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THE SELF CONDLHSATION OF ACEUTYLACKEYONE
IRTRODUCTION

Qondensations undoubtedly play a most important
part in the synthesis of campléx naturally occuring com-
pounds, from compounds of less complexity. The condensation
presented here is one of dehydration, with or followed

by reduction.

The ah;ect of the thesis was to determine
whe ther the I.3 diketone mcetylacetone could be caused
to caﬂ&ehsa by the use of verious dehydrating agents, and
to produce %evpene~like compounds. The problem is purely
8 theoretieal one, and might feasibly take place 1iu a
gseries of condensations as shown below. 'Iwo molecules of
the ketone may-aoﬂﬁense,;linkage taking plsce bétweem
the terminsal alkyi group~ CHy of one molecule ant the
sarbonyl :0:0 group in the other: the Trormation of &
ring then taking place, due to the elimination of one
moleecule of water from the active :CH; group of the one
molecule and the second carbonyl group of the other, as
ghown in {I). This obviously does not lead to the form-
 ation of a typical perpene-like structure, but & compound
of this type is gquite capable of condensing as before

with & segond grouping as shown in (Il). This complex
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compound mizht then decompose as shown in (III) with the
formation of & compound having & terpene~like structure.
It is apparent that the condensation could react further,

in the same way, to produce still more complex sitructures.

CH 3

|
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CUNDERSATIONS OF A SIMILAR TYPE.

Condensations with loss of water are not at all
unsommon, and a few examples will be presented. Such
renctions may ococur beitween hydroearbon groupings and the
hydroxyl groups of saturated alcohols; another case is
that whiah occurs bstween aldehyde groupings and two CH
groups; still amother is the condensation between carbonyl
groups and hydrogen atomes, to form hydroxyl groups as a
first stage, with the final formation of a double bond by
the loss of water,

Reagents which are commonly employed in such
reactions are phosphorus pentachloride, fused zine chloride,
hydrogen chloride gas, &1um1nium‘ahlaride, and concentrated
sulphuriec acid. |

As en example of the third type of condensstion
mentioned above, we may cite the important aldol condens-

ation in which acetaldehyde by the setion of hydrogen ah&aﬁi&e

gas condenses with itself as shown:-
CHg CHO+ HCHg.OHO = CHz.CH(OH).CHg.CHO.
| Aldol.
Thig is followed by the formation af‘oratsmal&@hyéa by the
elimination of one molecule of water:-
Qﬁﬁ.ﬁﬁ(ﬁﬁ)ﬂﬁz.ﬁﬁﬁ = Cﬁg.ﬁﬁ = CH.CHO.
Aldol Crotonaldehyde.
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soetone undergoes a aanﬁeﬁs&tianl, with the
elimination of water, by the prolonged setion of the
dehydrating egent hydrogen chloride gas,. Ry&reé@n shlioride
ga8 is passed into the ketone until it is sesturated; the
conteiner is then lightly corked and allowed %o stand
for several days. The product ig dark drown in colour,
and has become somewhat viscous. Two unsaturated ketones
have been oblsined from this, nemely, mesityl oxide {cﬁgjg.
C:CH.O00.CHy, and phorone (OWg)g.C:0HLCOLCHIC(CHy ) .

These reactions may be represented structurally as

follows.
CHz | CHsy
l _
o _ co
'———. ‘—(;I/CH? ’ (ll-/
CH Hy -
L_____]\'(H-? "
e (ﬁﬁg)
2
- - CHy
((//3)2_(: CH Co. CH H, +o—lC/ X
Lo a0 N CHz

He s:'/\// Oxide

| ((H3)Z' C: CH.CO. CH C((/‘/j)z
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Wesityl oxide is sn oil, boiling at 180 degress
and possessing & characteristic peppermint like odour.
Phorone iz a erystelline compound of melting

point 28 degrees, and possesses an aromatic odour.

If, in 51&3@ of anhydrous hydrogen chloride,
eighty perecent sulphuric acid be employed as the condens~
ing agent a Gifferent product, mesitylene (I:d:b tri-
methyl benzens), is obtained. The Iormation of this
asompound may be represented as opeurring between three

molecules of the ketone as shown:i-

CHa
CHy
, :
/
I .
i —
° ‘ _
\C C_CHj cH )
AN \\
¢cHy .. / 2 \/
: HC [H2
, Hesitylene

ﬁﬁﬁiﬁyl@ﬂﬁ ig & colourless, mobille, pleasant-
smelling liquid, boiling at 164.5 degrees, und is

valatile in stoen.




Lthylacetoacetate, which possesses & structure
vary similsr to that of acetylascetone, undergocs a con-
densation when saturated, in the cold, with hydrogen
ehlari&e gag, and allowed %o stand for ﬁavaral'waaksg.
The product darkens in colour, becoming & dark brown,
ané the viseosity ipereasses., From this the additive
compound iso~dihydroacetic acid and its ethyl ester have
veen obtsined., A similar resotion occurs if sulphuric
scid is uweed in place of the hydrogen dhlari&a gag,
Iso~dinhydroscetio scid, is & pyrone derivative and has

the structure:

CH—;

l
CH = C ___ C.COoO0H
c:o o C.CH3

Iso~dihydroacetic scid.
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PREPARATION AND PROPERTIRS OF THE 138 DI-KETORZ

hostylacetone, {pentane=Z:4 dione), Hy C.00.
UHp COLUMHg, is obtained by the condensation of ethylace~-
tate and acetone, according to a general reaction
ﬁigao?@reﬁ by Clelisen in 1%693, This condensation

involves the elimination of aleohol between the group

0000, Hpof the ester and the CHy +CO- group of the ketone. .

Thisg is %ﬁf@eﬁaﬁ by means of various wﬁa@aa%a, two of whiceh
mey be mentioned, metallic sofiium sné sodamide.
Agetylacetone was prepared by the method of
Claslsen, &8 gliven in ﬁah@m’@ Pragtieal Organie Chemistry.
| Twenty~five grame of sodium were pressed as
wire into & two litre flask, contalning & small amount
of dry ether, The Ilask wes fitted with s reflux
condenser and aa@laé in a freezing mixture; &id cg. of
absolute ethyl acetate {(previously cooled) were added.
To this, 79 co. of ansetone, likewise cooled, were added
.i& small gunntities at a time, Vvhen sll the scetoane
had been sdded the Tlask was allowed to remain for
gseversl hours in the freeping mixture, and then over
night st the room tempersture. The product was then
Cshaken with water and slightly seldified with soetie
Boid. '
To this solution 185 grams of copper acetate,

freed from the basic salt, were added, whereupon the
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copper salt of acetyacetone was thrown down. The
precipitate was allowed to stand for some time and
then filtered off, saapéﬁ&eﬂ in ether, and decomposed
with dilute sulphuric acid. The ether layer was
- geparated and dehydrated over calcium chloride. The
e¢ther was then removed on the water bath, and the

agetylacetone distilled, the portion boiling between

185 = 140 degrees being collected. yield about 20
oM |
Asetylacetone is a colourless, pleasant-

smelling llguid, of %ailing point 136 degrees C.

It should be noted that afier the final dis~
tillation of the scetylacetone, a residue remains in
the flask, which behaves In an identical manner to heat
and chemioal resgents as the condensation product to v
be described, _
. 1:% diketones, of which acetylacetone is an

example, are scid in character, as shown by their form-
ation of metallic &erivatives' which are insoluble in
%&tar, but soluble in organle solvents such as benzene
end chloroform®. These metallic derivatives ave usually
vepregented as derivatives of the enol form (1), i.e.
the metsllic porition is assumed to be united to the

oxygeﬁ atom, The free ketone is udhlly represented as
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455 diketo compound, as shown in (II), although it is
probable that it actually consits of an allelotropic

mixture of the keto and enol forms.

