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CAMPHENANIC ACID, its ISOMERS &
DERIVATIVES.
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. INTRODUCTORY

VMuch research has already been Adone on the constitution 6}'_
Camphene ani Bornylenevfor the purpose of gaining knowlegg§ 
of the structufe of these two substances snAd their relatish-‘
ship to one another. This inguiry into the nature of fhese
hyArocarbons by means of oxidising agents was begun as férjl:v
back as 1859 when camphor was obtained by the oxiAation 6? : 
terpene hyirocarbons. Since then the knowléage of these
substances has gradually increase® and at the present Aay
there is a mass of literature an?® much Aiversity of opinion
regariing the conséitution of Cemphene andi Bornylene and
their derivatives.

Yuch interest attaches to the aci’d oxidation products of
Bornylene and Camphene and it is in order to try‘to correlate
these various acids and throusgh them to throw some light on
the relationship between Bornylene and Camphene that this
work was undertauken.,  The work here submittel is an account ;4
'of four acids obtained by the oxiAation of Bornylene an? |

Camphene an” some derivatives obtained from these acids.:



THEORETICAL -~

In 1900 Bredt and Jegelke (Annalen 1900 310 112) obtained
by treatment of Camphene with Chromyl Chloride, an aliehyde -
camphenilanaliehyde Cg Hjps CHO. This aldehyde they found
was spontanecously oxidised in air giving camphenilanic aciﬁ
CyH; 5CO0H. Further they found that this acid can be easily
transforme? by the action of hot concentrated nitric aeciAd
into a stcreoisomeric acid, iso camphenilanic acid.

Later in 1911 Ienderson & Heilbron (Journal of the Chemical
Society Vol. 99 1887 ) obtained from Bornylene by the aCtion ;
of chromyl chloride two compounds, a chloroketone C10H; 50CL J
anl a smallér guantity of camphenilanaldehyde.  This aldehyde'
was found to contain a small guantity of iso camphenilanaldek -
hyie as, on sponfaneous oxidation in sir camphenilanic acig
was obtaine? mixed with & small guantity of iso-camphenilanic
aciAa, They observed also that the camphenilanic aci? so
obtained was gradually transfbrmed into iso-camphenilanic amld.i
on repeated crystallisation from water, alcohol, or light |
petroleun but remsined as camphenilanic acid on crystallising

- from Ailute acetic aciA., Murther, the acii remained unchangedf

on heating for some time above its melting point or on exposing'

to Ultraviolet%lighﬁ. Tinally they foun? thati the acild was

transformed into the iso-ecid if camphenilanaldehyde semi-~
-carbazone was prepared and was then Aecompose” an” the élde-
hyde so liberated allowed to oxidise in air.

In 1911 Tenderson & Sutherlan? (Journal of Chemical Society

Tol., 99 1539) oxidised camphene with 30% perhyArol and
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obtained various dxidation products of which about 50%

were acid products. This mixture of acids consisted

principally of a monobasic aciA 09H COOH, a crystalliné

15
so0lid of melfing point 95°C and a smaller quantity of

another crystalline aci? of formula also Cy COOH which

Bs
has melting point 70°C. The Acid of melting point 95°

has been given the name camphenanic acid, the aciA of
melting point '70o was [found to be identical with an acia
obtained by Aschan of M.P. 74°C when pure. In 1911

Aschan ("Ofversigt af Tinska TVetenskaps-Sociectetens Torhand-
lingar BA LIII AfA, A.L:0 12) obtaine?, by means of oxiA-

ation of camphene with Potassium permanganate in acetic acig

solution, two acids, one Camphenanic Acid of llelting point

959 the other iso~camphenanic acid of .7, 74°%~ 769C ijentical

with those obtaineAd by oxidation of camphene with Terhydrol.
Finally in 1913 Henderson & Caw (Journal of Chemical Soéiefy
Vol 105 1544) obtained, among other proAucts, camphenaniec
an’? iso-camphensnic acids by the action of Perhy?rol in an
acetic acid solution of Bornylene.

These four acids, therefore, all obtained from both Bornylene

and camphene have the formula ClOH O, and behave towaras

16
reagents in a very similar manner. Their behaviour towards
reagents an? their formation from Bornylene an? Camphene

point to the likelihood of thePp being a great similarity in

consti tution.

hahs 2nk o N e mT M7 A T
TRERARATION QO™ ACINS

n orcr to investigate the nature of these four zcits the
[«

i1
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were prepares in comparatively large quantity using in each =

case the method which appeared to give the largest yield.

L PREPARATI O OF CAIPHENITANIC ACID

This acid was obtained by the action of chromyl chloride on
camphene accorfing to the method of Bredt & Jagelki (Annelen é
210 121). Camphene was subjected to the action of

chromyl chloride Aissolved in Carbon Aisulphide whereby a

solia additive product was obtained, CIOH16'2' Cr05Cl;. This
was Aecompose’ with water yielding camphenilanaliehyde whicp .
was then allower to oxidise in sair ana the acid so obtaineAd
purified by crystallisation from Ailute acetic acid. Iso~-
cémphenilanic acid was obtained in small quantity alcng with
the camphenilanic acid but was easily separated from it as iso-
camphenilanic aci? is much less soluble in acetic &cid and
separates out Pirst on crystallisation. This, along with the i

iso~acid ohtaine? from camphenenic acid constituted the source

of iso~-camphenelanic acif at first user. Further gquantities

were obtained by a methof Aescribea leter,

CAMPHENANIC ACID.

