STUDTES

IN

THE TERPENES AND SESQUITERPENES.

by

JAVES SWORD, M.A., 2.3z., A.1.7.



ProQuest Number: 13916244

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 13916244

Published by ProQuest LLC(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 LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M 48106- 1346



January,

1926,

A Theslis presented In
fulfilment of the
requirements for the
Deg¢ree of Doctor of
Philosophy of the
University of Glassgow.



It is a pleasure to acknowledge the interest
shown by Professor 3, 3, Henderson in all this work,
unier whose iirection and supsrvision it has been

coniuctei, and also his invaluable advice during the

preparation of this report,



STUDIES IN THE TERPENES AND 3ESQUITERPENES.

===-=000000====~

Part .I.

(1) A Critlcal Study of the Nature of Cedren€..eeeeeslel.

(2) The Interpretation of the Acttion of Chromyl
Chloride on the TerpenesS.ciceecececcscscosceceePs22,

(3) The Action of Chromyl Chloride on the
Sesquliterpene Cedrene...eeeesescscecccssascacebedl,

Exverimental...........-;-..¢...o.........’...o...o.‘.D.JG.

(4) The Action of other reagents on CeAreNB.eeececessDs 58,

Part II.

Phe Action of Hydrogen Peroxide on Limonene.coeceecsceele?’4d.

,xpert.cntal......00.‘.0.“..0...0..0....'0.00.00"..'p.1020

wewe-000000~====



(d1 - Triticul Study of the Fature of Cedarenv.



A Critical Study of the Nature of "Cedrene",

Although one of the first Sesquiterpenes to be discovered,

the constitution of Cedrene still remains unexplained, It is,
in fact, doubtful whether a sample of pure Cedrene has ever
been handled, for it is the opinion of the writer that Cedrene
is not one,,tut a mixture of hydrocarbons, The earlier authers
use the name Cz2drene in a sogpewhat wider sense than it is now,
as the existence of such Sesquiterpenes ss Caryophyllene and
Cadinene were at the time unknown, J.H.Gladstone { J.C.s.,
188€, 49, €02 ] refers to Cedrenes from Cloves, Rosewood,
Cutebs, Calamus, Patchouli, and Cedar; referring to the last
as especially representative of the name, As the oils from

the other sources have been more carefully examined and their
constituents separated, new names have been coined, and the
general use of the term Cedrene abandoned until it is now
used to denote that hydrocarbon found in the o0il of Zedar
Wood ( Juniperus Virginiana ) which boils at 124-12¢°/ z12mm,

It is prcbable that the term:<will require to be still further

restricted,

There has not yet been established any satisfactory

oriterion for this hydrocarbon, for although it cosbimes with



bromine and the halogen acids, the compounds are too unstable

to be isolatedi:nor do the oxides of nitrogen or nitrosyl

chloride ¢give any better result [Chapnan,

P. 140 ]>.The physical constants of the hydrocarbon,

JOCOS.’ 18960 11)

recorded by various investigators, vary somewhat,

following table shows:-
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Constants of Cedeene as recorded by different investigators,

Senmler and Hoffmann,

Sword ,

Sword,

Ber,, 1907, 40, 3519,

Boiling Point Dengity Specifio Refrgotive
Botation Aljigx*____
% t t
Temp. .| Press, at Tenmp. [G]D Tanmp o, +Teamp.
261-262° | 760 um.|0.9359 15° -80° 1.5015
181-132° 10 nn, -43%84214
124=-1286° 12 mm.| 0.9354 15° -55° 1.50233
122-124° 16" nis) 0. -55¢ 15°
3
129-131° 17 mm.|0.9822| 28.6° Y-64.84°| 19.5° [1.4995 25.8°
0.9890 i5° 1.50432 15°
(Hg green light * i
References:-
Chapman, J.C.S:, 189¢, 11, °, 140.
Rousset, Bull. Soc. Chim., 1897, 17, 485,

The lack of a common ‘bgsis of comparison, so familiar

the records of physical constants, fy. ewihdpt here, as again



on p.15 The reason is obvious, Reduced pressures are usually

obtainel by means of a water pump, with the result that the
pressure obtainable on any day is dependent on the tempera-
ture of the tap water and the air at the time of cbservation.
Thus boiling points are seldom recorded at the same pressure,
nor densities and refractive iniices at the same temperature,
As in the above table, it is not unusual to find a refractive
iniex recoried to the fifth decimal ani the temperature of
the observation omitted altogether: such a value is, of course,
useless, As Cedrene gives no derivatiges through which it can
be purified, the only criterion of its puriyy is necessarily
based on its physical constants, This being the case the

necessity of haeing a common basis for the comparison is im-

perative,- a point which investigators would appear on occasion

to have overlooked-, It would certainly appear that, befcre
making the rather darindg claims discussed on p.16, a much
fuller recori of constants, ani a closer agreement between
thdns would be necessary. The writer made it hi; first stuly
to record the ke constants of the hylrocarbon in such a way
that they could be compared with any others at any temperature
ani pressure within the usual limits of worxins, A graph of
the bociling points at different pressures will be founi on p.4
a table of refractive indices at different temperatures on pso

one cf changes in bciling point at very low pressures on par

3
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It would appear that the boiling point recorded by Rousset
p.2.B, was in error, as it differs by 10° from that of any
other observer; moreover, Semmler repeated Rousset's work
using Cedrene as described by him p.2.C, and obtained, in
the main, the same products. It was most probably an error
caused by a faulty manometer, in which case, using the graph
on p.4., the reading would be 131-132°/ 1gan.

As a consideration of the resulte of other chemists led.
the writer to suspect that Cedrene was not an individual
hydrocarbon, he recorded not only the constants of the
accepted fraction but also those of the preceding and
subsequent fractions., A graph of the boiling points of the
the various fractions against their refractive indices is
shown on p.?, and one against their specific rotations on
p..6. Tables of the boiling points, refractive indices, densities
molecular refractivities, and specific rotations appear on
pp. 485 495 50, 51, 8nd 52 : a consideration of these shows
that t%e possibility of this hydrocarbon being a mixture of
isomers ix a very real one, The very gradual changdes in all
the constants with rixe in boiling point makes this conclusion
almost inevitable,

Bvidence 'that 'Cedrene' is a mixture of isomers,

In the sample of 'Cedrene' supplied to the writer by Messrs
WJIBush - & C¥ LE&, there was found a fraction bédiling about 1°

beiew the main fraction, and another fraction boiling about
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4 above it. If the curves on pp. & and 7 be examined it

will be found that in both there is a rapidly changing
gradidnt round 130°/17 =m. or 123°¢/12 am. This certainly
shows that round that Boiling point is to be found the post
definite fraction of the natural oil, but the very gradual
gradient shows that this is only a comparative term, and
that even the mosgt definite fraction contains more than one
hydrocarbony, It would appear that the isomers have boiling
points which are very slightly different, Even the most care-
ful fractionation might fail in such a case to effect a ==
separation, If the hydrocarbon is indeed a mixture of isomers
the repeated failures to prepare any crystalline derivativéa~y,
are explained.

If the work of other workers be examined in this light
their results will be found to confirm this view, although
hitherto apparently overlooked.

Although never satisfactorily proved, it has always
been aésumed that Cedrene has one double linkage in its
constitution. from physical data, In his investigations of
the refraction and dispersion of a2 very large and varied
selection of organic substances [ J.C,S., 1884, 45, T. 2€4:
1891, 59, T. 290 ] J.H.Gladstone obtained the following

values for Cedrene ( using the formula _ﬂii—i) for the

specific rotation, and values for the calculation from the
. N

chemical formula detailed in theségpapers.)



Mol. refraction 108+52., ( calec., for one double bond 108+4)
Mol. dispersion 5°35 K calc. 5°3¢ )

Chapman, however, was unsuccessful in his effort to identify

Cedrene by means of its hydrochloride or ditbromide, A few years
later Rousset repeated the work [ Bull. Soc. Chim., 1897, 17,
485 ], and, finding the same difficulties, tried to estimate
the extent to which addition had taken place by estimating

the chlorine in the chilled solution immediately after passing
in the HC1l gas. He fouﬁd that only 60% of the amount of HC1
necessary to saturate one double bond had been added. In

the case of bromine he found that the reaction went rapidly

at first but soon slowed down, and long before the necessary
amounf had been added HRBr was liberated, The writer repeatsd
this, using both chloroform and carbon tetrachloride as
solvents, and found that the first 104 or so eeacted instanter,

after which the slowing down set in, in a way which indicated

that there were at least two substances under treatment, the

one presest-in spaller amount having an ordinary ethylenic
linkage, the other having an unsaturation of a more compljcated
nature which was made unstable by the addition of a halogen or
halogen acid

Again, potassium pdrmanganate is a very reliable
oxidising agent, giving as a rule a yield of oxidation
product bearing a satisfactory relation to the theoretical

yield; with Cedrene the yield of ¢g¢lycol was only 10-15%, the
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main products being ketonic in structure., There would seen
to be more than a chance agreement between these two reactions:
it would indeed appear that again the portion having the ethylenic
bomd had given am almost quantitative yield of glycol, the
other portion again reactingZ in an altogether unusail manner.

A similar result was obtained by S.T,R.S.Mitchell in
this laboratory when studying the reaction of perhydrol on
Cedrene: only a small yield of glycol ( 5-10% ) was obtained,
the maivu product in his case being an alcohol. The same cause
would explain the result as in the case of the permanganate
oxidation,

In the paper cited above Rousset states that Cedrene
does not give an alcohol CisHasOH when treated with HySO,
in glacial acetic gcidl The writer rebeated this and found
that the recovered hydrocarbon had entirely lost the =zmell
of Cedar Wood, its boiliggr;;ﬁle practically the same, showed
in some of the experiments indications of a lower boiling
fraction. The optical rotation had increased, ( see PP.72,73 )
It would appear that the sulphuric acid had attacked the
isomer to which the oil owes its characteristic smell,
leaving the more stable isomer of higher rotation. There is
the further possibility that the treatment produced a new
isomer,

Thus every investigation furnishes another evidence of

the heterogenous nature of Cedrene.
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The Constitution of Cedrene.

For information regarding the constitution of Cedfene

we are almost entirely dependent on deductions from the

physical constants., An exsmination of the various hydro-
cartons of the terpenes shows that the densities of the
monocyclic terpenes , lLimonene, Sylveetrene, Terpinene,
Phellandrene, etc, randge from 0847 to 0°8€0 at 15°, and

that the densitiee of the bicyclic terpenes such as the

Pinenes, and Caﬁphene range from C*863 to 0-87% / 15°,

In the sesquiterpenes the densities of Zingiberene and
RBisabolene are, respectively, 0°8%6 and 0881 / 15°, These

are thought to be the only representatives of monocyclic
sesquiterpemes, The densities of Cadinene, Caryophyllene,
Selinene, Fumulene, B.Santalene, Atractylene, Caparrapene,

and Suagene range from C* 900 to 0°924 / 15°: theee are all
thought to be bicyclic; in the case of Cadinene the constituticn
is almost established., The densities of Cedrene, Clovene,
Heeraboleﬁe range from Cf935 to 0:843: these are thouzht to

be tricyclic. As a consideration of the molecular refractivities
divides them into the same classes,.. the values for the three
classeg being:— monocyclic 87°76, bicyclic 868:15, and tricyclic
€4+45., .there is good reason to believe that this-classification
is correct. While the terpenes can be divided into two classes
by their boiling points...bicyclic 150-1€5°, monocyclic 170-180°,

there is no similar division as yet apparent in the sesquiteppenes
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whose boiling points all lie between 260° and 270°, and
apparently irrespective of constitution, From a consideration
of its physical constants alone Cedrene appears to be a
triecyclic seequiterpene hawing one doutle bond somewhere in
the molecule,

The results of investigations of a purely chemical
nature lead to much less certain conclusions, the unusually
difficult nature of the task being¢ shown by the uncertainty
which accompanies the results of every research on this phyjro-
carbom, Chapman's work has adready been mentione&. His results
were negative in as much as he failed to prepare any addition
compound, but positive in as much as a reaction undoubtedly
tcok place:. nor have later experimenters been more successful,
The assertion-that Cedrene has one unsaturation therefore
remains unproved& chemically. Chapman, in the same paper,
further concluded that the hydrocarbon he obtained fron
Santalal, the aldehyde CjsHp2(0, was not identical with the
natural Cedrene, 83 its boiling point is two degreee higher,
and although the densities are the same, the spe¢ific rotation
is +5°45' while that of Cedrene is -€0°, Other Chemists have
considered such d1isagresments as no obstacle in proving that
the Cedrenes obtaireld oy reducing Cedrol, CTedrenocl, and ¥edrol
were all identical with the natural Cedrene( see p1é). The
uncertainty regarding the boiling point of Rousset's sample

has been mentioned, but that ix not all, On oxidising his



Cedrene with chromic acid he obtained a ketone, Cedrone

C13H240, which, on reduction with sodium, gave an alcohol
iso-Cedrol CysHe¢0. The ketone reacted with sodium hypo-
bromite and potassium iodide to give iodoform, indicating
the presence of the group CHs.CO-, Ofi - repeating this work
Semmler ani Hoffmann state [ Rer,, 1907, 40, 3519 ] that
chromic acid ¢gives Cedrone C,5Hs20, which, on reduction ¢ives
an alcohol not iso-Cedrol but dihydro-iso-Cedrol C,.sHs,0,
and that Cedrone contains the group-C=C,THsCO0.C- . They ido
not deny that it givee the iocdoform reaction, but appear to
explain it by the note that cruie Cedrone contains ahother
ketone,

In the same paper are iescribed the actions of potassiun
permanganate and ozone on Cedrene, The former g¢gave the glycol

Ci1sHe¢Q2 referred to on p.1o, a keto—aldehyde or diketéne,

Cg.H.;O,, and a keto=acid Cy15H240s; the latter gave an
indifferent product Cy4HssO or Ci14H220 ( 2 ketone ), the
keto=aldehyde Z,5H2,0¢ already mentioned, and the ketonie
acid CisHie0s. As the formation of this ketonic acid by the
decomposition of the ozonide is used by these suthors as the
{infallibte proof of Cedrene it is described by them in detail
Itfcharacterised inthe first place by its semicarbazone and
its methyl ester: it is readily oxidised by permanzanate to

the corresponiing dicarboxylicd 2cid T 5He404, wiiehmimbunn

which in turn can be characterised by its meltins pe@int ani
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its methyl ester,

In the 0il of Cedar Wood there is usually found
along with Cedrene, a tertiary alcohol Cedrcl. By dehydrating
this alcohol with phosphorus pentéxide Walter prepared a hydro-
carbon which he called Cedrene [ Lieb, Amn., 1841, 39, 247 ),
%y a similar reaction but usirg formic acid as dehydrating
agent, Semmler and Spornitziqbtainci a hyirocarbon b.p, 112-113/
7 om., [ﬂ]D -85%, This they concluie must be Cedrene since
it givesngﬁevé;mo keto. acid, In some classes of organic
substances these facts might be accepted as conclusive proof,
but in a~class of substances in which the number of isomers -
is so large; the lower boiling point, the much higher rotation
ani the absence of other physical constants would make the
assumption appear rather daring,

In addition to the crystalline Cedrol, a primary

alcohol was discovered by Semmler and Mayer [ 3er,, 1912, 45, 786]
whieh they named Cedrenol, Although 2 small fraction it is
an invariable constituent of the oil of Cedar Wood, It is a
liquid, is tricyclic and contains one double bomi. On reducing
Cedrenyl chloride with sodium and alcohol the authors obtained
a hyirocarbon bip. 117-130° 7 17wm., d2° 0-931, n_ 1:5081,

»
[a];°~j3°$0 +13°; The refractive index is useless without the

NI



temperature of observation; and with a boiling point randing

over 13° it would seem even more darin? to assert that this
also is Cedrene, yet it yields the keto_acid on oxidation
with ozone, and this the authors consider sufficient,

The same chemists isolated a third alcohol from the
0il of Cedar wood; this they called ¥.Cedrol because they
found it to be chemically identical with Cedrol (gave the
keto-acid) and physically isomeric with Cedrol, [ Ber., 1912,
45, 1384 1. On reduction with zinc dust in a sealed ¢gube, it
yieldied Cedrene and dihydrocedreme, The Cedrene was again
ijdentified by means of its ketcwacid, the dihydrocedrene by
its combustion as it 41id1 not agree with the d1dihyirocedrene
obtained by reducing Tedrene with hydrcgem and platinum, nor
with the dihydro=iso=Cedrene obtained by Rousset,

A ¢lance at the follpwing table shows the incomplete
nature of the evidence in the identification of the variousd
so-called Cedrenes,

Physical constants of "ledrene *"obtained from the natural

alcohols:-

Source Bo Po . Prees. d to d nlsv t““

Cedrene | jg4-188°. 12nm, 0°9854 |, 15° | 1.5028 | -€0°

Cedrol., } 112+118° [(17an. } - - - -
Gedrenpl.} 117-180° Tam, 0s981 |} so° | 1:s0sl -3% 0 +13°%
¥ Cedrol s} - - - - - -

( The figures are Sammler's throughout the tabla )

I *¥xo tﬂbnruturn givan for this rafractiva index )
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Ahile the work of Semmler and his collaborators shows
the close relationship between the natural Cedrene and the
hydrocaebons obtained by reduction of the naturally occurring
alcohols mentioned on the previous pade, it canﬁot be said
to have proved more than that they are probably 4somers more
or less closely relatei, That they all yield the same product
as one of their oxidation products does not prove them to be
identical., Pinene ani Rornylene are quite distinct hydroacarbons
yet when oxilised with perhydrol Pinene yields Sorneol, .Again
Limonene, Terpinene, and Sabinene are disfinct hydrocarbons,
and yet they each yield the same product when treated with
chromyl chloride, the same product in fact as Cymene gives,
viz, p.tolylmethylketons, and from what will appear on a later
page it is certain that they all dive p.tolylpropaldehyie as
well, [ Miller and Rohde, Ber., 1820, 23, 1070-10822% Widman,
Rer,, 1891, 24, 439; Miller and Rohde, 1891, 24, 135€¢; Henderson
Munro and Campbell, J.C.S., 1907, 91, T.18%1; Henderson and
Cameron, JlC.S.,lQOQ, 95, T.9€9; Henderson, Robertson and 2rown,
J.2.S., 1922, 121, T.2717; J.C.S., Robertson, 1024, 125, 7¢5 ].
On the other hand Semmlers results would further support the
thesis pdt forward on pp.8-10 that natural Cedrene is not a
single hydrocarbon but a mixture of closely related isomers,
which by a slight intramolecular change are converted into the
same product on oxidation, Whether Semmler's "synthetic” Cedrenes

are constituents of the nagural Cedrene or merely isomers it



is impossible to say.

