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PART I. -  Historieal
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A, Caoutchoue
L L

| In nature rubber occurs as a comstituent of the latex
5' of eer‘&ain trees of tropical or sub-tropical origin, ‘i:he
{moest dmportant source being the Hevea brasi&liensis, a
nember of the botanical family Euphorbiaceae and a native
of the Amazon valley., Iatex is a white watery emulsion,

econtained in specialised microscopic tubes which are

present in the cortex layer of the tree, a fact which shows
that the latex is gquite distinct from the thee sap which
moves through the camblum and not the cortex layer, TWhile
the latex is to be found in all parts of the tree, only

that contained in the trunk is utilised for commercial
 Ppurposes, It is obtained by making a series of incisions
 in the bark and it exudes slowly from these to be collected
in conveniently placed receptacles,

Rubber latex consists essentially of an emulsion of
rubber in water, It contains however,in addition,

other substances such as proteins, resin, sugars and inorganic
“&terials , and the presence of protein is of especial
lmportance because it acts as a protective colloid and prevents

the coalescence of the rubber globules. Thus, the coagule
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ation of latex to give crude rvbber depends on the removal
of the protective f£ilm of protein and the neutralisation

{of the electric charges of “bhe colloid particles. This
result is achieved by heating the latex or by adding small
lquantities of coagulating agents such as mineral and organic
~jaclds and more especially acetic acid when a tough elastic

. pasas of crude ribber is obtained.

oJation of the Rubbexr Hydrocarben.

Crude rubber, obtained by the coagulation of latex,

| contains, in addition to the hydrocarbon from which it

| veceives its characteristic propertles, resins, proteins,

& gmall amownt of sugars and some incrganic matter., Most

| of the carbohydrates are removed during the preliminary

| washing of the coagulated mass. Resins ave removed by
acetone extraction of the crepe, or product after passing
the cxude rubber through corrugsted rollers revolving at
wequal speeds, and the hydrecarbon obtained by dissolving
the deresinised rubber in benzene,decanting. the solution’

| trom insoluble material and precipitating the hy#rocarbon

by means of alcohol. The operation of dissolving in benuzene
| and reprecipitating with alcohol is repeated several times,

| Harrieg (1) obtained by this method a fairly pure product
vhich gave results of analyses agreeing quite well with the
Smpirical formula CgHg

Pummerer and Burkhard{(2) have shown that the hydrocarbon
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{8%i11 contains small ammmts a;f‘pr_bt‘ein and sugars and

{& superior product, but still mot always free ffram nitrogen ,
|hag haezi cbtained by Pummerer and Koch(3) by freié‘éieﬁal
Iprecipitation of a petroleun ether solution in acetone.
|Caspari{4) has obtained a very pure product by allowing the
acetone-extracted rubber to sband in petroleum~ether or
{other similar solvent whereby the hydrocarbon diffuses slowly
through the network of insoluble substances. |

Pummerer and Pahl(5) have evolved a method for the

" purification of the rubber hydrocarbon by the direct use

| of preserved latex., The protein present is hydrolysed

| by treatment of the latex with sodium hydroxide solution
after which creaming takes place when the mixture is

8llowed to stand., The lower alkaline layer is rémoved

| 88 the process repeated several times, The alkali

1 remaining in the cream is removed by washing and by dialysis ,
| BHe hydrocarbon is coagulated by addition of acetic acid |
| 8nd any remaining resins extracted with acetone before

drying in a high vacwm. Analysis of the product obtained

| ¥ this method agrees very closely with 05Hé.

cal Properties of Caoutchouc.

gk

Gaoubtchoue, the pure rubber hydrocarbonsris tough and
8lastic; p. yellow and opague at the ordinary temperature
b ¥ransparent above 209, insoluble in alcohol and acetone
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|and soluble, after a preliminary swelling, in benzens,
| ahl&rafcrm, carbon tetrachloride, carbon diaulphidé and
gimilar solvents giving colloidal solutions. A% 174°
the specific gravity of caoutchoue is 0,920, | |

It has long been recognised that caoutehoua’eentained
two widely different cons‘bi‘buem:é, and these can be
separated by treatment of Pummerer and Pahl's product
with absolute ether, In addition to the ether soluble
eonstituent called "sol-rubber" or alpha-rubbei", a
difficultly soluble constituent is obtained and is named
"gelwrubber® or beta~-rubber. These two constituents
are interconvertable; the gel-rubber becoming completely
seluble in ekher after thorough mastication, or breaking
down on rollers, in an atmosphere of carbon dioxide
while small amimts of gel-rubber, insoluble in ether,
are obtained on evaporating an ether éolu:bimi of sol=-
rubber. These observations seem to be eviden;ie in
favour ef the view that rubber is a colloid system in
which the disperse and continuous phases are modifications
of the same hydrocarbon, differing only in their states
of molscular complexity: Whitby(6) and Harries(7)
tensidered the conversions mentioned above to bg: due to
disaggregation and aggregatian respectively; sol-rubber
being ci.isaggregated gel-rubber, and gel-rubber being
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- |sgeregated sol-rubber. Other workers thought that the
. {two bodies were isomeric modifications of rubber, differing
.7 mﬁw mode of arrangement of carbon and hydrogen atoms , |
|a view which was unsupported by experimental evidence.
During a progressive purification of the hydrocarbon
| by fractional precipitation Pummerer and Koch(3) isolated
erystals, giving en ultimate analysis corresponding with
(’3558:):(. They exhibited very little elasticity and were
| wagh more easily oxidised in the air than ordinary none
| erystalline material, When heated to 60° they became
tramsparent and plastic and at 92° they melted completely.
When examined crystallographically three crystalling types
in six differéﬁt formations were shown to be present. As
these did not appear to be modifications of the same
- subsiances, they were aseribed to the presence of several
chemically different substances.

No satvisfactory determination of the molecular weight
of caoutchous has been made, on accownt of its nature
as a ¢eolloid, HResults obtained by the cryoscopic method
vary greatly, some as high as 8,000-~9,000 having beemn
Tecorded, Hinrichsen and Kindscher(8) measured the |
depression of the freezing-point in a benzene dolution
of caoutcho@me and resin, evaporated the solvent and weighed

Yhe residue, They then extracted the resin by means of
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acetone and, after re-weighing, determined its molecular
| weight. They calculated the molecular weight of
| cacutchouc by difference and obtained the figure 5173,
zliﬁmmarer, Fielsen, and Glndel(9) have used campher as
é solvent and obtained results of 1100 and 1800 employing
concentrations of 1:4 and 1310, Using menthol they
‘obtained values of 1200-1600 at a concentration of 1:50
and 520 to 620 at a concentration of 1:100., Frém these
results it would appear as if dilution hadAcaused exténéive
éébélymerisationc These lower values were obtained with
pre&ubﬁs, purified in various ways, and with both sol-
and gel-rubber. |

Within recent years the study of caoutchouc by means
af‘X«ré&s {(10) (11} €l2) (13) has received & good deal
of attention, The diagram obtained with raw rubber is
typical of an amorphous substance but, when it is stretched
beyond 72% elongation, definite interference spots eppear
and these increase in intensity as the stretching is
iﬁereased; showing a continual appearance of crystal
grains, Whén the tension is released, the amorphous
dlagram is obtained again.
re wets of the Destructive pistillatién of Caoutchouc,

Phe .earliest researches on caoutchouc were investigations
o8 the products obtained from it by destructive distillation,
A3 early as 1833 Barnard{l4}; by the thermal decomposition
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of caoutchouc at 318°C., obtained an oily distillate
| which he termed cmowtchoucine, Whea‘rectifieé,f%his
iiguiﬂ gave fractions of varying sgecific.graviﬁyg'the
lightestrdf which was .670. The following year Beale
aadrgﬁdérby(lﬁ) recorded a yield of 83%%, of an oil

of specific gravity, 640 boiling below 38%°C. The oil

. | caputchoucine was analysed by Duwas who found it was

somposed of carbon and hydrogen in the ratio C 88% H 125 .
| Kimky(lﬁ), in 1835, obtained a 75% yield of an oil, from
which he separated a portion of boiling=point 56-989%
and this gavé, on fractionation a volatile oil of specifie
gravity .654 and boiling-point 33-44°C, termed by him
*Paradayin®. Another fraction described by Himly gave
& transparent oil of specific gravity .84823, boiling
at l?l?.S'which he called “caauﬁchine“. From vapour
density measwrements and ultimate analysis he assigned
%0 it the formula Cy,H;.. In 1836, Gregory(17)
obtained a highly rectified oil of sp. gr. ,670 and b,p.
355«56, which gave, on treatment with sulphuric acid, an
0il of b.p, 220° having the same comyasitian as oil of
tarpentine. |

| Bouchardat (18), in 1837, made & more complete |
inVGa%igatian of the products of destructive distillation.
He isolated a hydrocarbon te which he gave the name "hevééne."
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‘Bhis was a transpare'af yellow oil of Sp. grs 921 and

b .p. 2629 which; on treétmem, with %rong sulphuric

aeid; yielded a liguid of b.p. 182° considered by
’,mnardat to be identical with the pra&wt abta;imé by the
‘ac:!.d treatment of Gregory's light oil. He abtained also
a transparent oil of sp. gr. .69 distilling at 63. 7,

| It was in 1860 ‘%;ha.t Greville Williams,(19) took

up the study of the destmctive distillation of caoutchouc.
He stopye& the distillation before the hevéens fraction had
passed over and, from the distillate, isolated two

wain fractions, one boiling at 37-44°C, and the other at
170-180°.  From the first fraction he obtained a liquid

of sp.gr. .6823 and b.p. 57-38° . whieh he named ®"isoprene",
Analysis and vapour density values indicated CgHg, The
second fraction yielded a portion boiling at 170-173°
identical with Himly's caoutchime of b.p.171% The

, ‘vapew density was double that of isoprene and it was thus
ism.ric with oil of turpentine,

“In 1885 wallach (20) showed the identity of the
,%etrab;emiae of the ceoutchine obtained by Himly, Bouchardat,
and wiliiams w:i.th the tetrabromide of cinene; now called
dipentene . He concluded that caoutchine and ¢inene were
iﬁenticax. Fméher evidence of the identity of eaoutchine
and dipentens was forthcoming from the work of Bouchardat
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and Iafont(21) who, in 1866, obtained terpinecl weﬁa‘se . .

clﬂamazﬂéa“ by the action of @Ztmial metic mi& on.
raoubah When hydrelysed with m&rmmm axaid,. thig

. Wnen hydvrolysed with alcoholic caustic potash it gave
#ﬁréﬁ.mol.‘ On treatrent of this with hydrochloric acid
gas, the same dihydrochloride as sbove, C10%16,2HCIL.
was Pormed. waliach proved the identity of this compound
with dipentone hydrochloride,

Previous to this, in 1682, Tilden(22) had atudied
the prepeviies of isoprewne obbained from sources ‘other
than rubber. PFor ezample, from Hwpentine oil, by passing
4% through a red-hot tube, he got a liguid, b.p. 37
of vapour density corvesponding to Cglly, snd apparently
ddentical with isopremo from rubber. From his oboervatiens
‘he suggested the formula o —C.LH=CHy 1.8, B =

f”ﬂg
methyl crotonylone.s In 1897, Ipatioff and wittorf(23)

tdentificd trimethyl ethylene in the isopreme fraction,
33.38%, They found that on treatment of this fraction
with hydrobromic acdd, there is formed a hydrobromide which
8ives eiuethyl ethyl carbinol when treated with water

i potessiwm carbonate. The formation of $his compound
frou trimethyl ethylens is expressed as £0llows j=




10.

: CH ‘ CH
CHa HR A\ H,0

Q =CH.CHy —) CByv. CH . CH, =25 Rc(on).cua.cn,
- ~ o -
CHy CHS CHy

Em-mr ,the main product of the action of hydrabramie‘, acid

n the dsoprene fraction 15/5 ~dimethyl trimethylene bromide
| CHy __

CMn . CHy. CH TN
CHy

%.éan%iaal with the bromide from dimethyl alleme which Gedziatzky
(24} discovered, is formed when z.seprene is heated with dilute

aham hydrochloric acid. If the Tilden formuls for
.isaprem is used we can express this fact in the scheme.
' . H3\ QH'S ~

C.CH=CH, + aHP” = Q Rv. CH,. CH, Ty
QH = C H3
ﬂ%nﬁxmat&an of the constitution of isoprene was given finally
by Bﬁler(%}, in 1897, when he synthesised methyl crotonylene
and showed it to be identical with isoprene, He achieved

the synthesis by the exhaustive methylm:ion of A3 -meth(yl pyrrolidine,
f CH~ cua_ CH,. CH- CH- N\QH CH,. cu CH,- N> cu3

] c“ QﬁN CH=CHy lmcﬂa T N
; )
—-c'.,HaI ., - . CH
ilv < ovr =% ov gH
. . "KOH a
). CH~ CH “°" CH.. Chisz CH CH .c;aq-cu
ERD X
g e e (T
3 CH -cu + KT
7 N\ 3 CH.~ CH; N
(‘Nf CH, T CH CHy .0"3 s CN + H0

Harries (26), in 1902, distilled caowtchoue in a
(V8w of 0,.25mm. pressure apd obbtained as mein fraction
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‘an 0il boiling at 220-260°C. with small amounts enly
of isepreae (1%) and dipenﬁene. Ia 1922, Staudinger and

and a final temperature of 350% found that a resinous
mass amounting to about 36.5% of the original material

and considered 0 be a polycyclo rubberswas left in the
flask and that the distillate mavecv1fractianatién 3.1%
isoprenec anﬁ}B;S% dipentene together with é.%%efva 615324
hydrecarbon containing two double bonds and two rings,
possibly a derivative of hydronaphthalene, and Si % of

a 615K24 hydrocarbon with three double bonds and two rings,
and, finally; a CogHyo hydrocarbon with four double
‘A'h@ads and two rings. VWhen the polycyclo rubber formed
was decomposed at 350-400°C, neither isoprere nor dipentene
were obtained.

More recently, Staudinger and Geiger (28} have distilled
ﬁéoumchouc rapidly, at the ordimary pressure in an
atmosphere of carbon dioxide, and obtained a 92.8% yield
0f volatile products, 0.4% of this being liquid at -80% .
2+6% had a b.p. 25.32%, 4.3% boiled at 32-35° and was the
$sopreme fraction, 23.8% was the dipentene fraction, 5.8%
boiled at 50-70° at 12mm., and 25.9% above 180° at 12mm,
When the distillation was carried out more slowly the
Bmﬂunt of polycyclo rubber increased.



It is to be noticed that the yields of isoprene,

which can give a rubber-like substance by pelymerisation,
are very small. This is probably due te the fact that,
under the conditions necessary to produce decomposition
of the rubber, isoprene does not polymerise to a rubber-
like suhstance but gives dipentene and higher terpenes.
Bvidence in favour of the view that isoprene is the
primery produet of the destructive distillation of
caoutchoue has been brought forward recently by Midgley
and Henne(29) who have obtained unusually large yields
(10%) of isoprene by very rapid distillation of large
quantities of rubber.

About the same time as work was begun on the destructive
distillation of caoutchouc,attention was directed to ‘the
repolymerisation of the distillate from such a process. In
1869, Williams {19} observed that some of his lsoprene
fraction which had been kept for several months had lost
iﬁa,fluidity and become "ozonised" and viscous. On
earéful distillation, a white spongy mass rema;ned after
%he unchanged isoprene had distilled over, This residue
he found to contain oxygen. Apparently, repolymerisation
ef the isoprene had occurred to some extent.

- %he next pﬁbl&shed work in this field was by Bouchardat
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(30) who, in 1875, reported that he had obtained o viscous

sticky mass by heating isoprene for some hows in a
sealsd tube at 280°, He distilled his product and got

some isoprene together with a hydrocarbon, boiling at
170-185° and amalysing for CygHy - . and also higher

boiling prodwts. From a study of the two hydrochlorides

obtained from his hydrocarbon b.p. 174°.5, he considered
it to be idenbtical with terpilene or dipentencs Four years
later (31) he treated isoprene with concentrated sgueoous
hydroehloric acid at 0° and claimed to have prepared
a gynthetic caoutchouc., The elastic olymer which was
formed was insoluble in alcohol, swelled before disselving
in ether and carbon disulphide, and gave the same
heat decomposition products as camoutchoug.

- In 1882, Tilden(22) observed that the isoprene which
he had obtained by passing turpentine through a red-hot
tube was polymerised to a caoutichouc-like substance

by means of nitrosyl chloride or concentrated hydrochlorie

acid, Two years later (32) he polymerised iseprene

by heating and obtained dipentene and a viscous polymeride
which became tough end elastic on treatment with cold
Cancentrated acid. Iﬁ 1886, Wallach(33}, who previously
had confirmed the formation of dipentene by polymerisation
ot isnprene (20), observed that isoprene polymerised




¥o a tough caeﬁtcheudklike.maég,Onllgng exgésﬁ#e‘iaﬂa'
sealed tube o sunlisht. In 1692, Tilden(3%) noticed
#hﬁz some isoprene which had'beenis#énding for meveral
years, had been converted into a substance WEich;,in
appearance and behaviowr, was very similar to natural
ribber. This spontaneous polymerisatioh 6? isoprene %o
- ribber wes confirmed, in 1894, by veber(35) who then
suggested that the rubber hydfccaxbon mizsht be called
"ovolyprenet.
The next observation of importance was thet by
Eondekow who, in 1900 and 1901 (36) (37), found that
/Sk/adimeﬁhylmbuxadiehe could be polymerised to a ribber-
‘Aike product. Since then this work has been extended
greatly and now we have many of these so-called methyl-
rubbers, produced by polymerisation of homologues of
isoprenc. It has been shown that these synthetic products
are pot identical with natweal rubber, For instamce, Harries
{38) has shown thet the products obtained by hydrolysis of
the ozonides of caoubchouc and dipropylene rubber are
Quite different.
Some of the abowe work has been repeated‘by Pond (39) .
He made vain attempts to obtain a pclymerluatien product
01 the action of hydrochloric acid on a sample of isoprene
which had been frequently distilled. Harries(40), in
1913, suggested that the spontaneous polymerisation products
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pf wallach(33) 7ilden(34) and Weber(35) were not true
| eaoutchoucs bub were analoguous 4o the product obtained
by Eondakow(57) fromA§-dimethyl-butadiene by the action

{ 0% alcoholic caustic potash.

sbitutiion of Caoubchous.