Mo o

o
] M 17 "
CHg"C = . C.CHz CHy- € - CHZ'C.CH3.
I 7
Enel Keto

L+ Knorr and H. Fisher ha#e isolated the
pure form of thé enel, by erystallising the equilibrium
mixture from petroleum~ether, at a low temperature®.

Claisen, who has done a considerable amount
of work with the 1:3 diketones, reached the conelusion
that the graup-00~¢~co- present in these substances
plays the part of the =0 atom in a garboxylic acid.

I.% Diketones may undergo & variety of
condensaticné; either the active ~CHg~ group, or the |
carbonyl groups :C:0 may take part, depending upon the
type of agent employed to effeect the condensation,
Thus, orthoformic ester condenses in the presence of
acetyl chloride with acetoacetiic ester giving diethoxy-

butyric aeid, If aee%ie‘anhy&riﬁe be employed in place
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of mcetyl chloride, an ester of the typs ~U0~C(:CH.0CH:)
-30= is obtained. |

1.3 Eiketoae& have also been employed in the
preparation of pyrazole derivatives, by the contensatioan

of the ketone with hydrazones,
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EXPARIMENTAL WORK,

in the case of acetylacetone, preliminary
test=-tube axpariﬂanﬁs showed that a self-condensation
took place, when various dehydrating agents were
employed. About one gram of aeetylaeetaﬁ@ was sadded
to each of four dry test~tubes, One was saturated with
éry hydrogen chloride gas, s second was treated with
anhydrous aluminium‘ehiariée, the third with fused zine
chloride, and the last with mercuric ehloride, The
tubes were s%cgpere& and left for & period of fority-
eight hours. |

In the tube to which had been added the hydrogen
chloride o somewhat viscous, dark brown product formed.
4 similar reaction took place in the tube containing
the aluminium chloride. ‘The fused zinc ehleri&e had no
apparent effeet. The mercuric chloride was found %o be
extremely soluble in the ketone, but &ié‘ma% effect a
condensation; the chloride was merely in solution, as
later determined, and had not ferme&‘a compound.

A solution of the ketone im dry ether, when
gubJected to the treatment with &nhyarcus hydrogen
chnloride, showed a similur darkening of the solution

upon the addition of th@‘ahlariaﬁ and, as the process
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continued it was noted that the condensation product

separated from the ether, due undoubtedly to the

formation of & hydrochleride.
Since preliminary tests had indicated that

& condensation had actually occurred it was deecided

~ to continue on a slightly larger seale, using esnhydrous

hydrogen chloride as the dehydrating agent, because

of its convenience. Five grams of acetylacetone, contain-
ed in @ sixily c.c. EZrlenmyer flask were saturated with
hydrogen chloride. 4 reaction occurs with the first
addition of the gas, as indicated by & chenge in colour
from the colourlass,aestylabetana to a light yellow

tint, which gradusally éérkens to a deep redish-brown,

When sa%ur&ata& the flask was lighbtly stoppered and

left to stand for = period of forty-eight hours. After
this length of time, the product becomes deepsr in

colour and the viscosity inereases to a very large

degree. .
To free this product from hydrogen chloride
and to break down the hydrochloride which is undoubtedly

formed, it was shaken with a dilute solution of potass~-

ium c¢hloride, and then extracted with dher. It is

worthy of note that the produsts of condensation, in



ether, at this stage are fluorescent, belng re¢ddish by
transmitted and green by reflegted light.

The product, in ethereal solution, was de-
hydrated over potassium carbonate, and the ether
"subseguently removed., ‘“the residue, which was reddish
brown in colour and exti@mely visgous, was placed in a
vaocuum dessicator over sulphurie aeld snd left 1ill the

next Gay.

DISTILLATION OF THY CONDENSATION PRODUCT.,

In order to obtain s pure product from this
it was dissolved in ether, transferred to a distilling
flask and the ethér removed on the water bath. When the
ether had all been removed, the flask was heated with &
free flame. Tecomposition took place immediately, and
a heavy, yellow coloured gas distilled over, The boiling
point was netvcsnatant. This gas condensed to & th@%k
gummy mass differing little from the origiu&i pro@uﬁ€¢
The distillate wes sgain subjected to further distillations
in an attempt to isolate & éggg%i‘pura product, but each
time decomposition took place, and the verious distillsates
shawe&‘na evidence of purity. After each distillation,
a2 black csrbonaceous residue remained in the flask. This
wag not examined at this time, as it was thaa@hﬁyta be

carbon.
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DISTILLATION OF PRODUCT UNDER REDUCKED PrESSURKE,

Since thera'appeareﬁ to be no hope of isolating
& pure produst by this method, distillation in VEOU0 WS
next attempted. Tecomposition again took plsce but to
8 somewhat less extent. Repeated distillation, in vacuo,
yielded a smaell quantity of material which appeared to
be fairly pure, and which possessed s pronounced pﬁ@malie
odour. This materisl was placed in = Claissn flask for
a final distillation, when suddenly, the whole mass
cryatallized. ‘the supercoocled liguild, for sueh it must
have been, was probably caused to crystallize Gue to the
soratching of the capillary tube on the bottom of the
distilling flask. The e¢rystals were dilssolved in ether,
from which they separated out as long néeéles, and in
an impure Lorm. various solvents and combinations of
gsolvents were employed in an attempt to purify the
aomyadna bat without success, becsuse all of them dim~
solved the tarry impurities to the same &xteﬁt a8 the
pure compound, Solvents employed included benzens,
petroleum ether, acetone, ethyl acetate, chloroform,
slaochol, teluwl, xylol, etc.

These crysials were definitely phenolic in

character, A smell guantity dissolved in salcohol when'
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treated with = cold solution of p-nitroaniline (decolorized
by sodium nitrite) in dilute hydrochloric seid, snd then
with a few cubiec centimetres of a solution of sodium
hydroxide, gave a deep red colouration, indicating the
presence of & phenalie sompound. The melting point was
determined, but due to the impurities was not sharp,

lying between 60-65 Gegrees C., corresponding to I, 2

xylenol (4). Unfortunately before the exaect nature of

E3

the compound could be determined by crystals were all used
up, and although the process has been repeated many times
sinece, the same compound has never again been obtained

by this method.

DISTILLATION OF CONDENSATION PRODUCT WITH ZING DUST.

in‘an attempt to obtain a compound of less
gcomplexity, some of the condensation product, in ether,
was mized with zine dust, the ether removed and the mix-
ture ¢istilled, The distillate, however, showed little
sign of ylelding such a product, and the m@thoﬁ}waﬁ

rejected.

It should be noted that the wvarious distillates

obtained polymerize, when allowed to stand for a time.
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A CHEMICAL EXAMIBATION OF THE JOWDENSATION PRODUCT.

pistillation methods having proved unsuceessiul,
it was next decided to attempt to isolate & product from
the condensation, by chemioal means. “ |
| ?hié*pro&uat is & thick gummy liquid, brownish
in colour and possessing a feint phenolle odour, on
ﬁtﬁn&iﬁg the viseosity inoreases and the colour darkens.
It is insoluble in cold and hot water, and ls neutrel
to litmus, It is not reduoed by =mine dust and hydro-
ahloric acié, ar'by éaﬁium in alaechol. On exidation wlih
echromie acld in glacial acetie scid, & gemi~soli&, yellow
soloured mass is obtained, which seems to be & mixture
of various substances. AlL sttempts $u obtain & siﬁgl@'
pure produet from this were unsuccessful.

¥hen a smsll guantity of the condensation
produst was heated with strong potassium hydroxide
golution and filtered, and f;ltrata was slightly coloured,
and on eeidifying thie a smell amount of msterisl was
thrown down. This was {iltered off, dissolved in ether
and the ether sllowed to evaporale. %ﬁa produst is a
resinous mase, with slight ecidic properties.