On the assumption that the three alcohols m»entioned
above are all derived from one hyirocarbon, Semmler has

sugdested the following formulae:-

[ Ci2Heo ] [ Ci2Hao ] [ 12820 ¥ [ B12H20 | [ -

HO0.C——CH, %2:>5H HO.C—TC.0H
2]

—7C:0 O:l CCOB
!

0
CHa CH,OH THs THa Ha
cedrol. sedrenol. rcedrene Cedrone. Cedrene
alycol. Keto-4cid.

These formulae are, of course, only tentative, but even on the
grounds discussed above there is no need to dispute them as
.ther=s is still ample room in the rest of’the molscule for the
explanation of isomers, It is a striking fact that no alcohol
has yet been prepared by the oxidation of Cedrene, There is,
however, an unpublished result which is of note in this
connectio;.; When investigating the action of perhydrol on
Cedrene in this laboratory S.T.R,.S.Vitchell foundi that in
adiition to a swall yield of the glycol obtained by Semmler

by the action of permanganate on Cedrene, he obtained a con-

siderable yield of a neutral product, b.p., 154=15€° / 12mm,;

42°,1-0007 ; n?°,1:5009 ;[a]2® " -78:00°;, As it reacted

17

] K drem ™

reaiily with sodium to ¢give a solidi derivative it was thought

[
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to be an alcchol, but on anrn analysis there waws found C,81°9

H, 113 %, adgreein¢ more closely with the oxide tCjxH,,0 ,

than with the alcohol C,4 Hy 40 . If an alcchol, it is the

first which has actually been preparei frcm Cedrene, It

would be a new alcohcl as its ccnstants 40 not agree with

any cf the natural alcchols referrei to above, The scdium

ccmpouni reacted with methyl iodide precipitating scdium

iodile, with the formation of en oil which was thought toc

be the methyl ether, It boiled between 140° ani 145° /10mm.

i.e, 20° abcve Cedrene and 15° below the alcchol,
Circumstances prevented him continuing this work and the

writer tcok it up at this pcint, As the yield of the supposei

ether was small, dimethyl sulphate was used in place of

methyl iodide. Several variations of thé method were used,

[ Tambor, Rer, 1910, 43, 1882 ; veldcla, J.C.S., 1910,

26, P.232 3 Karrer ani Lang, Hel. Chem, Act.,, 1921, 4, 242 ],

The product in each case was distilled unier reijucei pressure

over barium hydroxiie, After several 1istillations two

fractions sere separatei, the lower boiling at 141° / 10nm,,

the higher anil much the larger fraction at 143° / 10 nn,

3oth fractions were colourless anl without characteristic

gsmell, Their ccnstants anl analyses werw as follows:=
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Freaotion. Analysas, Dansity. Rafraotive Index, .
0 C= 82-4 ¢« 195 55 ©
141°/10=m H s % di9:4 0.9913 ny® = 1.5087
g 11-
¥ 3
C= so0-70% 194 i .
143°/10n» He 10- 004 d19.4 0.9959 n%8°. y.5067 (7)
mO
*) nD for Cedrene =

1.5067

The following table Zives the theoretical values for the

composition of substances with which the products ‘just

described are comparei.

Substanca, Pormula. £ C. 4 H.,
HFydrocarbon CisHzs 88- 14 11- 84
dlcohol (sedrene) CisHas .CH 81-00 11-79°
Oxide CisH; .0 81-175 10- 98"
Nethyl Ether Ci1sHesOQ.CHs 81-28 11. 904

Xethylated Product |CiaHs40 80- 74 10- 086
correspondifg Alcoho}l|C,,H,30H 80- 85 10-71

A ctomparisen of the results with these theoretical values

shows that the oxidation proluct agrees with CisH240

in carbon

and with CysHs¢Q in hyfroden, %oth are possible proilucts, for it

is generally acceptedi that the action of perhydrol is to give

in the first place an oxide which by addition of water gives

a glycol: addition of water to the hydrocarbon would give the

alzohol,
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The analyses of the methylation produet, however, 40 not

agree with any C,s substance, but they agree closely with

the formula Cy3Hes0O . The analyses of the lower fraction

show it to contain carbon and hydroJen considerably in excess
even of Cy5. The only explanation of this is that the lower
fraction contains in aidition to the substance which constitutes
the higher fraction, a hydrocarbon which may either be Cedrene

or a new hyirocarbon produced in the process of methylation,

The quantity of this fraction 4id1 not permit of further fraction-
ation, but it is of interest to note that the mixture o?b,,ﬁggo
and hydrocarbon requirel by analysis is of the order 4:1,

It should be noted that the formation of sodium iodide in the
treatment with methyl iodide is no guarantee that the process

of methylation has proceeiel along orthodox lines., Ewan and Cohen
{ 3.0.83, 1889, 55, T7.382 ) descrive an instance in which a
ketone was produced by submitting a glycol to methylation,
Aceniphthene glycol was trested w#ith solium ani mwethyl iodide,

Sodium iolide was precipitateds. but instead of the ether

~ [al

Cio .(szg';gs , 2 ketone was formed for which they suszdst
“ile o i3 ~t

the formula C,oH - THe . Tt would appear therefore that in

AN ézo
the process part of the Cedrene molecule has been split off

g¢iving rise tc a:proiuct which may not be a methylatsd compound
at ail, It is remarkable that the formula of this substance
should be of exactly the same dimensions as that obtained

by the action of chromyl chloride,( see p,44). There is



nothing in the appearance of the two produbts to sugzest that
thdy are identical, but the coincidence of their formulae
would indicate that in the Cedrene structure two of the
carbon atoms are combined in such a way as to be peculiarly
liable to suffer separation from the molecule., If, on the
other hani the product were the ether of an alcohol C;H,,0
it would recall the acid which Rousset obtained by the oxidi.
ation of Tedrene with chromic acid, T3sH;:40s , [ Rull, Soc.

Chim.,1897, 17, (8), 485 ].
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The action of chromyl chloride on substanceg of the
benzene class has been worke;f;ith considerable ietail,ani'
the mechanigm sufficiently well defined to enable the
investigator to predict the preducts of a new reaction with
some degree of certainty, %The progress of the reaction when
dealing with the much more complicated stPuctuyre of the terpenes
has not yet ceen, by any means, so thoroughly inveétigatei,

As far as these investigations have gone, they habe shown
that the products obtained on decomposition of the additive
coppound formed by the a&tion of chromyl chloride on these
substances are ketones, aldehviss, andi usually chloro-
compounis, These may be (1) direct oxidation products of the
hydrocarbon, containing the same nunber of carbon ators in a
motecule of the same configuration: (2) isomers of thase in
which the positions of the jdouble bonds have been changei or
the bridge’ broken: (3) a substance containing fewer carbon
atoms in the mplecule may be peoduced, As it is obvious that
the constitution of the hydrocarbon plays the chief part inm
1etermining which of these three types wiill be produced, it
follows that the products of the reaztdon are of interest, not

only from the stanipoint of the chemistry of the oxidising

agent, but also as pointers in the investigation of the structure



of the hydrocarbon, or, at the very least, as confirmation or

otherwise of an already postulated structure, With regard to
the action of this reagent on the sesquiterpenes the field is
absolutely unexplored,

The Xechanism of the Chromyl Chloride Reaction as

interpreted by ktard.

The unfortunate sxperience of Walter in 1837, which

crippled hiy for life and almost deprived him of sight, apparently

scdred investisators for more than three decaies; for it was
not until 1870 that the chevistry of chromyl chloride was

re_opened by Carstanjen, In 1877 Haller found that with

anthicene he obtained anthraquinone [ Comp, Rend., 1877, 84, 559 ]

It was then that Etard took up the subject ani in spite of a

few inaccuracies, which wi.ll be referred to later, built up

a very satisfactory basis for future work. As far as the

simple compounds of benzene are concerned his work was thorouszh
and exhaustive; when he arrived at cymene the difficultiss

were much greater, ani his results have been shown to have

been inaccurate [ FErrera, Gazz, 1821, 21, 7€; Miller ani Rohie,
Rer,, 139C, 23, 1070; 1321, 24, 136€ 1, 2y reason of the
analo¢y of the reagent to chromic acid, Ftard expected that

it would eeact both as a chlorinating agent ani as an oxidising

agent, and was surprised to find that-only oxidation took place,

His expectations were fully justified when the terpenes were



examined,

Beginning with toluene Etard founi that the siie chain
methyl droup was attackedi, 3andi that he obtained a gcod yiel]
of benxzaldehyde, To protect the methyl hydroZens he intrciuced

a chlorine atom, i.e. he used benzyl:chloriie, and found that

the reaction was much retardied; further, that only one molecule
of ehromyl chloride was added, indicating that one of the
methyl hydrodens was actually displaced in the addition, On
1eccmpcsing the compound, he agdain obtained benzaldehyie, He
then turned his attention to substances which contained one

or more substituted Jroups in the nucleus, These, hd found,
only retarded the rate of the reaction; the methyl groug was -
attacked in every case, Thus, bromotéluene gavé bromo-benzal-
dehyde, but the para~, meta-, and ortho-, isomers could be
separatdd by the 4ifference in the rates of reaction. The three
xylenes gave the corresponiing toluic aldehydes, the isomers
3gaip reactingd in the order already named, In nc case 3ii he
fini that the second methyl grouo hai reacted, Etard, however,
dces not appear to have tried the reagent on one of the toluic
aldehydes: it would seem possible that a comoocund would te
formed CHy .CqHs .CHO.2Cr04Cly 3 for, while the intrciuction of
two molecules of chromyl chloride into the molecule might
reasonably be expectel to offer sufficient steric hindrance

to prevent the introduction of more chromyl chloriie, the
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presence of other groups in the nucleus only retards the reaction,
according to Etard's own results. It is therefore probable that
a repetition of the treatment would have attacked the second

methyl ¢roup and ¢given a di-aldehyde.

He then concentrated his attention on the benzene nucleus.
With benzene, he states, that he obtained quinone, with nitro-
benzene nitroquinone, and with nitrotoluene nitrotoluquinone.
This last result would apperar to be an exception to his general
rule that "the methyl dgroup is attacked which is attached to the
carbon with most hydrodens", for here the methyl éroup is not
attacked at all. These results were contradicted by Richter [Rer.,
188¢, 19, 1080 1, who repeated the work on nitrotoluene, but
obtained, not nitrotoluguinone but nitrobenzoic acid, and agadn
by Carstanjen [ J. pr. Chem., 1870, 119,(N. F. 2), 51 1, who
repeated the work on nitrobenzene and obtained, not nitroquinone
but a variety of volatile products which could not be identified,.

The results of these two investigators were confirmed by

Henderson and Campbell, [ J.C.S., 1890, £7, 253 ], who repeated
the reaction many times under different conditions without on

any occasion obtaining any quinone. It méist therefore be concluded
that here Etard was in error, as he was also proved to be in the
results of his investidations on cymene, a substance at that time
only imperfectly known.

His statement that the additive compound can te readily
decomposed with ether with formation of ethyl chloride has been
proved by the writer to be quite unfounded. The toluene adiitive
compound was prepared exactly as Etard described,[Ann. chim. phys.
(51 1881, 22. 218 ]. It was suspended in dry ether for several
days and was found to remain unchandged as long as it was protected

from the moidture of the air. It is well known, however, that
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perfectly dry ether is hygroscopic, and if the suspension has

contact with the air, decomposition sets in immediately. There
was at no time any suggestion of the vigoerous effervescence

of ethyl chloride descrited by Etard. It is possible that the
ether which he used contained boih alcohol and water, for
although he states that the ether was carefully dried, he does
not say how this was done.

His explanation of the mechanism of the reaction remains
unchallenged. It is as follows. The solid additive compound
which separates on the adiition of chromyl chloride to a hydro-
carbon C_H .has the invariable constitution C H,-2Cr0.Cl,. Since
the introduction 6f one. Cl atom into the molecule prevents the
introduction of one molecule of chromyl chloride, he suggested
the formula () for the additive compound of the hydrocarbon
CmHn.CHa. These compounds give off two moclecules of HCl on

heating, giving substances of the formmla (II).

HO Cl
. 0
/\/r /ur\
0" ci g c1
. / : - .-/
CmH n.CH\ thn.Cn\e o1
0\ /Cl N e
Cr : ar
HOZ NC1., G
(1) (1)

On treatment with water, the conpound oreaks up with the formation
of CrCl,, H2CrO,, and the oxidation product. The third hydrogen is
not attacked. He does not attempt to explain the "quinone reaction”.

When applied to the terpenes, the reaction appeared tc
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follow very similar lines, Solid additive cgmoounds were ootaineid
of analegous camposition CyeHi,.2Cr0eCl,, from which two
molecules of HCl could be removed by heating, Decomposed by
water these compounds yielded ketones, aldehydes, and chlor#
inated compounds. That the chlorination takes place as the
result of the chlcrinating power of the readent has been

assumed but not definitely ascertained, It could be Jue to

the addition of HZ1 during the formation of the sdditive
compoundi as heat is usually denerated and HC] is readily

split off from the compound. It might be explained, at least

in part, by the albost invariable prgsence of chlorine dissolved
in the reagent, The action of the reagent on ethylenic linkages
has not been investigated since Etari's first experiments,

The Infgrpretattonfdf the cgromylaghloriga Reaction in_the

Perpene Series.

It has been stated above that the reaction appeared to
follcw similar lines whether applied to members of the terpene
class or to members of the benzene class of hydrocaetons. The
products of the reaction, however, would indicate that the
similarity was only superficial,,and it must be admitted that
Etard's explanation is quite insufficient to account for the
products obtained from the terpenes, The writer therdfore
subwmits the following thesis,

From Etard's conclusions Limcnene would be expected to



yield at least two

HaC CHs
¢
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CHs:

HQC\\ CR

Q -()\\
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Limonene.

aldehydes
Os
C CH
BN\ :
CH
H,?// \\CH,

He CH

N
CHy.

Aldéhyde I,

Aldehyde II.

It appsared that one of these aliehydes hai actually been

obtained [ Henderson, Munro, ani Campbell,
T. 1871 ], to¢ether with a ketone T¢H;,0 ; but on studying the
reaction with terpinene [Henderson and Cameron, 1909, 95, 9€9 )

the resemblance of the products led tp a2 further examination,

JoCoSo, 1907, 91'

which showed that the aldehyde was CyoH;,0 , and none other

than p.tolyl-propaldehydey the ketone was likewise found to

be - ,p.tolyl-methyl-ketone, Thus Limonene, Terpinene, ani

Cymene all Jave the same products as under,

HeC, CHs
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\CH

HC// \\CH!
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HC CHg:
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HeC~ CHa, Hs C
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Hé .gﬂ H, gH
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CH,. CH,
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’ op‘ TOlyl-
methyl-ketone.
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proppldehyds,
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Of the three products from Sabinene none would have been

predieted from Etard's rule, In the case of the aldehyde
Ci0Hy 0 not the methyl group but the methylene group was
attacked. In the second prcduct the "bridge” was broken anid
replaced by an ordinary double bond tc ¢give an isomer of
4.,isopropyl.A3%cyclohexanone, while the third was provei to
be once more p,Tolyl-methyl-ketcne. [ Henderson, Brown, and

Robeetson, J.C.S., 1922, 121, T.2717: Robertson, J,C.S., 1924,

125, 7€5].
H;C Ha‘ H;C fﬁg Hac /CHQ
\Qf ot o
AN AN PN
H.?/// TH,- H,?/// CHy: HC CHy:
HC CHe. HC Hy: ; &a‘
\C/ 2 \CH/ 2 2 \?/ 2
Chy &HO | 0
Sabinensg/ Aldehyds, Ketone.
Ciol:140. Cioli140

The products from the other bicyeclic terpeneé were as
follows: = |

-Camphene:~- Camphenilanaldehyde C,,Hy¢0, and Camphenilanic
acii C,oH;,0s [Bredt and Jagilki, Ann,, 1900, 310, 112 1.

Bornylene:- The same aldehyde as Camphene anl a larJe yield
pf a chloroketone C,0H;40C1 [ Henderson and Heilbron, J.C.S.,
1911, 99, T.1887 1.