The first ewpirical formula to be proposed for
| coautchoue was CgHg and this has been substantiated in
| many ways since its first promulgation. Caoubchous is
| thus an  wnsatwrated hydrocarbon and Gladstone and Hibbert(41),
from their measwements of the refractive incieﬁ of eaoubchouc
in solution, concluded that it contained three ddhble
| linkages for each Cm}im group in its molecule . ¥eber, on
aocount of its amalogy with the terpenyes and Harries for
8 bime,as a result of his study of the ozonide, considered
| the fundsmental grouping of the caoubtchouc molecule o be
cleﬁls’ Recently, Macallum and ¥hitby(42), have measured
%he refructive index of a £ilm of caoutchouc and shown that
%he fundamental unit is CgH, and that, for each CgH, group,
there is one double bond, a conclusion borne out by the
work of Scheibe and Pummerer(43) on the adsorption spectra
824 alse by the study of the addition products,

Frem the similarity existing bewma;a fhe empirical
fermulse 9f iscprene and caoubchouc, from the occurrence

of 18691’@;;@ as the lowest boiling liquid predust of

Sy
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,'ﬁﬂstructive‘distillation, and f#om the observation that
isoprene can be polymerised to a produet closely resembling
gaoutchouc, the assumption has been made that caocubchoue
is a polymer of isoprene., However, how many of these
isoprene nuclel go to make wp the caoutchousc molecule
is $§ili a majter of great wncertainty.

xn 1904, Harries(éé)vhegan a series of researches
. ﬁﬁ}thé_ozonisatiouVOi caoutchoue and made possible a clearer
conception of the eoﬁstituxion of the molecule. It is from
this ﬁ@rk that we hé%e‘obtained,almost our whole knowledge
of thé?nature ot the;union of the isoprene auclei and the
relative positions of the wmsaturated lirkages.
: Ke isolated the ozonide (45} as an explosive glassy
: selid; saturated to bromide. _.AnSlysis ard molecular weight
@etérﬁinations in glaeiai aéetic acid indicated>a molec ular
'"féiﬁﬂla of CqoHyg0g On &eeomppsingvhis product with
. water, he obtained levulinic aldehyde, levulinic acid, and
some levulinic aldehyde peroxide., From his observatioms,
| 'hﬁ'assigned to the fundamental wiit of caoutchous the structure

HC . CH,. CHy . C. CHy
I I

CH3C . CHl_ CHa. QH

8nd expressed caoutchove as (010H16)x. The formation
and hydrelysis of the ozonide he represented by the following
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O= CH. CH,. CH, . C{CH, )= 0
oo |

Harwries congidered that the polymerisation of 1.5~

dimethyl-l.5-cyclooetadiene could be explained by the

saturation of partial valencies according to Thiele's

theory., Thus he thought of caoutchoue in its ordinmary

state as a loose moleculie Fformed through these residual

valencies, the polymer, being easily depolymerised to the

fundamental wnit and becomin:; capable of reacting as an

- unsaturated substance.

In 1910, Pickles(46) darew attention o the foliowing

- points which show the unsatisfactory nature of Harries !

cyclooctadiene formula. If the unlon of the dimethyle

 eyelooctadiene nuwelei is loose enough for the molecule

%0 be deploymerised by ozene, then the molecule should be

broken up, in a similar fashion, by other reagents. Thus

~ bremine ought to veact with ceoutchoue to give a simple

tstrebromide, Instead of this,however, an amorphous
Substance of the same order of complexity as the original

kydrocarbon is formed. Again, if the dimethyl-eyclooctadiene

Wits are chemically united a reduction in msatwation
Bﬁ#ﬁl& result. But the tetrabromide formed corresponds with
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the empirical formula C,H,.Br, showing that the complex

| has the same relative unsaturation as the proposed unit.

It was on these grounds that Pickles rejected the 8 carbon

i zing structure for caoubtchouc and, in its place, he suggested
& structure formed by the union of an undetermined number

f'“f 5533 groups into & large ring as followsiw
' ?Hs ?HB
,—CH,. C: CH. CHy . CH,. C: CH. CHy

SeCHL.CH:C | CHy. CHy . CH: C . CHy
' |
CH, CH,

| Sueh a formula agrees with the umsatwuration value found

| for esoutchoue and allows of the formation of a derivative,
. éx’ﬁh a8 the bromide, of complexity the same ag that of the

| parent Xhydrocarbon. The formation of the czonide and its

hydrolysis to give levulinie aldehyde and its peroxide are

depieted in the following scheme:=-

0O — 0 +—0 O-—~0—0
| g I | \
| ,—CHy . C(CHZ) 4y CH . CH,. CH;,-C(CHa\\ CH. CH,
| N :
|
|

( — — e — —

AN

A
'\..cHa. cH —— ?(cu\ CH_.CH,. 'CH c"(cugcu
. i ! //

! -
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" o - o |
b===CHy.C(CHy) ' CH . CHL. CH,. C(CHs\' . O0=0=CH I -_L[V
ro=-chy. ch © C(CHg).CHG. CH3. CH , 0=0 = C(CH,).CH

| u | !

In 1912, throml slenski{47)} proposed a similar
struﬁﬁure for the caoutchouc molecule. He polymerised
vinyl bromide and obtained a produet, which he called

eauprene bromide, closely resewbling the bromide from one

of the synthetic rubbers and according to Willatatter(és)
qnite different from the bronmide of ¢yclooctadiene, He
: vaﬁnsiﬁered thet cauprene bromide was a houologue of
‘ﬁaﬁuﬁéﬁauc tetrabromide and @rcposed the following formulae:=
| CHa . CHBv . CHTv. CH,. CH,. CNRy. CHRy . CH, I
- coouprera  Browsde | i
CH,. CHRBv . Q(CHy) P, CH, - CH, . CH Ry, C(CHL Rov-. ?H;

Harries (49), in 1914, published the results of
“his investigations on the ozonisation of alpha~isorubber, ;
obtained from caoubtchoue hydrochloride of the action of | ﬁ
pyridine, By hydrolysing the ozonide of this substance,
he obtained, in sddition to the usual levulinic aldehyde

and acid, diacetyl propane, CH3CG.CHQGH2.GHE.69333 and
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pther polyketones and ketonis ascids., He isolated a trijketone
aetalaing eleven corbon atons CyyH.,0, wdecatrime
and a Setraketone containing fiftesn carbon atoms pentadecato-

ens. The prescnce of diacetylpropane counld be explained
B8 bedng due $o the removal of the chlorine of cacutchouwe
hyd %mide along with & hydrogen atenm other than that with
Which 1t had been added originall s siving rise to double
B bonds in the regenerated caowbchouc in positiens different
from those in the origimal hydrocarbon.  Tho presence
' ecempounds containing chains of eleven carben stoms and
fifteon carbon atoms could not be explained on the basis of
| 88 B-carbon unit in caoutchous and Harries, therefore,
| ﬂmmﬁ his dim%hyl«eyalemﬁa&iem strueture for ous
lmilar $o that proposed by Pickles ond @stromisslenski, in

which the CgHg growps are wsited in o large ring, centaining
& ohain of, at leust, twenty ¢arbon atoms and represented

88 follows jw
/QH-'L' C : CH. CH,. . CH_ . C:CH CH, - CH
CH,, | : C.CH

| CH:C . CH,.CH, . CH 1 C . CH&‘CHQ\.QH
o > | l
CH4y CH-,
T formation of the omonido and its decemposition with the

| Mrotweston of lovulinic aldelyde and hydrogen peroxide would




- be xéyresented as under,
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CH CH, QH31
- e S ! !
—QH,. & —— CH.CH,. CH. € ~.—-CH CH, CH,. C‘.-—L—-CH o
. hd ‘ l
(I);;,/ \é.\\o o7 0'\'\0 OF“O \O
CH . CH, QH C CH. CH,.CH C CH CH -~
u li + U X u t
0 | 0 0 0 0
+ HR0,

; ¥£}vha_nyﬂrochloride of caoutchowe were formed and hydrochloriec
7&9&& removed again, a rearrangement of the double bomas
might occur and give rise to higher ketones amongst the
dé;a,ca‘aya«sit ion products of the ozonide of the regenerated
- ¢aoutehous .
"a$6d gaoutechoue suweessively with hydrochloric acid and
Pyridine, he obbtaiued a new "Regenerate",

Harries found that when he treated the regener-

the ozonide

of which gave ,on decomposition with water, an increased
yield of high boiling constituents, an indication that a
further rearvangement of double linksges had occurred.

,k @atromisslenski(50) now came forward with further work
98 cauprene 5romide, the product of polymerisation of vinyl
bromide. Ee’cansidereﬁ it to be an isomer of

‘the bromide of symthetic erythreme rubber, which wes

bropide was reduced with zinc dust.

obtained along wﬁxh the isomeric cauprene when cauprene
Also, removal of i

i hydrobrowiC acid from cauprens promide and erythrene-rubber
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e yielded the same product; dehydrocauprene '6521132;
o Bryg = 16 HBr, = Cgolly,
A h&m"'_f‘;,‘f’f"f_'gua, Cyollny (C‘Hs}g was obtained dhan hydrobremie acid

was» abs‘braeted from the bromide of matural eaoo.tchom.

 Opglyg(CHglg Bryg - 16 HBr & Cyplly, (CHizlg
{ Wow he rea:s;oned that sinee caoubtchoue is obtalned by

redmmm of its bromide, a homologue of the monocyelic cauprene

hmmiﬁa which gives monocyclic eaupre ne on re&wtian, then

- m wust be monogyelic also and he sue,g,ested a systern similar

ETY ’sha‘b of Pickles:
OBy -CHp» [c (CHz) ¢ c&. cag.cﬁz]7.c (caa) 1CH

%0364"
Mention must be made of two other fo:rmulae which have

been proposed for caontchom,,mrchhd(&} has suggested an open-
¢hain syiral gstructure. He believes thai; the fundamental
-,'m‘k :i.a Gm}!l.? and bases this on the discreyaney between
- Gﬁfﬁax analytical results and those required by theory
¥ 3@2'» QEEB. The usual explanation given was th&’sv the specimen
‘Mﬁz axamina‘t;ien, coptained traces of impwities.-z ﬁrd:ﬂ*xof',.,s
i’”ﬁﬂa@& formula is as followsi-

CHy - Q(CHL) : CH . CHy

‘ CH:\ . C(QHE’\" CH . QH;

l
QHl‘i——_‘ CH  C(CHY). CHy

CHy - CH @ C(CHg) . CHay
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3ggw¢ii(52} has proposed another formula guite different

| ("ffﬂm'ﬁhGSQ previously discussed, It is as follows =

~_CHy — CH ——— C(CH3) — CH,
ol : ~.. Sy - e e S
CHy /CH;\ t _QHQ. ,cHa
\ i N .
_ClH- e CH ——— C(CH,)
| CHy CH4
| &y C(eH3)
CH C(CHL). CH,. CH, . CH $(CH3\
Hy " CHy

Suﬁhya struecture 1s made up of six isoprene units giving
Cpfiyg o8 the caoutchoue molecule, Destruptive distillation
of sweh a compound might give dipentene (as showan by dotied

line), although never more than 333% by wedght of the
ﬁhels, which is in accordance with actual results, Also,
there is ome dimethyl-cyclooctadience residue in the

wolecule and this might yield an ozonide as the resulb
of & fission of the structure under the influence of ozone,
The yield of ozonide could only be relatively small (334%

of the original caoutchouc). Beswell mentions that this

iy in accordance with fthe observations of Olivier(53},

whe obtained yields of ozonide much less than those

Teguired for the comversion of the whole of the caoutchous
$aken, such as would be looked for from a strueture consisting
of isoprene residues fused into a large singlé ring.

An intsresting piece of work, which provides us with
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. experimental evidence for the polymerisation of isoprene

. by metals, has been published recently by Midgley and

Henne (54}, By the action of metzllic potassium on isoprene
g'in presence of alcohol, they have obbtained a mixbure of 2.6-,
2.7-, and 3.6-dimethyl-g.6~0ctadienes, the three possible

dihydro dimers of isoprene

 CHy CHy CHy
CH;— c CH =CH CH+ .- (;ﬁ CH. CH, -—-—2H;’ C=CH. CH,
v u:w;fryw Q- - cre.&;d.u..g
H3 ) CH'S 0H3 QHS

= CH. CH, —— CHa: CH= C.CHy  CHy CH= QH CH, —— CHy; c= =CH.CH,y
lH‘W't?C Ob[u.da.m.g BG‘W-&G W
This would appear to indicate that synthetic rubber

 ¢onsists of a long chain or large ring of isoprene umits

_ “3éiﬁa€§:;aj'through their 1 and 4 carbon atonms, Thé{differenee

be&wwn natwal and gynthetic ecaoubtchow might be explained
by & difference in the position of the methyl groups.

migal Properties of Ceoutchove.
The most importent derivatives of caoutchoue are addition

’H@d%ts ,formed at the ordinary temperatme and thus very

- Probably retaining the identical q‘brmtm'e of the original

| hiﬁ_!maﬂwn wlthout change in the position of the double
bemds, The products vary in colowr from colourless %o
Yéllﬂw-_ They are amorphous substances of high molecular
Welght and vary greatly in their behaviour towards solvents.

)
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| They are difficult to purify as they do not crystallise and
(| decompose on distillation.

| Halogen Products.

In 1888, Gladstone and Hibbert(4l), in an effort to

establish the correctness of the conclusion which they had

| arenmn from their refractive index measurements, concerning

| the wnsaturation of caoutchouc, prepared and analysed the
halogen addition products. They treated a solution of caout- _
| ¢houe in chloroform with chlorine and obtained a product which

| was white and fibrous and analysed for CygtlyyClgs Thus

-1 svbstitution ag well as addition had taken place and MceGavack
.| (65) has shown that, in the early stages, substitution occurs

: mainly. Ostromisslenski(56) has reported that caoutehoue

| ehloride is formed when a 9% solution of chlorine in carbon

| tetrachloridge pontaining the theoretical amount of chlorine,

18 mixed with a cold 18% caoutchouc solution in the same solvent.
{ 50 has given his product the formula CzoH,0(CHz)gCL 4 On the

| 8sswmption that it is cauprene chloride and contains eight

| dsoprene wnits.

| By the action of bromine on & chloroform solution of

.| Saoubehoue Gladstone and Hibbers (loc.cit) have obtained a

. "remine addition compound "’10“163’4' in mppearance, very

®ollar 4o the chloride. With an excess of bromine they

| Sbtaineg g different product cmﬂlsbrs and they suggested that
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| %his might have been formed by the splitting off of hydro-
{bromic mcid from the first-formed C,gH,Br..

These same workers comsidered iodine to have only &

slight action on caoutchouc in chloroform solubion but Weber

i

(&) ,;' by using a very large excess of iodine, has obtained an
wnstable prodwt corresponding to (C:wﬁlalg)x. Other workers,
. however, have obtained produets of varying composition and

| sometimes containing oxygen in addition to iodine,

- In 1900, Weber (loc.cit) prepared aml examined rubber

| bromide and found that it combined with phenmol with the
evolution of hydrobromic acid. HAnalysis of the product
eorregponded to a "tetroxypheuyl-polyprene® of the formula
Ciofyg{® gH, ), e On account of his inability to get the

| reagtion with phenoleethers while obtaining similar results

40 the above with other phenols, he assumed the oxygen to be

i Bonehydroxylic, that is, his product was thought by him to be
{80 ether. Bub Pisher, Gray and McColin(58) have shown that

| the phenol product can be methylated easily and therefore there
| B8t be hydroxyl groups present. They have represented the

 Teadtion as followsie ?“3 7

- —CcH,. C - CH. CH,—

CHa , | |
RGoHen-[ + S CoHyOH -

X

; L SR

:;J-An



| $he methyleted produet being:

7]
s
— CH,— C — CH —CH_  —
oo

Mere resently éeiger(%) has prepared the méthyzated pzfoéwt
directly from the phenol ether by the use of ferrie chloride

" as oatalyst. |

 geiger (loc.cit) has coupled his phenol produets with

~ diazotised aromatic amines. The oducts are amorphous, and
" of high molecular weight. They contain one diazo-group for

| esch phenyl group.

‘ Phosphonium salts have bsen prepared by S‘ﬁaudingar, Geiger,
| and Reuss(60) by the action of triphenyle and triethylphosphine
| on rubber bromide. They are saturated and are i’aimed with
"'|the evolution of hydrobromic acid so that they must eqsntain
~|eyelis structures.

, By treatment of a dilube solution of caoutchows with moist
ahydmehhric acid, Weber(57) obtained a colourless elastic
addition product which he considered to be the dihydrochloride of
| the formula CqH,s+2HCL. Hydrobromic and hydriodie acids also
_‘81‘!% addition produchs, CqqHygRHBT and emxm.zﬂz ; which, how-

3
k.

