retation were
the s;me a8 given in Part 1 (p. 46 ). An exceptionally fime
specimén of the sctive hydrochloride was ebtained from en
agueous solution which had been left undisturbed for nbeu; 'y

month in & desicecater ever sitrong sulphurie aecid, This

¢énelsted of large, almoet rectangulsar plates,
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CHAPTERIV
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During investigation ef the properties of the
d:substituted semicarbagides described in a previous
section (p. 47 ) & number of their derivatives and
decomposition products were prepared and exemined.,

Thus(F phenyl, 5Lben2y1— and lehenyietbyl- semicarbeazides
or their hydrochlorides when dissolved in aqueous glcohol
and btreated with an alcoholic solution of oxalie aeid,
,yiéla snhydrous oxalstes. These salts consist of one
molecule of the acid in union with one molecule of the

base; they recrystallise rather slowly from agueous alsehol,
and are quite stable: their melting point varies somewhat
according to the rate of heating; they are not hydrolysed
by water, in which they eare seoluble.

-A&dition of sodium acetate to aqueous solutione
of the hydrechlerides of these semicerbagides resulte in
the immgdiate'precipitation of the free bases, From this
it would’nﬁpear that t@ese do.not form acetates under the

eonditions; or that if acetstes are capable of existence
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under any conditions, they are hydrolysed by water.
R*NH+*CO*NH*NHa *HCL+N200C+CHg —>R*NH*CO*NH*NHe+NaCL+CHg*COOH.
In some papers dealing with semicarbagone
f

preparation, authors have used the phrase 'by treatment

with semicarbagide acetete!, meening 'by treatment with

semitcarbagide hydrochloride in presence of potessium

acetate'. In view of the behavieurof these Jluubstituted
semicarbagides towarde potassium acetate, the interaetion

of semicarbagide hyérochloride and potassseium acetate was‘
investigated. Aftér removel of the potassium shleride

@h& precipitation with alcohol) end concentration of the
mother liguer in vacuo, semicarbazide — and not its acetate —

remsined(p. 98)

An interesting series ef compounds was obtaimed
by the setion of copper ¢hloride en ‘the hydrochlerides of
the above semicsrbagides . in agueous solutien,. These

products are eoloured and have similar properties to the

double compound ef semicarbsagide hydrochloride and ecopper
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®hloride, prepared by Thiele (Ann.1605, 288, 1), and
given by him the formuls NHg+CO *N *NHp+HCL
CuCL

The double sompounds (with cgpper chloride) about to.be
des§ribed are hydrated, and are given the generesl farmuls
RH2+C0-N(CuCL) *NHe*HCL, X-Ha0,.
With 5;beuzylsemioarbazide two copper ohloride compeounds
were isoletey—~ an  unstable royel blue product, snd a
somparatively stable elive green compound; these seem to
differ enly in the degree of hydration. All these
copper ohloride compounde are decomposed by water ( or
aqueous.ammonia) giving & white precipitate the formatien
of which is met yet understeod. They elso decompose on
heating alome ; water is firet given off; then evolutien
of acid fumes gets in for & time; later the residue melts,

end fin&lly alkaline vapours are evelved, The stages of

‘this decomposition should afferd scope for further iervest~

igation.

ecopper :
The, eompound trom phenylsemicarbaside is stable
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on keeping; the olive green compound frem Benzyl—ssmiearbazide
és modersately stable; while the produet frem phenylethyl~
semicarbagide ir very unstable.

ILike hydrazine and substituted hydrazines these

JLsubetituted aemiéarbazides resct with nitrous aecid te

give azides.

ReNH*CO*NH*NHg *+HNO g—> R+NH+CO*Ng+ZHg0

Phenylcarbamazide has been prepered and exsmined by

Cartius (J.pr.Chem, 1896, 58, 617; 1898, 88, 205). For bengyl—
and phenylethyl~ semicarbazides the reaction was carried

out by adding the theoretiecal guantity of sodium nitrite

to eold concentrated solutions of their hydrochlorides. The
agides formed, being insoluble in water, yere'precipitated

at once. No odour of nitrous fumes wae detected, and no
indication of free nitrous acid was given on starch iodide
paper, Treatment with standerd sodium nitrite solution
would probably serve for the estimation ef these semicarbasgides.

Cartius (loc.oit.) investigamted the decomposition

-
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(by water ) of phenylcerbamazide into dipbenylures -
CeHp*NH*CONg—> CgHpg*NH+CQOH—> (CeH g *NH) gCO+CO g+H g0

The small amounts ef bye products (pp., 92, 95 )encountered
in the preparstien of benzyl- and phenylethyl-carbemazides
.are iherefore likely to be derivetives of uresa.

Gurtiue (J.pr.Chem. 1898,88,208) hae obtained
hy&rézodicarbonanilide (sym—diphenglcarbamylhydrazine) from
&;phenylsemioarbazide. -Under the influence of heat or of
iedine, or by long stending in alcoholic solution,glbenzyl—
and 5;d% pheaylethyl— semicarbazides yield sym—dibenzyl -
and aipherxy].ethyl, —~ carbsnyl hydrazines.
2R'NH-CO'NHwNH2t—>R~NH-CO-NH*NH‘CO°NHR+NHB'NH3
With iodine the liberatgd hydrazine is &t once decomposed,

' 5;B6nzylsemioarbazide when warmed with acetic
enhydride readily gave en acetyl derivative, whereas
d-o phenylethylsemicarbazide did not. This difference
in behaviour may be due %o decomposition (which tekes place

in aleoheolie esolution) into diphenylethylcarbamylbydregine
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and hydragine (eee p. 91 ).

d—g—d—phenylethylsemicarbazide hydrochloride
combines readily (p. ©9) with benzaldehyde, and the
resulting semicarbazone has & high specifie rotation:

o
[og ;°= -296:9° for o = 0-81282 in alcohol,

EXPERIMENTAL
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SLPHENYLSEMICARBAZIDE OXALATE.

CeH g *NH *CO *NH *NHg, (COOH) g.

0+4 gms, of SLPhenylsemioarbazide was dissolved
in 4 cecs. eold alconol and added to a cold solutioa ecopn—
taining 08 gm. oxalic socid in 8 ces. alcohol. Heat was
developed, and a white precipitate thrown down almost
immediately. After & few hours the product was filtered,
washed with & ces. alcohnol, and recrysitallised from a hot
solution ef water and alconol (1:2). Smel] well defined
‘needle shaped cerystals ssesparated slowly, These decomposed
8lightly on slow heating at 185-186°, but did not actually

melt undil 220°. Found :N=17+84 per cent; GoH110sNs

requires N=17 <43 per.cent.

5;BENZYLﬁEMIGARBAZIDE OXALATE.

CeH g*CHg +NH+CO -NH -NH g, (COOH) o,

©+4 gm. 5;beuzylsemicarbazide hydrochloride, as

@ eold solution in 4 ecs. alcohol,was aned %o & eold
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golution of 08 gm. oxalic acid in 8 e¢es. alecohol. A

thick gelatinous precipitate was thrown down immedigtely

whieh did not become granular on standing. It wag filtered

with difficulty owing to its coneistency, then redissolved

in agueous alcohol (1:2) when it gave needles melting on

slow heating et 186° with evolution of much gas.

Alternative method.

O+4 gm, 5;benzylsemicarbazide hydrochleride wag
diesolved in 2 ces., water and sdded to 0+2F gm. oxelioc
acid diseolvedAin ® coes. aleohol. On scratching, or on
seeding with a crystal from tbe first preparstion, needleg
(M.P. 185°) slowly separated. Found N=18+38 per cent;

C1oH1805 3 requires N=18+47 per centb,

v

5;d% PHENYLETHYLSEMICARBAZLIDE OXALATE.

CeHg*CH{CHg) *NH*CO *NH *NHg, (COOH) 3.

©+45 gth;x- phenylethylsenicarbazide hydrochloride

wag disselved in 2 ecs8. of water, and 0-25 gm. oxalio acid
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dissolved in 4 ces.'aloohol)added. After 8 hours, loeng
prismatic needles separated which on recrystallisation
from agueous alceohol gave similar orystals melting with

decomposition at 180°. Found N=15+87 per oent; C11Hi1mOsNs

requires N=15+81l per cent.

5;PHENYLSEMIGARBAZIDE HYDROCHLORIDE COPPER CHLORIDH. «

CeHg+NH+*CO*N(COuCl) *NHg *HC1, 10Hg0,

28+H gms. of S;phenylsemioarbazide hydrochloride
were digsolved in about B ccg. water, cooled snd added %o
a cold solution of 1+8 gmes, cupric chloride in 10 ccs, water.
The mixbture turned blue ia eolour, and almost immediately
a light greean precipitate was thrown down, which was filtered
off and washed with a iittle water. From the mother liquor
s little more separabed on standing. The product when
dried ovgr conoentra?ed gulphuric acid retained its bright
green colour.

In contrast to the experiment (p., 84 ) with
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5;ben2ylsemioarbazide, only one product wes abtained,

and it differed from the benzyl-analogue in that it was
quite stable on exposure to air, er when oconfined in a
desiceator over concentbtrated sulphuric acid. On heating

in an open tube, however, it did behave similarly %o the

above meationed compound. At a gentle héat moigture was
given off and the residue became white; then it melted,
giving first aeid vapours, aand finally alkaline vapours,

Also, like the benszyl ceompound, it was unastable
towards hot water, ia which it decomposed with formation
of a white pro&uct.

Three sttempts £o estimate the ehlorine, by the
Carius method; were unsuccessful; evidently great pressure
was génerated, a3 the tube bural each time.

To estimate the copper present, a portion was
treated, until dissolved, with eoncentrated sulphurie acid,

and taken ce¢arefully to drynesas. The residue was moistened
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. with nitric acid and taken to dryness, and this dual

treatment repeated; and finally ignited to copper oxide,
Found: Cu=13+7 per eent, CyHeONaClasCu,10Hz0 requires

Cu=13+84 per cent.

J-BENZYLSEMICARBAZIDE HYDROCHLORIDRE COPPER CHELORIDE,
CeHg*CHg *NH*CO -N*NHg*HCLl, 44Hgz0.

uCl.

2 gms. (1 mol.) JLbenzylsemicarbazide hydrochloride,
diésolved in 20 ecos. cold water, were added to & filtered
solution of 1+5 gms. (rather more than 1 mol.,) supric ehloride
in 15 ces. cold water, The mixture assumed the colour of
a dilute Fehliang's solution apd aftsr a minute of so, suddenly
deposited a orop of royal blue prismatic needles, whioch
were quickly filtered off — but not washed. The filtrate
sonbtinued to deposit srystals but these consisted of olive
green plates, whioh were filtered'off after atanding oever~
Qight; A little more separated on lenger standing.

Had the royal blue compound not been filtered off,



but the reaction mixture left to stand about & week, the
royal blue crystals would have slowly and sompletely changed
to the olive green, The blue sompound is modsrately

stablé for a day or so in a cold atmosphere, but at s warm
teméeratura (say near a steam batn) soon develops a grseanish
hug. Treatment with absolute alcoohol converted it into

the olive greenkeompound, which ia muoh more stable in sir.
Heating in a dry test tube gave resulte in very distinet
stages; first, on very careful heating over a flame,
moigsture collected on the cooler éarts of the tube and the
mass turned gresa; then oa raising the btempsrature, more
moisture was evolved, and the residue became almosi pure
white; on further heating the mass melted giving off acid
(1.2, to litmus) fumes whieh smelled distinatly of
hydrochloric acid; and on atill further heating alkaline

(to litmue) fumes were'given off. The olive grsen compound

on heating behaved similarly i.e. as from %the 'green' stage
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dgscribed above. The white product obtained duriag
the heabting tu;nsd dreen in contact with water.

Both compdunds on treabtmenl with concentrated
ammonia solution were decomposed in the oeold, giving rise
te a amall quantity oﬁ a white product, whioch in the
orude state melted about 245°.

B N. hydrochlorie acid dissolved both sompounds ia the
eold - the blue rather more readily, and the resultihg
solutioas‘gave no precipitate on subsequent heabting
(eompare action of ammonia), but were yellow when hot,
turning %o a blue green when cold.

Neither compound i3 for loang stable in contaat
with eold water; the blue is the less resistant,.ohanging
firet to a greenish colour; and both eveqtually change
to & whitish product accompanied by & browniah, the latter

being judged, from its golubility in acids and its stain

.on Pilter paper, to be cuprous oxide,

The above tesis would indieate that the blue
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compound is & higher hydrate of the green, whioh alaso is
& hydrate; and f&f£her that both are hydratés of the same
product.

Estimetion of the copper in the green substanoce
was car?ied out by firest tresting with eoncenbtrated
nitrie asid, then concenbrating very slowly in an air even,
and after a further treatment with nitric acid , finally

“igniting to cupric oxide. Found: Cu=18+5 per cent,
CBH110N301gCu,4%H30 requifes Cu=18+53 pér‘eent. In
the course of this estimation it was noticed that the
melted eompound, when treated with a few drops altbric

acid in the cold, gave a bright red product.

=0l PHENYLETHYLSEMIGARBAZIDE HYDROCHLORIDE COPPER CHLORLDE

CeHg*CH(CHa) NH +CO N (CuCl) *NH2 *HCL, % *H 20,

Whea oold solutioans of 1+5 gms, asupric ohloride

in 15 ecse. water and 2 gms, J;dé phenylethylsemicarbazide

-

hydroshloride in 20 ces. water, were united, the mixture
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agguned & deep blue colour, and on standing evernight, a
relatively small erop of olive green laminae separated,
whieh were filtered, but not washed.

The product was very unstable, and when exposed
to dry air on filter papér anderaeath a eslock glasa, 1t
was noticed that the inner surface ‘of the glaass gquickly
became c¢louded with the moisbture given off, Acid fumes,
also, were evolved.

The substance was %00 unstable for examination,
When heated quickly in 8 melting point £ube,thus avoidihg
very much contact with mir, it evolved gas at 185-142°; at
188° & white solid formed which melted about 190° with
evolution of gas and eharriag. This behaviour is similar

to what was noted for its pheayl, snd benzyl analogues.

sym~DIL BEN ZYL-CARBAMYL~HYDRAZINE.

CgHg*CHg *NH +CO «NH +NH *CO *NH +CH 3o *CgH 5.

When 2 gms. J;benzylsémicarbazide were heated in s
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owing to the presence of fres iodine, wae filtered off, washed
with dilute sodium thiosulphate ‘solution and with water, then
dried, and reerystallised from a small quantity ef glacial acetis
acid., @listening plates meliting st 287°, These wers insoluble
in water, ether or benzene; very sparingly eoluble in alcohol;
insoluble in dilute hydrochloric acid or dilute eaustio soda.

Found:N=18+89 per cent; C14H3802N4 requires N=18.79, per cent,

8ym—DIPHENYLETHYL~CARBAMYL-HYDRAZINE.

CeHp*CH(CHg) Y -CO -NH *NH *CO *NH +CH (CHg) *CeH g

Iodine Method.

When & solution of 2 gms. 5;dr phenjlethylsamicarbazid
in 80 ces. of cold water was stirred and treated with the
theoretical amount ¢f iodine dissolved in agueous potassiua
iedide, evelution of nitregen and formation of a white
preoipitaté quickly took place. After gome time, the
produet which was slightly coloured owing to the absorption
of unused iodine, was filtered off, washed with sodium thio-

sulphate solution and with water, and then recrystallised,
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by spontaneous evaporation of an alcoholioc solubtion out

of whioch it separated in long feabthery needles of melting
point 187°. The yield was very good. The compound,
being easily soluble in alecohol, moderately soluble in
ether and immensely soluble in glacial mcetic acid, differs
markedly from the corresponding phenyl( ses Curtiue.J.pr.
Chem. 1898,88;205) and benzyl (p. 89 ) ecompounds, whioh
are slmost insoluble in alceohol and in ether, sad which
reorystallise readily from glacial acetio acid.

Found: N=17.22 per cent; CigHgae03N4 requires N=17+18 per cent.