@,Pinene:~-An aldehyde C;0Hy 0 and a ketone CIOH;;O , ani a

el



ketone T1oHy140 or C , H4,,0, as well as a chloroketonecormouni
Cyi0Hys021. [ Henderson and Swmith, J,C.S., 1889, 55, T.45
Henderson and 3ray J.C.S.,, 103, 83, T.1299 : Henderson ani
Heiloron, 19208, 93, T.288 ).

R.pinene:- a ketone 44,0 , and Pinol ¢glycol, also
small amounts of uncharscterised aldehydes and ketones,

{ Henderson and Zhisholm, J.C.S., 1924, 121, T7.2717 1.

From these results i{bh would appear that the peculiar
structure of the terpenes renders the methyl groups less
liable to attack than other parts of the molecule, while
the persistent appearance of the cymene structure in the
products indicates that the stability of its strucpure hgs
much to 40 with the direction of the reaction. The rearrange-
ment of the double bonds accompanied in several cades by
dehydrogenation,are new features which have not so far been
explained in any way whatever, The additive compound alone
would appear to be of the same type as in the simpler hydro-
carbons, and unless it can be built up on a system of electro-
or residual valency, it would appear that Etard's conception
of its generai structure must stand true;, beyond that there
would appear to be little similarity.

Considering the case of Limonene first, as a3 terpene
with no "bridge"” structure, the formation of p.Tolyl-methyl~

ketone and a,p,,Tolyl-propaldehyde, show that the reaction

511
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has taken place at the double bond, for had the addition

taken place at the methylene group with replacement of poth
hydroden atoms a ketone ani not an aldehyde wouldi have resulted,
The products show that neither of the wmethyl Jrcups has Geen
the point of attack., Further the assumption that the aiiition
takes place at the double bond explains the formation of both
the aliehyde and ketone actually found, for the formation of
one or other depends on which carbon atom retains the linking
oxygen and which parts with it to the chromium again, ff "10"
carbon atom is oxidised the product will be a,p,.Tolyl-prop-
aldehyde; if "8" carbon atom is oxidised the prcduct will be
p.Tclyl=methyl-ketone, In assuming that the addition takes place
at the double bond, the formation of the aiditive compound
requires two hydroden atows which must be supplied from some
other part of the molecule, This is precisely what must take
place to produce a derivative of cymene, The assumption that
the third double bond is produced by the remsoval of two
hydrod¢ens by a pfocess of oxidation is a very natural one
injeed, 1In the formation of a,p,Tolyl-provaldehydie fron
Limonene it is eviddnt that a more complicated reaction is
involved than in the production of benzaldehyde from toluene,
.for itw toto it amounts to this: one of the hydrogens of the
ethylene group has been oxidised anda hydrogen atom has been

ajded to "8",.Although it need not be supposed that the
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same atom mhich leaves the methylene droup attaches itself
to the adjacent carbon, it may be said for convenience that
this hydrogen atom "wanders", as the process is common to
several of the terpenes,

The reaction for Limonene would thus be represented

as follows:~

N
4H< :ﬁ" .CrCla
o2—0.,CrCl,
é OH
H,(f/ \CIJ'H
HgC. CH
N
/ CHS\
CHs C<§ CH, o.?Hg( Oxidismd away)
\c/ No=g el
c P:
B ch/ \|CH HC \c,:H
g . H(L H Hl CH
o--: \C/ \f‘,/
CHs CHa
e-p=telyl propaldehyde. p-tolyl methyl ketone.

The formation of a,p,Tolyl=propaldehyde from cymene coulil
be explained in accoriance with Etarl's rule, but the sipultan-
eous formwation of p.Télyl-methyl-ketone is left without explan-

ation, If, however, the theory proposed for Limonene is “eorrect



the introduction of the second molecule of chrosyl chloride

shonld take place at "8" carbon ani nat at "10" . The ajditive

compound woulil then be

Ziving, on decomposition, both the products mentioned,

In 4,Terpinens the two reactions are, to an extent,con=
bined; the reaction takin¢ place as in the case of cymene, ani
two adjacent hyirodems being oxilised off as in the case of

Limonene to give the thiri double boni thus:-

CHy CHe “H (\/Hz QF ng f‘/H
/ SHs SY—0:0rc1, NS,
\qa ~=Z0.0e01, g
n /n OH c
H.C/\(ITH HeC \EH . H|c/ i
H J: CH B !: B . H(l/ J!H
N "N © NG
CH, CHa OHy
«-Ferpinene. ddditive Gonpound.’ Pg;g;ggégéde.

The ketone is, of course, fyrsive dompoindg.

Little can be said1 with certainty redariing the bicyclic
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terpenes as the products themselves have at most been 1dscibed
only empirically, sal frequently much less definitely..With
the introduction of ths bridge structure differences in the
mechanism of the reaction would be exvected., This is fully
borne out by the results quoted o, 28, The formation of
a,p,Tolyl=-propalieshydie from Sabinene must follow the lines

of the cymene reaction, i.e, the addition takes place at "g8"
anl "10" carbons ani not at "1" and "7", In the decomposition
the directing force would appear to be the stability of the
cyzene nucleus,ani in the removal of the two adjacent atoms

of hydrodgen it would apoear that the stability of the "bridige"
is affected, for there results a rearrangement of the 3jouble

bonds to give the cymens structure, thus:-

OH

CH\;,/':‘H’ 0.CrCl, 3{ e CHs «CHy
P05l ¢ =0 c.
H ~
N\cE ‘& Hcl/ v\cﬁH HC|:/C \<|:IH
|
CH -H HC CH HC CH
e Ng” Ny
“CH.‘ CH; CHS

Although not recérded it is hizhly probable that the accompanye=
Ket one

in¢,was also present in the products. The formation of the

aldehyde T,,Hy(0 would seem impossible on the preceding

hypothesis, for its formation implies that ‘aidition took place



at the double bond since no hyiroden has been removed by
oxidation or otherwis®, ani as the addition at a double bond
necessitates the removal of two hyidrodens, as explained, the
aliehyie expected would be Z,4B:1,0 with the accompanying

ketone TyH,20 shown below

CHa CHa 8, H,
Eq/ \QH/
G
3,1370\”3 H.<|17\hJH
B ﬂa ac CH
N N
CHO 0

While the number of instances in which the conclusions re=
gariing formulae have had to be revised is proof of the very
unusual diffizulty in deciiing even the empirical formulae

of the products with certainty, there is yet another possibility,
The uniformity with which chromyl chloride reacts in docuble
molecule suggests that there is a closer connection betwesen

the molecules than Etard imagined: the weiter therefore makes

the further sudg¢estiom that Etari's formula only represdnts g,
form of the reaction peculiar to the class of hydroearbons

with which he worked, and that the other compound is to be

redaried as

b

>C~0—§r01;

Sc;Q—ﬁrCla



The new additive cowpound for Sabinene now becomes

CHs CHq
\\\C//’
&
Hz?/ \CI:H!
HC CHe
Cle
\CZ—-O——Cr<Q :
ng‘—O—Cr\/\o
Clg‘

which ¢ives on decomposition with water the aliehyde ani ketone

HaC CHs- HaC CHs
\C( \Q{
A c
AN
- wc”] N, H.17 clm.
<L H CHs:
H CHa NS
CH 3
CHO 0
Aldehyde. Ketone.
Ci1oHi 60 CoH, 40

In the same way one would expect the products from Camphene

to be the aldehyde T3,Hy (0O and the kestone CoH,,0 as shown,on

p.39.

In a.Pinene another new feature is met with, Unlike the

two bicyclic terpenes just mentioned, it has no double bond
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outside the ring., It is therefore ioubtful at whiech point

the addition will take place., Of the three nethyl groups

the one aijacent to the double bond would be expectei to

offer the: least resisténce, This is confirmed by the absence
of a.p.Tolyl-propaliehyle among the oxidation prolucts recordei;
for had either of the other methyl droups deen attacked, it is
almost certain that the "oriige" would have been ruptured,

and as in the previous instances this would undoubtedly have lej
to the formation of the aliehyde mentioned., If the first
mentioneil methyl were attacked the previous results wculi
indicate that decomposition of the additive compoundi would
lead to a breaking of the‘bridge ani the oxidiation of two
hydirodens with the ulgimate fermation of p.isoprcpyl-benz-
allehyde, The aliehyde resulting from the simplest form of

the reaction would be Cy4Hy40 . The formation of the corres-
poniing ketones would involve a complete break in the nucleus,
The only aliehydie recorded is CyoHi1¢0 . The formatien of this
aliehyie demands that both addition and oxidation take place
at the jouble bondi, ani it would se2n imoossible to obtain a
sivple aldehyde in this mannery The products which wouli be
predicted on the suggested hypothesis are shown on p.38 These
will be found to agree with the ketone Cy4H;,0 actually foudd

and with the revised form of the other ketone also found

CyH,,0. The third figure p,38 shows the only aldehyde of the
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group Cy0H;¢ possible,
The products which would be pradicted on the preceding theory

from a.Pinene by the addition of Cr0,Cl, ‘at the double bond

are as follows:-

033-0155:/ NHe=C=CH, CHe=0ZCH,
H,C l CHe Hy CHe He” CH,
Ketone Ketone KetoiAldehyde
CgoH‘.O COH&‘O clOcho!

The (ast compouni would not be =xpected but is shown as the

only C,oH,;” possible,

The following represent the products if the methyl group
was the point of addition:=-

b
n/H n/H
A
!

/\’\Cq A
41

He BC ////, A

g/
N/

CHa CHs
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The structure of 2,Pinene presents no new feature, but

combines those alrealy mentioned. Following the same principle
two products would be predicted an aldehyde C,0Hy,0 2n1 a
ketone CoeH,.,0 . Again the hypothesis is justified : The ketone
TeHi40 was actually recériedi, and a swma il quantity of an
‘aliehyie whish was not characterised. We are therefore now in the
the position of being able to sugdest the constitution of the
ketone with considerable certainty and likewise to sudgest

both the empirical and structural formula of the aldehyie,

They are as follows:-

CHs SHO

H,C///// CH H,C/////Qg\\\\ca Hic//////J\\\\\CH
e P pd

CHe~C=-CHa

B:Pinene. 4ldehyde. Ketone.
C;on,. ClOHlCO CQHg‘O
CH CH
CH i ///’\\\\ CH
H,C////’\\\\Cif ? HeC <
CH’ vHs
CH, | . CHy I
HeC e He C=0 ICHy
CHO yd .,
\cs/ \el

Camphene Aldehyde. Camphene Ketore.



(2) ™he 4ction of Chromyl Chloride on the Sesquiterpene
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As with the Terpenes, ths action of chromyl chloriie

oh Cedrene is violent and must be moierated by considierable
dilution in a2 suitable solvent, The traditional carbon bisulphide
tetrachloride,
was replacsd by carbon,as the latter is more stable towards
chromyl chioride and is more easily purifisd, The reaction
seemed to follow orthodox lines anil Zave a brown adiitive
compound, which behaved in much the same way as those already
described, When this comoound was analysedi, however, it was
found that the chromium content varied considerably, ani while
the results fell between limits which reorsmentei 2 and 3 mols.
of Cr0sClg to 1 mol. T1sHaa , it was impossible to decide what
addition had taken place., Other investigators in this laboratory
experiencei the same Jifficuly with Cadinene ani Zaryophyllene,
J.M.Robertson founi the former to unite with something lsss
than @ mols.,, while D.T.3ibson found the latter to unite with
about 2% mols, Finally using low temosratures ( =5° to -10° )
the writer found that Cedrene combined with 2 mols,

This variation recalls Etari'ws wqu on xylene, In
xylene there were two mesthyl groups which should have been
equally liable to attack and yet only one reacted. In no case
yet recordimi has a hydrocarbon taken up more than two molecules,
This wust be due to a lack of space in the molecule, It seenmeq

possible that with the larger sesquiterpene molecule there



pight be room for another molecule of chromyl chloride, The

variations might therefore have been due to the amount of this
third molecule which could be forcei in at different temvpera-
tures, If, on the other hani, the compouni were actually
TasHa2e .23 Cr0sCl,, it would seen that there was just sufficient
room to allow 1 mol. Cr0,Cls to be sharel between 2 mols, CygHas
If so, the explabation would fajl outside the mechaniss suggestsd
in the precediing pagdes, It mi¢ht be supposed, for example, that
the chlorine atoms, with their 2xtra valencies, servei as links
between the third Cr0,Cl; molecule ani the two molecuiles of

CisH2e, €iving a2 compounid

40 ~ A o

On decomposing such a compound the eni molecules of Cr0,C1,
would act im the usual way, while those connected throuzh the
Cl atomrs would be expectei to chlérinate the hydrocarbon.
While offering a possible solution, this 4i1 not appeal to
the writer as a probable theoryj; 2 morz probable axplanation
was founi in other consiieratdons,

In view of the fact that two moleculss of HCl can be
liberated with comparative sase from the aiditive compouni on
the xpgplication of moierate heat, it seemed more than likely
that the heat of the reaction itself night cause a partial

decomposition in swmail local spaces during the aildition of

the reagent. If this were so, the solid covwpound "ould be 1
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mixture of CysHes .2Cr02C1l; 2and CygHes .2Cr0,C1 , in which case

an estimation of chromium alone would be misleading in calcu-
lating the formula, as the persentage of chromium is now higher,
Bstimations of 71 varie1 also, but in the experiment ccniucted
at =F% to -10° it again agreed with 2 Cr0,71,. Until =svidence

is producel to the contrary the compouni must te considered

s C;;H24 .QCFOQCIQo

On decompcsing the brown additive cowmoound with ice water

containing 3C,, to remove H;Cro;, a yeliow 0il was separateid
containing 3-5% 71. The cil was freed from resinous matter

by distillation in steam, in which it is slightly volatile,
The chlorine was removeid by prolonged treatment with zinc

in alcoholic solution, after which the oil was fractionated.
This yielded a clear yellowish oil with a somewhat heavy

swell byp; 120° / 0+8wm.., or 93° / 0-13wm,; nis= 1-54€2,
it gnvo no compound with i?iﬂﬂﬂi’ﬂﬁﬂ}ﬁﬁiﬁinJZ“t on exhaustive
treatment with semicarbazide acetateawhich proved to be
semicarbazone, although all asttempts to crygtallise it failedi;
The whole of the oil was attacked by the semicarbazide as

none could be recévered by distillation in steam, It was re-
covered, however, on decomposing the eemicarbazone with oxalic
acidi, The keton;:probably C1sHee0. This statenent is maie with

reserve fowx the following reasons.

Even when the derivatives were crystalline it has proveid



unwise to state the formula of these products with certainty,

for with substances capable of existing in so many isormeric
forms the reaction frequently proceeds simultanecusly alcng
quite different lines, ¢iving rise to products which are
mixtures of substances @xtremely difficult to separate, ani
regarding whose constitution the results of analysis alone
may lead to quite erroneous corelusions, There is the further
difficulty that even if only a smadl amount of impurity is
present the 1ifference in the percentage of carbon caused by
the removal of a methylene g¢roup, for example, is not more
and possibly less than that caused by the presence of an
impurity, The same set of circumstances arose in this work
as was encountered in the simpler terpenes during the study
of the action of chromyl chloride on pinene { Henderson ani
3ray ete, J.C.3,, 1003, 83, T.1289 ': 1008, 93, T.28&® 1, Here
the authors obtained an oil, the analysis of which proved it
to be a ketone Cy041.0. Later work, however, argued that its
formula was TyH;,0, the 1iffdrence being caused by impurities,
yet it gave a crystalline semicarbazone, which even after
careful purificatio@@ave a value for nitrogen 1 % below the
theoretical value, Other instances of a wimilar nature have
been mentioned in these pages.

The evidence for the formula stated on the previous

page is as follows, The complateness of the semicarbaziile

43
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reaction, the recovery of hhe ketons, and thes nitrogen
content of the solid derivative, show that this consists
of a semicarbazone or semicarbazones, The carbon ani
hydrogen analyses indicate that it is the semicarbazone of
the ketone C,4H40 : Cy¢Ha5Nsa0 requires
T, €9°2¢; H, 8°82; N, 15°15:
The results foundi were
c, 70°73; H, 9-82; N, 14-49: ( 1st. prep¥d,)
C, 70-4¢€; H, 10°€5; N, 14+49: ( purified )
The analyseés of the ketone itself agree closely with £,,H,,0,
which requires
T, 80~74; H, 10°9€:
The results found were
C, 80°97; H, 10 €0:
The ketone Ci3He40 requires
C, 81°75; H, 1C* 98,

As the o0il could only te purifiedi by a very limited fraction-
ation at a low pressure, the agreement with the formula C,;3Hs,0
must be waved in favour of the other , as the analyses of the
sepicarbazone do not admit of its considermtion: Cj Hz NsO
would require

C, €7°1¢€; 45, 9°¢€7; N, 1€6-79,
The determination of the mblecular weizht, 224, also con=
firmed the formula Cy5Hs40 which requires 220,

While this conclusion is the only one which the results



will allow, the strande agreement between the formula from
the analysis of this ketone ani that obtained on submitting
the product from the oxidation with perhydrol to methylation
would sudgest something morqﬁhan coincidence, Much more work
will be necessary before anythind more definite can be stated,
An attempt to prepare a crystalline samiexsmagone |,
kinily undertaken by Prof, F.J.Wilson, did1 not prove successful,
The o0il reacted with sodium to giwe a red solid, which
was decomposed by water, from which an oil was reprecipitated
on addition of a mineral acid,
It 4id not react witth 1ilute nitric acid, but was deconm-
posed by 30% acid ¢giving a resinous product,

The chloro=cempound was not isolated,
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Preparation and Bxamination of the Hydroearbon.