It was obtaineA from the oxidation of camphene with perhydrol

in acetic aeia golution. Cam;hene was Aissolved in acetic aecid,

2 molecules of perhydrol addcd and the mixture kept heates to
400 - 60° ¢ for several weeks.When the oxidation was thought to
be complete the acid products were separated from the neutral
produets by neuntralising the mixture with sodium carbonate in

this way o mixture of scids was obtzined? a87 the sogium salts
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of the acids. These were separated from the neutral products
and the acids obtained by aci”ifying the mixturé with Ailute
sulphuric scia. The acids separate” as & erystalline soii&'f:
and proved to be a mixture of acids meinly camphenenic acid
with samll quantities of sn aci? Aescribed by Aschan as iso-
camphenanic acia. The mixture was subjected to fractional
crystellisation and in this way camphenanic anAd iso-camphenanic
acids were separate?, The isp-acid appecars to be much more
soluble thg% acetic aciAd than camphenanic acia.

These two acids were also obtainea by the oxidation of Borhyiéﬁe'
with Terhyfrol in acetic acid solution. The acids in both

cases were foun? to be identical.

The fouf acids - camphenilanic, isocamphenilenic, camphenanic
an? isocemphenanic seem very closely relate® as has already been
shown by the various investigators. Camphenilanic anA iéb-
camphenilanic acids appear to be true isomers, the other two
acids it is Aifficult to expleain. It seeme? possible that some
indication of the constitution of these aciis and their con-
nection one with another migh! be obtaineAd by using the method

emplce? by Zouveau & RBlanc (Comptes Rendus 1903 136 1676

137 60) i.e. of rerucing the methyl ester of an acif an? thereby

obtaining from it the corresponding alcohol.

Bouveau & Blanc founA that sterting with an acid R.CCCH angd
preparing from that an ester R.CCO.Me and refucing this with
alcohol and sodium they obtained the correspon’ing alcohol

R.CEg CH-
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According to this it seemed probable that by preparing the

methyl esters of these four acids and reéucing them,alcohoiéﬁ'
could be obtained? from them which might be the same or Aifferent
an? which might, on‘investigation, help to prove the relatidnéﬁiﬁJ‘

of these aciids,

Tith this en?® in view the methyl esters of camphenilahic,iso—
camphonilanic, camphenanic and isocauwphenanic acids, respectively,

were prepared.

These esters are all colourless, syrupy liquids of agreeable odour
an? they Aistil with 1ittle Aecomposition under Aiminisheﬁ‘pféSSure
The boiling points of the esters are either identical or sc close
together that no difference can be detected. Tor example: the

methyl ester of camphenanic acid boils at 103°/21 mm.

The methyl ester of iso~camphenanic acid boils at 1040/22 mm
The methyl ester of iso-camphenilanic aci? boils at 103° - 1059[22

, mm.
and that of camphenilanic acid at 104/22mm.

Bredt founA that the methyl ester of camphernilenic acid,whﬂfh he

obtained by a Aifferent method boiled et 99°-100°/12 mm. ;

That these esters are not identical substances is shown by the

fact that on hydrolysis of each ester the original aci? is
liberated except in the case of the ester of iso~camphenanic acid.:
Yhereas in the case of the esters of camphenanic, camphenilanic

an? iso~-camphenilanic acids they yield, on hydrclysis the corres-

gonding acids, camphenanic, cumphenilsnic an? iso~-camphenilanic
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eacids respectively, the ester of iso-camphenanic acid yields a
mizxture of acids. These were carefully fractionally |
crystallised from dilute acetic acid anA it was found that,. taking
the crystals in smell crops, the first crop yielRed an acid of
melting point 117°-118°C whilst the other crops yielded an acid

of melting point 60°-65°C.  This points to the probability that
the so~called isocamphenanic acia obtained by Aschan (Tinska
Vetenskaps~Cocietetens) and by Henderson & Caw (Jounal of

Chemical Society Vol 103 1546) is not a simple acid but a mix- |
ture of camphenilanic and iso-camphenilanic aciAds. These two
acids it has been observed show & grealt tendency to form mixturesi
of constant melting point (Henderson & Eeilbron J.C.Z. 99 1895).i
It séemé possible therefore that iso—caﬁphenanic aci? is not an
individual acid but a eutectic, composed of a mixture of camphen-
ilanic an? iso-camphenilanic acifs, which crystallises sas @& Single
substonce. The cgleium salt of iso-camphenanic aci” was prépared
to compare it with the ca salts of camphenilaniec, iso-camphenilanic
and camphenanic acids and it was found to have formula (CgHj5C00),
Ca. S5HzC when crystallised from cold water. 7"rom hot water it
separates out as anhy?’rous calcium salt, Bredt & Jagelki found
that the calcium salt of camphenilanic aci® wes obtaine? from
hot water as an anhydrous salt. Aschan also foun? the caleium

salt of iso-camphenanic acid to crystallise with 5H,0 as also
I 3 2

camphenanic acid calecium salt, The calcium selt of isc~camphen-
ilsnic acid crystallises with ZE.C (innalen 310 130).  So-that
- A

the caleium salt of iso-camphenanic acid seems partly to uphold

Lschar's view that the acia is a Aefinite acid fistinet from
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camphenilanic and isocemphenilanic acids whilst its behaviour
when crystallise? from hot water seems to show a similarity
with camphenilanic aéiﬁ. Aschan, in fact, believes campheranic
acid and iso~camphenanic acid to be another pair of isomeric
acids quite Aistinet from the cam-henilanic ane® iso—camphenilanic
acids first investigate® by 3BreAt & Jagelki (Annaslen 310 112).