The condensation product 1s appareatly satur-

ated sinae it does not Gesdlourize potassium permanganste
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in dilute sulghurig aecid, or bromine water,

¥etone and aldehyde groupings are apparently
sbaent. The product dissolved in aleohol was warmed
for some time with & mixture of semicarbizids hydro-
chloride and sodium acetate, and then poured into a
large volume of water; the original substance was thrown
out of solution. Similar aitempts using hydroxylamine
hydrochloride, and phenylhydrazine were nnguccessiul.

Further, attempts to prove %he presenge of
an aleohol grouping were unsuccessful.

From this it must be concluded that the product
ie a mizture of saturated hydrocarbons,

AN EXAMIBATION OF TH: RESIDUE FROM THE DISTILLATION OF
THE COKDEHSATION PRODUCE.

when the condemsation product fﬁam acetylacetone
is distilled unﬁer'raaucad pressure, ﬁaaamyasixian»%akea
place and a considerable amouni of residue remains in
the flask. This r&siéua is blaeck in colour and possesses
a shiny lustre. DBecausse ol its sppearance it seemed
likely that it must be something other than amoyphous
carbon; such was indeed found to be the case.

wnen refluxed for several hours with aleohol,

practically nothing had gone into solution. The solid



was then filtered off, dried and treated with nitrobenzene,
4 considerable amount was féun& to go into solution; the
insoluble portion was filtered off and the nitrobvenzene
vsalutibn subjected to steam distillstion. When the nitro-
benzene had all been removed, a small amount of black
solid remained in the flask. This same solid was obtained
from the nitrobenzene solution by the aaﬁiﬁiaﬂ‘af petroleum
“ether, in whieh‘it, the solid, is insoluble, Ghlarﬂfarm
was found to E@ an i&éal solvent, and was employed Qﬁ§§~
forth for all exirasctions eto.

The insoluble portion remaining afier extraction
with either nitrobenzene or chloroform, Goes not appear
to be amorphous carbon. [t seems to be entirely lInsoluble
ﬁnﬁ'ahemiéaily inert. Thus, when small quantities were
treatéa with various solvents, and examined under the
microscope, no indiealion of solubility wes Tound. Some
of the solvents employed were, ehlerafofm, pyridine,
phenol, ethyl carbonate, nitrobenzene, scetone, ethyl
asetate, Egnzene, yetr&leum'eth@r. aleohol ete. I¥ is
not seted upon by hot consentrated nitriec or sulphuric
acids, and is noil redueable. Hydrosarbohs, knawn as
the &, 3 and ¥ compounds, having similsr properties,
have been isolated from coal, and it is possible that
this residue might be related.
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The portion which is soluble in chloroform
gseparates from that solvent in shiny black plates. Under
' the mieroscope, a dilute solution in chlorcoiorm appears
4o have an amber tint; in more concenirated solution it
apps ars black.

?he compound shows no sign of melting at &
temporature a8 high as 360 degrees C., as &etar&inaa in
a potessium sulphate-sulphuric scid bath. When heated
to & high‘ﬁamgara%ur@ it swells up, end decomposes without
melting. The residue is insoluble in chloroform, and

is probably cerbon.

hefuction methods were first employed in an
endeavor to determine the nature of the black plates
obtained from the chloroform solution. All atiempts were
unsuceessful, Thue, it was unaffected by reagents such
as stannous chloride and glacisl meetic aeid; zinc dust
and glselal scetic mcid; a mixture of concentrated
gulphuric aeid, glacisl acetic acid, aund aluminlum
powder; or tin and hydrochloriec acid. ¥hen dissolved in
shloroform containing a small amount of alcohol, ané
treated with sodiwm metal, no reduction took place,
Agein, it was not affected by the prolonged agtion of &
mizture of red phosphorus end hydriodic acid, at a
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temperature of 100 degrees C.

reduction methods having failed, oxidation
methods were next employed, but without success, It
wag not oxidized by chromie acif in hot glacisl scetic
acid, or by heating with perchleoriec ascid. When refluxed
Por some hours, first with dilute and then congentrated
nitric acid no change was noted. When heated with
 sodium peroxide it underwent combustion. It was completely
proken down by a hot solution of mercuric sulphate in
concentrated sulphuric acid., |

Begause of its extreme stability it must be
coneluded that the compound is & hydrosarbon, probably
eyclie in nature.

& quantity of the substance was carefully
purified for use in molecular weight determinations sand
for analysis. The method employed was as f@ll@wa:

The material was Tirst refluxaﬁ.with;alaah@l
o removed any soluble impurities, filtered off, firied,
and dissolved in cehloroform., It was then precipitated
srom this solution by mesns of petroleum eiher, filtered,
and washed with alcohol and acetone. It was then re-

dissolved in chloroform and precipitated with alcohol,
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and the precipitate was washed on the filter paper with
acetone until the filtrate wes colourless. It was then
dissolved in chloreform snd set aside to evaporate.
o ~ In the determination of the molecular weight

by the freeszing point method, the oanly solvent that could
be amglayeé was nitro-bengene, which as the results show,
was not suitahlé; The material does not separate out of
the solvent on freezing, but sea&s to form a solid
solution. |
Holeculsr Weight Determination.

Height of wateh gless + Compound w» 5.%1%@ ERE .

L LB L ] LR bt ﬁ’gaé? LR

weight of compound 20898 e

Freezing point of nitrobenzene, on Beckman
theremometer = 7.5: 7.28: 7.5. '

_hverage = 7.3

Freezing point of solution = 7.4

This freezing point was abﬁaina& ra9aate&ly,
and at the time was rejected as due %é faﬁlty manip-
ulation, but further dats wes obtained whieh showed this
not o be the ease, The purity of the nitrobvensene
misht be questioned. but this is herdly likely, for it
had been repeatedly distilled, the first and last
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portions distilling over being rejeoted in each @&ﬂé;

and agsin, the freezing point of the purse solvent

wag constant, |
Another determinetion gave 8 slight depression

of the freezing point, but further deferminations do |

not support this, and it is only given here for the

aaké of eamyleteaﬁag.
Freezing point of nitrobenzene = 4,14°; 4,13
4.16° and 4.14°, |
Average = 4,14,
Preezing point of solution = 4.10°.
Tepression of freezing point = ,04°,

| Welght of watch glass + gompound = 5.?415 gme .

Weight of wateh glass ’ = 5,9107
Weight of compound = L0308

Holeoular walzht » 100 (kw)

k for nitrobenzene s 71

W= 26 gnms,

Holecular weight = 100, ( 71 x .08) = 1473
36 x fa‘éﬁ '
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Another dstermination gave the following:

‘weilght of watch glass + Cpd. = 5.3868 gms.

Weight of wateh glass a D,8880 ..
Weight of compound s 0482 e

Freesing point of pure solvent = 4,15 (mean}Q
¥reezing point of soluiion = 4odTt 44lb: 4416,

¥hat ever the a&u&a; it is spparent that the
maﬁh@ﬁ is unsatisfactory and was abandoned., A new |
attempt was made to determine the molecular weight by
the ebulistic method. The only solveant known which
would be satisfactory, namely eh;cr@farm, underwent
yyialytie decomposition on coming in contact with the
platinum used for heatings The producks of the degom~
position are tetrag&leroaﬁhylana, haxashlarethﬁn& and

h@x&ahlarabeaaen®63

Aﬁﬁempta were now made to £ind for the compound
other solvents which eauld'ba used for maieanlar weight
determinations. This was not acaam§lishad. Two
solvents were found, nemely pyridine and phenol, but

they sre not suitable for the purpose.




ABALYTICAL DATA.

Weight of Callp tube after combustion z

#eizht of Gaﬁlz tube beforse .o

Inarense

L} ]

Welght of XOH fube after combustion =

P ™ e +» before P -

Increase

Weight of combustion boat = gompound =

LR ] [} L

Weight of compound

Peroentage of csarbon 3

i

@

]

12 x <2757 x 100

34 X L0804

Percentege of hydrogen = £ x 04358 x 100

Second Determianstion,

Weight of Cally tube after cgombustion
Weight of tube before combustion

Inerease

.%aight of XOH tube after combustiion
welght of XOH tube before combusiionm

Iinorease

18 x .0B04

i

¥

i

4B, 4£35 ..

