THE ACTION OF HYDROGEN PEROXIDE -
ON_CAOUTCHOUC.

00o

‘John Meregof Robertson, B.Sc.,-A.I,CQ

o . . S S




ProQuest Number: 27555659

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 27555659

Published by ProQuest LLO (2019). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLO.

ProQuest LLO.

789 East Eisenhower Parkway
P.Q. Box 1346

Ann Arbor, M 48106- 1346



e S e et L G0

Owing possibly to the unattrective nature of the raw
materisl, the chemistry of caoutchouc has not received the
attention merited by the basis oan large and important
industry. Caoutchouc was known in the sixteenth century. In
18258 it was first used for proofing cloth, and in 1839 crude
methods of vulcanisation were practised, yet it was not until
1880 that the chemical constitution of the substabce and its
derivatives arocused speculation.

Caoutchouc is a tough, elastic hydrocarbon, which forms
extremely viscous colloidal solutions with a limited number
of solvents such as ether, petroleum, benzene and ites homo-
logues, chloroform and barbon tetra-chloride. Treated with
any of these solvents, caoutchouc first swells considerably,
taking up a large quantity of the solvent, and a jelly is
formed,‘this slowly merging into a viscous and apparently
-homogeneoué solution.

The natural source of the hydrocarbon is the latex, or
white watery emulsion obtained by making ihéisions in the bark
of certaimhtropioal and sub=-tropical trees. This latex contains
besides caoutchouc, a certain quantity of protein matter which
acts as a protective colloid and renders the emulsion stable.

Coagulation of the latex is effected by the addition of
small quantities of acetic acid, which removes the protein and

neutralises/
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Eeutralises the electric charges of the colloid particles. The
resulting coagulum 1s then dried and prevared for manufacture
by washing, rolling and bhleaching with WaHS0 -

As the product obtained by this method still contains a
proportion of resin and protein matter, further purification
for expsrimental purposes may be effscted by extracting the
shredded material with bolilling acetone for a period of about
10 hours. For analytical purvoses, caoutchouc &s purified by
dissolving in benzene, decanting the solution from the insoluble
gmatter, and precipitating the hydro-carbon with alcohol.

Prepared in this manner, caoutchouc is a touch, elastic,
transparent substance, which readily undergoes spontaneous
oxidation.

As will be seen in the following pages, the chemigtry

of caoutchouc is closely linked with that of the under-mentioned

hydrocarbons:~

_thhrene, divinyl, or buta - 1.3 diene CHZ:CH-CH:GHZ-
Isoprene or 2 methyl buta - 1-3 diene OHy:0Me.CH:CHg-
Piperylene or 1 methyl buta - 1.3 dlene CHMe:CH.CH:CH,.
Dipropylene or 2,3,dimethyl buta - 1.3 diene CHpt CHe.CMe:CHgo.

1,1,4,4, Tetramethyl buta - 1.3 diene C(Me)2:CH-CH:C (Me)P-

0f these, isoprene and erythrene are the most important, the
former being one of the products of the dry distillation of
Caoutchouc, whilst both, owing to their highly unsaturated

tharacter, readily polymerise to give bodies closely resembling

natural caoutchouc.
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The history of the chemistry of caoufchouc is meagre in

that there are few series of Pessarches of a consecutive
Sharacter- This is due to the fact that with the exception of
the diozénide, baoutohouo forme few compounds of definite
fcomposition, and most of these have failed to throw any light

jon its structure.

The earliest series of investigations was on the destructive

distillation of caoutchouc'and)almost sﬂ!ultaneously}on the

’subsequemt repolymerisation of the distillate to form more

{complex hydrocarbons.

That caoutchouc is a hydrocarbon had been established by

1the analyses of Berzelius, Faraday and Ure,and later, Gladstone

and Hibbert, its empirical formula being CxHge Since then, by

Jenalogy with the terpenes this formula has becowe C1oH16,Whi0h

@poséibly has proved a misfortune in that it led many chemists

é
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&tlon. The former was named isoprene and the latter, caoutohzsé,

to'try to express compounds as derivatives of CqoHy14 Or some

;polymer of this, all apparently accepting caoutchouc as a

Polymerised terpene, and interpreting their analyses to suit.

By the destructive digtillg?iop of caoutchouc Greville
Williams (Proc. Roy. Soc. 1880.10.516) obbtained two main products,
one boiling at 37-40° and the other at 170-180° after refract@bn—

’

{ bas since been identified as dipentene. Williams stated that

% the isoprene on standing in a stoppered bottle for a considerable

time became "ozonised" and viscous. On distillation he was left
"ith a tough white viscous mass, which on analysis was found to

contain/
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sontain a certain proportion of oxygen. It seems certain that
frepolymérisétion of the isoprene.fraction had proceeded to some
:eitent- |

J Five years later, stirred by a Govérnment revort on the
iperishing of gutta percha telegraph cables, spiller examined
1the products obtained from perished caoutchouc (J.C.S.1885.18.44).
| some waterproof packing sheet (unvulcanised) was théroughly
extracted with CgHé and on evavoration a yellow resin, mixed

| with caoutchouc was obtained. This resin was purified by

: eitraction ﬁith alochol and was found to bé gsoluble in CH013’
.methyl alochol, and in alkaline solutions, being reprecinitated
by aéids. It wae insoluble 1n CS, and turpentine and sparingly

goluble in ether. He collected turther quantities and analysed

it, obtaining vélueswhich corresponded roughly to Ci0H. .0 ,
1673

{ or more closely to 030H4801 The author refrained from any

o'
speculations as to the nature of this oxy-compound. Bouchardat

?;1n 1875 published a paper "On the Synthesis of a Terpilene"
é‘(Compt.Rendq8001446) in which he stated that isoprene heated
i'in a sealed tube to 280° for 6 hours ylelded a terpens oil,
ﬁ,ggqutehine or dipentene, Further work on ispdrene appeared
fonr years.&ater in a paper "Aetion of HCI1 on Iébprene and the
| Reproduction of Rubber", (Compt,Rend,89,1117), He acted on
?_18@prene with cold cg;c aqueous HCl_and,after distillation,
obtained a product which was elastic, swelled in ether and

Csz and was insoluble in alcohol, These sarlier investigators-
- had/




| had no tests such as the nitrosite, tetrabromide or diozenede
Y whereby a true caoutchouc might be identified, and this has led
later workers, notably Harries, to query many of these claims
{ to have polymerised isoﬁ%ne to caoutchouc,
Bouchardat in thls case actually tested hils productvby
| dry distillation and obtained products similar to those from
: naturai eaoutchouc,
This claim in particular has been disputéd by Harries who
could not repeat the experiment, but in his paper Harries
speaks of gaseous HCl, whilst Bouchardat used conec, aqueous HC1,
Tilden in 1882 (Chem,News, 46, 220) and 1884 (J.C.S.45, 410)
published papers on "Hydroearbons of formula (C5H8)n". He
obtained isoé?ne by passing.tufpentine through a red-hot tube,
-and after-cafeful refractionation obtained it as a mobile 1liquid
boiling at 34-350, this apparently being a much purer Substange

] than that used by previous workers, He stated that pure

} ocaoutchouc may be obtained from 1s§5rene by the action of NOCl or cona

EC1, In his second paper he polymerised the lisoprene by means of
heat and obtained dipentene and a thick oily polymeride which

r became tough and elastic on treatment with strong aeids in the
cOld.. This polymerisation of isoprene to dipentene was confirmed
by Wailaeh (Ann,227,295) and two years later this worker discovered
that isoprene exposed to sunlight in a sealed tube slowly

Dolymerised to a tough elastic body insoluble in alcohol
(4nn, /
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(Ann, 238,88), Some of Tilden's specimens of isoprene had been
preserved since his work in k886, and in 1892 he observed that
 these had become viscous and contained much gelatinous matter,
(Chem,News 65,265, )

The liquid had a distinct acid reaction and,on pouring
into aleohol,the gelatinous body coagulated to form 8 white
insoluble substance closely resembling caoutchouc, He
considered the aclidity of the liquid to be due to formic or
acetic acid produced by atmespheric oxidation,

Weber (J.,Soc¢,.Chem,Ind,1894,13,11) reviewed the spontaneous
polymerisation of isoprene to rubber and suggested that rubber
was a terpene or polyterpsne (C5H8)n and three years later Ipatieff
(J,PrgChem, 1i, 55) elucidated the constitution of isoprense,
Acting on it with HBr he obtained CHS.CMeBr.CHz.CHQBr. as the
ehlef product, From this he gave the strueture of isoprene
as CH2:CMe.CH:CH2. This, however, did not lead to any discussion
as to the linking up of isoprene nuclel to form the caoutechouc
mplecule,

Very shortly afterwards Kondakow (J,Pr,Chem,64-~109)
noticed that polymerisation to caoutchoue=like bodles was not
confined to isopfene alone, From dimethyl butadiene he
obtained a white elastic substance which, though it swelled
in CGHG’ was insoluble in most of the usual caoutchoue solvents,
This was the first of the many methyl=rubbers since obtained by
polymerigation of the homoldgues of isoprene, '

By/




By this time the synthetic production of caoutchouc or
caoutchouc~-like bodies (the absolute identity had not yet
been established through lack of definite tests) may be
sald to lmve been firmiy established, The necessary
expefimental condit;ons were still only vaguely known and
the results could in no way be guaranteed, The facts,
however, were known and continuous atteantion to conditions of
experiment culminated in the Bayer Patents of 19@9, for the
production of caoutchoué by the hot polymerisation of isoprene,
The glacial acetic acid process (gg;g;s 1910) and the sodium
process in which isoprene, and its homologues in presence of
metalllic Na polymerise to give a good yield of a workable
product have now made large scale manufacture of synthetie
rubber possible, The work of Tilden and Weber attracted
new investigators who approached the subject from a different
angle, They devoted thelr attack to the caoutchouc moleéule
itself, attempting to determine its structure and complexity
by means of'definite chemical derivatives and physieal constants,
" An early lnvestlgation is found in the paper by Gladstone and
Eibbert (T,Chem,Soc,1888,679) who sought to determine the

unsaturation of the caoutchoue molecule in CGH solution by

6
means of the refraction and dispersion equivalents, These

" Plgures were then verified by preparing chlorine and bromine
addition products capable of being analysed, The results they

obtained went to show that for each Gygf,, 8roup there were

3/



3 palrs of doubly linked carbons, Acting on caoutchoue in
CECL, with 012, they found that addition and substitution

took place simultaneously, and a product was obtained which

ave an analysis ¢ H Cl . The unsaturation was tested
8 75 1014778

alsc with staundard bromine solutions, Almost 4 atoms of

bromine were taken up by each C group under ordinary

O 16
conditions, but after prolonged action a product was obtained
which gave on analysis CIOH15Br5, possibly by loss of HBr from
CldﬁlaBrs. These results certainly seem to uphold the

figures given by the ¥efractive indices, Halogen and halogen
acid compounds were also prepared by Weber (Ber.1900,33.779),
With bromine he obtained the now well=known tetrabromide though
hls method seems to have resul¥ed in other compounds belng ‘
also produced, since his tetrabromide showed an appreciable

and varying solubility in CHClS- Iodine gave a produck 020H32;[

«ﬁz whilst with moist HC1 the dihydrochloride CldH SHC1

wag obtained On heating bhis d&hydrocnloride he seems to
“have obtained as sole product the méno-hydrochloride, Later
- work by Herries (Aﬁn.1914,406—173) goes to show that the

- hydroechloride dissociated by heat in vacu® loses all but 1
molecule of HC1 from 056H48' 6HC1, The Nitrosite wﬁieh hasg
since played such an important part in the estimation and
identification of caoutchouc was first described by Harries
(Ber,1901,34,2991), Passing the purified gas, obtained by
heat ing/ ‘ ' |
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heating A3203 with HNOS, into a petroleum solution of
caout chouc, he obtained a yellow flakgy compound, soluble in
ethylacetate and lnsoluble in ether, It was acidiec,
being soluble in alkaline solution and reprecipitated by
the addition of acids, Analysis gave its composition as

O N , Weber (Ber,1902,35,1947 erformed similar
4.-062 24 10 ( 3 » )P

experiments with nitrosyl chloride and nitrogen peroxide,
With NOC1l he obpained a stiff Jelly which on standing
decomposed to give apparently unchanged caoutchouc,

Nitrogen peroxide, obtdined by heating Pdﬁos)g was passed into
a CGHs solutlon of caoutchoue, This yielded a yellow powder
which was soluble in acetone and reprecipitated on addition

of water, It was acidie in character forming salts with
Nl~&n§ Ag, Analysis gave the conposition ClO'Hla O4N .

Thls product however is the nitrosate and is quite distinect
from Harries' nitrosite, At thils time Dittmar was

Conge .
investigating the action of-ﬁﬂEﬁNos on caoutchouc. He

found (Ber,35,1401) that a vigorous action occurred,ﬁhich'
ylelded a yellow=red substance which could be preeipitated
from ethyl acetate by the addition of ether, It also was
aeldie in character and had the composition C H ON « This
1012 6 2
work was confirmed by Harries (Ber,35,3256) who also supplied
further information about the nitrosite, The normal action
of N,O on caoutchouc in C H gave nitrosite (A) (C..HE ON :
g3 6 6 ¢ 107316 3 z)x
with moist benzene and unwashed N205 he obtained nitrosite C

& yellow powder C He also described a nitrosite

&/

BOHBO 14 16°
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b, obtained by the prolonged action of N,O ; it was acidic,

23

H O N , but shortl
20 30 16 6 7
afterwards he corrected this, stating that nitroside b was an

had mol,wt,600, and'composition C

oxidation product obtained through the presence of 012 and
NOC1 in his Nzoz which had been dried over CaClz, By this
time it was becoming evident that the nitroslte was not going
to yleld much information about the actual caocutchouc molecule,
The preparaﬁion of the compound was very susceptible to
experimental conditions and, when prepared, the compound could
only be subjected to ultimate analysis, the results of‘whiah
varied greatly, Harries himself used many formulae apparently
to describe the same compound, which he evidently regarded as
being of a highly associated character, The compound obtained
by Dittmar usingc::éNOé was ldentified by him (Monatsch,1904,
%5,464) as eilther 336 or 536 dinitrodihydrocuminie acid,
which indicated a considerable degradation of the original
saoutehouc structure, |

A paper by Sir W, LRamsay and his workers was published
(J.Soe,Chem,Ind,21,1367) which covered the subject generally,
Gutta percha was purified by precipitation from benzene by
alcohol and sub jected to ultimate analysés, This gave the
Composition as (CSHB)n. On dry distilling, isﬁbrene wasg
obtained along with higher boiling fractions.v With Brz,
the tetrafyomide C__H Br4 was obtained, An ethereal

10 186
solution of guttapercha was oxidised by atmospheric oXygen

and/




9.
and & syrupy - compound was obtaiped which was analysed and
shown to be CIVHZSO A simllar experiment was carried out
using toluene as the solvent, and the oxidation product
in this case had the formula 012H2404,

In 1904 (Ber,37,2708) there appeared the first of Harries!
brilliant researches which opened practically a new era in the
chemlstry of caoutchoue, Turning to the method which had
previously fixed the constiltution of olelc acid and other
unsaturated bodies, he prepared the ozonlde of caoutchouc
by passing ozonised alr into a cold CHCl solution of the
hydroecarbon, The ozonide was obtainedsas a vitreous
mags and had a molecular weight corresponding to (Clo 16 6)-2""'5
g A When boiled with water the ozonlde decomposed
and yielded Hzoz, a ketoaldehyde or dialdehyde, and an acid
which appeared to be succinic acid, The next paper (Ber,
38,1195) gave complete details of the experiment and
the author's conecluslons, ' The ozonide was prepared by
passing ozonlised air into a cold QH:Cls solution of caoutchouc,
The solvent was removed under reduced pressure and, on
adding ethylacetate followed by light petroleum, the
ozonide separated as an oil which solidiflied on standing,
Water was added and the product was distilled on steam,
Lavuliniec aldehyde passed over and levulinic acid remained
behind, If steam was only passed for a short-time,
levuliﬁic aldehyde peroxide<ﬁryatall$sedaont;;ngleafmﬁﬁs.

