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PART I, GENERAL SURVEY.

occurrence of Rubber.

At present rubber 1is almost entirely obtalned from Hevea
“brasilliensis, a plant of the botanicel order Euphorblaceas,
which is native to the valley of the river Amazon. FRubber is
a constltuent of the latex, a milky secretiqn of the plant, the
rubber content varying frem 20 to 40 per cent. and depending
"’lgfgely on the age of the tree. The latex is usually present in
a éﬁecialised system of cells or tubes which extend to all parts
of the plant, those situated in the stem or trunk providing the
main source of supply. Incisions are made in the 1pwer part of
the stem, and the latex which exudes 1ls collected. The rubber 1s
present 1in the latex as a dlspereion in an aqueous medlum, and is
coagulated by heat, or by the addltion of a emall quantity of
coagulant such as acetic acid or fcrmié scid. Crpde Parsa rubber
 contains, besldes qaoutchquc, resin, nitrogenous‘;ubatances
(mainly gluco-proteins), inorganic matter in small amounte and
'carbohydr&tes- The nomenclatufe relating to rubber 1s‘someﬁhat
confused, the fundemental hydrocarbén which gives the crude
substance ite characterlstic properties belng variouely described
‘as "rubber"” and "caoutchouc." The latter term is used by the
Chemical Soclety 1n_connection with the purified hydrocarbon and
will be used throughout in thie sense, the term "rubber" being

applied to the crude natural substance. Unlike many naturally

occurring/



2.

occurring organic subetances caoutchouc 1s optically inactive,

though the resins associated with 1t 1in the crude state may show
activity.

Physicel Properties.

The caoutchouc hydrocarbon ls not dissolved by alcohol or
acetone,but crude rubber dissolves in benzene, chloroform,
carbon tetrechloride and carbon disulphide with preliminary
swelling, the nltrogenous constituent remaining undissolved,
and forming a network in the solution which can be detected by
"the use of a sultable staining medium. The preliminary swelling
is eliminated by grinding or "masticating," the rubber being
:repeatedly passed between steel rollers revolving at different
speeds. ‘Solution then takes place much more readilly.

Rubberlis usually regarded as consisting of an emulsoild ‘
eyétem, in which both dlsperse and continuous phases are wodifi-
fications of the parent hydrocarbon in different states of molecular
complexity. The fact that rubber at low temperatures "freezes,"
loeing 1te transparency and becoming hard and stiff, 1s 1n agree-
ment with this. On heating in air rubber becomes stickyor "tacky"
at about 1800 and melts at about 220°, the solubility in solvents
,remaining unchanged where the heating is carried out in air but
beilng reduced when an inert gas is substituted for air. "Tackiness,"
on the other hand, does not appear on heating in an ilnert ges.
"Teckinesa" is regarded as being due to & decrease in ‘the complexity
of the rubber aggregate, and 1is not apparently caused by the action

of atmospheric oxygen, the resinous air oxidation products of
rubber being hard and brittle. The terms "Aggregation" and

ft
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| (1) (2
;"disaggregation" have been suggested by whitby end parries in
place of the terms "polymerisation® and "depolymerisation™ commonly
used to express changes in the physical state of complex colloids,
‘fhe changes produced in rubber by "mastication" or heating in air
being due to disaggregation. Atmospherlc oxygen may cause dis-
aggregation as & preliminary to oxidation. From a study of the resin
esters of sheiiac, which exist in two forms, one soluble in alcohol,
the other insoluble and only saponifiable to give 3 per cent of
aleuritic acild, Harries(Z)showed that the insoluble form became
elcohol soluble after peptlzation with acetlc or formic acild, and

wes then sapoqi?iable to give the normal yield of 30 per cent of

- aleuritic acid. He therefofe concluded that the reactivity of
domplex aggregates is influenced by the state of aggregation, several
disperse phases forming by mutual adsorption a complex in which they
are so arranged as to offer no sufficient point of attack to external
chemical forces. Crude rubber, which normally resiste hydrogenation,
waslreadily hydrogernated after thorough mastication, light petroleum '
béing uesed as solvent and the reaction carried out at orqﬁnary temper-
atures under a few atmospheres pressure. Mechanical plésticising
would fhus appear to break up the mutual adsorption of the various
Phases, glving an eoffect similar to that of peptization with an
organic acid. The action of concentrated sulphuric acid on rubber

ls of interest in this connection. Heim and Marquiéz)ehowed that

& chloroform solution of crude rubber on shaking for 3 to & minﬁtes
¥ith concentrated sulphuric acild gave on pouring into alcohol a

vhite flocculent precipitate which could easily be flltered. There

was no apparent change in the chemical composition of the product

| unless /
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unless the action of the sulphurlc acid was allowed to continue for

a congiderably longer period. Here again the chemical action of

the acld would avpear to be preceded by disaggregation of the rubber
complex. Duclaux(4)has recently proposed a theory which accounts in a
satisfactory way for the phenomena assqgiated with the solution of
rubber. A reversible gel is usually assumed to consist of two phasesv
only, solvent and solid gel, but this does not agree with the propert-
les of rubber solutions. An irreversible gel,like silicic acid,leavés
on drying a porous sponge-like mass which reacts neither physically
nor chemiceally with solvents and absorbs onl& by carillarity.
ﬁbversibility in a gel must therefore be due to the presence of a
third phase not inert in the presence of a solvent. The s0lid vhase
1s such that the cells are filled, not with solvent, as in an irre-
verseible gel, but with this third substance. The latter 1s soluble

In the solvent, forming either a colloidal or a molecular solution
bwithin the cells, but because it is incapable of pagsing through the
semi-pormeable walls of the cell through which solvent enters, it
exerts a considerable osmotic pressure. Rubber is assumed to have
‘such a structure, the cell walls being composed of a substance insol=-
uble in benzene and similar solvents, the cell contents or plasma
being a viscous liquid soluble in the same solventes and of high
“molecular weight. The viscous liquid does not escape even when

‘'the rubber is in colloidal solution. Swelling is thus purely an

osﬁotic process. The solvent penetrates the walles of the cells and

swelling thereby occurs, the extent of the swelling depending on

the solvent. The soluble portion of the cell forming the plasma is

assumed /
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Eassumed té consist of a mixture of unequally polymerised substances
'not equally soluble in different solvents. The power of adherence
!of fresh rubber surfaces 1s thus due to tearing of the cells with
efflux of their Vidous contents and extensibiliﬁy is due to de-
formation of celié.éontaining plasma. The semi-liquid structure

of rubber podtulated above is not incompatible with ite lmown

{mechanical strength. The general view of the physical structure

of rubber is therefore that it consists of an aggregate of caoutchouc
molecules, the state of aggregation depending on external conditilons
and being influenced by chemical action, heast, mechanical treatment
and also by light. The effect of the latter is to cause a marked

reduction in the viscosity of rubber solutione and in the came of

| the 80114 to accelerate the disaggregating effect of atmospheric oxygen:

Purificatlon and Molecular Complexity of Caoutchouc.

The purification of caoutchouc has been fairly well standardised

{ by numerous workers. The crude rubber is shredded, washed with water

to remove traces of carbohydrates, etc., the resin is removed by
extraction with acetone, the deresinised product is dissolved in
"benzene, and the solution filtered to remove the insoluble constituente.
Precipitation of the benzene solution with alcohol gives a product

the analyses of which agree well, considering the difficulty of remov-

' ing traces of accessory substances, with the empirical formula CgHge

The inéoluble residue removed by filtragion from the benzene solution
: , (2%
tontains oxygen, according to Weber, the oxygen content varying

Inversely with the amount of residue. The correctness of the CgFg

(5)
smpirical formula has been questioned by Kirchhof, who considers the
Composition of caoutchouc to be represented by 010317, the molecule

consisting/
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consisting of aggregates of CgopoHzy arranged in open chain spiralse.
. The CSHB formula, howzver, rec eives support from the work of
Pummerer and Burkard on the catalytic hydrogenation of caoutchouc,
puriflied with special precautions, the proportion of hydrogen tsken
up corresponding very closely with that required to convert (CsHg)x
to (GSHIO)X. The(ggogressive purification of caoutchouc by
Pummerer and Koch has given interesting results. These may be
summarised as follows:
(a) Caoutchouc was Practionally precipitated from a berzene
solution by addition of alcohol. The oxygenated impurities were
first precipitated as a yellow oil. ﬁurther addition of alcohol
gave practically pure caoutchouc. The residual solvent was removed
by washing with acetone.

| (b) The same procedure followed as in (a) followed by fractional
precipitation from hexahydro-toluene with acetone.

(¢) solution of the product (b) in 1light petroleum, followed by
‘shaking wlth alcoholic potash, the ethereal solution of the final
product being clarified by shaking with animal charcoal.

The product from (a) gave a clear solution in benzene, but was
turbid in ether, petroleum ether or hexahydro-toluene solution.

The product from (b) was clear in hexahydro-toluene while that
from (c) was clear in all four solvents. On cooling the product
from (a) after extraction with acétone,crystals formed in the rubber
masg, crystallographic examination showing three types of crystals
in six modifications. These are ascribed to the presence of several
individual chemical substances in the purified product. The benzone~-

alcohol mother liquors deposited on standing further fractions of
caoutchouc /



7
caoutchouc which gradually set to a mass of yellowish white spherical
aggregates, non=crystalline material being rewoved by washing with
ether. This solvent could also be used for recrystallisation.

The crystals showed strong double refraction and hecame trans-
parent and plastic at 600, fusing comnletely at 92°. They were
practically non~elastice Wolecular weight determinations gave
negative resulis.

Owing to the colloidal nature of the hydrocarbon no satisfactory
determinations of the wolecular weight of caoutchouc_have been made.
The freezing point method has given results up to 8,000 but the
depression observed in solutions of practicable strength is _
extremely small, and is more than covered by the experimental.error.
'Hinrichsen and Kindscher(S)employed latex which was centrifuged
with benzene to a clear solution, th9 depression of the freezing polnt
was taken, the solvent evaporated and the residual caoutchouc and
resin weighed. The latter was extracted with acetone and welghed,
1ts molecular weight being then détermined. The value for caoutchouc
wae found by difference to be 3137, giving an empirical formuls of
(0538)47’ ?ggm determinations of th9 combined sulphur in vulognised
rubber Bary obtained the value 2720 corresponding to (05H8)40. other
values have been deduced from observations on the nitrosites, ozonldes
and halogen derivatives of caoutchouc, but no really satisfactory

result has so far been obtained.

The Constitution of Isoprene and Early Work on Rubber.

The distillation products of rubber were investigated by
Gregory, Dalton and Himly, the latter giving the name "Caoutchine"
to the fraction boiling about 170°. A systematic examination of
these/ |

-
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I these products was made in 1837 by Rouchardat and 1n 1840 by
| Greville Williams(ll), who gave the analyesls and name for isoprense
and commented on the coincidence between its composition and that
"of caoutchouc. He also obtained "éaoutchine" and a hydrocarbon
"Hoveense" boiling above 300°, previously described and named by
Bouchardat. Caoutchine was subsequently shown to be identical
with dipentene. Gustave Bouchardat(lg)isolated in addition butylene,
ethylene and methane (probably decomposition producte of the’higher
fractions) while Ipatiev and V-Wittorf(IZ)obtained trimethyl-ethylene
aiong with the 1sopremne fraction. 1In 1882 Tilden(14)suggested that
" 1soprene wae B-methyl crotonylene (@ -methyl butadiene) CHztc(GHBU.CH:
W0H2- This was confirTg? by the sy?gg?ses carrled out by Kondakov,'
Ipatiev and V.Wittorf, and Buler. Ipatiev treated the isoprene~
frimethylethylene mixture, obtained by the dry distillation of rubber,
with hydrobromic sacid in 5cetic acid solution, hydro]yeed the Prodpcts
. with potassium carbonate and obtained a mixture of ﬂTGimethylftrif
methylene bromide and dimethyl~ethyl carbinol. The ﬁ-dimethyl-tri-
methylene brqmide vielded isoprene on heating with alcoholic potash.
Buler's synthesis, which is the most conclusive, consisted in convert-
ing f-methyl pyrrolidine into its methiodide, eliminating hydriodic
acid to give a base, converting the latter into its methiodide and

removing hydrogén iodidee.
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9.

Addition Productg of Caoutchouc.

(a) With Halogens.

(17)
Gladstone and Hibberi in 1888 examined the behaviour of

caoutchouc towards the halogens. In diffused light a chloroform
“solution of the hydrocarbon was found to yleld addition products
with chloriné, substitution taking plac; simultaneously with the
addition. %he final product was a white powder, corresponding to

the formulsa 010H14018‘ with bromine under the same conditions the

product, which was similar in appearance, had the aprroximate com-
positlion CyoH1gBryg, excess of bromine giving as final product
C10H15Brs, in the formation of which substitution ocourred as ’
Indicated by the free evolutlon of hydrobrowilc acid. The tetra-
bromide was prepared and described by Weber,(ls)Who attempted to
form crystalline derivetives from it by heating with phenol, an
amorphous compound corresponding to C1oH14(0.CgHs )4 being obtained.
This split off phenol on bolling with caustic alkalies, polyhydroxy
compounds being formed. The dihydrochloride cléHigclg was also
prepared by the action of molst hydrochloric acild gas on a dilute
'solution of caoutchouc. Hinrichsen, Quensell and Kindsoher(lg)
Prepared and analysed both the dihydrochloride and dihydrobromide,
the highest addition product obtained with hydriodic acid belng
016H16-HI, a colourless sticky substance. These products were
¢colloldal in nature, showing the Brownian movement 1n solutlon.

The bromination of caoutchouc in ice-cold chloroform was found to

be practically independent of the time or amount of bromine used,

8ifing the tetrabromide as final product. It was further shown

~ that /

»
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10.
that caoutchouc abserbs iodine in sunlight, the reactlon belng
photochemical and Indevendent of temperature. The final product
lost iodine on keeping, giving a final product 026H2707Io
oxldation would therefore appear to have occurred. Roswell,
MeLaughlin and Parker(zoyhave recently prepared a somewhat similar
product CogHg00g8I from the interaction of caoutchouc in carbon
tetrachlofide solution with iodine and hydrogen peroxidee. Harrieézl)
prepared the hydrohalogen derivatives of naturel and wvarlous synthetic
caoutchoucs, the dihydroidide of natural caoutchouc being found to
lose one molecule of hydriodic acid on treatment with solvgnts.
Heating with pyrildine or piperidine in sealéd tubeé to 125-145°
was found to regenerate caoutchouc,'the product, however, was not
ldentlcal with the natural hydrocarbone. The "regenerated" caoutchouc
gave hydrohalides on treatment with hglogen acids, this property
being retained after repeated addition and abetraction of the acid.
Somewhat different results as regards the addition of bromine to
caoutchouc haﬁe been obtained by Schmitz,(gg)who used caoutchoue
which had been"depolymerized" by heating for 10 hrs. with #ylene
at a pressure of 15 atmbspheres- Bromination of thils material in
carbon tetrachloride solution gave as primary product 026H52Br16
five atoms of bromine belng taken up per CiOH16 instead of the usual
four. mThis prdduct on standing lost hydrobromic acld to glve
C20HznBrg which was micro-crystallinee. - The first product is regarded
28 of open chaln type, the second is poesibly cyclic but with a
smaller ring that the parent hydrocarbon. Of the above compounds

the dilhydrochloride of caoutchouc has been of considerable service

in/
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éin supplying material for marries® work on "regenerated" rubber,
thus giving a standard of comparison with the natursal prodﬁct, while
the tetrabromide has been largely used for the technical estimation
'of the hydrocarbone. |

&b)'With Oxides of Xitrogen.

The action of nitrogen trioxide on caoutchouc was etudied by
Harries,(g4)a product of variab¥e composition being obtalned,
depending on whether moist or dry reagents were used. Moist nitrogen
trioxide gave with a molst benzene.solutlon of caoutchouc a yellow
emorphous powder, soluble in alkalies and reducing Fehling's solution,
qorresponding to the composition 026H56014N6- This substdnce,
nitrosite "c" was regarded as a definite compound, its molecular
i welght in solution being 581, in agreement with thé asgigned formula.
¥itrogen peroxide was stated by Weber(gs)to give a caoutchouc
vlnitrosate ¢. H. O Ng, soluble in alkalies giving colloidal metallic

101674
| derivativese The composition of this product was verified by

(28) (27) (28)

Alexander but Harries and Gottldd have contended that“itg
compogition varies with the perlod of exposure to the nitrogen per~
oxide snd that it is more nesrly described by the nitrosite formula.
:‘The action of nitrous fumes on caoutchouc does ndt consist of simple
addition, oxldation taking place simultaneocusly as shown by the
'_presence of small amounts of carbbn dioxlde in the lssuing gases.