A

The methyl esters of these four aciﬁsgéfepareﬁ by the method of
Terner & Seybold (Berichte XXIVII 3258)}%% a method which
éxcludes as far as possible the chance of intramolecular rearrénge-
mentjso that the methyl esters may be taken as the true metﬁ&l

esters of the acids,

Turning to the reauction of the esters, the methyl esters of
these acids were each in turn reduced according to the method
used by RTouveau & Blanc (Comptes Rendus 1903 136 1676) on
various monobasic acids, The ester was Aissolved in four times

its weight of absolute alcohol an? added slowly to the calculated

quantity of sodium. The reaction went smoothly and a fairly
good yield of the new alcchols was obteined. These alcohols
proved to be identical in every case so that from four Aifferent ‘E
acids the same reduction alcohol is cobtainer. This alcohol is
probably the alcohol correspondin, to camphenilanaldehyfe and is

evidently the parent substance of =211 four aciis.

Turning now to the bye-product, obtaired during reduction, after

., ure . c as
reduction waz complete the mixtewe was Adiluted and steam-Aistilled,
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The.liberated methyl end ethyl alcohol Aistilled over first and
finally a solid substance, the reauction product. mhis was
collecte? and laid aside for investigation. The residue in the
flask after steam distillation was thenacinified and the acid so
obfaineAd collected und recrystallise® end meltlng point fetermined.

- 4
1

It was found in each cese, no matter which methyl ester formed the
starting point that the acir bye%proauct from the reduction is
iso-conmphenilanic acin, 30 that in some way Auring the reduction
the larger part of the methyl esfer is reduced whilst a small pro-
portion undergoes hy’rolysis and intremolecular rearresngement and
formg the sodivm salt of iso-camphenilenic aciAd. It is epparent

c’s%

thet camphenilanic aciA is the ultimate and stable form of all

three acids, camphenanic, iso-camphenanic and camphenilanic acids.

This formation gf iso-camphenilanic acid from the iomeric aclds{
though greatly reilucing the quantity of these acids for further
investigation;formed a convenient source of iso-camphenilanic ecid

during the research.

Whet the connection between these acids camphenanic, camphenilsanie
and iso-camphenilanic is it is Aifficult to understand but if iso~-
camphenanic acid can be Aisposed of as merely a constant melting
mixture it seems possible that the suggestion of Aschan, which he
afterwards tried to Adisprove, is the true onc an” thel camphenanic
aci? forms what might be called the racemic form of camphenilanic
an? isc-camphenilanic acids, Camphenanic sci? can be transformed
into iso=-camphenilanic aciad by the action of acetic anhydride

(7.C.35. vol 99 1544) an? also as already mentioned by the action
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of sodium and alcohol on the methyl ester.

;The alcohol from the reduction of the methyl ester of these acids

;is & white waxy solis of melting point ¢, It is volatile in

f steam slightly soluble in hot water and very soluble in all organic
;ésolvents. It is a saturate? compound and is easily oxidised giving
-zan aldehyde and a monobasic aciA, From its oxidation products the

‘jalcohol is evidently a primary alcohol,.

-fThe elcohol yields characteristic Aderivatives an? through these it

i is easy to obtain it in a state of purity. The aciAd phthalate -of
}this alcohol is a white erystalline compoun® which, when crystallised
Tfrom benzéine is obtained in smell colourless, glistening plates.

It is easily hydrolyse? yielding the alcohol és a white crystalline

v‘soliﬂ of melting point 7°¢.

The nitrobenzoate crystallises in very faintly yellow needles of
' melting point 90°C. This ester is difficult to hyirolyse but on

- hydrolysis again yields the original alcohol of melting point 7700.

 The alcohol is easily oxidised anA yielAds en oxidation with chromic
- mix{ure camphenilanaldehyle an? iso-camphenilanic acid. The identity

of the alAehyle was proved by preparing the semicarbazone and comparing

it with the semicarbazone of camphenilanaldchyde.

Prom the nature of the alcohol and its ozxidation to camphenilanaldehyde
and? iso-camphenilanic acid it is evident that the alcohol is the

corresponiing alcohol to camphenilanaldehydc. Thus starting with
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¢ _—
cq H/;COOH _— cq H[f 006“3

MMl Camhom amal

Cql,s CH0H ——> Co M,  CHO — C,H, CO0H

camphenanic acid.

@am %Q’\&n Lam ol Ombqo,\w,&w &thﬁw\dl. ' Lo Lanm ha‘q'\cmclam ¢ aud

The alcohol may be termed camphenilanol to denote its relationship
with camphenilanaléehydg} and camphenilanic aciAi. S0 far the work
has been successful in that it has shown that the four acids of
Pormula ClOH1602’ oxidation products of bornylene and camphene, ‘
all yield the same alcohol thus strengthening the assumption that

these acids have much the same constitution.,

1t is probé.ble that, taking iso-camphenilanic anA camphenilanie
acids as having the formula suggested by Bredt (annalen 310 112 }
CH;

s [

.