To prepare pure Cedrene Rousset recommended that it
be distilled over sodium, In the experience of the writer, this
should be used, if at all, with caution, as it ceuses consider#
able resinification, and the formation of dihydrocedrene which
boils at a temperature just below Cedrene, is more likely tc
cause trouble than the naturally occurring alcohols which boil
sufficiently above Cedrene to aliow of their separation by"
ordinary fractionation.

Distillation was carried out under reduced pressure by means
of a §Seissler punp, the pressure being measured by a simple
column of mercury open té the air., A manometer was used in the
first experiments, but owing to the difficulty of exciluding all
trace of air from the closed limb, this was sbandoned, A series
of observations were made tc observe the bciling points under
stiil lower pressures, using a mercury pump reinforced by a
water pump. These observations showed that varying conditions
had too great an effect on the boiling point for such low press-
ures to be used for purposes of separation or comparison, The
readings made at 1 mm, are shown on p.47 .

These figures show that a given temperature and pressure

are alone insufficient data to fix a fraction, at low pressures,



The reason for this is that quite a considerable amount of
distillate could be collected aﬁhough the liquid in the
flask was not boiling, but evaporating without ebullition.
The result is, that what at ordinary pressures would cause

a jifference in boiling point of about #°, at lecw pressures
causes a differemce of 5° tc10°., Such a rise and fall was
obtained by doublins the rate of distillation and reducing
it by half. The fall of the thermometer in the middle of the

obsarvations shows that the rise in temperature was not due

to the presence c¢f a higher boiling fraction.

Raadings with Teamparaturse Rising Readings with Tamparature Faelling
Rate Rate
of of
Distillation | Bolling Bsth Ipistillation,| Boiling Bath
in Point Teanmp., in Point Tenp.
Drops per ¥inj Drops par Min|
2".3 7a° 120° 12-0 '78° 116.
2e¢.9 77° 118° 15.7 74° 120°
2e,9 77° 116° 33,3 78° 130°
25.0 76° 115° 31.5 79° 180°
21. 4 76° 114° 40.0 81° 134°
20.0 75 °® 112° 40.0 81° 140°
18,2 74.5° 110° 40.0 eg®° 140°
17. €& 74° 109°
8.0 n3° 104°

100 cc., of Zedrene, supplied by Messrs W,J,2ush ani 42,

were refluxed with sodium for one hour and distilled under




reduced pressure; the fraction bviling 120-130° was redistilled

and the constants of the following fractions observed, (1) 120°,

(2) 1219 , (3) 122° ,

(4) 12381259,

(5) 125°-130°

. all at 22m3,.

All the fractions were of about the same volume, with the excep-
tion of (5) which was about half the others,
Optical_Rotatign:- ( Obsarvad et 13.5° ; light suppliad from
bunsen flame with sodium selt; odbsarvations made in-s cm. tube
varifiad for eign in 100m.)
. . 13.5"
Fraction Reaiings. fal
D
Zearo 18C.92° c¢es*®
120° Av., 149.84° 289.87°
-31.0e° -31.01° ~-62.1°
121° AV, 149.65° 2329.48° -
-31,27° -31.40° -63.87°
182° AY, 152.26° 332.30°
~28,66° -28.58° -57,24°
188-125° Av., 153, 65° 883.65°
-27.27° -27.,23° ~54.50°
125-180° Av. 161.08° 341.18°
-19.85° -19.77° -39,.62°
.etractive 12295#- (Obsarvad st 1325°; 113bht suppliai fros

- -

bungen flama witk sciies salt;at 18°,

priss U = =31, 62 )
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[ ]
Fraction Reading. ni1es e nie”’
D D
( Corrmaotad using
tha following tabla)
180° 87°48.5" 1.5085¢9 1.,50289
121° 87°2.5" 1.508¢€9 1.5860299
122° 87%87.0" 1.50421 1.50851
128°-1258° 87°14.0" 1.50885 1.50565
125°-1380° 36°565.9" 1.50808 1.50788

While the specific refractivity is a constant for all temper#
atured the refractive index varies considerably, As it seldonm
happens that two experimenters record their results at the same
temperature, the observations argbf little use for comparison
purposes, The following observations were made with a view
to obtaining the corrections necessary to ‘bring readings made
at differemt temperatures to a common basisy ( see p.50, ).

As the préssure obtainable at ang time depends on the
prevailing atmospheric conditions, boiling points are seldonm
The following observations

recorded at the same pressure,

were male &mnad that the data of other workers might be brought




to a common basis,

and hence of value for comparison,

- - ————— -

(|

Fraction] Ref® aAngle.,| Angle Diff| TewpZl€.|Diff.|. Angle |. Index
Diff/1°| Diff/1°
120° s8® 8,5 18.5°
17.5" 3.5° 5" .90047
37°51.0° 15.0°
121° | 88°13.5" 20.5°
e . ]l1.8° 4 .00088 |
a8g® 7,51 19.0°
< - 4151 e_11,0° $:81 200088 |
38° 8.0 18.0° N
al 1.0° | ___ 8¢ .00028 |
88° 0.0' 17.0°
51 1.0° 5'_Lﬁ,”¢99w4ﬂ |
87°5510" 16,0° o
5' _ o] 120° 5 + 00047
87°50.0" 15:0°
128° 88° 0.0 18.0°
15 ¢ 8.0° 51 .0004"7
87°46.0" 15.0°
A
Avaraga daoreasa in Rafraotiva Index par 1° rise

of teamparaturans

«00048

- D e WD wn D W - P e b P AP W WP W AR > D
-

( ha valumss rafar to the 121° fraoction )

- - = - WS - - G R S D O VD G NP D W WD D P P P WS D eGP W WD WD G = W - -

. %hnﬁ;.‘c.‘aronu. »n.] Teap., ®C.| Prass. mn,|Temp. °C.|Prass, um,
188 | 19 12¢ | 12 126 18,58
181.5 | 17.8 127 14 135 } 13
181 17 139 15.5 124 18,5
180 ._18 128 15 124 12
128 15 137 14 128 11.5(*)

(*) boiling

point baginning to risae



For convenience, these values have been plotted, the Jraph

being shown on p.4.. A consideration of the values shows

that as the pressure rises the difference in boiling point

per §mm, chande decreases,

as would be expected: betwmeen

11om, amd 14mm there is a fall of about 2° / 1mm; at 17mm

the fall is only about 1° / 1mm.

About €00 cc, of Cedrene ( W.J.Bush and 02, ) were

distilled without treatment with sodiumw and separated into

the fractions as shown below, alon¢ with their physical

constants,

™

Reafraotiva Disparsion Nol, |[Rotation
Praotion Density o I [a]lu.
Indmax P»' “co Rafrai, Hg
o
o] 4297748, ~ 2se o
138°-~129.5 ilso 0.9305 | Rp =1.4975| .01009 64.81 | -63.819
23% ° 285.8° R
129°-131° |[d,,e=0.9823 | np =1.4995| .01161 84.45 | -60.34°
24° T T s T T
134°-136° |d, ee0, 0860 Ny =1.5086| .01159 64.54 | -30.32°
2402° 28s°
186°-140° 515!10.9406 n,, =1,5048 01192 84,43
242° 2532, -
£140°=1509 dls.so.os4e ngé2a1.5071| .01207 83,72 | &« 3.78°
24 ] 253°
150°~160° “ase =0.9842 nn =1.5006| .01275 862.05 | + 9.88°

The densities and refractive indices were observed later at

15° and recorded for comparison,

The refactive inlices were

corrected from the table p.50; the results are tabulated

alongside in the table on the following page,




Fraotion Dansity Reafrectiva Indaex.
15° 150
B.P. 17an. dts" no
+.Corractad
from teable Ob-arv:d
P te 18° st 15
128%-129.5° 0.9362, 1.5021 1.5024
129°-131° 0.9391 ., 1.504% 1.5043
184°-138¢° 0.9489, 1.5081 1.5048
140°-150° 0.9818, 1.5116 1.6119
f
150°+160° 1.5141 1.5140

From the first sample of Cedrene, the fraction boiling at

121° / 10mm3 and feom the seconi the fraction boiling at

129-131° / 17om, were used for the oxilation experiments.
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In preparing the remagent the original method of Thorpe
( J.2.S., 1878, 21, 514) was at first employed : latet on
the more economical methol of Moissan [ J.T.S., 1834, 46,
12€7 ] using HC1 and CrQ, wag adopted. Finally the reagent

was obtained from Messrs Soots and C°, Ltd.

The Prepgration of the Additive Compound and_its Constitution.
Following the example of Btari, other workers have

used carbon disulphide as solvent and 4iluant: it has the
advantage that its low béiling point prevents exceesive
rise of temperature if ordinary care be observei, On the
other hand it has the disadvantades of particularly high
inflammability, ap obnoxious swell, an1 poisonous nature
which is accentuated by the formation of the very poisonous
phosdene ¢as as a reswlt of the action of chromyl chloride
on it, For these reasons carbon tetrachloride was used ip
its place, for chromyl chloride has practically no action
on it; it is non-inflammable although also highly poisonous,
It is easily purifiel and is altodether a much more con=
venient solvent,

The reaction between chromyl chlorile ani Cedrene is

violent. Even when the reacting substances are diluted, there

is a perceptible crack when the two meet unless the dilution



is very ¢reat, The following dilutions were used: Q0 cc.
Cedrene, 129°-131° / 17mm. ( 122°-123° / 12mm ) were diluted
to 1000 cc., 200 ¢gms., Cr0§Cl, were likewisw diluted to 1000
cc.,, and these were added alternately in small quantities to
another 1000 cc, of the solvent, CCl,. No external cooling
appearel necessary, as with this iilution there was no great
tendency to heat up, To ascertain when the reaction was cow-
pleste, a sample of the solution was filered rapidly at the
pump, after standing for some time to allow the action to
complete itself;-an 2xcess of chromyl chloride was shown by
the reddish colour of the filtrate, An estimation of the
chromium in the filtrate on one occasion showed it to contain
3+ 468 dms, Cr0,Clg per litre, When half the reacting substances
had been added, the mixture was allowed to stand for 2-3 days
ani the brown aidditive compound filtered off and washed with
CCl,. The filtrate was then used for the second portion. No
attempt_was made to abstract the last traces of solvent fron
the precipitate as the compound regdily decomposes in contact
with air, When required 4dry for analysis , this was done in
a vacuum desiccator over sulphuric acid, It was found advisabls
to "dry" the sludde in all cases, as the powier coull be
iecomposed more efficiently.

In all the reactions hitherto reportei in which chronmyl

chloride attackei a hydrocarbon, the additive compound has



been found to contain 2 Cr0,Cl, united to 1 mdl of hyiro-

carbon, It was therefors consiierel sufficient to estimvate
the chromiuw céntent of the compound obtained, This was

done as follcws:» A weighed quantity of the adiditive compound
was placed in a nickel crucible andi decomposed by Jentle heating.
When all the HC1 had been driven off the temperature was
gradually raised, This had to be done with care owing to

the dander of sudden deflagration., After burning off the
carbon the resiiue wag@ixed with sodium peroxide ani fused,
dis:solved in water, filtered to remove nickel, the filtrate
acijifiei, and hydrogen peroxile decomposed by boiling. The
chromate was reduced by a known volume of standard ferrous

ampmonium sulphate, the erxcess being titrated with dichromate.

Wt. of Compound,. $Cr.
0.7468 gns, 21,55
0.23902 ¢gns. 21.18

) 0.1834 gnus, 22,41
0,1573 gus. 23.47

The differences betwsen these results showsd the presence of
something unsxpected, They indicated that there had been an
addition of 2-3 mols. of Cr0,Cly, to 1 mol. of hydrocarbon,
The similar experisnces of other workers havs been mentionej
on p.40.

These estimationx had been male on the assumption that

the compound was one of simple aitdition., If, however, for



any reason the compound lost 1 mol. of HC1 , the solid wouli
become a mixture of substances with varying analyses accori-
ing to the conditions of experiment, It was therefore apparent
that this part of the work was no longer one of confirmation
but one of investigation, Estimations of chlorine in two

different samples at hand gave the following results

Wt. of ecompound, Wt of agcCl, £ c1,
0.1462 gdns, 0,162¢€ gn, 27.5
012697 gnm, 0.1968 gn. 18%2

If these figufes are compared with the tables below it will
be seen that although those for Cr fall between 2ani 3 mols,
Cr0,Cl,, thdy also fall betwsen 2 mols. Cr0,C1, ani 2 mols.
Cr0,Cl, and that the values for Cl also fall betwsen the
lagt two values, There was certainly a sugdestion of HEl
fumes during the reaction, but as the presence of Cr0,C1,

fumss would account for this:, it signified nothing,

- D D N A D G W AP W AUD D R W WD W A YR S P W W W D A W -, B W w - -

C.'Hg4 oCPOgCl, C;,H,. .2Cr0,4Cl, 013H94 .RCPOQCI,

g cr 14°54 20°22 23»32

$ Cl 19-81 2757 31»78 J

CisH2e.2Cr02C1 C:lH:o.?CFO:Clsg T1sHes .2Cr02C13
c;,H’9.2CPOQC1 ?,FC,,H,,_,ZCrQ,Cl]

fCr 23°58 2178 22+ 3¢

%c1 1617 22°30 20° 34




The significance of these figures, as 4=2alt with elsewhere
in this thesis, led to a reinvestiZation of the masver, the
iirecting principle now beinZ to prevent the loss of HZI
during the reaction, #ith this in view, the process was
repeated, but with even greatef care than before at a
temperature of -5° to -10°,

45 cc., ( 42 gms,) Cedrens b.p. 129°-131° / 17mm. were
lissolved in 500 ce., CC1ly 100 gms., Cr0,C1l, were dissolvad
in 1200 cc., of 271¢ and coolei to -5°, Small quantities
of the €edrene solution were now added to 1500 ce. of the
solvent coolei to -10°, The cooled Cr0,Cl,y was run in
alternately throuzh a very fins dropping nozzle, The flask
being kept all the time in ; freezing mixture, The reaction
é#ccupiel from 4 to 5 hours, When complete the mixture was
allowed to stani in a well sbdoppar:d flask for 2 days, The
solution remained dark reil with the axcess of Ced,C1,. The
aiditive-compound was filtered off at the pump, vashed with
fresh solvent, anl removel at once to a vacuum desiccatop,
where the remainder of the solvent was removed over sulphuric
acidi. The last traces of solvent are removed with 4ifficulty
ani from 10 to 14 days are required for this part of the
work, After about 3 days drying the lumps require breaking

up, Advantage was taken of this to prepare a sample for

analysis., The outside of the lumps: being slightly decomposed
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were removed and only the inside portions kept for analysis.
The chromium in this case was estimated as Cr,0; on ignition
of the compound, and subsequent treatment with nitric acia

follosed by re—ignition. The following are the results.

Wt. of Coxpound, wte of Cra20s % Cr.
0.83288 gm 0.0959 gmnm 20.02
0.55%70 " 0.1860 " 20.04
0.49024 v 0.1462 " 20,08

Divect estimations of chleorine in the additive compound gave

results which were variable but always higher than the possible
value. On the other hand, estimations of Cl made after decompos-
ition of the ccmpound were always lower than the value required

to satisfy the chrcmium content.

After all the amount of the reagent actua'lly absorbed in the
reactian is sufficient proof of the ¢eneral constitution of the
additive ccmpound. This was found to agree almost exactly with
the amount required to give CigHzq .2Cr0zCl,.

10gms . Cedfene absorbed 15-42.Cr0,Cl, leavim@ B'O'QPin the

solvent., 10gms. CygHz4 require 15-2:g¢. to give'C,,Hg‘,?cpcgclz,
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of the Oxidation Product.

The sludge, consisting of additve compound ani L
solvent, can be d2composed dir:ctly, but owing to the
formation of clots ( by reason of the immiscible nature
of 2Cl, and water ), with the consequent uneven distrib-
ution of the comoound, it was found inadvisable on account
of the local heating which resulted., The compound was theres
fore "driei"in a vacuum iésiccator over sulphuric acii
until it could be powdereds it was then aided gradually
to a large bulk of ice-water, throuzh which a2 current of
sulphur 1ioxidie was passed at such 2 rate as to maintain
a slight smell of the gas, %y this means chromic acid was
reiuced as faet as it was formed, Aftar standing for 2 days
the oxidation proluct was extracted with ether, Thloroform,
petroleum 2ther ani carbon tetrachloride were also us=i
but no alvantafe was obtained,

On removing the ether a viscous, yellow 0il was obtained
which was distillel in stearm, yielding a cleéar y2llowm oil,
anl leaving a thick tary resijue containing some chromium,
The @il, however, 1istils very slowly in steam, so slowly,
in fact, that even when salt is added to raise the boiling
point anl the d1istilling flask kept at boiling point in an

0oil bath, the distillation requgéredi about 24 hours. This
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natdrally entails a2 considerable loss, as much of the proluct
resinifies in the process. Distillation at a psessure of

1-2 mm. 1id not prove any more satisfactory, Thx oil hai a
h€avy smell suggestive of' an aldehyie or ketone, but treat-
ment with sodium bisulphite gave no crystalline compound.

All attempts to induce the o0il to zrystallise failed. An

analysis of the oil ¢gave the following results:-

Wt of o041 __________ 052054 gn
Wt of H,Q _._________ 0.1829 " = "5,90% 7
Wt.of CO2 o 0.57%6 % = 14.14% H.