)
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| ever, decompose on standing. Hinrichsen, Quensell, and
Kindseher (61} prepared the dihydrochloride and dihydrobromide
buk they did not obtain with hydriodic acid an esddition product
higher than Clgglﬁﬂl‘
Herries{62) heated the above caoutchoue hydrochloride with

sine ﬂﬁst in an ethylene chloride solution which was saturated
. ﬁi%h.hydreehleric aeia,'and found that the average of several
| #ériéble analyses for his produet agreed with 010318 and he
. But Staudinger and Widmer (63)
héve shown that it analyses for {Csﬁs)x.‘ Since it displays an
| wsaturation very much less than that of the original caoutchouc,

* pamed it *alpha-hydro-rubber®,

1 they consider that it contains internal ring formations.
Staudinger and Widmer (64) have obtained alkyl derivatives
of hydrocaoutchoue from the hydrohalides by the action of zinc

methyl and zine ethyl as follows:-

J—

- Bydrogenation.

in comparatively recent times, Harries(65) and Hinrichsen(66)
- both ugsed unsuwecessfully platinum black as catalysth.
| 18 1922, that records of the successful hydrogenation of caoutchoy

It was

CH /
CH+ R i
1 (CaHs) _ _ N |
-c“a: C . QH;L CHa_— m CHa_ cl CH&‘ QHR + 5\\@& »
| C.H. ‘
cQ = als Jx

A¥tempts to hydrogemate caoutchoue have been supcessful only |

E
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'  were made public first by Pummerer and Burkhard(2) and

| independently, by Staudinger and Pritschi(27).

Pummerer and Burkhard hydrogenated caoutchouc in hexane
solution at the ordinary temperature using, as eatalyst,
| platinum black activated by oxygen after the fashion of
| ‘Wﬂétﬁmer and Waldschmitz-Ieitz(67}. They found that a
very ﬁ"axe spe cimen of caoubchowe was necessary and also that
hydrogenation took place only when a very dilute solution
(0.2 = 0,6%) of ecaoutchoue was usei. Two abtoms of hydrogen
per ﬁ‘ 5H8 unit were absorbed and the Vhydroeamxtchom isolated
had a composition in very close agrecment with (Cglyglys In
later work, Pummerer and Koch(3) employed an excess pressure
of 0.5 atmosphere of hydrogen and used platinum blaek which
had mot been activated previously by oxygen. The hydro-
éWehm from these experiments was not oxidised on standing
in the air, nor was it acted upon by bromine or potassium
bermanganate. It gave no depression of the melting-point
when dissolved in camphor but, after it had been heated for
Beveral hours at 200°, followed by 20 minutes at 300°, in an
atmosphere of carbon dioxide of 12mm., pressure, it aid give a
depression which pointed to a molecular weight of 1700. There
¥as no trace of decomposition during the heating so that the
Shange would appear to be one of disaggregatilon of the hydro-
%soutehous.
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Wher the hydrocaoutchous was distilled at 350° under lmm.
- presswe of hydrogen, it ylelded a satwrated hydrocarbon
6503 of moleculsr weight 714 in camphor. The residue,
which was saturated and colourless, had a composition corres-
ponding to (¢ glyglg 808 a molecular weight in camphor of
1800,

| Staudinger and Fritechi employed high tempera’éures and
‘Pressures in their hydrogenation of caoubtchouc. They heated
pwified caoutechouc, impregnated with colloidal platimm, for
10 hours at 270° in an atmosphere of hydrogen of 93 atmos-
pheres pressure. The hydrocaoutchow was isolated as a
eahu&rless, transparent, inelastic mass having typical
colloidal properties. &nalyses egreed clesely wikth
, | (%Eag}x. It was stable to bromine addition, although on
| Standing in the sunlight hydrobromic aeid was evolved and
| bromwine absorbed slowly. When bromination was allowed to go

%¢ completion and the bromine then removed ms hydrobromic acid,

- a regenerated eaoubtchoue was obtailned.

 Decomposition of the hydrocaoutchoue at 350-400° wnder
L, préssure resulted in the formation of a serltea of hydro-
: ear’ggm of the type (65310)2" each possessing one double bond.
- Oly & small residue (0.6%) remained and the lowest boiling
Produst identified was methylethylethylene, CgHyo (5%). The
 bighest member isolated was Cg oo (24%), vhich indicated a
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Phe formation of a compound of the natmey of a nitrosite
of eaoutchouc was first described by Harries(68), who passed
pitrogen trioxide through a solution of caoutchouws in petrol-
| emm~ether. The produwt varied according to whether moist or
dry reagents were used, bubt the chief product seeméd t0 be
- #pitresite €Y, corresponding to CipHy830ps It was oxidised

| by potassium permanganate to a mixtuwre of fatty acids consist-

ing chiefly of gsuccinic end oxalic seids.

A ritrosate of caoutehoue was obitained by Weber(69) by
passing a strear of nitrogen peroxide through a benzene solution
of gmoutchoue. The m odwet was a yellow, acetone=-soluble
| powder, Cqofla¥o0,s having acidic properties and yielding
1 s0dium and silver salis. Alexander(70) has mr oduced results

those of Weber but obher workers have shown that

‘| Peroxide. Recently, Emden(71l) has stulied the reaetion., He
| nima ' 6old solutions of mitrogen peroxide and caoutchouw in

aarbon tetrgehloride and isolated a colourless product which

dissolved only slowly in agueous caustic soda and in acetone.,
 Whes water wag added to the reddish-brown acetone solubion a

pale yellaw substance, easily soluble in acetone, was
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precipitated. Analyses of the original produet agreed with
Gmﬂlﬁﬁaﬁa and showed that addition of nitrogen peroxide had
. been sccompanied by oxidation.

.| Agkion of Nitrie Acid,

Ditmar (72) was the first to study the product of the
agtion of concemtrated nitric acid on caocutchoug. He
igolated an acidic substance which could be redméd by sodium
methoxide. Harries (73} substantioted these observations of

| Pitmar who, later(74), proposed that the substance was 5.6-
| dinitro-2,5-dihydrocunic acid CzH,(CH, ) (NO,), .COOH.

Hore recently Fisher(75) has isolated a different
produgt from the reaction between concentrated nitric acid in
excess and a 5% solubion of cascubchoue in carbom tetrachloride.
It 4s bright yellow in colour, and differs from Ditmar's
produwst in being insoluble in sodium carbonate solution. The
formula assigned to it is (CgH0,) .+ It is probably a nitro-

-1 polyeyelo-caoutchouc since the wasaturation is only 24.8% of
- $hat caleulated for a nitro-caocutchowe.

aEion of Nitrose Compoupds.

 In 1915, Allesandri(76) obtained a product CggH. 0N by
Yreating caoutchow with nitrasobenszens. However, a more
retent report on the reaction has been published by Brumi and
Geiger (77) ang ‘several derivatives are mentioned in it. They
have found that when the proportion is 3 mols of nitroscbenzene
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| pex 6538 group a product of the composition Cuﬁuﬂﬂ is

| fu:’meﬂa 1% is unsaturated since it £erxns an addition

preduct with bzamine, G484 108Br 5. The following scheme
has been suggested as shcwing ‘bhe cowrse of the reaction:-

QH3
Il
N=0

cus

]
~CH,-C.C-CH_ -
1

N=0

‘ - C(’ Jx

CHGNHOH  + CHGNO —— Cohg N~!l\ll CHS. + H0
3 u

; MWhm‘ene hag asetwally been ocbtalned as a product of the

resctien., The nitrome has the properties of a colloid and

Si’ms rise to a phenylhydrazone, which must be eonsidered,
31958 with the nitrone , & derivative of isocaocutchous since

the position of the doudble bond is different from that in the
briginal caoutchouc.

| fThese observations have been confirmed by Pummerer,
Andrisssen, and szdez(?ﬁ} who found the M.w. of the nitrone
in b&nseae and in nitrobenzene %o bg 1200-3400. The M.W, of
‘gagn@‘)a would be 1384. cqrz?espam:mg produsts have béén

Jx il
c CH. CH:.] +Rx (HNG —y ov _ CGHS,NHOH
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| obtained from other nitroso compounds e.g. the 3 nitrosotoluenes
- apd o~-nitrosoanisole.
{Action of Chromyl Chleride.

| Chroumyl chloride and the terpemes reaet to form additive
%aompaunds cmﬂlsacxozclz which are decomposed by wabter into
volatile aldehydes and ké‘tcmes. The similarity _existing
between the addition products of the terpenes and bhose of

| eaoutchouc led Spence and Galletly(79) to study the aetion of
¢hromyl chloride on caocutchouc. They isolated an amorphous
‘brown substance which resembled elosely the corresponding
 terpene addition compounds and had the same composition,
 However, | deeomposition with water produced produets different
| from those uswally obtained from terpemes. Two main products
 Were seporated. One was soluble in acebone and alcohol and
Possessed pronounced aldehydkic properties while the other was
-} inseluble in all usual orgenic solvents and was an acid of
indefinite composition conmbtaining chromium and ehlorine.
Robertson and WMair (B0} have repeated the work and verified the
‘| Gbaemtionaa- |

i Wtallic galts.

Bruson, Sebrell, and Calvert(8l) have recorded the formation

°3 8dditive compounds when caoutchouws solutions are trested with
' “ﬁnniz, titanic, ferric, or antimenic chlorides, The product

y

‘[ "i%h stannic chloride has the empirical composition (CgH) . S\,
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S#6l, and on treatment with alcohol, splits off stannic
chlariﬁe with the formation of 8 polymerised or polycyeclic
ceoutchoue. Two isomeric compounds are formed in the vatio
of 3'1 and correspond with "sol® and "gel" rubbers. Tilianic
ehleride yields analogous products bu$ ferric chloride and
antimonic chloride give only the insoluble variety even when
*sol* rubber is used. | |

gtion of Sulphur and Sulphur Monochloride.

Treatmﬁnt.of rubber with sulphuwr under certain favourable

¢onditions is éalleé vuleanisation agﬁ greatly enhances its
f'>§ualities of strength, reslliency, elasticity, resistance to
~ the sction of solvents, and inereases considerably its

o1 Qurability. .The discovery of this process made possible

its wide application in industry.

At the ordinary temperature suiphur does nmt react with
eaau%ehouc but when a cumene solution of caeutchauc is heated
for geveral hours at 170° with an excess of sulphur, a
Qﬁmpie#ely sulphurised caouﬁcheun, (Gfﬂss)xt is ebtaiﬁsd as a
brown insoluble powder(82).

Suiphur mﬂnschlaride, according to Weber(55), forms a
Gompound with caoubchouc expressed by CqgH,4.8,Cls.  Bub
Hinrichsen and Kindscher(82) claim that the amount of reagent
- 8dded indicates the formula (CqgH,q.SC1),.  Kirchhof(83)

Passed sulphur monochloride vapour into a solution of caoubchoue

|
|
|
I
|
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‘{and, from his anslysis of the escaping gases, he calculated
| that & compound, intermediate between the above compounds,’
| had been formed, He considered it .robable that Weber's

| compound had been the primary product eud hed yielded the

| others by partial decomposition,

Recently, Meyer and Mark(84) have compared the reaction
with the “wmustard gas" reaction, in which sulphur monochloride
readts with ethylese as follows:=-

2CHy : CHy + S0y (CHoCl.CHy)o8 + S.
They have produced resulbs agreeing fairly well with a
compound of the composition, CqqH4a8C1, which would be required
IR the reaction were analogous to the above.
don of Oxygen and Oxidising Agents.

In 1865, Spilier{85) examined the produets from perished

- rwbber., |He extracted with bensene & perished waterproof
sheet, consisting of a fabric coated with unvulcanised rubber,
- and frem the extract, obtalned a vyellow resinous swbstance,

| soluble in methyl alechol, chloroform and in dilute agueous

1 %ﬁes, from which it was reprecipitated by acids. Also i
| Was ipseluble in carbon disulphide and turpentine and sparingly
80luble in ether and was therefore quite different from the
Sriginal ruhber and it has been given the name "Spillerts

Tegin®, vyalues obtained from analyses corresponded with

| Cadfleg0n




It was not until 1906, that further work im this partieular
“tbrameh of the subject was published. In that year, Herbst(86)
ixayéxﬁéd the results of experiments, in which he passed, Ffor

4 140 how:a_, a cwrent of air through a boiling benzene solution
R ufrubbar. He isolated %two main produets., One was & reddish

- browa syzup of the composition CygHyel .45 go1uple n petrolewn

ether and the other, which was obtained in small amount only,
was o yellow solid, amorphous and friable, of the composition

| CyoHyg05 and insoluble in petrolemmmether,

In 1912, Peachey(87) measwred the amount of oxygen absorbed
| by sarefully purified caoutchouwe in the form of thin films

| deposited on the inside of a flask, and found that two mols.
were absorbed for each CJ.OHJ.G group, This was confirmed lager
by Peachey and Ieon(88) who observed also that earbon dioxide,

| ¥0 %he extent of 1 mol. per C,Hs,, was prodused during the

i reagtion, The resultins material was extracted with alcohol

| 8ud, after fractional precipitation from various solvents, four
| Substanves were obtained: (1) a fawn coloured amorphous sube

*| stange of weakly acidic properties, insoluble in petroleum ether
| %4 in garbon disulphide, and soluble in aloohol and acetone.

1 Composition CeHoOse (2) 8 yellow resin, neutral and soluble

| 18 the wsual organic solvents. Composition CygH,.0.  (3) a

| brom smorphous solid, insoluble in organic solvents, and

| #olwble in dilute alkalies. -~ Compogitiom Cy4H..0,. (4) a

I '
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reddish brown amorphous solid, insoluble in organic solvents
sﬁé alkalies, different from (1). Composition 063902.

' No explanation has been given of the relationship between

. these compounds or mixtures and the original hydrocarbon.

It would appear that there ié & progressive addition of
v oxygen and it has beenh suggested by Kirchhof(89) and, later,
by Ostwald(90) that air oxidation is a process of autoxidation
brought about by means of unstable peroxides. The presence
of sweh peroxides has been observed during the reaction.

In 1922, Boswell and his wrkers(91l) obtainmed two
products as a result of exposing pure caoutchouc to the action
| of atmospheric oxygen in bright swnlight for three months.

Gne had properties very similar to those of ez utchoue and
analysed for Cqoli1 g0 whereas the other was a hard brittle
subgtance, insoluble in carbon disulphide and of composition

Before passing on to another type of oxidation, 1% must
be noted ‘bh&t the presence of levulinlec aiéehyde in "tacky"
rubber, formed by exposure to air and light, has been observed
b7 Gorter {92) and the observation has béan verified by Bruni
end Pelizzola(93) and by Whitby(94) who prepared its pyridazine
 derivative. |

The action of potassium permanganate on e ubchous was
#tulied by Harries(44) who, using a 2.5% solution of the
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o rsagent, found that only a slight reaction tock place. The

. main result was that considerable disaggregation of the
e¢aoutchouc occurred. However, Boswell, Hambleton, Parker

and MeIaughlin(9l), who used a 7.5% permangenate solution with
a 4% solution of caoutchouc in carbon tetrachloride, obtained .
& product of approximate composition (32511400, very closely
resembling caoubchoue in solubility. On exposwre to the air
it absorbed oxygen and yielded a substance of the composition
Coglpg0s»  Moxe recently Rabertéon and Mair (80) have investi-
ga%eé the action on caocutchow of neubral and alkaline potassium
permanganate solutions of different concentrations and have

-1 isolated both acidic and neutral produets. Amongst the acid

| produsts formic, ecetic, oxalic and levulinic acids were
| tscognised and, in addition, ecomplex colloidal acids of a
; rasimma nature were obtained. The neubral products, which
were all insoluble in alcohol and acetone, showed an absorption
of oxygen approximately proportional to the com entration of
i Vhe oxidising agent. The formulse assigned 4.:;7 the products
| %0 Cagsedss Caoflso®sr CoeflacOst Coafl3s%r CaoflsnOse Caofaglior
| ®%. giving a range of oxygen to CgHg ratios of from 1:9 to
- 613, '

Hydrogen peroxide was used by Boswell(91) to oxidise
%emaem in glacial acetic acid carbon tetrachloride solution.
1 Ee imolated as primary product of the reaction a compound
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‘ 6353486, which absorbed oxygen on exposwre t0 the alr with
the formation of a substance C,cH,,0,.  Sinece then Robertson
; and Mair(80) have carried out the oxidation of caoutchoun in
8 glacial acetic acid-chloroform solubtion and have obtained
as main prodwet a colourless anorphous suvbstaunce, neutral in
character, possessing alcoholic properties and having a
camposition corresponding to ¢ 59;{1{32316"

Treatment of cacutchowe with perbenzoic acid was found
| by Pummerer and Burkhard(2) to yield a colourless produet of
i the pature of an oxide. It was insoluble in orgauic solvents
.| a8d gave analyses for (CgHg0).. It is worthy of mention here
| that the existence of such a derivative would seem to provide
| evidenee in favouwr of the view that CgHg should be regarded as
| the fundamental wnit in the caoubtchoue molecule and not Ciof16°

The action of concentrated sulphuric acid on a benzene
| solution ’of caoutchowe was studied by Harries(65) who obtained
. 88 amorphous product which was insoluble in benzens. He could
2o% free his gr oduct from ash bub, nevertheless, he considered
4 ¥ %0 be a higher polymeride of caoutchoue, Marquis and Heim
A fga).ﬁreated a chloroform solution of cmowtchowe with strong
sulphuric acid and obtaisned a colowless amorphous substance
Soluble in benzene and chloroform and containing no sulphur,

| Bince tn composition was not represented exactly by CgHg

E_
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sddition of the elements of wabter or oxidation may have
gcewred. By prolonging the time of the reaction an insoluble
| product was obbtained. A few years later, Kirchhof(96) treated
| & earbon tetrachloride solution of caocutchouc with sirong
sulphi;ric acid and isolated a hydrocarbon without any of the ‘
) chexacterdstics of caoubchoue and apparently of the composition |
| mew. I yielded adiitive compounds with bromine and \
| ®ulphux, CopllzgBry and CoolzaB, indicating an wsatwation of

+ the deerease in unsatuwration might have been duwe to mutual

| satuwration of double bonds with the formation of tetramethylene s
|

4 Tings. ' He later comsidere. snother type of cyclisation to

h&ve ecewrred (97). By prolongea treatment of a benzene it
803&1‘:‘1@ of caoutchousc with coucenbtrated sulphwric acid in the I ;i
| ¢old, the same worker (loc.cit) obtained a red acetone-soluble ‘

| Broduct of the nature of an aldehydic acid. Tt had the
§ omposition CpqH, 05 8nd yielded a phenylhydrazone of M.P. i

4 W0-124%,  girenhof suggested for it & struwture consisting
jofa spﬁxal chain with 8 -CHO growp at one end and e -COOH
-} &0 ab the other eud.