Chy-C.EH, T~ CH,Co0H

,,

Camphenanic acid may have formulay ILa

tH, ———CH
I &

CHy
;‘”1. —_

I \ : . .
! Th n treatment with any active
Cuy c‘..QHJ CH, is 0 r J
ty e reagent at once rearranges itself
tH, — |

U . .

Coowu “Co. to the more stable form Ig&.

Teking Bornylene as having the formula I we have on Oxidation
2 2c¢ids formed,formula II camphenanic,and formula III camphenilanic

&nd iso~-camphenilanic.
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and iso-camphenilanic.

Xy S c A it

C CH . : L A
G HZ. ) ‘ \ c‘,‘i FEe
: - CHC.CHy ———— : CH, C‘ CH"/ : L g
C H, CH CH CH. C - '
; - . Coow TL
- “3 .
) Jeme ] Qowf%ﬁl\wmw Qud
] Do C Hy ¢

l | .
CUJC.C’H,;/ CH.CooH

fho- Gw\r:%xlm»'e Qed
In the case of oxifation of camphene a litfle more rearrangement
g woulld be neééssary. If the formula used for camphene be that

proposed by Semmler and afopted by Henderson & Heilbron (J.C.S. 22'

1905) the formation of the two aciAs by the oxidation of camphene

RIS

may be represented by formulae given below

|
:

." CHy Gty

CHy — ¢ | C iy f[\

1 | | \ Cib, © Chy ~ CH,
Ch, €-CH, C:CH, —> /

CH, ——CH
* CH, COOH

Dwmsaz\o/\qc CHy ——¢C

; Cu, C.CHy CU.CcooH
l

CHy ——— CH

150 Cambhondams Recd

on treatment with acetic anhyiride or by the action of sodiumn and
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alcohol on the methyl ester of the acid, the acid would seem to
rearrange itself to the form given for iso-camphenilanic acid.,
So that instead of obtaining the alcohol corresponding to camphen-

anic acid that corresponding to iso-camphenilanic acid is formed.
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EXPERIMEKTAL .

I,

CAMPZENANIC ACID

This acid was obtained from camphene by ' oxiAation

with perhydrol. 100 grms camphene was Aissolved in 500 grms -

glacial acetic acid end two molecular proportions, 100 CCS of

30% agueous perhyirol, were addeA. The mixture was kept heatéd'
for several weeks at a temperature of 50°-60°C. At the end of
about 3 weeks the oxidation was taken as complete and the oxidation
products worked up. The solution was diluted considerably with
water an? the acetic acid just neutralised by adding the calculated
quantity of sodium carbonate. The mixture of oxidation products
which separated out as a thick oil was then extracted several times
with ether. The ethereal extract was then distilled from a water-

bath and the residue, after removal of the ether,was heated with

sodium carbonate solution in order to separate the acid produets

from the neutral products. The solution was allowe? %o cool ami

extracted with ether whereby the neutral products were remove?,
The residue was then acidified with Ailute sulphuric aci? when the
acid products separated out as a thick brown oil which rraiually

solidified. The solid acid was filtere” off,the filtrate extracted

repeatedly with ether, the cthereal solution “ried over caleium

chloride and finally the cther Aistilled off when a brown oily

) mhis o
residue was obtained which graduelly soliqified. This further

guantity of acid was added to the main bulk anAd the whole fraction-
elly crystalliseﬁgwhen it was foun? to be a mixture ol aciis.
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The crystallisation was very troublesome as the acids are very
soluble in the usual organic solvents. It was found that the

acids crystallised fairly well from petroleum spirit also from 1

cold dilute acetic acid. The first acid to separate, that is
the portion least soluble in acetic acid, was an acii of n
nelting point 90°-93°C.  This constituted the bulk of the acid
products. The secon? fraction wes founAd to be an acid of
melting point 70°-72°C an” the most easily soluble acid was an

0ily sci? which boiled at 153/2Z0mm. e

After repeated fractional crystallisation an acid of melting ﬁ%int

950C, camphenanic acid,was obtained and a small guantity of acid

of melting point 74°C. and a still smaller quantity of an 0ily
unsaturated acid. This latter was troublesome as it Preventéaf'

the acid of .7, 740C from crystallising.

Camphenanic acid 09H15COOH, the principal acif formed by the

oxidation of camphene with perhydrol,is a white cryétalline solia
of II.P. 95¢0C. It cfystalliées from Ailute acetic aciA in shiiiﬁg
prisms and from dilute alcohol in colourless needles. (J.C.Sﬁ’lgq

99 1542; 1913 105 1546).

[I. ISO~CAIPHENANIC ACID.