An ®stimat ion of the product from one oxidation dave

¥t., of 011 AERR

-t et Ve Ve - -

0.3441 gm.
Wt. of AgClGi<<sews.-0.0873 ° - 3.56¢ Cl.
An estimation of the product from another oxidation Zave

Wt. of 041(186-145%/ 1mm.) 0.4500 gwm.

Wt. of A4CY__ i __0.0872 " = s4,18% Cl.
Attemots to make a semicarbazone at this staze were quite
unsuccessful,

An effort was now made to remova the chlorine from the com-
pound in the hope that a product would be obtained from which
a pure product could be distilled. If HZ1 had been ajiedi at
the double boni a derivative of dihyiro-cedrene would be

sxpected from the chlorinated portion, The oil was treated
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with zinc dust in alcoholic solution for € - 8 weeks. During

this period the scolid ( zinc and zinc chloride) was filtered

off from time to time, fresh zinc added to the alcoholic

solution , and the solid estimatad for chlorine, Calculated
on 100 ¢gms. oxidation product the extraction proceeded as
follows: -

After tragtmeant with sino for 1 day extracted ,7gm.C1l

" L] a furthar 4 days " 1.4 o

" M n 8 " L] 1.7 L]
*)

" M " 14 ] » .8 "¢

" " " 7 weaks " P | I

VAN A

4,.2¢m.C1l.,
e ————

[ (*) mllowmsd to stand ovar vaoation ¢
An estimation of chlorine in the o0il recovered from the above
treatment gave the following:-

wt. of 0i1l - _0.8896 gdnm,

wt. of AgCl

e"u_0.0003 gx. = 0,.59%C1.

Phe o0il from the zinc—-alcohol treatment was distilled under
reduced pressure, the: largest fraction distilling about 120° /
0»8 mm.., It was a clear, pale yellow oil.

Pressurs: of other work interrupted this work, and when it
was resumed the oil had darkened a little. For the purpose of

removing any resinous acid which might have been projuced in



the interval, the oil was treated wipyh a dilute solut:iion

of potash in methyl alcohol, This treatment caused con-
siderable resinification. The purified o0il was distilled
in steam and then in vacuoc, After several dixtillations
the main fraction boiled at 93° / 0°15 mm., n;s°. 1°54€2.,

The results of analysis were as follows:-

(1)

Wt. of oil_____ 0.2696 gnm.
Wt. of HoO_____ 0.2472 gw.e ______ = 10.65% H
Wt., of COsl 0.7704 gnm. = 80.98% C.

(2) o
Wt. of oil ____0.2449 gn.
Wt. of HeO ____0.2818 gm., ___.__ = 10.56% H.
Wt. of COp ____0.73768 gm.. ___.___ = 81,023% C.

Mean of Results___ H

10°€0 # ;
C = 80°97 4.

Preparation_of Semicarbazone.

2 to 5 gms. of the oil were added to an alcoholic sclution
of semicarbazide acetate ( 2 mols.) prepared as follows:-
semicarbazide hydrochloride was: dissolved in the winimum of
water, and to it adied an alcoholéic solution of potassium
acetage in slight excess. The potassium chloride which

separated was filterelk off and the fiitrate used for
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for preparing the semicarbazcne, As repeated attempts

failed to give any evidence of a crystalline product, the
solution was allowed tc stand for 3 to 4 weeks, During
this time a solid separated out. Alcohol was renewed as
it evaporated, The sclid was filtered off and thoroughly
treated with alcohol in which it was inscluble., It crystall-
ised from hot water in flakes and in cubes, according to
conditions, m.p. 2€60%, Analysis gave

Wt. of solid ....l.. .0.0413 gm.

Vol., of nitrogen at 15.5°, 751.7 mm, = 17,5 oo,

= 49.55 % N.

This solid is & producy of polymerisation of semicarbaside,.

All efforts to obtain a crystalline substance from the
alcoholic sclution failed, The o0il which it contained was
distilled in steam but yielded no distillete, As the original
0il was distillable in steam, it follows that it has under.
gone some complete change, The residue in the distilling
flask, although oily during the distillation sclidified to
a yellow mass when cold, It was very readily soluble 1in
all solvents except water, As before, all attempts tc crystall~
ise it failedi An estimation shcwed that the crude material
contained 13 ¢ N, This was strongly sugdestime of a semi-

carbazone, and as crystallisation had fdiled it was purified



by projecting the alcohoiic solution into dizstilled water
with constant agitation, 3y this method the compound was
precipitated as a white flaky powder; any reesin coadulated
at the surface as a sticky layer and adhered to the sides of
the vessel; any semicarbazide remained in solution. The
process was repeated until no resinous scum separated,
Obtained in this way the compound was a white amorphous
solid which could be dried {n a vacuuw desiccator. If placed
in a2 steam oven it melted at a temperature below 100° tc a
clear mobile liquid, but at 100° it soon began to darken in
colour, On cooling it set to a hard vitreous solid,

As semicarbazones may combine with alcohol, which éan
be removed at 100° [ J.C.S., 19C¢, 95, T.9€9 ], a weighed

quantity was dried at 100° for 2 hours,

Wt., of compound, csco +0.16486 ;.,
¥t, after drging for 2 hours at 100° ,...0.1621 gm.
Loss in wt. 0.0025 gm., ...= 1,8 %
The loss might be entirely explained by the decowposition which
took place during heating,
Analysés gave the following results:-
(1) 1st. Preaparation.

wt. of ocompound,...i...0,1866 gmu,

Vol, of nitrogen st 21°, 748,9 =m, .17,3 occ.

= 14.‘9 ’ N.
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(2) Purified,.
Wt. of compound...... 0.3181 gnm.

Vol; of mnitrogen a¥y 22° , 764.15 mm.= 39.5 co.
= 14,.40%.

{(8) 1st. Prmparation
Wt, of compouni ,,... 00,1914 gnm,

Wt. Of H2O0uueoouveeooel. 0.1680 §Me wevvvveveeneee = 9,82 & 1

Wt. Of COp suurvvvsoss B8.4948 gm. ....iivevveee. =70.73 8 &
(4) Purified.

Wt, Oof cOmMPOUNG eessoses0.0772 gnm.

Wt of HaO % ..v..0ees l0.G788 €Biviecrnccncaeses = 10.65 $H

Wt. of COz............J.1994 gl- sesesesesceccse = 70,48 %a

Mean results C, 7059 ¢, H, 1023 %, N, 14°44 «.
The solid was decomposed with oxalic acid, and distilled in
steam, It yielded an ocil which on analysis gdave the following
results
Wt. of 041 ceuesvesses0.1602 gnm.
Wt. 0f H20 teveeeeeesO0.1567 €M secesseses = 10.874 H,
Wt. 0f CO2 +osnveeess0.,4695 gmy ... .c.ove. ==79.95% C.
With hydrox¥lamine an oil was obtained which boiled 140°-150°
02 mm,
Dilute nitric acid had no reaction on the oxidation product,
BB ¢ acid gave a product , which after treatment with ammonia,

gave a flocculent silver salt,.Analysis showed this to be the



(1)

(2)

salt of a resin acid.,

The action of bromine is somewhat similar to its action
on Cedrene, There is evidence of unsaturation but the re-
action slows down to such an extent that it is impossible to
judge the end point. The retardation begins after the first
cc. Bas been added. ( about 30 cc. being requieed for one
unsaturation ) ,

The molecular weight of the oxidation prcduct was found,
Wt. of bangene ......22.95 gn,

Wt. of compound ..... 0.15684 gn,

Daprassion in freazing point = 0,155°.

wt. of banzene .....22.68 Em,
Wt. of compound .... 0,2868 ¢gn.

Depression in freeszing point ,.. 0,290°,.

In calculating the molecular weight from the formula Ms
a x W

the value of k must be determinrd for a suitable substance,

The most suitable substance in this case was Cedrene,

Wt. of bansenes___ _________ 81.41 gw.  _ _____ 81.28 gnm,
Wt. of Cedrene_ 21488 gm. ______ .8564 gnm,
Lowarimg of fraezing point__op_ ,915° 0.285°

k = 58139 A k = 5107

bu

KX



i

Using the mean value for k, 5118, the values for the

molecular weight areg,
M= 225, and M = 223°5.
A micro estimation in camphor by J.Woodourn in this laboratory
gave the value 223,
fhere is therefore no doubt that the substance has a formula

of the order CygHe 0.
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Jnvestidation of a Product obtained in the (Oxidation of

Cedrene with__Perhydrol,

Oxidation of Cedrene with peehydrol g¢gave, in addition
to a small yield of glycol,a neutral product ( see p,17 ) .
Methylation of this product with dimethyl sulphate was
carried out as follows: [ Tambor, BZer,,1910, 43, 1882 ;
Meldola, J.C.S., 1910, 28 , P.232 ; Karrer and Lang, Hel,
Chem., Act., 1921, 4 , 249].

(1) 8 gns. of the neutral product were dissolved in 35 gms.,
of benzene and refluxed with soddum until the reaction was
complete, FExcess of dimethyl sulphate was mdded along with
sodium bicarbonate ( to neutralise any sulphuric acid formed
in the course of the reaction ), When the reaction was complete
the excess of dimethyl sulphate was driven off, the prciduct
extracted with ether, dried ani distilled in vacué over Ra(08),
This last is necessary as a little dimethyl sulohate remains
in the product , and decomposing as distillation proceeids
gives rise to free sulphuric acid., 2y reason of thas the
product first bscomes dark purple and finally chars ccmpletely,
With the alkali present there is not even darkening in colour,
Distillation gavd an oil b,p. 120°-150° / 10mm., After several
distillations over Ba(OH), two distinct fracticns werw separ-

ated, boiling at 141° /10mm. and 143°410mm. respectively,



(2) 10 gms. of the neutral product were dissolved in methyl
alcohol containindgd 50 gms, sodium hydroxide, To this was added
20 gms, damethyl sulphate : a trag of alkali was used to
prevent the poisonous dimethyl sulphate escaping into the

air, When the reaction had subsided the temperature of the
bath was raised to about €0°, More dimethyl sulphate wmad
alkali were added eccasionally, and the whole finally heatei
for several days on an almost boiling water bath to ensure

the decomposition of the excess of dimethyl sulphate, Water
was aided and the oil extracted with ether and distilled as

above, This method dave a good yield.

ZAnalyses.
141°® Fraction.
(1) J
Wt, of 0i1l 0.2125 gn:l
Wt1 of H20 0.2171 gmc _ o =“11,48 % H
Wt. of CO, 0.6443 gm. ___ _________ = 82,69 4 C
18) yt. of 011 0.2218 gm.
wt, of HyO 0.2231 gm. ___ _ ________ = 11,28 % H
¥t of co_ 0.6870 gw. _._ __________ = 82.20 % C

Mean Results H = 113 ¢ ?
C=1824 4 )

<



143% fraction,

(1)

(2)

't.

we.

't.

wt.

wt,

wt.

of

of

of

of

of

of

011 0.3259
H2'® 0.2198
CO2' 0.6674
0i1l 0.22486
H,0 0.2193
co 0.6659

2

Mean Results

H
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fection of Sulphuric_dcid _on Cedrene.

Fo:llowing Sertram's method ( Wallach, Ann.,, 1892, 271, 288 )

is® . 135 °
20 ¢gms. Cedrene b.p. 120° / 10 mm, n ° 1.5923 ; [a]y -82.1°,

were dissolved in 800 ¢gms, of ¢glacial acetig acid to which

were added 16 dgms., H,SO, in 32 ¢gms, H,O, This mixture was heated
on a sater bath for three days with reflux condenser, On

the adidition of the sulphurdc acid the solution soon becane
pink, ¢radually darxening to purple and finally becoming

almost black,

After the time statdd 18 gms. Na,CO, were added to neut-
ralise the swlphpric acid, and the bulk of the acetic acii
distilled off at 20° under reduced pressure, The residue
was neutralised with Na,C0, and distilled in steam. On re-
distilling the oily product, it was found to distil entirely
below 120° / 10mm. A black resinous residue was left in the
flask. No hyiration had taken place.

Following the method of hydration described by Asahina
and Tsukamoto [ J. Pharm, Soc., Japan 1222, 4€é3 ] 20 cc.
Cedrene b,p. 120°/ 10mm. were dissolved in 1€ cc. ether,
cooled in a freezing mixture and € cc, Hp,SO0,.Hp,0 added slowly.
The mixture was left for 3 4ays at room temperature, and
treated as before, About 50 # yield of an oil was obtained
b.o. 110°-120° / 10 tm. More distilled between 110°-115°

than in the previous experiment,
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The possibility of a product being volatile in acetic acid

was realised, but on neutralising the acetic acid distillase
and extracting with ehher only the mergst trace of oil was
obtained,

A fresh sample of Cedrene was preparei b.p. 122°-123° / 10mm>,
The mixpure of glacial acetic acid and sulphuric acid was
made up as described in the first ezxperiment, but as much
Cedrene was added as the mixture would dissolve ( 40 zc.).
This was kept at 50°-60° for 3 weeks, after which the o0il was
watered out, On distillation this oil gave about 30 cec. of
an almosy codourléss oil b,p, 120°-125°/ 10 am. The acetic
acid layer was neutralised and steam distililed but yielded
only about 1/2 cc, of an oil b.p. abcut 122°/10mm. The re-
mainier d#composed above 460°,

On treating the proluct with a further quantity of sulphuric
acid, the same changes of colour etc, were observed as before,

Another experiment was carried with a much stronder

solution of sulphuric acid,. 50 cc, Cedreme , b.p. 120°-131°/
10mm. ; difs.eazz 3 d:;o.9391 5 n:”'1,4995 ; n;°1.5o42
[a]

acid and to thiw aided 50 cc., H,S0,.H,0. The addition of

;;‘-eo.a4° , were dissolved in 250 cc., glacial acetic

the sulphuric acid raised the temperature considerably, but
no further heating was employed, The mixture turned a dark
purple almost at once, anl a quantity of Cedrene was thrown

out of ®olution. fhe mixture was shaken mechanically for



'7,5

6 hours, the oily layer separated ( 20cc.) and distilled,
i1s
It had no smelkl of Cedrene b.p. 130° / 17 aom, 45 0.95438

is 198
ng' 1.5000 ; np. 1.5928 ; [a] gg-68.8°

The signifiecance of these results has been dealt with

in an earlier section of the thesis,

The purple colour of the acetic acid solution is
immediately des¥royed by water, but not by ether, in which
the compound is insoluble, Incidentally it may be noted that
there 1is practically no reaction between anhydrous acetic
acid and caustic alkali, for having neutralised the sulphuric
acid, the caustic alkali remains at the bottom of the flask
unattacked, except as the solytion absorbs moisture from the

air.



The Action of dydrogen Peroxide on Limonene,
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Tae¢_Hydrocarbdon, i1-Limonene is one of the most widely
distributed hydrocarbons of the Terpene 3Jroup, anl was early
recognised as a type of that large anid varied class of substances
Known as the essential oils. As early as 1891, Wallach reportei
its presence in the cils obtained from certain members of the
Allrentaciae, in the oiis of orange peel, lemon, berzamokt, cummin,
1il1l, fir needles and Zrigeron canadense. Since then it has also
been found in the cils of mandarin, neroli, petitgrain, ginder-
drass, buchu leaves, caraway, celery, anl from the oils from
¥andla elemi, ¥acedonian fennel, Callitris ¢lauea, ¥ondara punctata,
and in the fruits of Pittosporum undulatum.

Like many of its associates, it was re—-named on several
occasions, as the necessity of differentiating new substances
demaniei. So it happens that information on the chemistry of
Limonene has first to be soudht as a member of the Titrene group,
the earliest reference being maie by Say lLussac ani Lariviére,

Comp. Reni. 1841, 12, 125) ani by Hlaseweitz (Zeit. f. Chen (2],

4, 380 ). 2y others the name Zarvene was used, showind its connection
with Oleum Carvi, anl the name still persists for certain impure
varieties, ( Schweizer, Jour. f. prakt. Chem. 1841, 24, 257 ),

As the felationship of limonsne to terpinecl anl 1ipentene came

to be understood it received such names as Térpilenme and Terpenylene

but these very soon gave place to the names which the elucidation
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of these relationships have now permanently fixed.

Always dlosely associated with the limonenss was the hyliro-—-
carbon which Soucharat called Dipentine ( Comp. Rend., 1878, 87,654
1880 , 89, 361 ) from the fact that, on heating various essential
oils, he obtained a pentane identical with isoprene. He further
found that the chande coull be reversed?and that, by the avplication
of heat, two molecules of isoprene united to g¢ive a hydrocarbon
Ci10Hi ¢ which he therefore called Di-pentine. Following up this
work, Tilien showedi ( Chem. News, 1882, 45, 121 : J.C,3.,1884, 45,
417 ) that this dipentine was identical with the optically inactive
terpilene into which several of the terpenes anl citrenes were
convertible.