B. Gutta~Percha.
DR T P, Y-

Gutta percha 1s the coagulated latex obtained from
several trees belonging to the botanical family Sapotacese.
The most lmportant sources are the Palaguium gubta and the
Palaquium oblongifolia and these are almost entirely confined
to the Malay Peninsula and Archipelago. Allied trees
of the same genus and family yield similar but inferior
products. N

The latex is collected by a system of tapping similar
to that ewmployed in the collection of rubber latex. A pumber
of ineisions are made in the bark of the tree and thé latex
is allowed to run from these into sultably placed receivers.
A difficulty is experienced here which is not encountered in
‘- the tapping of rubber trees. The gutta perche latex flows
Yery much more slowly and coagulates more guiekly {than the
rabber latex with the result that the yield per tapping is

| very much less. This led the Malays to adopt for the extrac-
1 %lon of the latex a method which involved the total destruction

of the trees. They cut down the trees and then made at short
intervals in the bark wide incisions extending right round the
~ trunk of the tree. Now, however, every effort is made to

teduwe the extent of the practice as much as possible.
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The method of coagulation, by addition of acid, common
on rubber plantations, is not employed for the coagulation
| of gutta latex. Coagulation of this last substance is induced
| by gently heating in suitable vessels after which treatment the
- coagulated gutta~percha is boiled in water and moulded into
| various shapes.,
: Zhysical Properties.
| The blocks of gubtta-percha which appear on the market have
a dirty greyish appearance and are just soft enough to be
indented by the nail. The material has a fibrous texture and,
wilike rubber, it is almost destitute of elasticity., It
possesses the characteristic property of becoming soft and
plastic on immersion in hot water and hardening without becoming
brittle on cooling again. In the soft and plastic state it
| cam be moulded into any desired shape, rolled into sheets, or
 . drawn into wire, and it will rebain its new form when cold.
In the possession of this property it differs greatly from
rubber which, when it is heated under the same conditions,

becomes sticky and moderately plastic but retains its resiliency. |

Chemical Compogition.

Gutta-percha resembles rubber in being a mixture of a ,
"iroearbon (¥ Sﬁén with resinous bodies and a small gquantity
of insoluble material. The proportion of resin in gutta-percha
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is, however, very much greater ﬁhan in rubbef:and it is to

| this increased resin comtent that many of the charaeteristic

properties of gutta-percha are due.

The hydrocarbon is separated from the other constituents

by extracting the resins with acetone dissolving the residual
. hydrocarbon in benzene, filtering from insoluble material, and

reprecipltatifnpby means of alecohol. The hydrocarbonm, thus

purified, is a colourless inelastic solid of a leathery
consistency and possessing, in an enhanced degree, most of
the properties of the crude material. On ilmmersion in hot

water it becomes soft and plastis and readily mouldedi; on
~ ©ooling it becomes hard but not brittle and retains the shape

given to it when soft. When distilled at & high temperature
it yields a distillate similar to that obtained when caoutchouc

| is submitted to destructive distillation, namely, a mixture of

liguid hydrocarbons consisting of isoprene CgHg and higher
5§iling hydrocarbons including Cyoflyg and CgoH,g.
The oxygenated resinous constituents which are in assoc-

‘iation with the above hydrocarbon have been divided into two

portions: (1) a white crystalline resin, soluble in hot but
inseluble in cold alcohol and (2) a yellow amorphous resin
inseluble in hot alcohol. Such a separation was first carried
owt in 1852 by Payen who gave them the names alban and fluavil
rospeetively, In 1892, Oesterle(98) isolated a fourth
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eonstituent having the composition C 86.4% H 12%, which he
termed guttan. It was unstable and was converted into gutta
by repeated dissolution and repreaipitation.: In 1903,
Tsehirch (99} obtained a further separation of the alban
fraction. By fractional crystallisation from alcohol he
separated it into spherite-alban :-:i%e}}i%cg, m.p.v152° goluble
in hot alsohol, and crystal-alban, CgoHpOs, m.p. 228° soluble
only with difficulty even in boiling aleohol. van Romburgh
{100) showed later that Tschireh's crystel-alban was an ester
.| of cinnamic acid and lupeol (101).

 Chemical Properties.

By }péasix;g pure dry chlorine into a solution of gutte in
) dried carban tetrachloride until satwrated, Caspari(l()z)

y Gb‘kaineﬁ a compound appraximmmg to the formula Coglzglly
‘Whieh indicated that more substitution than addition had
otcurred. Bromine, acting on a solution of gutta in dried
Shloroform, did not exhibit the same tendency %o substitute
there being only a slight disengagement of hydrobromic acid

while the produwt was of the composition 63034631'10' A
Produst of the composition CqoH, Bf was obtained by Ramsay R
Chiek, and Gollingridge(103) by the action of bromine on
8Wta, Iodine did not give definite products when it was
8llowed to react with a dry chloroform solution of gutta.
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‘ ¢aseous hydrochloric acid reacted with a benzene solution
o a :
- of gutta to give compound corressonding with Cgoaés.&;lttﬂ.

Quite recently, Geiger(59) has obtained condensation
products of gutta bromide with various phenols using ferrie

ghloride as catalyst. With ordinary phenol he obtained

bis~(p~hydroxyphenyl)~hydrogutta=percha, a brown emorphous
substance seoluble in alkalies and yielding a yellowish-bkown
dibenzoate of m.p. 190.5%°, of high M.W. m-Cresol and

regoreinol gave similar produets.

Caspari found that when gutta percha was treated with
nitrogen peroxide the first product was a green gelatinous

| preeipitate which dried to a horny mass of variable composition,
| Mhez-" treatment yielcied a yellow clot which, when dissolved
in aaéﬁane and’reprecipi“bated by ether gave a buff-coloured
PM@:‘:. Cleﬂmﬂzﬁé, soluble in aeetone and ethyl acetate, also
| it esustic alkalies but insoluble in ammonia. Prolonged

" treatment converted thié gsubstance with evolution of heat and

B bubbles of a'gas‘, 40 a saffron yellow pcwdér soluble in acetone,
9#**3’1’&@9#&1;@ ,alkalies and emmonia, It was given the formula

3105153‘307%:1 wag congidered to be identical with Harries!
*aitrosite C* of the same formula.
 When he treated gutta with nitric oxide, the same worker
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| obtained a product in which the nitrogen and oxygen were

; : B@f# in the proportion in which they were originally supplied.
He explained this by assuming that addition had been accom—
panied by oxidation.

. Nitric aeid in reaction with gutta yielded & yellow
‘Ir;':amarphmzs body to which was assigned the formula 015H211\I4011,
the same as that given to it by Harries. | |
A/ By the action of nitroso bodles on gubtta, Brumi and
| Geiger (77) have prepared compounds corresponding to the
derivatives of isocaoutchoue which they obtained by a similar
| reaction. They have prepared both isogubtta-percha~nitroso-~
| benzene and its bromide by a method the same as that employed
A in thé preparation of the corresponding derivatives of iso-

§ cacutchouc (loc.cit).
Oxidation.

From the oxidation of an ethereal solution of gutta by
| | ueans of atmospheric oxygen, Ramsay and his workers(103)
isolated a substance of nearly the same composition as alban,
: 19800,  When they carried out the oxidation in tolueue
Bolubion the reaction took a different course and resulted in
| the Zormation of & sticky solid, CqoHos04y Which decomposed
when distilled under reduced pressure ylelding 'a mixture of
82880us products and a yellow oil, 31232053' of the odour of
Poppermint .
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Harries{45) found that on treatment of a chloroform

o BOlWiﬁn of gubtta with ozone an ozonide C10l160¢ was formed

whieh gave, on decomposition with steam a mixture of levulinie
sldehyde and acid and levulinic aldehyde peroxide like that

. | from eaoutchouc ozonlde but in different propurtioms. fThis
.4 184 Harries to the conclusion that cacutchous and gutta percha
| are identiesl.
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. Ba:i.a'ea, |

Bala‘hm which reaenﬁales gutta pereha very closely and
M ‘gM best natw:‘al S’l}bﬁtﬁfbuﬁe Por it, is ‘bhe product obtained
"'_;';‘y eoagulating the latex of the "bullet® tree, (Mimusops

1 globosa), a very close relative of the gubba-percha tree. Tt
| belongs to the same botanical family as the latter, the
S&p&ta&eae » 80d 1is pative to the West Indies, Venezuels,

4 British, Duteh, and French Guiana, and to Brazil north of the
Originally the tree was felled before collection of the
1 w’sﬁx, but the practice has been almost entirely eradicated

| and now, latex is obtained by the usual method of periodical
‘951391213‘ After collection, the latex is transferred to
ﬂhalhw wooden vessels in which it is exposed to the alr umtil
 soagulation has been brought about by the heat of the sun.

By this meam balata is obtained in sheets, Coagulation is
often indused by boiling the latex but never by the acid

i Pegs commonly employed to coagulate riubber latex.

Bala’ea resembles gutta percha very closely in physical
P“‘Pﬁﬂias. Tt is an inelastic solid, like the latter, and
,EW ke grey, pinkish, or brown in colour. When lmmersed in
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' M water it behaves as gu:#’sa percha does; becoming sofb
mﬁ plastie and, on cooling; h&rdaning again without beceming
fhi’k'kle .

‘rg@gmal Composition,

Balata has a chemical composition analogous to that of

| gata percha. It consists prinmeipally of a hydrocarbon of

! 'Eke empirical formuils 651{8 assoclated with resins; the

Wms:mml product contaings also variable amounts of insoluble

M’ser and moisture. Balata conbains a much higher proportion

éi resins than good gutta percha and, consequently, it is

inferior in quality to the latter. When balata is compared

wmh a gutta-percha containing the same proportion of resin,
3% is found to be a little softer and more flexible,

' The hydrocarbon of balata, which is purified in the same

way as that of gutta percha, has very similar properties to

the gutta and, as a matter of fact, is considered to be

| tentical with 15,

The resins of balata are analogous to those of gubtta

| vercha consisting of (1) balalban and (2) balafluavil in the

Woportion, according to Obach, of 2 parts of the former Ho

|3 parts of the latter. Tsehirch and Schereschewski(104), by

- fractional erystallisation of the balalban from alcochol

SMained a further separation into readily soluble- balalben,
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| CapllagO oF Coplfyq0p of mp. 208-9° orystallising in lustrous
4_ ‘f seales and sparingly solubl@ of ~balalban, ¢ 27*1@2% of m.p.
_'7“:253*-1“ erystallising in needles, TFrom the alccholic extract
from which the balalban had separated they obtained a sticky
'amorphoua substance by pouring it into dilute hydrechloric

- aeid. It was balafluavil of the composition cmﬁmﬁ. Two

| years later Cohen(105) showed that the o~balalban mentioned

| #bove was identical with /saamyrin acetate.

The chemical relationship existing between the hydr o=

| earvons of balata and gutte is a very close ome, So close
:mdeed that they have been considered to be identical. Both
ﬁf *khem analyse for CgHg and each contains one double bond

| por esﬁa unit of its molecule.

When balata is treated with chlorine ,brbm};ne ,0r lodine
ﬁﬁéer the sewe conditions as gubta,yr‘aviomly reported, the

1 Foduwds are *ﬁ’ary similar if not identical with those obbained
ﬂth the latter svbstance. Here again, ch‘ler:lne’ shows a

| #reater tendency to substitute than does brcmine; and iodine,
P 8gain, does not give any definite produet, & lé.rge proportion
¢ the iodine ariginally absorbed being removed when it is
brought into solubion and reprecipitated with aloochol. Oxides
of nitrogen also yileld products of the same composition as
%hose from gutta, nitrogen peroxide giving, after protracted
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. M’Eiﬁl&?ﬁ & compound Oy oH4 N.0y, corresponding with Earries!
..g’"ﬁi’emsite ¢* and nitrie Qxi&é & yellow smorphous subsiance
Gmﬂlclt » in the formation of which addition seems to have
‘tieen accompanied by & certain amount of oxidation. Nitric
:‘aa:id was found o yield a yellow amrphous compound of }
 gomposition corresponding with Harries! formule 0153211?4011*
Brugson, Bebrell apd Calvert(81) have reported the

| formation of en addition product of stannic chloride and

4 balate corresponding to the addition produwets of caoubchoue
with metallic chlorides. ©On beirg treated with alcohol,

1 8ieh & compound spliits off stannic chloride, just as the

| emutehow-gtannic chloride compound does, and yields a

| Eaﬁz:éneﬁsaluble polymer of balata, softening at 200° and

| desomposing at 250°,

Balata, purified by elimination of resins, becones
altered on exposwre to air and light, and there is formed a
resin of a different nature from the resins criginally present.
ﬂhis alteration of balata by air and 1light takes place less
| T8dily than that of gutta. Dawson and Porritt(106) have
| #¥udied the oxidation of balata by atmospheric oxygen. They
E‘ﬁ"ified ?eﬁezmlan sheet balata by extraction with acetone
- and separation from & clear benzene solublon by addition of
~ 810ohol and exposed it to a cwrent of air at the ordinary
- temperature. The oxidetion followed an autocatalytic course
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" snd yielded a final product having the approximate composition
Q}BEZ.GQ:S‘ There was alsc produged a small amownt of formic

'} 84 but no earbon dioxide, Assuwaing that 1 earbon atom in
f"'-ﬁvexy (C’wﬁzé)n was converted into formic acid, they concluded
1T that n = 112,

. » . L 2 . [

| W¥hen consideration is taken of the length of time for

| which rubber and its substitutes have been known, the diverse
| Wes to which they have been put, and the important place

| Which they have taken amongst the industriss of the world,

%hen it would seem that the study of these substances has

been sub jected to an wnwarranted neglect. Fai-z\z,while many
reagents, the variety of which is rather remarksble, have been
| Wilised in attempts to elucidate their constitution, yet there
have been praé:tiaally no researches of a consecutive character,
| poseibly due to the exceedingly wnstiractive nature of the

; Produrts which ave "quiﬁe generally ,obtainei from %them. While
3 1% seems evident thet caoutchows ; subta percha, and balata are
‘  ﬁﬁ%’l‘y related hydrocarbons consisting of CgHy muelei built

W %o fornm a large ring or long chain, the size of the molecules,
ﬁhﬁ method of joining uwp these nuelel, and the immediate
rqlaﬁens‘hip of the three substances, whether they are‘ igsomers
O polymers or in a different state of aggregation is, at the
Woment, gtill fairly obsewre.




1t was iazopoaaé in this study of the behaviowr of
gsowtehoue, gubta.percha, and balata towards oxidising agents

to submit these substances and corresponding derivatives of
:ihem to, as nearly as possible, identical reaction eonditions.
1 On account of the parallel nature of the cowrses of the
reactions and the very close similarity in properties of the

| products from each of the three sources it has been found
possible to %rem; the various derivatives al corresponding
s”iéges of the work in an exactly similar fashion. So, when

8 degeription of a method of preparation or isolation of a

1 dsrivative ’fw given without mention or reference to a particular
i+ brameh, then it is %Yo be understood that it applies to all

| three cases. |

Corresponding derivatives from the three sources were
&hea% indistinguishable in appearance and in their behaviour
%owards solvents and only by quantitative analyses were they
 shown $o be gquite distinot. The results of sueh analyses will
“ regorded in this part of the ‘éhesis but no reference will

1 f e made heye to the possible explanation of them. A new

3 'éﬁﬁple#e section will be devoted to the proposed interpretation
°f thess results.
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 The standard method, due to Harries, was adopted for the
fé&fxifmaﬁbian of the caoutehow, The material used was &

4 very fine specimen of crepe rubber in the form of thin sheets
of a very pale yeliow golour. Lesins were removed by extraec-
: gﬁm with acetone for 12 hours in a Soxhlet apparatus. The
,hyﬁrwarbon wag then dissolved in benzene, the solution

| filtered, and the caoutchoue repreeipitated by the addition

j of alechol. The finml produet was almost colouriess and
¢onsidered to be of sufficient purity for the work proposed.
At ' firet the above method was employed for the purifi-
;g é&tion of the gutta—pe:fem and balata hydrocarbons but later a
mthod rather different was adopted. About 20-25 grams of
the crude material cut up into small pleces, was treated in a
| sonical £lask with 400-500cc. of boiling %0/80 petroleum ether
§ 808 the mixture kept at 40° until most of the insoluble

| mterial nad settled to the bottom of the flask. Invariably
8 Jonger time was necessary for settling with gutta than with
.| ¥late and even with différent épeeimens of the sanéa raw
ﬁ&ﬁeria.:t, the period varied greatly. When the supernatant
ui“id was almost free from suspended matier, the mixture was
alawed to caool, ILowering of the temperature brought about

' the separation of the hydrocerbon which had dissolved in V‘the
hot pedroleum ether. It was a colourless pasty mass and was



| sasily separated mechanically from the insoluble residue at
m bottom of the flagk and by f£iltration from the resins in
w}mﬁiﬁn in the cold petroleum ether. ‘fThe filtered hydro-
ﬁarbtm was submitted to several successive treatments similar
t0 the above, using fresh petroleum—-ether each time. When
4 found necessary, kaolin was added to the solution 4o facili-
| %ate settling of suspended matter. The hydrocarbon was
’&iaselvad in benzene and reprecipitated with aloohol. It

4 was extracted with boiling alcchol to remove any air oxidation
‘pixj'aém'& present and finally, dried in vacuwo. The finai gutte
- &nd balate products were very similar in appearance. They

~{ were colourless tough solids, transparent im hot aleohol. On

‘4 exposwre to the air they were readily oxidised and therefore

'f were kept before use in an atmosphere of carbon dioxide.