Bo/":
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* C-—CHZ“ CH?.'"C;H'.'

10,

No other volatile aldehyde or ketones result, and the“pfoducts
may be quantitatively estimated," In his first paper Harries

assigned an open chain formula to rubber, but that was before

"he had discovered that both hydrolysis products wers oxygenated

at both ends, a result unobtainable from an open chain diozonilde
however long,

| Harries assigned to caoutchouc the structure of a 1:5
dimethyl c¥cloocta l:5=diene, the rupture taking place 1n

this fashion:- Me / Me
e

\ é Py "
( =0k ¢ C =
/c /o / ¢c=0=0
AR )
\\ (e C Ha
1 cH 4 “’}c / '
eH
. / ‘ > (‘,l—l} -'- ¢Ha
CHy —> HG / CHa ‘ o
/
4
cH " cH < T ’
‘ 2 D) =
_,(',\ 2 l(“),4'/ / | 0 ("/ =0 =0
¢ 4 | ince aliehyde
e o Kol Bl Bty
Me v 7 ' olo,

To explain the highly associated character of caoutchouc
Harries made use of Thiele's theory of partial unsatisfied
valencles which are always present 1n‘ﬁnsaturated compounds,
Through the action of these partial valencles, an indefinite
number of the cyclooctadiene rings united to form a loose

olecule which 1s caoutchouc in its normal state,

" | e 7o

: T L Cuz"c”’z"’cH""'C"‘vcuz"'t/"g"‘CH..
| i fn I N

t-.cH-c”*‘—c”a—‘?.ocnneH_cyz_CHz__'c v .
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In the presence of an oxidising agent this large loose
molecule is first broken into its stable constituents which
then react to give comparatively simple products, Fufthermore
cis~trans isomerism is possible in a combination of this type,
giving rise to a large number of isomeric bodies, which would
account for the varying physical properties of cagutchoucs from
different sources, |

This paper resulted in a number of workers devoting their
energies to prepariﬁg and decomposing ozonides of caoutchouc,
whillst others proceeded to explain previous results by means
of the dimethyleyclooctadiene formula, Harries himself
prepared the diozonlde of gutta-percha and obtained lsbulinie
acid'and aldehyde in the reverse proportions to thoss obtained
from rubber (Ber,1905,39,85), He suggested that the gutta
-dlozonide was a2 stereoisomer of the caoutchoue product,

Some time later, Alexander (Ber,1907,40,1070) returned to
the nitrosite, which he prepared and analysed, His results
gave a compound CéH

12 6 2

ON , To this he assigned the structure
of & B:6 dinitrocyclooctene: 1 carboxylic acid,

CH, CH— CH

Ny En >c-cwn
°H CH, CH,
No, |

Thi&/
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This could be obtained from demethyleycelooctadiene by
loss of CO2 from the carbon holding both the nitro and the
carboxyl group,

An oxidation of a différent type had meanwhlle been
earried out by Hefb;;t (Ber,39,1906,523), who passed air for
140 houfs through a boiling benzene solution of rubber., On
distilling off the solvent, he obtained a éyrup from which two
products were 1solated, One was a red-=brown syrup easiiy

soluble in light‘peﬁroleum and having the composition
Cloﬂleo' The other was a yellow amorphous friable solid,
which was quite insoluble in light petroleum, and sparingly
soluble in a mixture of benzene and pstroleum, It had
the composition 010H1605 and comprised only a small proportion
of the yield, The author did not attempt to investigate the
nature of these oxy-bodies, -

Ob jections to Harries! 8 carbon ring formula were being
. raised by certain workers, notably Plckles, who shortly
~afterwards contributed_an inportant paper on the sub ject,
Meanwhile work was chiefly confined to the industrial side,
cspecially to the preparation and vulcanisatlon of synthetic
‘rubbers, o

In 1911 (Ann,.383,157) Harries produced "normal® and
"sodium" eaoutchoucs_froﬁ isfdrene, Y butadiene, and B Y
dimethyl A?*Y Butadiene, The normal caoutchoucs were

produced by polymerisation by heat or in the presence of

glacial acetic acid, The "sodium" caoutchoucs were

produced/
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produced by ssealimng the hydrocarbon in d tube along with Na
.wire and heating, These methods resulted in a quick and
certain yield under known conditions and placed synthetic
rubber on a firm foundation, The tetrébromides, nitrosites
and ozonides of these caoutchoucs were prepared, The
decomposition curves of the ozonldes were plqtted and
differences were observed between the normal and sodium caout=
choucs, This decomposition curve of the ozonide wasg
gubsequently used by Harries,along with the tetrabromide,
nitrosite aml certain physical properties, in his definition
of a "true caoutchouc®, Pickles entered the field in 1910
(7,C.5,97,1,1085) with an exhaustive eritieism of the
dimethyleyclooctadiene formumla, which he rejected for the
following reasons, The 8 ecarbon ring.formula requires two
conceptions, firstly, a chemical moleoule.of 8 carbons, and
gecondly a& physical (not  a true chemical) ﬁolymer of unknown
slze, This polymer takes the form of a chemical union so

loose as to allow the 0O to depolymerise the aggregate before

3
‘attaching itself to the molecules With bromine, therefore,

one of two things should happen; elther the large molecule
should depolymerise and furnish glmple derivatives of formula

010H163r4? or it should remain polymerised and give & complex

‘substance containing 2 Br for each 010316 group, What the

action really yields if an insoluble amorphous body of

com) ' ;
position (C10 1681‘4)x which is quite as complex as

caout chou.c/
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caoutchouce 1tsélf. The tetrabromide is not a simple
derivative of an 8 carbon ring, yet it shows the unsat¥ration
to be expscted 1n a simple derivative, The 8 carbon ring,
ﬁherefore, involves the idea of polymerisaﬁion without
diminution of unsaturation, and this polymerisation cannot
be of a "loose" type if it resists the action of bromine,
Other derivatives, such as the nitrosités, and hydrochlorides
are equally.eomplex and yet exhibit the high unsaturation
of the 8 carbon ring,

Furthermore, complete reduction of caoutchoﬁc should
yield saturated cidﬂzo,dimethylcyclooctane,whigh would be
a simple compound boiling at about 170° = 180o and incapable
of.polymerising, yet Bertheldf’(Bull.Soe.Chom.1869,11,55),
on reducing caoutchoué with HI and distilling, obtained
~ hydrocarbons boiling above 350° and obviously of high
moleBuBar weight, (The hydrogenation of caout chouc and the
éXamination of the products of distillation had not yet been
attempted, but, when tried, it ylelded high boiling hydroeams
8imilar to those of Berthelot,) On these grounds, Pickles

)

contended, the dimethylcyclooctadiene structure must be

| re jected, and he then pointed out that the decomposition
éroducté of the ozonhdevebuld equally well be obtained from

an indefinitely large single ring composed of = CH,eCle3CH,CH,=
nuclei., This large ring, with its double bonds evenly

spaced would form an ozonide which on decomposition would

give/
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.-give leUnlinic aldehyde and its peroxide in the quantities

. 05
obtained, ;2 : s

‘o * CHa+QMe, CH CHz  CHz CMe i CH CHy

|

‘00.-..’.'anfc” §CN©CH2,¢H2|C[.( :c,{." c/-‘z

N7 : \/
O3 03 .
5 g Q ©

n n » ‘
""?"C’HX;'C'M'C CH'CH;(‘C""?CM& ;750=CH-(‘£H.,
..;.CH;-CH CI‘{Q-CHJ.CH;.’C’H é}O:C”&.cH*
\
A ;
=0

O

This formmla permitted also of tetrabromides, nitrosites, etc,

| of any complexity with the required unsaturation of 2 double
‘bonds per C, H, . group, '
No further data for or against these formulae was
“immediately fortheoming but researches along other lines were
proceeding, In 1911 Spence and Galletley (J,A,C.8.33,190)
,nﬁbjected caoutchoue to a reaction which had proved very useful
with terpene hydrocarbons, On acting oﬁ a QG% solution of
caoutchoucs with chromylchloride in the same solvent, they

obtained a black amorphous compound CldH « 2Cro Clz.closely

16 2
resembling that obtailned with the terpenes, On decomposing

the terpene éompound with water volatlle aldshydesand ketones are
obtained, but this body gave a brown gummy mass, A small
quantity of a substance was isolated which géve aldehyde
reactions and formed a phenylhydrazone melting at 920.

Further/




16,
Furtlhier investigations were promised but did not materialise,
Another oxidation was carried out by Peachsy (J,S,C,I,1912,31,11
who oxidised thin films of caoutchouc derosited in a flask, and 05
estimated the amount of oxygen absorbed, - He found this to be

10716
he repeated the experiment using dry and moist oxygen, Absorption
* .

4 atoms for each C. . H _ group, Later , (Chem,Trade J, 1917,61,5042}&

was the same as before, and the residual gases showed the
presence of co2 equivalent to the oxidation of 1 carbon in

' each C4OH64 The producté of axidation were extracted with
aleohol periodically and 4 substances were obtained: (1) A yellow

viscid resin, neutral, and solubles in the usual organie reagents,

composition ¢ H O
o 16 25 5°

(2) a fawn coloured amorphous soldd insol, petroleum, but soluble
in most other organic solvents, composition Céﬂgog'
(3) Brown amorphous body soluble only in dilute alkalies,

composition C__E O .

I1 16 4
(4) Reddish-brown amorphous body, insol, alkalies, composition
EO |
C6 9 5

No further examination was made of these substances, nor was the
work correlated with similar previous experiments,

A Russian chemist Ostromisslenskl was at this time inves-
tigating‘the polymerisation of vinyl bromide, CH,:CH Br, (J,Russ,
Phys,Chem,Soc, 1912, 44,204), The polymerised produét he
talled "caouprene bromide" amd it resembles the bromide of
butadiene synthetic caoutchouc, Caouprene bromide was compared

With the tetrabromide of eyclooctadiene (Willstdtter, Ber,38,1975)
and /
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and found to be quite different, Ostromisslenskl considered
that the polymerised ¥ nylbromide must contaln at least 12
‘carbon atoms and from its resemblance to synthetic butadiene
caoutchouc, considered that the latter, and therefore natural
caoutchouc could not have the 8 carbon ring structure,

He advanced the same formula as Pickles, a large single ring of
conjoined isoprene nueclei, A paper by Harries in 1913 (Ann,
395,211) com@aréd the decomposition curves of the diozonides of
"normal” Butadiane caoutchouc and>of 1:5 eyclooctadiene, a
Rydrocarbon prepared by Willst8tter (1oc,cit.) from the decomposi=-
tion products of an alkaloid pseudo-pelletierin, Cyeloootadiene
is a @olourless 0il which rapidly polymerises to form crystalline
di-cyclooctadiene, According to Harries' views, butadiene
caoutchoue should be a polymeér of c¥ecloocta 1:5 diene, The
diozinides of both these substances were prepared and decomposed,
It was found that decomposition occurred at the same rate and
practically ildentical amounts of the decomposition product (in
this case succin-dialdehyde and its acid) were obtained,

Harries reaffirmed "with considerable confidence™ his belief

that norﬁal caoutchous consists of.an octet fing. Continuing
his study of the ozonldes, Harries turned his attention to
"regenerated caoutchouc" with far=-reaching results,

A short paper on this subject appeared in 1913 (Ber,46,733),
Additive compounds were formed with HCl, HBr, and HI, 2 mols of
the acid being added to each C,H, .» though it was found that
synthetlie Na isoprene caoutchouc during purification lost one

moi./
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mol,of HI, The caoutchouc was regenerated by heating with
sodamide or pyridine and the product so obtalined resembled synthet!
Na caoutchouc, The author concluded that addition and

removal of the hélogen acid resulted in a shifting of the

ethylene leakages, in the regenecrated product.‘ He attempted

"to settle this point by decomposing the regenerate ozonide,

and a preliminary account was published shortly afterwards
(Ber,46,2590), The nsutral products of the decomposition
consisted of levulinic aldehyde and a ketone which Harriés thought
tlo be eyclooctane 1:5 dione e /\cﬂ, whilst

ﬂ,c’ L7

RN
¢:o

from the Ca salts formed when neutralising the original
mixture, he obtalned an oily keto-acid, CH,CO, CERCH .CH +CHile ,COCH
The folloving structure for. regenerated caoutchoue was put

forward, based on the presence of the cyclooctadione

Qe (-

C=CH,
This was amended very shortly afterwards (Ber,1914,47,784),

The product which Harries had assumed to be cyclooctadione was
identified as diacetyl propane, a keptanedione, CHECO(Cﬁz)SCOCHs’
which readily condenses with loss of water to form a methyl cyclosms

hexcnone. To explain the presence of this product, Harries
@mended/
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amended his formuia for regenerated caoutchouc, /rc
C-Me C-Me

, = :
H,c/\\‘cn QHCZ Hc\/\‘CH H c,/ ?HO
chs =~ ¢ cH "ﬁ“‘ —> He
HC L:a >H l ” Hye l * ' :'/#:0.