D e

06%35 ‘ [ 3

61,5668 gms.
61,0921 ..

BT87T v

30}-683 &ms .,
3.0884 ..

L0804 ..
= 93.%%
= 6.01%

44,1301 gms.
44,1006 s
#0885 ..

61.09881L gms.
61,0110 o
U821 .
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#aisht of combustion boat + compound = &.1084 gus.

Welght of combustion bosat

1

50840 44

Weight of cempound 2 L0844 ..

rercentages of carbon = 12 x L0821 x 100 = 91,.8%
T4 x L0044

In this éeterﬁinaﬁian the combustion tube
ecracked befors the oxygen had all been swept from the
apparatus. %his diffieulty was overcome, iun the case
" of the earbon, by passing dry air through the buldb, for
& sgar% time, This was not done with the Gaﬂlg tube,
vecause it was believed that the determination had been
ruined and the tube was discarded.

The material is extremely difficult to ignite,
so that it was Gecided to mix & little fine copper oxide
with it, in the combustion boat, in order to fagilitate
the aamhnétian« A8 the following date shows, this wase
not a suecess, The low c¢arbon gontent can only be

ascriﬁeﬁ to ineomplete ignition,

]

Welght of Call, tube bLefore ignition = 48.4670 gms.
weight of tube before combustion ® 48,4910 ..
20240  4»

#

Inoreane



uog’?q-

Weight of KOH tube after combustion = 61.4876 gms.

Weight of XOH tube before ee B GL.B688 <.
Increase = «1188 ..,

¥eight of boat + copper oxide + Upd, = 4.05672 gms,

weight of %voat + copper oxide ® 4.0180 ..
Welght of gompound 2 «0442 ..

Percentsge of carbon z 12 X .1188 x 100 = 75.8%
B ‘ 44 X JUadx

Percentage of Hydrogen = 2 X 100 X .0240 = 6.6%
18 x 0442

- A third snalysis gsve the following. ‘
Faight of EOH tube after combustion = 63,0070 gms.
Weight of KOH tube before combustion =62.8058 ..

Incresase a «2012 ..

Weight of CaClp tube after combusiion = 48.5880 gms.
Welght of Cally before the combusilon = £8,838% =,

Increage = 0498 ..,

Weight of boat + aompaﬁﬂé = &.6708 gms,
Waight of boat = 3.6090 .4

Weight of compound = (0648 .,



-

Percentage of hydrogen = 2 % 0498 x 100 = 8,58%
18 x 0648

Parcentage of esrbon = 12 x L8012 x 100 = B4.6%

& fourth analysis gave:~-
‘Weight of XOH tube after combustion = 45.0870 gms,
Welght of KOH tube before combustion z 44,8962 ..

inerense B = 2008 ..

Welght of Cally tube after combustion = 54.372¢ gms.
Weight of Callg tube before combustions J4.,9032 .

Inerease & L0392 ..

Weight of Boat - compound = 4.0970 gms.

Weight of boat & 4.,0320 ..
Weight of compound 8 L0680 ..

Pergentage of hydrogen = 2 x ,0B92 x 100 = 6.7%
18 x 0650

Percentage of carbon & 12 x ,2008 x 100 = ‘84.2% N
44 x 0650 |

The low results for earbon in these lasti analyses cannot
be ageribed to ithe presence of oxygen in the compound,
sinee the first anslysis end the extreme stability of the
material yrealnée sush & possibility.

Bince molegular weight determinations were
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unsuccesaful , it'ia'anly possible to give an empirical
formula for the compound. It is =& hydroecarbon, and must
possess a gyolic structure as &gggeﬁta& above., The
formule, based on the first analysis, is ag follows:

93,5 # 1 = 7,7

8,01 ¢ L = 6.0

which gives (g, 28 the empirical formula.
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REDUCTION OF FRODUCT DURING CONDENSATION,

uxperiments were now tried to determine whether
& simpler product could be obtained by reducing the product
while it was being formed. This was done by dissolving the
acetylacetone in ether, adding a small quantity of zinc
dust and then saturating the solution with hydrogen chloride
gas. On standing over night it was found that the product
nad separated from the ether. The undissolved zine and
the zine chloride formed were removed by the addition of
a dilute solution of potassium carbonate, and by filtering.
The filitrate was then extracted with ether, dehydrated
over anhydrous sodium sulphate, transferred to a distilling
iflagk and the ether removed on the water bath. Aifter the
removal of the ether, the rasidaayw&s gently warmed with
a free flame; decomposition took place and a product
distilled over. The boiling point was not constant., The
distillate is a liquid, light yellow in colour and
possesges a peculisr penetrating odour. It polymerizes
on standing, yielding a brown viscous liguid.

4 residue which is soluble in zcetone is left
in the flask after the distillation; this, on evaporation
of the acetone, remains as a black tar. '

The distillate is apparently unsaturated, since

it removes the colour from bromine in carbon tetrachloride.
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4 portion of the distillets on warming with a small
guzntity of phenyl isocyanate formed & solid mass. This
was shaken with petroleum ether, filtered and washed with
ether to remove excems of phenyl isocsyanate., The residue
is a white orystelline compound, with a melting point
lying between 283~285 degrees C. The melting point and
general properties correspomd to diphenyl urea. The
filtrate, that ig, the ether washings, on svaporation
yielded a small quantity of & thick gummy liquid, too
small in guantity to be identified. It must be con-
eluded that the distillate does not form a compound with
the isocyanate: The diphenyl urea was piabably formed
by the action of the phenyl isocyanate on trages of
moisture present.

A4 Turther gquantity of acetylacetone (b grams)
was treated in the same way as given above, and distilled.
The distillate was examined for the presence of terpenes.
Terpenes sre known to yiel& characteristic nitroso
¢hlorides when mixed with amyl nitrite and concentrated
hydrochloride aeid in the cold”. These compounds are
precipitated by the sddition of acetic acid. An attempt
was made to prepare such a compound from the distillate,
the presence of a terpene~like compound being suggested

by the peeuliar characteristic odour. The method employed
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wag as follows: Egual guantities of the distillate and
amyl nitrite were mixed, well cooled and concentrated
hydrochloric acid added slowly (no exothermic éstian
wag noticed ms is usally the cage in the formation of
the nitroso chlorides of the terpenes) and on the addition
of mcetic apid no precipitate was thrown down. This
reaction was repeated, with the ssme result, so that it
must be concluded thst either no terpene~like compounds
exist in the mixture, or if there are terpenes present
' they du not form charecteristic nitroso chlorides.

A portion of the distillate, when gubj&ete&
to the Schotten~Baumann #aaaﬁion does not form a compound,
and conseguently sannot possess a hyéroxyl group.

the emount of distillate obiained is very smsll,
and since experiments failed to indicate the presence of
2 eompound which could be isolated in a pure feorm, the

method was abandoned.
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RETUCTION OF THU CONDENSATION PRODUCT.,

Fxperiments were now undertaken to see whether
ag?g; een&en&aﬁion, the product could be reduced to a
éigﬁiér state, TFor this purpose the scetylacetone was
danﬁanaed in the usual way, neutralized with sodium
hydroxide, and extracted with ether. The product, after
the removal of the ather, wag dissolved in glacisl acetic
acid, snd an excess of zinc dust added. This mixture was
w&rma&‘an the water bath for seversl hours, when it was
noticed that the solution in the acid, originally derk
vrown, had become very much lighter in tint. The excess
of aeid was removed by shaking with dilute potassium
aaxﬁanate solution, and the whole filtered to remove
unﬁissolve& zine Gust, The filtrate was extracted with
ether, dehydrated over anhydreua'sadiuﬁ'sulphate, and the
sther remava&éf~%ha residuve from this was warmed for two
nours on the water bath with a &iluﬁe solution of sodium
hydroxide, At the end of this time, an insoluble portion
was filtered off, and the filtrate acidified with dilute
sulphurie scid; a light-brown éélaureﬁ precipitae was
thrown down. This was extracted with ether, dehydrated
over aﬁhyéraua‘sadium sulphate, filtered and the filtrate
allowed to evaporate. A erystalline mass was obtained,

possessing & characteristic phenolic odour, and seemingly




identieal with the phenolic derivetive alresdy Gesoribed
elsewhere, The product was impure, and in order %o
'effaet a purification it was benzoylated, in the hope

of obtaining a compound which could be free&'from the
tarry impurities. This waS not &caamplish&&.‘ Only a
very small guantity of ﬁheverystallina compound had been
obtaina&,‘ao that the process was immediately repeated,
bat althaugh the same method has been followed several

times, the gompound was not oblained again.