Alcoholie Methoad,

When §;u& phenylethylaenicarbazide was dissolved

in alcohol with the intention of recrystallising it from -this

solvent, ano product geparated until after several days,thev

aelutien‘had peen reduced to small bulk through spontaneous

evaporation, end then %the geparation of long feathery needles

took placeitbese proved to be diphenylethyl-carbamyl-

hydrazine.
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BENZYLCARBAMAZIDE

CeHg *CHg *NH *CO: *N g,

2 gms, of 5;benzylsemioarbazide hydrochloride

was dissolvgd in 10 ecs. water; the solution was ise~

eooled and breated with 1 gm. of sodium nitrite in the

- form of & 10 per ce:xt. aqueous molubion, There was
nelther evolution nor odour of nitrous fumes. The
solution became gquite thick with & white precipitate,
whien was filtered off, and washed with water. After
drying in 8ir, the product was Hrested with aloohol at
sbout BO®, A small quantity remsined undissolved and
was filteved off; this was identical in appearance with
dibenzyl urea (M.P.189°), it melted at 167° snd when mixed
with dibenzyl ares melted at 187°; probably it is dibensayl
urea {(see p. Vé ).

The alaoholic filtrate from the 187° compound

when cooled in ice,quiokly gave & good erop of the pure
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agide (M.P.84°) in the form of beautiful wix eided plates.
These were filtered and washed with agqueous aloohol. The
mother liguor was diluted with water to precipitate the
product it contained. Thia fraction after drying im air
wag recrystalliised from petroleum ether similarly to
phenylethylearbamazide (p. 95 ). It gave the pure azide
and a meagre quantity of the sompound M.P,187°. The yield

was excellant,

Bengyloarbamazide melés at 84° without decomposition

and the resulting liguid remains-stable until 156° when it
evolves gas and turas red. When heated in a dry tube

it melts’and later a& product distils, the v&pours‘solidifying
on the cooler parta of the tube to a white erystal masa.

The azide is volatile in'steam snd these vapours produce

a keen biting sensabion in thé nostrila. The grinding
Theé @ompound

of the orystals induces intense sneesziangd.

which.has great orystallising power sppears %0 be insoluble

ia 6o0ld water ; soluble in hot petroleum ether, slightly
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goluble in the cold; very easily soluble in aloohol ox
benzene. No explosive properties were detected.

Found N=31+78 per ocont; CgHgON4 requires N=381-8 per sent.

PHENYLETHYLCARBAMAZIDE.

CeHg*CH(CHg) *NH *CO *N g

A solution of 2 gms. J~o& phenylethylsemiocsrbazide
hydrechloride in 7 cos. water was immersed in ice water for
% short time so as to obtain a supersatur;ted solution,
and to it while still in the cooling medium an iee oold
solution of 1 gm. (excess) sodium nitrite in 4 cos., water
was gradually added, the mixtuvre being agitated by Qwirling
round, not by stirring whioh would eause orystallisation
of the hydr@ehloride.

The firast drops of nitrite caused the séparation
of an 0ily emulsion which redquired only a few seasonda te
solidify. Phereafter each drop of nitrite precipitated

selid matter. At the end of the addition, & drop of the
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mixture on sbtarch iodide paper showed no indisation of
free nitrous acid whioch i@ preof that the reaotion between

nitrous seid and the semisarbazide is very prapid,

Any lumps in the precipihate?&zide were broken up

with a glass rod, after which it was filtered and weshed
with ceold water. 4 drop or two of dilute hydroshlorie
acid addéd to the filtrate brought aboﬁt a further slight
precipibate; 8til) more of the mineral acid eaused ev;lution
of nitrous fumes. Saturation of the filtrate with smmonium
sulphate followed by extraction with ether reeovéred the
last traces eof azmide.

" The azide ebtained by filtration, after drying
in air on 3 porous plate,was added to the very small residue
obt;ined fromvevaporabion of the ethereal extract, end
the whole boiled under reflux with 60-80° petroleum eﬁher
for a ghort time. A small quantity of substanoe,M.P.

169-1¢5°, insoluble —~ er nearly insoluble in the molvent,

was filtered eff while hot, The mother liguor soon
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depogited & good orop of the azide in the form ef coaras

needles which adhered to the sides of the vesael, Later
gsome floculent amorphous matteg (M. P. 150°) appeared, but

&8 bthia remained suspended throughout the liquid,it was

sad8ily recovered by filteriag the liguor decanted from
the orystals, Concentration of this filtrate ylelded

beaubiful well defined erystals of the pure azide. The

firat large orop was eampletely purified by one‘roary—
stallisation from petroleum ether. The yield was about

90 per cent, theoretiesal.

Phonylethylearbamazide bears a elose résemblance
Yo bgnzyloarbamazide; when heated with water or alcohol
the intense eharacteristic odour of hydrazoio acid is noted;

when ground, the powder eauses gspreezing; it shows no
explosive properties when rubbed, er when heated either

alone or with sopper oxide. It melts at 87°,” resolidifies

gquickly on sooliang end remelts at the same temperature;

on heating te 148° it begins to evolve gase and gradually
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dévelops & brownish red eolour = & behaviéur whioh suggests
that i% loses nitrogen after the fashion,

- "Nla+Na'0C‘>.— — - GO'NzN‘OO}an N
yielding an 820 body.

Found N=20-88 per eenbt; CgHiyN4 requires N=20+47 per cent.

ACETYL DERIVATIVE OF 6;BENZYLSEMICARBAZIDE.

CegHp*CHp *NH +CO *NH *NH * GO «CH g4

1 gm. of 5;benaylsemicarbazide and 4 ces. of acetio
snhydride were placed in a test tube provided with a calocium
chloride tube and heated on a steam bath for 8 hours. The
semicarbazide dissolved readily in the cold, The reactioa
product en mtandiﬁg at ordinary temperature for two days
became a thisk orystalline mass whioh wag left fer some

time on a porous plate before being recrystallised from a

mixture of alecohol and bengene. The produet was obtained

in glistening plates melting at 14B°.

Found N=20+48 per cenbt; ¥10H1302Ns requires N=20+3 per cent.
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The Interaction of Bemiocarbazide Hydrochloride and

Petagsium Acetate..

Theoretical quantities of semionrbazide hydrocshloride
( in aqueous solution) and of potassium scetate ( in
aleoholic solution) were amixed, and the precipitate of
potagsium ¢hloride filtered off., The filtrate was
evaporated st 40-30° to drynees under greatly diminished
pressure ( less than 1 om.). Acetic acid passed over in
the distillate, sndehan thé 80lid residue from the distilling
flask was recrystallised from alcohol it proved to be free

semnicarbazide (M.P, 96°) mixed with potassium ohloride.
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ACTIVE BENZALDEHYDE-J~0&PHENYLETHYL SEMI CARBAZONE.

CgHpg*CH: N -NH «CO +NH ~CH (CHg) *CgHg.

1 gm. of benzaldehyde was shaken in a test tube
with 8 gms. of d—JLNEphenylethylsemicarbazide hydrochloride
dissélved in 4 ccs. water. Reaction took place'at once and
the semi-solid product which.formed was geparated, washed with
water, and when dry wasg recrystallised from petroleum ether.
Long fine needles melting at 102-103° were obtained; these
were very soluovle in aléohol, chloroform, bengene or ethyl
acotate, moderately soluble in pstroleum ether, and insoluble
in water. Pound: N = 15-8 per cent; CigH1,0ONga requires

Q
N = 1B+73 per cenb. EK11; = —2908+9° for ¢ = 0-8182 in alcohol.
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CHAPTEBER V

BENZOIN SEMIGARBAZONTE
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Biltz and his co-workers (Ann.1905, 839, 248) have
examined very fully the action of semiscarbazide on benzoin
and related products, The main features of their work whieh
concern the pressent investigation are now discussed.

Biltz's recipe for benzoin semicarbazone is the
following -

'Rengzoin semicsrbazone is8 slowly formed when a solution of

8 gms. benzoin in 150 gms. alcohol is treated with a solution
of 4 gms, semicarbazide hydrochloride in 10 gms, water and the
mixture allowed to stand for 8 days, The reaction esn he
hastened waen the solutions are warmed to about 80° and the
mixbure maintained at this temperature for some time.'

This recipe when taken in conjunction with the
theoretical part'preoeding it, means that the reaction was
carried out at room temperature. Since a solution of 8 gms.
benzoin in 180 gms. aicohol begins to deposit crystals before
room bemperaturs is reached the instructions cannat be strictly

followed, 4ven (J.C.S. 1909, 95, 1B591) interprets Biltz as
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haviag stated ' by the interaction of an alcoholie auapeqsion

of benzoin and an agueous solution of semiocarbagzide hydrochlorids',
and in an attempt.to prepare the gemicarbaZOne of l-benzoin
proceeded as follows :-

l-benzoin (2 gms.) was dissolved in boiling alcohol (47 ecs.)
and quickly cooled to laboratory temperature whereupon &

portion of the benzoin separated, After the additioen of
.semicarbazide hydrochloride (1 gm.) dissolved in 38 ccs, water,
the mixture was shaken in a thermostat at 25° for B days.

The clear yellow solutioen So obtained was evaporated to dryness
in vacuo. The residue when'washed with water and recrystallised
from alcohol proved to be slightly racemised benzoin. The
failure of Wren's experiment te yield a semicarbaZone is

discussed later (p. 109),
The author would amend Biltz's recipe for the pre-
paration of beazoin semjcarbazone to read as follows :-

......... when a solution of 8 gms. bepzoin _  dissolved in

sufficient alcohol to maintain it in solution at room temp-
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erature is treated —————————- (gee p. 101 ). The reasons
for this modification being :-

(1) | That 8 gms. benzoin is not soluble in 1B0 gma.
alconol at ordinary temperature,

(2) That the larger volume of alcohol gives a better
yvield of benzoin semicarbazone, since the tendenoy to
formation of diphenyloxytriagine is thereby reduced.
Thie reason will be more easily understood after the
preparation of be-zoin benzylsemicarbazone has been
Qiacussed (pp. 132, 181 ).

Biltz has proved ~ as was also shown in this work =~
that whean benzoin and semicarbazide hydrochloride interact,
there are fofmed,considerable quantities of diphenyloxytriazine
and diphenyliminazolone in addition to the se@icarbazone. By
means of some experiments with benzil he partly traced the
formation of the first mentioned bye product. Thue benzil,
when btreated with semicarbazide hydrochloride end potassium

acetate, gives the mono—semicarbazone ;
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CgHp+C:0
CgHg*C:NNH+-CO+NHg
and this body when boiled in alcoholic solution for 8 hours
undergoes intramolecular condensation with loss of water,
yielding diphenyloxytriazine
Cel g » C: N—CO | CeHg+C: N +C(OH)
N
CaHg+C:N+NH CeHpg*CiN+N
whieh had been pgeviously described by Posner as a second form
of benz}l mono-gdemicarbaszone, Diels (Eer.1908, 88, 8180)
has also effeated the conversion of benzil. semiogrbazone into
diphenyloxytriazine by treating with dilute eaustic soda until
dissolved, the sodium salt of the product being formed simult—~
aneously. The author has cenveniently effected the eopvereion

by warming the semicarbazone in pyridine solution for a few

minutes.
It i8 elear therefore, that the formation of diphenyl-
oxytriagine from benzoin and semicarbazide,is due te the inter-

mediate fermation of bengil semicsarbazone, or, te use Biltk's
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words ' the formation of diphenyloxytriazine (iii) sleng with

semicarbazone.
benzoin, is explained by the oxidation of a part of the benzoin

or benzoin semicarbazone (i) to benzil or benzil semicarbazone

’
(i1), and water splitting off from the latter yields the oxytrisasine,

CaH g+ CHOH Celip+C:0 Calpg-C:N+CO
CeHg+CiN NH+CO +NH 2 CeHp*Ci N +NH-CO *NH g CeHp Gt N +NH
(1) (1) (iii)

Biltz made no reasonable attempt to explain the
mechanism of this oxidation of benzoin or benzoin semicarbazone
by mesns of gemicarbszide whiceh is a strong reducing agent.
His detection of asmmonia in the spent liquors from his experimeats,
and of diphenyliminazolone amongst the products of the reaction,
is here made the basis of a theory (by the suthor) which suggests
that benmoin, being an o{~hydroxy ketone, reacts tewards semi-
carbazide, after the fashion.of(X—hydroxy keteqea énd phenyl—
. hydrazine, yielding a semicarbatone-of the corresponding
A-B-aiketone (e.g.benzil); the oxidation of the seceondary

aleoholie group being effected at the expense of the semicarbazide

.
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molecule, whieh i8 thersby split up into ammonia and urea.
The urea then condenses with unchanged benzoin to ferm
diphenyliminazolone.

According te the foregoing theory the reaction between
benzoin and semicarbazide would take place in the following
stages:i~

(1) Benzoin semicarbazone,being formed by the leas
energetic methods of procedure (e.g. at ordinary
temperaturg and in dilute alcoholic solution ),may be
deemed the.first produoct of thevreuctian.

CeHg*CHOH » CegH g+ CHOH

J}
CgHp5+C:0 + NHg-NH-CO-NHgz CeHg*CsNNH+CONHp

(2) Oxidation of benzoin semicarbazone t¢ bengil meno-
gemicarbazone,
CeHg+CHOH + NHo+NH-GO *NHg
‘ —

CeHpg*C:N-NH-CO+NHg

CegHg*CO + NHg + NHg+CO-NHg

Gglg*C:N-NH-CO+NHg
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This is similar te the action of phenylhydrazine on
glucose phenylhydraszons,

dron + NHg'NH-CgHpg o + NHg + NHg+CeHg

| —
CH: N +NH+CgHp OH:N +NH +CaHg

and explains the presence of ammonia in the spent liguors.

Condensation of urea with benzoin to give diphenyl-

iminazolone,
CeHs'CO CGHE'C'OH
—
CeH g+ CHOH CgHp+C-0OH
CeHg*C-0H HQN\O CeHs oCoNH\
“ + ’ —_ ” CO + 2H30
CeHp+C-0H oo CeHp+C-NEH-

This stage of the theory is supported by the fact that
urea has been econdensed with benzoin jn slcoholic
(Anschutz, Ann, 1891, 261, 129; 1894, 284, 8) or in acetic
acid solutioen (Eiliz and Stellbaum, Ann, 1905, 3839, 264)
to give diphenyliminazolone‘in good yields. Inocidentally

there is here sirong evidenoce that benzoin ean behave in a

diemolic form (sea 8lso p. 194 -
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(4) While glucosone phenylhydrazene reacts with & second
molecule of phenylhydrazine te give an osszone,
I : |
c:0 + NHg *NH+«CgHg C:N+NH«CaHpg
_—
H

HGiw -NH - Calis ‘Ci N +NH+CeHs

benzil mono—semicarbazone is more inclined (ugder the
conditions of the experiment) %o yield the interna;
condensation product (diphenyloxytriazine), than it is
to react with a second molecule of semicarbazide; and
hence the non-appearancs of bengil mono-—or di@gmicarbazone
amongst the products of the experiment.
Turning to Biltz's ;tatement (Ann. 1905, 839, 248)
“that the formation of diphenyliminazolone is thought te be due
to the emergence of the censtituents of hydroxylamine.frem
bengoin semicarbazone =
CigH1s0gNg = HgNO +  CaigHigONg ',
there is no experimgutal foundation for the thought,which is'
evidently the outcome of an exereise in subtraction. His

suggestion that hydroxylamine, (thought to be) formed during !
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the change 9f benzoin semicarbazone into diphenyliminazZolone,might
gerve far bthe oxidation of benzoin or benzoin semiearbazéne to
benzil or benzil semicarbazone, does not appear convinecing. It
would'be difficult to depioct,with structural formulae,the stages
by which bemzoin semicarbazone (I) could be converted into the
" iminazolone (II) and hydroxylamine.

CgHg+CHOH HeN CeH5°C~Nﬁ

| () - “ >co (1)

CaHg*C:N +NH-CO CgHg*C-NH

[ﬁote:Tbe author draws attention %o the fact that in Bil#®'s equation

(Ann, 889, 248), diphenyloxytriazine should read benzoin semicarbazone],

Reverting to Wren's experiment (p. 102) it seems very
probable to the author, that the clear yellow solution he
obtained, contained diphenyloxytriazine, this colour being
characteristic of ifs alcoholic solutions. If Bis reaction
product had beer poured into & large wvolume of water and allowed
to atand for some time it is probable he would have obtained
Boée of the bye products mentioned by Biltz (p. 108 ). 8ince

Wren used eguimolecular proportions of benzoin and semicarbazide



110

hydrochloride, there was an excess of benzoin present (e.g.allow-—
ing for the semicarbazide used as oxidising agent) and this would
account for the benzoin he reco?ered.