Hydrogen peroxide was chosen as oxidising agent because

‘| of the mildness of its sction which might be expected to yield
produsts containing the parent molecular struptures without any
tonsidersble degradation. Henderson and his workers (J.C.S.
91, g9, 1539; 1912, 101, 2288, etc.) have elaborated &
wethod of oxidation with hydrogen peroxide whiech they have

Wed to great advantage in their work on alkaloids and terpenes
82d this method has been modified by Robertson and Mair(80) to
it the requirements of caoutchowc. ‘In the original method
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4he terpene hydrocarbon was dissolved in glacial acetic acid
and mixed with sufficient m—avolme hydr ogen perox:ide to
7leld a proportion of 2 mols of 52@2 per CqoHy. of hydro-
‘earbon. Siunce the oxidation seems to take place through

the farmatioa and subsequent decomposition of peracetic acid
and since caoubchouwe is insoluble in glacial acetic acid, the
later workers employed a solution of caoutchoue in chloroform
and added to that glacial acetic acid. In this reseérch also
chloroform was used as solvent for the hydrocarbons and the
prgport ions of ingredients in the reaction mixture of
Rekagﬁson and Mair were retained in the earlier preparations
bt were altered later to yield a proportion of 3 mols. of
ngeg per {3}_9&16. The final reaction mixture was as followsi-

25 gm. hydrocarbon

360 ee. chlorofomm

250 cc. glaclial acetiec acid,
BB ee. perhydrol (100 vol. Hp0,) .

'29" the solution of hydrocarbon in chloroform was added
in small guantities and with vigorous shaking, the glacial
asetds acid. Addition of the acid caused reprecipitation of ;
S0me of the hydrocarbon but the precipitated material redxssolved :
With the shaking until 190~200cc. of the acid had been added
“ﬂmﬂ whieh point the repreeipitated hydrocarbon remained
Wdissolved., Additdon of the perhydrol caused a furbther

Precipitation of hydrocarbon. The reaction mixture consisted
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~of an upper layer of white clotted hydroearbon floating in

vg moblle liquid of a very pale yellow colowr in the ease

 of caoutchoue end colourless in the gutta and balata oxi~-

| datlons, and it was kept for several days at a temperatwre of
50° according to the instrustions of the earlier workers.
8ince the products from several such oxidations carried oub

at that temperature gave on analysis, varying results, a
geries of oxidationswas carried through at different tempera-
twes to find out if a more constant product could be obtained.
At room temperature, the reaction did take place bubt only

very slowly and it took weeks to go to completion whereas, at
temperatures above 50° ,» While the speed of the reaction was
greatly increased, the yileld of resinous products was quite
considerable and the composition of the main produect was by
¢ means constant. The optimum temperature as regards
congtancy of product and speed of reaction was found to be

- about 40° and all the later oxidations were performed at this
temperature.

The first change 0 be noticed in the reaction nmixture

was in the upper solld layer which was converted to the liguid

. state with accompanying evolution of carbom dioxide. When
the mixture had become homogeneous, the reaction was considercd
%0 be complete. This took from 3 to & days, the longer time

when caoutchouc was the material oxidised, the shorter with
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m.a‘ka, and an intermediate period with gu:tzta.

| Isolation of the Oxidetion Produsts.
& ﬁhe reaction mixture was ghaken wp in & large separating

| fumel with water, the chloroform layer, containing the
oxidation products, separated, and the sgueous layer extracted
| repeatedly with chloroform. The combined chloroform extracts
were freed from traces of acetic acid by washing with dilute
sodium earbonate solution. They were then washed with water
 and dried over anhydrous sodium sulphate. The solvent was
 removed below 40° wnder reduced pressure and the oduet was

| obtained as 8 pale yellow glassy golid. If :i.s to be noted
here ‘khat, wherever it was possible throughout this work, the

Working temperature was no higher than 40° in order to reduce
toa ainiwm the risk of condensation or resinification of

the zmé&@fa. The above-mentioned solid product was dissolved
in alfmhal and the solution decanted from any wnattecked hydro-
“r'mm The $alvems waa removed wnder reduged presswre and
the I%‘aﬂwt recovered as & very pale yellow amorphous solid.

It was dissolved in acetone and precipitated as a fine white

| Pl‘eeipitma by powring, drop by drop, into & mechanically
i‘é:iz'raa solution of sodium chloride. ‘The salt sélwzian'

foung "ﬁa} give the most workable produet was one in vwhich a
Satwrated solution of common salt was dilubed with an equal
Wantity of water.




| Ehe $hree oxldation nrodms from cacutchoue, gubtta,

| aud mm were indistinguishable in appearance and in their
bebhaviowr towerds solvents and varilous reagenbs. All three
were odourless and colowrless amorphous solids. They were
insoluble in water, petrolewm ether, and carbon tetrachloride
~ and carbon disulphide, sparingly soluble in bengene and in
ether, and very soluble in methyl and ethyl alcohols, aecetone,

 ehloroform, ethyl acetate, acetic acid snd pyridine. Nome

of the products reacted with dilwte sodium earbonate solution
bk all were resinified when kept for a long time in contact
with ecniﬁ,» ve;aus*bic alkalies. HNumerows attempts were made to
erya‘balliée these w oduste from solutions in the sbove solvents
and from variovs mixtures of such solvents but all were in vain,
and, in every cage, all that remained after the solvent had
been allewed %o evaporate very slowly was a sticky syrwpy mass. |
Alzoholic extracts were tested with Schiff's reagent, Fehling's |
solution, and with smmoniscal silver oxide without indication
of the presence :of an aldehydic grouping and, in no cagse, was
8 semlearbazone obtained on treatment of an alcoholic extract
vith semlcarbazide acetate, The products were wmsaturated to
bromine and to dilute alkaline potassium permanganate. They
ﬁe%&saaed when distilled in vacuo yielding in each case, &
dark oily aistillate which was not further examined and when
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sz burned, they emitted the charaeteristic smell of
buwning rubber.

The conelusion drawn from these o‘bsarva*kions

gave
" L3457 "t

c. H.
62.61 9.91
62.88 9.97
63.29 9,70

« 3660 gm. t:@z and

:

v ti:at the purodwta were very eloaely rela‘&ed $0 the parent
hyﬁroaarbona and were of an aleoholic character.
Bpecimens were ana];ysed and the following results

1345 v %

27.48
27.15
27,00

1611

36.19
35.83




| Balsta.

() 3481 = = 3129

Pound c.
(a) 57.61
(&) 57,61

Finfee%0 requires 59.52

n

.
E.
8.59
8.53

8.73

wag Wie& from 10% through 2% to 1%.
in the m::e dilute solutions the values obtained were invar-

wﬂ? las:m than in the more e@mem‘ratad salub ion.

]

62,

Um% g8, Hzaa

137 v

33.890
33,86

31,

_ Determinations of the molecular weights were made by
mmmg the depression of the melting point in a camphor

‘ %11&1912 after the method of Rast.
&8 salvent and in tnis case the coumcentration of the solubion

Menthol alzo was used

It was notileed tha‘h

Qxfi.daf:ion Camphor
Produet Sgﬁent - “‘mh"l : ' .
1:10 1:50  1:100
- Caoutchoue 915 498 R23 248
| 1010 498 244, 248
G 952 455 244 248
. Guttba- 998 1081 583 548
 percha 1020 1026 571 543
2025 578 552
Balata 089 1009 540 524,
S, 1005 087 533 524
— - 996 993 B33
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| The OH-content of each of these glechols was debtermined
%y the method of Tschugaeff and gorewitinoff recommended in
Howhen-Weyl!s "Methoden® Vol.III, p.32 (2nd edition) and
based on the reaction belween mthylmagz}esim jodide and a
h?dmxyommpeund which results in the evolution of methane
aocording to the following equation:i-

CHgI + B.E = R.Gigl + CHy

The amm‘b of methane evolved from a known weight of substance
is m;eagw:ed and serves for the caleulation of the GH-content
of the compound.

The aleohal was weighed accurately iuto the bulb of &
parfeetly dry decomposition flask containing a small side tube.
It was diasalﬁred in 15ec. of pure pyridine, dried and distilled
over bariwm ozide, and, into the side arm, Was introduced about
See. of a Griguard reagent prepared from amyl-ether, magnesium
ribhon, and methyl iodide in the ysual way. The decanmosition
flask was attached to @ water-jacketed Iunge nitrometer and
the whole apparatus alloved 1o come to constant temperature.

. The Pressure in the decomposition flask was prought to atmos-
pheric by means of the stop-cock and the burette was then filled
with mei-ewy'ﬂ. The Grignard reagent was allowed to mix with

the solution of hydroxy-substance and, simultaneously, the
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decomposition flask and burette .w;a:re connected through the
slop~cock. The reaction mixture was shaken vigorously as
long as the mercwy in the burette was sinking and wes cooled
in 8 water~jacket when evolubion of gas had ceased. An
fai4lal contraction in volume was followed by & slow increase
and the miniwum gas volume was measured, The percentage
Pi~content was found by using the Ffollowing formula:-—

x = %H = 0,076 3
where V = +vol. of methane at N.T.P. (in ecls)

S = weight of svbstance.

Trpical resulis from such measurements are given in the
Pollowing table:-

wh.of VQl.of methane R
_substance ,a'ls .
29,59
28,98
82423
: 2. B Ddst 31.96
0.1838 gma 62.1 ee. 25.81 i
G 1682 gum 56.6 ge. 25.71

(a) Ae‘l:ion o'f 2:1}{3.1;1'0 gnzoxl Ghloride.
A solution of the oxidation produet in about 10 times its

Welght of pyridine was cooled in a freezing mixture, p-Fitro-



65,

benzoyl chloride, the proportion being waried in different
preperations, was sdded very slowly with constant stirring.
The almost-solid reaction mixture, after standing for 2-3

dm at room temperature, was powred into a large volume of
witer and the pyridine neutralised with dilute sulphwric acid.
the produet, which was precipitated as a yellowish-brown pesty
B2e3, was filtered, washed with dilube acid and with weter,
& dried. It was allowed %o stand in contact with dilute
#0dim carbonate solubtion, until all p-nitrobenzoic aeid had
been removed, rewashed wnd dried sgain. It was a frisble
‘Wetance of an orange colour and seemed to contain a small
W’éﬁt of resinous matter. It was extracted repeatedly with
“hﬁl‘ and the ether, inm twn, was removed under reduced pressure
fzom the‘ extragt,. The brown viseous syrup which was left was
tedissolved in ethyl acetate and the product precipitated by
e addition of petzolewmmothor.

| The tﬁxée produets were orange~coloured amorphous solids,
lasoluwble in water, benzene, toluene and petrolowm-ether,
‘Fﬁringlqr soluble in ebher, chloroform, and in hot carbon
ta%raéhlorme, and very solvble in wet@e ¢ Bethyl and ethyl
"onols, etnyl acetate, and pyridine. They gave the usual
‘m“&%ive tests for ni‘krogen and esterification, certainly,
hag Scewrred to some extem bput the produets were entirely
Wawited to the eharacterisation of the original alcohols on
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asgount of being conmtaminated with resinm}a matter and giving
varying results on guantitative estimation of the nitrogen~
sontent . |

{b) Action of Phenylearbimide.

To & solution of the oxidationmpr odupt ,cooled in a
freezing mixture was addes very slowly phenylearbimide, at
first sufficient to combine with all the oxygen if present
88 hydroxyl groups buk,later, in reduced smovmt. On being
mawed 4o stand for several days at the ordinary temperature,
the reactlon mixture assumed & reddish colow and a solid
Wra%ed on top of the liguid. The reaction mixture was
throwm into water and the chloroform layer separated. The
solvent was removed in vacue leaving & brown glassy solid
which was extracted with ether several times in an effort to
effect separation from aontaminaﬁng resins. It was finally
teken wp with béizgene and reprecipitated from solution By
adition of petrolewm-cther., The aried product was fawn-
eolowred and friable and gave positive nitrogen tests but still
Sontained a fair proportion of resin and was probably even
Wre wguited to the purposes of the characterisation of the
barent alsohol then the corresponding supposed nitrobenzoate
bad been. |

Prom the preparations & quantity of a colourless crystal-
e subgtance was ga’shered and identified as diphenyl-urea
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paving & m.ps of 237-8° after reerystallisetion.
(¢) Action_of Phthalic Anhydzride on the Metallic Salts.
Solutions of the alcohols in benzens, in which they were
‘only slightly soluble, were %reated vrith the theoretical
amount of metallic potassium or metallic sodiwm. The reaction,
in each case, was extremely slow due probably to the sparing
a«altﬁml:!:ky of the solute and resulted finally, in the separ-—
&%ion of a brown vitreous mass which was thought to be the
potassium or sodium salt mixed with a large amownt of resin.
Preparations were then abtempted in dichlorethylene and in
sthylene~dichloride solutions and these were fowmd to be more
satisfactory solvents for the purpose. ¥hen sodimm was the
reagent used, the reaction proceeded puch more smoothly than
with potassiuws and the sodium salt, mixed however with some
‘¥esin, was obtained as a faintly yellowish paste. It was
treated for a few days at the ordinary temperature with
phthalic anBydride and the solublon, after powring into water,
exbracted thém-ugm;t with benzepe. The &queous layer was
oxtracted repeatedly with chlorofoxd and 2 brown Syrupy mass
WS obtained when the solvent had been removed wmder reduced
Pressure,  The prodwet obviously contained a large amount of
resin and examination of it was abandoned .




(4) Aetidon_of Dimethyl Sulphate.

The sodium salt of the alcohol, suspended in dry benzene,
wae refluxed for a few howrs wibth dimethyl sulphate. After
decomposition of excess of reagent by pourlng into water, a
Yenzene extraciion of the product was @made, Removal of the
solvent left a reddish-brown vitreous wess, which was extracted
several times with godims~proof ether in an effort to free it
from contaninating vesins. (However, the final product, which
wae of a dark-brown colow, still contained a large smount of
iésinmm matter and was not aubmitted to further exanination.

Brominotion of the Oxidation P roducts.
The unsaturation of the hydrogen peroxide oxidation pv ocducts

ws determined by measuring the bromine additive capacity accorde
ing %o the method employed by Gladstone and Hibbert in Thelr
Qeterminations of the bromine additiveleapacity of ceoutchouc.

b dlduke solution of the oxidation product in chloraoform, cooled
ina freezing.mixﬁme, was trested with a kpown volune (an

€@ess) of a standard solution of bromine in chloroform (aboub

1% solution), starch-potassium jodide paper being used as
®Xternal indicator %O ensure saaition of an cxcess of bromine.
The solutions were well mixed by shaking and allowed to stand

for § minutes. An excess of 8 concentrated agueous potassium
10dide solution was added and the mixture again well shaken to
tswe complete absorption of the residual bromine. The iodine,
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thus liberated, was titrated immediately with standard
sodium thiosulphate solution using starch solution as
were carried out in the

“dndicator. Iater determinations

‘presence of potassium bromate iu order to avoid possible

2

er:rer due to substitution.

It was observed that addition of the bromine camsed

an imediate decrease in the viscosity of the solutions

icaf the oxidation products, due very pobably to disaggregation

0f the original molecule.

Isclation of the additive compounds

’Ghe extremely unstable nature of these substances.

._ fhe pumber of determinations of unsaturabtions
through is a
that the course of 2 ¥@
z'eéult;

large

°x1&atim. products.

f L.

cane &9 it wae

2re tyg:.;..al of those obtalined

action was Lfoliowed.

' ves attenpted but found to be impracticable on account of

carried

from swh measurenments

The folliowing

& for the peroxide

. Of $romine ~Browine  Bromine  Bromine.--

Product gubgtance added  in excess. required. Ior 100pts.,
e 0.22538 o3bAgm. .0452gme »1902gm.  85.00
Gaowbchous. 0,26096m. .23b4gm. .0llbgm. .2238gm.  85.76.
| — Q421285 Lo3500m,  .0002gm. «1800x, 85,70,
Gt oo,  J3798gm. <O76Agm. 304bgm.  44.85.
Percha, ‘SToRgn:  lisavem. .0622gm. .391bgm.  44.89.
—— L 6573am, L3789zm,  o0840gH, 2 94LEm, 44,78 .
17olsm.  .2023gm.  o1181lgm.  .0842gm.  47.01.
Balata, ATodem o ogsem. .1252gm. .079lgm.  46.82.
.2665gm. .2623gm. JO777gme . L%Ggm. 46,95,
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tk was proposed to check these results by determining

the iodine values of the oxidation produets but this was
- found to be impracticable because substitubion occwrred to
& large extent, even when precautions were taken to use

- no wore than the theoretical amount of chlorine in the

Preparation of ¥ijts solution.

Action of Chromic Acid on the Oxidation Products.

As it seemed futile to continue these attempts at the

| Preparation of an alcohol derivative of sufficient pwrity for

- the purpose of characterisation or puwrification of the parent

alecohol, it was decided to attempt, the preparation of an

- aldehyde or ketone by the oxidation of such alcohol.
Chromium trioxide in glacial acetic acid solution was chosen
as the oxidising agent because ifs uswal effect is to oxidise

21 aleohol to the corresponding aldehyde ‘or ketoune without

fwther oxidation, provided it is used in no more than

- the thé;;;}étical proportion for such a reaction.

Meny preliminary oxidations were carried oub bedfore

- the 'Qmmity resulting in the best yield of aldehyde was
 decided, 4 comsiderable quantity of an acid product was
- %%aineq in the first preparations in which the amount of

| Teagent used was sufficient to oxidise all of the hydroxyl

- 8T0Wps supposed to be present in the alcohol, In later

| SXperiment o , the proportion of oxidising agent was redued

3 veduction in _
ind‘:;;he yield of acid effected umtil, finally, an aldehyde
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| was isolated as the only product é,f the reaction.

The reaction mixtures were as follows:-

Cagutchoue . Gutta-Percha and Balata.
10g. Alcohol Ic. 18g. alcohol Ig or Ib.
80ce. glacial acetic acid. 80ce.glacial acetic acid.
l.4g. chromium trioxide. 1.2g. chromium trioxide.
40ec, glacial acetic acid.  4AOcc. glacial acetic acid.