Juring the next decade progress was amazindly rapid. In 1888
Wallach published his third paper "Bur Kenntniss der Terpene und
der Gtherschen 6ele"( Ann., 1885, 230, 225), which defined the
Terpenes as a group whose individual members were already partly
recognised, anl thersafter every year aided new light on the
relationships between the different hyirocarbons ani their deriv-
atives., Fror the point of wiew of the present work the above paper
’is interesting for its explanation of the relationship between the
inactive dipentene ani the already well known terpineol, and for
the characterisation of terpin hyirate and its relationship to
these two substances =- the three subssances being interconvertible
by the use of suitable hydrating anil dehydrating adents. In the

same paper the preparation of dipentene tetrabromiie is also de-



tailed. Since that time dipentene has been synthesisei in several

ways, and the relationship between it and numerous terpenes
explained, yet the relationship between the optically active
limonenes and the inactive dipentene remains in much the same
position as Wallach left it after the publicaticn of his twe
monumental papers " Ubsr Terpene und Campher,” { Rer., 1891, 24,
1525) , and"" Zur der Terpene und der dtherischen Oele. I. Isomer-
ieverhaltnoise innerhalb der Limonene Reihe” (Ann., 1892, 270, 171 )
Chenically the 4- and 1- forms cf limonene are identical, yielding
the same derivatives which differ only im the direction in which

they deflect a beam of polarised light. When mixed in equivalent
proportions they give dipentene accompanied bty the evolution of

heat. The same resul§ can be produced by the action of heat or

by acids ameither form of limonene. It must be observed, however,
that while dipentene gives darivatives which correspond with those

of the limonenes, these as a rule 1iffer in melting point. Wallach
founi that even the boiling pcoint of dipentene was higher than that
of limonene by 3%, but it was shown (Tilden, J.C.S.,1893, 63, T 2°2 )
that the preparation of dipentene frow its dihydrochloriie 4ii1 not
yield a pure product, but contained terpinene and terpinclene,ani
this was verified later by Wallach himself (Ber., 19207, 40, 600)

from a cohsiiefation of the yields of tetrabromide from dipentene
prépared frdom the hydrochlorile and from an equal amount of limonene..
It would appear that the pore dipentene boils at the same temperature

as limonene 175-17€°., 1In alwost every case the 1ipentene derivative



can be obtained by mixing equivalent quantities of the d- and 1-
limonenes. The following table shows the differences in melting

points recoried by Wallach in the papers cited above.

Limonene Dipantanes
Darivative Derivative
M.P, M.P,

Tetrabromide i . ... ...............104-105°. ... 124-125°

®.Benzoyl-limonene-nitroso-cnloride...... 109-110°.... 90°
% .,nitroso-limonene-nitrolanilide..s....... 112-118°,... 147°
B.nitroso-limonene-nitrolanilide..o.......  136° .... 129°
limonene-nitrolbenzylamine hydrochloride. 108-104°,,,. 150°
limonene-nitrolaniliie hydrochloride... ..117-118° ,,.$8389-140 °
In view of these facts, which later work has only confirmed by
adding others of a similar nature, Ighouli appear impossible to
regard dipentene as merely a physical mixture of the two isonmers.
Wallach suggested that the anomalyvmight be explained by assuming
that dipentene was mainly composed of a third hydrocarbon v-lim-
that
onene, It appears to the writer,a simpler explanation is to be
found by assuming a loose double molecule to be formed when the
two limonenes are mixed. The evolution of heat in this process
demands such a reaction, but while it explains the 4ifference in

melting points, it must be admitted that it raises a Jifficulty

regarding the molecular weighti

The Constitution_of_Limonene. The results which ldd to the

elucilation of the constitution of dipentene, and hence cf iimonene,
may be summarised briefly as follows. From physical considerations;,

Kannontkoff ( J.Russ. Phys. Chem. Soc., 1883, 15, 472 ) suggesteid

,that.tgnggngol was a jepjvative of cymene, anl assigned to it a
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fbrmulgfjremarkably near the truth when it is remenmbered that the
chenistry of such ccrpcunis = partially unsaturated closed chains =
was not at all understood § cf. Reychler's highly theoretical
discussion on the constitution of carvene (limonenel, (Rull. Soc.
“him., -[8) 7, 36 ) in which all the numercus formula sugdested

fall wide of the mark. Wallach ( Ann., 1893, 277, 105 ) suggested

a slightly modified formula [II}, while in the same year Raeyer

( Ber., 1893, 26, 2558 ) suggested a formula for terpin hydrate [III]

Byl HyC CHs

HaC CH
3 \ﬂ[/ 3

L og £-oy H
c'/ \?% He / \“ R / fHe

H T "H, 2T
H ! €H, . HC éHa HaC THs
\C‘H/ \C'/ \ C-0H
éHs - , éHs éH,
(1) (11) (111)
Terpineol Terpineol ferpin Hydrate
(Kanennikoff) (Wallaoch) IBaayar)

None of these formulae,

however, explained the optical activity

of the limonenes which were rightly believed to be identical in

structure with dipentene.

Sfaeyer's sugdestion that the asymmetry

was due to the molecule as a whole anl not to an asymmetric carbon

atom was not accepted ( Ber., 1894, 27,n 454 ), ani it fell to

Nagner to solve the problem. In his historic paper " Zur Oxidation

cyclischer Verbindungen " ( Ber., 1894, 27, 1€3€ ) he sugsested

formulae for Terpenylic Acid, Pinol, Pinol Hydrate, Pinene, Terpineol



and Limonene, which have stood the test of subsequent research.

His formulae for the last two are the now familiar

HaC CH HaC CH
3\"/3 3\/3.

7-o" i
CH CH
H ”/// \\\”H H ”/// \\\\”H
2v v g -2T T 2
Hot CH HoC CH
N/ N4
b, Lo,
Terpineol - Limonene
(Wagnar) (Wagnar) -

In the following year Wallach confirmed the formula for terpineol,.
( Rer., 1895, 88, 1776 ) by showing that when terpineol was oxidised
it gave firstly Trihyiroxy-hexahylro-cymene, then a keto—lactone,
and finally Terpenylic Acii? Absolute proof was lacking, however,
until at least one of this cloﬁely relatei class of substances was
synthesised. Rertram ani Juildemeister hail prepared terpineocl ani
dipentene from geraniol as early as 1894( Jour. f. prakt. Then.
1894, 1Ty, 49, 195 ) by the action of formic acii, but a truly
fundamental synthesis was not accomplished until 192C4, when Perkin
succeeded in preparing tdrpineol in the followinz brilliant way.

[ J.C.S., 1904, 685,T.é854 )

> 2 e D e e D o e T D > —— - — —— - —— | _ e " — — ——  —————————————— — >

¥ Aleo Timmann and Semmlar(Bar., 1895, 28, 2141)
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Ethyl.B.iodopropionate and BEthyl. disodic.cyanc.acetate

2(CH, .1.CH, .CO0C, Hs) ¢ C( CN.Na,) .£007,He
gave

Ethyl.v.cyano,pentane.a, y. &, tricarboxylic Acid

( CHz .CH23C00C,Hg )2 .C.CN.COQC, H,

which, on hydrolysis with hydrochloric acii zave

Pentane .a;y.€.tricarboxylic Acid

HOOC .CH, .CH, .CH(ZCOH) .CH,CH, .COCH

On digesting this with acetic anhydride ani distilling, the ring
was closed by removal of HoG and CO, giving

b . Keto.héxshydro,benzdic’ Acid

oc< /\CH—COOH
CH,— CH3

The ester of this acii was found to react readily with vagnesium
methyl icdide, giving on hydrolysis

b .Hydroxy.hexahydro.p.tcluic Acid

CH,———CHg\\ ,
H,C—C CH-CO0C0H
H{\?HQ—CH.‘,/
On treatment with fuming H3r followed by weak alkali there were
formed

®.%romo.hexahydro.p,tcluic Acid and As-Tetrahydro.p.toluic Acid

e
B{C\CH;

CHs CH—CH
>’JH.COOH Hsc—cZ Scu.ccox
o CHy—7t7

VA
2

HyC
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The lasy step in the synthesis was to convert the dster of this

acid into terpineol by means of madnesium methyl icdide thus

CH—CH c CH CH
ﬂ/ 2 () v flo / a3
HsC‘J\ >BH.COOCz,H5 > 5o >cz~:.c~(om
CHy—CH, \CH2 CHa .\CH-,

This agreed in every test with pure terpinecl, and on heating this

synthetic product with potassium bisulphate, dipentene was obtained
by the elimination cf water, and Wadgner's formula for limonene

finally. proved correct.

The Oxidisind Readent. "It was hoped that the comparatively

mild action of Hydrcgen Peroxide would avoid the perplexing intra-

molecular chandes to which terpenes are peculiarly liable on
account cf the very larde number of closely related isomers which
ocecur in this class of compounds. If this hope materialised, the
knowledde of the acticn of this readent on limonene, a substance
whese ccnstitution was definitely established, might prove of value
in the elucidaticn of the much more problematical sesquiterpenes.
As an oxidising readent Hydrogen Percxide would appear to be
almost ideal, being of the simplest composition, easily contrcliled
ani in no case recorded tc be violent, and withal extremely con-
venient to handle. It is true that its constitution has not yet

been definitely established, arduments having been advanced Bor



at least three distinct formulae (1) E-0-C-H , 12) H-g-H and
(3) 05522%0 , [ Willstater and Hauenstein, Zer.,1900, 42,1839:
A .Ruis y Mird, Hel. Chem. Act., 1920, 3, 347, etc. ]. Yet, however
the affinities are arranged, and however the partictlar arrandement
might affect the reaction, that reaction woull be expected to be
constant. Unfortunately it has been found, in most cases, that the
conditions c¢f the experiment played such an important part in the
reaction that a wide variety of products were possible, and the
reaction seldom proceeded in any one specific direction. Certainly
such a fault might prove an advantade, as it indicated that a
large range of products cculd be obtained if only the ccnditicns
cculd be regulated within sufficiently orecise limits; but it is
not surprising that a survey of the literature d4aling with such
a reagent fails to reveal any rule which would enable one to predict
the course of the reaction in any particular gase,

Wolffenstein was one of the first to pe attractel by the

reagent. Using acetone as a sclvent he found that an acetone per-

oxide was formed to which he ascribed the formula

0:C+C{ (CHa)s

/

(CHa )2 C

~ DD~

Q+C-C: CHs)z

He investigated the action of Hydrcden percxide through the mediunm
of this acetone peroxide, on ring structures which contained a

nitrogen atom, and fcund that the ring broke at the nitrogen and
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gave amido aldehydes ( Zer., 1893, 26, 2991 : 1895, 28, 1459 ),
b4
and in some cases aciis. Thus
Piperidine ¢gave a mixture of formic, butyric and 3Flutaric aciis,

Copellidine yielded 0 .amidoc.8.methyl a.ethyl.valeraldehyie
NH, (CHsd. CH*CH,*CHe *CH(Z,Hg ) CHO.

d,amido.d.propyl.valeraldehyde.
NHe (C3H,). CH'CHCH,CH, *CHO,

Coniine

a Pipeccline arido caproaldehyde.

NHQ (CHa) .CH'CHQ 'CH:'CH: * THO

B .Pipecoline b.amido.F.methyl.valeraldehyde.

NH, .CHy *CH, *CH(CH; ) *CHLCHO

On the other hand witvh mesityl oxide a condensation took place.

ani after a considerable time he obtained a compcund tc which he
gave the formula HO*T(CHs).*C(C0.CHs).0H, C(C0.CHy).0H.C(CHs),0H
Perkin also found this tenlency to rupture the molecule in

applying the reagent to the -oxidatior of a,x ketones ( J.C.S,, 1907,

P.g23, ¥6€ } . Thus

Bepzil C¢Hs .CO*CO.C(Hs yielded benzoic acid

70:CO ) ]
Phenanthragquinone C, If_____}C.H. gave diohenic aziil ani an

unidentified liquid

( C4Ha.OH L\\ﬂ.n He:C @ave p.hydroxy-benzecic acid and

(VR V) PR
Awedn o on "

benzoquinone (thrcugh gquinol)

In applying the reagent to the oxidation of substances with
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phenolic groupinds the author founi that the oxidation could be

carried out without the necessity of prctecting the hydroxyl
radicle by methylation. He employed acetic acii as sclvent, but
while beneficial, 4id nct consider it essential tc the reaction.

As the result of thé&r-work on & .B.ketcnes %eitz and Scheffer

[ Ser., 1921, 54,8, 2337 ], suzgest the mechanism

so=b-c- 3 o -d=n- o g -d-c- o> g -€ - -
| | | g | ./
0 OH  HG-C ) ———0 0
- > L= = C===0C = == -7 -0- O-
| | ! -4 {l ]
& ¢ d-on moed 0—0—20 0 0

Thusfin Wolffenstein's work the readent reacted simply as an
oxidiser, breaking the ring formation and givind an aliehyde. In
the case of mesityl oxide two hydrcxyls were added at the double
bonil, while twc hydrogens were removed or oxidised away causing
the condensation of twe molecules. In Perkin's work the action
was also one of nerral oxidation, diketcnes beind converted into
Sabopbad—inie dicartoxylic acids with a rupture of the bonds
joining the two ketcne radiclesi Another type of oxidztion was
shown to take place by ﬁieland, whe converted acetic acid intc
glycollic acid and the carbonic acil of bicarbonates into formic acid

In the course of a very exfPensive inveastigation of the
behaviour of this reagent ( J.C.S., 1910, 97, T.,185° ) Henderson
ani Boyd have reccried the prcducts c¢f a large number of phencls
as fcllows

[ :Wiolund, Ann.,1924, 436,229, ]
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CH, CHa CHa
HO, . OH O
. ~— —_—
HO. . OH OH ;0
Pr. p Pr . F Pr. &
Teatrahydroxy- Thymol, Thyno-quanonn.

cymana,

683 CHs CHa
HC, .OH .0OH : 0
< 3
HO, .0H 0:
Pro @ Pro p Pr.p
Tatrahydroxy-oc yne ne Carvaorol Thymo-quinone
CoHg C2Hg
: 0
——
HO. .C?I-I, 0: .Cg2 Hg
Diat hyl-phanol Diethyl.p.banzédguinons
OH OH OH 0
o 0
.OH
—~— —_—  a
OH 0
Catechol. Phenol : Quinol p. Banzogquinens,
CH, CH, C Hy
"« OH . «.0OH : 0
’ HO. —> 0:
o.Cresol Toluquinol

Toluguinona



86

C H, CH,
0:
—_—
+.OH OH : 0
n,8rasol Toluquinol Tolugginone
Orcinol
G H, CH,
.
.0OH
OH OH
p.Cresol Homooatao hol

Benzehe, Toluene, 1:3.diethylbenzene, ani cymene 4iid not react, but

Naphthalene gave Phthalic Acid, Anthracene gave Anthraquinone, and
Phenanthrene dave Phenanthragaincne.

As a result of these experiments the authors concluded that the
character of the oxidation proiucts depenied in the first place on
the constitution ¢f the phencl tc be oxidised and in the second
place on the conditions of the experiment viz:- the propcrtions of
Ho 0, used, the concentration of the acetic acid sclution, on the
temperature ani on the time allowed.

The position of the side chains with reference to the
hydroxyl affected both the vidour of the reaction ani the prolducts.

Thus. a radicle or side chain in the para positicn to the hydroxyl
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caused the reaction to proceed with gteater difficulty and dave

as a rule a dihydric phencl, the second hydroxyl being in the

ortho position to the first. If the side chain occupied a position
other than the para, the reaction went more easily ani the products

were mainly a quinone and a p.dihydric phenocl.

the aotion of
Applied to the terpenes, hylroden peroxiile has been founi

to be so much regulatei by the structure of the substance undergoing
oxilation, anl by the coniifions of the experiment that the products
are of an extremely comolex nature, often difficult to isclate,

anl often showing that intermolecular changes have taken place

much more extensively than the mild nature of the reaction woulid
lea3d one to expect.

Thus, among the numercus proiucts from Camphene there were
founl in additicn to the main products ToH;s.C00H (Camphylic acidi)
anl CoH,40 (Camphenilone ), CoHys .CHO ( Isocamphenilaldehyde ), a
substance Tg¢Hy 4C2,'and CioHy ¢(OH), (Camphene glycol) ani other
substances which were not identified ( Henderson and Sutherland,

J.C.S., 1911, 99, T.153° ).

a ,Pinene gave a.Terpineol, Rorneol, Dipentene, Menthens.1:4:8,
triol, ani a trace of an aldehyde ( Henlerson and Sutherland, J.7.S.,
1212, 101, T.2288 )

R .Pinene, on the other hani, save only Rorneol ani Fenchyl
alcohol,anl other substances not identified.

It would be expected that if hydrogen peroxide were correctly

represented by the formula H-Q0-0-H , that it ought to have proved



a valuable reagent

ao
X

for the location of deuble bonis, since it

would be expected under normal conditions to yield a ¢lycol.

In the numerous examples cited , however, this is not supported,

Moreover, only one molecule of the reagent wauld be required for

every atom of oxyden introduced; whereas in every case at least

two molecules were

requiredl, That the addition cf a second molecule

1id not simply continue the oxidation another stage was shown by

the fact that the use of less than two molecules left some of the

oridinal substance

nature,

unattackel, andl the rproducts were of the same

In this connection the work of Prileschadeff ( Ber.,1°09,

42, 4811 ) is f great interest. In place of hyirogen peroxide

he used benzoyl-hydroperoxiie C Hs .CO-0-0H, to oxidise hydroearbons eclc.,

anl obtained a series of oxides ani dioxides, which, on hydration,

yielded di-hydroxy and tetra-hyiroxy derivatives as shown in the

following table.