After benzoin 5;benzylsemicarbazone had been gsuccess—
fully prepared (p.2145 ) in pyridine solution it was thought
that the interaction of benzoin and semicarbazide in this solvent
might prove of interest. The results were very gratifying.
Two isomerides (hereafter prefixed K- and S~) of benzoin semi-
earbazone were obtained, The eombined yield of these was
almost theoretieal. ¥o bye products other than sligﬁt ecolouring
matter wq?e obtained, even when the reaction mixture was heated
on a water bath for a congiderable tiame. The L —igomer was
obtained in preponderating quantity; it melts at 208° and is
identical ﬁith the benzoin semicarbazone hitherto described in
the literature. The,g-form isAmueh more soluble and melts
&t 187°% on hydrolysis it yields benzoin, and on this fact coupled
with its analysié and molecular weight, its identification is

based; it is not dimorpbous with the K~form (M.P. 208°) sinae
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a mixture of bthe two melts at 179°-200°,
In thia pyridine method, an agqueous solution of

semicarbazide hydrochloride was added to a solution of benzoin

‘in pyridine. After six days the product was precipitated in

two instalments by addition of water, a large velume of whioch was

required. The/?—isomer wasg obtsined from the second instalment

and only in compsratively small proportion.

Biltz states that benzoin semicarbazons when heated
with hydrochloric acid is at first eplit up into benzoin and
gsemicarbazide, but that the benzoin is immediately reduced to
hydrobenzoin by the semicarbazide. This atatement probably
means that he carried out the hydrolysis without the presence
of a solvent.

The suthor has found however, that if the K-semi~
carbazone (that is the form used by Biltz) in alcoholic solution
is heated for & short time with concentrated hydrochloric acid,
hydrolysis takes places readily end benzoin geparetes eut on

cooling. The jidentity of this benzoin was confirmed by melting
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point, mixed melting point , erystalline ferm and solubility, .

ond finally by its conversion into benzoin benzoate.

of the B-isomeride also gives henzoin,

Hydrolysis




113

EXPEHKIMENTAL

BENZOQIN BEMICARBAZONE

- , e -—-

G¢H g +CHOH

CeHpg*CiN +NH+CO +NHg

85 gme, (1 mol,) ef.rooryutallincd limioarbtlido
bydroohloride disselved imn 20 oco. of water wore added %o
s solutieon of 16 gms., (1 mel.) bensein in 160 gms, ef
pyridine. After oix days at ordinary temperature, tho 
solution, whieh head beocome somewhat coloured, was poured
inté 2400 oe8, of 20ld water vigerously ugitctod, fhe
semicarbarone, whioh sepsrated quiokly as & white smorpheus
mass, was filtered off after am hour or mso, and weshed first
nith water, then with dilute hydreeoblerie ueid ( te remeve
treces of pyridine) and finallywizhwator. Crop 1 was Shus
obtained, When the filtrste diluted te sbout 8600 ces,

wes allewed teo mtend everanight, o leaend’orop ( erop %) wseparated

whioh wad eellecied and washed similarly to CGrop 1, Farther
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dilution ef the liguor with water failed to preduce a

precipitate.

Crop 1 = 14 gas,spproximately; M.P,P200-201°,

Crop 2 = 8 gme, spproximetely; M.P, 1¥B~-177°,
¢rop 1 was disselved in absolute aloohel by mederately
leng heating under reflux, The solution, after filtering
and standing evernight, deposited large erystals whioch,
after twe further similar erystallisations frem sleehel,
melted st 20€°, snd proved to be that semicarbasene (<~ferm)
of benzoin pr;vioucly descrived by Biltz snd Arad (4mn.
1905, 8889, 267 ).

The reoryetallisstion did net invelve much loss

#inoe the isomer melting &t 206° was very -ptrinély soluble
in 00ld alechel and there were no diffieulily seluble prpduotu

present, the impurities heing & little ef the more seluble

isomer and eelouring matber. ‘The tetal mether liquers from
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the reorystellisastion were united, oenoontrtﬁod et intervals
and sllewed to stend, o long as the meliting peint ef the

separating product was eabove 260°. After thie, & 1little eof
the sompound melting &t 187° (see below) might be recovered.

Crop 2 Was muoh mere soluble them Crep 1 in

refluzing sloohol, but from the solution so obtaimed there
separated, after standing evernight, & moderate proportien
of the higher melting isecmer (206°) in & fairly pure‘form.
Thie was filtersd off unﬁ_naohod with aloohol, the washings
being added to the filtrate. coneentrut§on ef the filtrate,
followed by standing overnight, geve & product whioch did met

ecempletely rediswelve en 8dding fresh alcehel snd shaking. the

residue eonsisting of the higher melting point isemer wes
filtered off smd similar trestment ef the filtrate repeated
until there sppeared tiny prism~shaped (slmest subiesl) erystals
whioh separsted at mere er less regular intervals em the

bottom ef the flask, and whieh steadily grew for a fow days
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o8 the solution eveperwbed spontanecusly. The yield of

theso erystals was aboub ene quarter of the originel weight

of Crop 2, end was purifiod by tWwe eor three reorystalliisatiens
from alecohol until the meltirng point remasined semstent at
186-187°, This product (ﬁ-—torm) erystallised slowly, sad

the best Pheped erystals, almest oubiesl in foerm, were ebtaimed
by sponteneous ovaporaﬁion. The mother liguers frem thie
lsomer, when diluted with water elmost te ineipient eleudinewss,
and then decolourised with animsl ehareoal ef s neutrsl re-
sction (sinee eeid would hydrelyse), yielded a little mere

of Vhe ocompound. owing to the slow reerystsllisatien of

both ferms of bentein semiocarbasene, the exporiment was

rather tedious and required at lesst two weeks fer eempletion.
Nething in the way of bye-products was dftootod ozogpt the

emall quentity of eolouring mstter, whiob however has & marked
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influence, inoreasing the selubility of both ferme of the
semicarbesone, &8 well as retarding their wepareation,

Properties of Benzoin S~semicarbasone

Melting point 186-187° (with decompositien). . Ia
the sbmence of tha‘eolouring matter, it diesolves but slewlyin
cold aloohol, and even in the hot it reguires a eensiderable
time, though it then gives & moderstely eencentrated msolutiem.
It i¢ slightly soluble in boiling bensens eor in boiiing ether:
inseluble in water.
Found N=1E+78 per eent; c;gaigegws roguiroivnﬁlﬁwei per oent.
Molécular Woig;t, by elevation ef the beiliag peint of sleohel,
gave 299; reguired R69.
When & pertien (sbout 9+8 ga,),diaaolvod in agueous aleehel,
Wal trested with gboat 2 oon, of occncentrated hydreohlerie
80id, heated to sective boiling fer sbeut & mimute, them diluted

With twe volumes ef water end left %o eool, leng needles
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seperated whioch after reorystallisstion frem slcohel melted
st 185°. The orystals so ebbtained had every sppesrsnce

of benzein (M.P., 18B°), sdmixture with whioh did net alter
the melting point. It wed therefore goncluded that the
product had been bydrolyeed inte benzoin snd semicearbarcide
hydroohlexride,

Whea thisS-semicarbezone (M.P.187°) was mixed witk
the K-semicarbazons (M.P,208°) in epproximately squal pro-
portions, the mixture melted with decomposition ever s
reage of 179°-200°; thus preving thet the two substasnmces
&ré rot dimorphous,

Boy zoin K~-semicarberene, the preperties ef whish have
besn fully described by Biltz (lec.oit,) differs grestly
from the S-gemicarbasene ia its solubility, ite melting

point ead ite erystalline form.
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The following experiments were ocarried out im erder te
determine the effeats of time and of temperature en the
condensation of benzein with semioarbeside in pyridine

gsolution -~

Experiment I,

1 go. of senmicarbeside hydroohloride diwsclved in
2 eas,. of laterknao sdded to & solution of 2 gms. bensoin
in 20 oo®, pyridine, end the mixture elliowed to stand for
thres hours at room tempersture. Sufficient water to induce
cloudiness was then added, and after stending evermight
Crop.i wae filtered offs Crops 2,8, and 4 were obtained
in & similer manner.
Crop 1. MuP. 186°.Feorystallised from slcohel M.P.208°,
2. 196°, , ] 06°.
8. 1e8°, " ‘ 17e°.

4, 148°, 148°,
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When the third smd fourth erops were frastionslly
erystellised from aloohol, the final products were the
compound melting et ;sv°, together witk unchsnged benmsoin,
(MeP, 185°) . A8 8 fair auantity ef benzoin was recovered
it would seem that three hours wee insuffiotent teo bring
about ocomplete ocondensation,

4 similer experiment when left for eighteen hours

at room tempersture before adding water, produced the produochs
melting &t 206° and 1év°, a8 well as & szall quemtity ef
benzoin, sand proved therefore, that eighteen hours is
insufticient for complete asomndeasation.

Experiment 8.

1 gm. of semiocsrbaside hydroohleride disselved in
2 oos, of water was added to & wolution ef 2 gme, ef bensein
in 20 com, of pyridine, ' The mixture was heated to 100° and

allowed to remsin about that temperature fer half on\'hour,
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7 after whioh it was oooled, diluted with uutc; in 1§'tllmont',
snd the fractions erystaliised frem alechoel as befere. Tke
compounds melting at 205" and 189°, am well am a little
bengsein were eobbteinsd; end hence the-oonditionu_wora not
suffioient 46 bring about complete condensation. More
colouring matter was developed in thisg experiment.

Puring the time these small soale experimemts wers
in progress, the larger experiment (v. 115 was esrried te
completion, and as it gave & matisfactory methed ef ebtaining
the two forms ef benszolin semiocarbegene without fermetien ef
bye products, the experiments on the effeot ef time and btemper~
eture were discontinued.

It was however emtablished t-

1, That a peried semewhere between 18 hours and & days

was necessary te eomplete the sendensatien.

8. That both isemers were forued in ithe early stages

of the reaction.



122

8, Thet the addition of & little water (i.e. shert ef
enough to induce oeloudiness ) to the pyridine selusien
brought down the X-~isomer in & practically pure ferm.

4. Thet under the oonditionms eof the resrystellisatien
sdopted, sany bonno{n present eorystallised eut intermediately
between the separatiens of the X~ snd /S -isemers, snd henece

‘148 remeval presented ne diffieulty.

Hydrelysimw of Bension K-Semicarbazense.

4 gus,. of finely ground bensein K«gemicarbasens
(Mo P. 205°) were heated und;r reflux Qiti 80 eas. sleehel
snd o few eon. of soncentrated hydroohlerie aoid fer rather
leniftilo than was necessary te effect complete solutioen.
Aftor oool;ng slightly the eolution was filtered, In & shert

time needles separated, whieh after recryetallisation frem
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alcohel melted st 18E°. A mixed melting point with beasoin
(MoaP.186°) was 185°,

1 gm. of this hydrolyeis product was treated with
4 gms, of benxoyl obloride in the msaner desoribed by
wren ( J.6.8. 1909, 85, 1601. ) fer the prepsratien of
benzoin ponkeste (Gompers p.147 for fuller detsils). Neesdles
melting at 184° were obtained on recrystallisatiean ef the
bengoate formed, Thiem confirms that under the oconditions,
-bongseoin — sad not hydrobenzoin - is obtaimed by hydrolysis
of bengoin semiocarbazone, As mentiened im theoretiocsl
part (P+11) Biltz stated that hydrobenzeia is ebtsiaed
by the hydrelysis of the nomicurbuiono with ;ydroohlorie

s0id, Hydrobensein mono- sad di-benseates melt ot

160-161° and 247° rvespeotively.
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CHAPTER VI

BENZOIN S—BENZYLSEMIG,ARBA.ZONE
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wWhen optically active S—dr phenylethylsemicarbazide
hydrochloride had been prepared, it was decided %to use it
in an attempt to resolve some ketone or sldehyde ocontaining
an asymmetric carbon atom, and benzoin, being so readily
acceesgsible, naburally sugdested itself. gefore, however,
proceeding %o employ the § —dm phenylethylsemicarbagide,
it was deemed advisable to emperiment with the more
aceessible S—benzylsemibarbazide, and to £ind out the bhest
conditions for the preparstion of benszoin 5;benzylsemih
carbazone.s It was %thought that the conditioems for the
formation of benzoin”é;mp phenylethylsemicarbazone would
be similar, and later %this supposition was proved to be
eorrect.

Taking as a guide, Biltz's instructions
(4nn,1905,839,257) for the preparation of benzoin
somicarbazone (see slso p. 101) which seemed to be the
only guidance obtalnable from the literaturé,.exporiments

were made on similar lines - using 3-benzylsemicarbazide
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hydroechloride.

Aecordingly'a solution of 4 gmse. of beunsein
in 756 ees. of alechol was mixed with a selution ef 4 gma,
of-g;benzylsemicarbazide hydrochloride in 8 ecs, of water,
and the mixture kept about 80°%, Another experiment
using the same quantities of materials was ocarried out
&t ordinary btemperature.

From both of these trials, (afterwards ecalled
preliminary experiments Numbers 1 and 2) a very good
yield of a eream coloured product (melting at 282% when
iselated, or at 283° when recrystallised). was obtained.
The nitrogen content of this product being 16+4 per cent
shewed that it was not benzoin S-benzylssmicarban@ne
which requires 11+8 per cent of nitregen.

Further reference to Biltz's paper. revealed
the complicated oourses which the interaction ef semi-
¢arbazide and benzoin in aleccholic solubtion followed

under slightly varying conditiens, leading partieularly
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to compoaunds of ring structure ( see p. 1038 ),- At this
stage it was decided to experiment on new lines and to
use pyridine as salvgnt medium. This was a new de~
parture so far as semicarbazons formation wes ooneerned,:
Pyridine was chosen because it has proved so useful in
altering or modifying a number of reactions ( for example
in the interconversion of isemeric aldoses by Fischer's
method ).

Accordingly an'aqﬁeous seiution of g—benzyl-
semicarbagzide hydrechloride was mixed with a pyridihe
solution of benzoinj: +the results were whelly desir*able,
an excellent yield of benzoin 5—benzylsemicarbazone being
obtained.:

When this result had been achieved,: the: experimeants
using aloohol as solvent were nebt pursued further Weyend
preserving the products isolated from them, se that the
fullest investigation was not given to them at the mest

suitable time. A%t a later period hawever,. wikh the help
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of experience gained in working with the semicarbazones
and O-substituted semiocarbazones of benzoin the produets
from these aleoholic preparations were investigated and
an' interpretation put upon the results.

Thus to review the facts briefly: when
S-benzylsemiearbazide hydrochloride (1 mel.) and benzoin
(1 mol,). interacted in alecoholic selution,. there were
oﬁtained thrée products -

(1) A good yield of a cream coloured product
melting at 239° (232°crude) which yielded benzil
on hydrolysis and wheose nitrogen contemt agreed
with that of benzil dibenzylsemicazbazons.  The
identity of this product was confirmed by som~
parison with a sample of benzil dibenzylsemicarbazone
prepared direetly (p. 142). from benzil.

(2). & small proportion of & compound melting at

13s8° whiah'yiél?ed benszil on hydrolysis and whess

nitrogen oonteat agreed with that of benzil monow
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" bengzylsemicarbazone,” Direct preparation of
benzil mono-~benzylsemicarbazene (p.140 ) yielded
a product which has not yet been fully examined;-
somebtimes after recrystallisation it melted at
172°, gsometimes aboutb 208‘, but more often ever
a range between these two temperatures. 1% might
be a mixture of two dimorphous forms.- Cempariason
with -the compound melting at 198° was therefore,
difficult and as this compound was only obtained
in small guantity it might not be gquite ﬁure.
(3) A moderately large proportion of unchanged benzoinm
Thie i3 in accordance with the succesding theory.:
The absence of derivatives of benzoin amongst
the final products is not without a parallel in Biltz's
work on benzein semigarbszane which is:reviéwed on p, 108 o

The work here desoribed affords additional confirmation

for the theory offered {(p. 105 ).ta‘exglaih*theAformatibu

of bye products during the interactien of benzoim and
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semicarbazide hydrdchloride in aleehalic selutien,-

(1) Thus with benzylsemicarbaszide, bensoin

Slbanzyrsemibarbazonevis-firsh.furnedv 4

GeHgPGHQH
_—
Calg+ G20 4. NHg e NH+GO ¢ NHCHg»Cglp
OgtHs~CHOH
CogHpg*CsNeNHOD+NH+CHg*Calls. +. Hag®
(2). Oxidation of the benzoin derivative to the

ecorresponding derivative of benzil takes place
at the expense of benzylsemicabaside,.:
UgHp+*CHOH +  NHgeNH-CP-NH*OHa»CaHs.
Callp*C: N+ NH* 20 NH*CHg+»Cgls
Caillg+8:0 +. - NHg: +  NHg+CD+NH+GHa»@gHs-
ColigeUsNNH+0D+NH-CHa*Salip

(8). Ih'benzil.mene—benzylsemicarbazane the presence
the benzyl rg@gble in the. d=position of the semi-
carbazone renders the formation of an oxtyriasine

impossible (compare theory on benzil menossemisarbasome

pe_108.).