This acid was accumulated by repeated recrystallisation
of the aciAd products of the oxidation of cauphene and bornylene

with perhyirol. After repeated crystallisation from dilute

. . . . o) . .
acetic acid an acid was obtained of M.P. 73 -74°, This acid 1
was obtained from %he oxidation of both camphene and bornylene

and the %two acifs prove? to be identical.
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Iso-camphenanic aciA crystallises in small glistening pri=ms
resembling camphenanic acid in appearance. The acid appears to
be more soluble in petroleum spirit amd in glacial acetic acid

than ifts isomer camphenanic aciAd so that a fairly good separation

is effected by fractional ecrystallisation from acetic acid, adding
water in small quantity, freezing the solution,an? collecting the
various crops of crystals, The process is slow an® the last crops
of acigd are difficult to purify some specimens having a melting
point as low as 4000. An acid of fairly definite melting pointfia 
is finally obtained and in order to compare this with'camphenaniqj
aci? the calcium salt of which was prepared by Aschan who obtained

camphenanic acid by the oxidation of camphene with acid potassium

permanganate,. a calcium salt of iso-camphenanic acid was prepared.

REPARATION OF CALCIUM SALT.

AciA of melting point 73°-74° was mixed with a slight
excess of calcium carbonate and a large proportion of water. Tﬁg% 
whole was heateqd on‘a water-bath for some time. The solution was &
then filtered from unchange? CaCoz and the filtrate evaporated ﬁ§ 
small bulk on the water-bath. The salt which separa‘ted was |
collected an? again dissolved in a small quantity of cold wgter and
the solution then concentrated at ordinary temperature under
diminished pressure. The calcium salt which separated from the

cold solution crystallised in small colourless needles and on

analysis was found to have composition (ClOHi502)20a. 5 Hy0. The
salt is readily soluble in col”® water. It wes further foun? that
if o cold saturated solution of the salt is heated a crystalline

Aeposit of the anhylrous salt separates out.
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netermination of Tater of Crystallisation in Calcium Salt. ¢35& 

The crystals were dried by pressure between filter paper and a

weighed quantlty heated in an air oven at 110°C. The resultsﬂ

were as follows:~-

1.0346 grms Ca salt lost 0.2105 grms HgO = 20.3% of HyO
(ClOHlSOE)E Ca)ﬁHZO requires HBO = 19.47%

Determination of Caleium in Salt. Preg

0.2910 grms anhydrous salt i.e. salt dried at 110°C

gave 0,0420 " (a0 Ca = 10.3%
for (C a = 10.7%
( 10h1503}20 Ca 0.7%

The calcium salt of iso-camphenanic acid therefore crystallises

with 5HgO Jjust as calcium salt of cemphenanic acid.

[. CAMPHENITANIC ACID

This was prepared by the method of Bredf (Annalen l?oﬁ«
310) by the action of chromyl chloride on camphene. Chromyl'k |
chloride Aissolved in carbon Aisulphide was added slowly to a -
solution of camphene in carbon disulphide, the whole being kept

well cooled.

The additive product at first obtainedJClOHIGCr 0 Clz,was decom~
posed by water and the sole product camphenllanayaehyde}collected
by Aistilling in steam when an 6ily viscia substaﬁce Aistilled
over., This was extracted with ether, the ethereal solution

Aried over celeium chlorife, the ether Adistilled off anA the

residue lelt expose’ to the air for some time(when the aldchyie
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gradually oxidised to camphenilanic acid. The aldehyde oxidises ;
very rapidly at first but the last traces are somewhatvslow~to
oxidise, The acid was then taken up with aqueous soaium carbonaté
extracted with ether to separate any neutral impurity, ani the
residue after extraction acidified with Ailnte sulphuric acia, |
The acid was obtaine? as a thick oily substance which gréaually

solidified. The solid was filtered off and the filtrate extracted

with ether when a small additional quantity of acid was obtained.

Pinally the acid was crystallised from dilute acetic acid from -
which it crystallises in small colourless needle-shaped crystalé

of melting point 65°C,

~Petroleum spirit or methyl alcohol could not be used as these

have been found to transPorm the acid into its isomer iso-

camphenilanic aeciAd, The first crops of crystals proved to be
a small quantity of iso-camphenilanic acid. This was easily |

separated owing to its being less soluble in acetic acis.

v ISO~CAMPEENIT.ATIC ACIM,.

This acid was prepared in various ways and the
accumulsted quantity thus obtained used for investigation of
the acia. It had been previously found (Henderson & SutherlanA

J.C.5. 1911) that when camphenanic acii is heated with acetic

anhydride the acid is transformed completely into iso-camphenilari
: c
E acid. This was repeated in order to make sure of the statement
an? also to obtain some of the acid, A small quantity of the
aci? was elso obtained Prom the preparstion of camphenilanic acid

and a further small gquantity from the Adeccomposition of camphenil-
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glacial acetic acid when the first crops of crystals separated

PREPAR.LTION OF METHYL ESTERS OF THE ACIDS

19. I
anal?ehyle semicarbazone. This semicarbazone on decomposition ﬁ
has deem found to yield iso-camphenilanaldehyde and not f
camphenilanaldehyde as would be expecte” and the iso-sldehyde F
on oxidation yields iso-camphenilanic acid. The largest proportionﬁ
of iso-camphenilanic aci? was obtained as a dbye-product in the Y
reduction of the methyl esters of the acids, camphenanic, iso- d
camphenanic and camphenilanic. These c¢sters on reduction with
sodium and absolute alcohol, gave alcohols and sodium salt of J

acid. The residue after steam Aistilling off the volatile

alcohol was acidified with Ailute sulphuric acid when soli? acigd

separated out and was filtered off. A further gquantity of acid

was extracted from the Piltrate. This acid was crystallised from

from the céncentrated solution in colourless prisms of melting
point 1150~11700. These were purified by recrystallisation and ‘ﬁ
found to melt sharply at 118°¢. Turther crops of crystals after
recrystallisation also melted at 118%¢C. The last crops of

crystals were troublesome to purify as there was a little of an ;j

oily impurity present which coloured the crystals yellow and

lowered the melting point.