The nitrosite of caoutchouc has been of service in charascterlsing
the hydrocarbon, but has thrown no light on ite structure.

(29)
Ditmar in 1902 1solated, as a product of the actlon of

concentrated nitric acid on caoutchouc, en acildic substance 010H12N293,

having/




12.
having the characteristics of a mono-basic acid, and melting at
1420~ 143, This was verified by Harriee(24)and 1t was later
shown by Ditmar(ao)that the substance was probably 3:8 or H:8
dinifro-dihydrOCUminic scild 05H7.GSH4(N02)2.GOOHo It gave
red, amorphous soluble alkall salts and on reduction with tin
and hydrochloric acid gave a dark brown powder corresponding to
dienmino~dihydro=paracuminic acid. The above substance would

appear to be derived from a falrly complex degradation product

of the caoutchouc hydrocarbon.
(¢) with chromyl Chloride.

(31)
Chromyl chloride, originally used by Etard as a reagent for .

-benzene hydrocarbons, has been employed to a considerable extent
In connection with the tervenes. Addition producte of the general
formula °10316°90P02012 have been obtained, these ylelding,on
decomposition with water aldehydes or ketones and, in some cases,
scids or chlorinated products containing oxygen. The description

| of caoutchouc as a "polyterpene” and 1te intimate though obscure

; relationshilp with dipentene, together with the empirical

. Tesemblance in composition between its halogen derivatives and

% those of the terpenes, led Spence and Galletly(sz)to investigate

| lts behaviour towards chromyl chloride. An amorphous product,
closely resembling those similarly obtained from the tervenes,
and possessing an identical composition,(viz; CiéHiézcrOgclz

vae lsolateds This product, however, on decomposition with water
Bave entirely different results from those previously obtained

with the terpenes. Two main products were separated as the
result /
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result of the reactioﬁc
(a) A chloroform soluble resin of a dark brown colour. An alcoholic
extract of this substance showed pronounced aldehydic properties,
restoring the colour of Schiff's reagent, reducing Fehling's
solution and glving a mirror with ammonlacal silver oxlde. With
phenylhydrazine a2 small quantity of a crystalline phenylhydrézone
was obtained, melting shout 92°.
(b) A brown powder 1nsoluble in all organic solvents and in dilute
mineral acids, but soluble in dilute alkalles. This substance
contained both chromium and chlorine (Cr = 4.6%, C1 = 4.57) and
' was obviously of very complex character.

The original addition product with chromyl chloride dissolved
completely in water to give a perfectly clear greenish solution,
from which a brown gummy mass, containing the constituents (a) and
(b), separated only on standing for some time, or more rapidly on
heating. This behaviour 1es very different from that of the terpene
chromyl-chloride compounds, which are decomposed lmmedlately by
wator with considerable evolution of heat, external coollng being
necessary during the process. The addition of the chromyl chloride
to caoutchouc, under the experimental conditions,was accompanled
by very 1ittle rise 1in temperature, the reaction being much milder
then with the terpenes, external cooling belng necessary in this
case also. |

With the exception of this preliminary paper no further work

on the action of chromyl chloride on caoutchouc has been published.
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The Polymerisation of Isoprene and its Homologues.
(11)
Greville Williams #n his work on the dry distlllatlon

products of rubber observed that isoprene on standiné in the alr

for some months beceme "ozonlsed," losing ite fluidity and becoming
viscous. On distilllation unchanged isoprene passed over and the
contente of the retort solidifled to a pure white spongy elastlc
maés,-only slightly sticky. _This substance contained 10.8 per

cent of oxygen (C = 78.8 per cent H = 10.7 per cent) and gave on
%urﬁipg the same odour as rubber. Bouchardat(lz)in 187F heated
isoprene 1n sealed tubes at 2800 for several hours, obtaining a
viscous red fluld which he named "colobhene," together with

"terpilene"” (dipentene). TIn 1879 he described the treatment of
isoprene in the cold with concentrated aqueous hydrochlorilc acid,
1soprene mono~ and dihydrochlorldes bding formed, together with a ’
non-volatile substance having the approximate composition of caout- E
choue, resemdbling it in its béhaviour towards organic solvents, |
gpd giving pn'dry distillation dipentene and 1isoprene. Bouchardat(BS)J
thereféfe»claimed to have prepared an lmpure synthetic caoutchouc |
by the polymerisation of isoprense. Tilden(54)1n 1882 and 1884 |
described the preparation of isoprene (in small yleld) by the
Pyrogenetic decomposition of turpentine, and stated that lisoprene

on treatment with nitroéyl chloride gave rise to caoutchouc. A i
8imilar product was claimed as a result of the actlon of concentrated
hydrochloric acid on "colophene" (the heat polymerisation product

of isoprene). ﬁo analyses or detalled descriptions of these supposed

caoutchoucs were given. The formation df colophene by heating 1sopren€
| (35) j
. under pressure was confirmed by Wallach who noted later that isoprenei

on/
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on long exposure to light was converted Into a tough mass resembling

rubber. Thls product was not further investigated. The formation

of caoutchouc by the dlrect heating of isoprene was not observed

by Bouchardat, Tilden or Wallache.

The spontaneous polymerisation of i1soprene to a caoutchouc-
like substance was first noted by Tilden(SG) in 1892. TIsoprene,
rrepared by the pyrogenetic decomposition of several terpenes,
was found, on standing for several years, to have become vartly
convefted into & yellow solid poésessing the characteristic swelllng

propertiesiof caoutchouc in presence of solvents, and capable Qf

vulcanisatio? to an elastic solild. This synthesis was confirmed
(27

by Weber, who put forward the suggestion that caoutechouc, 1n

view of its relationships with isoprene and dipentens, might be
regarded as & polyterpene, the term "polyprene” being vreferable

on account of its unknown molecular complexit&. Yo analyses or
specific tests of nger'e caoutchouc were given. Further confirmation
was afforded by Pickles(sg)in 1910, isoprene which had bheen allowed

to sténd for 3% years out of contact with air being found to give,

on precipltation with alcohol, a white subétance reosenmbl ing immature
rubber from young treee, and: forming a tetrabromide and nitrosite

oxactly resembling those of natural caoutchouc.

The technical synfhesis of c?ougchqué from isoprene was first
%9

~ascomplished by the Bayer Company in 1909, the method employed

;being the heating of synthetic 1soprene, with or without the addition

'
[

éof acld, neutral, or alkallne catalyets, at temperatures under 250°.

The Polymerlsing action of sodlum on isoprene was almost simultansoubiy

discovered/
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(40) (41) - -
discovered by Matthews and Harries in 1910, the latter having

succeeded in effecting phe same result, by heating lsoprene with
acetlc acid at. about 100°, g 1ittle previously. An exemination of
the decompoeition products of the ozonides, obtalned from heat
polymerised and sodlum polymerised isoprene caoutchoucs, led Harriéﬁz)
to the conclusion that the former was identical with naturael caout-
chouc, the sodium polymerised product being different 1n structure.
The two caoutchoucs were distingulshed by the terme "normal" and
"abnormal,” the abnormal caoutchouc ozonide giving on decomposition

| scetonyl acetone and succinic scid in addltion to laevulinic
falddhyde and acld, the solé deconmposition producte from the normal
:substance. Thié dlifference is readily understood, since the position
| of the methyl group ln isoprene is unsymmetrical with regasrd to the

| double linkages, and may thus give rise to a number of lsomers during
? polymerisation.

Caoutchouc~1like polymers have been'prepared from the homologues
? of isoprene, notably}from piperylene (x~methyl butadiene), from

] bUtadiene 1tself, from Ostromieslencki's so-cglled caouprene bromide
(polymerised vinyl bromide) and frow dimethyl-erythrene (p1-dimethy1

i butadiene). The polymerisation of the latter was discovered bty

f Kondakowf45%ho heated 1t with alcohollc potash for several hours,
%:obtaining a leather-like elastic mass, nearly white in colour, non-

1 volatile in steam, soluble in hydrocarbon solvente but insoluble in

‘ ether, alcohol and water. A later product obtained by the action

of 1ight on the hydrocarbon over & period of a year was amorphous

and insoluble in all solvents, swelling in benzene. In 1909.this

| substance/
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gsubstance was stated to be converted into a technically valuable
ecaoutchouc by heating under pressure at 1500-2000 Kondalow did
not claim that hils original product was & true caoutchouc and it
hae been shown by Harries that it is not identiqal with caoutchoue
obtained by the heat polymerisation of dimethyl-butadiene, the
ozonldes of the two subsfances giving quite different decomposition
| productse. In the technical preparation of dimethyl-erythrene
caoutchoue it was found necessary to control the polymerisation of
the hydrocerbon so as to givé a product insoluble 1in alcohol but
| soluble in benzene, being thus Intermediate in complexity to
Kondakow's firét ang second polymers.

Bouohardat's(zu)work on the polymerigation of isoprene has
| been repeated by Pond,(44)following exactly the details given by

| the earlier worker, but without any trace of a caoutchouc-like

| substance being obtained. The spontaneous polymerisatlion products

_ : {38) (%7) (35)
of lsoprene, as described by Tllden, Weber,( )Wallach and
(38) 45
{ Plckles have also been examined by Harriles, who regarded

i them as belng analogous to Kondakow's first dimethyl-erythrene
f POlymerwand not true cadutchoucs. Kondakow has expressed the
:.Opinién that the 1lsoprene used by Bouchardat and Tilden, and which
On“treatment with agueous hydrochlofic acid gave caoutchouc, had
| already undergone spontaneous polymerisation on standing and thus
contained caoutchouc, the chemical operations employed being without
effect on the final result. Pond and Harries used freshly distilled
lsoprene which could thus contain no polymerisation products.

During the polymerisation of lsoprene a variable proportion of

dimeric /
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dimeric hydrocarbons, dipentens® and myrcene, is obtained together

iwith caoutchouc. The relationship of myrcene to dipentene is

Iprobably C.oM .o

h OH// \‘SDHI ' ‘u*/c\ :'H’L

{ Dierre || R Iopene,
) UMy U i /C\(ﬂ,_._ (V1]

s '\\oﬂ/ \\\“H =

A Cﬂr{'-: Ut

Butediene and dimethyl-butadiene (dimethyl erythrene), being

1 symmetrical in structure, yleld only one dimeride, the latter also

gives a trimeride. The dime?id?s are cyclic in structure.
. 46 .
In 1915 Ostromisslenski showed that ceautious heating of

4 lsoprene at 80°-90° gave a myrcene-like hydrocarbon with three
1double linkages, two of which were conjugated. This substance was

j termed p-myrcene and given the structure 0Hg:CH.C (Me):CH.CHo.CHp.
;c(Me):cggo Heating of this substance with barium peroxide at 60°%-70°
4 converted it quantitatively into normal isoprene caoutchouc, 1soprene

Léitself under similar treatment giving an abnormal caoutchouc. It was

(47) '
also shown that vinyl bromide geave on polymerisation & six-membered

¢yclic derivative, 1:3:5 tribrowmo-cyclohexane, in addition to the 32

?&membered erythrene caoutchouc bromide, this being regarded as analogous
?&te the formation of dipentene and myrcene, both six-membered, in the
1 Polymerisation of isoprene, together with the supposedly 32 membered

| ing of caoutchouc.

The proceses of polymerisation was explained by assuming the

; dlssociation of the parent hydrocarbon into a hydrogen atom and & free

ﬁtradicle, these 1mmediately combined at the ethylene linking of a mole~

¢ule of undissociated hydrocarbon to give the dimeride, In the case

{of/




19.

“of 1soprene ﬁ-myrcéne- The latter simllarly combined with another

] molecule of hydrocarbon to give the trimeride, the process being

repeated to give the octameride, which underwent cyclisation to

| caoutchouc. With unsymmetricel hydrocarbons, such as lsoprene,
| aissociation into a hydrogen atom and a free radicle could

"theoretically occur in different ways, this would account for

the presence of normal and abnormal caoutchoucs in the products
of polymerisation. With symmetrical hydrocarbons, such as erythrene
and dimethyl-erythrene, no such isomeriem could occur, in fact, as
OstrOmisslensk§4ggs shown, only‘one form of caoutchoﬁc derived
from each of these is kpown.

The rate of polymerisation of hydrocarbons contelning conlugated
double linkages is affected in a marked degree by catalysts, especially
those containing oxygen. Barium peroxide and other peroxides have

been nieed in the technical synthesis of caoutchouc, and the action of

atmospheric oxygen in accelerating the rate(of)polymerisation of
(49

- conjJugated dienes has been noted by Engler. Sodium has also been

employed as a catalyst in the preparation of synthetic caoutchoue
but has not given satiefactory results teohnioally;‘the only worksble
Process has proved to be that of Kondekow, dimethyl-erythrene,
Prepared by dehydration of pinacone, being polymerised in sealed metai
containers at about 80° over a period of several monthe.

Se far no satisfactory theory of the mechanism of pol?merisation

has been giveén, the results given by various agents and methods belng

entirely‘empirical in basis.
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The Constitution of Caoutchous and its Homologues.

Although the structure of isoprene had been established and
its polymerisation to caoutchouc verified, the chemical nature of
the polymerised product remained obscure, and its relation with
the naturally ogcurring product was unce;tain- The introduction
of ozone as a reagent for caoutchouc in 1904 cleared up many of
the difficulties. By passing ozone through a chloroform solution
of caoutchouc kept at 0°, Harries(SO)obtained on evaporation of
the solvent a vitreous mass of caoutchouc ozonldee. Purification
by solutlion In ethyl acetate and precipitetion with petroleum
ether gave a product of the composition (C,,H;404); containing two
ozone residues for each 010H16 and confirming the presence of one
double bond for each 1soprene nucleuse On heating with water the
ozonide was found to glve ag products of hydrolysis, hydroggn peroxlde
and & substance with the reactions of a keto-aldehyde or di-aldéhydeﬂ
Prolonged boiling gave laevulinic ascid and an acid M:P.195°, apparent-
ly a succinic acide When impure ozone was used a di-oxonozlde
1010H1608)x was formed, which on hydrolyeis gave @h? same pro?gggs
ags the ozonide but in different proportions. In 1905 Harriles
described the ozonlsation by improved methods and stated that the
only volatile products of the ozonide hydrolysis were laevulinic
aldehyde and laevulinic aldehyde peroxidé. On this évidgnce he
formulated caoutchouc as & polymer of 1,5, dimethylcyclo-octadlene,
the formation and hydrolyeie of the ozonide belng represented as

follows:
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L., O, CH CH,.C.CH,. CH,, CH
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The presence of laevulinic acid was regarddd as being due to a
secondary resction, probably oxldation of the aldehyde by the
hydrogen peroxide set free during the hydrolysis of the aldehyde
peroxide. '

The polymerisation of 1,5 dimethylcyclo~octadlene to caout-
chouec was assumed by Barries to occur through the saturation of
‘partial valences according to Thiele's theory, the complex formed
being eagily depolymerised to give the parent hydrocarbon and thuse
reteining its unsaturated character. The cémplex would be represented

thus, the dotted lines denoting partial valencess

— i, U M - ouycﬂ.oﬂl, Chl . OH — - —-. CHyT\‘ H,. N, —
— W, CMA,,.(;;.CH'S-“--' —~Cl CHy (A, €L My -~ — - . . A, —
(38)

This structure was criticised by Pickles on several groundse.