The alcohol was dissolved in the acid and the solubion,
%o which a few drops of water ned been added to prevent solid-
' ification of the acid, cooled in a freezing-mixture. The

~ Becond solution, éonsis’aing of chromivm trioxide dissolved in
glacial acetic acid, was also cooled and added, in very small

- amownts, to the first. During the earlier oxidations &
 ¢onsiderable amount of 1ocal oxidation occurred resulting in 4

: the prodwction of a small amownt of resinous acids. ILater,

by adding the reagent, drop by drop, to & well-stirred solution
- of the alcohol, swch by -products were entirely eliminated.

| The reaction mixture was brought to room temperature and

- allowed to gtand overnight. The mixture was thrown into a

- large volume of water and solid sodiwa carbonate, sufficient

- Just to fail to neutralise the acid, was added. A white solid
i Produet separated as & result of this operation. TWhen it had
i 8ettled 4o the bottom of the vessel the supernatant ligquid was
Joured off apd the residue dissolved in ether. — The aqueous
layer was extracted repeatedly with small amounts of ether and

811 of the ether solutions combined.
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The ethereal solution of the produet was washed with

~ weter and dried over amhydrous sodium sulphate. Partial
removal of the ether yielded a greenish-yellow syrup. Com=
plete removal of the solvent wmder reduced pressure yielded

j the product as a colourless glassy solid. It was digsolved
-~ in acetone and the acetone solution added drop by drop to a

- eonstantly agitated solution of common salt. The final

- produet of which, in the later experiments, an almost quanti-

- tative yield was obtained was a colourless amorphous solid.

The caoutchouc, gutta, and balata products were almost

~ ldentical in properties. They were all colourless amorphous
 80lids, insoluble in water, benzene, and petroleum-ether,
sparingly soluble in ether and very soluble in methyl and
#thyl aloohols, acetone, chloroform, and acebtic acid. None

- of these solvents, however, was¢ suitable as a crystallising
 mediun, Aleoholic extracts of each gave a mirror with

| Smoniseal silver oxide, reduced Pehling's solution, and

: restored the colowr to Schiffts reagent. They decomposed

- When distilled, even under redwed presswre, and burned with

the characteristic odour of burning rubber.

An ethereal solution of the aldehyde and a saturated
Solution of sodium bisulphite were left in contact for some
bine, After 2-3 weeks, & small quantity of solid matter had
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separated and was filtered off. This sibstance was the

- bisulphite addition compound of the aldehyde and yielded,

en decomposing with a strong sodimm carbonate solution, a

- quantity of the original aldehyde. A further guantity of
: aldehyde was obtained by thorough extraction of the agueous
layer of the reaction mixture with ether followed by decompos-

ition of the extracted bisulphite compound with strong sodium
earbonate solution. This method, however, was by no means
#ulted to the pwification of the aldehyde and attention

was next directed to the preparation of a semicarbazone.

2reparation of the Semicarbazones of the Aldehydes.

To a solution of the aldehyde in ethyl aleohol was added
8n excess of semicarbagide hydrochloride and the theoretical

- Quantity of sodium acetate, dissolved in a small guantity of
Water, Op standing for a week, & slight colourless precipi-

| tate separated and the solution became darker im colour, ‘
~ Assuming g yellowish-brown coloration in place of the original
greenisheyellow.

The reaction mixture was poured slowly into a well-stirred
Satwated salt solution and & bulky white precipitate, easily
Mlterea, was obtained. After filtering, washing, and drying,
*he product was isolated as a colourless amorphous solid

$Mtirely free from aldehydic odowr.
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| This white powder was dissolved in aleohol and repre-
; 'éfipitated by stirring into & salt solﬁ'b‘ian in order to remove
'-"_:'wgss of semicarbazide acetate, The dried w oduct was then
$reated with cold wethyl alcohol and the solution of semi-
- ssrbazone separated by filtration from the residue, which
" proved %o be a complex condensation product of the semi-
Q&xbazida. The filtrate was powred slowly into a salt
| ‘@lws‘ian and the resulting precipitate filtered, washed, dried,
" and treated with a large guantity .of ether to remove any
| wattacked aldehyde. It was again brought into solution and
| reprecipitated in & stirred salt solution. It was filtered,

washed, and dried to a white odourless powder entirely free
from original aldehyde.

| - The caoutchous, gutta, and balata produsis were alike "

in appesrance and in solubility. They were colowrless,

" odowrless, amorphous solids, insoluble in water, benzene,

- $oluene, ether and carbon tetrachloride, sparingly soluble

in chloroform, sud very soluble in methyl and ethyl alcohols,

| Metone, and in ethyl acetate. Attempts to obtain them in

4 oryatalline state met with failwre. They all gave the

- Prugsian blue precipitate in the qualitative tests for

Bitrogen, ‘
Analysis of various specimens gave the following results:-




gamxgeha
(a) ,.1895 gm, gave ,4039 gm. CO, and .1520 gm. HyO.
(b) ,.%58 ® w4332 n o« © k623 n w
| (8) .3061 " v 21,06 ec nitrogen at 19°C and 752.2 mm.
(@) 3257 " ma22p50 ° n %21,6% * 754.6 *.
. Fownd c. E. K.
(a) 58,12 8.91 7.86
(v) 57.97 8.85 7.83
: 5%“94"16% requires 658,97 8.88 7.94,
Q’etkta‘
 (a) 2527 gn. gave .4492 gu. O, end 1568 gm. H,O.
(b)) L2463 ® w0 4%08 ® M @ 1903 ¢ @
(@) .2792 ® ® 17,05 ec. N, at 16.5° and 763.3 ma,
() 3198 n v 19,60 " v v 18° '« w54
Found c. H. , g,.
() 52.64  7.88 7.15
- {®) 52.13 7.68 7.08.
F&ﬁwﬁ%ﬁa requires B61.40 74l 6.91
| Biata,
(a) .2164 gm. gave .4446 gm. CO, and 15566 gm. Hy0.
(b) .2283 » * 4668 " * * 1629 ® n

76,
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(8) 3007 gn. gave 19.50 ce. N, at 14.5° and 743.7 ma.
(b) .2083 » « 19,26 r » ® 10° x oy =

(a) 56,03 7.99 7.46
(@) 55.76 7.93 7.42
ofog0z0fg Tequires 55,81 7.90 7.51.

| About 2 grams of the aldehyde was left in contact with
_ &‘ solution of 5cc. conc. nitric acid (sp.gr, 1.42} im lbce,
wter for four days at the ordinary room temperattre. The
feaction mixture, which had assumed a reddish colowr, was
then extracted repeateily with ether. The solvent was

' Mially removed on the water-bath leaving a yellowish

| solution which, in twrn, yielded a reddisheyellow oil on

| v"ﬁ@lete removal of the ether under redwed pressure. ‘The
: eilmﬁt readily dissolved by dilwte sodium carbonate to a
?ﬁédiah gsolution. The alkaline solution was filtered and

| " acidification, a pale yellow procipitate was formed‘. The
Provess of dissolving' the product in sodium cé,rh.onate and

‘F V‘igl’rﬁﬁipitating by addition of acid was repeated several times.
e acid was obtained in a workable form by dissolving in
®atone ana stirring into a salt solution.
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The three produsts were fawn-colowed granular solids,

4nsoluble in water, benzene, toluene and petroleum~ether,
';ﬁamvle in ether, methyl and ethyl alcohols, scetone and
in dilute sodium carbonate and cawstic alkali solutions.

These produsts did not combtain nitrogen but when & more

sencentrated nitric acid solution was used the products were

dark brown in colour and nitrogen-containing. When the

reaction was carried oubt above room temperature there was

shtained & resinous mass, nitrogen-containing and acidic.

Neutral solubions of the ammoniws salts of these acids

were treated with silver nitrate, lead acetate, caleium

thloride, and barium chloride solutions, and only with silver

‘mitrate was a precipitate obtained.

These salts were not

ﬂry stable and decomposed on exposure to the daylight.
Therefore, thelr preparation and estimation of their silver
tontents were carried through et night in diffused artificial

The results obtained were as follows:-
fsoubchoe, |
{8) 7148 gn. substance gave .1697 gm. AgCl.
{b) .e3a7 0 " % ,3401 + o
(a) | 8105 gm. substance gave 1758 gm, AgCl.
() .ma6a = @ ® L1613 " m

Ag = 16.32%




%&‘“.s |
 (s) w6276 gm substande gave 1420 gum. AgCl. Ag= 17.02%
(h} .&Bﬁfﬁ L » # +1813 " o A w m.%%

%hé w%iml »ammman z:xaﬁw*k& mving ‘been mwmtmiwa
ﬁ aloohols, the preparation of the scetates was attempted.
ﬂxin was effected by trestment of the oxidation produet with
asetis suhydride in presense of fuses sodium acetate, It
m ebﬁamm% that the product varied with the tilme of exposwre
ﬁ#, the alcohol to the reagent. This ves investigsted and it
was found that & constent product was obtoined when the
| resgtion was é&rrieﬁ out ot 30° over & periocd of & howrs.

The acetyl derivaiive was precipitated as a yellowish paste
when the reaction mixture was thrown lnto water. IS was
rediguolved in scetone, filtered, and reprecipitated by
8stirring into a sali solubion, the whole operation belng
Tepeated several times.

Again therc was iittle differeuce between the three
Produwsts, They were colouwrless, odowrloss ssorphous solids,
insolwyle in water, benzene, tolueno, carbon tetrachloride
and petrolewm~cther and soluble in ether, methyl and ethyl
8lochols, chloroform, scetone, etiyl acetate and pyridine.
Specimens submitted to wltimate apalysis gave the following

B 3
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() 2234 gu. gave 5615 gu. CO, and 1760 gu. H,0
o) Ldov7 e e 4984 * % m 1504 ® w

QO g‘o 1 'Q.
68.52 8.76 22.73
68.74 8.45 22.81

69,04 8.73 22,22

(8) .1568 gu. gave .3506 gm. CO, and .0986 gm. H,0.
(b) .2382 = = .BS16 * " " 1516 " ¢
Fowmd G H. 0.

(a.} . 6L.38 7.03  Bl.59
. {»  60.88 X 3206
Poglgelog requizes  60.92 7.08 3201

Redate,
(8} .1672 gn., gave 3790 gnm. CO, snd +1106 gm. H,O.
®) .70 ¢ v L3874 * % ® L1157 n
Found c. B 9.
(a) 61.61 7.35  30.84
{p)y 61..98 7.41 30.61.
PoeiogOy, requives  62.26 7.55 30.19.

R 3
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Determination of the molecwlar weights by the Rast method
gave the following results:-

: Camphor
Acetate . Solvent Menthol.
1:10 1150 L2100
Caoubchouwe 542 512 268 256
530 1537:% 280 264
550 532 268 260
Gulta- 643 632 53560 337
pexeha 836 6a8 346 5285
638 637 G341
Balata 658 627 338 324
6645 62 3290 336

67L 627 341 332

A rough estimate of the amount of acetilc anhydride baken
W during acetylation was made by placing a weighed quantity
(about 2gms) of the oxidation product into a conical flask,
adding a measured volume of acid~-free acetic aunhydride and
some fused sodium acebate. After refluxing for 3 hours at
30°, the excess of anhydride was decomposed by addition of
water and the acid formed estimated, afber separation from
the acetate by {iltration, by titration with standard caustic
alkali solution. By titration of a known volume of acetic
anhydride all the figures neecessary for the caleulation of
the acetic anhydride absorbed were obtained. The results

Were as follows:-
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Acetic Anhydride

Produet ggtoégg t abgorbed. ‘g:fr ) ?.ggg;rlii.
Caoutechoue 1.9370 gm 4013 gn 20.71 gm
Gubta percha R2.1272 gm A5 gm 36.56 gm
Balata 1.9907 gm L8972 gm 35.01 gm

later, the acetate was submitted to analysis by the
Perkin method. A weighed amowmt was treated in a distillation
apparatus with s mixture of alcohol and conc.sulphuric acid.
The acetic acid produced by hydrolysis of the ethyl acetate
formed after the decomposition of the original acetate, was
distilled off into a receiver containing a lknown anowt of
standard alcoholic caustic potash. The excess potash was
¥itrated with standard sulphuric acid and from the gurantity of
acetic acid formed the acetyl content of the acetate was

Calenlated giving the following wesults.

[

Wt J.of KOH required Bouiv.wh.
Adcetate subgtance to neutralise of CH3CO  #CHLCO

— ecetic acid groupinz
Caoutchoue 0.7637 gm  0.1949 gm  0,1496 gm  19.60
~— 1.1629 gm 0.2863 om 0.2192 mm i8.901
butta perena  0.9364 gm  0.3181 gnm 0.2428 gm 25,92
—— 0.9822 gm O.3241 om 0.2488 s 25,34
Balatg 1.0747 gn 0.3699 gn 0.2841 gm 26,42,
— 0.8212 gm 0.2816 gnm 0.2164 zm 26,55




Bromination of the acetates

the following results:-
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by the usual method gave

Product Bromine Bromine Lrominec.
, ' gubstance added bromine reguired for 100pts
Caoubehowe 2112 gm. 2901 gn L1532 gm L1369 gm .Shgw\
w1914 pm L9001 gm L1663 gm L1238 gu ()/‘ 69
Gutta «3160 gm 2161 gm 1378 gm .OY83 gn 24 .'?8
percha  ,5853 gu 21061 g L1204 gm  LUUBY gm 4.
4591 g L2161 am L1022 sm 1139 gm »(V._.SO
Balata .6569 gn 2415 grm JOPLO gm .1666 gm 25,36
«BR62 Sid 241D £l SIBRD £El o LEUR £ 25 W43
L7707 g 3220 gm JA269 g JAI9B1 gm 25,31

Hydrolysis of the acetates weas brought about by heatiag

for several hows st 30°

with baryta

gsolution.

The alcohol

thus produced was purified by repeated fractional precipi-

tations from ethyl acetate solution by means of ether in which

solvent the alcohol was less soluble than the correspondiang

acetate.

The products were colourless and amorphous and were

Submitted to ultimabe analyses and the bromine additive

Capacities and hydroiyl contents were determined.

Obtained are given in the following tables:-

tagutchoue,
(@) .1623 gm. gave
(®) .1791 "

JAR215 gn.
JA67T ®

®

002 and

« 1808

The values

« 1396 gm. Hza

”®



Found C.
(a) 70.82
() 71,22

| Cpofigg0q Teauires 71.42

Gutta.
 (a)
(b)
Pound c.

(a) 60.78
- (b 61.30

| Cooflp, Oy Toquires 62.22

2052 gm
2163 ® 0

gave

Balata,
(a) « 14:39 Blie
(b) 1513 N

Pound C.
(a) 63.48
(v) 64,26

| ®6ofgg0yg requives 64.10

gave

E. 0
8,66 19.62
9.34 19.44
9,52 19.06
A58 g, Co, and .1389 gum. Hy0
4801 7 ¢ " «3458 ¢ "
g 0.
7458 31.12
7.88 29.88
.3349 gu. CO, and .1084 gu. Hy0
- .B565 m w 1345 n w
gd gi
8.37 28.15
8.41 27.34
8.54 27.36



Wte of Bromine Bromine Bromine
Produet substazme added, bromine reguired for 100pfs
Caoubchoue .2934 gm L3210 gm 0943 gn 2267 gm 77.27 gn
02441}{} g‘r«l .2‘?‘07 gz& o\/.zlo gn’i .3 88 &S l?_,.#r_ eI
.25(}0 ghi .5%33.0 ?ﬁ .:U’:b? gl.ﬂ ol}(vt.ﬁ ‘31,1 }?é‘l.?b é‘:}n
Gubta-— JB534 g 1986 gm  OML gm L1045 gm SL.04 ow
perchsa o040 g ..,.98(:) gu  Lilo0 s L0839 gm SlJAE gm
LALIO L2180 gm L0898 am L1287 mm 371.,32 gn
Balata HABY zm WJP520 gm LO60L gm JIBEY zm 33.62 ax
PBTT gn B2 gn 045 sm W2CHA gm 55.57 &
B009 o LBA9L am  LIATY om L2015 gm 335,04 gm
Wte OF Volwme of o
Alcohol gubgtance Cia at N.T.F, OH.
Caoutchoue 2596 gm. “Be3 ce. 8.53
23356 Sile 37.0 ec., 8.56
Gubta percha $ 2335 g 40.8 ce. 15,36
.1736 £l 2‘9;& ce. 1;5.%}%
L200L 2. 3L eC. 15,08
Balata LRB4L gm. D2.7 ce. 14,17
« 2380 8. 44,5 ¢e. 14,289

Gat/ida'bion of the alcohols, thus produced, wasg cfiected
by means of ehvomium vrioxide and glacial acetic acid as befove,
The three products of +the oxidation were very similar. They
were colourless amorphous solids, insoluble in water, benzene
and petroleum-ether, sparingly soluble in ether, and very

8oluble in alcohol, acetons, chloroform and acetic acid.



They all gave the wsual tests for an aldehydic groupiag
with Pehling's solubtion, ammoniacal gilver oxide and
Schiff's reagent. TFrom alcoholic extracts semicurbaszones
were pxiépare& in the uswal way. They were amorphous solids
celouriez«}:s,anéi withowt odour., They were insoluble in
water, ether, and the hydrocarbon solvents and were very
soluble in aldohol and acetone, The usual gualite ive

test for nitrogen produced positive results, Quantitative
estimation of the nitrogen content was carried oub by the
Kjeldanl method., The results, obtained frem such determin-
ations are given below, together with those obtained from
determinations of the éarha:a and hydrogen contents,
Lagutchoue .