Terpe ne

Seranicl

CIOHI BC’

Linalool

C10H10

Limonene

CI OHI L]

Pinene

CIOHIC

Although the

Oxidation Hydration
Produoct Darivativa,

Seraniol Oxide
Jeranicl Dioxidel .......Triol-oxide

Linatdol-Oxide.. .......Aldehyde
Linalcol Dioxide........Tricl-cxile

Limonene Cxide..........3lycol (m.p. 66-87°)
Limonene Dioxide........¥rythritol (b;p; ocir.220°)

Pinene Oxiieooo~oooo.oo.SObrerol (I.P. 1500)

reaction in the case of benzcyl hydroperoxide



cannot be assumed to proceed in a mwanner exactly analodgous to

that of hyirogen peroxide - on account of the unsymmetrical
constitution of the former compared with the latter— , the fact
that the resualts quoted above indicate that the reaction is reaily
one in which an oxy- and not a hydroxy— compcund is the first
product cannot be disregardei, anl its bearing on the present

work on Limonene will be discussed later ( p. 95 ).

The action &6f certain other oxidising agents are also of
interest and it will be convenient to mention these before
proceeding to a detailedi account of the action of Hydrogen
Peroxide on Limonene.

Potassium permandanate has been extensively employed to
give an oxidation series with very considerable success. Using
& 17 alkaline solution, Wagner succeeded in preparing a tetra-
hydric alcohol, m.m. 191-5-192° ( Rer., 1890, 23, 2315 3. Later
Ginzbergf*%orking on the oxijation of Sobrerol with this reagent,
prepared a ¢glycol from trihydroxy-menthene which he found to be
A®(® pnenthene.1:2 diol m.p. 63-84° ; on oxidising'this.substance
with KMnOs, he obtained a tetrahydric alcohol which meltei at 189°,
One wouli have expecied this tc have been identical with that
obtained by WagZner, while the Jlycol is undioubteily that described
in the present research m.p. ¢7-5°, Stronder solutions of the
reagdent were found to beeak the ring ¢giving aciis etec.

The action of chromyl chloride is dealt with elsewhere in

this thesis anl has no special bearing on the present work. __

(*)Ginsberg, Bar,, 1896, 29, 1200,
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On exposure to light and moist air for a prolonged period ( a
process described in the literature as auto—oxidation ) Rlumann
and Zeitschel ( Rer., 1914, 47, 2823 ) obtained carvone, carveol,
ani a white solid which melted about &0°, There is little doubt
that this last was an impure specimen of the glyccl obtained in

the present ressarch,.
Very recently a substance was isolateil from the oil of lemon

by Romeo ( Annali Thim.,Appl., 1925, 2§, 305 ) which would appear

(o be the optically active isomer of this ¢lyeol.
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The Action of Hydrogen Peroxide on Limonene.

The d-limonene used in this investigation was obtainei by

the fractional distillation of Oil of Ritter Orange which had
been purified by washing with alkali and subsequeny distillation
in steam. In the selection of the particular fraction, use was
made of a graph ( p116) in which the optical rotation of fractions
were plotted against their boiling points. The almost perpendicular
nature of this graph between the temperature: 176-5° ani 177-5°
shows that at this point a definite constituent is to be found
(cf. A similar graph for Cedrene p. 6 ) The physical constants of
the purifed hgdrocarbon were B.P, 175-5-176-5°C (corraocted) / 759mm.
Ea‘lm.oge'ee"; dﬂ:0‘8458 ; nwornsg.

> 15 ; D

Phe hydrogden peroxide used was Verck's 30% Perhydrol.

Previous work showed that the reaction between this reagent ani
the terpenes in acetig acid solution proceeds smoothly and without
vigour, and in consequence of this it has been customary to carry
it out at a slight}y elevated temperature ( about €0° ), using an
excess of reagents. This procedure was repeatel as deseribed on
p.103, two molecular proportions of perhydrol beins useil in an excess
of glacial acetic acid in the hope that each molecule of peroxide
would attach itself to a double bcnd and give a tetrahyiric alcohol.
The reaction, however, folliowed an entirely different course. The
main product consistel of a variety of substénces, frcm which, after

hydrolysis, a crystalline glycol was finally isolated. Only a small
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- yield of this substance was obtained, but in an endeavour to obtain

a more satisfactory yield, the conditions controlling the reaction
were investigated, and an improved method evolved which yielded

abcut 40% cof the glyccl. This method has been appliel by other workers

in this laboratory with much success.

Investidgation of the Conditions governinsé the Reaction, and the

Deductlions_from_the_ Results.

Ahile limonene is completely miscible with ¢lacial acetic
acid, its solubility decreases as the acid is diluted: the oxi-
dation prcducts, cn the other hani, are soluble in the moderately
dilute acid. These facts gave an obvious and convenient method of
observing the pro;rass'of the oxidation.

Effect of the area of contact on the rate of the reaction .

That physical conditions exercise a marked effect on the rdaction
was shown while carrying out several trial experimentsd e.3. an
experiment using 10gms. of 'limonene was complete in about 4C hours
while a repeat usinZ 50gms. was not complete in 3 weeks. As the
addition of perhydrol caused the hydrocarbon to separate ccmoletely,
it was concluled that the 1ifference in the rate of reaction had
been largely due to the difference in surface contact. This was
confirmed in two controls (p.104) in which the rate of reaction
in that with a contact surface about double the other was almost
twice that of the latter. The inerease in the rate of the reaction

caused by raising the temperature was due not only to the resulting



~increase in vigour, but also to the increase in the solubility

of the hydrocarben in the acetic acidi-perhydrol layer.

Effect of & grajduel additiopn cf Perhyirol _

It was observed that the solubility of limonene in acetic
acid diluted with perhydrol was not a linear functicn of the
dilution, but dectreased very rapidly when perhyirol equal tc
about one third cf the volume of acetic acidi had been added. It
was therefore thought advisable to add the perhydrol gradually
in order that as much of the hydrocarbon might be kept in sclution
as possitle. This was found tc be hidhly satisfactory, as the
hydrocaroon was oresented to the oxidising agent in sodution,
anl in consegquence the reaction only tecame sludgdish after about
one molecular proportion of perhydrcl had been alded. The gain in
time was considerable ani the sclution 1id not darken in ceclour
on heatindeven to 80%C,as it 1il1 when all the perhydrcl hai been

aided all at once.

Ihc_réle-gt_aggiig-ggii_in-th-zgagLign-

In the traditional-method it was assumed that the acetic 2cid
acted as a solvent cnly, excess being used to keeo the hydrocarten
in solutien ( Henderscn ani 3oyi, J.Z.S., 1910, 97,T.1é52 ), and
while beneficial was not essential tc the reaction ( Perkin, J.C.S,
1907, 23, P.16¢ ). %While acetic acid, as such, is orobably not

»

essential, the results of the following investigation would aprear

to prove that it does play a mcre essential rble than that of sclvent.
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"If the acetic acid were merely a sclvent, the first part of

the reaction should prcceed with a small quantity of solvent
provided the perhydrol were adied in very small quantities, for
the bulk of the hydrocarbon is then still in scluticn. It was
found, however, that using 3Ccc. cf acetic acid for 100¢nms. cf
limcnene no oxidation had taken place at the eni of a fortnisht,
nor did the further additicn of 40cc .acetic acid improve-the
reaction.

The contrcls used in the investigation of the effect cf surface
ccntact were again broudht intc requisition. The contrcl with the
smaller surface contact had ladged, but on the addition of acetic acid
it not omly made up what it had lost byt gained on the control
with the advantage of a larger contact surface. On uniting the two
controls and adding sufficient acetic acid to keep the hydrocarbon
in solution the reacticn completed itself in 2& hours.

Using 100¢gms. cf limonene and addindg the acetic acid and the
perhydrol qradually; the crodress of the reaction was observed,
when it waé found that practically no oxidaticn took place until
about 230cc. of acetic acid had been added. Details cf this exper-
iment will be foundi on p.106

If the acetic acid were indeed a catalyst, the aidition of amore .-
acetic scid should acceierate the reaction still further, This was
actually found tc be the case, and the ;gag%iggraatgéémg éiEdEin
18 hours. (see p.106). A still greater excess ailowed the reaction

to be almcst completed in }9 hours ( see p.107). These experiments
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were all carried out between éC® and 7C°,.

From these results the ccnclusicn weould appear inevitatle
that hydroden peroxide has itself little or no acticn on the
hydrocarbon, but reacts thrcugh the medium of a ccmpound which
is jJecomposed by water but more stable ir an excess cf acetic acii,.
The ccmpound is most prcbtably aceto-hylro-peroxide. Hence, when
sclvents sueh as ether or dilute acetic acid are employed there is
no reaction. Other substances could be substituted providei they
cculd play the part of catalyst. This would explain why Wolffenstein
( supral) found acetone satisfactory, since it gave acetone peroxiie.
Iron salts were used successfully as catalysts{Hopkins and Cole,
Proc. Roy. Soc., 19C1,68, 21 ; Neuberg, 2iochem. Zeitsch, 1014,

67, 71 and 127 : Myppery, K J.S.C.I., 1913, 32, 889 ],

although the reaction was found to proceed in acetic acid solution

eve&tthe absence of iron salts. Again Prileschaaeff ccniucted his

investigations in ethereal solution with coxplete success, but

he emplcyed, not hyiroden peroxide, but its derivative benzoyl-

hydfoperoiide, which, having itself the characteristics of the

previous intermediary compounds, required no activating solution.
The fact that two molecular preportions cf perhydrol

were requjred, and that no evidence of a tetrahydric alcohcl was

obtaindd, showedl that the reaction was not one of simple addition

of the rupturei molecule of hyiroden peroxide. It might be suggested

that thte excess molecule of peroxile is requirei to establish

§he equilibrium necessary for the reaction, for there is no indic-
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~ation of free cxyden being liberated until mote than one molecule
of perhyirol has been aided, but neither of the arguments are
specific.

As the result of these investidations it was decided tc
conduct an oxidation at room temperature using a quantity of
glacial acetic acid somewhat in excess cf that required to ensuré
the ccmpletion of the reactién: in a reascnable tipe. To dc¢ this
efficient mechanical agitation was necessary. This provei very
satisfactéry. As the yield of 'glycc! was much improved by this
method, it was thcocudht that a further addition ~f perhydrol wouli
woudtd give the tetrahyircxy derivative. No agitation was required
as the additicn of two molecules of perhydrol results in products
whicgfgompletely soluble in the acetic acid present. The experiment,

however, was quite unsuccessful, resulfing in a product, which

although clear and colourless, was entirely resinous.



Sy

[

Products of the Reaction.

On ozzasion 2 small quantity of terpin hyirate was obtaineid
in the course of oxidation. This coull be crystallisei from the
ethereal sclution of the oxidation proiucts. The main prodiuct
ccnsistel of an 0il which ccntained a number of ierivatives.
Part appearedi to be scluble in water, but on attempting to separate
the soluble from the insocluble portion, the o0il e2mulsifiei ani
renierei this methol of separdtion useless. fxhagstive treatments
with sodiur bisulphite ani with semicarbazide hydrochleoriie 3gave
only a trace of ketone ( or aliehyie ) stoo small to be iientified
With the latter readent a yellow amorphous substance separatei,
This crystallised from water in well defined yellow cubes ani in
irregular flake; according to coniitions. It was founi to be
insoluble in alcohol, ani was a product of the polymarisation of
semicarbazide, Distillation in steam, before ani after hyirolysis
with alecocholic potash, gave no s2tisfactory result, as the oils
obtained were as complex as the original proiuct, the process of
iistiliation causing partial deccmposition. The larger portion was .
4istillable in steam. It was unsaturated anl gave on analysis
T = 171,009 H= 90,88 % .

%hen the prolucts, after hyirolysis, were 1astillei at re-';
jucei pressure more isfinife results were obtainei ( details on
pa1r1d) . In aiiition to very small guantities of low boiling oils,
svelling of =ucalyptus anil peppermint etc., three fractions, differ-

ing widely in viscecsity, were separated, but repeatei fractionation
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failed to Zive any well iefinei fraction ani causei consiierable

resinification. The three fractions were roughly as follows:-

(1) A olsar, pale ymlTow, mobila liquid B.,P, 110-112° C/ 10mr.

(2) A olear viscous liquid B.P. 140-143°C /10m=.

(8) A vitreous sami solid, B.P. 150-153°C/10mn.
In addition toc these, a small quantity of a solii coniensei on the eni
of the condenser in the form of a white snow. It 1istilled over
about 180°/ 1Cmm. just before 1ecomposition bagan ani liquified
impediately the vacuum was broken.

All thres fractions Zave solium derivatives, which on analysis
gave results which corresponied to one ani two hyiroxyl Jroups in
the molecule. They were 211 unsaturatedl, the unsaturati¢dn deereasing

as the boiling point of the fraction inzreased,

% Na in % Na
Praction
Sodium Darivativae raquirad for
110-112°C/ 10mm, 9.5 ‘
71 oHt‘(ONa)g = 21,3%
140-143°C/ 10nnm. 22,7
~ . =
150-153°C/ 10mm, 16,1 J10H17:0Na 13,04

From these results it would appear that the mpiidle fraction is
almost entifely composed of a dihyiroxy derivative., That the
result is high is not surprising, for it is impossible to exclule
water completely in the preparation of these hiZhly hy3rcscooie
sgbstances: this prciuces caustic scla anil a corresponiingly high
result for Na in the solium derivztive. It would further appear
that the lowest fraction contains seconiary proiucts, or at least

proiucts without a hyiroxyl Zroup, anil that the highest fraction



is mainly a hyiratel compouni, i.e. it has been formel by the
ajiition of Ho0 ani has the formula Z;0H;,.0H., but contains a
certain quantity of the dihyiroxy compouni of the miiile fraztion.

From the midile f#action A®('% pmenthen.1:2 diol was
finally obtained in rather a ncvel way. In order to iniuce crystall-
isation, all conceivable solvents hal been usei, both in the anhy-
ircus coniition ani when suitably diluted with water; even liquid
air hal been used without result. On treatmant of the o0il recoverei
from the preparation of the solium ccmpcunis with acetic acif, small
crysyals were obtained,which again liguifiel on drying in a vacuum
iesiccator. This was thoudht to be Jue tc the loss of water of
erystallisation, anl sc it provei to be, for on rubbing the viscous
liquil with a rcl moistened with water crystals were again formei.
Thereafter they were reaiily obtained from a3eocus solution,
especially if a little benzene were aided to float off aiherinz
cily prolucts.

An gttempt tc isolate the obroluct of hydration,iniicated
in the highest fraction,was only partly successful. H3r was passed
into an ethereal sclution of the oil which remainei after the
Zlycol hal been removed. A crystalline derivative was obtainei
ani purifiei from ethyl alcohol ( methyl alcohol h&irclyses it).
It was somewhat unstable ani only twec fecrystallisations werse
possible. It melted at 44-45°C, ani contained 53-5¢ 2r. ( Z,0Hge3F2
requires 53-284¢ 2r.)It was expected that iipentene iihyirobromiie

wouli be formed, but the compouni could not be founl in the literature.
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"As the substance from which this compouni was prepared was

unsaturated, and presumably nct a hydrocarben, it must be can-

cluded that tﬁe original substance had the formula ZT,0H:,.0H,

Ci10M1g and CioHi1g(OH), being ruled out for the two reasons Ziven).

Repsated attempts to prepare a phenylurethane only gave
diphenyl-urea m.pn.288.5¢% . N = 138,404 ,;(C4 Hg.NH),.C:0
requires N = 13,31% .,

Attempts to prepare a nitrobenzoate were almost as un-
successful. Only on one occasion was a small yield obtained.
Aftger purification, it crystallised in light flakes with a strong
silvery lustre. Tt melted at wo©°,

Terpin_Hydrate., This substance is well known, but the

following properties 40 not appear to have been previously mentioned.
The substance is readily volatile in al¢ohol. If a scolution in
alcohol te allowed to evaporate rapidly in a flask stoppered with
cotton wool, long needles of terpin hydrate suspend themselves
from the cotton wool. Distillation of an alecoholic solution is
th#s an obvious andconvenient way of purifying the substance.
Owing to its teniency to sublime, the melting point is not easily
observed and must be done in a sealed tube.

The_Glycol. Analysis of this substance gave C = 90,82 ;
KB = 10.51% , Ci10H;402 requires C = 70,67, H = 10.68% ., It is un-
saturated and when thoroughly dehydrateid melts at ¢7-5°C, It is

clearly the product of Prileschaaeff (Q.883 . It is almost



‘certainly the"soliil" obtaineil by 3lumaan ani Zeitschel ( 3sr,,
1914, 47, 2623 ), anl likewise the 3lycol iescribed by 3inzbers,

( 2er., 1828, 29, 1200 ), It is thersfore “A* (1% 5 Menthen.l1:2 1iol.
It crystailises from watér,in whizh it is soluble to about 10% ,

in pearly flakes, which effloresce in air anl contains 3 H,0Q0 in

the crystalline form; theses can bs completzly removel in the course
of several days in a vacuum 1esiccator over sulohuric acii. The
substance melts to a clear liquil which is appreciably volatile

at 100°, at which temperature it is sli¢htly volatile ani soon
becomes 1iszolouredi. It is even slishtly volatile in a vasXuum
jesiccator, as shown by the continuel discolouration of the
sulphuric aciil in the desiccator anl the steddy loss in weight
which accompanies continuei desicecation.( s2e p.ll4). Its solution
in alcohol is optically inactive, anl in this respect differs

from what is almost certainly the optically active form of the

glycol describei by Romeo (p.90).



Part II.

Txverinental.
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EXPERIMENTAL.

P LTSS

Preparation_of the Hydrocarbon,

0il of Bitter Orande was washed four times with a dilute

sclution of NaQOHd to remove acids, and then with water - a large
excess prevented emulsification - until a&ll trace cof alkali

mas removed. The resuiting oil was freed from resinous material
by distiilation in steam., This Jave a clear colourless cil,
which was dried over CaCl, and distilled with fractionating
column, The first distillation was collected in two fractions,

" below 170° " and"17C0°-185° " , These were redistilled in
fractions, 170°-175°, 175°_1789, 178°-180% , On reiistillation,
fractions were taken at each 4°, starting at 175° / 759 um.