(a) If ozone is able to effect depolymerisation of the caoutchouc
~complex to dimethylcyclo-octadiene molecules, other reagents such
&8 bromime should give similar results forming a relatively simple
~ tetrabromide. The tetrabromide of gaoutchouc ig a complex substance
- of much the same order as the hydrocarbon itself.‘ This makes the

exlstence of a loose combination of diméthylcyclo—octadiene molecules

~ lmprobables TIFf, on the other hand, the polymerisation is chemical
1t/

[
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11t must result in the elimination of double bonds and a reduction in
?funs‘aturation. The.empirical formula of the tetrabromide 016H£63r4
shows that the relative unsaturation of the complex is the same as
that of two combined molecules of 1soprene. Pickles formulated a

imono=cyclic structure, the molecules of isoprene being chemically

combined,

o
g

the unlon being

| | | accompanied by a re-
h —~ cwqu\c,odeoﬂcwaW

TR ) Jai o} Cs Wy qrouhoy : grrangement of the
jdouble bondse. Thles allows two double bonds per 910316 and sccounts

-isatisfactorily for the known unsaturations The formation of the '
, ozonide would be represented thus, the carbon atoms separating at

ad the double bonds, and fiesion taking place as indicated to give

I S c. H 0O units which
¢ S .4
: T“* Hy | . 10718 8

in turn bresk down to

1
|
| i
|
o0 '0 C. UH, W, td;0,0:0:C, H, U, 1000,
Ty Yy i SRR las.evulinic aldehyde

o— g

{end 1te peroxide.
’ (52) _
In 1912 Ostromieslenski showed that vinyl bromide polymerises

?rea.dily in sunlight to give what he called a~caouprene bromide. This

?%was shown to exist in three different forms, styled a- P-,andj gaoup=-

1

{fene bromides, mutually convertible. The change n:—;(5~7‘] form was
"’i"fbrought about by exposure to ultra=-vielet light or by boiling with

“'jslacia.l acetic acide Caouprene bromide is & simpler homologue

‘(demethyla,ted) of caoutchouc bromide. The latter was also stated
“to exist 1n three forme, differing only in thelr physical state of

“Heggrogation. A formula agreeing with that of Pickles was suggested.

fohydrocaouprens, obtained by removal of hydrobromic acid from caouprene
Tomlde /

i
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bromide, was given the formulsa

i O S L CH CHICH. CH ;e CH,, H.By C.Me By CH.CH, CHBy, C.Me By CH,
fopr—— — — = — — — =& Ay OH.Be. C.Me. Bt — — —— CH.Qe.C.Me By, CH,
Debsdrocamdions, | Cardihous. Hotrabronids

Dehydrocaouprene was regardeg ae a higher homologue of benzene,
but Willist8tter and Waser's(bz)ﬁork on cyclo=octatetrene shows
that dehydrocaocuprene 1s not a higher homologue of benzene, but
must be regarded as  CH . CH cH. o Oy - - - - CH bridging taking
O CH o~ — -~ CH
- place with formation of tetramethylene rings.
Further evidence of the presence of an eight membered nucleus

in caoutchouc was gilven by Harries(54)as 8 resﬁlt of the study of

- the ozonisation products of regenérated caoutchouc. Crude Pars
rubber was treated with hydrochloric acid gas, the dlhydrochloride
wa.g separated and purified, and the hglogen acid removed by heating
with pyridine in an autoclave at 1259-148°. The regenerated caout-
chouc wae ozonised, the ozonide isolated and hydrolysed,and the
Products of decomposition were examined. These were identifiled-
a8 laevulinic aldehyde and acid,»1,5 cyclo-octadione, formic acid
and a keto~-acid 07H150.COOH. Thi=s would appear to show that
regenerated caoutchouc 1s a mixture of at least three different
substances, the above products belng irreconcilable with a single
symmetrical formula. The addition and removal of the halogen

acid may take place in severml ways, thus affecting the digtribution

of the double bonds 1n the hydrocarbon. The formation of 1,5,
cyclo/

-



24.

cyclo=-octadlione may be represented thus:

-0-0
B Tg o v \ 0
N cov P T AN
47 ew C/H,_\fﬂn Cl*‘w- Gty THL f’”’— ?‘“1 ?H’- H CooH
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Tt was shown a little later by Harries that the supposed
11,5, cyclo~octadione was really heptaneff-dione (GHg.CO-GHz.CHé

CHZ-CO-CHS Yo This substance loses the elements of water very

' readlly in presence of alkalies or acids to give l-methyl

| cyclo=hexen= Z=one,the revised action being taken as A
c.the Me _ a-0" /00
coe Qe PARN < ;
Hoi, Ney TR W an  Ne® ?Hx o
A N T RN A B LS A O
l\. ' L) X ‘ T |L ““"? ' ‘ﬁh‘ ‘ ’ ‘ 1
E QH w-., CM;_ u CM\_ // Q’\\w, /C‘\* ' U(h_ CMO
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e ey | ~cme |2 ¢l o \co
ma, {
Uy

| The latter should be identified as the mono-or dialdehyde of malonic
- acld, but was not detedted- Under the conditioﬁs of decomposition ’
~of the ozonide the aldehyde acid would be broken up to give acetalde-
hyde and carbon dioxide; the presence of these was actuallybobserved.
Tn an investigation of the decomposition products of the ozonides
of synthetic caoutchoucs, prepared by the polymerisation of isoprene
In the presence of ozonlidee or peroxides, or of sodium, Steimmig(ss)
identified,besides laevulinic aldehyde and acid, succinic acid and

acetonyl acetone. To account for. the presence of the two latter,

Bynthetic caoutchouce derived from isoprene were assumed to contgin
1:8/




1:8 dimethyl, 1:5 cyclo-octadiene.

2R .
L C.Me. = CH. CH,

. CH‘_.C.ML. = H. CH,
'ps well as 1:5 dimethyl 1:5 cyclo-octadiene
CH. C.Me = CH, CH,

The two substances may be regarded as formed by the symmetrical

;ahd the unsymmetrical condensation of two molecules of isoprene.
:Gaoutchouo obtained from the auto-polymerigation of 1lsoprene gave
' approximate1y the same amounte of acetonyl-acetone and succinic
{acid. Yatural caoutchouc gave neithef of these substances and

fmust therefore be of different constitution from the artificisl

ra7)

{ products. This work was repeated by Harries using carefully

§ipurified isoprene and polymerising by heating in a sealed tube for

8 weeks at 70°. ¥Wo trace of acetonyl-acetone could be detected in

1 the decomposition products of the ozonide. Steimmig's conclusions
1 were therefore incorrect, Harries maintaining that the products
4 of polymerisation éven of pure isoprene vary greatly with treatment,

t and can therefore not be said to be isomerié. In addition the

lsoprene used by Steimmig was stated to be lwpure.

The d%meghyl-oyclo-octadiene formuls for caoutchouc was abandoned
58 '

1 by Harries in 1914 as the result of close examination of the

decomposition products of a large quantity of ozonlde prepared from

1 regenerated ceaoutchouc. The latter was prepared as already described,

by heating caoutchouc hydrochloride with pyridine in an autoclaeve.

} Distillation of the decomposition products gave the followlng fractions:

I. Up to 120° (% mm.press). This contained laevulinic aldehyde,
traces of methyl=cyclohexenone, dlacetylpropare and lgevulinlc acid.
II. 100°-130°. This was mainly laevulinic acid.

I1T/
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r17. 130°-150°. This was mainly undecatrione C11H1803: leaflets

M.P. 939-94° Trioxime M.P. 123°-124°.

|tv.  150°-250° This was mainly pentadecatetrone Oyslq,0,:1leafloets
m.P 123° Oxime ¥.P. 1120-118°, together with an undefined residue

of resin, etc.

The acids formed were separated by conversion into their calcium

1salts, acidification of the latter with dilute sulphuric acid glving
| the free acldse The mixture contained formic acid, acetic acid,

4 oxallc acid, laevulinic acid, succlinic acld, hydrochelldonic acld

- llaevulinic acetic acid) and methyl cyclohexemone carboxylic acid,

4 together with 20 per cent of undefined resldue.

The results showed that the decomposition products could not

«4 be harmonized with any possible rupture of a cyclo=octadiene ring.

4 The molecular weight of the caoutchouc ozonide in acetic acid

solutlon, which appears to indicate the formula (CioHleoa)’ is

therefore unreliable, the molecule being of much larger dimensions.

Harries assumed the probable existence of a ring system in which

. i .
; the group CH50.GH2.CH210H = ig regularly repeated, the degree of

Polymerisation being unknowns The presence of the tetraketone would
indicate at least a ring of 20 carbon atoms: In the same paper
Harries stated that the triketone and tetra-ketone already identified
occur in s definite ratio to one another in the ozonide decomposition
Products, and would thus appear to be generated by rupture of the same
cyclle structure. The molecular welght of caoutchouc ozonide in
benzene solution was found to be 535 (¢ __H 0O _ requires 580).

25 40 15
Taking this as basls,a ring of 20 carbon atoms would glve the

required /
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required formulg s ?h
|
w\_-(’:w-q{l_v cH-L.C'.Ur‘.C/H,_-u"l

/C'd"& o Cp_s Huo

M,
\ m:?.wl;wrw;c',. CH, ., Cd,. e
Wy CHy

A ring of isoprene nuclel would only give laevulinic acid and aldéhydé
on decomposltion of the ozonide, but the removal of hydrochloric
acld from the hydrochloride would possibly give a rearrangement of ]
.double bonds, allowing of the formation of higher ketones. Regeher-‘
ated rubber obtained by consecutive addition and abstraction of halo~
gen acid from caoutchouc shows an increasing proportion of high
boiling constituents in the decomposition products of the ozonilde.
This would point to a progressive shifting of the double bonds.

In continuation of his earlier work on caouprene bromide
(polymerised vinyl bromide) it was shown by Ostromisslenski(ﬁgghat-
the molecular weight of the soluble modification of this substance,
a8 determined by the cryoscoplc method, was 1809. This 1s in agree~ |

went with the formula 052H48Br16 or -expressed structurally

. |
CW&*JP“L-U*B‘14~THL Removal of hydrobromic acid from this ,

W, — [ML%m<WL]H..cw6«. substance gave dehydrocaouprene:
' - o d s
o | | 052H483r16 18HBr 052H52 an
homologous substance CQPH24(CH3)Bwas obtained from the bromide of

Para~caoutehoue Cuolyo(CHg)gBrig. Reduction of caouprene bromide
with zine duet gave erythrene (butadiene) caoutchouc and ilsomeric

caouprene /
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t )
caouprene in varylng amounts. OCaouprene was found to give no

definite decomposition products with ozone. Formulae differing

from that previously given were proposed:

JOH 3 G O, CHL CH, O~ = === CH, O, CH, LG, O CH - — - - GOy
, \ | | ot CJH,,\LJ | DL
Ql\-CHvGH.Qh-CH~———' C‘HOHZQIC'HL 'wl'u‘"_‘— T 'OHL

r . C. O O ol e - - CH.t ., A

| ‘ ‘l gﬁﬂﬁkﬁﬂ£ Caa Mo,

CH, CH, M. CH,  TH . - — =~ CHi, CH, . C. CH

32
Vo

The bromide of naturel caoutchouc, being hopologuus with
Caoﬁprene bromide, must therefore possess a monoscyclic structure,
(-GHQ.GHQ.C(Me).Br.CHBR-)x and since by the actlion of zine dust in
i1 alcohol it wés converted readlly and quantitatively into free

{ caoutchouc, the latter must also have a mono-cyclte structufe

| ({0H,4CH,.0 (M6): OF =)y, the positions of the CH, groups and double
bonde being fixed by the decompoeition products of the ozonlde.

t Further reesons were advanced by Ostromisslenski for the abandonment
| of Harries dimethyl-oyclo—octadiene formula for caoutchouc.
;Willst&tter's work on dimethyl-cyclo-octadiene having shown that
:the latter glves a crystalline tetrabromide with sharp melting

‘ Point, not comparable with caoutchouc tetrabromide, and that it

x POlyierises with almost explosive violence, ylelding crystalline

énd horny compounde of varying complexity, but quite unlike
caoutchouc. By analogy with caouprene bromlde and caouprene ltself,

caoutchoue /
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ecaoutchouc would therefore have the formuls:

cH, . . [C.MeeH. oM cM, | L C.Me L el
‘ X v L L J“' l oC CI—;OHQH.

‘ : (z8)
This ies identlcal with the formula proposed by Plckles, who

‘himself suggested the presence of at least eight isoprene nuclel
in a closed chain. This formula is in agreement with the bromine
saturatlon capacity of caoutchouc, as shown by the formation of
the tetrabromide, with the known complexity of the molecule, and

- with the decomposition products of the ozonide prepared from the
natural hydrocsarbon.

- (60)

Olivier has recently repeated Harries' work on the ozonldes
of caoutchouc, varying results being obtained 1n some cases. He
holds the assumption of the homogeneity of the ozonide to be
Invalid, and that the molecular weight of the latter cannot
" 8erve ag a basis for»esfimating that of caoutchouc, the availlable
ovidence being insufficient to allow of accurate conclusions as

*

to the complexity of the caoutchouc molecule being drawne

(/1)
Alternative formulae have been advanced by Boswell and
(r) _
" by Kirchhof. The former regards caoutchouc as represented
by OpoH,q, the structural formula being given as
CH CH C( CH3)—CH
/ L N '_____-4_(, 3)____\’:._..___
CH, /0"\1. | CH, Pt
. \C(CHs)——'C‘,H I[ /OH —C(cH 3)
- = - = = ‘— —_——-— = - CH -
?-!L / t 0'( C?;o Hu%
W C\(Cﬂa)
/
U —— () /CH__ C(cH3)
CH Ry
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Thie corresponds to & combinafion of five 1soprene molecules

and such a compound could undoubtedly give rise on destructive
jdistlllation to dipentene and isoprene, in accordance with known
tresults, the formation of dipentene being indicated by the dotted‘
{llnes One residue is present which could react as dimethyl cyclo-
loetadiene, giving rise on ozonisation to laevulinie aldehyde and
acide The wmaximum yleld would correspon? to one-third of the
teaoutchoue taken, accounting for the discroeperncy between the
ttheoretical and actual ylelde of ozonide obtainablg. The
iproduction of other hydrocarbons, such as dimethyl-butadiene,

by destructive digtlllation should also be possible. The Pormule
represents the caoutchouc molecule as ssturated, oxidation being
| supposed to occur through the fission of a molecule of isoprene
end subsequent addlition of oxygen. The unsaturated nature of
:c&outchouc, as exempllfied by ifs addition products with bromine
end the halogen hydridee, is thus ignored. Xirchhof (loc.cit.)
&ssumes an open chain spiral structure for caoutchouc, the
:fundamental unit being CqpHyrwe This conclusion is based on the
:discrepancy between the theoreticel composition of caoutchouc and
that found by analytical methods, a discrepancy which can be
sttributed tb the difficulty of preparing a pure Specimen fop

 anelyeis. The formula is as follows:

CM1C(W3-):W,C¢H% .
CH, C(CHL) * CH . cH ‘
3) | - of C!lo HSH.
W —CH 1 C.(cH,). H,
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such a substance would give rige on destructive distillation to
isoprene, along with other low-bolling hydrocarbons, the production
of dipentene, by rearrangement, belng also possible. The ozonide
ghould yield decomposition products different from those known to

be obtained. The most satiefactory test of the formula would be

the establishment of a chemicel difference between natural caoutchouc
and synthetie caoutchouc prepered from lsoprene, the decomposition
products of the respective ozonides being compared. If the formuls
given above 1s correct there should be a marked divergence in the
results. The chemical identity of natural caoutchouc with synthetile

caoutchouec prepared from pure isoprene has been maintained by

» (57) (5a)

Harries, this however h%s ?eem denied ?y ?teimmig and doubts
R0 A1

have been cast by Olivier and Boswell on the quantitative

formation of the ozomnide of natural caoutchouc.

The presence of methane, ethylene, butylene and trimethyl
ethylene, in addition to isoprene, dipentene and hlgher boilling
hydrocarbons, in the pyrogenetic decomposition produczs of caoutchouc,
has been established by earTier workers. Staudinger(;§3 Fritschi
have recently ehown that when caoutchouc is distilled 1n vacuo
(0.3 mm.) at on5°.220° the products of decomposition include,
besides isoprene and dipentene, a hydrocarbon CqgHg, and emall

amounte of ¢ . H.__and O 015H24 has two double linkages and

20" 32 25°40° :
18 probebly a hydro-naphthalene derivetive, while CgoHs, has three

H

double 1linksges and has probably a long aliphatic eide-chain. These

results are interpreted on the basls of a chain formula, the chain
being agsumed to break up and union taking place in groups

of /
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of 1, 2, 4, etce. carbon atoms.