4 \/ Ngeo

C ~Me

Hye

He
This scheme required the presence of malonic dialdehyde amongst
the neutral products, Harries failled to detect thls and did
not examine the Ca salts for malonic acid,
A thorough investigation was then carried out on a large

"geale and the results were given in a notable paper in 1914
(Ber,406,173) ., Regenerated caoutchouc was ozonlsed in lots of
40g. The product was decomposed with water, neutralised with
CaCO and from the neutral liquid the¥e waav obtained:=

levulinic aldehyde 24

(levulinic acid from aldehyde)

diacetyl propane 8.7%

(nethyleyclohexenone) |
decatri c H_ O _

undecatrione 1118y 9%
entadecatetrone C_._H O

P } 15724 ¢4 + 063

Unidentified fractions and ketone residues,

The Ca salts on acidification gavei=

HCOGE - 18,3%
(COOH) trace
levulific acid 12%
Succinie " 1,5%
Hydrochelidonic 1,7% — H00C HyC HC-COCHyCHa CODH
Methylcyclohexenone=-
-acetic acid ol.7%

unidentified acids and resin,
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It was obvious that ¥hese products could not be harﬁonised
with a2 ring structufe containing only 8 carboans, It indlicated
rather, that a very large single ring, with.double bonds
unsymmetrically placed, had been ruptured at these bonds, and
the above products were simply long and short fragments of the
chaln, oxygenated at both ends, The appearance of the
keﬁone C__u O seemed to indlcate at least a 20 carbon ring,

15 24 4

CZQH'O° The moleeular weight of this ozonide in benzene
4

vgave a value 535, whilst 025H40015 requires 580, though Harries
dld not place much reliance on this, Some of the regenerated
caoutchoue was again treated with HC1l followed by éyridine,
gilving "Regenerate II", This, when ozonised and decomposed
gave a much larger proportion of high boiling constituents,
indicating a further re-arrangement of the ethenoid linkages

of Regenerate I,

In the face of this definite evidence, Harries now
withdrew the cyclooctadiene structure and adopted the structure
- already proposed by Pickles, a large single ring consisting of
‘8 oY more =- Cﬂz.bMe:CH.CHQ- nuclel, Such a structure satisfied
the following requirements:(l) it showed a high mole@ular
weight, (2)'1t_wou1d be uhsaturated to the extent of 1 double
bond An each CBHB nucleus (3) provided the double ponds were
pymmetrically placed, on rupture, it would yield only
derivatives of levalinic aldehyde (4) if any extensive

rearrangement in the double linkages occurred, straight chain
compounds/
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compounds of greatly varying lengths would be obtained when
the compound was ruptwped at thgge ldMRages;; Th@ thermal
dissoelation of the hy&fochloride supplied some confirmation of
the size of the molecule, Heated in vacuo at 1000, HC1l was
lost t111 the ¢1 content corresponded to that of a body 056H48.
6HC1 Whiqh had lost all but 1 molecule of HC1,

This paper was so conclusive that it discouraged the usual
host\of Imitatorss .and résearch was diverted into other
channels, Ostromisslenski (J,Russ,Phys,Chem,Soc.47,1910)
re?orded further lnvestigations ;nto cgouprene bromide which he

declared to be isoméric with the bromide of synthetic erythrene

caoutchouc, Both, on removal of HBr gave dehydrocaouprene, .
¢ H_ the eorrEsponding body obtained from the bromide of

naturdl caoutchouc being the homologue C 2H24M88' The meleduear

3
welght of cégbrene bromide in ethylene bromide was 1n agreement

with the formula, An 1ntefesting speculation as to the formation
of rubber in the plant was included, Isoprene heated

cautlously to 80-900 givés a hydroearbon Cldﬂls with 3 double
bonds, two be;ng eonjug%fed. To this hydrocérbon,B Myrcene,

be assigns the structure CHZ:CH.CMS:CH.032-052.CM33 CHE'

Heated with Bao2 and Na this 1s converted quantitatively into
normal isoprene caoutchouc, It 1s suggested that the formation
of the laﬁex in the plant is via B Myrcene, formed by the
dehydration of such alcohols as'geraniol, 1inalool and nerol,

all of which have a B,Myrcene structure,

An/
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An interesting oxidation was carried out by Kirchhof
(Ko11,Zeitsch, 27, 311 and 30,176), This author, who had
previously obtalned amorphous bodies of composition Cloﬂlg;
and ClOH'leo5 by the oxidation of caoutchouc in alir at
100° (Koll.Zeit,13.49), succeeded in effecting a controlled
oxidation by means of 32304- A CCl4 solution of caoutchouc
treated with conc.ﬂzs% yielded first a hydrocarbon which had
none of the physical properties of rubber, Its composition,
on analyslis, seemed to be 016H15. {l‘his author contended that
Para had the composition (010317)}(: whilst African Congo was
(?103363x ] This hydrocarbon with Br2 and S gave products

¢ H Br and C__H S, suggestl a rearrangement of the
20 30 2030 ’ gg ng ng

double lingages to give br;dge formation and tetramethylene

rings N

4
eaoutchouec yielded a red, acetone=soluble product with an

The prolonged action of sto on a eold Cﬁ?d solution of

intense aromatic odour, soluble in alcoholic KOH, from which

it was reprecipitated by acids, and also reducing Fehling's sol-

utionf It had the composition Cdesoog, and formed a erystalline

rhenylhydrazene, MP 120-1240. Kirehhof suggested tlat this

was & splral chain, with - CHO and-COOH groups at its ends,
Examination of the completely hydrogenated produet of

eaoutchouc was a task which had been rendered necessary in the

light of Pickles' criticisms, This had previously been
carried out by Berthelot in 1869 using HI, and was now repeated

by/
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by Stamdinger and Fritsehi (Helv,Chim;Acta,1922,5,785) using
00
hydrogen at 270ﬁnatmos. in presence of a catalyst, The

product had the pomposition (C5H10)X,Awas completely colloidal

like caoutehoucf”suggesting a large ring or a very high paraffin
Cn H;ln-:’ Cn Hzn.*z

where Gnﬁﬁn-=—@§%§FSt!R; it was also stable to Brz except
'on long standing in sunlight, It was therefore a compound

of high molecular weight and upheld Pidles' contention that
n
complete saturation, and therefore destruction of double bonds

and partial valencies, would not yield a eimple low-boiling,

C ngo hydrocarbon, Comparative di'stillations of this body
1

and caoutchouc under reduced pressure gave the following results:-

Caputchouc, , Hydrogenated Product,
(o}
Decomp,Temp, bl = ,3mm) 275=320 350 = 390°
Products:~ lsoprene, dépentent All prcducts'(Csﬁlo)x with only

1 doubwle bond,
“16%28% %a0se’ Cosiao’ Lowest C_E ,BF 30-40°,
’ Pmethyl Ai butylene,
Highest C5OH100'
- This seems to show . conclusively that no depolymerisation into
siﬁpler molecules occurs on saturation,

Plummerer and Bagkard (Ber.,55 = 3458) hydrogenated
caoutchouf in very dilute solution at 70o and atwmospherie
pressure, using Pt, sponge as catalyst, The product was an
elastic body, saturated to Br2 and having the composition

(Cgﬂ O) . In solution, this substance rapidly absorbed a
10 x

volume of oxygen equal to half the volume of hydrogen
originally/
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originally absorbed, The resulting produchk which seemed to be
'a hydrocarbon dissolved easily and rapidly in ether without
any swelling, In solution it again absorbed as much hydrogen
as the original caoutchouc, This work was confirmed by
Harries’(Ber.1925,104é)“%ho added details of the experimental
conditions, A novel method of attacking the problem was used
by Boswell and his workers (Trans,Roy,Soc, Canada 1922, 16,III,27),
They asmgffhfhat ispprene polymerises in %?gsfashions, elther
an-CH=C‘:3H; CH;-C.ZH'?"‘:“.*

! ;gx) or ' @) .

They constructeq a formula by uniting 1 molecule ﬂb) with 2
| molecules (a), and the resulting structure, which contained
2 ethylene linkages, was completed by the addition of 2 more
molecules (b), This gave a hydrocarbon C25H40 of the

followling formla-

. CH3
f“z“—‘?” : é e ?"1
?Hz ¢ Hp - ’CNJ CH,
c%-f —&H cH-——-%-cH,
o ¢ — cHy—cH, c’n-—-—-c-cu,;_
CH3 '
Chz Ha

This structure could yleld any required product from

Cglg 0 C,0H  dnoluding dipent ene and dimethyleyelo-octadiene,
and the latter, of course, would yield & diozonlde giving'the
“usual decomposition products, but the yield would not be
quantitative, This, the authors claim, is in accordance with

faet./. .
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fact, To test this formula, oxidations were carried out by

various means and the produets were analysed, It was then
shown.that the various products. of each oxidation could be
fitted together so as to yield a parent structure such as tlat
;postulated.

The oxidations were conducted with C 014 solutions, whilech -
;were shaken with aqueous KMNO4, and with dilute Héoz, also

| & ihin sheet was oxldised by exposure to the air, By

Eprecipitation from solvents, bodies were isolated which varied

: 0
1 in composition from C OH480 to 025H40 g° while a compound

¢ BE O I was obtained by the use of H O and iodine, B rmulae
| 25 40 8 22 ,

} were assigned to all these compounds on the basis of the above

| structure or & agments thereof, This formula, however,

{ completely fails to explain the unsaturated character of rubber
‘a8 exhibited by the various addition compounds of high molecular

welght ,
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OBJECT#H AND RESULTS OF PRESENT WORK,

The conclusion to be drawvn from the mass of investigation
just reviewed is that the caoutchouc molecule consists of a
nurber of -»CHz.CMG.CH.CHE - nuclel united to form a large
single ring, the double bonds being arranged in a symmetrical
fashion, The cyclooctadiene formula must be rejected: it
was introduced to explain one reaction only and has failed
to be of any further use, It is now fully recognised that
the caoutchouc molecule is an exceptionally large one, and
to co-ordinate this with an eight ecerbon ringrequiresa 8onception
of polymerisation without decrease in unsaturation which is
wholly forelgn to our present Knowledge of chemical combination,
Claims to have depolymarised caoutchouc into simpler molecules
do not stand examination, Schmitz (Gumnmi, Ztg, 34-167)
claims to have accomplished this by boiling for 10 hrs, in
xylene at 130-160° and 15 atmos,, but the bromide of this
product seems to be of the same order of complexity as that
obtained by more usual methods, In considering these claims
it must be remembered that different physical modifications
of caoutchouc were described by Harries (&nn,383. 157) one of
which, the (c¢) or oily form gave less viscous solutions than the
ordinary form, Yet‘this substance was a colloid and yielded
the same tetrabromide and nitrosite as the normal form,
This (¢) form is probably the explanation of all depolymerisation
4laims, especially as it is formed by the method usually

adopted to depolymerise, i,e, by prolonged heating of a

caout chouc/
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caoutchouc solution, A

The large ring formula does not suffer from these
disadvantages, It furnishes an equally good explanation

of the ozonide and its products; it successfully depicts
the unsaturated nature of caoutchoue; no idea of polymerisation
or depolymerisation is involved, and it permits of complete
saturation ¢f the molecule without disruption,

Accepting this formmla, it remains to be ascertained

how many isoprene nuclel go to form this large ring,

Molecular weight determinations by the usual methods fall
because of the colloidal nature of the material, and the
extreme difficulty of freelng it from impurities, Caouprene
bromide, prepared by Ostromisslenski'is of the same order as
eaoutchouc, and its mededunesmyr welght in ethylene bromide points
to 1t containing a 32 carbon ring, Harries and Evers (Wiss,
Verdffentl, Siemens, Konz, 1.,87), by reducing caoutchoue
hydridi;oride with Zn dust obtained a hydrocarbon whose
Amolelucar welght in bromoform agreed with 035H62 or 046370.

To the derivatives of rubber obtained by varlous oxidation
methods and characterised by ultlmate analysis, objection is
taken on the grounds that in few case§ was. it certain that an
individual bompound had been obtained, that considerable
degradation of the caoutchouc molecule was possible during the
0xidation, and that the results of ultimate analysis of a
complex body eontaining carbon, hydrogen, and oxygen are
ot suffieciently accurate to characterise the body, For

instance/
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instance, products of the order ClOH1503 so often obtained
from caoutchouc might be equally well described from the
results of their analyses as 025H4008 or 030548010' On
the other hand the analysis of a characteristié derivative
such ak the nitrobenzocate of an alcohol or the phenylhydrazone
of an aldehyde might prove of great value, but few investigators
seem to have made any inquiry into the nature of their
products with a view to obtaining such derivatives,

Kircggf‘s aldehyde=acid, which yielded a phenylhydrazone,
is the type of compound which may ultimately fix the size
of the caoutchouc molecule, though in this particular case
it is probable that degradation of the caoutchoud ﬁolecule
occurred to a gréat extent during the prolonged treatment with
32304, no specilal precautions having been taken to avoid this.

The present work was started, therefore,'with two objects
in view, firstly, to oxidise caoutchouc by sowme mild process
which would ensure the molecule belng preserved in its
entirety, and sécondly to examine the product for some
ch&ractefistic grouping whereby a pure derivative might
be prepared, By analysts of this derivative it was hoped to
obtain_sbme ldea of the size of the hydrocarbon molecule,

The method of oxidation chosen was that which has proved
80 suececessful in the hands of Henderson and his workers,
(Trans,Chem,Soc, 99-1539, 101,2288, 103, 1543 ete,) in

the»ﬁnvestigation of the alkaloids and terpenes, namely, the

use/
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use of 100 vol‘-Hzo2 in glacial acetic acid, This reaction
usually results in the production of nydroxy=bodies by the
additlon of =OH at the double bends of unsaturated compounds,
though in & few cases ketdnes are forwed, also inner oxidés,
by the elimination of water betweeﬁ two hydroxyls, adjacent,
or in fhe 1:4 position, The method has the advantage of
belng easily controlled, and, by sultable regulatlion of the
temperature, the formation of resins can be avoided to a large
extent, The main product of the reaction almost invarilably
retains intact the original hydrocarbon structure,

Considerable modifications of the érooess were, of course,
entailed, owing to the colloidal nature of caoutchouc and to the
fact that it is insoluble in glaclal acetic acid, but these
difficulties were overcome and a good yield of the oxidation
product was obtained, the formation of tarry matter.being
successfully avoided, The oxidation product, in the fbrm of an
odourless amorphous white powder, exhibited properties very
similar to those of the terpene products obtained by the same
process, It was insoluble in water and'light petroleumn,
¥Yery sparingly soluble in ether, and easily soluble 1n benzene,
alecohol, (bthyl and methyl), glacial acetic acid, chloroform
and pyridine, Analysis gave figures which approximated to

some multiple of C O and the molegular weight 1in benzene

10H18 3
by the eryoscopic method exceeded 1000, This seemed to

indicate a compound of 60 carbon atoms, but no great weight was
8ttached/
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attached to these figures, as the method of purification
of the product - preelpitation from CgHg solutlon by means
of 1light petroleum - could not be considered satisfactory,

To test the alcoholic properties of this product,
suggested by its superficial resewblance to the terpene
products obtained by the same process, an attempt was
made to prepare & nitrobenzoyl ester, a very suitable
derivative for analytical purposes, This, however, was not
completely sueccessful, Considerable resinification occurred,
and the ester, which was amorphous, could only be separated
from the unattacked alcohol by the greater solubility of
the former in ether, in which, however, the resin was also
soluble, Analysis of different batches of this product
proving most unsatisfactory, the preparation was abandoned
and other derivatives sought,

As all the products of this seriles were non-volatile and
amorphous, the complete separation of resinous by=products
was lmpossible, Any method of preparatilon, therefore, whieh
could not be modified to give a derivative free from resin,
was at once rejected,

Attempts to prepare the phenylurethane and the acid
phthalate were also unsatisfactory, In the former case,
the alcohol was recovered unchanged after the reaction,
~and, in the latter, the ester contained much resinous matter,
Incidentally the phthalate does not lend itself to such accurate

characterisation as a nitrogen compound, being more useful as

a/
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a means of obtaining a pure speéimen of the alcohol by
subséquent hydrolysis, B