The- mnono—derivative howéver reacts with & further
molacule of SLbenzylsemicarbazide yielding the
di-benzylsemicarbazone,

Calizg+C:0 +. Nl s NHCO«NH«CHg*Calig
Calig +Ci N+ NHCO+NHCHg «Calp
CgHg*Ct N+ NH+CQ+NH*CHa+CaHp.
CaHg*C: NeNH+CO*NH+CHp+CeHy +  HpO,
In the preliminary experiments deseribed on
pages 134 and 135 benzoin and d-benzylsemicarbazide hydreechleride
were taken in equimelecular proportions. Sinee benzil
di-bennylsemicarbazone was foermed in large quantity there
must have been an excess:of'banzoiﬁ left over, Thiw
execess was actually reéovered during the recrystallisation
of the products,
Aecording to the above theory, benzein benzyls
semicarbazone (1 mol,) and benzylsemicarbagide hydreohleride
(2 mols,) should react in sleocholic selution %o give bensil

dibenszylgemicarbazone (1 mol,).  Hxperiment (p. 144 ). using
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these proportiens gave an almost theoretical yield,which
is very considerable support for the theory,:

While: benzoin 5;benuylsemicarbazone iz stable
in aleohol, a cold concentrated aleoheolie selution, teo
which a few drops of hydrochloric acid were added, was
eonverted in the course of some days, into benzgil di~
benzylaemicarbazone, This conversion must be due in
the first instance to the hydrolysis of a portian ef
the benmoin derivative into bengein and benzylsemi-
¢arbazide, since otherwise there would be ane free
hydrazide to combime with the ketone group formed in-
the oxidation.:

4% a later period of thse work, when geometris
isomers . were being looked for, the praparatibn'(§¢f14e ).
of benzoin S;benzylsemiearbazone was again attempted
in aleoholiec solution, but this: time, in order 4o minimime:
the observed influence of hydroechloris acid ( whish in

the Preparation‘cames from the bansyl semicarbaszide
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hydrochloride), almost twice the previous amount of
aleohol was used as solveunb.: The more dilute ssolution
gave rather different resulis, e moderate yield of
benzmin'banzylsemicarbazbne being obtaihed,.despite the
formation of some benzil di-benzylsemicarbazons,.

Phe preparation of benzil mono~ and di-benzyl~
semicarbazone is given in the following experimental part
since these compounds were required for comparimon,

One charscteristic of this pyridine method of
semicarbaéone preparation seems to have been established by'
the work on benzoin; namely that the oxidation of & :CHGﬂ
group in thetx—pésition to a :C0 group may not be effected
by semicarbazides in pyridine solutien, It is proposed to
exemine the interaction of other X-hydroxy ketones and
aldehydes, in this solvent, with semicarbazides, hyérazine

and phenylhydrazine.

EXPERIMENTAL

~
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BENZOIN 0- BENZYLSEMICARBAZONE.,

Preliminary Experiments,:

'Number i,

A hot solution of 4 gms, benzoin in 75 ces.:
alcohol was diluted with a solution of 4' gms,f-benzyl-
semicarbazide hydrecnloride in 8 ccs. water, The mixture

was maintained at 6B° (approximately) for 5 daysz, being

cooled overnight, Bach morning a erop of eream coloured

product (MiP,230-232°) was filtered off and washed with
alcehaol;. the washings,being gdd@d—to the filtrate, made
good the lomg of solvent duer£e evaporation.

After this time,; nobthing more separated eon
further heating, and the solution,being set aside, under-
went spontansous evaporation in the course of a fertnight,
during which there separate§ a kittle more of the
fleocﬁlent eream coloured product and Ieng sikx sided plates,
After gwirling found” decanting, and washing with alechel,

the plates were sepavated.. They melted at 1987, and re-
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mained uachanged on recrysﬁallisabion'from boiling benzene..
After the removal of the plates and flecculent matter,the
reaction mother liguor gave, on further concentration,about
i gme of benzoing- and on gtill further coﬁaentration it

gave a few drops of oil, bubt an insufficient qugntity to

purify.

Number 2.

4 gms, of d-benzylsemicarbazide hydrochloride disselved in
7¢b ccs. of water were‘added te a solution at 50° (to keep
benzoin from separating eut ), ef 4fgms.'benzoin'in 75 ces,
alecohol {(i.e. one half of the alceohol subseguently used

P+ 148 ;. compare theoretical discusszion on pages 132 and
161 ). The mixture was immediately cooled %o room

temperature, No soparation of benszoin took plase at

‘this stage.

After a day and cent;nuing each day fer 15 days,

suffictent water to induce clowdiness was added.,  The
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separabtion took place of a moderately large quantity of a
eream coloured powder, which during the period had been
collected in B instalments. The first four erops melted
between 200 and 232°, and when treated with boiling élcehal
gave a compound M,P. 232% and a very little benzein.  The
fifth oerep, which reguired a larger volume of water for its
precipitation, melted largely about 133% and completely
about 120°;. by recrystallisation from boiling alcoh&l in
which it digsolved, it gave a small gquantity of the proeduct
melting at 232%, and rather more than 1 gm, of benzoine.
After the removal of the fifth erop, the reaction
Xiguor did not readily give a further precipitate on the
addition of water, and wss evaperated te dryness. The
residue was heated with ether whieh rémoved a considerable

amount of the solouring matter preseunt,wlthout disselving

mueh of Hthe solidg 4this latter on reerystallisation frem
allcohol gave a little of the compound melting at 232°, and

about 0+7 gm, of beautiful six sided plates melting at 198°,.
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Investigation of the Comp winds melting at 232° and 188°,

Compound ¥.P. 232°,

When boiled under reflux with benzene, in which
it did not seem to dissolve, then filtered, and washed with
hot benzene, the residue melted at 239-240%,. and was nob
changed by further itreatment with benzene. Thig residue was
reerystallised, by boiling under reflux, from a mixture of
glasial acetic acid and aleohol (3:1); on cooling 1% sepabatoa
out qui;kly in small uniform scales melting at 239=240°,

I%t ig insoluble in water, ether or petroleum ether;.
almest insoluble in alcohol or benzen§;~soluble in'glaoial(
soetie asid, 1% does net seem to be effectsd by short
boiling with dilute hydroshloric acid or caustic soda.

0«8 gm, was dissolved in glacial acetic aeid, and
& Iittle water followed by 7 ces. concentrated hydrec;leric

8¢id added to the hot gsolution whieh was then gently bokled

for 49 minutes under reflux, After this time the aselution
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D),

was cooled 8lightly, diluted with water te induce faint
cloudiness, filtered from a little amorphous mabtter
(probablyiunhydrolysad product) while still warm, and set
aside to coel. Long fine needles separated, melting at 94°,
whieh, aftér recrystallisation by spontaneous evaporation

! from petroleum ether, gave well defined, stout, yellowish
needles melting at 95°, Qnd when-mixe? with benzil
(M.P.95°) still melted ay 25°, The form, colour and
mixed melting point of this produect, coupléd with the
4ana1ysi§ of the 232° compound, can scarcely leave any

i doubt that the latter was hydrolysed by the treatment

outlined, into benzil and O benzylsemicarbazide, and

hoence was benzil dibenzylsemicarbagene. I%s identisy
4
was confirmed by comparison with a sample of benszil

dibenzylsemioarbazone prepared as deseribed on mw. 142

Found: N=18+55 per eent;vngﬁggaaﬂg»requires:Nﬁlsﬁes,
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Gompound M.P,198°%,

This disselves by moderately long heatimg in
aleohol and does net recrystallise out quickhy;' It is
not affected by boiling with dilute hydrochloriec acid,

or with dilute caustic soda. I%tg alcoholic solution

when bodiled for a short time with hydrochloric aeid,.

-

deposits, after cooling, the original compound; if how-—

ever, boiling be continued under reflux for 2-3 hours,

there geparates out after cooling and standing, needles
melting at 938?,. This hydrolysis product was obtained
i in too small a quantity %o purify thoroughly.  After ene

recrystallisation from agueous aslcohol it gtill melted

at 93°, and when mixed with benzil (M,P,. 95?)-the mixture
melted at 93+95°; it is probable the compound is-banzii@
Ehe niirogen‘eantent of the original 198°:oempeund-iw

1148 per centi: bensil mono-benzylsemicarbasene GaaH100eNs

regquires N=1l1l+78 per cent.

A
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BENZIL m0n0§8—5ENZYBSEMIGARBAZONEg
CgHp+C:0

Calp+Ut NeNH»CO+NHGHg+GgHg,-

@?5,gmm of potassium acetate was disselved in
5 ccs. of aloohol, and 5 ccs. of water containing 1 gm.
of-S;benzylsemicarbaniae hydrechloride, added,. Th?smixtmre
wa8 then poured intoe a asolution of 1 gm, of benzil in
75 cca. of alcohol, and after a few hours the preeipitate
of potassiuﬁ ehléri&e,was filtered off. The filtrate
was allowed to stand overnight and the benzylsemicarbazone
which sepapated was filtered off and washed. On addition
of water and again leaving overnight the remaind;r of the
preduct was obbtained.

The erude product melted at 178-1787; i% was readijy

soluble in hot aslecohol er hot benzene.. Recrystallisation

from aloohol or aquecus aleohol gave results which are

‘net yet fully understood.. In one case colourless needles
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meltbing at 179° were obtainedj: in another, a mixturse
"of needles and plates, melting over a range from 180°
to above 200°, was obtained; and in a third “instance a
product melting at 208° came down. Apart froﬁ dimorphie
forms, there is here a possibility of the existence of
two geomehtriec isomers; fuller investigation will be
given to these points at some future time. The experiment
did not confirm or disprove the sugdestion made on p. 128
that the eompound melting at 1987 is.a form of benzilm
mene—3+benzylsemicarbazone.

The percentage of nitrogen in the crep of
needles melting at 179% was 11+85;- benzil-mane—Srbenayl—

semicarbasone,CgalH1902Ns reguires N=1lle78 per gent,
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BENZIL Di-BENZYLSEMIOARBAZONE,
CaHg*C: N+ NHeCO+NH+CHg *Cals.

Ggils+CrN*NH»CO+NH-CHg*Calp

1 gm. (1 mél.) of benzil dissolved in 10 ees, hot
aleohdl was added teo a warm solution of 5+8 gms. (3 mals,-
e.d, 1 mol, excess). of S—benzylsemicarbazide hydroehleride
in 20 ces., alecohol. Thg mixture was heated to gentle
boiling under reflux for about 15 minutes and then left
on the steam bath at asbout 60° for 2 hours,. ‘A product
separated during the heatingi After gtanding everaight
‘Grop 1 was filtered off. The mother liquor on filtration
deposited immediately a crop of 3¢benzylsemiearbazi&e.
hydroehloride (about l~5_gms.),.exeess of whieh was used
in the preparation. The iiltr;te fraﬁ the hydrechloride
when treated with mueh water gave a precipitate (Grop 2).

Crop 1 when washed wiﬁh water ( to remove

hydrachloride). and with alecohol, and then recrystallised
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from a mixture of alecohol and glacial acetic acia,gave

1+4 gms. (88 per cent,*theo?etiaal ) of benzil di-

benzylsemicarbazone, melting at 239-240° with‘decom—\

position,- Found : N = 185 per cent; Cgy Has0eNe

requi?es N=16+88 per cent,: This product, which consisted

of irregular plates wae identical with the product

(M.P.239%) obtained from the interaction of benzoin

and d-benzylsemisarbazide hydrochloride (pp. 134, 185)..
Grop 2 was tQG small for complete examinations:

In the crude state it melted at 178°. After reorystalli-

sation from agueous aleahol it was indistinguishable frem

benzil mono—%—benzylsemibarbazone (p.140 ) and melted about

208°, -
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Action of Benzylsemicarbazide Hydrechloride on

Benzoin  J~Benzylsemicarbazons.

121l gms, (2 m&ls;) of %-benzylsemiearbazide
hydroschloride dissolved in 2 cecs. of water was added %o
a solution of 1 gm. (1 mol.) of benzoin  .-{~benzyi-
semicarbazone dissolved in 10 oesf of aleohol.. The'
mixture was heated at about 60° for 18 hours, ° Hariy
in the heating erystalline plates began to ssparate
and the separation of these continﬁed for a cansiderable
time. After standing overanight in the celd the above
product wag filtered off, washed with aleobol, and re-
erystallised from a mixture of glacial acetie acid and
aleohol, Irregulsr plates, melting at 238° were
obtained; these were identical with thé specimens eof
benzil dibenzylsemicarbazone deseriimed en pages 138
and 145. Found: N=1l+5 per cent, OspH2s03Ne requires
N=18+68 per cent. The yield of the compound was almest

‘thegretical,
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BENZOIN S—BENZYBSEMIGARBAZQNE,

CeHs+GHOH

Colip*Gs N+ NH+CONH-OHaCglr

Pyridine Method.

5. gms. ( rather more than 1 mol, ). of 5= benazyl—
gemicarbazide hydrochloride dissolved in 3 ees. of water
wers added to a solution of 5 gms, (1 mol,) of benzein
dissolved in 59 cos. cold pyridine, and the mixed soelution
allowed to remain for 5 days at room temperatureg‘ After
this time, 100 ccs. of water was added (just insufficient
% 0 induee cloudimess). and the selution poured inte
2 li%tres of well stirred cold water, which caused the
geparation of the erude semicarbazone in a selid form.:

Phe primary dilution of the pyridine gelution
with water rendered it less concentrated on coming ia
eontact with the larger volume of water, gnd hence
agsiasted in the precipitation of the product in & graaular

form, In a previsus: experiment it had besn ascertained
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that either the dilution of the pyridine solutien with

) largekvelume of water, or the pouring of the pyridine

selﬁbion into a moderate volume of water, gave a tory’stiaky

product, due te the influence of pyridine on the separating

product. In order %o obviate this influence as mueh-gs

possible, the methed of pouring a moderately diluted solution

into a 1arge~volume of water was tried, snd found successful,-
The precipitate was collected, washed fibst with

waber, then with very dilute hydrochloriec aocid, and finally

with water, and when well sucked at ﬁhe punp was radissel?ed

in the minimum of'boiling alcohol,. In comparisan with

the prapgration'of the semicarbazone by the alcoholie

mothod (pp.134,148 ) there were no bye preducts te com—

plicate the purifieatiohp The product, after two

erystallisatione from hot aieohol, out ef which i%

separated gquickly in long needles on coeoling, was pure

and ﬁeltsd at 115% (no.deoempositiaa‘even'at 120°).,

The yiald was sbout 2@ per cent. theoreticals
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Found: N=11l+b per cent; CseHz103Ns requires N=lleg

per cent. It was readily soluBle in aleohol, soluble
in ether or besnzene, very soluble in cold chioroform;:
insoluble in petrolesum ether or water,-

When an agueous alsoholic solution was actively
beiled for abeut a2 minute with concentrated hydrochloriec
acid, then diluted with waber to ineipient cloudiness, and
left to cool, long needles of benzoin separated whioh
after reeﬁystalliSation from alcohol were idgntifiad by
melting peint, and mixed melting peint with benzein,:

The identity of this hydrolysis product was ceanfirmed by
eonversion inte benzoin benzoate after the method of

Wren ( J,G,S., 1909,95,1801 ). @+8 gme. of it aleng with
8+5 gms., benzoyl chloride were heated in & bath fer 4‘hrsy
at 140° and ?finally raised to 180°, then coceled and diluted
ﬁith'aqueauS‘aloahel. In a shert time, short prisms
Separsated, which were colleected, washed with alephol and

¥ith ether, and recrystallised from hot alcohol. Thin
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needles M,P,124% (Wren:1249-125°%;. Zinin,Ann.3B57,204,

116, gives for benzoyl r-benzoin M,P,125%).

Alcoholie Method.