The usually accepted view that caoutchoue is directly derilved
from a chemical union of isoprene nucleil, a monocyclic structure
belng assumeg, has received support from the work of Pummerer
and Burkard<j)on the hydrogenation of very pure caoutchouc by the
method of Paal and Skita. One molecular proportion'of hydrogen was
found to be absorbed for every isoprene residue, i.e. (CSH83x+ x Hg =
(CSHIO)X‘ If the caoutchouc molecule consisted. of a long open chain
of isoprene residues a greater absorption of hydrogen would be
expecteds The accuracy attained in the experimental work enables
the authors to conclude definitely that caoutchouec coneilste either
of a ring system or of an unueually long open chaln of isoprene nuclel
(CSHB)XQ x > 20 The hydro-caoutchouc obtained resembled caoutchouc
clpsely in physical properties, evidently retaining its very high
molecular weight. In addition caoutchouc was found to reasct
normelly with per-benzoic acid, giving a viecous oxide (CsHBO)X,
evidence of the presence of two double linkagee for each pair of
isoprene residues.

The Hydrogenation of Caoutchouc.

(65)
In 1839 Berthselot found that by heating eaoutehove with

concentrated hydriodic acid solution to 280°% under bressure 8

humber of hydrocarbone boiling above 250° were obtained. These

belonged evidently to the paraffin serles, being very stable
towarde bromine, fuming nitric acid and fuming sulphurie acigd,
and did not solidify even on long standing.

Attempts at the hydrogenation of caoutchouc in the preeence

of catalysts have, until recently, given negative results. By
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using spongy platinum as catalyst, and hydrogenating at 270°

under 100 atmospheres pressure, Staudinger(sz)and Fritschl have
succeeded in preparing a hydro-caoutchouce (CSHib)x, retaining

the colloldal character of caoutchouc and proving stable towards
bromine. On standing inrsunlight absorption of bromine slowly

tock place, a caoutchouc-like product being obtained. Decomposition
of hydro-caoutchouc at 3500-5900 in vacuo gave a series of products
of the type (OSHIO)X’ each posseseimg only one double bond. The
lowest bolling product was a pentene, giving methyl—ethyl ketone on
oxidation, belng thus probably uneymm, methyl-ethyl ethyléﬁe. From
~the higher fractioﬁs were obtalned, among others, a hydrocarbon
'clsgao and, as highest boiling constituent, CséH;OO' The presence
of this substance showe that hydro-caoutchouc must have a very

high molecular weight. Objectione were raised by Harrles to this
conclusion on the ground thaf at the high temperature employed

the caoutchouc must be largely decomposed, the hydrogenation products
obtained belrig not necessarily directly related to the original
hydrocarbon. The later work of Pummerer and Burkard(e)has shown

this objection to be invalid, a colloidal reduction producf being
obtained in the cold. From a study of the thermal decomvosition
Products of'the hydro=-caoutchouc previouesly obtained staudinger{g4)
has concluded that 1t 1le formed from the hydrocarhon cséHiéé in
the same way as caoutchouc 1is formed from isoprene, the relatlon )
between CroH100° the highesp thermal decomposltion product of hydro-
caoutchoue,and methyl ethyl-ethylene, the lowest, belng of the seme
type. Prom ite stabllity towards bromine and oxidising agents

Hydro/
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‘hydro-caoutchouc 1is assumed to be a paraffin hydrécarbon, caoutchouc
itsel?f being regarded as an ethylene derivative of very high molecﬁiar
weight, containing perhaps 100 or more molecules of isoprene, the
ultimate molecule being of about the same order of magnltude as a
colloid particle. Similar properties were ascrlibed to hydro-
caoutchouc by Pummerer and Koch,(v%ho prepared it by hydrogenation
of dllute solutions (0.2 to 0.8 per cent) of very purse caoutchouc
in presence of spbngy platinum at half an atmosphere excess Pressures.
The hydro-caoutchouc was obtained as an opaque, viscous, non-elastic
partly crystalline mass (CSHié)X giving no depression of the melting
point of camphor. Heating for thres hours at 2000, then for twenty
minutes at Z00° in an atmosphere of carbon dioxide at 12 mm. Pressure,
caused no viéible change in the product, but a molecular weight.
determination in camphor gave a value of 1700, this result being
possibly due to disaggregation of the hydro=-caoutchouc. )

Crude hydro-caoutchouc on distillation in hydrogen at 550b
gave a yi#ld of saturated hydrocarbon C, _H

, 45 92" -
was colourless and completely saturated, had the composition (G5H10)x,3

The residue, which

molecular weight in‘camphor 1500. Distillation at I.5 mme gave a
colourless viscous mass 050H102’ boiling at 5540. The hydro-
caoutchouc iteelf was completely stable'to alr, bromine, or potassium
Permanganate at ordinar& temperatures, agreeing in this respect with
St&udinger's product. B& reduction of caoutchouc under the same
eXperimental conditions as beforeﬁg% stmoepheric pressure s compound
OSOHse’ stable to bromine
By/

,was obtained.
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By the reduction of caoutchouc dihydrochloride in dichloro-
ethylene solution in presence of zinc dust Harries(sﬁ)obtained a
jlarge yleld of a=hydro-caoutchouc. This substance was light yellow
tin colour, somewhat elastic and melted at 1209-1300, giving s
molecular weight in bromoform solution agreeing with the formulse
(035H62)x or (CyupHpplys It readily formed an ozonide and gave a
’hydrochloride and a bromide. The empirical formula led Harries to
conclude that the caoulchouc molecule contains 35 or 40 carbon atows,
most probably the latter, thus bringing his views into agreement

(38) (52)
with those expressed by Pickles and Ostromisslenski years’

before.

The complex nature of the products resulting from the pyroganeﬁic
decomposition of hydro-caoutchouc would seem to indicate that caout-
chouc itself has a much 1arger molecule than that usually ascribed
to it, the G4OH64 formula being inadequate to explain the formation
of hydrocarboneg such as Staudinger's J50H106 and Pummerer g quHloz
 These products can scarcely be fqrmed by secondary condensation
during distillation, since hydro-caoutchouc contains no double bonds
and, according to Staudinger, leaves practically no residue éfter

decomposition is complete. With such a large molecule no decision

between a chain and a ring formula can be made.

;;_Q_Qzéggtion of Caoutchoug .

| In 1885 Spiller 58 examined a plece of fabrie coated with
{Unvulcanised rubber, the latter having become biittle or "perished,"”
‘through long exposure to the air. A benzene extract of the rubber
SCOating gave, on evaporation, a substance quite different from rubber,

- soluble/
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soluble in alcohol, insoluble in carbon disulphide, and freely
soluble in aqueous alkalies and alkall carbonates. Analysis

of this substance showed it to contain oxygen, the approximate

composition being 050H48 10° It was hard and resinous in character

‘and has been named "Spiller's resin." The action of gasegus oxygen
‘ (/7
on caoutchouc was subsequently investigated by Herbst, who

passed the gas through a boiling 1 per cent solution of the hydro-

carbon in benzene for 140 hours. Two main products were isolated,

3 traﬁsparent reddlish brown syrup of the composition OléHiﬁo

and an amorphous friable yellow solild corresponding %o CleleoS’

the first being soluble and the second insoluble in petroleum
ethef. A very small ampount of a hard brittle resin, similar in

composition and properties to the second substance, was also

(88)
obtained. The air oxldation of rubber was attributed by Kirchhof

to autoxidation, a study of the oxidation of raw and vulcanised

~rubber at ordinary temperatures and at 100° leading him to

. Postulate the formation of an unstable peroxide 010H16 o+ _The

reaction was then supposed to proceed thus CqgHia + CyoH1a00 =

L 1oH1g0 (Herbst's first product): O10H180 4 05 = CqgHy405
(Herbst's'second product). The action &f oxygen was more fully
éXamined by Peachey,(sg)who deposited thin films of vpurified
caoutchouc (deresinised and filtered) on the walle of a flask
electrically heated to 85°. The material was exposed to the

-8Ctlon of moist oxygen, the action being sufficiently rapid to

allow of the volume of gas ebsorbed being noted. It was observed

that /-



Z7 e

that the presence of the normal amount of resin (about 37)
appreciably retarded the action, further, that the amount of

oxygen taken up corresponded closely to two molecules per

(70)
10H16 of hydrocarbon. A later investigation by Peachey

¢
and Leon confirmed this result, in addition the presence of
variable amounts of carbon dioxide was detected (about one
o .

i 1OH16) This showed that
the amount of oxygen reacting was rather greater than that

molecule of carbon dioxide per

found by the earlier volumetric method, a portion being used
up in the formation of carbon dioxide. Moisture was found to
exert no appreciable influence on the course of the reaction,
while the natural resin only retarded the oxidation, having no
effect on the final result. Fifty grams of purified caoutchouc
were used in the iater work, the material being exposed to the
action of oxygen at 85° over a period of six months, extraction
--with‘alcohol every second day belng employed to remove oxldised
material and expose a fresh reacting surface. The reaction
product was almost completely soluble in alcohol with formatlon
of a yellowish red viscous gume. After fractional precipitation
from various solvents this material was finally separated into
four portions, distingulshed.as A, B, C and D.
A was a clear yellow resin, neutral in character, insoluble
- in water but soluble in all the usual organic solvents. Its
composition corresponded to 016H2605° ¥o derivatives were
Preparede.

B was a fawn-coloured amorphous powder, Teebly acidic 1n -

character/
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character. It had no definite melting point,swelling up at

150% snd not charring below 2509 It was insoluble in water,
carbon disulphide or petroleum ether, soluble in alcohol and
aéetone- Oxidation With permanganate gave mainly oxalilc acid.
Attenmpts at molecular weight determinatlion were a fallure and

no salts could be obtained, a neutral solution giving precipitates
with metallic salts consisting of the original substance in
colloidal forme The approximete composition was given by the

formula CaHgoz'

C was not closely examined. It was a brown amorvhous
substance insoluble in organic solvents but soluble in alkalies,
having the comvosition CiqHyg0,e

D was a reddish brown amorphous solid insoluble in all
solvents, attacked by concentrated nitric acid to give a product
011H15N06’ Tt had the composition represented by ’06H902 but
did not resemble B. XNone of these products could be said to be a
definite compound and their relationship to the original.caoutchouc
remalns obscure.

A small quantity of hydrogen peroxide appeared to he formed
during the oxidation, the présence of a peroxide, as shown by the
liberation of iodine from potassium iodide and the development of
& Yellow colour with titanium sulphate, being observed in the
aqueous extract of the oxidation product- A trace of laevulinic

acld and also of laevulinic aldehyde or its peroxide also appeared

to be present.

It/
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(71)

It was pointed out by oOstwald in a note on Peachey's
first paper that the rate of absorption of oxygen in these
experiments was typlical of an autocatalytic reaction, the
formation of an unstable intermedlate product which functioned

as a catalyst, possibly a caoutchouc peroxide, being suggested.

: (88)
A similar view was held by Kirchhof, ag quoted above. Ostro-~
(72)
misglenski further showed that caoutchoue activabbs oxygen

in a simllar manner to the terpenes. -

The action of oxXygen on tEin films of rubher at 759-800
was also studied by Kirchhoff7b)who could not, however, obtain
definite results. Great variations in the rate of oxidation
-were shown by different samples.

Resin free rubher, on exposure to the action of atmospheric
oxygen in full sunlight for three months, was found‘by Boswell,
McLoughlin and Parker(zo)to have resinified to the extent of
a¥out B0 per cent. The resin formed was soluble in acetone
and was separated into two fractions, one soluble in carbon
disulphide, possessing propérties similar to rubber and correspond-
ing to §10H180, the other insoluble in carbon disulphide, hard
and brittle and corresponding to 025H4609-

The presence of lsevulinic aldehyde in "tacky" rubber
might be inferred from the occurrence of this aldehyde in the
decomposition producte of caoutchouc ozonide. The presence of
&n aldehydic substance in "tacky" rubber giving the pyrrole
reaction,and theref?gz)presumably laevulinic aldehyde, has been
Getected by Gorter, whose obeervations have been confirmed by

Bruni/
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Bruni and Pelizzolsa and by whitby, the latter preparing and .
characterising the well-known phenyl methyl dihydro=pyridazine
derivative.

The disaggregating effect of concentrated sulphuric aoid.
on chloroform solutiohs of caoutchouc, as noted by Heim and
MarquisfS)and already referred to, has been further studlied by
Kirchhoff77)who treated carbon tetraschloride solutions of raw
rubber with concentrated sulphuric acid in the cold. The rubber
was found to give over ninety per cent yleld of a brittle powder
which was separated by extraction with acetone into two fractions,
a reddish brown oxidation product and a hydrocarbon of the emplrical
formula CypHy5+ The latter gave with bromlne and sulphur addition
producte corresponding to 020H56Br2 and Ozéﬁzés, the disappearance
of three double linkages being ascribed to the formation of
tetramethylene rings in the rubber hydrocarbon under the influence
of the concen%rated acid. These. observatlions were explained by
reference to the supposed 020H34 enpirical formula for caoutchouc,
an open chain spiral structure being suggested. Prolonged treatment
of the rubber solution with concentrated acid gave as final product
- 0y0H140, assumed to be identical with the maln product of the
spontaneous oxidation of the caoutchouc hydrocarbon. Prolonged
treatment of a benzene solution of rubber with concentrated
sulphuric acid gave an acetone soluble reddish brown substance
CBOHgéoz, having the properties of an aidehyde acide Precipitation
of this substance from alcoholic potash solution with dilute

sulphuric scid gave a product of the same empirical formula,

melting/ -
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melting at 950_950 after recrystallisation from acetone,reducing
FPehling's solution and yislding a phenyl=hydrazone which sintered
at 909 and melted at 120°-124°. |

Oxidation of caoutchouc in glacial acetic acid - carbon tetra-

L]

chloride solution with hydrogen peroxide was found by Boswell,
MeLoughlin and Parker(vs)to yield as primary product a substapce
having the empirical formula 050H48O which, on standing in air,
absorbed oxygen to give a product 025H4602. This was explained
by assuming the presence of a 056H48 nucleus in the caoutchouc
molecule, the loss of a molecule of isoprene, followed by the
addition of oxygen, giving rise to the more highly oxygenated
product. A formula for caoutchquc was proposed on this'basis

‘and has already been referred to. The evolution of carbon dioxide
during the oxidation was noted.

The action of potassium permanganate, which has proved of
great value as an oxidising agent in the te?ggge branch of organ%gg\
chemistry, has been investigated by Harries ' and by Van Rossem.
¥o oxidation products directly related to caoutchouc were isolated,
the hydrocarbon itself being transformed into an olly modification,
Probably as a result of preliminary‘disaggregation. From the
aqueous liquors after oompletibn of the reaction Harries separated
‘a small amount of fatty acids. Boswell and HambletonfeO)by
agitating a carbon tetrachloride solution of caoutchouc with
8queous potassium permanganate for several days, succeeded in‘
offecting oxidation, a pasty mass having the composition 025H450

being obtained. This product resembled caoutchouc in properties,

being/
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being insoluble in alcohol or acetone, but soluble in ether,
carbon tetrachloride and petroleum ether. On standing in air
it combined with oxygen, giving a substance of the domposition
02534502. Water soluble products were stated to be formed in
addition to the above but no attempt appears to have been made to
isolate or characterise them.

The action of perbenzoic acid on caoutchouc, with formation
of a viscous oxide (CgHg0)x has already(z?en referred to, and
the same workers, Pummerer and Burkard, found in addition that
the final result of oxygen absorption by very dilute caoutchouc
soluﬁions was the same as with the peracide. Concentrated solutions
of caoutchouc were found to absorb gaseous oxygen with extreme
glowness. This can be readily understood on the basis of Harries'
theory that the chemical reactivity of complex colloids varies
inversely with their degree of aggregation. This may also help

® .
to explain some of the contradictory results quoted above.

e v o ey -
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PART II.