The Lethyli ester of camohenanic acid.

The ester was prepsre? accor”ing to the method of
merner & Seybold (Berichte IYXVII  3658) The ester was
prepare? in 10 gramme guantities. 1C grams of aci? were

Aiecolved in a strong solution of K.C.¥. in a conical flask
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i.e. a concentrated solution of the sodium salt of the aciA

was prepared, to this was added 20 grms of méthyllsulphate

i.e, excess of methyl sulphate. The mixture waé shaken
vigorously for some time and the reaction completed by slightly

warming the mixture én a water-bath to 400-6000. The excess

- of methyl sulphate was destroye? by heating the mixture to a

higher temperature for half an hour on the water-bath.

After the solution had cooled excess of 7.0.E. solution was
added to take up any free ascid and then the solution was |
extracted severzl times with ether. T™he ethereal socolution was
dried over anhyﬂrous'calcium chloride, ether Aistilled off anAi
the residue, the crude methyl ester,lais aside until more was
collected. The residue after extraction was acidified with

dilute sulphuric acid when some unchamged aci? was liberated.

This aci?® was collected and agsin esterified. Then about 40 grms;

of acid had been converted into ester the impure cster was placed |

in e distilling flesk and fractionally distille? under Aiminished j

pTressure. The ester passes over as a colourless w¥wiscid sub-

stence cf boiling point.

129° - 130°¢C/56mm
or 103°¢/2lmm

or 104°c/22mm

hqu.t d
Methyl camphenanate is a ‘colcurless sSyrupy &= pe

with & yleusant cthereal odour and Aistils with little
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dccomposition under Aiminished sHressure. A small guantity of

the ester splits up giving acid which remains in the flask.

The ester is insoluble in water, readily soluble in alcohol,

ether and the usual organic solvents.

HYDROLYSIS OF HTHYL CAMPHENANATE -~ i

O
In order to jprove that 95 C was the correct melting

|

point of camphenanic acid and also that the acld had undergone
no change in esterificetion a gquantity of the ester was hyarqused.é
5 grms of the ester were heated under a reflux with the calculated |
quantity of potassium hydroxide in methyl alcoholic solution.

The hyarolysis took several hours to complete an? at the end of

the time the excess of methyl alcohol was distilled off anAf the

'regédual solution extracted with ether to remove any unchanged

ester an? the last of the methyl alcohol. The resifue after
extraction was then acifified when the acid sesarsted out at first i
0ily sna finully as a white crystalline‘substance. The crpstals
were collected anA Arained at the filter pump and crystallised

from acetic acid. The acid separated from scetic acid solution

in colourless prisms similar to those of camphenanic acid an” the
melting point was found to be 9500. The acid thus obtained from

the ester was camphenanic acid so that the ester must be the true

methyl ester of camghenanic acid.

1. METEYL. ®STIR 0P ISO-CAMPHENALIC ACIN -

s 0 o . . ! !
Tarious gquantities of 73 -74 melting aci?, the so—calleﬂg

u
o

~camphenanic aci? of Aschen were esterifiéd using the method r
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already described. In this way a good yield of methyl ester
was obtained and this was purified as in the case of methyl

camphenanate by Aistillation under diminished pressure. .

The ester gave boiling points as follows -
109° - 11¢°¢ at  25/mm
104° ¢ at  22/mm
99° C at 19/mm

The ester is a colourless syrupy liquid having & pleasant odour -
indistinguishable from that of methyl cemphenanate. It is
insoluble in water, soluble in alcohol ether anA the usual orgsanic

solvents,

| BYDROLYSIS 07 BSTER -

The ester was hylrolysed by heating it for some time under
. 8 reflux with methyl alcoholic potash. hen the hytrolysis was
Judge” to be complete the alcohol was Aistilled off, unchanged

ester and residual methyl alcohol removeAd and the alialine residue
acigqified. The acid separated out as a white crystalline solid.

This was cecllecte” and Arained at the pump and finally recrystallised

from dilute acetic acid. The melting point of the first crop which

separate? was Adctermine? and it was founAd that although the substence

began to melt at 70°C the whole of the substance was not melted until

O . 3
about 11¢ C. This pointed tc the chance that the acid was a mixzxture

an? not a simrle substance. Accordingly the acid was very care-

~t

7 eryatallised fracticnally. The acid was Aissolve? in a

e

2211
cl

o
S

1 quentity of glacial acetic acid, the solution very slightly
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diltted and then placed in the ice-chest. A small erop of
crystgls was obtained these were collecter and the mother
liquor further dilutea, again placed in ice,ahﬁ a further quantity

of crystals obtained. This was repeate” until all the acid had

been collectes. In all about five crops of crystauls were collected.!