(a) .1952 gm. substance gave 4693 gm. CO, and 1516 gm.ILO
L

(b} .2175 ® n " ,5182 " n,1g98 m W
(&) .4808 gu. svbstance gave .0514 gm, NH
(b) L4371 " "pA67 " T
Found c. H. X.
(a) 64.85 8.72 8.81
(b) 64,97 8,67 18.80
Pilge0i g, requires 65,68 8.65 8.84
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| Gutta.
(a).2136 gn. substance gave .4578 ga. €Oy and 1361 gu Ho0
(b).2184 " ® 4698 " ®  m 405 gm
{a)}.5032 " " L0473 " NHg
(b).4783 ¢ u #0448 v m
Found. C. H. X.
{(a) 58,45 7.08 774
(o) 58 .62 7.15 7R
brgt1g¥, requires 58.10 7.26 7.62.
Balata,
N (a}.m?s gn. substance gave ,4143 gm. €O, and ,1308 ga. Hs0
(0).2093 ® " " 4601 M w jaag om ow
&.4275 o " " L0414 " NHg
(b},4815 » K "oL0464 7w
Pound. Ce. H. 8.
(a) 60423 7.4 7.98
(b) 59,96 7.68 7o
ragolaﬁa requires 59,65 7.83 8,03,

The further oxidation of this aldehyde t0 an acid counld

10% be effected, as it was in the previous case, by means

°f nitric acid., The product from this reaction was not

8cidic in character and contained a fair proportion of
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nitrogen. However, an acid product was obtained by drawving
a cwrrent of air through an alcoholic solubion of the |
aldehyde kept at 40°, A reddish solution was obtained
after a fortunight's heating. The solvent was removed,
uder reduced presswre, leaving a reddish syrup which vas to

& large extent solvble in dilute sodiumm carbonate solution.

Acidification of the alkaline solution resulted in the

formation of a browm gelatimous precipitate. Several tines

it was disgolved inm sodium carbomate solublon and reprecipitated
by adéition of acid., After filtering, woshing, and drying,

the product was obiained as a browm friable solid.

The three acids were insoluble in water, benzene, tolusuc,
and petroleun--—cther, soluble in ether, methyl and ethyl
alecohols, acetone and in dilubte sodiwm carbonate and caustic
alkali solutions. Neubtral solutions of the ammonium
salts gave precipitates with silver nitrate and lead acetate
Solutions, but not with calcium chloride or barium chloride
solution, The silver salts were not very sultable for
Analytical pwrooses, varying results being obtained for
Silver content, even when the determinations were nmade in
diffused artificial light. Analysis of the lead salbs
gave the following results:-

Butchoue .
(a). 5134 gm. gave 14R7 gm. P8O, Pb = 19.00;

15,85

— (b).g1ag n v L1692 " Pb
e

i




gukta.
(a).7252 gm. gave .1822 gm. Pp80, Pb = 17.17%
(b).6689 ® v 1gvg = " Pb = 17.12%
~ Balata,
(8).6421 gp. gave 1652 gm, Fb80, . Pb = 17.58%
(0),6213 = = 1593 Pb = 17.50%

Action of Hydrosen Peroxide on the iAcetates.

The method wused for this oxidation was the same as

- that employed in the oxidation of the hydrocarboms. Since

| the acetates were soluble in glacial acetic acid, the use

of chloroform as solvent was reundered umnecessary. Otherwise,
the oxidation was identical with the previouws one and the
method of isolating the products was also the same, chloroforn
belng used for their extraction.

These new produwets were pwified by fractional precipitat-
lons from solution in alcohol by means of ether, the original
8cetate being more soluble in the latter than was its
| corz-esycmding hyd:«:ogen peroxide oxidation product.

The products werc colourless amorphous sollds insoluble
in water, bemuene, toluene, carbon tetrachloride, and in
Petrolem-e’cher, goaringly solvble in ether, and very soluble
In bethyl and ethyl alcohols, acetone, chloroform, and in

ethy1 acetate, On slow sponbanecous evaporation of the




89.

solvent, from solubions in the above solvents or mixtures
of these solvents, all that remaincd was a syrupy residue.
' Dilute sodium carbonate did not dissolve these products
and dilute eaustic alkali cauged resinification of then
when they were kept for a time in contact with it. Tests
for aldehydic groupings with ammoniscal silver oxide,
Fehling's solution, and Schifffs reagent were negabtive and
treatuent of sleoholic exbracts with semicarbazede acetate
: did not yield any semicarbazone. The products were
satwabed towards bromine and did not decolowise dilute
alkaline permanganate solubions. They could unot be distillied
vithout decomposition but when burned they emitted only
& trace of the usual smell of burning rubber, I‘tom these
Observations it scemed that the products were aleoholic
in nature, In addition to free hydroxyl groups they
Cantaiﬁeﬁ also acetate growpings from the parent acetates,
Specimené were analysed as follows:-
agutchouc
(2).2073 gu. gave .4106 gm. CO, and .1099 gm.H,0
(.24 = w4303 ° v " 1149 gm H,0

Fouad, ¢ B ]
: (a) 54,01 5.89 £0.10
| {b) 54,23 5,90 39.87
BlngOs0 Tequires 54.21 5,92 59,87

e —




gutta.

(b) .2065 ®
Found -

(a}

(b}
‘mﬂs 6 regquires

Bolato,

 (b).2428 0

|-

? L4003 ¥ "

g B
54 ¢33 5,72
54,81 bH.74
o4 .55 5,79

" 4840 w9 W

¢ oz
54,61 574
54,55

.} "ere found to be ag follows:ie

£.79

20,

(2).20756 gm. gave 4134 gnm, 092 and +1069 gm. Hy0

1047 . w
o)
39.95
59.48
39.66

(8) 1986 za. gave 3976 gn. CO, and 1026 gm Hy0

+228Q0 ® n

9
39.65

39,91
59‘66.

The acetyl contents, as determined by the Perkin method,

Product 7. of KOO regd.bo Tquav.nt.
b substance  neut.acetic seid of CHzC0, * Cii5C0.
1.037%7gn. 0.21%gn, O«10685gm. 16,24
0.8952zm. 0.1549zm. 0,1420zm, 15,86.
0.9294gmnm, 0.2785gmn. 0.2138gmn, 25.01.
0.958bgm. 0.2856gm. 0.2170zm, ‘85.87.
1.0578gm. 0e3100gm. 0.2383gm. R2.9G,
1,1527znm, Oedt10:m, I PP ATY AT 511N 22e70,
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Estimation of the hydroxy-¢ontents by the method
of Techugaeff and Zerewitirvoff gave the fcllowing values:-

Wt, of Vol »f o
7o OH.
Substance. CH,at N.I.F,

Produst

Caoutechouc «1970sm. L7.6C.C. 16,67
' R2745g0, 3G48C.C 10.72
Gubta-Percha 2752gm. 18.1c.C. 4 a7
‘ ’ . Z’?%ng. ;’32 .80 oC 4: .b:\‘}
Balata LO00gn., Be7CaCe 4,58
JALL90mm, 26.2c.c, 4,49

These acetates were treated for a few hours at 20°
with baryta solutlon, Extraction and precipitabion of the
Products of hydrolysis yielded substances differiug ouly
slightly frowm the parcnt acetates. In appearance and
in behaviour towards solvents, byvomine and potassium
permanganate, they were identical. They were alcoholic
in character bubt nec sultably pure derivative could be
prepared from them. Phey were treated with chyomium
trioxide in glacisl acetic acid in th manner previously

described, bub no trace of an aldehydic or ketonic product
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was obtained., Treatment with Beckmannts migbture (potussiw.
dichromate and conc., sulphuric acid} resulted in the
production of a body of high molecular weight, devoid of

K reducing or acid properties, together with a trace of an

'% acid substance of a resinous nature. Analyses gave the

| following results:-

| Cagubchoue.
(&) .1998 gm. gave .3906 gn. €O, and L2 gn. H,0
(b) .2059 gm. "* 4024 ® " 1126 0w

Found < H 5]
| (a) 53451 6.18 40,51
| (0) 53.28 6,07 40,65
5ollgg0og requires 53.76 6.09 40,14
- Gubta.

(a)f,ﬁzﬁsgm. gave 4375 gn., GGz_anﬁ 12206 gm. Hy0.
(b) .21265gm, "™ L4102 * v v L 11y0 %

Fownd g g i 3]
(a) 53432 ~ 6.08 40.60
(b) 62 .65 6,12 41.25

l680'28 Z’eqp.ires 55 .’76 6009 4:0.14:
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(a) .2243 gu. gave .4427 gm. 00, and 1213 gu. H,0

\.

(b) ,2312 * % L4519 * * w 1oz e ow L

AR

Found £ ‘ B [
(=) 53,83 6,01 40,16
(b} 53.31 5,97 39,72
HoaOog Tequires 53,76 6.09 40.14.
The following M.W. values were obtained by the Rast
Method.
I camphor -
: . . Menthol,
| Product 28 _ren
oLvenmv.  4:10 1:50 1:100
” | 540 570 263 275
Caoutchouwe g5zg 592 254 271
549 570 251 262
Gutta 581 579 263 272
percha. 574 b68 259 268
574 267 280
Balata 570 585 277 261
563 578 281 261
579 591 289

The OH-contents were found t0 be as follovs:=-



¥6. of Vol oF
Produst | . %0H .
Substance CH, &% N.T.P.
(a'} .2329@3. 47.3¢c.C. 16,97
Caoutchoue .1042gm. “hAC . C 18.09
(v) .1842gm. 42,6C.C., 17.67
(a) .lé:j’?gmo By TCoC o 18,45
Gutta-Percha
' {(b) 1704gn. £1.3C.Co 18.52
_ (a) .1%46gnm. 46,2¢c.c. 18.13
Balata
(b) .2238zm. 52.6¢.c. 17.96

Before pasging on to the discussion of the results,
reported in the preceding pages, it will be helpful to
give, in a paragraph, and outline of the main observations
made‘during the researches, By the hydrogen peroxide
oxidation of the hydrocarbons, caoutchouwe, gutta, and
balaga, products of an ajcoholic character were produced.
These products have been termed, respectively; alcohols Ic,
Ig, and Ib, Further exidation with chromic acid resulted
in the formstion of aldehydes Ic, Ig, Ib, and these, in

twa yielded acids I, I3, and Ib on oxidation with nitric
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, "‘&':{z;%.d. By treatment of the aboveementioned alcohols Ic,
‘Iz, and Ib.with acetic anthydride there was obtained

‘& corresponding series of acetates, namely acetates Ic,

Iz, and Ib which yielded, on hydrolysis, alcohols

Iac, Iag, and Iab respectively. The latter alcohols were
oxidised with chrouwic acid and gave aldehydes Ilc, 1ig,
and IIb, which, on further oxidaticn with atmospheric
oxygen, yielded acids IIc, IIg, and IIb, By treating
acetates Ic, Ig, and Ib with hydrogen peroxide, new
compounds, containing both acetyl groups and hydroxyl
groups were prepared. These were termed acetates Ilc,

IIg, and IIb respectively. I-Iydrolysié of the new acetates
ifvas performed and alcohcls IIc, IIg, and IIb were isolated.
Adalytical results, obtained from these last three produets
were in so close agreement that it was concluded that

they were identical, and, accordingly, they have been
termed simply aleohol II.
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PART III CONCLUSION.

While no product of a crysfalline nature has been
obtained as a result of this work and no criterion is
available to guarantee the absolute purity of any of
the products, yet, since there is fairly close agreement
between the analyses of different specimens of each of
the products, it may falrly safely be assumed that the
products are definite individuwal compounds and not
mixtures.

The results generally reveal a very close parallelism
in the behaviour towards the reagents used, of the three
hydrocarbons, caoutchouc, gutta-percha and balata, and
their varioug derivativese. The only difference shown
by the three substances in this work seems to be in the
extent of the changes produced and not in the nature
of these changes. A superficial examination of the
results gseems to show that there is a difference, however
subtle, between the constitutions of the three compounds
and, also, that the relationship existing between gutta-
perchs and balata is much closer than that existing between
either of them and caoutchouc. The differences exhibited
by the several products, diminish gradually as we progress

through the series until, finally, we reach a point at
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which the three products give analytical results so very
similar that it has been assumed that they are identical.

The diagram on the following page has been drawn
up to show the nature of the various products isolated
end the genersl relationship existing in the series.

Since all of the products were non-erystalline solids,
which decomposed on distillation even under reduced presgurc,
it was almost impossible to obtain & complete separation
irom resinous materials once these were formed. So
all the preparations were carried through under conditions
which reduced to a minirmum the danger of the formation
of such undesirable by-products.

The product of the hydrogen peroxide oxidation of
caoutchouc was a colourless amnorphous solid approximating
to the composition 052H95017. It did not possess acidic
or reducing properties and was thought to be an alcohol
corresponding to the products obtained from similgr
treatment of the terpenes. Owing %o the colloidél nature
of the product and the consequent small depression in the
freegzing-point of solvents, it was impossible to obtain
an accurate determination of its M.W. by the cryoscopic
method. So, a li.i. determination by the Hast method
using camphor as solvent was attempted. The values

obtained, however, were very variable and no great
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reliance could be placed upon them as a means of fixing
the actual .. because, under the conditions of the
determination, the product could quite well undergo
polyuerisation or depolymerisation. The results were
even more unsatisfactory when memthol was the solvent
employed. 4 10% solution in this sgolvent gave M., valics
in the region 950-1000 i.e. they were comparable with
those given by camphor, bui when the concentyation was
reduced to 2% the value obitained was approxinately half
of the above i.2. about 500 and whm the solution was
diluted to 1% there was again reduction of a half in the
M.¥W. value to about 250. While these results were of 1litt.c
value in fixing the actual #.%. of the product under
examination, they served to give an idea of the minimum
unit on which to basc the empirical formula, namely, 025 or
030.
Since the product was an aleohol, an attempt wus made
to prepare its nitrobenzoate but the product isolated frow
the esterification was not suited to anaiytical purposes
on account of its being contanminated with resinous natter,
formed during the reaction. Sinmilaxriy, attenpis at the
preparation of a phenylurethsne and an acid phthalate in
the pure siate were unsuccessiul and produced even less

satisfactory resulis. Attention was then directed to the
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preparation of an aldehyde or a ketone by oxidation of the
alcohol.

Treatment of the alcohol with chromic acid resulted
in the formation of a body of pronounced aldehydic properties,
xeducing ammoniacal silver oxide and Fehling's solution,
and restoring the colour to Schiff's reagent. When an
aléoholic solution was treated with an excess of senicar-
bazide acetate, a semicarbazone was produced and gave a wean
N content of 7.85% .  Assuming the derivative to be a
monosemicarbazone, its /.V¥. should be in the region of
530, and that of the parent aldehyde about 470.

An acid was obtained by further oxidation of the
above aldehyde by means of dilute nitric acid. A neutral
solution of its ammonium salt was treated with silver
nitrate and the silver salt precipitated. The mean silver
content of this salt was 17.78% represeniing a H.W. of at
least, 608 for the silver salt and corresponding to a M.W.
of about 500 for the acid itself, a result in fairly
close agrecment with the 486 derived from the aldehyde
through the semicarbazone. Calculating from the average
of these two acid values the M.%W. of the corresponding
aloohol should be about 480.

The alcohol approximated to the composition 052H95O17

0, of

80 that reduction to a C 25H45 8

25ba51s would give C
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M.Wod74d in fair agreement with the minimum M.¥. calculated
from the above semicarbazone awwidh the silver salt. Since
it yielded an aldehyde on oxidation, it must contain a

primary aleohol grouwping and, therefore, cam be written

in the form 624ﬂ450?CH203. The aldehyde would then be C,,ii,

CHO and the semicarbanone 02534408(CN3H3). The acid
would have the formula CQAH4307.COOH and its silver salt
Cgéﬁégeb.COOAg. The caleulates ¥ content of the above

semicarbazone ig 7.94% and the calculated silver content

of the salt,18.15%. The actual values obtained were 7,85

and 17.78% respectively so that the couclusion reached
concerning the partial constitution of the alcohol seemed
to be justified.

Row, as some of the oxXygen in the alcohol, 025H4608’
might have been present as ether oxygen the OH-content
was determined By measuring in a sultable apparatus
the volume of methane evolved when the alcohol was treated
with MgCH;I. The mean OH-content vas 29.28% indicating
that eight -OH groups were present in 025H4608‘ Thus,
the whole of the oxygen was present as -0OH groups and
the formula was written, therefore, as CB5H58(OH)8, one
of the OH groups being contained in a ~CH,OH grouplng.

A monocyclic compound of the above formula should be

-

saturated by the addition of 4 Br atoms eguivalent to

"
4
ced

:),-70
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76.19% by weight, but it was found that the product

added on 85% of bromine. The explanation of this high
result might be that either,the compound under examination
was an open-chain compound or that some secondary reaction
such as oxidation had taken place concurrently with the
addition of bromine.

Alcohol Ic was treated with acetic anhvdride and
converted into an acetzte (Ic) which was hydrolysed with
baryta yielding an alcohol (Iac) of the composition CggHg 401 e
Alcohol Iac was oxidised by means of chromic scid to an
gldehyde from which a semicarbazone was prepared. The
aldehyde was still further oxidised with atmospheric oxygen
to an acid and a lead salt of this acid prepared. The
composition of this salt served to fix a basis of calculation
for the whole series. The mean lead content was 18.9%
which indicated that, if the salt were normal, the acid
would be dibasic and of H.W. 1095-207+2=890 a fact
which necessitated a change from the 025~ to a 050~basis.
Alcohol Ic¢ was thereiore, written as 050H76(OH)16 and was
assumed to yield a dialdekyde and then a dibasic acid.