Since saturation of the acetylacetone with
hydrogen chloride gas results in the férmaﬁian of & product
from which a pure compound could not be separsted, attemptis
were mide to determine whether a different product could
ba'abt&ina& by passing the hylrogen chloride gas through
the ketone for only a short time, and allawing té stand
over night. The desired effect did not take place.
‘Unchanged acetylacetone remains, and a produet identlcal
with that derived from the method described above was

obtained in small quantity.



“wne contensation product polymerizes on
standing. zt.was &eciﬁeﬁ to determine whether contact
with air had an effect on the formation of the condens-
atieﬁ product. The hydrogen ehloride gas was passel
into a small quantity of scetylacetone, contained in
a small flask which was being evacuated by a water
PUBD « :ﬁfﬁar 3cmav§ime the current of hydrogen chloride
was stopped, the flask evacuated and sealed. On
staniing for forty-eight hours, & product wes obteined,
which was identiesl with that ebﬁaine& when air is not
gxeluded, Consequently air is not a determining feetor

in the condensation.



SXPERIMUNTS WITH BENZOYLACUTONE.

Experiments were tried with benzoylasetone,
in the hope that a solld derivative would be formed.
However, this was not found to be the case. The
benzoylacetone when Gissolved in ether and treated
with anhydrous hydrogen chloride, underwent only a
very slight condensation, with the formatiah of a
viscous liquid. The benzolacetione may be resovered.
Similarly when benzoylacetone was dissolved in dry
ether, and treated with anhydrous aluminium chloride

no condensation took place., The ketone may be recovered,
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| SUMMARY,
Acetylacetons undergoes & confensation when
treated with hydrogen chloride gas and allowed to stend
for forty-eight hours or longer., From this product, after

neutralization sné distillation, & hydrocarbon, similar

to thed .0 , &Y, compounds obiained frem cosl, has been

‘%3elaﬁe&¢

%xgérim&ﬂﬁa have shown that the self-condensation
of seetylasetone does not r@&miﬁ in the formation of
terpens like compounds.

Redustion of the condensabion produet does not

produce recognizable terpene gompounds,
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IHE ACTION OF PHRENVLISOUYARATE OF BENZIL,

INTRODUGT 0N,

In this thesis a study of the sotion of phenyl~
isoeyanate on benzil, in the presence of anhydrous
mluminiua shloride, has been made.

-The purpoase of the investigstion was %o determine
whether in the benzil-benzilic acid resrrangement an
intermediate compound counld be isoluted. _

hesording to R. Robinsont, the benzil-bsnzilie
acid change takes plage due to the sstablishing of an
intermediate ring system, Bet up through the agensy of
partisl valenoy, which bresks dGown with a wandering of &
phenyl group to establish the constituiion of bwensilic
gaid. | o

Armesfsuggested s number of ways in which such
intermediate compounds mizght be foramed, and the gﬁ@&&ﬁ%
paper presents the work sccomplished in their preparation

snd separastion,



A BRIYF DISCUSSION OF tHE BENLIL~
BERGILIC ACID BEARRARGENIHT

‘ & brief introdustion to the work which hus been
done on the benuil~benzilic solil rearrangement will be
presented.
the wendepring of a phenyl group from one curbdon

atom in benzil to the second aarhan:aﬁ¢m.%hraﬁgh the agaﬁsy
of aqueous alkeli with the formation of benzilic acid has
baen the sudbjest of much a§@eula%&an and experimentation.

#hen bengil is heated with an agueous solution
- of an slkalli, & molecule of water is taken up &ﬁé bengilic
aeid is formed:

0 H 000000 + B0 = (Ggllg), GLOM)OCOH

The kyﬁmaxy@&aa is apparently of 1little importance; Lachman®
has_ﬁh&%& that when alkali is added to water the rate is
increased twenty times, whereas the concentration of hydro-
xy%éaaa had iagr&a@aﬁjahaﬁﬁ 10,000 times.

Sehroeter®, who wes one: of the rirst to advence ‘

an hypothesis, bases his explanation of the rearrangement

- upon the assumption that unsaturation of &n atom is & %ﬁumae

.“af ingteblility, end ca&sagu@m%ly under cortein conditions
rearvangement would be expected. Thus, in the case of benzil
Sehroeter assumes that one molecule of say, EOH adds on to
one of the earbonyl groups as shown in {i)a This complex
then breaks down with the formation of diphenylketene, which
then reacis with the oxygen and potassium hydroxide o lorm

the potassium salt of benzilic scid.
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£ _oH
< H - CO <, He K -0
(j::;,éoﬁ ;,;/:-.’(o <9 :6 :j > C:CO 3 : >Céh’> ool
Beng// Diphenylhotane Benyi /1 Aeid
In eupport of this Schroeter prepared azobenzil
and was able to show that when heated in bensmene it decom~
poged with the formation of diphenylketene. |
Sahroeter’s view has been rendered untenable by
the resesrches of Nicolet and Ealaﬁ. these investigators’
hﬁ?avghawm %hat»hyéragen garoxié&, either in the free
condition or in the presence of variéus alkalis has no

action on diphenylketense,

4 asegond theory, advanced by %@fﬁ, assumes that
bengil adds on s male@nla}of water, and then dissocgiates
into benzophenone and “diaxyﬁathglene“. this latter
‘gompound is further asgumed to undergo change with the
formetion of formic acid, which then condenses with the
benzophenone to give benzilie acid.

This view has been abandoned, since L&ahman? has
shown that benzilic agid decomposes into benszophenone,
carbon monoxide, and water, and does not yield eny formie

aoide

Lachman hag advenced the theory that a molecule
of water adds to one of the carbonyl groups of benzil, and

that one of these hydroxyl groups subsequently exchsnge




il

places with & phenyl group:
Cgllgl {OK) 000 Rg= (CgHgly C(OH)COOH.

vhat ism, Lachman regards the proocess ag an

internal aﬁiﬁaﬁiau angé redustion. In this respect i% is
gomewhat similar to the addition of an orgasnv-metalllc
sompound to & ketone. This thesry is suporied %o some
extent by the discovery that s definite compound O H; 0 ¥0H,
pan be isolated. ‘the method employed is merely to grind

the two gonstituvenis undor pyridine or bensense. The compound
iz eaulily decomposed, with the regeneratlon of benzil snd
geﬁ&&ai&m hydroxide. Howevaer, when heated at a temperature
af B0 degrees i%liﬁ rapidly converted into potassium benzilate,
snd ln congeguence seems to be & true intermediate compound
in the transiormaiion. |

Farther, &&éhm&n hag shown thaet benzil adds on
one molesuls of sodium sthoxide to form a compound:
CgHyC (ONa)(0CgHE) COCgHg,

which in the presence of water breaks down into ite original
somponents., In alcohol the praéﬁata were found to be
bengaldehyde and ethyl benzoste, Uhen different amounts

of water are now added to the aleoholic solution Lenzilic
apid is prodused, lachmen explains this ss due to the
pregence or abmence, as the oase may be, of a mobile hydroxyl
aroup in the intermediste compounds formed. Thus the
grouping = OC.Hg 38 ineapsble of wanlering under the

conditions of the experiment.