4 gms. (8light excess) O-benzylsemicarbazide
hydrochloride dissolved in 7°'5 ces. of water were added
%o a éolutibn of 4 gms. (L mol,) benzein in 130 cos, alecohol,:
The temperature on mixing was 337, and though a few crystals
o: benzeip had separated just prier to mixing,it is notes~
worthy that the addition of the aqueous solubion withheld
further separation (compare pe.171 ), As noething further
separated within a few hours the crystals were filtered .off
and the solution left in the dark (in order to avoid-the
action of Light on an alcoholie solutien‘ef_bennoinl-fer nine
days.. A small quantity of benzil dibenzylsemlcarbasone
{pp. 142 ) had éeparated out;  and the addition of 40 ces.
of water, followed by filtration, removed practically the:

whole of this eempoundv'A In an hour or so the: filtrate
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began to depesit eryst als of benzein S-benzylsemicarbazone,
the geparation'of which was rendered complete by the addition
of water (about 30 ocs.). After filtering and washing

with agueeus aleohol, this product was reerystallised from
beiling 80 per ceent, aleohol, in which benzil di -5~benzy1—
semiesarbagone ‘ig insoluble. Fine, long needles,M.P,115°
were obtained; +these were identical with benzein
%—benzylsemicarbazene prepared by the pyridine method

(pv145 )e Yield 5 gms,
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CHAPTER VIT

BENZ2OCIN 8—PEENYLS.EM.ICARBA'ZONE
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When it was found that -

(1) 4 dilute aqueous alooholic solution of benzoin and
benzylesemicarbazide hydrochloride gave (pe 148 ) less
bye products than did (p. 185 ) a more concentrated
aqueous alcoholic solution of the same reagents;

(2) 4n slcoholic solution of benzoin benzylsemicarbszone
te which a few drops of hydrochlorie acid had been
sdded, underwent change (p. 132 ) with formation of
benzil dibenzylsemicarbszone;

it was concluded (a) that hydrochloric acid had a very pro-
nounced influénce on the interaction of benzoin with bengyl-
semicarbazide, and (b) that this influence could be moderated
by the use of more alcohol as solvent.

When attempting the preparaﬁion of benzoin
3—phenylsemicarbazone
CeH g+ CHOH CgHp+CHOH

—_—

CeHp+C:0 + NHp-NH-CO+NH-CgHp  CaHp+C:tN-NH+CO-NH+CoHs

a iarge volume of alcohol was therefore used to dissolve the
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bengzoin,

The slmost theoretieal yield of the phenylsemicarbeazone
obteined i8 not attributed entirely to the large volume of
solvent; it is thought to be due - in part at least - to the
véry sparing solubility of the product, which in consequence
separstes out, and does not take part in further reactions
(compare the benzylsemicarbazone p, 180 ),

At some future time the suthor hopes to prove that
under appropriate conditions (probasbly in the hot so as to
maintain the benzoin phenylsemicarbszone in selution ) benzil
diphenylsemicarbazone can be obtained by the action of phenyl-
semicarbazidé hydrochloride on benzoin in alceholic solution,

While only one ferm of the phenylsemicarbaZone was
recovered from the alcoholic method, two isomerewere obtained
by the intersction of benzoin and phenylsemicarbagide in pyridine,
The higher melting of these (M.P., 198°) forms the entire product
from the slcoholic method and is the chief product from the

pyridine method; it is named the o(~isomeride.  The f~isomeride




168

is much more séluble and melts lower (169?); Both forms
yield benzoin on hydrolysis,

In view of the almost universal sceeptance of the
Hantzseh~Werner hypothesis concerning isomeric oximes, it
may reasonably be urged that the existence of the sbove peir
of semicarbazones is due to the eis—trans type of isomerism.
The seame applies to the semicerbszones (p, 110) and phenyl-

ethylsemicarbazones (p. 170 ) of benzoin.

Stereoisomerism of Oximes and Semicarbazones.

While many examéles'ef geometrical isomerism exist
in the oximes ef aldehydes and unsymmetrical ketones, eom—
paratively few exemples of this type of isemerism have been
met with smongst semicarbazones. A sgfficiently grest number
of isomeric sSemicarbezones however have been isolated to justify
the claim that in semicarbazene fermation isomerides may be
eﬁcountered, due to congiderstions of the carbon-nitrogen

linkage and of the spatial disposition eof the groups around
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this linkage.

It might reasonably be asked 'are there 8ny reasons
for the prevalence of isomeric eximes and the paueity ef
isomeric semicarbagzones', and the author here offers some
suggestions in answer to the guestion.

(1) The Beckmann transformation of ketoximes, and the
dehydration of aldoximes were powerful stimuli for
or
drawing experimentg to the investigation of these
-gompounds, If some resctions of equal interest
*
were found concerning the semicarbeszones, these

discoveries would likely be followed up by the

igsolation of & large number of isomerides.

(2) Hantzsch's division of emimes into aeid—setable snd
alksli-stable (Groundriss der‘Stgreechemie 2nd.ed.,
p. 180) was possible owing te the inherent properties
of the oximes, in that these compounds in a large

formed salts with acids

pumber of cases &t any rate,

or with alkelis. Se far as the suthor is aware the
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tendency of gemicarbazones to sgalt formation is very rare.
Wilsdﬁ, Heilbron and‘Sutherland (J.C.8. 1914, 1085, 28092)
have.shqwn that a large number of semicerbagenes in

the dry state will absorb hydrochloric asecid, giving
unstable products from which the halogen acid may be
removed by a eurrent of dry air. Read and Smith

(7.C.8, 19282,121, 1888) suggest that one form of

.

" piperitone semicarbazone is less basic than the other,

and Forstér and Zimmerli (J.C.S, 1910, 97, 2178) have
fouﬁd that only one form of csmphorgquinsne semicarbazone
is soluble in eold alkali. It may be confidently
stated bowever that the semicarbaszones @0 not pessess
the smphoteric properties displayed by the eximeé.

For this reason the conversien of-ene ferm into an
isomeride by treatment with acids, very frequently met
with in the oximes, msy not be so general samengst

the semicarbazones.

Up to the present, the methods .(see p. 205 ) ef semi~
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carbazone formation have not been so varied as those
of oxime formation. For the former compounds the
method of Baeyer (Ber, 1894,27,1918) has usually been
followed; and whatever modifications have been intro-
duced, the condensation has generally been effected
in aeid solution., The pyridine method developed
during the work for this thesis is a new departure;
it is‘generally spplicable (see p.208 ), and affords
& means of earrying out the condensetion in a faint
alksline medium. The results obtained in working
with benzoin raisé hopes of further success, sand it

is intended to continue the investigation of semi-

carbazone formation in this solvent and im the more
basic solvent, piperidine, The use of caustic alkalis
in semicarbamone formation seems to have been largely
avoided. Read and Smith (J.C.B. 1922,121,1869), hovever
have made the most interesting discovery that»when

piperitone and semicarbazide condense in presence of
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dilute caustic seda, an addition compound

NH
CoHig: € (@H)A'NH +CO<NHg

is formed,

Feview of hLiterature on Siereoisemeriec Semicarbszones.,

Wallach (Ber. 189F, 28, 1955) prepared stereoisomeric

forms of the semicarbazones of isothujone, earvenone snd

tetrahydrocarvenone, but only obtained one form of the oximes
of these ketones, The same author (Eer. 18986, 29, 2955, send
Ann.1898,300,269) showed that pulegone yields twp semicarbazones.
Fenzeylmethylthiodiaszole (Wolff. Ann, 1202, 325, 178) and
propaldehyde (Nef.Ann.1904,385,202) each give two isomerides.
Bsrries (Untersuchung uber das Ozon und seine Einwirkungen euf
organische Verbindungen, Berlin,lgls,Springer) however records
that the semicarbazone of propaldehyde is an oil. This record

of Harries was brought to the notice of the sauthor by Professor

F.J.VWilson who was able to corroborate Nef's eclaim to the extent

that semicarbezide condenses with propaldehyde to gijg solid
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products.

Knoevenagel snd Ssmel (Ber. 1908, 89,681) and later
(Rupe end Corschky.Ber 1906, 39,2112) found that when semicarbsszide
acts on carvone in the cold, the product melts at 142° and is
distinet from that (M.F,182°) described by Raeyer (Rer. 1894,
27,1915) 3 it is however convertible into the latter by boiling
with methyl alcohol or by heating to 170-175°.

Forster and Zimmerli (J.C.S, 1910,97,2156) in preparing
camphorguinone semicerbazone by the modified method of Diels
and von Dorp (Ber. 1908, 86, 83190) noticed that the mother 1iguor
contained & more soluble isomeride (4-form) melting at a lewer
tempereture. Both camphorquinone semicarbazones when heated
with aniline undergo thg ehange described on page 856 , yielding
an eguilibrium mixture of two ecamphorguinone phenylsemicarb&rones
which are separable by cryetallisation. Goud?nsatien of
- eamphorguinone with g—phenylsemicarbazide gives & mixture of
both forms of the phenylsemicarbszore, while the in@ividual

igomers may be obtained by the sction of phenylearbimide en
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the two forms of eamphorguinone hydrazone.

G:N+NHgo + CgH*NCO Gt N NH-CO-NH-Cglig
CgH14<f| . E— 08H14<:,
o co

Both the f-semicarbazone and the f-phenylegemicarbazone are
cbnvertible into the corresponding o.—forms by the sction of
heat. Though Forster and Zimmerli indicate on a chart

(p« 2159 in their paper) that this conversion is brought about
with sulphgric acid, they do not give experimenital details.
Camphorquinone o—~semicarbazone as distinguished from the
p—isomeride dimsolves immediately in co0ld alkali.

The most fruitful method of eonjerting one form
of a semicarbazone into an isemerideAis by the action of
uwltra—violet light — & process which has been extensively
studied by Wilson and his eoellaboraters. It is noteworthy
that generslly there is obtmined an equilibrium mixture ef
isomerides, the change not going to completeness in one

direction,

Wilson and Heilbron (J;Co Se 1912, 191, 1482) found that
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phenylstyrylketone yields four stereoisomeric semicarbagones,
two of which gre steble under ordinary conditicns? and two of whieh
exist enly in alkaline solutien 11—~

CegHg=CH: CH-C(CgHg) tN+NH+CO *NHg,

The same authors (J.C.S. 1918,108,1504) by the direct
action of phenylsemicarbagzids hydrochloride on phenylsetyrylketone
obtained two sterecisomerides (named «- and 5-) of pheAyl—
styrylketone phenylsemicarbazone. The o~phenylsemicarbazone
under the action of ultra-vielet light was converted into an
intensely yellow isomeride ( 3—modificat;on), while the J-torm
under the seme influence was converted into a yellow isoméride

(,g—form). In this as in the previous reference the existence

of four isomers ie attributed to a combination of carbon end
_nitrogen stereoisomerism t=
ceﬁs-CH:cH~c(03H5):N-NH-ceonnmceHB
Wilson and Heilbron (J.C. 8. 1918, 168, 877) showed
that mesityl oxide semicarbazone (M.P.164°) prepared by th;

methods of Scholtz (Ber. 1896, 29,8182) or of Rupe and Kessler
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(Ber, 1909, 42, 4508), when exposed in ehloreform solution to &
mercury-vapour lamp, was partly eonverted into s stereoisemeride
(ff-modificetion) melting et 188-184°.
C(CHg) 2: CH*C+CHg 'C(CHg) 2: CH+C+CHg
l
b! *NH-CO-NH» NHg+«CO+NH *L’
Either modification when.exp0sed in this way yielded an
equilibrium mixture of the two isomers. The /~form en heating
above it8 melting point passed into the more stables X=form.
Wilson and Mscaulay (J.C.S.1924,125,841) found that only
the stable form (M P.1346) of mesityl oxide phenylsemicarbszone
was formed by the direcﬁ action of phenylsemicarbazide on the
kstone, This form however was partly changed into & less stable
isemeride (M.P. 99-100°) by the action of altra;violet 1light;
an:d the latter form was largely converted inteo the stable isomer
by bsiling in aleocholic solution.
C(CH;)E:CHa-c'cHa | C(CH ) g1 CHg*C+CHs
N -NH+CONH-CgHp CeHg+NH +CO BN N

The above communication also includes a description of two forms
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of phenyl B-phenylstyryl ketone semicarbarone, both forms

being obtsined when en aicoholic solution of the ketone ie
boiled with semicarbazide hydrochleride. The isomers whieh
melted et 171° end 204°, were interconvertible (to srn equilibrium
mizture) in alcoholic solution under the influence of ultre~

violet light.
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EXPERIMENTAL

BENZOIN J-PHENYLSEMICARBAZONE

GeH 4o OHOH
CeHg *CiN +NH +€0 *NH +Col

Alooholie Method o(=~TFerm

4 gms, of S=phenyleemicarbeside hydreohleride
were dissolved in 8°+5 0as. of water snd added to & sslutien
of 4 gme. of benmoin disselved in 180 cos. of aleehol, ske
tempersture en mixing being about 45°, After ;tanding 18
heurs st ordinary temperature :» orop of orystals sppeared,
whioh were remeved, washed with sloohel, and dried, A
pecond erop of similar erystals appesred after 24 hours
turther mtanding; themse were removed sand the fimal traces
of the preduost preoipitftod from the solutien by add;tioa _
of water, A1l three orops.uftor two recrystallisations
from aleohol yielded the same eompeund in the form of leng

fine weolly needles, i,P, 198° with decompesitien.
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Found: ¥ =12+17 per eent; Bensoin S—phonyluoéiecrhulono
Ce1lH 100Ny requires N=18+18 per eent.

The product on hydrolyeis ias alechelic selution
with oemoentreted hydrochlorioc aeid (eompere hydrelysis

p. 147 ) resdily gave leng needles of bensoin whioh after

reorystallisation from aloshel were identifiod by their
sppesrence, their melting poimt (185°) snd their mixed
melting pei#t (186°) with benzein (M.P.18B5°).

Thie experiment is en exoellent methed of pre-

paring the semicarbazene sand the yleld is almest theoretiesl.
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Pyridine Method X~and S~ Forams,

6 gme. (1 mol,) of S-phenylsemicarbaside were
sdded in the form of & dry powder to 8+F ¢nl.@athcr'lc-u
thea 1 mel,) of bensoim dissolved in 45 eos, pyridime, and
left to stand in the dark feor iixvdayl._ Suffioient water
to induce inoipient oloudiness was ther 0dded and left overe
night, during whieh time Crop 1 hed separated. This wes
removed, walhod‘with &8 little sloohel (mat inte the filtrete)
and the filtrate agein srested with water uatil ineipient
¢loudiness, €rop 2 whioh hed separated everanight wes re-
mnoved iimilarly to Crop 1. Farther addition of water to
the filtrate eaused the separstion of an o0il whioh sbeerbed
all the Col§nring miitif:in the selution, snd.this en stending,
s0lidified im smsll herd spheres. These were reueved snd

mechsnioslly separated frem ether matber present giving Crop 8,
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Crops 1 and £ cousisted of white needles melting
at 189~121° sad en revrystallisation fream sioohol gave
voolly needles M.P, 188° whioh were identicel with that
form of bengeirn o(~phenylsemicarbazone prepared by the
slooholio methed (p. 183,

Crep 8 wWas very soluble -im slochol,ether or
vbonnOnc,'and it wes lmposesible te remove the eolourimg
metter, whioh it beld eo tenaceously, by trestment with
snimal eharcosl in thems solvents. It wes inscluble in
petroleum ether, snd when ite etheresl solution was diluted
with pebtroleur ether to imcipient oloudiness, then beiled
undey reflux for s considerasble time with snimel ehsareesl,
sad filtered het, preotisslly the whele ef the selouring
matber was removed. This selution on ntnngin¢>ovorn;¢ht

deposited & orep of hard stout prisme (still eentuining s
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little eolouring matter) as well as @ litflc of the X~som=~
peund melting st 198°. The prisms which were essily
-QPsratod mechsnically were redisselved in the aminimum
Quantity ef sloohol under reflux and allewed to orystallise
by epontenecus evaperation, Besutiful olustors of neodlen
separeted, bthe melting peint (162°) of whioh was noet altered
by reorystallisatien, Found:N=12+28 per ocent;Bengoin
89ph0§y100m10l2b550n0‘951H1g@£ﬂﬂa requires N=18-18 per cent.
Benszein was ebtained by hydrolysis ef the compound inm
slcoholie solubtieon with soncentreted hydreshlorio aeid (eom-
§are hydrolyeis p.147) and wes identified by its whape, its
melting point (186°), and its mixed meliiang peint (185°) with
pengein (M P. 185°), A mixed melting peint of his 169°
compound with the 188° isemer frem the slceholic methed ef
prepsration (p. 183) was 160-185° whiob showed the twe ferms

sre not dimerphoun. The ol=form M.P, 198° is diffieultly
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doluble in aleeohel snd separstes out quiockly em eeoling,
wheress the ﬂ-!orn MePy 189° 18 oaeily seluble in this
selvent and enly erystsllices sfter -pontanoéuo evaperation

te smell bulk,
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CHAPTER VIII

BENZO I N-

$-d-P HEN YR ETHYLSEMIGCARBAZONGE
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The interaction of benzoin and -~ phenylethyl-—
semicarbazide hydrochleride was carried out in alcehol and in-
pyridine; <from both of these media two isomeric forms of benzoin
§-x~ phenylethylsemicarbazone were obtained, this being the
only instance im the present work where two isomerides of a
benzoin semicarbeazone were obtained by the so-cal}ed 'alcoholic
method?' of preparation. From the pyridine method the X~ and
8- forms were obtained in almost equal proportiens. This wes
the first timerthat the lower melting and more soluble form
(,é—isomer) of & benzoin semicarbazone was obtained in good
yield. " In comparison, the f-forms of bemgoin semicarbazone

and benzoin phenylsemicarbazone formed enly minor parts eof' the

yields from the experiments by which they were obtained.