THE_OXIDATION OF CAOUTCHOUC WITH POTASSIUM PERMANGANATE,

The action of dilute aqueous permanganate has been studied by
(50) (79) (80)

Harries, Van Rossenm and Boswell, only the latter being able
{to obtain a product definitely connected with caoutchouc. The work
fdescribed beneath waeg undertaeken in order to investigate the pro-
;ducts obtained with increasing proportions of permangenate, the
fproducts at each stage being isolated and examined. The oxidation
;has been carried out both in aqueous and in alkaline solution,

‘the neutral and acidic products being collected and, as far as
fpossible, characterised.

| The matefial used was plantation crépe rubber, freed from
qresin by extraction for ten hours with acetone in a Soxhlet
?Epparatus. The deresinised rubber was dissolved in carbon tetra-
tchloride, in the case of the material for the neutral oxidations,
zand in benzene for the oxidations in alkaline solution, the solution
_Ebeibg filtered through glass=wool to remove the insoluble matters
;Sufficient solvent was distilled off to give an approximately 2

dver cent solution of caoutchouc, quantities of the solution contain-

ing as nearly as possible 5 grams of hydrocarbon being used for

?B&Gh oxidation. The potassium permanganate solution used throughout
;Was of 1 per cent strength, an equi-molecular proporﬁion of caustic
;P°t38h being added in the case of the oxidations in alkaline solution.
?The Prbportion of permanganate used was calculated on the basis of

4 4
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one atom of available oxygen for each Cl H__ of caoutchouc, the
proportion being .88 grauns KMnO4 to each 5 grams of hydrocarbone.
Amounts of permanganate soiution equivalent to 1, 2, B, 4, &c.
atoms of avallable oxygen were successively used, the weight of
caoutchouc present being reduced in the higher stages of the
oxidation a@o as to keep the volume of the reaction mixture at
about two litres. The caoutchouc and permanganate solutions were
mixed in stoppered bottles of two to three litres capacity, and
the whole was mechanically shaken at room temperature unfil oxidation
was complete, as shown by the disarpearance of the purple permanganate
colour in the aqueous layer. This operation reguired three or four
- days with the smallest proportion of permanganate, the time
gradually increasing with the proportion of permanganate used, two
to three woeks being necessary in the highest oxidations carried out.

The general procedure employed in the isolation of the oxidation
products wag the same throughout ,the reaction mixture. being allowed
to stand after completion of the oxidation until separation into
two 1ayérs was complete, the manganese dioxide remaining in every
case in the layer consisting of the organic solvent and the dissolved
oxldation product. The agueous layer was removed as completely as
poesible by means of a siphon, and the manganese dloxlde was
separated from the benzene or carbon tetrachloride solﬁtion by
filtration, a process which proved very tedious in the earlier
stages of the oxidation, owing to the viscosity of the solution.

‘This was especially the case with the benzene solutions of the

&lkaline oxidation productee. The residue of manganese dioxide l

wag/
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was washed with the solvent uced during the corresponding oxidation
and was then'dried in air and powdered, a further digestion with
golvent being resorted to in order to remove any adsorbed oxidation
rroduct. It was then repeatedly extracted with hot water to
separate traces of soluble acid salts and was finally rejected.

The filtrate containing the oxidation product was dried over
aphydrous sodium sulphate, the extract from the manganese dioxide
‘being addeds» The solvent was then partly removed by distillation
uﬁder reduc ed pressure and the oxidation product was precipitated
;by the addition of alcohol, being obtained as a white pasty mass.
P With increasing oxygen content this precipltation became less
Rcomplete, the highest oxidation products only settling out after
standing for a considerable time. With these it was found necessary.
fto remove practically the whole of the solvent before addlng alcohol.
In all cases it was found advisable to remove the original solvent
at the lowest possible temperature, resinification, as indicated
bby the development of a yellow colouration, taking place on heating
to above 50°.

The precipitated oxidation product was thoroughly washed
; by decantation with alcohol and then with acetone, the last traces
%\of solvent being removed by evaporation in vacuo. The final product
; wes a clear syrup, slightly yellow in the lower oxidatiohs, colourlese
| In the higher, and of varying stickiness. It was finally dissolved
- in light petroleum, a clear solution in each case being obtained.

Tt was found that 1little change occurred in the oxidation
Produéts, oven on long standing, in this solvent. This was not

~ the case when carbon tetrachloride was ucsed, as was discovered early
- in/ .
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in the investigation. On standing for some time in this solvent,
the flasgks used being filled with carbon dioxide, two of the first
neutral oxidation products were found, on analysis, to give higher
values for oxygen than others which had been dissolved in petroleum
ether. On examination chlorine was found to be present in both
substances to the extent of over 16 per cente The general
appearance of these chlorinated products was eimilar to that of
caoutchouc dihydrochloridee.
The oxidation products were prepared for analyeis by prolonged
desiccation in vacuo over sulphuric acid, exposure to light being
% avoided and atmospheric oxygen being excluded.
it was found in every case that partial precipitation of the
- oxidation products took place on standing in petroleum ether solution,
E precipitation being very incowmplete in the case of the substances
% containing small proportions of oxygen, and only occurring on
E 8tanding for some time. The higher oxidation products, however,
| settled out after a few hours, the removal of the solvent being
: greatly faclilitated by their assumption of a coherent form.
The aqueous layers from the orilginal oxidatlon processes,
itOgether with the corresponding washlings from the manganese dioxide
residues, were saturated wibh carbon dioxide to neut?alise free
%alkali and evaporated nearly to dryness on the water=~bath. The
- 8olution of carbon dioxide during the oxidation of caoutchouc has
.besn observed by Bosw511(78)but, so far as could be ascertained,
the agueous extfacts from the neutral oxidations were only faintly
alkaline, so that no definite conclusion as to the production of

carbonic /
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carbonic acid could be drawne. The concentrated solution of

potassium salts obtained by evaporation was acidified with dilute
'hydrochlofic acid, saturated with salt, and thoroughly extracted

with ether. The ethereal extracts Were>dried over anhydrous sodium
.eulphate, the bulk of the solvent was distilled off, and the remainder
was evaporated in vacuo. The acid extracts from each oxidatlon were
separately collected and set aside to allow of crystallisation

taking place.

General Properties of the Oxidation Products.

The oxidation products obtained resembled one another in general
appearance, varying from pale yellow, only slightly plastic, sollds
In the lower stages of oxidation, to colourless, non-elastic brittle
resins in the higher. The lower mewbers were completely 1ﬁsoluble
in alcohol, even refluxing with alcohol failed to dissolve any
- appreciable amount. The higher members, particu}arly the three
highest, were softened by alcohol, becoming semi-liquid and dissolving
completely in presence of a little carbon tetrachloride. They were
readily soluble in ether, benzene, chloroform, carbon tetrachloride,

' and petroleum ether; from the last solvent; however, mbre or less

complete precipitation took place on standing,as has slready been

;referréd to. They showed no definite melting point, decomposition

occurring to a greater or less extent in almost every case on
heating. The property of swelling in solvents, so characteristic

b of rubber, was shown by all, the tendency becoming less with

; increasing oxygen content. This would indicate a decrease in

; wolecular complexity with increasing oxidation and this is borne

Z out /
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;ut by the very marked reduction in viscosity which takes place
Turing the addition of oxygen. The carbon tetrachloride and

“denzene solutions oﬁtained after conpletion of the permangansate
‘ixodations were very much more mobile and less viscous than the
Yriginal solution of caoutchouc.

Analyées of the various products, together with some special
?%etails, are given below. |

;%xidation in ¥eutral Solutione.

f+ One Atom of Oxygen per CipH1s-

This was a pale yellow solid, elightly elastic, melting at

440°-145° with slight decowmposition.

‘@nalysis: )

#0f1787 gram substance gave 0.5098 gram 002_: 0.1689 gram H@?'

is coyfespondg to a composition C = 77.81 per cent: H = 10.38 per
dent ¢ O = 11.81 per cent.

fhe empiricel formula would be C,.H.,0,+ The composition on this
+esls should be

C =77.78 per cent ¢+ H = 10.37 poer cent ¢ O = 11.88 per cent.

All+ Two Atoms of Oxygen per ClOHlﬁc

This was a pale yellow solid, slightly elastic, melting at

80°-125° with slight decomposition.

nal slsy

- - -

10:1799 gram substance gave 0.5108 gram 0Oy : 01651 gram Hg0-

jMiB corresponds to the composition

C =77.45 per cont : H = 10.20 per cent : O = 12.B37 per cent.




49.

The emplrical formula would be 025H4005. The composition on this

pasis whould be

C = 77.32 por cent ¢ H = 1031 per cent ¢ 0 = 12.3%7 per cente.
ITI. Three Atoms of Oxygen per 010H16.

This was a pale yellow brittle solid, melting at 1500-15=°

with slight decomposition.

iAnalzsis:

Apalysis:

0.1694 gram substence gave 0.4741 gram COg5 ¢ 0.15%3 gram HZO-

This corresponds to the composition

0 = 76.82 per cent ¢ H = 10.20 per cent ¢ 0 = 1%.80 per cente.

' The empirical formula would be 056H4804' The composition on this
 basis should be

C = 76427 por cent ¢ H = 10.02 per cent 0:= 15.71 per cente

iIV- Four Atoms of Oxygen per CipH1a.

This was a pale yellow brittle solid, melting at 115°-120°
with very slight decomposition.

0.2007 gram substance gave 0.5534 gram Cbg, ¢ 0.1792 gram Hy0e

' This corresponds to the composition

C =78.22 per cent : H = 9.92 per cent ¢ D = 14.88 per cent.

1 The empirical formule would be ¢ __H_ O.. The composition on this

2073273
basis should be

- - - - -

- C = 75.00 per cent ﬁ = J0.00 per cent ¢ 0 = 15.00 per cente.

Ve Five Atome of Oxygen per CqypHyas

This was simllar in appearance to IV, melting at 115°-120°

With 8light decomposition.
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Analysis:
0.2008 gram substance gave 0.5440 gram 002

0.1628 gram HoO,

This corresponds to the composition

0 = 73.30 per coent ¢ H = 10.11 per cent ¢ O.= 1R8.50 per cent.
The enmpirical formulae would be GZOHSOOR' The conmposition on this
basls should be

0 = 7347 Por cont ¢ H = 10.20 per cont ¢ O = 18.33 per cente.
VITIT. Eight Atoms of Oxygen per C10H1A.

Thie wae a white brittle solid, melting at 110°- 115° with
very slight decomposition.

Analysig:

0.1354 gram substance gave 0.3449 gram COp ¢ 0.1132 gram HO.

2
'This corresponds to the composition _

C = 89.47 per cent ¢ H = 9.92 per cent ¢ O = 21.24 per cent.
The embirical formula would be 035H5608‘ The composition on this
basis should be

C = 80.53 per cent ¢ H = 9.27 per cent ¢ O = 21.20 per cent.
Oxidstion in Alkaline Solution.

IA. One Atom of Oxygen per CipoH1g-

This waé a pale yellow brittle solid, melting at about 90°
with no decomposition.
Apalysis: ’ L A
041488 gram substance gave 0.3730 gram 002 t 0.1201 gram HgO.
Thils corresponds to the composition o
C = 68.37 per cont ¢ H = 8.97 per cent : O =‘22-66 per cente.
The/ |
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The empilrical formula would be 024H5806' The compesition on this
should be _
| ¢ = 68-25 per cent ¢ H = 9.00 per cent : O = 22.75 per cent.

ITA. Two Atoms of Oxygen per CipHige

_ This wag a pale yellow slightly elastic solld, melting at
108°-110° with very slight decomposition.
Analysis: ‘ _
» 0.2014 gram gave 0.5685 gram CO2 ¢ 0.1860 gram Hy0- This corresponds

éto the composition

¢ = 78.7Y por cent ¢ H = 10.28 per éent Tt 0 = 18%.03 per cent.
The emplirilcal formula would be 051H5004. The compoeition on this
basie should be ” '

¢ = 76.54 per cent ¢ H = 10.29 per cent ¢ O = 13.17 per cent.
;. IITA. Three Atoms of Oxygen per ClOHiﬁ'

Thie was 2 pale yellow slightly elastic solid, melting at |
;1150-1200 with slight decomposition.
. Analysis: ‘ ' )

0.2083 gram substance gave 0.5650 gram CO, ! 01870 gram HoOe
This corresponds to fhe composition ) )

C =175.90 per cent ¢ H = 10.22 per cent ¢ O = 13.88 per cent.
The empirical formula would be CogHgg04¢ The composition on ﬁhis
basis would be

C = 75.98 per cent : H = 10.05 per cent : 0 = 13.97 per cent.

IVA. Pour Atoms of Oxygen per C1pHiae

This was a pale yellow brittle solid, melting at 115°-120° with
8light / ‘
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ﬂlight decomposition.

'$alxsis:

0.1511 grem substance gave 0.4146 gram CO, : 0.1387 gram Hy0.

“his corresponds to the composition

= 74.83 per cent ¢ H = 10.08 per cent ¢ 0 = 15.11 per cent.

‘the empiricsl formula would be CopHzo0ze The composltion on this
“Jasis would be
0 = 7500 per cent ¢ H = 10.00 per cent ¢ O = 15.00 per cent.

"fA. Five Atoms of Oxygen per CyoHyge

This was a pale yellow elastlc so0lid, mwelting at above 1900

F¥lth considerable decomposition.
al sis: o
01401 gram substance gave 0.4287 gram COg ! 0.1399 gram Hs0.
“Phis corresponds to the composition

[0 = 8%.45 per cent ¢ H = 11.09 per cent ¢ O = 5.44 per cent.

fhe empirical formula would be 020H520-. The composltion on this

‘fasis would be

""}0 = 88.8% per cent : H = 11.11 per cent : O = B.56 per cent.

:ﬁ%I:IAo Bight Atoms of Oxygen per CipHige

- » 0 .. 0
This was a pale yellow brittle solid, melting at 125 =130
“Irith slignt decompositione. ’

finalysig:
{ 0.1825 grem substance gave 05082 gram 002 ¢ 0.1640 gram Ho0-

%
i,

i corresponds to the composition.

¢ = 75.94 per cont : B = 9.98 per cent ¢ 0= 18.08 per cent. .
ke IEIThQ/
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ﬁgAnalzsis:
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iThe empirical formula would be 05655605‘ The composition on this

ipasis would be

0 = 78.08 per cent ¢ H = 0.86 per cent ¢ 0 = 14.08 per centa.

XA.Ten Atoms of Oxygen per 010H16‘

This was & white biittle solid, melting at 100°-102° with

{elight decomposition.

0.1129 gram substance gave 0.2830 gram CO, t 0.0877 gram H,0.

2

1 This corresponds to the composition

0 = 83.53 per cent ¢+ H = 8.88 per cent ¢ 0O = 27.84 per cente.
The emplirical formula would be 050H48016' The composition on this
‘basls should be .

0 = BB.38 Por cent ¢ H = 8.43 per cent ¢ 0 = 28.19 per'cent;

| The preceding results show that with the neutral oxidation
series the oxygen content increased steadily from member to member,
‘th%products obtained being generally very similar. In &he

alkaline series there were considerable irregularities, IIA showing
& lower oxygen content that IA or IIIA, and VA having the lowest
bproportion of oxygen of any member of the series. These

irregularities were not accidental, anzlyses of duplicate preparations,

and also of samples of caoutchouc submitted to a continuous stage by

- Btage oxidation, showing results in good agreement. The apparent

discrepancy can be explained by assuming the fission of a more highly

. OXygenated portion from the caoutchouc molecule under the influence

of the alkaline permanganate, leaving a more unsaturated resldue.

1 This is borne out by the nature of the acidic products from the

| alkaline/
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4g1kaline oxidation, an appreciable amount of laevulinic acid being
Jisolated from thems The ratio ‘of‘ carbon to hydrogen in caoutchouc
'rjis maintained throughout the seriec, the lowest carbon-hydrogen
g#atio being 7.26 in the case of V, the highest 7.82 in the case of
}:EA, most of the others being within 0.1 of the calculated value

3’7.5. This would indicate that the oxidation products are intimately
glrelat ed to the parent hydrocarbon.