As the alcohol seemed to yield no suitable derivative,
attention was directed to the preparation of an aldehyde
or ketone by oxldation,

A sultable method of preparing the aldehyde or ketone
from the corresponding alecohol is by oxidation with CrOg
in glacial acetic acid solution, If the theoretical
quantity of this reagent is used, a smoﬁth oxidation results,
no acid or resinous compounds being formed, This reaction,
slightly modified, yielded with the caoutchouc compound a
greenish~yellow, pleasant-smelling syrup, soluble in ether,
vhich gave aldehyde reactions with ammoniacal silver oxide,
and Fehling's solution, On long exposure to the air this.
substance darkened in colour, and small quantities of an
acild were obtained,

After numerous attempts to determine ﬁhe correct
quantity of CrOgz necessary to effect the oxidation, good
~yields of this aldéhyde were obtained, free from resin and
degradat ion products,

On treatment in alecoholic solution with an excess of
semicarbazide acetate, the aldehyde formed a semicarbazone,
which was first obtained as a light brbwn paste by the
cautious addition of water to the reaction solution, This
bPaste retained only a faint trace of the aldehyde odour,

and was practically free from resin,

This/
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This result was so encouraging that it was considered that
the object of the investigation would be ehksihmwed if this
derivative were submitted to an exhaustlive purification and
analysed, Methods of purification were therefore studied,

As attempts to crystallise the compound were not successful,
the method adopted was the systematic removal of each of the
constituents and possible by=products of the reaction by which
the semicarbazone was formed, Considerable loss occurred, as
any doubtful portion was immediately re jected, before the
product was finally obtained in the form of a white amorphous
powder, This powder was insoluble in water, ether, and benzene,
end extremely soluble in alcohol, acetone and ethyl acetate, It
was guite odourless and on long egposure to the air showed no
ﬁendeney to acquire a pink tinge, indicating the absence of free
aldehyde, Analysis of different batches ylelde& closely agreeing
results, |

The concluslions formed as the result of this work are based
entirely on the composition of this eemicarbazone and its
production from the caoutchoue hydrocarbon, and before considering
these conclusions, the links in the chain may profitably be
re~examined, The alcohol was produced from caoutchoue Ey a
method which can be relied upon not to rupture the hydrocarbon
molecule, Judging by the yield and the fact that no other
Pproducts could be detected in the reaction solution, this alcohol
is the sole product of the oxidation, It is of high molecular

Wolght and colloidal, and on distillation in vacuo it decomposes

to/
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to give a dark oil very similar to that obtailned from caoutchouc

itself, When burned it emits the charaeteristic odour of burned

caoutchoue, This aleohol, therefore, would appear to retain,

almost complete, the skeleton of the caoutchouc hydrocarbon,

A small amoﬁnt of COg is evolved during the early stages of

the oxidation; this occurred during every oxidation and seems

to be an integral part of the reaction, As wlill be seen under

"Experimental® this COy was difficult to measure, but seemed to

approximate to the oxidation of one out of 40-45 carbon atoms,
The production of the aldehyde from the alcohol was also

accomplished by a method which usually yields the direct

derivative &f the theoretical quantity of Cr0, is used, By~

product s of a resinous and acid character were certainly obtained

during this oxidation, 6 and the yleld was not theoretical, but

this was due to a large extent to the faet that thg alcohol

is very easily oxidised, and on addition of the CrOz solution,

even to a well cooled solution of the aldthol, a certain amount

of local oxidation occurred before the solutions were properly

mixed, The aldehyde, however, was also non-volatile in steam

and deeomposed on distillation under reduced pressure; it

emitted the characteristic odour when burned, and its semi-

carbazone was amorphous, It may therefore be said with A

considerable confidence that this aldehyde is a direct derivative,

and not an oxidised fragment, of the original caoutchoue molecule,
In the preparation of the semicarbazone, sufficient semi-

carbazide acetate was used to react with all the oxygen atoms

1t/
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if necessary, and In the purification of the product all the
possible impurities, i,e., unchanged aldehyde and Yon=aldehyde
compounds, KC1, semicarbazide;racetate'and condensation products
of semicarbazide,were dealt with and eliminated in turm,

The analysls of the semicarbazone thsrefore should give
reliable dat® as to the size of the original hydro-carbon ‘
molecule, |

The mean nitrogen content (see "Experimental") was found
to be 7,1%. Assuming the derivative to be a mono-semlearbazone,
this 7.1%'represents the welght of 3 nlitrogen atoms, which places

molendar
the motedurar welght of the body in the region of 590, The
percentages of'C and H were 60,1 and 8,8 respectively, figures
which correspond closely to the semicarbazone of an aldehyde
02935009,0r 028H4908' CHO, The figures obtained from the
analysis of the alcohol may now be interpreted, These agreed
H O, the oxygen content

0718 3
being rather short of this figure, On a basis of 029, these

roughly with an empirical formula C1

figures show the composition of the alcohol to be 029H5208 or

025H4907. CHZOH,Whereas the aleohol corresponding to the above

aldehyde should have the composition 028‘H4908'CH20Hf The
explanation of this discrepancy must be looked for either in the
purity of the alcohol or in the process of oxlidation to |
aldehyde, Absolute purity is not claimed for the alcohol,

88 In its preparation no spécial endeavour was made to eliminate
the traces of.hygggﬁﬁnnts - egspecially of a protein nature =

which/
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which would undoubtedly be present, To test the second
alternative, comparative oxidations were carried out using

the theoretical quantities of Cr0 necessary to effect

3
the changes (a) C 09 52 g * - CZQHBOO9 + HQO and
ik H O + 20 0 H O,
. () 029 52 8 C.a9 509 T o

In {(a) the yield of aldehyde was good, the product being almost
colourless, whilst in the case of (b} a much smaller yield of
dark coloured aldehyde was obtaiued, along with a quantity of
gelatinous matter containing chromium, apparently the chromium
salt of a resinous acid,

Prom these results it may safely be assumed that it is
the purity of the alcohol which 1s at fault,and not the process
of oxidation to aldehyde, The correct figures therefore
are, for the aldehyde, 029H5OO and for the alcohol ngH 0

52 9°

If the semicarbazone is that of a mono=-aldehyde containing
CM&M ohory
29 emwbimesdems, then the parent hydrocarbon cannot have

less than 30 of such atoms grouped in a 24 carbon.;;;gﬁ, the
oxidation of one of the methyl side chains accounting for the
cO2 evolved during the early stages of the oxidation,
The simplest structure which can be assigned to rubber
is therefore 6 = CHQ.CH:CMe.CH2 - nucleil united to form a
large single ring,
| The analysis, of course, doés not preclude the possibility

of the aldehyde being a dgaldehyde of 58 carbons which forms
a/
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a di-~@emicarbazone; indeed, the molecular weight of the

H 0. =
29 50 9
544 whilst the determination actually yielded the figures 991,

alcohol in benzene would seem to bear this out, since C

1053 and 997, No great reliance can be placed on this,
however, since, on the one hand, association of the solute may
occur in benzéne solution, and én the other, the solution was
undoubtedly of a colloidal nature,

Abh attempt was made to settle this point by a chemical
method, namely, that of obtaining the corresponding acid from.the
&1dehyde, follgwed by the preparation and analysls of a salt,
The result, however, was inconclusive, Oxidation of the aldehyde
by means of very dilute HNO5 resulted in a body which had no acidic
properties whatever, . A method of gentle spontaneous oxidation
wag then tried which yilelded a certain proportion of a resinous
acld,

The insoluble lead salt of this acid was obtained, and on
analysis was found to contain 26,43% Pb,  The moleitf%r weight of
the salt is therefore 784, and if the salt is normal the acid must
be'?~gihééig acid ef molelucar weight 784~207 + 2 = 579, - .This is gﬁi
normal oxidation product of a monp=aldehyde of moleguar welght 542,
On the other hand, the figures agree clesely if the lead salt is
of the type Pb<gH,

This is supported by the fact that the silver salt decomposed

a basic salt sometimes obtained from weak acids,

almost completely while being washed, There is, therefore, not
sufficient evidence to differentiate with confidence between a

mono~-aldehyde,/
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mono=aldehyde of 29 carbons, and a di-aldehyde of 58 carbous,

Previous research has settled beyond question that tne .
ecaoutchouc molekule consists of an unknown number of 1soprene
nuclel united to form a large single ring, In the present
invegtigation the hydrocarbon has ylelded a derivative obtalnable
only from a struecture of 30 carbon atoms or a multiple thereof,
The simplest structure therefore, which can be assigned to |

caoutchouc,is the following:=-

eMe-CHy :CH,~CH
// 2 2 2 \

CH © CMe
LH2 CH,
Cre ' e H
CH. ' Cre
CHa CHz
CHa | .,‘;"”1
C M ¢

L

\\, C H «CHCHz < CMe //
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Experimental,
Purification of Mterial and Preliminary Experiments,

B}

e o, D - -

The caputchouc used was Plantation Pale Crepe, which had
‘been washed and rolled, and was in the form of thin shests,
“almost whiterand free from the usual resinous odour, This
was cut into thin strips and purified by extraction with acetone
:in a Soxhlet apparatus for 10 hours, Owing to the m ture of
bthe material, complete removal of the resin 1s not possible by
simple acetone extréction, but the more thorough method of
dissolving 1in benzene, filtering and precipitating the cagutchoue
‘by the addition of alcohol was not considered neceséary in
iview of the purification wvhich the oridation product would undergo,
‘and the fact that analysis of the first oxidation product was
~not the objeet of the work, The caoutchouc, after extraction/
_____ was nearly transparent and colourless, and had to be preserved
out of contact with the aiq as it oxidised rapidly,

The method of oxidation elaborated by Henderson (loc,cit.)
;eonsists in dissolving 50 gs, of the terpene hydrocarbon in 300 g,
Liglacial acetic acid and adding the calculated quantity of

H202(100 vol.)'equivalent to 2 mols, H O to each C_ H

2 2 10 16
Wlecule, A proportion of the hydrocarbon separates and forms

& layer on the surface, but this gradually dissolves as oxidation
of the terpene in solution proceeds, Tee reaction is promoted

o
by maintaining the mixture at a temperature of about 50 C,

By/
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y control ol th- temperature, resinous products, as evidenced by

ghe darkening of tae eolution,ca.n be avoided to a large extent,

jrile the reaction can of course be stopped at any stage and the

groducts examined, Completion of the reaction is indicated when

f;he remnant of the surface layer slows no further tendency vto dissolve,

gnd the productd are then obtained by neutralisation of the acid and

jextra.otion with ether.

The mechanism of the reaction is not c¢lear, but it seems that

{oxida.tion oceurs through the formation and decomposition of peracetic

field, It has been found that with inert solvents such as oct

foudation frequently does not take place,

| As it was intended to adhere as closely as posslible to these

réyreaction conditions, the behaviour of caoutchouc towards glacial

.gaeetic acid was studied, Finely cut caoutchouc in acetic acid was

:f.allowed to stand in stoppered flasks, Considerable swelling occurred

jA"jflmf':lng the first three days,but even at the end of a month the

vj,'reparate pieces retained their identity and the acid could be obtained

pure by filtratilou, Heating merely accelerated the swelling,
Attention was then directed to mixing acetic aeid with a

qlution of caoutchouc in one of the usual solvents, It was

Alound that on small quantities of tieacid being added to a CECL

A%lution of caoutchouc, the initial precipitate redissolved on

‘|%eking and the resulting solution had a considerably

|lecreased visco sity. Further quantities of acid were added till
‘| Point was reached where the".: precipitate of caoutchouc failed
1to redissolve, A small quantity of water, representing Hzoé

\_./‘\{'\-—...——-»w—»“ ~——— ’

solution/

]
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ljolution, was then added, This precipitated more caoutchoue

,{which redissolved to a certain sxtent on vigorqus shaking,

'1if:The mixture then consisted of a layer of clotted caoutchouec
-'__ji-'over a golutlon ¥hilich was almost c¢olourless and of very low
‘j"{-fiscosity. That this solution contained a considerable

?j:-pn portion of the caoutchouc was proved by withdrawing a
E:qua.ntity and precipitating the cacutchouc with water,

| It was therefore evident that a solution could bve prepared
-‘E'analogous tQ that required in the terpens oxidation: it
"gzﬁremained to be discovered whether the bulk of this solution
f‘f‘eould be maintalned at a reasonable fligure,and yet permit of the
».gi%'oxidation of a falr quantity of caoutchouc, Twenty-five grams
of caoutchouc was dissolved in 850 cec, CHClS. Two days were
,ﬂ.required for complete solutidn, ‘and it was noted that while

-;:fﬁ‘boiling had no effeet on the rate of solution, vigorous agitation

accelerated it, The solution obtained was opaque, of a
fﬁbrownish colour and extremely viscous, Glaclal acetic acid

'f:wa,s then added in quantities of 30-40 c¢,e, with vigorous shaking,

’FOn sach addition a quantity of caou_t:chou;ﬁ was preclpitated,

‘ but this dissolved on further agitation, After 180 c,c, acid
{a?ha.d been added the preeipitated caoutchouc became difficultly

it Wluble, and it was then found that heating the mixture to

70-80" under reflux effected solution, By this method &

¥ total of 230 eces, acetic acid was added, #%hich ’was. considered

| uffieient for the purpose, The solution was brown, opaque and

°ff‘ very low viscosity. As a surface layer of caoutchoue did

| Dot/
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not form until some time after the selution had cooled, it
was considered possible to reduce the CH.C;L3 content,

Distillation was carried out on the water—bath; and when
about 150 c,c. CHCl5 had been collected the presence of
undissolved caoutchouc was noted, This was redissolved by
~agitation and the distillation repeated, In all, 500 c,c,
CHClS was removed befors the precipitated caoutchouc failed to
redissolvé in the hot solution, When cool, the liquid under
the caoutchouc layer was opaque, of a brownish colour, and seemed
as moblle as water, :

The reaction mixture consisted of:=
20 gm, caoutchouc,
350 e,c, CHC1
30 c,c, CHSC%OH

and,in all ter experiments,was prepared directly by dissolving
5 gm, caoutchouec in 350 c, c, CHClS. Solution fequired 2 days,
and ylelded an extremely viscous Jjelly, 200 c¢.c, acetic acid
was then added In lots of 50 e,c, with vigorous agitation,
The solution was then heated to boilling and the remalning 30 c.c,
acld added, When cool, this solution was identical with
that obtained by using an excess of CH(213,with subsequent removal
of the excess,

In the trial oxidation, 65 gm, (3 mols,) of 30% H202 was
used as against 45 gm, (2 mols) in the corresponding terpene
oxidation, = Addition of the perhydrol caused a further