In the pyridine method, the somewhat tedieus procedure
of graduslly diluting (e.g. over a period of meveral daye) an
etheresl solution of the erude bengoin X-Mr phenylethylsemicarbagene
with petroleum ether, was the enly process whiech ﬁaB faund te

give the second and further crops of the erude preoduet in s
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granuler form, Evaperation of ethereel solutions gave but

gumnmy products,'and other solventits behaved similarly. When

the products had once assumed the grepnular form snd had been

filtered off, there was no difficulty iﬁ recrystallieing them,
Both the KX—and ﬂ¥ forms of the phenylethylsemicarbazone

when hydrolysed in agueous alcoholie solution with hydrochloric

acid gave benzoin. This point is of particular importaqce in

coﬂnectiop with the resoclution of benzoin which was carried

out (p. 185) using optically active § = phenylethylsemicarbazide

hydrochloride,

Throughout these experiments on the preparation of the
semicarbasgones and.F;substituted semicarbazones of benzoin, it
was noted (mentioned p. 148) that when & warm alcoholie solution
of benzoin, from which the ketone was either separgting or about
to separete, was treated with an aqueous solution of a semicearbagide
hydrochioride, erystallisation was immedistely sarrested, This
behaviour is suggestive'of the formation of an additive compound’

between the ketone and the semicarbazide. Though benzoin
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semicarbagzone and benzoin phenylsemicarbazone are Sparingly
soluble in aleohol, the separation of these does not commenée
until several hours after the mixing of the reagents in aqueous
alcoholic solutien. In this comnection it is interesting to
note that Read and Smith .(J._C. S, 1822, 128, 1866) have actuslly
isolated an additive compound .of piperitone with semicerbazide,
and to this they ascribe the formula :
CoH1et C(OH) *NH +NH-CO -NHg

At this stage it is convenient to review the
nomenclature suggestéd for the stereoisomeric farms of benzoin
semicarbazone and benzZoin 3—substituted semicarbazones, In &ll
cases, the prefix o~ is given to the form having the higher
melting point; this form is also much less soluble in orgsaniec
solvents. Judging from the reports of Wilson (p. 159 ),
Wallach(pe. 157 ) and Forster(p. 158 ) it seems in accordance
with past practice to nanme the higher melting form of a semi-
earbazone (where there are tﬁo isomerides), the ol-form. ' It is

worthy of note that generally this form is the more insoluble
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and is obtained in the 1argsr proportion. It would appear
therefore, that the more stable form of a semicarbazone has
the higher melting point.

A table, showing the meliing points of these derivatives

of benzoin, is given beslow.

A-form ;f—fopm
Semicarbazone 208° ' 187°
7-Phenylsemicarbazone 198° : 189°
Aﬁ—Benzylsémiearbazone | 115° |
§~Phenylethylsemicarbazone  174° 155°

Thellow melting point eof benzoin benzylsemicarbasgone,
of which only one form was isolated, attracts attention. Isg
it a mixtqre ? Recrystallisation from various solvents failed
to change its meliting point. Apart from this benzyi—derivative
there is a certain regularity in the other three pairs.

These bepnzoin S—substituted semicarbazones might poss;bly

be obtained by an indirect method, namely by heating benzoin

semicarbazone with aniline, benzylamine and K-phenylethylamine,
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CgH g« CHOH CgHp«CHOH

. - _ +NHg
CgHgp*C:N+NH-CO+NHs + NHa*R CgHg *C: N *NH «CO - NHR
(comparse 'the action of amines on semicarbazones' p. 85 )
‘The investigation of this suggestion, particularly with a view
%o obtaining isomeric forms of benzoin S-benzylsemicarbazone,
will be undertaken at some future time.

The derivatives and decomposition products of semi-

carbazide, s—phenylsemicarbazide, §-benzylsemicarbazide and

S—phenylethylsemicarbazide when tabulated (see below) according

to their melting points, form a very interesting table.

8. C. Ph. S. C. Bz, 8.C.  Ph.Et. 8, Cs

Free Base 98° 122° 111° 24°
Hydrochloride 178° 213° 227° 185°
Acetone derivative 187° - 167° 118° 114°
Benzaldehyde  do. 214° 174° 189° 108°
Benzoin do. i:;: (iziz ilEf iZ::
Acetyl do. 185° 169° 145° -

220° . 185° 160°

Oxalate -




(RNH) €0
ReNH+CO *Na

ReNH +CO0CaH 5

R+NH+CO *NH +NH»

8. C. =
Pho SQ'C; .=
Be. So. Ce =

Ph. E%. 8. Cs

N

Only

derivative and in the low melting
benzylsemicarbazide show a marked

therefore, that this derivative should be further investigated.

g. C.

132°

238°

BO°

CO+NHR 2E9°

semicarbsazide.

178

Pho S"C.

-288°
108°
51°

245°

S—phenylsemioarbazide.

%~ben2ylsemicarbazide.

S—phenylethylsemioarbazide.

hydrogen, pheayl, benzyl,

in the existence of

one form of its benzoin

anomaly;

B Zo .SQ 'Co

189°
84°
48°‘

287°

and phenylethyl,

point of this derivative, does

-

it is of importance

Ph. Et. §e Cq

187°

The derivatives of semicarbazide with aldehydes and

ketones are higher in melting peint than the corresponding

derivatives of bthe )-substituted semicarbazides;

for this reason

the former hydrazide will be the more valuable as a reagent fer
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giving ®o0lid and easily isolated condengation producits, particularly
in diffisult cases,.

0f the three substitubted semicarbazides discussed,
phenylsesemicarbaszide gives the highest melting derivatives and
decomposition products. Fegardiag solubility in aloohol, whiech
however Was not determinsed quantitatively , it might be stated
generaliy that this factor inereases in the order -
compounds from semicarbazide; compounds from phenylsemicarbazide;
compounds from benzylsemicarbazide; compounds from phenylethyl-

semicarbazide.
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EXPERIMENT AL,

BENZOIN -~ PHENYLETHYLSEMICARBAZONE.

CgHg*CHOH.

|

CgH 5 *C1 N *NH »CO *NH *CH (CHa) +CeH .

Pyridine Method.

Solutions of 8 gms. beanzoin (1 mol.) in 80 cos.
pyridine end of 81 gms. (1 mol.) f-)~ phenylethylsemicarbazide
hydrochloride in 10 ccs. water weres prepared, mixed ia thé
e0ld, and allewed to stand in a dark room. After mix days
the solution was diluted with waﬁer until faint turbidity, and
then poured into a large volume of cold water which brought
aboubt bthe separation of a very sticky product (on the bottom
of &essel) wnich did not solidify on staanding. Tbé super—
nabtant agqueous liguor was p?ured off and the'residue dissolved
in ether in which it was readily solublei The ethereal

solubtion was shaken three times with water in & funnel to

remove braces of pyridime, and then poiled under reflux with

animal c¢harcoal aand sodium sulphate, and filtered while warm.
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In %he course of an hour or so a product bagan %o separate
and the solution was leftb fﬁr two days in order to complete
the separation of Crop 1, which was filtered off, and washed
until white, with ether - the washings being added to the
filtrate.

The recovery of further solid product from the
filtrete was d&ifficult, but eventually it was found that
addition of small quantities of petroleum ether over s ]
period of twe days brought down & somewhat diseoloure§
solid in a filterable form whieh was collected (Grop 2)
and washed with ether until white. The filtrate which
had been coneiderably enlarged with the ether washings was
diluted at intervals over a week with small amocunts of
petroleum ether. At this stage if on rubbing with a glass
rod, the separating solid felt stiocky, ether was earefully
added until the produet was quite granular. In this way

erop 3 was obtained, and was filtered and washed ag before,

A small fourth erop was obtained in a similar manner, but
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over & longer period of time.

Purifiosation of (Croeps.

Crop 1 in the erude astate melted at 147-150°. When
boiled under reflux with a large volume of ether in whiceh
it was difficultly soluble it slowly dissolved and the solubtion
after cooliiag gave a cerop of chipped plates melting at 153°.
Recrystallisation from benzene in which it was @ere soluble
did not alter the melting point, but recrystallisation fronm
alaonol in which it was easily soluble gave long needles
melting at 154° withéut apparent change. Found N=11.19
per cent. Benzoin 3—0& phenylethylsenicarbazeone CeglHaslaNg
requires N=11+28 per cent., When dissolved in aqueous aloohol
and heated for a few minubes with concentrated hydrechleriec
acid (compare hydrotysis p.147) the product was hydrolysed,
and on ©ooling, long needlses (M.P. 182-134°) separatedjthese

on reofystallisabion from alcohol had every appearance of benszein

melting at 188° and the melting point was not altered by
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sdmixture with benzoin (M.P.185°), It was considered
therefore that the eompound melting at 1F54° was one form of
benzoin J-f~ phenylethylsemicarbazone. For ressons
expleined in theory (p. 172 it is named the A-isomer.

- Crop 2 which melted at 160—16é° was appreciably

less soluble than Crop 1 in tpe common organic solvents,

By long hesting under reflux with benzene i£ dissolved
completely and & finely divided amorphous precipitate,
melting at 172-178°, separated out guickly on cooling. By
further receryetallisation from slcohol it was finally
-obtained in the form of rather stout needles melting at 174‘.
Found: N=11+28 per cent. Benzoin 9~ phenylethylsemicarbazone
CogHasOoNg requires N=11:28 per cent. Hydrolysis of the
product (compsre hydrolysis p-147) with hydrochloric seid

in alcoholie solutioen g&ﬁellong neeodles which sfter recry—

stal%%tion melted at 18B6° and were identified as bensgoin,
la)

The product melting ab 174° was therefore taken to be a'




at 174° and 154° would indicate that it is n

is1

secpéd form_(“} isomer) of Renzoin &—a& phenylethylsemicarbazone,
A mixture of equal parts of the compounds melting at 174° and
154° melted at 140-146°, which excludes dimorpbism,

Crops 2 and 4 melting at 180-140° whén combined
and dissolved in ether in which they were most readily
soluble gave rise to & less soluble and a more soluble
fraction. The less soluble fractien on further purification
from alcehol proved to be the semicarbagzone (melting at
154°) already mentioned, while the more soluble fraction
after further reorystallisations from a mixture of ethefu
and petroleum ether yielded a small amount of an apparently
different compound in the form of loﬁg woolly needles melting

at 137° and containing 11+87 per cent of nitrogen. Mixed

melting points of this ecompound with the»eompounds melting

ot & dimorphous

form of either; lack of materiasl prevented the further

investigation of this product.

The yield of the X~isomer was 8 gms; of the
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A~isomer, 4 gms; and of the compound melting at 137°,

0+4 gms.

Aleoholie Method.

4 gmg; of benzoin dissolved in 800 ecs. of aleohol
were treated in the cold with the theoretical quantity
(1 molf) of §~4~ phenylethylsemicarbazide hydrochloride
dissclved in a litile water, .After stending 8 days in
the dark, the solution, from which nothing had separated
out, was poured into a large volume of cold water. The

soft - but filterable -~ product which separsted, was
collected, well pressed and washed with aqueous alcohol
(1:1), after which it was dissolved in the migimum of
slcohol under reflux. This’solution on concentration
and s8tanding gave & CIrop which was fractiqﬁally erystellised
from ethér while & little gummy matter was eliminated in

i from
the alooholic mother liguor. In the fractionation
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other a moderate guantity of unchanged benzoin was first
removed, and then it was neticed on further eenecentration
of the sclutien that the separating product consisted of
a mixture of long fine needles and prisms the melting

point of which was abouti1a3s S By reheating ths mixture

in its mobther liquor ths fine needles ra2dissolved in a
shoert time while the prisms required much longer fer
solution, so that by fii&erihg the hot solutian_at the
appropriate moment it was possible }a make a fairly complete
separati&ﬁ-af‘the prisms,. Thege after recrystallisation
frem alecohol gave stout needles melting at 174° and were
proved to be identical with one form (X-isomer) of bsnszoin
& =l phenylethylsemicarbazone (M.P.174%). already isolated
in the pyridine method (p. 180).

Tha hot ethereal filtrate from the prisms: on
standing overnight gave a2 crep of neadles mixed with a
small proportion of prisms and the latter were removed by

the ‘reheating' treatment previously deseribed. This time
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the hot ethereal filtrate was diluted with two volumes
of lidht petroleum ether and left undisturbed overanight.:
Long fine needles grew which when collected, washed, and
recrystallised from alcohol gave the second form of
benzoin'8;¢é»phenylethylsemicarbazone previously obtaingd
by the pyridine method (p.179 ). This product QﬂLiSQmer)
consisted of fine rather flat needles M,P.154%.:

So far as yield was concerned this élcaholio
method ef prepaging tha-semibarbazéne was very inferior
to the pyridine process. There was adequate proef however
that both forms of the semicarbazZoane were formed whea the

reaetion toek place in alecoholic solution.
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CHAPTER IX

RESOLUTION of BENZOIN
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The resolution of benzoin, about to be described,
is the first instance of resolution which has been effected
through the egency of an eptically active semicarbazide,

Forster and Fierz (J.C,8, 1905,87,722) prepared
the firet optically sctive semicarbazidé (camphoryl ylsemi—
carbaszide) but do not appear to have carried out their expressed
intention of using it for the resolution of racemie sldehydes -
and ketones.

Neuberg (Ber. 1903, 86,976) has succeeded in resolving
racemic arabimose by crystallising the hydrazone formed with
lvmenthyl hydrazine; and the same author in collaboration
with Federer (Fer. 1905, 88,868) resolved i-arabinose and
j~galactose through the agency of d-amylphenylhydrazine. Seo
far ag the subtbhor is sware the above resolutions by Neuberg
congtitute the only examples of the resolutidn ef racegie
aldehydes or ketones accomplished through the éperation of

an optically active hydraszine.