Lachman's theory is open to the eriticism that
it does not give any suggestion as to why the hydroxyl and

phenyl groups should undergo wandering.,

4 theory which seems to embrace all the facts

has been suggested by R. Robinson. Ne suggests that the
reaction involves the rearrangement of the negative ion
of the addative compound:
| Géﬁﬁ ggﬁﬁ)‘ﬂﬂﬁaﬂﬁ

0JE

H
' To use him4awn words, "The charged = ({0H)~0=.group strives
to stabilise itself by becoming a true ion of a carboxylie
aeid., To do this, it loosens both a hydrogen atom snd a
phenyl group, which add on to the neighboring carbenyl. An
intermediste stsge can be represented on the partisl valency

theory by the expression.®




THEORETICAL DISOUSSION.

Working on a somewhat similay hypothesis %o the
one suggested by Robinwon, Armes® has suggested that through
the agency of aluminium‘aalariae, phenylisocyanate might be
caused to resot with E&ﬁﬁil to yield an iﬁt&rmaéia%$ gompound
which could be ismolated, This would be represented:

0
I

GHs C=0 ‘ B N G Hy

He
4+ GH VO = S , N
GHs - €=0 C= 0==C0
v ' | '

C,Hs

on suitable decomposition, such & compount would be expected

10 yleld either benzilio seid or a @amyamﬁ@ of that acid.
Purthey, Ames has sn@@@sﬁa&.tﬁ&t the above may

be represented in still another menner, i.@‘ by the more

modern theory of aawgrﬁiﬁatiﬁﬁ 1imka&a.
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he aluminium chloride, scting &8 an acceptor,
-0 = Q
sctivates the I sroupling; this would in all probability
. “{J = 0
go=~ordinate the oxygen of the carbonyl group, snd also the

nitrogen of the phenylisocyanate, thus permitting the addiiion
of one molecule of the latter compound. This would be re-

presented diagramaticslly as followsi~

¢ CHg: Com Ommmenn = N CoHs
| L s q-Cio
I G C i
I | =z

In I the benzil is shown in the "metivated” state,

IT shows the "acitivated" nitrogen. |

At "a" and "3B" we have co~ordinated nitrogen and
oxygen stoms respectively.

Hearrangement of such & compound would conceivably
take place with the wandering of the phenyl group from "CV
to "D", with the Tormetion of the ring structure already

dlscugsed.

k& sompound such as the one described sbove, might

also be synthesized in the following manners The methyl ester

of benzilic meid when treated with phenylisocyanate ylelds

a urethane of the following constitution:~

€00 CHy HN CgHg

C%HS



o

By loss of theelements of sleshol the ring sitructure given

above would be Fformed.

A somewhat similar reaction is that which might
possibly ocour beiween benzaldehyde and benzil, and would

be represented:

O
v i .
T PLA
+ H C.(é Hys — (6 Hs” l H c: (6/—/5
GHeeo C =0 e o
I
C o}
R |
l H.(ﬂ({#;’
G — ¢ 3

G Hs



THE REACTION BETWERN BENLIL AND BENLALDRNYDE, IN THE
PHESENCE OF CONCENTRATED SULPHURIC ACID

& small guantity of benzil was dissolved in
‘bengaldehyde and then treated with & few cuble sentineires
of enncentrated sulphuric asid. The acld wus added in
gmall anounts at & iime, snd the whole well sheken after
saohk addition.

On the sddition of the seld to the mixiure, &
deep reddish-brown coloursntion was produced, which darkess
w8 the concentration of the seid inereases, | |

When the mixtur&? plus the acid, was &11@%@& o
stand for some langth of iime, &r when heated and then
agllowed to stamd, s ﬁemiuaali& mess was obtained, This
was shaken with water containing & little sodium hydroxide,
to neutralise the agld, transferved to o round %atﬁam@d :
flask snd subjected to sleanm distillation, In order to
vemove the bensaldehyde. After the beassldehyde hed all
been removed, 8 s0lid, which had separated in the distillation
flask was filtered off and wagﬁﬁ& with water., This solid
was & yellow-black in colour, insoluble in cold aloochol,
readily soluble in scetone,

in order to purify the solid, it was dissolved
in sovtone, and to the solution so oblained, distilled water
vas addsd until a definite turbidity was produced., This
wag then sllowed to stand over night snd then filtered at
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the pump. The residus so obtaiped wa uearly white in
oolour, and in the Torm of very small acieular crystsls,
%&@ oryetals were diesolved in hot alechol, from which,
aafé@alimg, long, slender, yellow coloured crystals

were deposited. On examination these srystuls proved to
be bengil, Zvidently no extensive reagtion had ocourred

between the benzil and the benzaldehyde,

- The above experiment was repeated, with the
exception that after ithe addition o. the concentrated
aulghuria aeid, the mixture was heated Tor some hours
on the water bath., 4 nearly solid mess was obtained,
which was trested as deseribed &havé. The mein product

again, on purifigastion, proved to be benzil.

The blackish coloured impurities founa in the
above experiments, may be secounted for by the faet that,
experiments have shown that concentrated sulphuriec acid
reacts with benzaldehyde alone to give colour reastion
identical to the one desoribed, and yielding & thick
visoous product. 7This product i& probably a polymer of

bensaldehyde,

A small quantity of benszil was dissolved in
benzaldehyde and to this solution a little anhydrous
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aluminium chloride was added. Ho reaction took place

immediately, or on long standing.

¥rom the above it is evident that, with the
reagents employed, at least, no condensation takes

place between benzil and benzaldehyde.



THE ACTION OF PHREYLISOCYANATE OF BEVAIL.

A search of the literature &iseclosed the faoat

that compounds of the type described (i.e.oxavole derivatives)
in the introduction, have been preparel. Thus, iugéns

Lambliag@. has shown that phenylearbamide {(phenyliscoyanate)

aots on compounds of the type COURLCHR.OH to give riss 1o
phenylurethands of the formuls COCR.CHE.0.CO.WHPh. The
ﬂ@rrespﬁn&iﬁg aelds sre obtained by successive %r&éﬁmamtﬁ
with alkali and seid. When boiled with water, these spids
yield anhydrides of the constitution:

_ CHE = O
o I
N IiPh. CO

These compounds may be regarded es dixeto~derivatives of
. tetra~-hydro, @ax&aal&.
The diketons,
| _CHme = O
oo 1

NEPh o~ GO

erystellises in miarnéeoyia needles melting &t lél degrees.
It is insoluble in & concentrated solutlon of sodium
garbonute, and on warming, the sodium salt of the phenyl-
urethane of lasotic acid is formed. The diketone
~EH Ph - C
GO 1

HpPh = CO
of melting point 122 degrees yields when boiled with con-

gentrated sodium carbonate solution, pheaylurethane.
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It is spparent that these derivatives are some-
what similar to the ring system which hase been deseribed
elsewhere, aud which might be Formed by the sction of

phenyi&aa@yan&%a on benzil.
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in the preparstion to be describved the zmount
of sluminium chloride employed for the gsondensation was
determinad by axparim@nt. It hes been pointed autlg
that the guaniity of aluminiamyahlar&&a regalired o
bring about condensations varies to a large extesnt with
the constitution of the rescsting suvbsiunces. Yraces sre
sufficient in some cases, in others & molecular poriion
of the aluminium chloride is required. In the reaction
&aﬁariba&, a trifle less than one molecular yuantity of

the sluminium chlorife was found to give good yields.

Preparation and properiles of the Condensation

Product Produced by the Action of Phenyliscayanate on

Bengil,
Bengil {810) & gme, {1 Hola)
Phenylisooyanate (119) 5.5 gms. (1 Mol.)