Precipitation of eaoutchouc,
The /
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The flask was fitted with a reflux condenser and maintained
atk constant temperature of 50°C in the waterbaih. The first
action observed was the clearing of the liquid portion of
thé mixture, which became colourless and transpareﬁt in the
course of about 6 hours, This was followed by the slow and
persistent evolution of a gas, later identified as COZ.
A change also occurred in the layer of caoutehouc which
gradually became liquid, " This is possibly the £ modification
of caoutchouc described by Harries (loc,cit.) A further 18«20
hours heating resulted in the complete disappearance of the
caoutchoue layer to yield a clear colourless solution,
Evblution of Coz‘also ceased shortly after this point,

The solution acquired a green tinge after a further 12
hours, this tinge changing gradually to 11§ht yellow, Thé¥
development of this colour occupled several days, resulting in
a clear golden=yellow solution, A sudden change then took
place in the course of a few hours, the solution turning
first pink, then deep red, and on further heating the colour
grew deeper and the solution became opaque,

The reaction was stopped at this point as it was obvious
that the oxidation had proceeded too far, and was yielding
\resinous products, The solution was poured into a large
volume of water and well shaken, On standing, the CHCl5
settled, carrying with it the dark coloured product, the aqueous

layer retaining most of the acetic acid, The chloroform

layer was drawn off

and the aqueous la
Ghloroform/ yOr extracted with more
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chloroform, The combined extracts wore first washed with
dilute Nagcog,then with watég and finally dried over anhydrous
Naéso4. On distilling off the CHClg, the product was obtailned
as a dark red syrup with a pleasant fruity odour, It was
soluble in alcohod, ether and acetone, and sparingly soluble in
benzene, It was not volatile in steam, and decomposed at a
high temperature uander reduced pressure, On boiling with
alcoholie KOH, and neutrallsing the alkali with COg,an ethereal
extract was obtained which yielded a yellow syrup on distillation
of the solvent, This was probably a remnant of the product
existing at the golden=yellow stage of the oxidation, The
aleoholic solution was acldified and large quantities of a
resinous acid were obtalned, These products were not further
examined, and this concluded the preliminary work which had
yielded the following information:- that an oxidation of
caoutchouc was possible under conditions similar to the oxidation
of the terpenes; that ﬂhe oxidatlon took place in two stages,
the first stage being the clear yellow.solution, and the second
stage, the opagque solution vhich yielded resins; that the oxidation
could be comtrolled by reducing the amount of H.202 (2 mols, ber
Claﬁls is the guantity used in terpene oxidations) and by
stopping the rsaction before the red colour developed,

Subsequent experiments were suitably modified with gratifying
results, As it was expected, and later verified, that true

®utchoue derivatives would be non=volatile and amorphous, the’
Probl em/
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problem of resinous and tarry by-products recelved great
consideration, Ouce formed, these impurities could only

be removed by extraction with solvents or precipitation from
solution, neither method being really satisfactory, With
this in view, all reactions entailed in the preparation of
derivatives were studied, and modified more or less

@xtensively,

. TS m dme . T M

The Oxidation, ‘
A,soaution was prepared as previously detalled, consisting
of 256 gm, acetone-extracted caoutchouc'ZSO c.C. CEClaland

230 ecec, glacial CH,COOH, To this was added 45 gm (2 mols) of

3
104 Hzoz and the mixture was maintained at a temperature of

50° on the water bath,

With the smaller quantity of 3202, the various changes
previously noted,-ée:clearing of the liquid portion,
liquefaction of the caoutchoue layer, and the gradua; solution
of this layer, took longer to accomplish.When a homogeneous
solution had been attained, and evolution of COZ had ceased,
the reaction was éarefully watched and was stopped as soon as
the yellow tinge developed,

Fhe solution was poured into a-bout a litre of water and
vell shaken, The chloroform layer was separated and the
8queous portion again éxtraeted with chloroform, Considerable
fmlsification took place, but with the addition of small
Quantities of alcohol, a separation was effected on standing

oVernight /



45,

overnlight,
Solid cho5 was added to the chloroform solution to
remove the last of the acetic acid, and when all action had
‘eeased, the solution was again washed with water and dried over
anhydrous Na2804. The chloroform solution was clear, mobile
and of a light yellow colour,rand’oﬁ removal of the solvent
by distillation,the product was obtained as a clear yellowish syrup
As the reaction was stoppred at a purely arbitrary point, there
was a possibility of the product containing unattacked caoutchouc,
This @would be removed by two methods:- (a) by dissolving the
syrup in a large volume of alcohol and allowing the unsoluble
eaoutehouc to settle, The clear solution was then decanted
and the alcohol distilled off; (b) by dissolving the syrup in
just sufficient benzene to yield a mobile solution, and adding
& large volume of petroleum ether, The product 1is completely
precipitated as a thick white paste, and any caoutchouf present
remains in the mixed solvents, The second method 1is preferred,
a8 it gives a product which is easily dried and powdered,
The water wvhich had been used in the separation and washing
of the product was filtered to remove emulsion and éxamined.
Only acetic acid, CHClS and traces of the syrup were found
bresent, indicating that no water-soluble degradation products
are formed by the oxidation, This oxidation has been
repeated many times and has always ylelded the same product,

An interesting observation is that if the oxidation has been
allowed/ "
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allowed to proceed too far'resulting in the development of
the pink colour, immediate cooling of the solutlion results in
the gradual disappearance of this colour, and the product
obtained is quite free frown resin, Modifications of this
method of oxidation have been tried but do not offer any
advantage, Using CC]_4 instead of CHClZ, it was found that
a mueh larger proportion of oaoatéhouo remained in the surface

layer, whilst the H_O_ was not very soluble in the CC14-CH3000H

2 2

mixture and tended to layer out with the caoutchoue on the
surface, The oxidation took much longer, but ylelded thel
usual pfoduct. Oxidation in a very dilute solution (,7%)
was also tried, The solutlion comsisted of 7 gm, caoutchouec
450 cc, CHCLS, 325 ce, CchOOE, 12,6 gnm, Hgog. Only a thin
layer of caoutchou€ remained on the surface, and thls soon
disappeared on heating, The oxidation proceeded  rapidly

and constant observation was necessary to arrest the reaction
before it had proceeded too far, The usual product was

2180 obtained in this case,

O T O S W 00w, N

The Oxidatiopn Product.

Precipitated from benzene by an excess of petroleum
ether, the product was obtained in the form of a thick white
paste, This was washed with petroleum ether, dried in vacuo
dud powdered, The yield, from 25 gm, rubber, was 28=30 gm, of
an odourless white powder, insoluble in watér and petroleum,

very sparingly soluble in ether, and easily soluble in
&leohoy /
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aleohol (ethyl and methyl), acetone, benzene, chloroform,
acetic acid and pyridine, It did not react with alkalil
carbonate solution, but on long standing with dilute NaOH,
and more quickly on heating, it turned dark red and seemed
to dissolve to some extent, giving a red flocculent
precipitate on acidification, All attempts to cerystallise
it from solvents and mixtures of solvents failed, When burned,
it emitted the characteristic odour of burned caoutchouc,
It was non=-volatile in steam, and under reduced pressure
it decomposed at a high temperature and yielded water and a
dark oil very simik r to that obtained on distilling caoutchouc,
It did not react with semicarbazede acetate: and as already
stated, was unaffected by NaBCoz. Bolling with aleoholic
KOH caused extensive resinification, the products recovereasd
being a small amount of the original substance and, on
acidification of ths solution’a large quantity of resin of an
acid character, Hydrolysis using reagents such as barynta,
and dilute H_SO  also yielded tarry products, Tests with

2 4
Br_, and alkaline KNNO4 showed the product to be unsaturated,

2
The above proPertiés seemed to confirm the view that this
product is a hydroxy=body closely related to the original
hydroecarbon,
A portion, dissolved in benzene, filtered and precipitated
as before, ylelded the followling results on analysis:-

(a) ,2201 gm, gave ,5368 gm, co, and ,1915 gnm, Hzo
(b) #R042 gm, gave ,4956 gu, CO, and ,1757 gu, B,0.
Found/
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Found - C H 0
(a) 66,51 9,665 R3 .8
(b) 66,19 9,56 24,85
¢ B O requires 68,92 9,849 24,24
29 52 8
| 029H5008 requires 66,16 9,506 24,33

The molegugar welght, by depression of the freezing point

of benzene was found to be 991,3, 1053.0, and 997,2,

o
(029H52 8) 2

The samples used in the above combustions were part of the yield

requires 1056,

of one particularly clean oxldation,

CO2 wvolved during the Oxfidation,

S s SR ye G W e R S A e P

Accurate estimation of the Coz evolved during the oxidation
was difficult since the evolution was slow and lasted for several

‘days, and the gas was contaminated with the vapours of CHC].5

and CHSCOOH from the warm solution,

Experiment revealed that a dilute sdlution{ 5 gu, cacutchouc
175 ce, CHCls’and 115 ce, CHSCOQH, if heated to 709, evolved
all the CO2 in the space of 8«9 hours,

A solution was therefore prepored, using 5 gm, of carefully
- extracted and dried caoutchoué. The solution was heated till
the first bubbles of gas appeared and was then cooled on ice and
left overnight in the ice chest, On the following day it
vas again heated to 70°C,,and a current of air was drawn through

& soda lime tower into the flask’and then through the condenser

‘/

L




49,

When evolution of the'gés had ceased, the BaCOz was filltered,

washed, dissolved in HCl and precipitated as the sulphate,
5 gm, rubber gave 2,0701 gm. Baso_

.". Carbon obtatned as 002 = 2,128% of rubber,
pe = 7,65 .
1 cafbon per C5H8 = 17,65% o
. cog s equivalent to 1 carboq&per (C5H8)8 - (CsHé)g‘

Derijvatives.

As'the oxidation product had no acid or ketonie properties,
and exhibited the solubllity usually assoclated with an alcohol
or glycol, the pfeparation of the following characteristic
deri&atives was attempted:=-

e ate. Ten grams of the product was dissolved in
about 100 gm, pyridine and, to the cold solution, 3 gm, nitrobenzoglk
chloride was slowly added, After standing for several days,
the solution was poured into water and the pyridine neutralised
with dilute HBSO" The product was obtained as a yellow pasty
mass and was separated by filtration, On washing with dilute

32804 and Water'this gradually assumed a granular form, The

excess of nitrobenzoic acld was removed by leaving the product in
contact with very dilute Naché till all action had ceased,

After further washing and drying at the filter pump, the product
vas vepeatedly extracted with ether, in which it was rather
sparingly soluble, This effected a partial separation from the
resin produced by the reaction, and(on evaporation of the ether}

the/
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the product was obtained as a brown vitreous mass, Attempts
to crystallise it from varlous solvents falled, During
earlier experiments small quantities of crystals seéarated
durlng the spoantaneous evaporation of the ether, These were
obtalned in an 1mpure conditlon by extracEion with petroleum
ether.. However, when a sufficient quantity had been collected
it was identified as nitrobenzoithid, M.P.ZB?O, which the
Na.zCO3 had failed to extract from the pasty precipitate,

In later experiments thils precipitate was thoroughly dried and
pulverised before beilng treated with Na2003°
The vitreous mass was extremely soluble in all organic
solvents except Csz and ether, Repeated extraction with etﬁer.

left a proportion of the resin behind, but no definite
geparation could be obtained, and portions submitted to analysis
showed a nitrogen content varying from about ,5f to nearly .,
As the product differed in solubility from the original alcohol,
it was obvious that egterifaction had taken place to a certain
extent, indicating the presence of a primary or secondary

L]
alcohol group in the original oxidation product,

Phenylurethane., Two grams of the alcohol,dissblved in dry
benzanq,Was heated with one molegular proportion of phenyl
isoeyanate in & flask protected by a Ca012 tube, No
resinification occurred even after 10 hours! heating, The
benzene was then distilled off and the residue dissolved in
ethyl/

———
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ethyl acetate, During the spontaneous evaporation of this
solvent a crop of colourless crystals was obtalned, These

were separated by filtratlon at the pump and on recrystallisation
from ethyl acetate/were identified as diphenyl urea, MP238°.

The syrupy residue closely resembled the original alcohol

in i1ts behaviour with solvents, It was, therefore, thoroughly
extracted with warm ether in which it was insoluble, dissolved

in benzene and preclpitated %kith an emcess of petroleum ether,
The produét, after drying in vacuo, was obtalined as a light
yellow powder, . On fusing with Na, and testing with FeSO4

and Fecl5 thls powder was proved to qontain no nitrogen,

Acid Pothalate, The preparation of this derivative was

. attempted by a slight modification of the method of Tiemann and -
Krfiger (Ber,29,1,901), Four grams of the alcohol dissolved in
dry benzene was treated with an excess of Na, The solution
required gentle warming to start the reaction which then
proceeded slowly for several days, The Na derivative of

the alcecohol settled out as a brownish paste mixed with a certain
amount of resin,and the benzene solution became dark in colour,
The benzene solution was decanted and the Na salt, suspended in
fresh benzene, W38 treated with 2 gm,  phthalle anliyiride. and:
gllowed to gtand for several days at :room temperature, The
solution was then shaken with water and,after repeated extraction

with benzene, the Na salt was obtained as a soap floating on

the/
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the aqueous layer, the latter having a distinct red tinge,

On écidificatioﬁ a certain amount of resin was precipitated
~from the agueous solution, The acid liquid was extracted

with CHDls, and on removal of this solvent by distillation

a brown syrup was obtained, Attempts to obtain this in
crystalline form Falled,: amd, .as it was obviously contaminated
with resin formed by the action of the caustle solution on

the original alcohol, it was not further examilned,

Methylation. The sodium derivative of the alcohol, prepared
as above, was suspended in dry benzene and gently warmed under
reflux with dimethyl sulphate for several hours, The solution
was then poured into water to decompose the excess methyl
sulphate, and the product was extracted with benzene, On drying

and distilling off the solvent a very dark coloured syrup was

obtained, Thls was completely soluble in most organic solvents,

but repeated extraction with ether effected a partial separation

from the resin, The final product, however, was still highly

6o loured, amorphous and unsuitable for analytical purposes,

W I O A U A s S

The Aldehyde,

As the alcohol had failed to yield a sultable derivative
which could be definitely purified, attention was turned to

preparing from the alcohol, the corresponding aldehyde or
ketone,

in/

The oxidising action of chromium trioxide dissolved
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in glacial acetic acid is of a selective character, tending

chiefly to oxidise an alcohol to the aldechyde or ketone, the
latter product only undergoing further oxldatlon if an excess

of the reagent still remains. To obtain a good yield, therefore,
by this reaction, requires accurate determination of the requisite
,amount of CrOS.