;'#hemlcal Provertiegs of the Oxidation Productg:

The oxidation products were, without exception, neutral, being
hmacted on by dilute alkali. Theywere unsaturated to bromine and

T':«’were all acted on by aqueous alkaline permanganate, the higher

4

fmem'bers,howev_ez‘, were acted on only slowly by this reagente. The
Jfrresence of aldehydic or ketonic groupings wae tested for by
jrefluxing portions of the oxidation products with alcohol, the

{‘alcoholic extracte gave no reactions for aldehydes with Schiff's

L 3

freagent, Fehling's solution, or ammoniacal silver oxide, and did

ff}not form semicarbazones when treated with semicarbazide hydro-
T,Ohloride. Tt was therefore concluded that the oxygen was present

tolther in the form of hydroxyl groupe or in the anhydride form, the

f'f‘?r’OXidation products being either alcohols of very high molecular

i

b Veight, or inner oxides. To test for the presence of hydroxyl groups

“Ithe oxldation products were heated with metallic sodium in dry

frenzene solution. wNo evolution of hydrogen could be detected but

Teslnification slowly took place. As this usually happens when
Jmsaturat ed substances are similarly treated, no(cc)mclusion could
“Fbe dI‘B-Wn,regard beirig had to the work of Harries, previously

referrea/
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pferred to, on the chemical inertness of complex colloidal aggregates,

pre especially in presence of a polymerising agent such as sodipm.
Qﬁeaction of gaseous hydrochloric acid on a glacial acetic acid-
';her golution of the oxidation products was then invesﬁigated.
;tnsiderable decomposition took place as indicated by the darkening
;fthe reaction mixture, even when cooled in ice, this being most
5Rticeable in the case of the higher oxidation products. After
jmwval of the solvents in vacuo and purification of the residue

3y solutlon in boiling ethyl acetate, a white powdery solid wes

;btained, closely resembling the dihydrochlqride of caoutchouc and

.nelting about the same temperature, 1150-1200- This would indicate
Ehat the oxidétion products are still closely related to the original
{éoutchouc, though in what way is not clgar so far as this method of
ﬁmack is concerneds Attemptes 1o form p—nitrobenzoates’by heating
;ihe oxidation producte with p-nitrobenzoyl chloride in pyridine
;ﬁohﬁion,gave only sticky resins, which clung tenaciously to the
j?qﬁirobenzoic acid formed after the rewoval of pyridine with dilute
;;mﬂphuric acide Similar attempte to form phenylurethanes by heating

;iﬁiﬂlphenyl isocyanate in benzene solution were also unsuccessfuls.

jDeterminationa of the bromine unsaturation capacity, however, gave

g°%ome indication of the nature of the oxidation products.

dBromination of the Oxidation Products.

- The proportion of bromine taken up in chloroform solution cannot
fsbeaccurately determined by observations of colour changes, the

:}8ddition of a few drops of the reagent to solutions of the higher

;éoxidation products almost immediately producing & brownish colouration.

T he/




58e
e use of an external indicator, such as starch-potassiunm iodide,
s unsatisfactory since substitution occurs if the titration be

: (17)
prolonged. The method employed by Gladstone and Hibbert in their

feterminations of the bromwine addition capacity of caoutchouc was
%5sed, a dilute solution of the oxidation product in chloroform being
areated with a measured volume of a one per cent solution of bromine
'ﬂn chloroform, the addition of excess of bromine being ensured by
$he use of starch-potassium iodide paper as external indicator.

i 6 reactions were carried out at OO, the mixture belng well shaken
Jfter the addition of the bromine and allowed to stand for five
:ﬂdnutes- Excess of a strong agueous solution of potassium iodide
z@as then added, the mixture was shaken so as to ensure complete
"2bsorption of residmal browine, and the liberated iodine was
’xumediately ﬁitrated with standard sodium thiosulphat?s using

3%tarch solution as indicatore. Carbon tetraghloride Wés tried am
Polvent but was Tound to be useless, the brominated products being
'ﬁmactically insoluble in it, forming a flocculent precipitate which
%iWMQred titration extremely difficult. Tt has been shown by various
“fnrkers that lodine is only very slowly absorbed, even by caoutchouc
{atgelf’in dilute solution, and could not thus introduce any appreciable
'TﬁTor Into the determinations. The disaggregating effect of the
1Hu®mine on the chloroform solutions of the oxidation products was
f;mw marked, the viscosity of the origlnal solutions disappearing
éﬂmediately on its additions. The chloroform solutlons of the
brominateq products were perfectly fluide WNo appreciable amount

ﬁﬁthdrobromic acid was formed, as was verlfied by titration of

f’fgﬂh o/
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jhe final reaction mixture with quarter-normal caustic sod. On
ﬁtanding, however, in almost every case, decomposition took place
gn the titrated solutions, ilodine being liberated and the solutlons
Qﬁmoming acide Oniy the two first oxidatiom products in each
ﬁWries gave stable addition products. After separating and

frylng the chloroform solutions of the latter, the brominated
;wmducts were obtained as White'sandy powders by preciplitation with
jﬂcohol. They have not been further examined. Several series of
£M@minations Weré carried out, the results being in fair agreement.

gpw solvent would appear to have some influence on the course of

{he reaction, the brominations carried out in carbon tetrachloride

olution giving uriformly low resﬂlts-

flesults of the Bromiration of the Oxidation Productg:

.;I=duct- Empiricsal Gmse.Bromine absorbed Gms. Br. per Gram.
Formpula. per gram of Product- Mol.Product-
" Co5t4003 | 1.66 647
V. CooBzls 1.45 464
L‘: . Caose0s 1.42 | 696
oz, c_H 0 1.2 . 858
35 55 8 1.42
‘024H5806 _ 1.88 : ?
- C 5185004 1.65 - - 802
HIta. : . 841
CogH4s04 1.40 &
fva. cH O 1.46 - 487.
* 20 B2 3 '
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Rosults of the Brominaltion of the oxidation Products (Contd.)

Product. Hmpirical Gms. Bromine absorbed  Gms. Br. per fGram
Formulse. per gram of Product. Mole. Product.

V4. _oongzo 1.97 587

XA 050H48610 1.%8 897.

The approximate empirical formulae of these products would be,

‘1 assuming the general structure to be mono~-cyclic and of the type
F O Hop

j I+ CggHpgO4Bris or Cgglsz(OH)gBrigd @

IA. 024H580gBP10 or 024H52(OH)GBI‘10.

TI. CgogHqeOzBrg or CggHzg(OH)oBrg0
IIA. CgyHRQO4Brig or OCz1Hgy(0H)zBripo :

III. CgoHgeg04Brip or CgoHas (0H)zBrigo

b, ;
| ITA. © 0,Br or F29H44(OH)2Br802

20t46045 g

I Y CgoBseOsBrg . or OgoHys(OH)sBrg @

::1‘ VII . . - .
| I+ CupBgg0gBryy Or CggH, (OH),Bryq0 !
A4,

4'1? x . " RN
A CzoHgg010Br1y Or CgoHzg(OH)10Brii.
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From these results it would appear that the oxidation
products may be regarded as hydroxy compounds, at 1éast after
bromination, and therefore probably possess anbinitial hydroxy
gstructure. The oxygen cannot be present 1in ketonic or aldehydic
form, since such products would only require half as much bromine
for saturation as that actually absorbed. This also applies to
an inner oxide structure, unless rupture of the oxygen linkages
by the bromine be assumed, which is not so probable. In any case,
-the brominated oxidation products Wouid have the general structure
of highly complex cyclic bromo-hydrina. These substances would
probably be very unstable, and this is borne out by the rapid
décompositibn of most of the brominated products, bromine belng
gplit off and the reaction mixtures becoming acid. Tt is
interesting to note that while IV and IVA are almost identical
In welting point, composition and bromine saturation capacity,

V and VA are quite different in these respects, the latter being
apparently more nearly related to the parent caoutchouc. On’the
other hand TITI and IITA are of nearly the same empirical com=-
POsitidn, but differ in melting poiht and in browmine saturation
capacitye These facts seem to pbéint to the conclusion that
céoutchouc is much more complex than is expressed by the 046H64
formula, this is in agreement with the formation of a saturated

hydrocarbon ¢ in the pyrolysis(of hydro~-caoutchouc, as
7

507102 4.}
noted by Staudinger, and Pummerer and Koch. Staudinger (loc.

cit.) has gxpressed the opinion that the caoutchouc molecule 1s

very/
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vory large, contalning possibly 100 or more 1soprene nuclei, a
hydrocarbon capable of giving rise to the product 056H£62 by
simple fission being necessarily of a hlgh order of complexitye.
1f the oxidation products described above be expressed as of
the tjpe (CSHB)XOY which is approximately correct as regards
carbon and hydrogen, the lowest common multiple of the values of
% is found to be 420. This would give a total of 420 isoprense
nucleil in a caoutchouc complex, capable of giving rise to any one
of the various oxidation products by simple addition of oxygene
This, however, is purely conjecture, the nature of the oxidation
prodﬁcts being such as to render inapplicabie all ordinary criteria
of purity or chemical individuality.

Isolation of the Acid Products of Oxidation:

As already stated the acidic ﬁroducts of each separale
oxidation were collected and set asidee On completing the series
1t was found that the quantity from each stage was not sufficlent
to allow of each being worked up separately, the products of the
neutral oxidation were therefore combined, as were also those
of the alkaline oxidation. The two seriles were then separatbh&

lnvestigatod.

Acid produgte of the Neutral Oxidationss

All of these on standing depoeited crystals in varylng amounts,
these were removed from the mether liquor by filtration, washed
with ether, and geparately examined. As the residual product,

Vhich was dark red in colour, viscous and somewhat sticky,

Obviously contained & considerable proportion of resiun acids,
vhich/



Al.
which would decompose on distillation, it was decided to esterify
it. This was done by neutralislng as exactly as possible with
aqueous sodium carbonate, the resulting solution being evaporated
to dryness and the mixed sodium salts dried in vacuo. ®Esterification
waé then carried out by refluxing the sodium salts with ethyl iodide
in dry benzene solutlon for two days. The mixture was filtered
to remove sodium iodide, and was then distilled under atmosp@eric
pressure, two fractions being collected, one boiling below 600,
the other between 60° and IQOO. Fractionation of the first gave
a distillate bolling at 54°-88°, & pleasant smelling liquid which
gave formic acid on hydrolysis with alcoholic potash and acid?fi-
cation of the potassium salt. The fraction boiling between 80°
and 1ooo wés further separated by fractionation into unchanged
othyl iodide and a liquid bbiling at 750—800, smelling of ethyl
acetate and giving acetic acid on hydrolyseis, the latter being
definitely identifled by its conversion %nto acetanilide.

Distillation-was then continued at 14 mm. pressure, a fraction
boiling between 100O and 150° being obtained. Above this tempera-
ture practically nothing came ovér, decomposition of the residue
of resin esters being indicated by darkening in colour and the
appearance of traces of moisture in the distilling flaske. This
residue could not be distilled even in a high vacuum, being
evidently complex in character. To separate the resin acid or
aclds the residue was hydrolyesed with alcohollic potash, the excess
of alkall was then removed by saturating with carbon dloxilde. After
distilling off most bf the methyl alcohol the mixture was diluted
with/ “



{0.1547 gram substance gave ,0.37580 gram COo

{me empirical formula on this basis would be

to analysis.

telowness.
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with water, acidified with dilute hydrochloric acid, and filtered.

The precipitated resin acid wae washed with water, redissolved in

dilute aqueous sodium carbonate, and reprecipitated by theé addition

jof dilute hydrochloric acid. After filtration and thorough washing

fwvith hot water it was dried in vacuo, the final product being a

{dark brown brittle resin, practically insoluble in water, readily

“{soluble in aleohol, ether, and acetone, and in dllute aqueous sodium

“learbonate and bicarbonste.

‘ﬂAna1y51s of the Resin Acid.

0.0982 gram H20 .

v“ﬂns corresponds to the composition

le = BR.32 per cent ¢ H = 7.08 per cent 0 = 28.82 per cent.

046H58914’ giv:’mg a

'loomposition corresponding to

10 = 66;18'per cent ¢ H = 68.98 per cent ¢ O = 26.88 per cent.

~':Inorder to determine, if possible, the approximate molecular

?mﬂght of this product, metallic salte were prepared with a view

It was found that the silver, calcium and barium salts

}vﬂ% unsuitable, the first giving an unstable product which gquickly
_?ﬂwomposed on exposure to light, the second and third gave flocculent

E?PMﬁpitates which would not settle out and filtered with extreme

The lead salt, prepared by'adding lead acetate solution

0 & neutral solution of the ammonium salt of the resin acid, settled

?m” well and could be thoroughly washed by decantation before

e,

‘ ’ 11t el"ing »

It was washed on the filter t111 free from lead salts

Lr“m Was then dried in vacuo and analysed, the lead being determined as

:‘mnphate by evaporation with concentrated sulphuric acid. The result of

he analyeis/
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snalysis was as follows:

0.56297gram load salt gave 0.1043 gram Pbso4. Percentage of

lead = 19.63. Assuming tbe agid to be dibasic, this would

give a molecular weight of 1085-205 = 880. The molecular weight

of the acid, assuming the formula 046H580£4 would be 834, in fair
agreement. The acid was co0lloidal in charascter, undergoing marked
shrinkage on drying, in accordance with the usual behaviour of gels
on removal of solvent. o )

The fraction demcribed above, bolling at 100°-130° at 14 mm.
pressure, was Practionated under ordinaqy pressure, being’f§na11y
sebarated into two portions boillng at 1850--188o and 198°-208°
respectiveiy. The first fraction, on hydrolyseis and extraction
of the acid Wiéh ether, was found to consist of othyl oxalate,
the acid being identified by its melting point (189O for the
anhydrous acid), by analysis of its calcium salt and b# the
Preparation of oxanilide, ¥.P.255° by heating with anilines« The
erystalline product separated, as already mentioned, from the
original mixbure of acids, was also found to be oxallc acid, a
further small quantity of the acid being separated from the
filtrate after final removal of the regin gc?d described abovee.

7 The fraction of ester boiling at 1980-—2050 gave on hydrolysis,
acidification of the reaction mixture and subsequent extraction
with ether, a thick yellow syrup'whiohbdeposited crystals after
removal of solvent and cooling in ice. Theme crystals melted at
250-500 and were oxtremely soluble in water. The silver salt,

Prepared/
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prepared from the neutral ammonium salt of the acid, was a white
golid, crystallising in leaflets ffom hot water. A specimen gave
on analysis‘the following resy1t5‘0.2550 gram ealt gave 0.1243 gram
Ag. ¢ 0.2B01 gramn CO2 ¢ 00689 granm Hzo' Thi? corresponds to

the composition Ag =_48.7% per cent ¢ C = 28,78 per cent @

H= 8.02 per cent ¢ 0 = 21.49 per cente. This would give an
emplrical ?ormula 05H705Ag. Thig would require the éQmposition B
_Ag #~48-41 per cent ¢ C = 28.91 per cent ¢ H = 3.14 per cent

0 = 21.54 per cent. The acid'was therefore probably laevulinie

acid 05H805’ a product which might reasonably be expected to occur
In the oxldation products of caoutchouc.

The remainder of the acid was purified by conversion into
the silver salt; the latter, after being purified by recrystallisation
from hot water, was suspended in water and decomposed by passing in
hydrogen sulphide. After removal of silver sulphide by filtration,
the aqueous solution of the acid was concentrated by evaporation,
the residue being dried in vacuo. ¥No satisfactory melting point
could be obtained, but the acid was positively identified by
Converting it into its semicarbazone. This wasg prepared by werming
an agqueous solutlon of the sodium salt of the acid with semicarbazide
hydrochloride. The semicarbazone was almost Immediately precipltated,
end after stending for some time was £1ltered off and recrystalllsed
Beveral times from hot water. After drying on porous plate the
¢rystals were found to melt at 1850-1840, and showed no deprgsgion
of melting point when mixed with a 1ittle laevulinic acid semi-

terbazone similarly prepared. In addition the acid was found to
glve/
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give lodoform immediately, on dissolving in cold sodium
hydroxide containing ilodine, a reaction characteristic of
laevulinic acid.

The yield of laevulinic acid was very small; amounting to
about one per cent of the caoutchouc oxidised.

Acid Products of the Alkaline Oxidstions.

These were worked up in precisely the same way as those
from the neutral oxidations, the products obtained being identical,
with the exception of the resin acide The latter was proesent in
smailer amount and was apparently of more complex composition,
though eimilar in solubility.and in general appearance to the
resin acid already described. Analyeils gave the following results:

Analysis of TL.ead Salt of Resin Acigd.

0«2204 grzm substance gave 0.0511 gram PbSO4- Percentago of
lead = 18.84. Assuning the acid to be dibasic %this would give

8 molecular welght of 1307~205 = 1102.

Mnalyels of the Resln Acid.

041728 gram acid gave 0.4100 gram 002 ¢ 0.1019 gram Ho0.

This corresponds to the composition

C = 84.85 por cent : H = 8.55 per cent : 0 = 28.60 per cent.