Aluminium chloride (133} 1 gm. (Slightly less
than ome molesular guantity)

The method given below, waa'@mﬁlaya& throughoul
for obtaining the condensation product. The guantitiss
of the recotants, of course, being chosen to sult the
guantity of the product required at the time.

The benzil contained in a small Irlenmyer Ilask
(the flask was employed because of the extremely painful
lachrymatory sctlon of the yhaﬁyxiﬁaeyaﬂ&ta) was dissolved
in the phenylisocysnate by'warming on the weter bath for &

few minutes. The sluminium chloride was then added, in
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small amounts at & time, O(n the addition of the aluminium
chloride an exothermic reachion took pluace immediately,
and 2 deep scarlet-red colouration was produced. After
the sluminium chloride had sll bveen added, the whole was
warmed on the water bath for some time, when it solidified.
The colour faded somewhat., The heating on the bath was |
gontinued, aaéfth@ produst broken upvwith g stirring rod.
It was then sheken with ether, filtered, znd washed with
gther unﬁil khekaacur of phenylisooyanaie was not deteviable.
The ether removeld most of the colour from ithe solid. the
residue whioch was yellow ih golour, was allowed to dry;
ground to g powder and shaken with & warm golution of water
gontaining & little dilute hydrochloric acid, in opider %o
remove the alﬁ@inium chloride., The solid wes allowed to
stend over night in contact with the diluted meid, apd
then filteved, w&gﬁaﬁ and dried. I% was then c¢issolved in
boiling slceohol, and the hot solution filﬁara& immedintely.
The filtrate on cooling In running water deposits from :

solution a guantity of ﬁ@&rly‘aalaurlﬁa@'arya%@lﬁ* A

further guantity msy be obtained by evaporating the alooholie

solution. .

 the crystals so obtained were redissolved in hot
aleohol, the solution cooled and the srystals which separ~
sted, were filtered off, dried and ullowed to stand in &
vaguum dessicator, over consentrated sulphuric aclé, till
the next day. The erystals so obisined are colourless,

and in the form of long slender needles.
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The melting peint was found to lie beilwesn
178=180 degrees. The melting point was ¢uite sharp,
i,@, & slizht melting is visible near the outside of
the eapillsry tube at 178 ﬁegréea and at 180 degrees
the whole guiekly liquifies.

| Larger orystals may be obtained by allowing
 the sleoholic solution remaining after the removal of

the firat erop of crystals, to evaporate slowly. They

are colourless snd in the form of long prisma, u@uaily
in bunches, redisting from & central pucleus M,7. 180°C.

On strong ignitiom the compound completely
vurng off, showing that it does not contain aluminlum
shloride, eithar in the form of & compoundé or alsorbed.

The compound is soluble in hoi glacial acetlc
aeid, from which it separstes aﬁﬁ an'aaaligg. There is
no change in composition, hence no chemicsl sotion hag
taksn place.

On strong heating the compound decomposes,

pegoming brownish in solour. the odour of phenylisoeysnate
iz Getesctable. The residue on purification, proved to bﬁ‘

the original compound: evidently the decomposiiion was

not extensive, or st least 4id not yield a product 6§ﬁ&iﬁ*

aole in guantity. 2enzll, a8 might be expectied, was |

not found.



. sulphurio scid, on slight warming, snd at higher temperatures

o} T

The melting point and the faet that phenyliscay-
anate is evolved an,ﬁaa%ia@, suggested thet the product
might be diphenyldiisocyanate. The sasiest way o prove
this seemed to be, %evyr@§aré some diphenyldiisocyanate
and to vompars the tw# compoundis,

%h&'&iph@nyﬁziaaayaﬁaﬁa wag prepared by the
method of $ﬂa§al§ A small quantity of phenylisosyanate

was refluxed with pyridine for about three hours. At the
end of this time, the flask was cooled, aad stoppered with
& saleium ohloride drying tube, 7This was then allowed to
gtand over night. The crystals of diphenyldiisopyanate,
which had formed were Tiltored off, washed to remove
excess of pyridine, and dissolved in slechol. On evapor-
| ating off the sloohol, small, colourless Qﬂ&&f&%i&lﬁlﬁ%a&, |
with & somewhat silvery, mica~like sheen, separated out,
Thege orystals were Gried in a vaéuum dessleator and the
meliing point determined., M.P. = 175 degrees 0.
Diphenyldiisocysnate is insoluble in pyridine

the condensation product was found to be soluble in that
selvent.

Yhe condensation product is soluble in concentrated

the solution becomes reddish~brown in colour. Diphenyldiis-
peyanate is soluble, but doss not colour ithe soluition on
hesting to a higher t@myaraﬁaye’

4 mixed melting point gave conclusive evidense

that the two compounds were not identicsl.



-1~

C ATTEMPTS 70 BREAX DOWH THE COMPUUND,

Gompounds possessing the oxagzole ring sysiem
are frequently decomposed by heating with en agueous
solution of potassium earbanate, with the formation of

urethanes.

For this resson, some of the derivative was
refluxed for several hours with & concentrated 'solutien
of potassium carbonate. No change was notieed, and on
filtering off the undissolved compound, regrysiallising
from hot alaahol; a meliing Qaint wag obtained whiah
showed that the compound had been unaffected by the
treatment, The filtrate was shaken with ether (in order
to remove any urethane that might have bsen formed) the
ether layer separated, and sllowed %o stend for a time
over anhydrous sodlum sulphate, decsnted and sllowed to

evaporate. No residue remained.

A small quantity of the material was refluxed
for some hours with hydrochloric acid. At thﬂ end of
this time the compound, which had ahmwn‘ne sign of
reacting in any way, was filtered off, dried and re-
aryst&llisaé from hot aslcohol. The melting point

corresponded to the original.

The compound was found to be unaffected by
prolonged heating with a dilute soluiion of hydrochlorie
acid and tin,
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4 small quantity of the materisl was dissolved
in hot glacial wostic seid, & Little ohromic sold was
added and the mixture heated for a-faw’minaﬁas. This
was then allowed to stand over night, when 1% wag poured
~ into & lavge volume of water: s preelpitate, with e |
slight yellow colour was thrown down. Thie wes filtered
off, dried and recrystallised from hot ulcohol. The
melting point was found to be 8o close to that of the
original compound, that it was decided that the 4ifference
wag due to impurities., This wag faun&’ta be the case,

Refluxing the compound with sgueous potasginm
bydroxide has no  effect, bui prolongsd refluxing with
slosholie potassium hydroxide yields & compound with &
m@lting‘paiﬂt of 188 éagéaes ¢ and which gives s vred solour~
ation with concentrated sulphuric aeid, similar to ihe
colouration produced by the action of that moid on benzilio
acld or its derivatives, There is unguestionably a
ﬁ&ﬁﬁ@?@ﬁg of the phenyl group from one sarbvon atum to
another shown here, but since it is impossible to determine
whether the wandering had ocourred before the mation of
the alkali, or through the agensy of the slkali the

gompount was not studied further.
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ATTEMPTS TO SYNTHESISE THE COMPOUND FROM IHE URETHANE
OF BENZILIC ACID ESTER.

- A smail quantity of the methyl esier of benzilie
aeid was prepared. The method employed was as follows.
The benzilie scid was dissolved in sn excess of methyl
aleohol, and into this solution hyérag@u chloride gas was
§aaé&é for a period of about 15~20 minutes. ?ha golution
ao obtained was then refluxed for 8-9 hours, aauﬁialiaaﬁ
‘with s solution of patassigm carbonate and extracted with
sether. The ether-alcohol solution, 80 obtained, was
allowed %o evaporate; maaaalinia_ary&t&ls of the ester
gseparated out, in a slightly impure form. Heerysiallisation
fyrom ether yielded a pure gompound , with a melting point
of 74 aegreagg Ce

A part of the ester, thus prepared was then
neated with phenylisoeyanate until & s0lid was obisined.
This was then washed with a smell smount of ether and
dried, The urethane was recrystallised from alevhol.