The main ebjective of the work described iam this
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thesis was the preparation of an optically active semicarbazide
(§~0~ phenylethylsemicarbazide, p. 41 ). .
CeHg+CH(CHg) *NH+CO +NH+NHg,
snd the resolution, through its use , of some racemic aldehyde
or ketone. . Benzein, beingAso accessible, naturally suggested
itself ae a suitable compound, and one optical enantiomorph
of this hitherto un—resolvéd ketone has now been ebtained in
a pure form.
McKenzie and Wren (J.C.S, 19208,903, 809) and Wren(J.G.S;
1909, 95, 1688) have already obtained the active forms of benZoin
by & synthetic method, Starting out from active mendelic aeid
which they converted into the amide, they treated this with
a8 Grignard reagent (magnesium phenyl bromide), and finally
decomposed the resulting produet with mineral aeid. In this
wgy the active forms of benzoin were obtained.
The interaction (p. 170 ) of bengoin wigh inaetive
—&-d}phenylethylsemicarbazide was found to give two stersei-

someric semicarbazones. It follows therefore, that the eptically
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active gemicarbaside should give four isomerides.  The
separation of four nsarly related products would, in most
instancesn, be & matter of great difficulty. Oﬁly the first

erop, however, of the erude benzoin r-phenylethylsemicarbazone
was easily obtained (see p. 178 ) from an ethereal solution

of the whole reaction product; and this crop was a moderately
pure specimen of benzoinvg—phenylethylsemicarbazone. When the
reaction product from the corresponding experiment (p. 192),

using d—S—drphenylethylsemicarbazide hydrochloride, was dissolved
in ether a considerable time elapsed before any erystales appeared,
but eventually a uniform crop of needles (M.P.174-177°) grew,

and these proved to be an almost pure sample of the active
phenylethylgemicarbazone of d—bengoin. After two reerystallisations
from alcohol, needles melting at 188°, and having Bﬁ]lg = ~147°
for C = 49 in alecohol, were obtained. On hydrolysis with

oxaliec acid in aqueous—alcoholic solution, d-benzoin was liberated;
it melted at 181-183° [McKenzie and Wren: M.P.181-132°5°]§$%ave

. ® ;
[&] 10*g - +118+2° for C = 0+99 in acetones For l-benzoln
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o.
T8 L ~118.6° for C = 0+9232 in

vMekenzie and Wren give [«]
acetone. Wren examined d-benzZoin in a more dilute solution

11°
and recorded [dﬂb 5,= + 120+B5° for C = 0+4128, in acetone,

. . ) active
Since only one isomeride of benzoin phenylethyl-

gemicarbazone was obtained in the orystallisation, the resolution
here described gives only one active form of benzoin. It is
evident however that the other enantiomorph( l-benzoin ) could

be obtained by using 1~3—dyphenylethylsemicarbazide hydrochloride
( preparéd from l-o-phenylethylamine; compare p.37 ) in & manner
gimilar to that described>here for d—%—d&pbenylethylsemiearbazide

hydroochloride.
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To 8 gms. benzoin dissolved in 80 ees., pyridine and
cooled were added 10 gms. d-S—drphenylethylaemicarbazide
hydrochloride dissolved in 25 cecs. water. After 7 days the
soclution was placed in & sepsrating funnel and fractionally
precipitated by the addition ef small instelmente of water
in the hope of effecting in this way a separation ef opticsal
isomers. Bach addition of water caused the separation. of
aniz;éséggch in the course of 12 hours settled to the bottem
of the funnel as a dark eoloured oil, Each fractiem of oil
wee run off into ether (about B volumes), the etheresl soluéion
diluted with petroleum ether until faintly turbid, and immediate~
1y poured into & large volume of well agitated petroleum ether
which caused the separation of a low melting point solid
(M. P, B5-70%) . The nine erops ebtained in this way were 8¢
similar in appesrance and melting point thaet it sppeared doubt—

ful if any separation of isomers was taking place: they were

optically active however, and except for some spomaly in the
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first orop which had a specific rotation of -75E° the specific
rotation fell gradually from -88+0° for the second erop to
~85+B® in the last, Samples of the first and last erops an
hydrolyeie with hydroochloric or oxalie acid in aquéoue alcoholie
solution gave inactive benzoin and their nitrogen eentent
(11-02 and 11+1 per cent.) was in agreement with that

(11+28 per eent.).of benzoin d—d~phenylethylsemicarbazone, so

it seemed likely that isomeric forms of this body were being
dealt with. Alcohol, acetone, ethyl acetate and benzene were
found unsuitable for the recrystallisation of the fractions

as there was complete golubility in the ¢old and the products
were only recovered in an oily condition. For some time it
did appear that the only hope of effecting a separation lay

in the repeated precipitation of the fractions from ethereal
solution by petroleum ether gince . all othgr attempts &t recovery
from solvents resulted in oily products. When proceeding ealong
Vthese lines it was ﬁoéiced tbat an ethereal golution which had

gtood over a week end (without petroleum ether having been added)
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had deposited long needle shaped crystals. In conseguence
of‘this observation the entire prgduct of the experiment was
dissolved in a small amount of ether and left s few days in a
corked vessel until no.more erystals separated, - These oryetals
were reméved and washed with ether, and the ethereal mother
liguor plus wasﬁings'preserved. The erystals were only
moderateiy soluble in hot alcohol which was unexpected in view
of the earlier behaviour of the products of the experiment
towards solvents.

Needles separated quickly from the alcoholie solution
on cooling, and after two reerystallisahions in this way -these
were guite pure, melting at 188°, Found: N= 11-29 per ce;t}
benzoin phenylethylsemicarbazone,1023H2303N3 requires N = 11-238
per cent. <049 gm., dissolved in 10 ecvalcohol gave X= ~0+7%2° in

14
a 1 dem. tube at 14°, whence [X] b = ~147°,

Liberation of d-benzZoin.

Preliminary experiments showed that the inactive

phenylethysemicarbazones (p.170 ) of benzoin ceould be hydrolysed
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by heating in alcecoholic solutien with mineral acids or oxalie
acid, The last mentioned acid was considered least likely to
racemige the active benzoin, and hence it was seleoted for the
following hydrolysis. The above active phenylethylsemicarbazone
dissolved in hot alcohol was treated with a hot aqueous—alcohoiic
(1:1) solution containing 80 pgr cent of oxalic acid, and the

mixture was boiled for a few minutes. On cooling and dilutiang

with water, fine needles separated which aflter some time were
‘collected, dried, and recrystallised from petroleum ether.
Colourless needles melting &t 131-183°, were obtained. «099 gm.
digsolved in 10 cecsg. acetone gave K=+ 1+17° in a 1 dem, tube
.0
at 10+5°, whence [dqlo & = 4+ 118.%8°, This d-benzoin when
oxidised with 2+5 timeg its welght of concentrated nitricec acid
on the water bath gave rise to a product(e.g.benzil) which after
recrystallisation from alcohol was identified by its appearance

(faintly yellow needles), its melting point(94°-9E5°) and its

mixed melting point (94°-95°) with benzil,
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CHAPTER X

K ETO-ENOCLI G CHANGE of BENJZOIN



The condensation of benzoin with urea (see p..107 ) and
substituted ureas affords some evidence mot hitherto brought
forward in support of the clsim that the ketone cecan also behave
in a tautomeric dienolic form

CeHg+CHOHCO +CeHp —— ceas-c(OH):c(éﬂ)«ceng.

The condensations of benzoin
(8) with UREA.
[Angeli. G, 1889, 19, 683; Anschutz and Gildermsan,
Ann,. 1891, 261, 129; Anschutz and Schwiekereth,
Ann. 1894, 284,8; Biltz and Horramann,éer.1907,40,4799.4804]

- (b) with mono-METHYLUREA.

. [4nséhutz and Muller, Ann,1894, 284, 8%; Riltz and

Horramann loc.cit. ]
'(¢) and especially with sym—DIMETHYLUREA.
[Bilt2z snd Horremann loc. 6it, )

afford strong proof that the ketone passes into the foerm of

W ~dihydrexyatilbene before reactinge. =
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S,

(a) CeHg+C+0OH NHg CglHg*C+NH
+ :>oo . I :}m 4 2Hg0
CeHa"C'OH NHg ;CGHB‘C"NH'
(b)  CgHg+C+0H NH (CHg) CeHg+C+N{(CHg)
+ /oo —_— \ + 2HgO
Cglg*C-OH NHZ CgH g+ C+NH «CO
(e) CgHg +C+OH NH(CHsK Ceﬂs’C'N(CHsX\
ll S 0 — 0 + 2Hgo
CeHg+C-0H. NH(CHg) CeHS'C'N(CHsy/

While the condensations (a) and (b) could be explained by the
migration of a hydrogen atom following a primary condensation
of the urea with the ketonic form of bénzoin,

CgHg*CtO NHg

CeHp*C:N
+ >oo — ene l N
CgH g+ CHOB NHE CeHg+CHNR”
CGHE'C'NH
_— ” o
CgHp*CiNR

condensation (¢) could not be explesined in this way.
The acetyl derivatives of these iminazeolone eempounds
‘are in agreement with the structures suggested. Thus

X-p-diphenyliminazolone yields (Biltsg, Ann. 1908, 389, 262) a
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diacetate (I), and o ~f-diphenyl-N-methyliminazolone (Biltz,
Ber, 1907, 40, 4808) gives only a mono-acetate (II) while

{=B-diphenyl-N~N'~dimethyl-iminazolone does not form &n acetate.

CeHg C*N+CO+CHg ‘ CeHE‘C'N<F0’CH3
» <

Ceglig+C*N+CO-CHg CgHg+C+N+CHg
(1) (11)

Further when «—A-~diphenyliminzgelone dissoclved in
methyl alcohol is treated with small quantities of bromine the
formation of (—A—dimethoxy-o~F—diphenyliminazolone is probably
due to the action of methyl alcohoel on an intermediate dibromo~

compound (Biltz,4nn. 1909, 368, 178).

CegHp-CBr °NH\ CegHg+C(OCHSg) 'NH\
c | | %
CgHs +CBr-NH - CeHpg+C(OCHS) -NI—/

Thie ie in agréement with the pesition suggested for the double

bond,
The tautomerism of benzoin is amply illustrated im
a number of other reactions, a summary of which is now given,

Greebe (Ber.1898, 81, 297E5) showed that bengein under
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the influence of sulphuric acid condensed with gallic acid to

give benzoin yellow. The reaction is explicable on the

assumption that benzoin is first converted into w—dihydroxystilbens,

CgHg*CHOH+CO:CgHp —— CeHg+C(OH) : © ('OH) ~CeHp

»

which»thenlreacts in accordance with the equation :

CeHp*C+QH ~ HO CeHg+C— O
'(I:‘ceH;H + HOOC*(IJGH (0H) ¢ C~C0O-CgH (OH) 2
OH H CeH ¢

In a like manner, Haworth (J.C.S.1909, 95, 488) expleine the

condensation ef benzoinh with the sodium derivative of ethyl-ey-

»

anoscetate i

CeHp*C*OH CgHp+C+CH (CN) «COOH

| —

CeHg+C-CH CeHg +C +CH (CN). ~COOH

According to Thiele (Ann. 1899, 308,142) the reverse transformation

occurs when benzil is reduced to benzoin, e.ge

benzil — dibydroxystilbene —>—benzoimn.

Although -Thiele did not actually isolate the above intermediate

compound, two stereoisomeric forms of its acetyl derivative were
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obtained when & solution of benzil in acetiec anhydride to which

a few drops of sulphuric acid had been added, was reduced with
gine dust. Similarly Nef(4nn.1899, 208, 289) obtained one

form of w—diacetoxystilbene by the addition of acetic anhydride
to the product of the action of sodium on a dry etheredl solution
of benzil.

Wren (J.C.S.1909,95,1604) attributes the easy rece-—
misation of the sctive forms of benzoin in contact with alkali
to the above keto-enolic change.

In this connection it might also be mentioned that
dimethylketol eondenses with urea to give dimethyliminazolone
(Biltz.,end Horramann, Ber. 1907, 40, 4801),

CHg *C*NH
AN
00

/
CHg+C-NH

and thet this compound gives & diacetate.
CHS'C *N.+CO » CHQ
Q

/
CHS +C+N«C0Q “CHS

It might be inferred therefore that the above ketone ean react
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in the form of a dihydroxybutylene.

CHg+C+0H

|
CHg ~C+0QH
Similarly the eondensation of urea with anisoin,
piperoin and cuminoir to give the following iminazelenes
(BiltesAnn, 1805, 389, 265)
CH g0 -CSH%~C'NH ' CHg10g+CeHg+C+NH
o | e

e
CHgO *CaHy~CNH Clg1Qg+CoHg+CoNH™ -

CgHny #CaH 4+C+NH

/90
Gqu "CGH4 +C+NH

would suggest that these ketones ean.react as derivatives of
w~dihydroxystilbense.

Finally the suthor puts forward the view that the
interaction ¢f an X~hydrexyketone with urea, and espeeiélly
with & sym—disubstituted urea, eould be used geonerally feor

deteecting isomeriec cehange of the type 3

—C(0H)

—0
—
| | = |
HOH —C (OH)
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CHAPTER XT

THE INTERAGTION
of
§~d-P HENYLETHYLSEMICARBAGZTHE

and

-G AL ACTO S E
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The resolutions by Neuberg of i-arasbinese and i-galactose
have alreedy been referred to (p. 188),

With a view to resolving i~galactose by means of active
ﬁ—a&pnenylethylsemicarbazide, the interaction of thé more
scocessgible d-galactose with inactive 8-ﬁrphenylethylsemicarbazide
was examinéd to see if the resulting products were easily iselated
snd crystallised.

Work was carried oeut on the lines suggested by
Maque%ne (BL. 1904,iii, 81, 1078) and by Kahl (C.1904,II,1494)
for preparing the semicarbazones of the hexoses. From both
methods a thick syrup‘resulted which defied all attempts teo
erystallise it. In view of this no attempt was made to

resolve i-galactose with active —&—d&phenylethylaemiearbaziée.
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8+25 gms. inactive J -0 phenylethylsemicarbazide (1+25 wmol
dissolved in a little sleehol wae sdded to 2-7 gms. d-galactose
dissolved in water. The solution was allewed to stand for a
week, 8and then concentrated in vacuo ever sulphurie scid. After
14 days the thick syrup remaining was treated with various
solventse: it-was completely and easily soluble in water,in
ordina;y aleohol, and in methyl alcohol; it wae insoluble in
ebther,petroleum ether,” benzene, cehloroform, esrbon tetrachloride,
esrbon disulphide and ethylene diehloride. From mixed solvents
it eame down sSyrupy. As only 8 few grains ef galactose geperated
out from a sgolution in absolute alcohol, it was considered likely
that the phenylethyleemicarbarone had been formed, this bedy
being an unoryetallisable syrup.

A pimilar product was ebtained by Kahl's method,
6.g. by treating an agueous solution of d-gsalactose with an

phenylethyl- )
aqueous—alcoholie soelution centainingApemicarbazide hydrochloride

and potassgium acetate,
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CHAPTER XII

PREPARATPION of S EMICARBAZONTES
in

PYRIDINE SOQLUTION
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In & number of instances, e.g. benzoin semicarbazone
(Biltz, Ann, 1805, 339, 258) benzyaldehyde phenylethylsemicarbazone
(p. 99 ),véemiearbazones ean be prepared by the action ef
an aqueous eolution of semicarbazide hydrochloride on a solution
or a suspension of an aldehyde or ketone in & neutral medium
(water or alcohol).

Usually, however, semicarbazones are prepared saccording
to the method of Baeyer(Ber. 1894, 27,1918) who, acting on the
suggestion of Thiele, mixed an agqueous solubtion of semicarbazide
hydroechlaride with an alcoholic solution ef poetassium acetate,
and having filtered off the precipitated potasgium ehloride,
added an alcoholic solution bf an aldehyde or ketone to the
giltrate. The reaction mixture was bthen allowed to stand
at ordinary temperature for a period which varied from a few
minutes'up to five days, saccording to the semicarbazone being
prepared. The sucosss of the mebhod is due to the fact that
many carbonyl compounds will condense with semicarbagzide in

presence of acetic scid bub not in presence of hydroshlorie acid.




208

NHg+CONH-NHg*HC1 + ‘CHg+COOK = NHa'COfNH'NHQ + CHg+COOH+KC1
NHg+CO-NH-NHg + R+CQ R = NHg+CO-NH-N:1G(RR') + HgO
(see pp. 75 and 9% for interaction of semicarbazide hydrochloride
and potassium acetabe),
Tiemann prepared citral semicarbazone (see p. 211 ) b&

mixing an aqueous solution of semicarbazide hydrochloride with
a solution of citral ian glacial acetic scid, but his method
does not seem %o have been largely used.

The results of the present investigation prove that
the use of pyridine as solvent facilitates the preparation
of semicarbazones. No other reagent need be added to remove
hydrochloric acid from the semicarbaszide hydrochloride, pyridine

itself being suffieieatly basic for this purpose. 4 general

e
!

outline of the method is-as follows
The aldehyde or ketone is dissolved in pyriding, and the
theoretical amount of semicarbaszide bydrochloiide dissolved

in & small quanﬁity of water, added. [Pyridine hydrochloride

being soluble under the conditions does not interfere]. ~ Exeept
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for the semicarbazones of bepzoin (previously discussed

pp. 100~184 ) the condensation wita all the other carbonyl
compounds investigated is complete within 24 hours at erdinary
temperature; 1in some cases the semlcarbazone is precipated
immediavely. If the semicarbazone is soluble in pyridine

it is precipated by addition'of water; in & number of cases
it was notieced that the method lenda itself to the recovery

of the resultiag prqducts by fractional preoipitatien (see
benzoin semicarbazone p. 113 and acetophenone semicarbaszone

p. 208 )

The pgrity of the reactiqn products is as good and
somebimes bebter than-that of the products from the Raeyer
method of preparation; the yields are generally greater.

In no ease were there any side-reactions - due %o Ehe basio

nature of pyridine, though some might have been expectod(see
aceﬁoacetie ester semicarbazone p. 212 ). An attempt to use
free gemicarbazide ip snhydrous pyridine was found unsuitable

owing to the relative insolubility of the base in the solveant;
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S—benzylaemicarbazide may however be used in this fashion (p. 219 )
The prebaration of the following semicarbazones, most

of which were previously known, illustrate the utility of the

method., The hope of obtaining sterecisomerides as in'the ca8e

of benzoinv(p. 100‘) and perhaps methylethylketone (p. 2168 ),

was not realised.