The meltine points were then Adetermined. The first crystals were
found to melt at 117 -118°.  The other crops melted at 60°-65°,
The first crystels obtained were short prisms closely resembling in
appearance iso~camphenilanic acid. The other crops were obtained
in fine needles. S0 that by the preparation of the methyl ester
of the acid of melting point 74° &nad hyirolysis of this ester the
acid obteinef seems to be not iso~camphenanic aci? but a mixture of
acifs one of melting point 118°C an? the other m.7. 65° i.e. a

mixture of camphenilanic and iso~camphenilsasnic acidfs.

NETEYL ESTER OF CAWFHENILANIC ACID -

"he ester was prepared as already described for camphenanic@

acif a good yield of ester was obtaine” anf the ester ;urifies by
distillaticn under diminished pressure. The ester AistilleAd over

as a colourless syrupy liquid at 116°C under 36/mm or 104°/22mm

'ROPERTIES -
Wethyl camphenilandte is a colourless syrupy li¢uif with a pleasant
odour closely resembling thet of methyl camphenanate. Tike the

N

other estcrs described is insoluble in water but soluble in organic

solvents.

I"ROLYSIS O THR ESTER ~

The ester wes hydrolysed in the same manner as the other esters am

H

M)
IR
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the liberated aci? obtained frowm hydrolysis crystallised fron
dilute acetic aéid. The acid crystellised in colourless

needles of melting point 63° - 65°C.

. METHYL ESTER 07 ISO-CAMPHENILANIC ACID -

This was also prepared in exactly similer manner to
the ester of camphenanic acid. The ester was purified by i
aistillation under diminished pressure when the liquiad Aistilled
over at 105° - 104°/22mm. | |
- PROPERTIES - | o |

It is a colourless syrupy liquid of pleasant odour,

insoluble in water an® soluble in the usual organic solvents.

The four esters prepared resemble one another very closely both

in appearance,odour,ané in boiling point.

-HYDROLYS3IS OF ESTER OF ISO-CAMPHENILANIC ACID.

Methyl ester hyarolysea with methyl alcoholic potash

iso-camphenilanic acid was obtainel.

REDUCTION 0OF ESTLRS

P REDUCTION OF IINVHYL CAMPHENANATE

The reduction was carried out according to the method

of Bouveau & Blane (Comptes Remdns 1903, 136 1676; 137 60)

The ester was reduced in guantities of 10 grms each. Tén grms
of methyl ester we.re Adissolved in 40 grms of absolute alcohol.
8 grms of scAium, cut in small pieces were placed in a round

bottomed Flaosk attached to a reflux condenser. The alcoholic
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solution of ester was adde’d slowly through the condenser, the
amount added being regulated in such a way that the solution in

the flask was kept hot enought to melt the sodium and keep the
mixture boiling. "hen the whole of the mixture ha? been added

the lust of the ester was rinsed Aown by a small afditional quantity
of absolnte alcohol. The mixture was then kept heated on a metal
bath at about 112°-115° for 6 or 7 hours. At the end of that time
the mixture was allowe? to cool and water added until all the solij
had gone into solution. The solution was then steam Aistilled.
Ethyl alcohol, methyl aicohol and a very little unchanged ester
Aistilled over first then an o0ily mixture of water, a 1ittle ethyl
alcohol and a small guantity of the reduction alcohol. Ultimately
a white waiy substance Aistilled over and solidified in the receiver
and in the condenser. nistillation was continued until all the
~reduction alcohol haf Aistilled over. The ai%ous Aistillate con-
taining the soli” alcohol was filtered at the pump an? the white
waxy solif finally Aried on a porous tile. Turther quantities of
the alcohol were recovered from the *istillate by saturating with
salt and extracting gﬁg‘ether. Tthereal solution Aried over anhy?-
rous sodiwm sulphate,ether Aistilled off and the reisdue Aried on

porous tile as before. The first of the steam distillate was pure

-

ethyl and methyl alcohol an? then alcohol mixed with a small gnantity

of unchanged ester. This was reduced again along with other

guantities of methyl ester. The yield of reduction alcohol is

The sicohol From the reduction of methyl camphenanate is

|
|
|
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8 white waxy substance with a faintly camphoriec odour and as
collecte? at first it melts at 65°-70°C. It is extremely soluble
in all organic solvents and very sparingly soluble in hot water.
It was partislly purified by recrystallisation from ether or
benzene althoughit is much too soluble in either of these solvents
to obtain it quite pure. tfter several crystallisations the
melting point was found to be 74°-76°C. It crystallises in long
colourless flat prisms of wazy appearancg when pressed on pdrous
tile. When pure it melts at.77°C. ‘In ordcr to obtain the
alcohol in & pure state derivatives of the alcohol were prepareﬁ.