Reduction of 059594012, alcohol Izc, to a C5O-basis
gave as the empirical formula C5OH80010‘ The mean Oli-content

of this alcohol was found to be 8.46% corresponding to 4-0II

groups per CSOﬂsooloand the formula was written as




s
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CSOH7606(®H)4 indicating an unsaturation of 8 or an
additive capacity for T76.19% bromine in agreement with
the observed addition of 76.8% bromine. Now, since this
alcohol yielded on oxidation a dialdehyde it must contain
two primary alcohol groups and, therefore may be given

the form C H7206(OH)2.(CH20H)2. The aldehyde would

48

then be 048H7206(OH)2.(GH0)2 and its seuicarbazone C4BH72

06(0532.(CHO.CE3H3}2 of calculated N content 8.84% agreeing
closely with the found value 8.830% The acid which

would be obtained from such an aldehyde would have the
composition 048H7408.(000H)2 and its lead salt would be
048137408(000)22 Tb of lead content 19.29% in close

agreement witih the found value 18.9%

Sinece alcohol Iac 050H76O6(OH)4 was derived from
acetate Ic by hydrolysis, the latter compound should have
the structure CSOH7606(O,OGKﬁ%)4. Ultimate anlayses
agreed fairly well with such - formula, but neasurement of
the acetyl content by means of the Perkin method gave 15.25%,
a result not in too close agreement with the calculated
value 17.06% This high figure may have been due to the forma-
tion of some volatile acid in the decomposition of the
alcohol, product of hydrolysis of the acetate during the

distillation of the acetic acid. The measured'unsaturation

corresponded to an addition of 64,98% bro ine and was quite
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close to the calculated figure 63.49%., As it was desired
" to obtain an idea of the general relationship holding over
_fth@ whole series rather than absolute agreement between the
? quantitative results and the values calculated from the

j proposed empirical formulae, the formula for the acetate Ic
was left as given above without readjustment to obtain a

closer agreement between calculated and found analyses.

Acetate Ic, to which has just been assigned the formula
05037606(000CH3)4, was derived from alcohol Ic, 050376(0H)16
by treatment of the latter with acetic auhydride. It is
obvious that it has not been produced by simple acetglation
of the OH groups. VWhen the formula of alcohol Ic above is
compared with that of alcohol Xac,'CSOH76O6(OH)4, (derived
from acetate Ic), it is seen that, in the second formula, 12
OH groups of the first have been replaced by 6 O atoms. It
would seem, therefore, thatl acetylation of some of the OH

groups in alcohol IC had peen accompanied by loss of the

elements of water. such a reaction could take place quite

well under the influcnce of acetic anhydride and could be
represented as follows:i-
Acetate Ic was still ansaturated and it was subjected

%0 the further oxidising action of hydrogen peroxide. There




“{was isolated a new product acetate IXe, containing free
4 0H groups in addition to the CH,CO-groups of the original

il aoet 1 + g . :
& etate Ic and having a composition approximating to 658H76032.

| Bydrolysis with bary‘ca' produced an alcohol (IIc) of

the composition 650H68028' When the C/Hratio of alcohol
Ilc, namely 8.7, is compared with that of alcohol lc, 6.31,
{1t 1s evident %hat there has been a loss of hydrogen between
alcohol Ic and alcohol IIc and, since the loss is to0o

1 8reat to be accounted for by means of mere loss of the

| tlements of water, it must have occurred between acetate

‘}Ic and alcohol ITec. But alcohol IIc was obtained by

8imple hydrolysis bf acetate IIc so that the loss of
bydrogen must have taken place in the oxidation of acetate Ic
o acetate IIc. This question will be further investigated
after the partial constitution of alcohol IIc has been
B8Certained.,

The empirical formula ascribed to alccholnfrom ultimate

fnalyses was C The mean OH-content was found

5068028
%o be 17,59 corresponding to 12 OH groups per 050568028 s0
et the formula was expanded to 050H56016(0H)12' " The

alculated OH-content of such a compound is 18.27% and,

for Cil,s such an alcohol should be saturated, in complete
8cordance with the observations. An acetate  which

%0uld yield on hydrolysis an alcohol of the above formula

| qd which would have CH,CB- and OH-contents approximating to
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the observed values for acetate Ilc, was reckoned to be

50H56016(03) (0CCCH )4. Ain acetate of this formula

would give a calculated CHéCO—value of 1%.%9% asomewhat

lower then that found for acetate II i,e, 16. 05%, but it

would give an OH-content agreeing very closely with the

observed value (calculated 10.59%; found 10.7%). An

acetate such as the above would be saturated teo bromine

end this was confirmed for acetate II. S0, acetate II

was supposed to have the formula 050H56016(OH)8(OOCCH3)4
We can now consider the mechanism of the oxidation

of acetate Ic of formule €gyflzg 04(0.0CCH ), to ecetate

IIc of formula C50H56016(OH)80000H3)4‘ The net result

of the oxidation has been a loss of 20 H atoms and an

wisaturation of 8 and a gain of 8 OH groups and 10 0 atoms.

A5 would be expected the four acetate groups of I have

been retasined in II. Since there is no evidence of the

presence of > CO or —COOH groups in II, the replacement

of hydrogen by oxygen must nave been brought about in some

way by the elimination of the elements of water following

an initisl addition of —OH groups. This additlon of

-0H groups and subsequent dehydration may have occurred

in several ways, enumerated below, and it is proposed that

a balance has been set up vetween them with the production

of the observed results.
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Teking the generally sccepted unit of the caoutchouec
nolesule, it is seen that oxidation with hydrogen peroxide
might be expected to yleld a glycol as follows:i-

CH4

CIH3 \ .
— CH.- C — CH—CH;~
~CH,~ € = CH - CHy— — i CHy, c‘ . a
| OH OH

Removel of the elements of water from 2 OH groups attached
to adjacent C atoms would result in the formation of an

outside O ring as shown diagrammatically in I.

B g CH
$H3 "ty

E — D — C av—— QH . QH -~
L A
OH -1 0H | ¥ L_

Yo - -t

Again, it might be supposed that, in a molecule of the
size of the supposed caoutchoue molecule,; 2 -OH groups
on opposite sides of the molecule might be capable of

eliminating water with the formation of an imnner ether as

; Y 4 _ — - CH. - ,

Z‘C‘Hfé — TH=-CH™ Py - € (f“ A

i eer ] i i i ;

} OH; O , L OH

_ | © OH

~ b — ¢ . _CH, T — TH = Ciy -~
CHy~C — CH —CHy - =Y CU

H \ i CH»

5, QH-S J __ ;‘; _

———— B e e — ——
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Another possibility is the removal of a tertiary alcohol
group with a H atom of the adjacent ~8H2-group, with

the production of a double bond, In order to restore
the compound to its original unsaturation, there migh't
ocour a further addition of -0U groups, which might then
eliminate water according to I or II or, agein, 2 double
bonds formed as above, might become mutualy saturated

by internal ring formation, These possibilities are shown

in 111, ~ CHy i ?HE‘
o ' _ ench-
~CH~C — CH~CH - | —% |~ CH= 9~L;H-CH,;§——% = CH-C - Cr-Chy-
> i ' i ; ) [‘
NS N N
| s | | o
. = CH-QI - cu~cu;;
it ‘ CH B
5 OH OH DH j
| Sy
¢
T oo i

Mnally, a secondary aleohol group might be removed along
With & H stom of the adjacent ~CH,~group with the formation
°f & double bomd of the type, =CH=CH~ whiech might become
Saturated by addition of -OH groups or by internal ring




formation. Also, replacement of the H atoms of such

a-__g:r:ouping might ocour before such saturat.ibn took place. (IV)

| f“’: | | ?“3 CHy
,%;-CH,:-Q--({H-CH,: —F —QH£$.‘-’CH=CH--_.> -cHa.$-.cl=c'_
i OH OH O | ~ O OH OM

_ l
v -
—

T, 0,0
- It is proposed that the various changes, summerised
below, result from reactionssuch as the above, but, on
account of the dimensions of the caoutchouc molecule,no
attempt has been made to indicate to what extent each is
8upposed to take place. The results so far obtained are

Summarised in the following scheme:-

C o Hy, (OH) C s Hg(O, (CHO),
“apo TN abdoigda o
,H"‘O‘; (ODCCH;{\.“_ nglH_&é Oy (COOH)
FW lc Qeacl_ Il
+5.0H AT ~ P
uil R o Cus Heyy, Og (CHO)
V] AR \
' oleohok | Ne
! ac a'ednfﬁa.d(
s Dt(;(OH)&LOocc:ngylF Cug Hy Og. (COOR)
w ol e

——

i CH 560 (OH) o,
g olkeotrok 11 .
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A similar scheme was worked out for gutba-percha
by a process of reasoning the same as that adopted in the
interpretation of the results in the caoutchouc series. The
empirical formula ascribed to alcohol I in the gutta series
was 050H6804(0H)20 which showed that replacement of hydrogen
by means of oxygen had taken place in the oxidation of
the hydrocarbon. In this respect the oxidation of gutta-
percha differed from that of caoutchouc ir which there
was only addition of -0 groups. The observed unsaturation
as measured by the addition of bromine, 44.85%, was greater
than that calculated from the above formula namely 29,84%.
A similar observ:tion was made for caoutchouc and the
explanations put forward in that case would hold perfectly
well in this case also. The mean -OH-content of alcohol
Ig was 32.1%, in fair agreement with the calculated value
31.71%. As the alcohol on oxidation gave a dialdehyde, its
formula was expanded to G4BH6404(OH)18&CH20H)2 so that the
aldehyde was 04856404(0H)18'(CHO>? yielding a semicarbazone

04836404(0H)18.(GHO.CN3H3)2 of calculated N content 6.91%

and an acid, 048H6404(OH)18.(COOH)2 which would yield & silver
salt containing 16,49% silver. . The actual values found were
7.11% N and 16.3% Ag.

By treating alcohol Ig.with acetic anhydride & compound,
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acetate Ig, approximating to B86gHgo0p5 Was obtained.  The

mean CF3GO~contenﬁ of this substance was 26.46% and coirespond-

ed to 8 GHBCO~groups per 066H92026 so that acetate Ig

was given the formula C50H68010(OOCCH5)8' Hydrolysis

of such an acetzte should yield an alecohol of the composition

CSOHBBGlO(OH)S with a ~OH-cortent of 14,1% and an unsaturation

equivalent to the addition of %%.19% bromine. Alcohol

Iag gave values of 1%,1%% OH and 31.48% Br and these

were considered close emough to permit of the assumption

that it possessed the above forumula. On account of its

oxidation to a dialdenlyde it was written more Tully in the

form c48364OlO(OH)6‘QCHé“?’ The aldehyde from this

alcohol should have the composition G4SH€4010(0H)6.20H0

and should give a semicarbazone of ¥ content 7.82% and

an acid whosc lead salt would contain 17.29% lead. Analyses

of the semicarbazone gave & mean N content of 7.74% and

of the lead salt 17.15% of 1=ad, figures agreeing sufficiently

with the caloulated values to prove tie correctness of the

proposed formula for =lcohol Iaz, namely 050”68 lde)B
Treatment of acetate Ig, Cfod68 lO(OOCCH gy with

perhydrol resulted in the formation of acetate IIg, 066 54

036' This product was saturated to bromine and gave a mean

acetyl content of 22,94% correspornding to 8 GH3CO—groups

i
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per G66H84°36 and a mean OH-content of 4,5% corresponding
to 4 Oll~groups for a moleécule of the same size. On these
grounds, it was assigned the formula GSOH56016(0H)4(OOGCHE)8
of calculated GH3CO-conten‘t and OH-conteut 23.69% and
. 4.68% respectively. This scetate gave by hydrolysis

an alcohol, Crosg016(0H) oy Ldentical in couposition with
that obtained at the corresponding stage of the caoutchouc
| series.
Thus, in recapitulation, there was obtained, by the

oxidation of gutta~percha, an alcohol, GSOH6804(0H)20

in the formation of which addition of ~QH groups has been
aéccompanied by removal of water in such a way that the net
result has been an elimination of 12 H atoms and an addition
of 20 OH groups and 4 O atoms with the production of an
wnsaturation of 4. VWhen this alcohol was treated with
tcetic anhydrifle, 8 OH groups were acetylated and the
tquivalent of 12 1{20 removed giving acetate I of the
Composition CSOHGSOlO(OOCCH%)S’ Acetate Ig was oxidised |
Wlth perhydrol to acetate Ilg, 6501{56016(0H)4(00001-13)8

formeq by addition of OH groups and removel of water in such
& way that 12 H atoms were removed, 6 O atoms and 4 OH

8toups added, and a saturated substance formed. Hydrolysis
'f acetate 1§g gave an alcohol, CgiHg0,(0H);, of composition

the Bane as that of alcohol IIg in the caoutchouc series.
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- These changes have bheen sumarised Ain -the following scheme.

| CsoHegOW (OHY 3y —  CugHes0y5 (CHOY,
1 S | wﬁd.n/f\.ada 1 3

~iaH 0 | :
: P | N
i Cso”és © (ooc CH:JS. - CugHg3 04, (coon),
. ocalele lg acxet_ | 3
i T~
' H +4.OH | CsoHLs—Dm(OH) —% CQ&HVOO;(: (CHO‘&
- an +60 QI&D'KD'P ‘0—3 "8
, Y
CoHeg O (OH), (D0CCH) CugHyoOs (COOH,
‘ - ae ocaetl. 1
acalalz Ilg J
' T Csote( 0t (OH)

atechot 11 .

dnalogous transformations were shown to ocour in the

3 belats series.  4lcohol Ib was given the formula 050}172
0,(00); c»  Its Oli-content aud wnsaturation were caloulated
Y0 be 26.987% snd 31.745% respectively while the results

Ohbtained by detemminction were 25.77: and 46.94%. As in the
two previous series the bromine absorption of alcohol I is herw
Mch higher than the calculated value. The aldehyde from
8loohol I was given the formula 048H82018’(CHO)2 and its
Semicarbazone G 18882918 (C 110.01\§3H3) , B0 that the latter should

bve & N content of 7.51%. The figure obtained from

Jt‘\xx
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Kjeldshl estimation was T.44%. The silver salt of the
acid derived from alcohol Ib was celoulated to contain
17.28% and the actual silver content obtained by estimation
wes 16.99%., From the close agreement of these calculated
and‘observed values the formula which was given originally

' to alechol Ib secemed to be fully justified.

Alcohol Ib was treated with acetiec anhydride and

| converted into acetate Ib of composition 366H96024‘ The

"latter’ﬁ acetyl content of 26.?@% indicated the presence of

8 Gﬁ300 groups per Cge 96024 80 that the empirical formula

- was G 7208(OOCCH3)8 of calculated unsaturation equivalent
to the addition of 25.16% bromire in agreement with the

- Observed addition of 25.37%. The acetyl content calculated
from the above formula was 27.2%. Once more, acetylation
has been mccompanied by removal of water, this time to the
extent of 8 H20 mols.perkcso. Hydrolysis of acetate Ib yielded
| alcohol Iab, C5OH80016’ having a OH-content of 14,2%% and

&n unsaturation equivalent to 33.75% bromine in fair

égreement with the Of-content ci 14.52% and unsaturation

of 34,18% calculated from 05037208(0H)8. By oxidation

°f alcohol Iab, there was prepared aldehyde IIb whose

Semicarbazone contained 7.36% nitrogen. It was represented

b T 0
Y Cygf,,0,,.(CHO),, the semicarbazone of which should
have g N-content of 8.03%%.

A

Oxidation of aldehyde IIb
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"§roduced an acid which yielded a lead sall containing
17.54% lcad agreeing closely with the calculated lead
.gontent of 648H74614(000)2F%, nemely 17.7% and proving the
correctness of the formula assigned to acetete Ib, 650H72
Oa(OOGCHB)S.

Oxidation of acetate Ib produced the saturated acetate
IIb of composition 066384036 and of acetyl and OH contents
22.86% and 4.51% respectively, corresponding to the possession
of 8 CH300~ and 4 OH-groups per 066H84036‘ The formula,
therefore, was C5OH56016(0H)4(OOGCH3)8 and identical with
that given to the corresponding derivative in the gutta-percha
series. Hydrolysis of acetate IIb yielded alcohol Ilb
which was saturated and had a OH-content of 18.05 1in close
agreemént with that required for an alcohol of the same
formula, as that given to alcohol II in each of the two
Series previously described.

The changes ag detalled above taking place in the

balata series are outlined in the following scheme:




CSDH.MO (OH)
b
"S’H’;_O-—-""":
Cso H“(aos- (00CCH,) &
; oceloln. 1b

e

GH 3 +6-OH

+ .0

-
;CsoHsC 046 (OH\Q-‘:O oC CHE’-\&
ocalole 116

o.ﬂe.o‘fw? labk

Cv0 At O (OH)
M u
In oxrder to obtain an idea of

been drawn out.

: : 115,
 — Cys Hskoas« (lc:ma

C‘!—%’ HS’A OlS’ (COOH‘
oced. I b

Cso H'q (OH\ — th-s—H"a..Olu-(CHo)a

ne

!

Cos ey Oy (coom
occd. b

the general relationship

- existing between the three series the scheme given below has

CooHug, (O'H: " CsoHesO, (";H Jao Cso ﬁ’wi()%(;i“):g
| ' ¢
afty; O (00CCHy),  Cg H“vo,b(oocctm.,)Sr Coo My O (DOCCHS)
orelodly o acalola 18 oceloe Ib
\‘~\\N /,//
\\* ‘k““r” .
5°H$l,0¢(, (Oh), {OOC CH_,;) Cso HS‘(; Oy (OH\Q(OOCCHQ&
acalote uc Mfﬁuf_o. lgb
Cso Hs(, 016 (OH)
odechol U
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The empirical formulae which have been assigned to the
various products in the above scheme show that the hature
of the action of the various reagents on the three hydrocarbons,
caoutchouc, gutta~percha, and balata, is the same dbut
that there is a differehce in the extent of the reaction
in the three cases. It has been proposed already that
the observed changes have been brought about by the addition
of -OH groups, by means of hydrogen peroxide, by direct
addition to the double bonds and by replacement of H atoms,
followed by removal of the elements of water under the |
iﬁfluence of acetic anhydride, The formulae given above
ahow also that whatever difference exists between the
sonstitutions of the three hydrocarbons,that between
gutta~percha and balata is less than that between either
of these and caoutchouc. They all, however, come down
finelly, to the same unit.

While the results have been calculated on a 050 basis
1% is not suggested that this corresponds to the size of
¥he caoutchouc, gutta-percha, or balata molecules. It
s suggested, on the other hand, from the character of the
various products isolated, that the molecule’of each is very

mueh larger than, and some multiple of, CEOHBO‘

o]0]¢]

I . O S,
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