In the present case, the size and character of the alcohol
mplecule were unknown, combustions having merely fiked the
empirical fqrmulg as roughly ClOHlsos' In the initial preparations
of the aldehyde, therefore, sufficient CrO5 was used to furnish
1 atom of oxygen to each ClOH1805. In succeeding experiments
this quantity was varied and rough estimates made of the
respe ctive ylelds, It was found that decreasing the quantity of
Cro3 resulted in an increasgd yield of aldehyde, After the
aldehyde had been characterised, the theoretical quantity of
CrO:5 was used with excellent resultsy the gquantities given
below are those used in the most recent preparations,

A solution of 10 gm, of the alcohol in 80 gm, glaclal acetic
acid was cooled in a freezing mixture, Owing to the colloidal
nature of the alcchol, the depression of the freezing point of
this conecentrated solution was so small that a quantity of
water had to be added to prevent solidification, A well cooled
solution of 1,3 gm. Cro, in 30-40 ce, CH%C?OE was then added in
quantities of 2=3 co,, with gigorous agitation after each
addition, It had been found, when performing the reaction

at/
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at ordinary room temperature, that considerable local oxidatioﬁ
took place before the solutions could be properly mixed, but with
the c¢old solutions, the red colour of the CrO3 was still
undiminished when the addition and mixing was completed,

On allowing the solution to attain room temperature, the
oxidation pfoeeeded smoothly and was complete in a few hours,
No 002 was evolved during the reaction, The solution was
poured into about 200 cc, water and the acid almost neutralised
3 Complete neutralisation of the
acid was found to be inadvisable,as it resulted in a gelatinous

by & strong solution of NaBCO

precipitate of Crzo5 which hindered extraction with ether,
During the neutrallisation, the greater portion of the
product separated as a white paste, This was removed and
dissolved in ether, The aqueous solution was then exhaustively
extractéd with ether, in which the product was not readily
soluble, During the @arller preparations especially, quantities -
of a product were obtained, which defied extraction with ether,
It took thelform of a thick greenish éoap and when separated
by filtration and dried,it burned with & smoky flame and left a
small residue Crzog. It was decomposed by warm aclds to give a .
green solution and a small clot of resinous matter, and was
Probably the ehromium salt of an acid formed during the oxidation,
The ethereal solution of the product, after washing with
 water, and drying over anhydrous Nazsoé, had that greenish
‘tinge associated with solutions‘of terpene aldehydes, On

removal of the solvent the product was obtained as a clear
greenish/
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greenish-yellow syrup with a faint pleasant odour, which
became more noticeable in alcoholic solution,

A dilute solution in alcohol yielded a mirror with ammoniacal
gilver oxide and reduced Fenhling's solution, This syrup was not
volatile in steam, decomposed on distilling under reduced
pressure, and, when burned, emitted the characteristic odour
of burning cao utchouc, It was moderately soluble in alcohol
and benzehe, rather sparingly so in ether and insoluble in
petroleum ether, Attempts to erystallise it from various
‘solvents and mixtures were unsuccessful, Its properties,
therefore, were those of an aldehyde of high mole@ular weight,

A quantity of the aldehyde, diluted with sufficlient ether

to give a mobile 1liquid, was left in contact with a saturated

solution of sodium bisulphpte for some time, The mixture was.

frequently agitated, and gradually small crystals were observed

to form at the Jjunction of the two layers, the bthereal solution
.8t the same time becoming less Viscous. At tge end of a fortnight
& small quantity of these crystals had been collected, They

' Were removed by filtration and washed with alcohol and ether,
mldecoméosing this bisulphi®e compound with a strong solution
ofnazCOS, and extracting with ether, a smalllquantify of‘

the aldehyde was obtained, The bisulphite solutiomn, after

umrough extraction with ether to remove the unattacked

‘“ﬂehyde, was decomposed with solid NaPCO3 ,and again extracted

| Vith ether, This yielded a much larger quantity of the
tdehyde/ ‘

B
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aldehyde, indicating that the bisulphite compound is moderately
" spluble in the saturated solution of NaHSOs- .

As a means of purifying the aldehyde, however, this method
was not successful owing to the time required, a he&vy and
unexplained loss of the aldehyde during the process, and the
fact that the largest yield,which was obtaired from the decomposed
solution, was of doubtful purity,

On treatment in alcoholic solution with semicarbazide
acetate, with subsequent precipitation of the product by
water, & brownish syrup was obtained with properties differing
considerably from the original body, This syrup was extremely
§oiuple in alcohol, both ethyl and methyl, and seemed to be quite

‘insoluble in ether and benzene,

. e S gy S G

The §emicarbaZOQe.

Five grams of the aldehyde, dissolved in ethyl aleohol,
was treated with an excess (2,5 gm,) of semi-carbazide
Eydroahloride, and the requisite amount of potassium acetats,
dissolved in a small gquantity of water, On standing, the solution
deposited a quantity of KC1 and the original greenish tinge
-changed to a light yellow, No other change being noticed
after five days, water was cautiously added to the solution,
A considerable addition was necessary before a white curdy
Precipitate appeared, This precipitate gradudlly'settled and
agsumed the form of a brownish syrup, the change being apparently

due to the presence of the diluted alecohol, - The original
form/
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form of ths precipitate being a desirable one for subsequent
handling, an attempt was made to retain ¥ B this form by
pouring the reactioa solution into a large volume of water
gaturated with NaCl, This was successful and the product
remained as a thick white curd on the surface of the liquid,

On filtering, washing'and drying,it was obtained as a bulky
vhite powder with only a faint odour of the original aldehyde,

It was extremely soluble in aleohol and ethyl acetate, insoluble
in ether and benzene, and qualitative tests proved that it
sontained nitrogen, A small quantity was dissolved in alcohol
and heated with oxalic acid, The solution was then thrown

into water and the excess of acid neutralised, On extraetion
with ether, the regenerated aldehyde was obtained as a clear
yellowish syrup, It was evident, therefore, tlat this white
powder was the semicarbazone of the aldehyde, The semicarbazone
could not be erystallised from any solvent or mixture of solvenfs.
slow spontaneous evaporation always resulting in a syrupy
residue, Precipitation from solution in alcohol, ethylacstate
or acetone, by means of water or ether was also unsuccessful,

the original flaky precipitate becoming a smear on the bottom

of the flask in the course of afew minutes, even in an ice-dold
solution, Precipitation’by thfowing the alcoholle solution

into water, did not eliminate the unattacked aldehyde or non-
aldehyde bodies in the solution, as was proved by the fact that

the white powder, on exposure to the air, acquired a pink colour

dus/
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due to the oxidation of these bodies,

Finally the following procedure was adopted, The
impurities to be considered were (a) tie excess of semicarbazide
acetate and KC1l, easily soluble in water, (b) a condensation
product sometimes obtained from semicarbazide, insoluble in
water and cold metinyl aleohol, (e) unattacked aldehyde and
non=aldchyde products, soluble in both zlcohel and ether,

The reaction sclution contalning the semi=carbazone was stirred
into a large volume of water, and the precipiltate collected
-and washed, It was redissolved in alcohol and agaln precipitated,
thus ensuring the coumplste reuwoval of (a). The dry powder was
then covered with cold methyl alcohol and solution effected

by occasional shaking. After 10 nminutes the clear solution
was decanted, the undissolved portion being rejected, This
eliminated (b) and a proportion of (e). The alcoholic
solution was diluted anq,after filtration,was distilled down to
small bulk. A large exceess of sodium=proof eLher was then
added with vigorous shaking, and the semi-~carbazone gradually
settled to form a clear, almosk colourless syrup, The clear
supernatant '1iquid was theun decanted and the product was

heated with fresh ether to remove the last traces of (c¢),

For convenlence in handling, the semicarhazone was
again dissolved in aleohol, filtered and precipitated by
stirring the solution into water, When dry it took the form

olcseslor
- 0of a white odourless powder, which did not d¢dessdws on long
exposure/
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exposure to the air, Svecimens were submitted to analysis

with the following results:=
(a) ,1992 gm,sémicarb,gave ,4406 gm, CO2 and ,1573 gm, HBO

(b) 2229 " " " .4904 gn co2 and ,1754 gm, H20.
(¢) .3363 gu, * " 237,10 ce, N, at 14,5° and 753 mm, N. = 7,(@2
(d) .3271 gu, " * 19,80 cc,Nzat 14,5° & 749.3 mm N = 7,144%
(e) .2287 gm, " " 18,75 co N at 22,5° & 758,5 mu N = 6,988%,

Found ( 60(351 8.%74 7.%86,

( 60,01 8.802 7,144

029H5008 N.NH.CO.NH2 refnires 60,1 8,849 7.01
029H4808,N,NH.CONH2 requires 60,3 8,543 7.035

Spscimens a,b,c,d were selected from different preparations
of the semicarbazone; specimen‘g was used as a test of the
method of purification, and consisted of semicarbazone residues
obtained during earlier attempts at purifieatiog:ZZystallisation.
These residues, which had become highly coloured through long
exposure, were mixed, dissolved 1in methyl alcohol, and purified
by the method given above, The nitrogea content was found
to agree well with that of the semi-carbazone freshly prepared
and purified,
nera the Ald .
A quantity of the semicarbazone was dissolved in a small

volume of ethyl aleohol in a small flask fitted with a capillary
pressure/ N




60,
pressure release, A slight excess over the calculated quantity
of oxalie acid was added,and the solution was gently heated for
30 min, On standing and cooling, a portion of the sparingly
solubie semi carbazide oxalate separated, The solution was
then.poured into water and extracted with ether, The excess of
oxalic acid was removed by washing the ethereal solution with
NagCO5 after which the ethereal solution was dried and the
solvent distilled off, The aldehyde remained as a clear yellowish
gyrup with a falnt pleasant odour,

In alcohollic solution, especially Af warm, the aldehyde
oxldises rapidly and during its preparation ffom the semicarbazene,
precautions are necessary to protect it from spontaneous oxidation,

The state of aggregatlion of the semicarbazone renders it very
resistent to aqueous oxalic acid, and decomposition by thds

method was unsuccessful,

The Ac ld ®
As the aldehyde on standing graduzally dried to a hard

vitreous mass, dilutlion with a solvent was necessary to effect
spontaneous oxidation, The best method consisted in dissolving
it in ethyl alcohol, placing the solution in an evaporating basin
and maintaining it at about 400, the alcohol being replenished

as it evaporated, The solution gradually acquired a dark red
¢olour, and after about 10-12 days?® heating the alcohol was

allowed to evaporate completely and the product was treated with

N%$03 solution, A considerable'quantity of resinous matter
remained/ ‘
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reméined undissolved, ~ The pink solution of the sodium salt
was fiitered and acidified, and the acid was precipitated

in a gelatinous form, gradually coagulating to form red

clots on the surface of the Xiquid, Extraction with ether
wag difficult, as the acid was only sparingly soiuble in this
medium, and also exhibited a tendency to adhere to the sides
.of the vessel, An improvement was effectsd by saturating
the solution with NaCl before acidifying, the acid, on
precipitation, coagulating to form a scum instead of hard
insoluble lumps,

On distillation of the ether the acid remained as a dark
red syrup with a pleasant fruity odour, It was almost
insoluble in water and benzene, easily soluble in alecohol,
acetone and chloroform,

Oxidation of the aldehyde by means of dilute HNO3 was
not very successful, A small quantity of the aldehyde
syrup; when heated to 50° with very dilute EHNO , vielded a lignt
yellow}ZZEgk which’when dry,beeame brittle and could be easily
poWdered, This substance, on boiling with Na,CO

2 73?2
only a small quantity of the acid and the insoluble portion

furnished

on further treatment with HNOS gseemed to undergo no changs,
Better results were obtained by dissolving the aldehyde in

CClé and covering the solution with dilute HNOS. This mixture
was maintalned at 40=-50°C and frequently agitated, CC1, being

added when necessary. The lower solution gradually became

dark/
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dark red, and after about 10 days' heating, was separated and
the 0014 distilled off, On extractlion of the residue with
NagCos,a small quantity of acid was obtained, which'in appearancs,
odour, and solubility resembled that obtained by spontaneous
oxidation, Only the latter acid was obtalned in quantities
gufficient for luavestigatilon, _

On heating with NH40H, a pink solution of the ammonium
salt of the acid was obtained, The solution was boiied t111
neutral and portions were treated with CaClz, BaClzn:;Ed (CHECOO)ZPQ
Only the latter two ylelded insoluble salts, and these were
obtained as brown gelatinous precipitates, which had to be
filtered at the pump after washing by decantation, The
silver salt decomposed slightly while settling from the
solution, and quickly on being washed with warm water,

The lead salt seemed stable and was filtered and thoroughly
washed at the punp, On drying in vacuo it was obtained as a
dark brown gritty powder, The lead oonﬁent was determined
by treating the salt in a crucible with fuming HNO5 and conec,
32504 t1ll a white residue of PbSO4 of constant welght was
obtained, Analysis of two different preparations gave:=

+1605 gm,salt gave ,0582 gnm, PbSOé.

Pb = R6.43%.

,4062 gm, salt gave ,155¢ gm, PbSOé:

Pb - 26014%0
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| CCCXXVI.—The Owidation of Sabinene with Chromyl
Chloride.

1 By Grorer GErALD HENDERSON, JoEN McGREGOR ROBERTSON,
and Davip CHRISTIE BROWN.

PrEVIOUS investigations have shown that a number of the terpenes,
both monocyelic and dicyclic, unite additively with chromyl chloride
b form solid compounds of the formula C,oH,q,2CrO,Cl,, which,
When decomposed by water, yield mixtures of aldehydes and ketones
derived from the corresponding hydrocarbons (Bredt and Jagelki,
{4nnalen, 1900, 310, 112; Henderson and others, T., 1903, 83,
129; 1908, 93, 288; 1911, 99, 1887). It has now been found
hat in this respect sabinene resembles other dicyclic terpenes.
en a dilute solution of chromyl chloride in carbon disulphide is
{lowly added to a similar solution of sabinene, care being taken to
Wevent rise of temperature, a solid separates. This compound is
adily decomposed by water, with formation of an insoluble liquid

fduct together with a certain quantity of resinous matter. The
* {Facipal constituents of the liquid, apart from some indefinite
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resinous materials, are a saturated aldehyde, CyH,,CHO, and an
unsaturated ketone, CgH,,0, which are present in approximately
equal proportions. In addition, a small quantity of an isomeric
ketone was separated in the form of its semicarbazone.

The aldehyde, which is a viscous liquid, undergoes spontaneous
oxidation on exposure to air. The crystalline acid, CH,;*CO,H,
thus produced melts at 175°; it is also obtained when the aldehyde
is heated with dilute nitric acid. As the acid is prepared from
sabinene by a method similar to that by which camphene is converted
into camphenilanic acid, it may be named sabinenilanic acid. Its
constitution has not been elucidated as yet, but if it be assumed
that the structure of the sabinene nucleus remains unchanged
during the process of oxidation, the formula will be (I).

CO,H

: co
He( \CH, any HaC\CH,
Hﬁ* e ch\k JoH,

CHMe, CMe,

The two ketones were separated by taking advantage of the
difference in solubility of their semicarbazones, that of the chief
constituent being very sparingly soluble and the other readily
soluble in cold aleohol. After several crystallisations, the former
semicarbazone showed a constant melting point of 205°. The
ketone, CyH,,0, liberated from it is a colourless liquid of pleasant
odour, which boils at 220° and behaves as an unsaturated compound
towards bromine and potassium permanganate. Taking into
account the properties of the ketone as well as those of its semi-
carbazone, there can be little doubt that it is 4-isopropylidene-
cyclohexanone (II). This ketone was obtained by Perkin (T., 1907,
91, 1736) as a product of the hydrolysis of ethyl 4-isopropylidene-
cyclohexanone-2-carboxylate, and also by Wallach (A4nnalen, 1908,

859, 265) on heating with dimethylaniline the compound (IV)
which he had prepared by the action of hydrogen chloride on sabin
ketone (III). The melting point of the semicarbazone of our ketoné
is, however, somewhat higher than that (201°) quoted by these
observers.