The empirical formula would be O the composition on

0

15H18 5’

this basis being
0 =684.75 por cont : H = 8.47 per cent ¢ 0O = 28.78 per cent.
- The molecular weight of this product would be 278,which is much
too low. ) . of 4x 278 = 1112
060372020 givee a molecular welght of 4 ’
In fair agreement with that obtained from the salt of the acid.

The /
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The proportlicn of laevulinic acid formed in the alkaline
oxidations was considerably higher than that obéerved In the
neutral series, amounting to three or four per cent of the caocutchoue
used. Much less oxalic acid wae formed, only one écid extract
depoelting crystals on standing. Both resin acids were unsaturated
to dllute alkaline permanganate.

It was thought that a trace of higher fatty acid, possibly
valeric acid, was present in the original acild extracts, as
Indiceted by their odour, but none was actually isolated during
the working up.

Owing to the sﬁall amount of the oxaliec and lasvulinic acld
esters obtained during the final fractionation, 1t was found
nec o8sary to‘oombine the highest boiling volgtile'products from
both series of oxidations, the relative proportions of oxalie
and laevulinic acide present being inferred from the amounts of
ester obtained from the two series.

Conclusions.

The preceding work ﬁay be summarlsed as follows:

I. CQaoutchouc on oxldation with dilute agqueous potassium
Permanganate in neutral and in alkallne solution gives a serles of
oxygenated producte, regular in the case of the neutral oxldatlons,
Irregular in the case of the alkaline oxidations. These products
are of the same general character as those obtained by other
Workers, differing however from the air oxidatlon products 1n

being insoluble in alcohol or acetone. As has been pointed out,

this is mwainly o difference in degree, the insolubility #n alcohol

decreasing/
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decreasing with Increasing oxygen conternte The conplex etructure
of caoutchouc has been shown to persist throughout the series.

IT. Tho chenmical character of these oxidation produgts appears
from the experimental evidence to be that of hydroxy-compounds,

~ thelr inertness towards fhe usual reagents for the hydroxyl

group being ascribed either to the complex nature of the aggregate,
in accordance with the views of Harries,(z’or to the arrangement
of the hydroxyl groups themselves. On the basis of theé accepted
structure of the caocutchouc molecule, these would be pPresent as
adjacent secondary and tertiary groupings, the latter in particular
being easily dehydrated to glve a non-reactive Inner oxide
gtructure. The presence of hydroxyl groupe is further confirmed
by the proportion of oxygen vresent in the lowest members of the
oxldation series, the amount being greater in the caese of T and

IA than that avallable in the permanganate ueced. Having regard

to the simultaneous formation of acidie preoducte, though in

small quantity, containing a much higher proportion of oxygen

than the caoutchouc oxidation products, it must be concluded that
the permanganate oxidation of caoutchouc 1n dilute solutione gives,
ag final product, a poly-hydroxy compound. Wothing definite can

be said, owing to the imposeibility of ensuring chemical purity,

a8 to the chemical individuality of the oxidation products, but
‘the characteristice of the products as a whole are those of a
definite oxidation series, rather than those of a complex mixture

of oxygenated substances.

1T/
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TIT. The suggestion has been made that the complex nature of the

products is dve to the presence 1In the eaoutchouc molecule of &
mueh larger aggreogate of isoprene residues then is expressed in
“the usual formula.

TV. The acldic products of the oxidation have been shown to
consist of the two lowest members of the fatty acid series, formic
1acid and acetic acid, together with oxaiic acid and laevulinic
‘acide In addition complex resin acids, colloidal in character

and of high molecular weight, have been isolated from both series

| of oxidations.




PART TIT,

The preliminmary work of Spence and Galletly on this
reaction has already been wentioued, In viev of the results
obtained it seemed desirable to investigate more closely the
nature of the products formed, both with regard to their
bearing on the constitution of caoutchouc; and on the mechanism
of the Etard reaction, The general procedure was that ecmployed
by Spence and Galletly , carbon tetrachloride, however, being
uséd throughout as solveat in place of carbon disulphide,
Preliminary trials showed this change of solvents to be desirable,
the stabllity of carbon tetrachloride towards chromyl chloride
In the absance of moisture being at lesast equal to that of
carbon disulphide, The inflammabllity of the latter, in
view of the very dilute solutions used and thie large bulk of
the reaction mixtures, made the use 0f another solveat almost
necessary,

The caoutchouc used througnout was pale plantation crépe,
deresinised by extraction for 10 hours with acetone, The
material was dissolved in carefully dried carbon tetrachloride and

filtered through glass wool to remove insoluble matter, the
resulting solutilon being concentrated to gilve as nearly as
Possible a caoutchouc content of 2 per cent, Freshly distilled
chromyl chloride, in the proportion of 2,28 grams for each gram of

Caoutchoue to be treated, was similarly dissolved in dry

carbon/



carbon tetrachloride to give a b per ceat, solution, The

welght of caoutchouc used in carrying out an oxldation was
| usually R5 grams, this being as much as could convenliently be
dealt with ia the later stages of extraction, The chromyl
chloride solution was carefully added iua successive small
amounts to the caoutciiouc solution, the nixture being well
Shaken'after cach additibn to ensure complete reaction,
The caoutchoue chromyl chloride compound separated jmmediately
as a dark browvn amorphous powder, the viscoglty of the
sblution steadily diminishing with each additidn of chromyl
chloride, the final mixture being as fluid as the solvent
used; As noted by Speace and Galletly, very 1little heat
was evolved during the reaction, external cooling being
unnecessary, The quantit,; of chrowmyl cnloride required to
complete the reaction was found to be as nearly as posslble
that corresponding to the formation of an addition product of
the type,CIOH16.20r02012, the reaction with caoutchoue
being thus normal, no secoudary reactions taking place, To
énsure complete formation of the chromyl chloride compound, a
Pew drops.in excess of the theoretical amount 6f chromyl
chloride were added and the reaction mixture was allowed to
settle, the reaction was taken to be complete when the
Supernatant 1liquid remainéd slightly red in colour,

after cowpletion of the reaction the insoluble chromyl

chloride=~caoutchouc compound was separated from the solvent by

filtering/



filtering as rapidly as possible, the dark brown amorphous residuse
belng washed on fhé filter with dry carbon tetrachloride till free
from traces of chromyl chloride,and finally drained, Analysis of
gamples carsfully dried in vacuo and ignited showed the composition
to agres satisfactorily with that indicated above, further verifying
the results of Spence and Galletley, When free from solvent
the caoutchouce chromyl chloride compound is a light brown
amorphous solid, insoluble 1n organic solvents not containing
hydroxyl groups, slowly deoomposed by;moisttrrE‘ahd immediately
decomposed by water,

The éhromyl chloride compound was decomposed by adding it
In swall quantities to & large volume of ice«éold water, the
mixture being vigorously shaken after sach addition, Very
little rise iua tewmperature took place, the coizpound rapidly
dissolving to give é pale green'opalescent solution, When the
whole of the chirowyl chloride compound had been added the
mixture was =2llowed to stand for some hours, the green colour
becoming steadily darker, while a flocculent greenish white
301id separated, To prevemt oxidation of the decomposition
products by liberated chromic acid a sm2ll quantity of sédium
sulphite was added, thig apparsntly had some effect in hastening
the decomposition, When the latter appeared to be complete the
mixture was. thoroughl, cxtracted with chloroform, EZther and
carbon tetracnloride wers tried as extraction media but were
found to ve unsatisfactory, the flocculent solid floating in

the/



the former and rendering separation almost impossible, while
the decomposition products proved to be very much less
soluble in the latter than in chlorofori, The process of
extract lon proved to be very tedious, the chloroform being
absorbed by the colloidal decomposition products and requiring
several hours to settle in spite of its density, The soluble
portion of the decqmposition.produots was finally obtained as
a dark brovn brittls resin by distillation of the dried
chloroform extracts and evaroration of ths residue, As also
found by Spence and Galletl,, steam distillation of the deoompositidn
mixture gavé no volatile products,

To easure complete deconposition of the chrowyl caloride
eompound, the reaction mixture was refluxed on the water bath
for several hours after completion of the preliminary extraction,
Further extraction with chloroform gave & further amsll yield
of the dark brovn resin mentioned aboVe, When extraction was
complete the aqueous liquor, containing 2 considerable proportion
of c¢hloroform insoluble matter, was heated to expel the solvent
and was then filtered while hot, The residue, vhich was
bPals greenich brown in colour, was washed Pree from'chromium
salts with hot water and was then dried, After boiling with
al colio 1 to remove traces of resin it was finally obtained as a
light greenich brown, very finely divided powder, ‘insoluble in

vater and in all neutral organic solvents,
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from the Decomposition of tha Chromvl Chloride Compound,

This was obtained in a convenlent form by evaporating a2 chloro-
form solution in vacuo znd powdering the residue, the final product
being a dark brown resin with a c¢rystalline fracture, insoluble
in water and in dilﬁte nlkalies; readily soluble in alcohol
and acetone, somewiat less so in etner, leaving practically
no residue, It has alréady been desecribed by Spence and
Galletly, who found i t to be aldehydic in properties, aad this
hag been verified, n alcoholic extract of the resin was
found to decolourise dilute acld permanganate solution, restore
the colour to Schiff's reagent, reduce Fehling's solution and
ammonlacal silver owlde solution, and was also found to develop
an intense yellow colour when heated with dilute caustie soda,
From the alcoholic extréot Spence and Galletly obtalned a szall
quantity of a cryvstalline phenylhydrazone, melting at about 920.
Attempts to repeat this, by treatment of an aleoholic extract
of the resin with phenylhjydrazine acetate in acetic acid
solution, have not been successful, this, howsver, will be
referred to later,

Attempts to prepare a semlcarbazone of the resin aldehyde
vere more successful, These were carried out by adding to an
aJ-00holj.c sclution of the resin a conceatrated aqueous solution
of semicarbazide hydrochloride and sodium acetate, turbidity
belag cleared by the addition of a 1little alcohol, The

mixture was allowed to stand for a fortnight and was then
fract lonal 13]/ .



i fractionally precipitated with water, The precipitated
semicarbazone was filtersd off and dried, and was then purified
by making & saturated solution in hot alechol, cooling, and
filtering off thes precipitate, This was repeated until no
change in the colour of the precipitate could be observed,

The final product was a pale yellow very finely divided amorphous
powder, readily soluble in alcohol, acetone, or ethyl acetats,
insoluble in chloroform or carbon disulphide, It was obviously
resinous in character, giving dark red solutions in aleohol and

acetone and had no definite melting point, darkening in colour

vhen heated and decomposing completely above z00° to give a

" black 1iquid,

0,1845 gram substance gave 11,4 ccs, moist w, at 16°C and 750
Im, presgsure,

This gives a nitrogen percentage of 8,5

The ugual nethod of separation of aldehydes by means of
sodium bisulphite proved to be of little use in purifying the
resin aldehyde, An alceohol=ether solutlon of the resin was
treated with a saturated aqueous solution of freshly prepared

sodium bisulphite, the mixture being shaken at intervals and

8llowed to remain for several weeks, The crystalline precipitate

¥as removed by filtration, washed with aleohol and ether, and
decompo sed with dilute sodium carbonate, The mixture was

thoroughly extracted with ether, a small quantity of a sticky
yellow/ |



yellow syrup heing obtained on evaporation of the solvent, A
fresh quantity of bisulphlte solution was added to the original

" solution of the aldehyde, and the precipitated crystals were
separated,vashed and decomposed as before, Several repetitions
of this process geve as final product a small quantity of a white

E floc culent solid, possessing the characteristics of aan aldehydse,

but insufficient iln awount to allow of characterisation, On

i-prolonged standing in contact with the bisulphite the colour of
‘.the solution despened to a dark red, asnd on evaporation of the
mixture a very dsep red solution was obta,ined; which on acidifi-
catlon with dilute hydrochloric acid gave a yellowish brown
flocculent precirvitate of a resin acid, This would indicate

that the resin aldehyde had undergone oxidation, probably through
absorption of atmospheric oxygen. '

In order to characterise 'mor:e completely the resin aldehyde,
oxidation with dilute nitric acid was resorted to, The
aldehyde was heated on the water bath with five per cent nitric
a.eid, the operation being continued until a product completely
soluble in dilute sodium carbounate was obtained, .During the
heating the colour of the solid slowly changed from dark brown
t0 a much lighter colour, a small quantity of chromium salts
Passing into solution., The reaction would appear to give an
almo st quantitative yleld of acid; with the exceptlon of the
chromium sbalt, which coloured the aqueous liquor dark red, and

¥as only very slowly precipitated by sodium hydroxide or ammonia,

10 appreciable amount of soluble product was obtained, On
tomplet jon,/



- completion of the reaction the resin acid was filltered off,

washed with hot water, and dried, It was purified by disso]ving
it in dilute aqueous sodium carbomate, filteriug to remove traces
of insoluble natter, and reprecipitating by the addit ion of

diluts hydrochloric aclid, It was flltered off, redissolved in

sodium carbonate, rseprecipitated by the addition of acid, and

- was finally filtered and washed on the filter with hot water

?till free from sodium salts, When moist it was a light brown

? gelatinous solid, obviously colloidal in character, shrinklng on

. drying in vacuo to a dark brown brittle resin, This resin was

| insoluble in water, soluble in alcohol and acetone, and dissolved
immediately in sodium carbonate and bicarbonate solutions and in
ammonium hydrate, the solutions being dark red in colour,

With a view to obtéining some idea of the molecular complexity
of this acid, one of its metalllc salts was prepared, For the
reasons given iun conmnection with the preceding work on the resin
aclds from the permaaganate oxidations, the lead salt was selected,
This was prepared by adding lead acetate solution to a neutral
Solution of the ammonium salt of the acid, the precipitated
lead salt being washed by decantation, and finally on the filter,
t111 free from soluble lead salts, After drying In vacuo it
was obtained as a dark browvn resin, practically insoluble in the
usual organic solvents, Owing to the presence of traces of
chromlum in the resin acid, which would have vitiated the usual
lLethod of eétimating lead by evaporation with sulphuric acid,
the organic matter in the samples analysed was destroyed by

heat ing/



9

heating with nitric acid, - After evaporation of excess of nitriec

aeid the residue was dissolved in water, mixed with an equal

- volwne of alcohol, and the lead was preclpitated with sulphuric

iacid, belng finally weighed as sulphate,

; cad Salt e Ac

0.2810 gram substance gave  0,0855 gram.PbSO4 Lead =R0,79 per

cent,

Assuming, as in previous cases, the acid to be dibasic, this would
give a minimum molecular welght of 996 = 205 = 791 for a dibasic
acid,

‘ 0 es Acid,

0.1726 gram substance gave 00,3848 gram COZ: 0,1167 gram H_O:

2
0:0018 gram Cr,0_ (residus),

g 3
This would give Carbon = 61,1 per cent: Hydrogen = 7,5 per cent:
| Oxygen 30,3 per centy Residue 1,1 per cent, '
The chromium percentage is too low to allow of chromium being a
Possible constituent of tne acid, and it may therefore be
régarded as an adsorption, The results calculated on this
basis would give ‘
Carbon = 61,72 per cent: Hydrogen = 7,67 per cent,
Oxygen = 30,61 per cent, This would correspond to an
empirical formula 08 Hizog, The coﬁposition of this would be
Carbon = 61,55 per cent: Hydrogen = 7,69 per centg

Oxygen 30,76 per cent,

n

The molecular welght would be 156, 2 value much too low in view of

the properties of the acid, The formula Cyo He 0 WOULd give
a/
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a wolecular weight of 156 X 5 = 780, in fair agrsement with
the value 791 for tac lead salt, or, allowing for the chromiun
residue, 778,
}-‘ O s'| - ) v 3 ‘ 2 -
The acid Cédkso ” hould in turn be @erived from a di

aldehyde of the composition represented by C The

406 “15°
di-semicarbazone of this aldehyde should have a nitrogen content

of 8,6 per cent, That actﬁa]ly found by experiment, as previously
étated, was 8,5 per cent,

The resin acid was unsgaturated to dilute aqueous alkaline
permanganate, in addition the deep red colour of its sodium and
ammonium salts in solutiown might possibly indicate the presence
of hydroxyl groups.. It had no definite melting poiut,
blackening when izeated above 2000 and remaining solid at 240°,

It was thought tnat esterification of the wcid might yield methyl
esters which could be distilled under rsduced pressure, thus
affording a measns of purification, The sgdium salt of the
resin acid was therefore prepared by adding a slight excess of
the acid to a solution of sodiuﬁ carbonate, filtering, and
evaporating to dryness, the residue of sodium salt Eeing dried

in vacuo,, Esterification apparently took place readlly, the

[benzene solution soon becoming coloured, When the reaction

Wwas considered to be complete, the benzene was distilled off,

the last traces belng reuwoved 1ln vacuo, The residue was

then extracted with hot aleohol, until practically colourless,

Bvaporation of the alecohol left a dark red brittle resin,

evidently of complex nature, much more eazsily soluble in aleohol

@1@ | doifleating oo the carrad ok by refluaiing the ardlisme. nolls wibh e reqpisi. ammat
oAbl onlibats., caleulabid oo B bnais of Yo ot vt oo b Buing s 02 o]
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and e€thyl ccetate than the original acid, It decomposed
on heating and could not bhe distilled without breaking down,
A very sivilar product ﬁasvobtained by the Flscher Speier estere
ification method, a suspension of the sodium salt of the acid
in absolute methy]'alcohol being refluxed on the water bath
while a glow gtream of hdrochloric acid gas was passed through

the reaction mixture,

idue T

This was finally obtalined, as already deseribed, as a
light greenish browa powder, ilunsoluble in all neutral organic
solvents, On prolonged heating in glaciél acetic aéid or
aphydrous formic acid, it passed completely into solutlon,
It dissolved fairly readily in dillute sodium hydrate on heating,
giving a very deep red solution, the same result being
obtained, but much more slowly, with sodium carbonate solution,
The insoluble residue, on analysis, was found to contain
both chromiwa and chlorine in approximately the same proportions,
the values being about 1% per cent,; higher than those found by
Spencg and Galletly,
dnalysig of Insoluble Residue,
Chlorine: 00,5280 gram substance gave 0,1276 gram,AgCl,
. Chlorine = 5,98 per ct,
Chromium: 0,5360 zram " " 00,0504 gram,Cr_O
. C.hromi&m5= 6 . 46 " "
0,1658 gram substance gave 0,3065 gram 0021 0,1073 gram.HZO;
0,017¢ gram residus (Cr.0.).