ACETOPHENONE SEMICARBAZONE
CgHg*C+CHg

N+NH-CO-NHg

_ This compound was obtained by Stobbe (4nn. 1899, 808,123)
who treated an alcoholie solution of acetophenone with an aqueous
gsolution of semicarbazide hydrochloride in presence ef sedium
éeetahe. The yield was 95 per cent. theoretical and the
M. P, 195-198°, Borsche (Ber. 1901, 84, 4301) prepared the

gemicarbazone in a similar menner and recorded its meliting

point as 198-199° (decomp. ).
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A solution of b gms. semicarbazide hydrochloride in

B ccs, water was added to 30 ccs. of cold pyridine containing
E gms. of pure acetophenones. The semicarbazone separated
almost immediately, and after standing for 15 minutes was
filtered off, washed first with water, then with dilute aeetic
acid and finally with water, 4 second crop was obtained by
the addition of 20 cce. water to the mother liguer.

Crop 1. M.P. 198°: recrystallised, M.P,198°,

Crop 2. M.P. 196°: recrystallised, M.P,198°,
The semicarbazone cerystallised from a mixture of alcohol and
water in white plates melting at 198°; it is easily soluble
in salcohol and in glacial acetic acid, moderately soluble in
hot benzmene, very sparingly soluble in cold benzene, petroleum
ether, ether, or water. The yield was almoast theoretical,

It is noteworthy that the reaction product was slmoest pure.

In a previous experiment using commercial acetophenone,

the first two crops consisted of acetophenone semicarbazons,
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but a third erop after recrystallisation melted at 179°, The
nitrogen contentd ofithis corresponded to compounds of the formulael
(1)  CHg+CgH,-C+CHg (2) 03H5-=,<;~02H5
|

ll\Ii-NH'CO-NHz N +NH+CO +NHz
The methyl—-tolyl-ketone semicarbazones, of which there are three,
melt at 192°, 188°, 200°, Ethyl-~phenyl~ketone semicarbazone,
however, melts about 179° (Sto.bbe, Ann. 19082, 8%, 108, records
M.P,175°; and Blaise, C.r.1901,188,1218, gives M,P,182°)
It is easily soluble in alcohol, goluble in hot benzZene, insoluble
in petroleum ether, ether or water. Its formation in this
instance depended on the presence of ethylphenylketone in the
commerecial acetophenone; treatment with semicarbazide by the

above method, evidently affords a means of deteoting andseparating

this impurity.
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CITRAL SEMICARBAZON E.

(CHg) 5C: CH+CHg+CHg+C(CHg) ¢ CH+CH: N *NH «CO NHg.

Tiemann and Semmler (Ber. 1895, 28,2184), Barbier and

Bouvealt (C.r., 1895,121,1159), and Tiemann (Ber.1898, 81, 3330;
1899, 82, 115; 1900, 33,881) have investigated ﬁhis semicarbazone.
Owing to the existence of two modifications of the aldehyde
{(eitral = ané eitral b) there are two semicarbazones; these
melt at 164° and 171°, When citral semicarbazone is prepared
by the Baeyer method, it consists of a mixture and melts at 185°.
If however, a solution of citral in glacial acetic acid is
treated with sn aquesous solution of semicarbazide hydrochloride,
s separation of the semicarbazones may be effected (Tiemann).
In the authors experisnce it is easy in this way to ebtain the
isomer melting at 184°, but not the ether form. When however,
citral is separated into its compomentedby treatment with sodium .
bisulpﬁite, these yield the corresponding semicarbaszones melting

at 184° (from citral a) snd 171° (from eitral k).
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g gms. of citral were dissolved in 20 ees. of pyridine,
and an agueous solution (Socs.) of 2 gme, semicarbazide
hydrochloride adﬁed. After cooling in iee the smemiocarbazone
was obtained as a white powder; addition of water to the mother
1i%9uor precipitated similar material. The product when orude
melted at 129°, or when recrystallised from alcohol, at 182°.
Thus the citral used was s mixture of the s and b eitrals, and
the pyridine method does rot lend itself'to the separation of

the semicarbazones of these.

ACETOQACETIC ESTER SEMICARRAZONE.

'_CHa’,C'CHg’CO@e‘_sz

N+NH-CO*NHg

Fniele and Stange (Ann, 1894, 283,29) prepared this
gemicarbazone (¥.P,120° decomp.) by the method of Baeyer, snd

noticed the changsg into Il-carbeonamid ~3-methyl-pyr&solone
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NHg*CO +NH———N NHg * CO + N—m—————N
| | | |
CpH 000 vaHs 0C L*CHS
/
CHgz ' CHg
which i undergoes in contact with ammonia. Thus conversion

is not brought about by pyridine,

An agueous solution (10 ces,) of 7 gms. semiearbagide
hydrochloride was added to a solution of 8+2 gms. acetoacsetic
ester in 30 ces, pyridine. On shaking, the semicarbazone was
immediately precipitated, and after standing for a shprt time
wag filtered off and washed first with water, then with dilute
acetic acid and finally with water. A sécond crop was obtained
after the addition of 20 ecs. water to the mother liguor.

Crop 1. M.P.127°; recorystallised M.P.120°(decomp).
Crop. 2. M.P,120°; reerystyallisea M. P. 129° (decomp. )
The sgemicarbazone recrystallisedvfrom ether in needles; and

‘the yield was almost theoretical.
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BENZIL MOWOSEMICARBAZONE.
CeHg-C:0

CgHp *CiN+NH+CO *NHg.

Biltz and 4rnd (4na. 1905, 339, 2560) prepared this
- semicarbazone by the Baeyer method, having allowed the reamctants
to stand for 8 days,. They obtained plates melting about

174~175° (decomp. )

8 gms. af semicarbazide hydrochloride dissolved in

the minimum quantity of water were added to a sold solution of
6 gms. benzil in 15 ecs. pyridine., After gﬁgnding evernight
the separated product was filtered off and washed. Two further
crops were obtained by adding water to the mother liquor and
allowing to stand an hour.

Crop.1 M.P, 185°; recrystallised from alcohol M,P. 175° (deconp. )

Crop. 2 M. P, 170°%; | do. - do.. M.P. do.

Crop. 8 M.P. 1785°; do. do. M.P. do.

Evidently the first crop is the least pure. The yield was
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90 per asent. theoretiocsl,

BENZIL BISEMICARBAZONE,
CgHg*C:N-NH-CO+NH»

CeHp*Ci:N+NH-CO+NHs

A mixture of benzil disemicarbazone and diphenyl=—
oxybriazine in the ratio of 1:4 was obtained by Biltzvand
Arnd (Ann. 1905, 339, 288) on heating an alqgholic solutién of
benzil with the requisite quantity (2 mols.) of semicarbazide
hydrochloride and potassium acetate. The yield, whi&h was very

poor, consisted of leaflets melbing at 243-244° (decomp.).

Three attempts to prepare benzil disemicarbazone were
made by mixing semicarbazide hydrochloride (2 mels.) and benszil
(1 mol.,) in aqueous—pyridine solution.

(1) No heating. Only the mono-semicsrbazon§ ebtained,

(2) 4 hrs.on water bath. Diphenyloxytriazine ebtained,
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(8) 8 hrs, on water bath. Diphenyloxytriazine obtained.

It seems probable therefore,. that benzil menosemiocarbazone

does net react with semicarbazide in pyridine.

METHYLETHYL-KETONE SEMICARBAZONE.
CHg+C+CgHg

N -NH+CO *NHg

The data guoted invthe 1iterature respeétiﬁg the
melting point and erystalline form of methylethyl-ketone semi-
carbazone are discordant. For instance
Scholtz (Ber.1896,29,610), plates from water,M,P,135-138°,
Dilthey (Ber, 1801, 84, 2122), needleés from benzene and ligrein
M,P.,186-186°, Ponzio and Charrvier(G.1907,87,I,508), prisms
from benzene and ligroin M.P.143-144f. Plaise and huttringer
(Bl.1905, [8], 88,818), M.P, (on guick heating) 145°.

Robinson (J.C.8,1918, 109, 1044), M.P.148°,

These discordant data coupled with the ebservatiem
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made in the following experiments (that a sample of product melting
at 148°, remelted after solidification at 186°) lead ene to
suggest that thers might be twe forms of the eemiesrbazone.

The product was always obtainéd ;n the form of prismatic needles =

not plates, as stated by Scholiz - on recerystallisation from water.

Expériment 1.

3+28 gms. semicarbazide hydrochléride in 2 ees. water
was added to a solution of 2 gms. methylethyl-ketone in 20 ecs.
pyridine. ‘The migture was allowed to stand until no morve
needle shaped erystals separated. The yield of these amounted
te 0+6 gu. (18 pesr eent.theoretical).  They melted at 143°, and

after resolidifying in the melting poiat tube, remelited at 13a°,

Experiment 2.

5+7 gms. ef semicarbazide hydrochleoride in b ees.
water were shaken with 12 ccs. pyridine eontaining 8-5 ghs,
methylethylketone. After standing fer a short time and then

cooling in ice, the precipitated product was filtered eff and
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washed. When orude it melted at 120°; after one recrystallis-—
ation from water the melting point rose to 1388°, and after
further recrystallisation to 143°% Yield b gms. (75 per ecent.
theoretical). A portion of the produot melting at 138° wase

unchanged by recrystallisation from petroleum ether.

ACETOPHENONE { —BENZYLSEMI CARBAZON E.
CeHg+C+CHg

N «NH +CO *NH «CHg * CgH s

A solution of 1+2 gmse. acetophenone in 80 ees.
pyridine was mixed’with an aqueous solution (2 ccs.) of 2 gms.
S—benzylsemiearbazide hydrochloride. After standing overnight
the product wgs precipitated by tﬁe addition of water ( about

. 80 ees.) On reorystallisation from 90 per eent. alcohol
solourless needles melting at 128° were obtained, and the.yield
was nearly theorstical. The product was aas8ily soluble in

hot slcohol, chloroform, benzene or ether, insoluble in petroleum
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ether or water. Found : N=15+7 per eent; Ti1gH170Nz requires

N=15+73 per eent.

BENZALDEHYDE §-BENZYLSEMICARBAZONE.

CGH‘B *CH+N +NH+«CO -NH ’CHQ . CeH Be

0-5 gm. benzaldehyde dissolved in pyridine (about
5 ecs.) was agitated with O-5 gm. S—benzylsemicarbazide whieh
readily dissolved in the cold. As nothing haé separated out
during three days, the solutien wag diluted with 10 cees. water
whieh guickly induced the separation of crystbals, These
melted at 132-137°, and when recrystallised from alcohel gave
stout rough prisms which melted at 189° and were identieal with
the product prepared by Crawford (see Wilson, Hopper and

Crawford J.C.8., 1922,121,887).
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CHAPTER XIIT
HALOGENATION
in

ULTRAVIOGEET™LIGHT

PN I TROBENZYLBROMIDE
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While the broad general principles of halogdenation,
so far as the action of 'earriers' and of light are concerned,
are fairly well understood, it appears to the asubthor that much
information of value - if not of novelty - would be gained by
working out the details for the preparation of halogen compounds
in mercury-vapour light. Bright sunlight is not always
available and in consequence preparations requiring the solar
stimulus are @ften held up for a considerable time.,

The preparation of p-nitro~benzylbromide heas been
gtudied by Wachendorf (Ann.1877,185,271) and by Feid(J.A.C.S.
1917, 89, 126). Wachendorf heated eguimolecular proportions of
p~nitrotoluene and bromine in a sealed tube for seversl hours
at 125-180°, Reid obtained better yields when only one—half
of the requisite quentity of bromine was at first intreduced
into the tube, the second moiety of halogen being added after
the tube had been heated for an bour at 125-180° and reopened.

The most recent mebthod published (Béewster,J.A.C.S,lQle,

40,406) for making p-nitre~benzylbromide eonsists in adding =
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carbon tetrachloride solution of bromine to a boiling solution
of p=-nitro-toluene in thé seme solvent, a erya§31 of iodine
being added to aeccelerate the resction which is econducted in
bright sunlight.

As the natural supply of sctinic rays was very meagre
at the time the present invegtigation was undertaken, Wachendorf's
method was first exemined,

On repeating Wachendorf's process and heéting for
160 minutes, higher yields were obtained than were claimed
by Reid for his modification of Wachendorf's method. The
addition of a oryetal of iodine caused an improvement. No
further improvemeﬁt was effected through the addition of berax
to the reactants te remove halogen acid; it was therefore.
concluded that the hydregen bromide generated had ne harmful
effect on the process.. When however, commerciel p-nitretoluene
was used, the incorporation of borax eaused am improvement
which wae attributed to the neutrelisation of traces ef sacid

(probably from the mixture of sulphuriec and nitric used in the




nitration of toluene) in the nitro-cempound. Attempte to
repest the process on a larger seale in an auteclave were not
80 successful although a moderate yield was obtained. Even
when borax wes incorporated, the solution of a small quantity
of iron took place and this had 2 harmful effect en the yield.
The influence of iron was studied by heating the reactants
along with iron filings in a Carius tube, and in this esse &
lower yield was again obtained.

Later, Brewster's method was repeated, but the
operation was cenducted inm the light of a quarte-mercury-vapour
lamp and thereby rendered independent of the presence of gunlight
at the time. Excellent yields were ebtaimed; the reactien
took place very readily, and it was possible to operate with
fairly large gquantities st a time.

p-Nitro-benzylbromide is moderately soluble in
boiling petroleum ether but very sparingly in the eeld, The
improvement in yields ié partly due to the recryatallisationv

of the eruder parte of the reaction products from this solvent,
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Experiment 1.

b gms, pure p-nitro-toluene and 2 ecs. bromine were
heated for 160 minutes st 128-182° in a sealed tube. | After
cooling and opening the tube, the product was extracted with
boiling alcohol (about BEO ccs.). A erop of needles separated
from the solution on cooling, and a second erop was ebtained
~after ecncenﬁration. Water added tp the mother liquer
produced a precipitate which when collected and dried was heated
under reflux with petroleum ether; colouriné matter and some
eharred product were undissolved and adhered to the bottom of
the vesgel so that the boiling solution ecould be decanted cecleanly,
The decanted solution gquickly deposiﬁed a crop of heavy prisms,

- the mother liguor from which was poured back to be used for
further extraction of the eharred and undissolved matter,
This method of purification was very efficient since it
obviated the use of filtration - & process always attended

by some losg — and also since p-nitro—-toluene is moderately
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Soluble irn e0ld petroleum ether wheress p-nitro~benzylbromide
ig very sparingly soluble in the eold amolvent, Throughout
the fellowing experiments the product was purified in this way.

Yield: B+8 gms. (70 per sent. theoretical)., M.P. §9—1®0°.

Experiment 2.

In this experiment which was earried euﬁ‘pnd iefked
up &8 in experiment number 1 a erystal eof iodine was added
to the reactants.

Yield: 8+4 gms. (80 per eent. theoretical)., M.P.99—190°.

Experiment 8.

190 gms, p-mitro-toluene dissolved in 160 ees, ef esrbon

tetrschloride to which a emall erystal ef iedine had been added

waths
were placed in a ;ié£ea flask provided with a reflux condenser

and fixed‘near & merocury-vepour lamp. The solution was eevered

with s layer of water (about 80 cos.) and heated te gentle

ebullition. 127 gms.'(4 ecs.) bromine dissolved im 50 ecs,
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of earbon tebtrachloride was placed in a tap funnel loosely
ingerted through the top of the condenser, and this solution
was dropped in slowly (e.g. over a period of 20 minutes) on
the boiling solution ;f p-nitro-toluene, After all the bromine
had been added,heating was continued for & short time until the
solgtion was practically colourless. The contents of the flask
were then tranéferred to & separeting funnel and the lower layer
run off. After removing the earbon tetrachloride by disgtillation,
the product was redissolved im boiling aleohol from which p-nitro~
bengylbromide separated in needles on gooling. The small pro-
portion dissolved in the alcoholic mother liguor was recovered
and recrystallised from petroléum ether (mee p. 224 ).

Yield: 12+68 gms. (B0 per ecent. theoretigal). M, P, 99~100°,

[See “Systematic Organic Chemistry, Cumming, Hopper snd Wheeler,

Pe 8458 ]0