1810) Co '

0/ \CH o\ CH2
o — 5l JGR eB H2C|
¢Cl
CHMez CHMe2 CHMez

(IIL) v.) A

2 2
———ggﬂ.‘gwm‘_d’-
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On reduction with sodium and alcohol, the ketone is converted into
the secondary alcohol, 4-isopropylidenecyclohexanol, C.H,,~>CH-OH,
a liquid with a pleasant odour which boils at 134°/40 mm. Its
p-nitrobenzoate is a colourless, crystalline solid, m. p. 63°.

After repeated crystallisations, the melting point of the semicarb-
azone of the ketone present in small quantity in the original oxidation
product was found to be 168—169°, whilst Wallach (loc. cit.) gives
as 169-—170° the melting point of the semicarbazone of 4-isopropyl-
A3-cyclohexenone (V). This ketone he obtained, together with the
isomeric A2.compound as principal product, on heating sabina ketone
with 20 per cent. sulphuric acid. The quantity of the semicarbazone
of m. p. 169° in our hands was so small that it was not possible to
separate and identify the ketone.

It might have been anticipated that sabina ketone would be one
of the products of the action of chromy! chloride on sabinene and
it is at least possible that this was actually the case, and that the
fabina ketone originally formed was caused to undergo intra-
molecular rearrangement under the influence of the hydrochloric
acid which is always liberated along with chromium chloride and a
little chromic acid when the additive products, C,jH;g,2Cr0,Cl,
ate decomposed by water. If that had been the edse, however,
one would have expected, in view of Wallach’s results, to find
4-isopropyl-A?-cyclohexenone in our product, whereas none of this
compound could be detected.

EXPERIMENTAL

Separation and Oxidation of Sabinene.

Sabinene was separated from oil of savin as follows. The oil
wag distilled in a current of steam for about half an hour, and the
oily distillate collected and treated under reflux for some time with -
tufficient alcoholic sodium hydroxide to hydrolyse the sabinol esters
Which it contained, After passing in carbon dioxide to neutralise
tny free alkali, the mixture was distilled in steam, and the distillate
tllected in two approximately equal fractions. The first of these,
V.lhich contained practically all the sabinene, was extracted with
llght petroleum, the extract dried over anhydrous sodium sulphate,
the solvent removed, and the residual liquid distilled in a current
9f dry carbon dioxide. The yield of sabinene (b. p. 163—165°%
thtained was nearly 19 per cent, of the weight of the oil of savin.
A 10 per cent. solution of 100 grams (rather more than 2 mols.)
°_f°hl‘0myl chiloride in carbon disulphide was added, in small quan-
Uies at a time and with constant agitation, to a similar solution
hf,w grams (1 mol.) of sabinene, both solutions being well cooled
t ice-water, During this part of the process, any failure to
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keep the solution cool results in much loss by resinification of the
sabinene. A precipitate of the solid compound began to separate
at once, and was left to settle for a day or two. The liquid was
then decanted, and the thin, pasty mixture of the solid compound
and carbon disulphide poured, in small quantities at a time, into
ice-cold water, with vigorous agitation after each addition. The
quantity of carbon disulphide present in the mixture was sufficient
to extract most of the oxidation product from the water, and the
last traces were recovered by successive extractions with ether and
with light petroleum. The solutions were washed with water and
dried over anhydrous sodium sulphate, and the solvents removed by
distillation. As the residual oxidation product contained a consider-
~ able proportion of resinous substances, it was further purified by dis-
tillation in steam, an approximately 50 per cent. yield being obtained.

The solid additive compound, C;oH,4,20r0,Cl, is very similar to
those obtained from other terpenes. When dry, it is a grey powder,
which quickly begins to undergo decomposition when exposed to
moist air, and which reacts vigorously with water.

Separation and Oxidation of Sabinentlanaldehyde.

The oxidation product, after steam distillation, was mixed with
-excess of a freshly prepared saturated solution of sodium hydrogen
sulphite, and shaken at intervals for several days. The bisulphife
compound, which separated slowly in the form of a colourless,
finely crystalline solid, was collected and washed with alcohol and

with ether. The residual oily liquid recovered from the filtrate -

and washings was again shaken with sodium hydrogen sulphite,
and the proeess repeated until no further separation of crystals
took place. The bisulphite compound was heated with excess of

- aqueous sodium carbonate, and the liberated aldehyde distilled off
in a current of steam, separated from the distillate by means of
ether, and purified by distillation.

Sabinenilanaldehyde, CoH,,-CHO, is an almost colourless, viscous
liquid, which boils at 215—217°, and has the strong, peculiar odour
characteristic of such terpene aldehydes. It dissolves easily in tho
usual organic solvents, and is oxidised to the corresponding acid
when exposed to air. The semicarbazone of the aldehyde, pl‘epfm”.d
in the usual manner, separates from methyl alcohol, in which it B
freely soluble, in colourless crystals, m. p. 145—146° (Foundi
N = 200. Cy;qH,40 requires N = 201 per cent.).

Sabinenilanic acid, CyH,;CO,H, was prepared by spontan(?O‘fs
oxidation of the aldehyde, and also by heating it with dilute nit™
acid. It was purified by crystallisation from benzene, from whic!
it separates in small, colourless prisms, m. p. 175—176°. It B

J= -
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very readily soluble in alcohol or ether, and sparingly soluble in
water or cold benzene. Towards bromine or potassium perman-
ganate, it behaves as a saturated compound. The sodium, calcium,
and barium salts are readily soluble in water, the silver salt almost
mmsoluble (Found: C=71'3; H=97. CyH,,0, requires C=

71'4; H = 9'5 per cent.). )

Separation and Reduction of 4-isoPropylidenecyclohexanone.

The mixed ketones which remained after removal of the aldehyde
from the original oxzidation product were converted into semi-
carbazones in the usual manner. The mixture of semicarbazones
was dissolved in boiling alcohol and on cooling the bulk erystallised,
but a small portion remained in solution and was precipitated by
addition of water after removal of the crop of crystals. By repeti-
tion of this process, we obtained a semicarbazone which melted
sharply at 205°, and a small quantity of a second semicarbazone
with a melting point of 168—169°. The ketone, 4-isopropylidene-
cyclohexanone, CyH,,0, was prepared by decomposing the semi-
carbazone of m. p. 205° with the calculated quantity of oxalic acid,
distilling the mixture in a current of steam, and extracting the
ketone from the distillate with ether. It is a colourless liquid of a
pleasant odour which distils at 220° without decomposition, and as
an unsaturated compound at once reacts with bromine and with
potassium permanganate. It is almost insoluble in water, and
readily soluble in alcohol or ether. Its composition was determined
by analysis of the semicarbazone (Found: C = 619; H = 87;
N=217. Cale.,, C = 61'5; H = 88; N = 21'5 per cent.).
The  corresponding  alcokol,  4-isopropylidenecyclohexanol,
CgH;,>CH-OH, was prepared by addition of sodium in excess to a
methyl-alcoholic solution of the ketone, and subsequent treatment
with water, extraction with ether, and distillation of the crude
Product under diminished pressure. The alcobol was thus obtained
% a colourless, viscous liquid with an odour somewhat like that of
menthol. It boils at 134°/40 mm. and is sparingly soluble in
water, but dissolves easily in alcohol or ether. When treated, in
Pyridine solution, with p-nitrobenzoy! chloride, it yields a p-niiro-
benzoate, which crystaltises from alcohol in small, colourless prisms,
. p. 63°,

We are indebted to the Department of Scientific and Industrial
Research for a grant which enabled one of us (J. M. R.) to take
Part in this work, and to the Carnegie Trust for a grant which
lefrayed part of the expense.

Usiversrry or GrasGow. [Received, November Tth, 1922.]
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NOTES.

The Oxzidation of Sabinene with Chromyl Chloride. A Correction.

By G. G. Hexpurson and J. M. RosErTsox.

Iy a paper on “ The Oxidation of Sabinene with Chromyl Chloride
(Henderson, Robertson, and Brown, T., 1922, 121, 2717), the
suggestion was made that one of the ketones obtained when the
Solid product of the action of chromy! chloride on sabinene is
decomposed with water is 4-isopropylidenecyclohexanone. Dr.
Henry has kindly pointed out to us that the semicarbazones of
our ketone and of p-tolyl methyl ketone have the same melting
Point, and that he has observed no depression in the melting point
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of a mixture of the two. We have consequently examined a fresh
specimen of the ketone, prepared from the purified semicarbazone,
and have found that it is not unsaturated, as our original tests
appeared to indicate, but is in fact p-tolyl methyl ketone. It follows
that the alcohol which we obtained by the reduction of the ketone
is methyl-p-tolylcarbinol.

Errera has shown (Gazzefta, 1891, 21, 96) that p-tolyl methyl
ketone is produced by oxidising cymene with chromyl chloride, and
the formation of this ketone from sabinene, although unexpected,
is not difficult to understand. It is evident that whilst part of the
sabinene unites with chromyl chloride to form the compound -
C10H16,2Cr0,Cl,, another part is converted by the oxidising action
of the reagent into cymene, and this in turn combines with chromyl
chloride to form the solid C,yH.;,2CrO,Cl,, which yields p-tolyl
methyl ketone on treatment with water. In this connexion, it
may be recalled that this ketone is also obtained by the action of
chromyl chloride on both limonene and terpinene, these terpenes
likewise undergoing partial oxidation to'cymene (Henderson and
Cameron, T., 1909, 95, 969).—{Received, January 31st, 1924.]

PRINTED IN GREAT BREra1N BY RICHARD CLAY & SONS, LIMITED,
BUNGAY, SUFFOLE.
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' ABSTRACT.

e Q00

The object o the experiment was to verify the existence and
if posslble determine the position of the = CHQ group in the
- present accepted formula oi cemphene, The method was to
utilise the reaciion of Guthrie (.uart.JdJour.Chen.sSoc.1860,
i,116) between ethylenic cuuipounds snd sulphur aonochloride.
It was hoped to atisin & conpound of the formula

CC-CqHyy CHPpS CHy Cqp cp.

This wes not realised as the roesction even in a freezing mixture
was too vigorous snd resulted in resinirication. By arresting
the resction before it had completed its course, small quuntities
of an unsatuwrated chloro compouna were obtsined. This when
purified, was a white erystalline powder, melting point 1109
(not sharp). On esnalysis it apvproximsted to the formuls C,Uf4,y(x%
It ie a monochloro csmphene but does not correspond to any
previoﬁsly desceribed,

This wes the only definite product of the reascticn, the
rest being resine, and decomposition products fron vacuunm
distillation.

When it wes evident that this reasesarch would throw no
furﬁher light on the camphene problem, the work was discontinued,
and s more promising problem gtarted by another student was

sarried 40 B conclusaslon.
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THE ACTION OF SULPHUR MONQCHLORIDE ON CAMPHHNE,

—————————— CO0==m e
The etructure of csmphene has led to considerable spesula-
@n and even st present the subject is somewhet unsatisfaoctory.
P mode oif preparation elone showsg that in all ocases considerable
fleoular rearrangenent occurs during the formsation ofrthe

patanae. Canphene may be prepared theretore from borneol

’the action of potgssium bisulphsate at 2000;' from iseborneol
y the action of Zn Cl, or dilute H,80,j from pinene nydrochloride
hsobornyl ehloride) and sodium soetate in glzoial scetic acid at 200
#om bornyl ochloride by the sction of sniline, pyridine eto,
%mphene mey thus be prepared from either borneol or isoborneol
r their dedivatives, Furthermore cemphene in the presence of
oids usually gives esters of isoborneol.

Ivs béhaviour on oxidation has if possible tended to make
the position worse, However the series of oxidation products
obtained ueing KMNOQ(A.540.17) point feirly definitely to the
formule recognised at present., The prouucts optained started
with a camphene glycol MP200° anu finished with isopropffyleyclopen~

tane carboxylic acid, These point to the fol%gwing formula for

oamphene first proposed by G. Wegner, ’hc//r\ﬁitz;

It wes with a view to veritying the g cné qide chain that
this experiment was started.

Guthrie/
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Guthrie (loc.oit.) found that on passing ethylene through

lphur monochloride, a vesicant ocompound was obtained to whioh
e essigned the formula CQHBClzsz., This wes & natter of
onsiderable gontention till in 1917 Gibeon sunu Pope {JC5,1920,
reng.271) put the meiter on & scuna footing during the preparse
1ion of toxlc gases Ior War purposes. They found thet ethylene
pesged into 82012 at any temperature up to 70° gave sn almost
huantitamive yield of BB1 chlorethyl suiphide
Cl CHE. Cﬁzo S.CHE.CH?Gl.
Working on these lines it wes hoped to obtain with camphene a
compound oi the type
c1,

0931401.011'2.8.05'2.(:9}114
thereby verifying the ethenoid linkage in the molecule, The
reastion was tried in osrvon teirachloride sclution at various
goncentrations and temperaiures. In all cages it was found
that the final prouuct of the reaction was & resin, the time
teaken to reach this stage depending on the conceuntration and
temperature,.

By performing the reaction in o freezing mixture and
arresting it by destroying the 52012 with weter it wae possible
to obtain by crystallisation or vecuun distilletion, & product
¥hich contained chlorine but no sulphur. This cofipound, of
vhich only & small quantity wes owtained\'waa purified ag far
L possible anu analised. the chlorine content was very low

but /
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but approximated to that of °10H15°1' The coapound seened to
be & monochl}oro csmphene but does not resemble any at present
known, It wes manrately soluble in methyl alcohol, and
extremely so in ether, acetone and all hydrocarbon solvents,
It wes unstable, becoming resinous on long stenuing, It
was extremely difficult to separate this prouuct from the
camphene present when the reaction wasg sarrested, The melting
point after repeated recrystallisatvion from methyl alcohol,
rose to 108vl10° 8t which it remained. Tt distilled at about
110°/15 mne

The other prouucis of the reactlion were a yellow resin
eontaining much sulphur in suspension, and a dark red oil
obtained by distillation in vacuce The resinous proauct would
not oryat&lliae snd was not exsmined, The dark red oil was
obtained at 120°/15 mm, with much decomposition, On standing
even for & dey or two it became viacous and reainoua; It
could not be puriiied ss further ulstillstlion in vaocue merely
ssused more decompositien with the production of tarry
residuesa.

Ap it was now obvious thet this work would thiow no
sidelight on the cemphene problem, the research was sbandoned

and o mere promising line of experiment tsken up.



EXPERIMENTAL.