R 3
This Corresponds to Carbon = 50,42 per cent: Hydrogen = 7,19 per cent

Residue = 10,49 per cenﬁ.
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The complete composition is C = 50.,48%: H = 7,19%: O = 29,95%:
Cr = 6.40%: Cl = 5,98%,

. No empiriecal formula of reasouable slze can be calculated on
this basis, it is therefore advisable to regard‘this substance
as a colloidal adsorption product, the constaney of the
chlorine and chromium content, as noted by Spence and Galletly,
being dus to the constancy of thie conditions ﬁnder whiech
the whole reaction was carried out with different samples of
caoutchoue, As will be shown latsr, 1t is not a necessary
product of ths decomposition of the caoutchoue chromyl chloride
compoudd; it 1s perhaps best considered as representing an
intermediate stage in the action,

As stated szbove, the insoluble residue was found to
dissolve completely in glaclal acetic &cid on heating, a pale
green opzlescent solution, reminiscent of ths originai agueous
solution of the chromyl chloride compound, being obtained,
Heating was contiuued until a snall quantity of the reaction
mixture, on dilution with water, gave no trace of green residue,
The mixture was then cooled and largely diluted with water, a
brown resinous solid being precipitated, and the chromium remsain-
ing in the aqueous ligquor, The resin was filltered off, washed
with hot water, and dried, It was finally obtained as a
dark brown powder, almost completel; soluble in chloroform,
largely so in alcohol, The alcoholic extract gave similar

aldehyde reactions to tire chloroform soluble resin obtained

in/



jin the first part of the oxidation, end already described, A
semicarbazone was thsrefore prepared exactly as in the first
~case, This was separated by fractioual precipitation with
water, aund was purified as fur as possible by repeated

preclplitation from a hot concentrated alcoholic solution,

o)
0,1664 gram substance gave 10,4 ccs, molst N2 at 16 ¢ and

751 mmn,press, Nitrogen = 7.2 per cent, The aldehyde
semicarbazone was a pals yellow finely divided rowder, very
readily soluble in alcohol and acetone, insoluble in chloroform
or carbon disulphide, It showed no definite melting point,
darkening in colour when heated, and decomposing to a black
liguid above 3009, It was evidentl, resinous in character,
o tha. adehuygls resian

The correspondiag acld was prepared as already described,
by heating with five per cent, nitric acid, the final product
being purified by precipitation of the sodium salt with dilute
hydrochloric acid, - It was finally isolated as a dark brown
resin, soluble in alcohol and acetone, and dissolving readily in
dilute agqueous sodium carbonate and bicarbonate, and in ammonium
hydrate, to give deep-red solutions, From these the acid was
Precipitated by the addition of dilute mineral acid as a
light brown flocculent solid, shrinking considerably on drying
and evidently colloiddl in character, It had no definite

melting point, decomposing at about 210° to a black liquid,
Analysig/
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0.1774 gramn substance gave 0,40L2 granm 002: 0e1143 gram

HgO: 0,0029 gram residue (Crzog + The chromium in this
case also is too swall in awount to be regarded as &
constituent of the acid, Treating it as an adsofption, these
figures would give the composition

Carbon = 62,67 per cent: Hydrogen = 7,27 per cent:

Oxygen = 30,06 per cent,
The empiricallformula corresponding to this would be 028H58010‘
On this basis the composition should be
Carbon z 6R.92 per cent: Hydrogen = 7,1R per ceat: Oxygen = 29,96%,
The lead salt of the acld was prepared and purified as far as
possible by the method alrecady gilven, It was very similar
in general appearance to the lead salt of the aldehyde resin

acid,

0,2849 gram substance gave 0,0673 gram PbSO4.

Lead = 16413 per cent,

hAssuming the aecid to be dibasic this would give a molecular
welght of 1284~205 = 1079, or if the chromium residue in the
acid be allowed for, 1058,

The composition C vould give an cuwpirical formula welght

n, O
26875610
of 534, Doubling this formula would give CggH O , corresponding

~

to a molecular weight of 1068, in fair agreement with the
Value obtained from the lead salt and with the general properties
of the acid,

| The/
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The acid should be derived from a diw-aldehyde, C56H76018’
-the diesemicarbamone of which would have a nitrogen content of
7.5 per cent, That found experimentally, as stated above
was 7,2 per cent, | '

This acid, 1like the acid from the original resin aldehyde,
was unsaturated towards dilute alkaline pernanganate,

fron o _Tnsoluble Regidue,

The pale green insoluble residue from the decomposition
of the ciromyl chloride compound was found, as previously
mentioned, to dissolve falrly readily in hot dilute sodium
hydrate, the swzie action taking plsce, but more slowly, with
sodium carbonate solution, Tie latter was used in preference
to the former as being less likely to cause any drastic chemical
chénge. After prolonged heating on the water bath, the
sodium carbonate solution being perlodically changed, practically
the whole of the organic matter paséed into solutilon, leaviné~a
residue of chromium hydroxide, The alkaline extracts, which
were deep red in colour, were aclidified with dilute hydrochloric
acid, A 1light brown flocculent precipitate separated, which
was removed by riltration and purified by suceessive solution
in sodium carbonate and reprecipitation with dilute hydrochlorie
acld, After washing with hot water till free from sodium salts‘
the acid was dried in vacuo, undergoing shrinkage to & dark
brown brittle'resin, very similar in appearance and solubilities

to the two resin acids previously described, Like theum it

was unsaturated to dilute aqueous alkaline permanganate,

Analysis,/'
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Apalysis of Acid from Insoluble Residuge,

0,1771 granm substance gave 0,3977 gram €O,: 0,1320 gram
B,0: 0,0035 gram residue (CryQ ). Treating the residue
of chromium oxide as an adsorption, as in.the previous cases,
this would give the composition Carbon = 62,48 per cent:

Hvdrogen = 8,45 per cent: Oxygen = 29,07 per cent,

The empirical formula corresponding to thls would be 044HT3015’
the composition on this basis should be  Carbon = 63,01 per
cent: Hydbogen = 8435 per cent: Oxygen = 28,64 per cent,

.The lead salt of the acid was prepared and purlfied as already
described, it was very similar in appearance to the corresponding
galts of the two preceding aclds,

Analysis of Liead Salt,

0,2912 gram substance gave 00,0838 gram PbSO4. Lead = 19,65%
Assuming the acld to be dibasie, this would give a molecular
welght of 1054=205 = 849, or if the chromium residue in the
acld be allowed for, 828, The formula given above, C44H70015’
would give a molecular weight of 838, in good agreement,

This acid was of the same complex character as thosge already
described, mélting with decomposition above 240°C,  Attempts
wvere made to effect purification tiarough its methygl ester,
dlternative methodsof preparation being tried for this, The
sodium salt of the acid when heated with dimethyl sulphate in
dry benzene gave as final product a dark=red resin, very soluble

in alcohol, acetone and acetic ester, This resin decomposed on
heatingvf 4
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heating and was as intractable as the originél acid,'
Esterification of the acid itself by the Fischer Speler method
gave a very similar product,

The relationships existing between the three acids described
are completel; obsocure, In the absence of any satisfactory
means of determining tire actual molacular weights of these
products, no indication of the degree of molecular complexity
can be obtained, IT the formmlae be written so as to give the
same number of oxygen atoms in each, they become, in the order
in which the acids are described, C40H60015’ C4éﬂ58015, 044570015.
The acid obtained by treatment of the insoluble residue with
sodiﬁm carvonate thus contains the highest proportion of hydrogeﬁ,
the lower hydrogen content of the other two being posgsibly due
to the oxidising effect of the dilute nitric acid used in thelr
Preparation, The first two are of nearly the sam= empirical
composition, but differ considerably in the proportion of lead
pregsent in thelr lead salts, If the first aclid is regarded as
dlbasic, the secoud wmay be regarded as tribasiec, the acids
otherwlse being very similar,

. It is possible that the insoluble residue frou the
decomposition of the caoutchouc chromyl chloride compound
represents an intermediate stage in the decomposition, but its
Complexity, as shown by the fact that Bhe smallest empirical

o C1,

H Cr
101171 45 "3 "4
would indlcate that it is merely ah adsorption product of the

formula representing its composition is C

@ldehyde resin itself. Tts solubility in acetic and formic
&01d§/
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acids, with formation of an aldehyde resin, may simply be due to
disaggregation, these acids haviang been shown by Harries to effaect
"peptization" of complex organie colloids, The solution of the
insoluble residue‘in sodium carbonate may simllarly be due to

~slow oxldation of the resin aldehyde by absorption of atmosphere
oxygen, the acid so formed passing ilnto its sodiuw salt in
presence of the alkall, In any casse the results of the chromyl
chloride oxidation of caoutcooue indicate that the hydrocarbon is
of very complex structure and high molecular weight, tihe aldehyde
'resin and insoluble residue counstituting practically the entire
yield of decomposition rroduct, and occurring in approximately
squal quantities when ﬁhe reaction is carried out in the usual
manner,

16 g s Oxidation,

The occurrence of laevulinic acid as a normal product of the per=
manganate oxidation of caoutchouc made it very probable that it
would be present among the decomposition products of the chromyl
chloride oxidation, Tihis idea was supported by the fact that
Spence and Galletly isolated from the chloroform extracts of
the oxidation products a substance, giving a phenylhydrazone which
melted about 92° and was corystalline, Laevulinic aldehyde
Phenylhydrazone is an oil,'.and ¢annot  be induced directly
to erystallisé, but the phenylhydrazone of laevulinic acid 1is

OFYStélline and melts at 1080.

After complete extraction of the resin aldehyde and removal

oﬁ/
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df the insoluble residue by filtration, the agqueous liquor
from the decomposition of the chromyl chlorlde compound was
satufated with sait and extracted with ether, A small amount
-of a sticky yellow syrup was obtained on removal of the solvent,
a drop of this substance gave a very distinet pyrrole reaction
after heating with alcoholic awmonium acetéte. This would
point to the presence of lasvulluic azldeh;de in the aqusous
residue, extraction being rendsred difficult by the large
bulk of tus latter and the solubility of the aldehyde iu water,
In order to rewmove any laevulinic aldehyde or acid extracted
by the chloroform sloung with the aldehyde resin, the latter
was washed with a little ether, the washings heing added to
the ether extract from the agqueous rssidue,

The yellow syrup obtained by evaporation of the ether
extracts was dissolved in alcohol, a strong aqueous sodution of
semlicarbazide hydrochloride and sodium acetate was added, and
‘the wmixture was allowed to stand for a fortnight, The mixture
was then evaporated to dryness in vacuo and washed with small
Portions of absolute alcohol, These extracts on evaporation
gaﬁé.a sticky residue from whieh nothing crystalline could be
.SeParated, the presence of the vefy soluble resin semilcarbazone
making purification almost impossible,

In order to protect the laevulinic aldehyde, if formed, from
oxidation by traces of chromic acid set free during the

decomposition of the caoutchouc chromyl chloride éompound,

the/
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the latter operation was carried out in one case ueing water saturated
with sulphur dioxide. Decomposition of the chromyl chloride compound
took place very rapidly and completely, the sole product being the
aldehyde resin, no tréce of ineoluble residue ﬁeing formed. This
would,definitely point to the lastter as being actually an inter-
mediate product of decomposition, possibly formed by union of two
or more moleculee of partly decomposad chromyl chloride compound.
fhe final result would be & product of more complex character than
the aldehyde resin, but capable of decomposition to a similar
substance. “This is borne out by 1té behaviour towards sodium
cerbonate and glacial acetic acid, as already desoribed- The insoluble
residue, bnce formed, 1s perfectly stable towards sulphurous acid,
it is thus probable that the action of the latter is to prevent
intremolecular polymerisation during the decomposition. This method
of decomposition was not generally used, extraction of the resinovs
products being rendered extremely difficult by the absence of the
insoluble residue, Which served to distribute them more completely
through the agueous liquor, and thus reduced thelr extreme stickiness
In presence of the solvent used for extraction.

After complete romoval of the resins by extraction with chloro-
form, the aqueous residue was heated to expel the remainder of the
solvent. Tt Waé#hen cooled, saturated with salt, and extracted with
eﬂher- The ethereal extracts on evaporation yielded a small amount
of & yellow syrup, a drop of which gave & very deflnite pyrrole

reaction after heating with alcohollc ammonium acetate. This syrup
was /
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éwas dissolved in B0 per cent acetic acid and treated with an
faqueous solution of phenylhydrazine acetate, the mixture being

{warmed and allowed to stand. ¥o crystale separated and, even

;attar evaporation to dryness in vacuo and extraction of the residue

}with alcohol, no crystalline product could be isolated. The alcoholic
?thracts, however, after evaporation to dryness and treatment with
;diluﬁe hydrochloric acid, gave a small quantity of a product'which
?crystallised from alcohol in pale yellow leaflets and mglted'at/
fﬁ95°-1960~ Tt would thus appear to be l=phenyl=Z-methyl-dihydro-
pyridazine, the most characteristic derivative of laevulinic

aldehyde. The chromyl chloride oxidation of caoutchouc would
therefore appear to give rise to a small améunt of laevulinic

aldehyde, this being oxidised to laevulinic acid under the ordinary
conditions of the reaction.

Comclusiong.

e )

I. The oxidation of caoutchouc with chromyl chloride gives rise
to two main products, a resin with aldehydic propertles, oxidisable

to a corresponding acid, and a complex insoluble product containing
both chromium and chlorine.

- II. The insoluble product undergoes decomposition on heating with

glacial acetic acdid, chromium and chlorine being eliminated and a
resin of aldehyde proverties being formed. This resin aldehyde is
elso oxidisable to a closelj related resin acid.

" IIT. The insoluble product 1s also decomposed on prolonged heating
* ¥ith aqueous sodium carbdnate,,a resin acid being formed with the
limination of chromium and chlorine.

IV+ The insoluble residue does not appear when the caoutchouc chromyl

chloride/
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ehloride compound is decomposed by sulphurous acide This has been
oxplained by assuming that the insoluble product arises through
polymerisation of the chromyl chloride compound during decompositione.
V. The probable presence of laevulinic aldehyde as a decomposition
product has been shown. The relationships between the varilous
producte and the caoutchouc hydrocarbon are so far completely

obscure, the impossibility of ascertalning the purity or otherwlse

of the oxidation products making conjJecture useless.
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