The Optical Rotations of the fractions were as follows,.

Maan Values
Fract ions

8

[a)?

D
178° + 94.838°
176.5° + 94.,690°
177° + 96,60°
177.6° + 97.57°
178° + 98,.34°

The graph of these results ( p116) shows that the Limonene
is to be foynd in the fractions between 17€°5° and 177°5°,

In the final distillatién, these fractions only were retained
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The thermometer was not totally immersed., The corrected read
ing would be 175°5°=17€°5°, The rotation of the redistilled

sample was + 96°89° ( mean of six readings) The other constants

< € .
were d,,* 08453, n3%"j.47s59,

Oxidation of Limonene.

In the oxidations glacial acetic acid was used as solvent
anl hydooden peroxide was added in two molecuiar proportions,
and the whole allowed tc react at a temperature about €0°,
until the layer of hydfocarbon had entirédy disappeared. The
time taken for this reaction varied within a wide range, and
experiments were carried out to discover the cause,

A trial experiment with 10 ¢ms. Limonene was complete in
49 hours, A repeat with 50 ¢gms of the hydrocarbon hai not
completely reacted after 3 weeks. The aiddition of more perhyirol
did not effect the oxidation desired, Tne only conclusion
which could be drawn from these results was that the hydrocarbon
was thrown out of sclution by the addition of the perhydirol,
and that the reaction thereafter was extremely slow, being
dependent on surface contact. IWQhe trial experiment this woulid
be very much greater:

If was thought that the gradual afidition of the perhydrol
would overcome this difficulty, as the hydrocarbon wold be re-
tained in solution until the rcaction was well advanced, Its

applicatién was entirely satisfactéry, the reaction 2cing
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rapidly at first, and only bscoming sludgdish after about one
molecular proportion of perhyiral had veen addedl The gain

in time was:comsiderable and the sciutién did not darken even
om heating to 80° anl over,as it did when the perhydrol was
agdded all at once,

As the ¢gradual addition of the perhydrol had been successful
in reducing the time of the reaction it was thoudht that it might
be used to reduce the excessive amount of acetic acid requirei
for the rea¢tion. The proportions used Qere‘Czoﬁx., 100 ¢ms.,,
CHe .COCH, 240 cc., H20,, 1€0 cc., To test this 100 gms. of
Limonene were dissolved in 30 cc., ¢lacial acetic acid andi 20 cec.
perhydrol added gradually during the course cf a fortnight.
Practicallly no oxidation taok place. The further suddition of
40 cc, acetic acid and €0 cc., perhydrol did not produce any
appreciable result,

The influence of the area of surface contact on the
rate of reaction was now investigated, The above mixture
was divided into two portions; one of which was placed in
a1l litre flask, and the other in a % litre, and kept unier
similar conditions. The volumes of the layers were measured
at intervals, The results show that the reaction, although slow,
is appreciably affected by the extent of the contact surface,
The amount of solvent was now increasel in the szaller flask
with the result that it made up in a night what it had lost

in a week and actuaily Zained on the ather., This shows cone
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clusively that the rate of the reaction is d1ependent on the

intimacy of contact.

BEffect of Contacot on the Rate of Reaction,
In 1 Litre Flask In % Litre PFlask,
Time beatwean Volunas Vol. of Volumeas Vol., of
Temp.
Obsarvations. of Layers Limonane of Layears Limonanea
oxidisnmd oxidisad
4000, 4000,
78c8. 7808,
50°
-]
4 days 20 82c0. 800 . 84co 8co.
85048, 8400, :
Addad 40co. Q02 to each,
33¢co. 840cc.,
12400. 122098,
50°
3 days 20° 24c0 . goo ., 29Qc0., 800 .
132c8. 126808,
Added 10cc. CHa .COCH to 3 Litre Flaskd:
2409 2900,
1820cc . 13 680c"
58°¢
1 day 20° 2300 . 100. 2160. 800,
1338¢c., 14400,
On experiment it was found that while the hydrocarbon can be
dissclved in acetic acii ani thrown out with water, the pro-

ducts: of oxidation remain in sélution,

being soluble in acetic

acdd diluted to a considerable extent with water, The volume

of the hyirocarbon layer is therefore an excellent measure cf

progress of oxidation,

The above experiments were again united and sufficieng



acetic acid aided to keeo the hydrocarton in solution § a tctal

10

of 270cc,) After 24 hours oxidation was foundi to be complete,

A confirmatory experiment was carried out, adding the

7

two reagents gradua lly anil observing the prodress of the reaction

Tima batwaan Vol of
Obsarvations ;;;.SZOH Total Hy 0, Total
30co. 30¢c0 2000 2000
1 day 30 " 5 " 25 =
2 da¥ys 10 " 40 " 10 " 356
5 dayw 10 & 50 * 10 " 45
8 days 3o " 80 " 20 * a5 »
8 days 50 * 130 " - 65 "
's days 50 " 180 * - 85 v
2 days 50 " 280 " 3o " o5 » (*)
10 days 20 " 250 " 20 » 115 "
(*) Tha reaaoction, up to this point very slow, bagan to

There was

solvent, ani

t he

reaction still further,

below

increasa

reaction

to

rapidly.

now no doubt that the acetic acid was more than a

if so, something more than that required toc 31iow

praceed = shculd increase the rate of the

Voluma of T
T ime
Limonana Layar,
80coc .
18 hours 35 »
3 days i3 "
1 day 18 " ( added
1 day 5 o0,
1 day 5 oco0.

10 oo

H

This was found to be the case as shown

3%3)
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Purther evidence of the essential réle which the acetic

acid plays in the reaction was obtained in an attempt to
use ether as solvent, 10cc of Limonene were treated with
5cec., CHs .COOH and 10cc, HgQp in 30cc. ether ( the CTH, .COOH
was added as a catalyst ), It was hoped that as ether is
appreciably soluble in water it wcouid retain some of the hydro-
carbon in the perhydirol layer, and thus remove the necessity
of the excess of acetic acid, The experiment was entirely
unsatisfactory, from that point cf view,

On the other hand a still more liberai excess of acetic acid
allowed the reaction to be comoleted in less than two days,
50¢ms. Ci0H16 , 50cc. Hp0, ( instead of 8Occ.) ani 160cc.

CHs .COOH ( instead of 125cc.) wre allowed to react at €0%

Time Voluma of Volume of
Aoet ic Acid Limonana
Layar Laysr
1950¢c, 580c0.
8 hours 217 " 81 "
190 " 289 * 65 ¥
22 " 244 v o "
47 "

In all these experiments the traiitional temperature, ,€60°, was
used, The yields, however, wers poor, anl it was found much
more satisfactory to carry out the experiment at room temperature,

For this to be successful mechanical agitatiion~vas essential
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and as the hyirocarbon is less soluble in the slightly diluted

acetic acid at room temperature than at €¢0° more acetic acid was
required, The following is an example of a "cold" oxidation.
100 cc. Limonene were dissolved in 375 cc. ¢lacial acetic acii,
and perhydral added, in 20 cc lots a$ intervals, tp a total of
180 cc, In 12 hours the reattion had just begun; at the end

of a week about &6 § of the Limonene had been oxidized, in 10
days only about & %0 10 cc remained unattacked, which required
from & to 8 days to oxidise: The whole oxidation therefore
pccupied from 14 to 18 days, instead of 2 days in the oxidation
at ¢0°; on the other hand ths yiedd of definite product was
increased from 4 to 4¢ «.

From half of the above the products of oxidation were
extracted as wiill be described later. The éther half was -
treated with more acetic acid and an excess of peroxide in
the hope that a tetrahydrate or erythritol woull be produced,
As the addition of perhydrol no longer caygsed the formation
of a double layer, no agitation was necessary, The solution
was allowed to stand for a fcrtnight, There was still an excess
of perhyircl present as shown by the pressure of escaping
oxygen in the flask., As the result of about 40 extractions
an oil was collected ( about 80 g of the possible yield ),

Fven cold aqeous 3@ 0H), resinified this oil completely,
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BExtraction of the Oxidation Products.

To the solution in acetic azid, containedl in a flask of two

litres capacity and fittel with a 1elivery tube passing into

a wash bottle containing Na,TCs, there was aiied a strong solution

of Na,Z0s until the 3ciil was just neutralised. The solution was

used insteail of the cristals as the latter causss the formation

of solil sodium acetate, anl is also lzable to zause violent

frothinZ towaris the eni of the neutralisation. The solution

could be controllel much more easily. fhen cold the neutral solution

was thoroughly extraeted with ether. As a2 rule from 8 to 10 ex~

tractions were necessary but sufficient; on one oceasion as many

as 40 extractions were eequired, but the products in this instance

were resinous. ?he 2thereal solution was dried over sodium sulphate,
On zoncentrating this solution, crystals of terpin hyirate

separatel on one occasion., The meltind voint of this substance

is 1ifficult to obtain owi;gatg:it ggsﬁimes. Using an oriinary

melting point tube it was founl that the meltinf point variej

from 102° tp 112°, ani repeated crystallisations 1i1 not raise it,.

In 2 sealedi tube it melted at 118-117°, On analysis it gave

~

A= gz.84% H = 11.53% : T108,e(0H)s reguires 7 = 63.10%
H= 11,664,

“omplete removal of the solvent left a3 yellow, viscous oil
having a sweet smell sugzestive of an ester, It was treated ex~

haustively with NaHSOs ( maie by passingd SO, into Na,TQssolution
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'until supersaturated, allowing tc 200l ani using the supernatant),.
The mixture was allowedi to stani for several weeks with occasional
shaking., Crystals were deposited. These were washed, with alcohal
ani ether, 1ecomposed with solium zarbonate ani distilled in steam,
The distillate, however, only yielieil the merest trace of aliehyis.
Treatment with semicarbazite acetate ( male by mixing a
concentratel solution of semicaebazile hydrochloriie with a solution
of the equivalent amount of potassium acetate in alcohol ani
removing the precipitatel KZ1,) <dave indlications of a solil deriv-
ative,anl a thorouzh trial was male. As the removal of the alcohol
necessitates a jistillation, it was thou¢ht aivisable to test the value
of 1istillation in steam as a method of separating the products. ,
The ndutral proiuct was treatei with an excess of semicarbaziie

acetate and allowed to stanl for about three weeks, at about &0°,

At the eni1 of that time some solium acetates anl potassium chloride
hal s=2parat2si out along with a quantity of a yellow solid. This
was founl to be insoluble in alzohol ani ether but slightly soluble

in water, from which it couldi be crystallised in reJular cubes

anl fine flakes., It melted at 245-24¢8°., Founi N =807%. 2 value
which 10d4s not agres with the semicarbazode of a mono-Betonz or

with that of a2 1i-ketone which require respectively N = 21-1, ani

N = 3114 , 1t is clearly a proiuct of polymerisation of semizar-
bazile itself. The resijual alcohdlic solution was 1istilled in
steam to remove the solvent: a small quantity of oil was also

carriei over. The remaining oil hud separatedi into two layers, a
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part bsing soluble ani a part insoluble in water. These werse

1istilled in steam, anil the resulting oils hylrolysei. In every
case, there was obtainel 32 neutral proluct, a brown resinous
viscous acii, ani a thick resin. The yislis were very poor ani the
proiucts no more easily isolated than the original oils.

The anoumt of allehyle or ketone being negligibie, these
treatments were not repeatel.

The nesutral oroiuct from the hydrolysis of the o0il was
iistilled. A drop of clear oil distillel at 98°C/ 759 wam, ani
smelt of eucalyptus. The 1istillation was then coniuztei at reiucei

pressure giving at 18mm. the following fractions,

Boiling Point Dascsription
18nnm,
6Q° A veary mobilea o0il ( small quantity)
804£160° . "
160-¢480° R visoous, but olaar ard colourlass oil
180~ 200° A olaar but sami~so0lid product,
2860° A white snow which 1liquified on breaaking

the vacuym, ( a drop )

Thare was no stationary boiling point during the distillation.,
That a rough separation hal been achisvel was shown by the iiffer-
ence in viscosity, ani the methol was applied to a fresh gquantity
of the oxiiation proluct after hyirolysis with methyl alcoholic
posashu

About 50% of the oxiiation product resinified in the process

of hyirolysis: of the remaining 50%, about % iistillei below 120/10mm,
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another ¥ between 120-130° / 10mm., ani B between 180-200° / 10mm.

The last fraction showei a cleavaZe like a resin, which 1isappearei

on staniing. On 1istilling these fractions ssveral times under

reiucel pressure, considerable resinification took plaze ani the

lower ani hizher fractions teniel to iisagpear. The fractions finally

became at 10mm.

Boiling Point

70-80°

90-110°
110-135°
1836-145°( 142°)
145-170°) 152°)

170°-

Dascription,

drop of a olaar liquid

olrar mobile liqaid (small quantity)
" "

6laar visodus liquid.

more visocous oil

resin,

In the hope of obtaining a crystalline substance from at least

one of these fractions all kinls of solvents were used incluiing

benzens, petroleum ether,

acetone, carbon tetrachloride, water ,

alcohols, ethyl ac=tabe, acetic acii. The solvents were allowed

to evaporate slowly. They were 1iluted, left for periols in a fresz-

ing mixture, ani in an ize chest. Even liguid air was triei as a

means of injucing crystallisation, but without result.

As mentionei in a previous section the process of fractional

iistillatiéon under r2iucei pressure failei to separate the con-

stituents of the oil after hylrolysis, but it at least showsi that

there were three constituents present - a mobile o0il 2.,P, about

110°/ 10mm. ; a2 viscous liquii B.P. about 180° / 10mm. ani a
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semi-vitreéus solid b.p. about 150° / 10wm. With the object of

ascertaining the number of hyiroxyl Zroups in these fractions

they were treatel with metallic soiium in iry benzene. 30lid
solium derivatives were obtainel in all three instances, These
were filterel off and washel with dry ether as quickly as possible
anl weighed after drying in a vacuum issiccator. The compounis wsere
iecomposed with sulphgric acii ani the solium weished as Na,30,.

The results were

WT. of
Praction Wt, of Na2SO, % Na,
Na derivative

110-112° 0.1824gm. 0.0478gm, 9.5¢%
140-142° 0.1680gm, 0.1186gm, 22.7%
150-158° 0.2535gm, 0.1285gm, 16,1%

10H1¢.(0N2), requires 21.3% ; Z10H19.083a rejquires 13.0%.

The significance of these r2sults has been iealt with else-
where,

From the miidle fraction there was eventually obtainei the
srystalline dlycol in a way deszribed on p.99 . As oxidation in
the traiitional methol hal given only a smwall yield of this
interesting substance the methol describsil on p./08 was appliedi,
hylrolysis beinz effected with a solution of barium hylroxide in
methyl alcohol. The Jlycol so cbtained crystallised in pearly
flakes, which 2ffloresced in air. If oressei on porous pot ani

placei in a vacuur lesiccator, these became liquii ani then
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idcourse of time, solilifiei to a hari, vitreous solidi. If driei

slowly, howesver, it 2ffloreseed to a white amprphous powier. It
has no 1efinite melting point in the crystalline coniition,
beginning to melt at 50° ani continuing to 58°, but if thoroushly
iehyirated it melts at 67-5°, An attempt was male to estimate the
water of crystallisdtion by-ifying at " 1C0°, but the substance is
listinctly volatile at that tempersture, ani althouzh stable at
orlinary temperature it bedins to'resinify alrost immediately at
120°, An approximation was obtaineid by‘abstracting the water of
crystallisation over sulphuric azid in a vacuum iestccator. The

following are the results
Loss in Wt,

Wt. of orystalline glycol . . - e« o o o0.,5789gnm.

We after 5 days in vacuum desiccator . .0.4400" «13809gm.
" 2] " " " e +Q.48FE" «0084"
" 8 " " " e +0.4312" «0004"
" °) " " " .« +Q.,4308" «.0004"

The 1iscolouration of the sulchuric acii showei that the substance
was subliming sliZhtly; in consejuence,the loss of weight due to

abstraction of water alone can only be approximately estimatei.
Taking the loss iue to water as *1443m. i.e. 24°8% there woulil
aﬁpear to be 3H,0 in the crystalline molecule giving 24-14 ,
Analysis of the hylrated substance gave Z= 703-¢2, H =10-51 ;
corresooniinz‘to Z10H1 802 which requires 2 = 7057 , H = 10-€8 ¢,
A selutien of the substance in alcchcl was optically inactive,

It is unsaturated ani can be no other than A® (1% p Menthen.1:2 iial

being represented in its crystalline ccnlition by Z;o%1,.(0H)s.3H,0,
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Repeated attempts to prepare its nitrobenzoate were unsuccessful

On passing dry H3r gas through an ethereal solution of the
oil frcm which the glyecl hai been removel, keepins the temperature
low by surrouniing the solution &n a freezing nixture, crystals
separatel, These were unstable but enough was obtainel to allow
of three crystallisations from ethyl alcohcl ( the substabce is
quite unstable in methyl alcohol ) The purifiei ccmpouni, which
crystallised in pearly flakes melted at 44-45°, An estimation of

Rp by Carius' methol Zave 53°5¢ Br, CioH;eBr, requires 53-64¢ Br.
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Graph_sghowing Qﬂanées M_Mg_qule Botation. of Fractlons

of 0il of BLt-ter Orange ( Limonene Fraction).
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