" whe erystals are white in colour and in the form of tiny

needles,: the melting point is 159 degrees C.

After preparing the urethane of the methyl ester
'of benzilic acld as deseribed above, it was found that |
Lambling” hed prepared the phenylurethune of ethyl
benzilate, HH.PHeC0,0.0.PReCO0EL. by 8 gimilayr method.

The phenylurethane thus prepared crystallises in slender
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white needles und melts at 181 degrees C, On hesting
with sodium hydroxide solution bvensilanilide was formed,
with & melting point of 174175 dogrees .

Attenpis were now mafe to regeat Lambling's
work, tut the ethyl ester could not be prepsred in the
pure foim, i;e. srygtals could not be obteined; the ester
on removal of the ethey, remained B8 & gyrupe Fihyl
bensilate hag a low meliing point, 34 degrees (., which
i only & little above room %amp&ra%mréa, Beanuse of
this, it was decided fo contimue with the urethane prepared
from the methyl ester. This aﬁmpaﬁm& is not maﬁ%iaa@& in

Bellstein.

For gbvious reasons ithe ﬁl&aiﬁ@ of the ring was
5ot attempted by the use of alkaline solution. Heating
- alone, for s period of aboul hall ﬁ& hour, Jus% above
ite melting point falled to bring about any chengs. Gu
strong heating the compound decomposes and ihe odour of
:yhanylisaayanaﬁe is detectable., Healing with an aleoholie
solution ¢ontaining hydrochlorie acld failed to produce
any change. A method has not been FYound a8 yet, which
will bring about the necessary closing of the ring.

4 possibility suggested iitself which might lead
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to the formation of a compound which could be closed
by an internal Friedel and Craft resetion, i.e. the
preparation ol the phenylurethene of bemzilie seid.

, e a k&
- However, it was Ifound

thet one molecule of benzilic
soid reasts with three molecules of phenylisocysnate
to give & compound which has the probable constitution:
ﬁcﬁs - ¥ ® % - {i; (ﬁéﬁg}l
L Clls~ B =00 = ¢

Analysis of the Compound,

- The results of four anslyses for carbon and
hybrogen nre glven,

First snalysig.

Welight of combustion boat + compound = 5,5486 gme.

k k] 8¢ % » e * :‘5‘@3{%9‘% oW
a6 o & L gompound g U782 ..

Weight of ¥OHM bulb after combustion =BE.447¢ gms,

P % P +» before & » wBELELTE e
Increase of weight ' = LBBOE ..

] ]

Welght of Caleium Chloride tube after combustion = 54.5%8¢ gms.

8 © @ e Y «s bvefors v = S8 Lb80 ..
Increase = L0384 .,
Percentage of carbon = X :ﬁzﬁa < 100 o 79.8%

Peroentage of hydrogen = £ .@ﬁé@ 100 _ .
ONIAES OF hATON = T x = eip

Seoond &a&lyéi&.“

Welght of combustion boat + compound = 2,9596 gma.
£o8616  us
# @%gﬁ CX

1%

%9 20 e LR

&0 "o Lompound

1%
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Weight of X0 bulb after combusilon = 47,0860 gma.

e «s eu oo before 2w - %?;3@?& a8

Ingreans ’ = WE8%0 ..

#elght of caloium chloride tube affer combustion = 36,6870 gus.

«e. we  wa # 8 "~ sa before " '*WM"ﬁﬁgs «?
iﬁarﬁaﬁa‘ hod CWE56 - 4.

Parcenteage of earbon = _1Z L8690 10U ;

Pergentage of hydrogen =

Third analysis.

Weight of combustion boat + compound = £.,98560 gus.

LR LR 4 LA ] LR

ov  ee COmpound

I 3

¥eight of EON bulb after combustion = 47,.704¢ gue,

we e ws sa voefore s = 478060
Inorense w  LELBE 4.
Welght of osleium chloride tube after combustion = BH4.6726 gms.
“s "o . se  se belove - w 54,0870 e
Increase =  LOBEG ..

rercentages of carbon = 12 2186 199  P
» T 0TEx | C k3B

Peracntage of éra a1 - J0EBG 100 o
| sge Of WUWESH & x T = besn
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Fourth analysis,

Welght of combustion boal + compound = a.é@ea gmﬁ,

20 ip ow 2 v FeDHB0 e
se ew QUMpound -1 BB .
Weight of KUH tube after combustion = 44.0186 gus.

o e a2 -ws before b - ﬁétgﬁaﬁ» *

Inoregse . ' - +B60L .4

Yoight of calelum chloride tube after combugtion = 34,4286 EHE .

@ e LR % %5 »»  before sa Cow BhGWEVED  ee
Inerease = JUdBE 4.
- Percentage of carbon-lZ  .860L 100 &
4 x JOB70 % 81.5%
Peroentage of hydrogen=8 L0466 100 @ 548%

5 x w0670 %
inalysis of Hitrogen, |
The nitrogen was analysed by the Kjeldahl

me thod .
#eight of sample « 4284 goe.

EBoo of {L.A29800) noid required 3l.Bgo of
athali after distillation.

lac of HeQ¥ = .738oc soid.
Sla8oc of HalH - $1l.8 X 788 = 22,4640 acid.
Laa of aoid = L0834 gme. HHy.

{dﬁwﬁ$¢é6}ea - %gvx WU2B41 X LoB& = 0280 gmBs Wi«

%@reeﬁtage of ﬁitrag&n - <OE80G % 100 = 6465




ﬁﬁeaﬁé ﬁgt@rmiaationi
#eight of sample - \25(8¢m
30se of acid required 9.5ee of alhali after cistillation.

L.07cc aold = 14 08341  1.07 |
) "1 x x % LOEBC gme. Wy,

rersentage of Nitrogen - ,OEB0 x 100 ol
' o £ 6 )

The carbon percentsges show & varistion, bul
the lest two analyses cheok, and may be considersd to be
gorreat. o | ’

%hg;hyﬁr@gea pereentages are very constant.

%ﬁs nitrogen percentages show & good agresment.

Agsuning that one mbkaaa&@ of phenylisceyanete
and one molecule of benzll condense as discusseld elsewhere,
the paraamta@ﬁs of the variocus gunstituents arei~

Carbon = 76.6 Qewewt

Hydrogens 4.0

Bitrogens 4.2 ¢

Oxygen = ld.7 7 .

The resulis of the anslyses muy be sumparized:

Carbon = 81,3 %wﬂk

Hyfrogen= 8.3 ¥

Bitrogene 6.6 ¢

Oxygen = 646 ¢

‘It is spparent that thers is nc agreement, and
that the a&nﬁ&m&aﬁiaﬁ sennot hdve taken place, 38 guggented

above.

The structural formuls of the sompound hag nod

a8 yet been determined.
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From the data given sbove the empiriecal formuls

haeg been ouloulated:

Carbon = Bl.3 % 12 = 6.7 = o4 = 16
Hydrogens= &aﬁ‘% L= 5,8« ;ég = 13
Ritrogene o6 & 14 = 447 4 = 1
Oxygen = 8.5 % 16 » L50% .6 = 1

which gives the formula CygM, zHO.

4 speculation ss %o the exect nature of the

compouné 18 left until further materisl can be obhained

regerding its chemieal resctions, ¢te.




SUMMARY

A& brief discussion of the zHenzil~benzilic

rearrangement has been giveun.

The actlion of oconcenirated sulphurie scid on
banzil dissolved in benzaldehyde has been studied.

& ga%yaanﬁ. which hae been analysed, has been
isolsted fFrom the confensation taking place beltween
phenyliscoyanate and benzil, in the §ra$enaa‘af aluniniam
shloride.
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