Preparsation of Camphene,

- The oamphene was prepared by the method of Wallsch by
aoting on Iecbornyl chloride with fused sodiun acetate in
glaciel scetic scids 40 gm. Isobornyl Chloride, 40 gm. fused
’eodium scetate, amnd 80 gm. glacial scetle &cld were heated
under reflux for 10 hours. %Ine contents of the flask #0lidi-
fied on cooling. The soliu wad nelted, renoved to snother
flesk &nd steanwaistilled, The camphene camc over easily at
First but towards the end tendeu 10 choke the counuenser. The
distiliste, when cool, soliuiileu anu was extracted with ether,
washed with Ragco5 t 0 remove scetic acid. On distiliing off
the ether, a white solid 1s obtained, This howevel wes
found to nontsin o large amouni otf Ul, showing the presenoce
of unchanged pinene hydrochlorlde. It wes agaln trested as
before but the finsal produst atill showed the presense of
¢hlorine.

The ﬁnchanged pinene hydrochloride was successfully
peparated during the steanm distilletion by cutiing down the
weter supply to the condenser till the distillete was almost
8t the boiling pcinte. The canmphene, on sccount ol its high
volatility end low melting point, distilled over 1iret and
did not soliuify even in the receoliverg the pineune hydrochloride,
on the other hand, showed its presence &t onoce by solidifying

in the lower psrt of the condenser, Ag soon &s this ooocurred

the /
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he reeceiver was achsnged snd the pinene hAydroohloride obtained

a8 subjected to & further treatment with soaium acetate,

The camphene was, 88 belore, extracted with ether; washed
with mazcos, and dried over CaClz. The ether wes distilled off
{and the camphene obtelined 85 & white sBolkd, M.P.H3-549C,
1BaPel54°. It wes frec from shlorine, |

S ST D St G S 1 Tl A s S S W S TR

PURIFICATION OF THE SULPHUR MONQCHLORIDE .

The 82012 was the ordinary comerceisl prouuct. This
contsing &s impuritles, eulphur aichloride, 8d¢lg, and metelliio
- salis, chiefly iron. The Sdlzcausea direct ochlorinatlen,
whilst the Fe salts csuse chlorination by catalysis, Theae
impurities were removed by repeated distiliastilon of the liquid
with the addition of smell quantities of sulphur, The pure
liguid boiled st 136456 = 137.5°C and was preserved in a tightly

stoppered gless vessel, with the aduition of sbout 2.6% sulphur,

THE REACIION.

5 gm. (1 mol.) camphene wes dissolved in the ezallest
quant ity of € 014. 5 gu 82012 wag then added slowly. The
solut lou beceme very hot and gradgally changed from orange
yeliow to dark red,. HC1 wag evolved showing that & eertain
emount of subsetitution wag te ing place, After standing
overnizht it waese founa that HCL wes gtill being evolved, A

potion/
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bortion ¢t the liqula was distilled. After removal of the C Clgs
je fraction distilled ot 160°-170% with considersble decomposition,
The distillste molidified on cooling to & thiock brown oils This
wes easlly soluble in chloroform and on gentle evaporation a

éfew minute brown crystais were ocbtained, The quantity ﬁas too
/smell to puriry, the melting point being 103-107°C.  Another
'portiun of the solution was concentrated by evaporation in

vacuo. A thick stleky oil was obtalned, which on belng dissolved
in ether gave o heavy precipitete of sulphur. The etherial solu-

tion was evaporated and & brown oll obtained which grew very

viscoue but did not crystallise,

A similar reaction wap carried out using 10 gne (2 mols,)
sanphene to 5 gm,. (1l mol.) 82012. Just sufficient C Gl4 wes
uged to dissolve the camphene. The solution became warm es
- before an¢ graduslly turned dark red. The C Cl4 ﬁaa distilled
off anc the thick brown product dissolved in ether, Sukphur
was precipitsted sna on filitering and eveporsting, & derk brown
resinous product was sgalin obtalned. This, on standing,
sontinued to evelve HCl sanu did not orysiallise. A portion of
the originsel solution wes distilled in vecucs After removal
of the Qel& at 2900/15 mm., some caidphene camne ¢ver at 509115 mm,
sad finally & derk red oil distilled at 120%/16 mn. with great
desompositions Tnere was olso & large tarry residue, This
0il oould not be purified as &t each subsequent diatill&tion,

nore /



6.

re deccm;oﬁiticn eccalrcud and further resinous resliuues were
pobtéined, Yhe olity mebile &t rirst, becume thick and gumy
fon stencing. It had o glrong snell reserbling burnt rubber,
A resction was tried using & wls. cumghene to 1 mol,
18,C1 . The sclution was hested on the waterbsth. It waes
afounﬁ that et ebout s0°C. HCL wes evolved in qusntities, the
Jevoluilon becoming very coplous as the temperature wae relsedg
the solution turned blank very rapidly. On evaporstion of
the € 014, & very derk resin was obtsined, This would not

erystzllise from sny aclvent, snd aistillation in vecuo only

produced » pmall amount of unchanged camphene.

From the sbheve resctions it wzs evident that the resction
normelly results in the resinifiscation of the terpene. This
is accelereted by (1) heat (2) concentratlon of the sclution,
(8) feilwre to remove the excess of 82012 onase the required
point of the resotion hes been reached.

Ancther resstion wae therefore tried, this tine in dilute
solution sud in the colu. A 10¥ solution ol camphene (2 mols.)
in ¢ 014 was nmade. This was cooled in a freezing mixture snd to
it was sdded very slowly o well cooled 10% solution of Szcl8 in
¢ 014. The solution was well shaken durinm the additlon of the

‘82012 to prevent local overheating. It wss kept on lo# for

several days snc the colour chenges noted., These ohanges werei-



(0

Initial -~ light green
deep green
green-ye Llow
yellow
ambey

‘ red
Final =« Dblacks
\
ber of small soiutions were nmade on thie vbove lines auu arreshed

The

{the colour steges menticned and the prouucts were exsnined,
Ppeedure followed in esch cese wan the game end ensured that no

Pting cccurred till the excess of 80012 was destroyeds  The

o

pduets could then be left for ecne time without fesr of decomposie

o setting in. The method waeg as Iollowgle when the desired

ftge hed been reached, the solution weas removed to another flask

d the C C1 remcved by evaporation in o streen of cocl dry alr
4

fawn throush by & pump. Thie evepersation kept the tenperalure

fwn to freezing pcint. When evaporpt lon was accmpiete the produot

quiokly aissolved in & large vclune of light petrcleum snd sheken

pll with ice colu weter. Thig deconposed the excess 5;32(112 end &

bpious precipitate of sulphur wes obtained, The woter zna petroleum

fholution was then drsined off aznd the sulphur renoved 1o a beaker

fhere it was covered with light petroieusm snd squeezed till evoi'y-

Ahing hed been extracted from it. The pstroleum solution was

ieperated from weter, dried over Ca&:la \ana the petroleun dieti}.led

8 in vaocuo. This csould bhe done at a tempersture of about 20-8'930.»

‘|Me product so obtained was free from ngg and aould he safely

hendled without further desomposition or evolution of HCL.
In each osse the product was divided in two, one half being

Maged /




ping distilied 1n vacuo,.

desiceartor

e reaction are given belowl

8.

jaced 1n & vacuun deeddsst®r to crystellice ana the other part

The prouucts found at esch stage of

#ggg.

Portion left to srystallise.

Portion vacuun distilled,

?gp green,

Obtained camphene (MP53°) end
gnell porition yellow resin,

Obtained camphgne and dark
red oil st 120" /1l56mm,
Consg id erable oharring,

{reen yellow

bAa above,
wais emaller.

Camphene frsction

Camphene distilled at 50°/
15 mm. gellow oil distilldd
100~110 .Solidified to
yelgowisg crystals M,P,

100 ~103 . Decomposition
produ-ts,

giving,yellowish orystals

yreliow. As above., Crystellisation As above, 1
‘ glowv and orystals difficult

to0 mseparate fron viscous oil, {
jAmber, Crystallised with difficulty |Gave larger yieid of cryatalé

[

of M,P, 100~-108°, Large

M.P.80,. On purification yield of dark red oil, |

MePu95 & Much decompeosition., |
' 1
A Red, Smaller yield of orystals As abgve, !
] a8 ebove, Yellow vissous 1

0il which would not

crystallise, |

Resin which would not
crystallise,

Geye dark red wiscous
oll with much charring.

‘fqolour.

Wy S g e Sy

5711 wes thereéore evident that & definite product could be obtained
%1lf the resotion were stopped before the sclution became red in

: It wes Tounu that & Yetter yleld was cobiained by

’ Orystellising the product in preference tc vacuun distillatien whioh

'8 very wasteful with the pmsll gusovities used.



Ll CRYSTALLINGE PRO DUCT.

‘After srresiing the resction by washing with water, the

dried petroleunm sclution was uistilled in veouo. When the

,femperature reachec &bout 220/15 rme the distillstion wes etopped
7ana the amber colouirew oll was removed to a vasuun desicoator.
in stending the ¢il begane viscous and orystsls begam to appetr,
iAt the end of 10 cays or nore the »drouvuct was riltered at the
pumnpe This operaticn tcok about 10 hours &8 the olly portionves
very viscous. Thie erystals were of & yellowish colour. They
were extyrenely soluble in benzene end light petroleum and there-
fore tucse selveats were net of mueh use in purifying. Methyl

| aleohol was Tfound to b2 the best medium &s the substance was
‘réauily goluble in hot end sparinsly so in cold. A preliminsry
purificaetion from benzene wes found to hbe necessary, as the
substance otherwise tended to settls out of the alcohol in the
Torm of sn oils This trouble was continuelly met with in

| dealing with the first crystallisetion of this product. One
useful method of avoiding it consisted in spreading the orude
orystalline product thinly over porous po¥ and allowing to steéd
iu vacuo t111 absolutely drye. Th& frequently took & fortnight
%o complete, On aissglving the srude product in hot aloohol

& precipitate of sulphur wes obtained. This persisted to a

amaller extent in the next two cryntalllsations. The pure product
orystallised in white feathery tufts, olosely resembling the form
of/



9.
)f camphene orystals cbtained from methyl alcchol, During

purificeticn the melting point rose fromu sbout 80%-20°C. to

- o
108°-110 &t which it remsiuned.,  ‘The proauct was white, had

feint odour like cemphor, ind became tough on stending, like

jeamphene or pinene hydrochloride. On long stanuing, itwo months

A

i

or Bo, even in & tightly corked flavk it becawe slighuly reainous

{and the meltling polatl droppeu. It benaved as an unsaturated body
|vowards Br2 and KinQ, . it was found to contain C,, H, snd Cl
|No S. was cobtedined either by fusing with Ha and testing with

| Bodium nitroprueside c¢r by careful ifusion with souiun peroxide

and tepting with BaCla. The substauace Lherelore seemed Lo be

& chlorocaniphene.

The ohlorine content, estimated by the method of Carius

gave the followingi-

(1) *B8066 gm. gave *1360 gn.AgCl Cl e 16°29¢
(2) *1408 gm. gave *0907 gm. AgCl CL = 15,94%
(3) +2180 gn. geve *15538 gm. agCl CL = 17.62%

’ = 21.31%
ClOHlﬁcl requires C1l 4

010514012 ‘ " C1 - 34.63%0

The substance thus seems to be & monochlorocamphene, ocontalning

& gertsin smount oi camphene as an lmpurity. After estimstlons
(1) and (2) when it wes evident thai the substanoce was 8till

impure /
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pure it wes sgzaln recrysialised from methyl slechol and pleaced
or several days in & vacuum in tle hope that the volatile canphe-
-pne would thus be removed, It was agein recrystallised,: The
imelting point siili rensined st 1080—1100. Estimation (3) was
jvhen perfeormed and it will be geen that only & smell psrt of
[the impurity was eliminated by this trestment,
To finu the effect of cemphene in the product, equél
wéights of cemphene and the ohloro sompound were mixed and
&1sselVed in hot methyl aleohol. The melting point of the first
arop wes sbout ?BQC. Several purifications were neaessery before
1oo° wes reached, Incidentally th: tenuenoy to separste out
from the alcohol as an oll was most marked in the early stages,
It is thus evident that the product‘or the resction ls &
- ehlorocamphene, ¢ B Cil. It does not compate with any of

1015
the chlorocamphenes alleacy known,

S Y o - O U G T NG SRS M T Iy S Y. S S Y

PHE VACUUM DISTILLED PRODUCT.

‘ On distilling the orude yellow oil at 15 me.me. pressure,
the rirst product obteined wes camphene which appeared at about
50°-60°C. At 100-110°C. & yellow oil osme over which solidified
in the oondenser. Decompositionlof the ocontents of the flask
also set in about the same time, On removing the solid and
sontinuing the distillation, the dark red oil already mentioned
wee obtained,

The /
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The aolid product wae dissolved in henzene, snd on 8VADOr8w
Jtdon wes cbisingd in & glightly puver acacition. It wee then
jparifiec oo beYore by repusted cryataiiiaaiica Lron nethyl
jsleehel, ‘Lhe tendency ie dewm sn oll wes merked in the early

A sbeges., The melling podnt reose il 108° wes reachbed st which
4% renEslned BLatic sl A mixture 0i thie product spd the

Aone obvednea by erdinavy crystallleaticon wes resrystallised

from nethyl elcohel ¢na thw meltdns point of the aixiure wes

st ill 108~110°C¢ The sulstenoce obtained by distilistion uncex
reduced presovule io therefore identical with thet deporibed
abovas Owing t¢ the differense in the boiling points of aanmphene

1 and the ohlorozomnh-ne unuekYy reduaced pressure i.e, 50~GG° and

100~110%, » Ffrsctionel distliletion in vecuo misht have effected
4 sonplete segarition, but the quentity at our olsposel wap too
anall to rperndt o this,

e S0 A gt e s e MO O

THE ViSCous Olh.

The aprude produot irom whish the oryétala weyre obtained,
eontained o large vmount of & yellow viscous oll which was
romeved fron the orystels by prolenged filtratioen, at the pump,
A smell ceceond orop of crysiels was usually obteined foom the
odl but & larpge portion aiw&ya failed to crystailise, This wea
expiined in verious wayi. It acontuined & lerge ancuant of

sulphur which wes presipitsated from such aolvemis as light

petrolouwn sn. sloohol. On distilling under diminished pressure
it/
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t gove suell quontitirs of camplhiene sad the chlorocamyhene with
¢h deconposition and cherriag. The contents of the lask after
iiatilling often resembled partislly burnec rubber snu on burning
¥n 8 spetuls producec much 802.

The euls tance is probably the resinified portion of the
ferpene, noluaing in sclution, or suspension, camphene, 6nloro-

pamphene ana & large quentity of finely divided sulphur,

At this point 1t wos evident that the objest ol the research,
& : ,
{which waa/to cbteln & compounc ol ths estrusturs @3'09!*;4-01-}2 ).z J.

Jand 80 confdiz the

C“riz group ia the canphene nolecule, would
|not be renlisec. The ghlorocampnene obtsined, whilst interesting
4o

{in that it aces not correspond =R any olreedy kncwn, throws no
Jadditicnal 1light on the comstitution of ‘his very 5= molecule,

Jend merely adds one more to the alreauy large list of ocszphene

{substitution compounds.
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