PREPARATION O ACIM™ THETHALATE O7 ALCOHOL -~

precared by the metho? use? by Tenderson &

This was |
Heilbron (J.C.5. Yol 93  293). Equal weights of the aleohol
and phthalic anhyAride dissolved iﬁ the least possible quantity
of benzene were heated together on a watef bath under a reflux
condenser for & to 7 hours. T™he mixture was then poured on to
crushed ice, dilute sodium carbonete solution added and the
mixture kent stirred for some time. The mixture was then filtered
to get rid of any unchanged anhyfride, The filtrate was extracted
with ether to remove unchanged alcohol and benzene and the residue
acidifie” with dilute sulphuric aciA. The scid phthalate of the
alcohol along with some phihalic acid ggﬁe precipitatea ot first
as an oil which gradually sclifified. The soliA portion was
collecte” an? Arained at the filter pump. The filtrate was extract-
e? with ether, the ethereal solution Aried over anhy?rous calcium

chloriie the ether Alstille” off an? a further yield of aciA

s

ghthelete thus obtained.

o
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The crude acid phfthalate was treated with small quantities of
chloroform: in which the aciA phthalate is soluble but the phthalic
acid practically insoluble. The solution was then filtered to

remove phthalic acid an?® the chlonform Aistilled off,

The aci? ohthalate which is pracfically insoluble in petroleum
spirit was first crystallise”® from a mixture of ether and petroleum

spirit and finally from benzene .

{ROEERTIES - The substunce crystallises from methyl alcohol and
from benzene in small colourless plates of melting point 153°c,

[t is very soluble in chloroform,and ether, less so in alcohol anA

benzene an? almost: insoluble in petroleum spirit. It is readily

hydrolysed on heating with agueous sodium carbonate or hydroxide.

Anslysis showed it to have the composition 018H2204'
0.1834 grms substance

gave Ho0 = 0,1198 = 7.25%H;.
COp; = 0. 482 =71 .67%C
Calculate? for C18H2204
E = 7.28 %
= 71.57 %

The acid phthalate is easily hyarolyse” by heating with magcoz
ana Yo OH solution when the aleohol separates out as & white soliad
of melting point 76°-77°C.

II PREPARATION 07 NITROBENZGATE OF ALCOHOL

1 gim of alcohol was mixze® with 30 grms Tyridine an? 1 grm

of p-nitroberzoyl chlorife was added. The substances were mixed and
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allowe? to sten” for some time at room temperature.. Lfter about

Z days a few crystals appeared in the solution and the reaction
was considered complete. The mixture was cooled in ice an? éilute
sulphufic acid gradually added, care being taken that the tempera-
ture did not rise.’ Wﬁen the smell of pyriAdine had disapreared a
solid separated out and was collecte? at the filter pump,washed
first with small gquantities of co0lA dilute sulphuric acid anf then
with water. The solif thus obtained was then mixed with sodium
carbonate solution teo remove any nitrobenzoiec acif, which might
have been formed, the solid was filtered off, thoroughly washed and
drained at the pump. The nitrobenzosate was then Aried on a porous
tile an® recrystallised several times from alcohol. In this way

as :
iffobtained in very fine long silky needles of melting point 899-900

Eggggggggg The substance is very sparingly soluble in colAd

alcohol readily soluble in hot alcohol, and readily soluble in
ether and benzene. It is an elmost white crystalline substance
and crystallises in long silky ngedles on crystallising slowly.

Cn crystallation from concentrated solution it crystallises in
very small needles which felt together and when ary has the appear-

ance of an amorphous powder,

ANALYSIS 0P NITROBENZOATE ~  The nitrogen in the compound was

estimated.
0.12 grms nitrobenzoate
gave 5,2 ccs NI at 12°C ana 764mm
2

Zof N = 5.15%
&

caleulated for CgH,N0,C00 CpqHyy Ny = 4,637
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%gzdrolysis of Mitrobenzoate The ester was Aifficult to hy?rolyse

. . . . (¢]
melting point again determine® anA found to be 76 -77° as before.

769-77° therefore can be taken as the correct melting point of

and ‘reguired several hours boiling with the calculated qﬁantity

of potash solution. Tinally the alcohol was liberated and the

the reAulction alcohol.

An attenmpt to prepare & urethane of the alcohol proved unsuccessful.

f;I OXIDATION CF ALCOHOL ~ In order to determine the nature of the

alcohol a portion of it was oxidised with Beckmann's chromic
mizxture. The oxidising mixture was made as follows:

6C grms K20r207 mixed with 80 grms HyS04 (conc) and 270 grms H,0.
This mixture = 9 grms oxygen. 2 grms of alcohol were placed in
a small flask and 66 grms of the mixture added gradually to the
alcohol dissolved in glacial acetic sciAa. The mixture was

|
i

allowe? to stand for several hours an’d then the acid was neutraliseﬂ

viith s0lid sodium carbonate, the mixture Ailute? and steam Aistilled

+

An oily substance Aistilled over with the strong characteristic

odour of camphenilanaldehyre. “his o0il was cocllected by extract-

ing the Aistillate with ether drying the ethereal extract over
anhyArous cucly an? Aistilling off the ether. The oil obtained
was slightly yellow in colour an? was semi~-s0lif in appearance and ;
had the characteristic aldehyric smell. It was dissolved in a J
smell guantity of alcohol and mixed with the necessary quantity |
of senicerbazide hyirochloride and potessium acetate and allowed ;

to stand For seversl 8ys, At the €eénd of that time the mixfure
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was dilute* an* a white crystalline substance separated out and

was filtered off, This was recrystallised several times from
methyl alcohol an* obtaine* finally in lustrous leaflets of melting-
point 191;§&“fhe melting point which has been foun* for camphenil-
anal*ehy*eAl, A small quantity of the semicarbazone was mixed with 1
the semicarbazone of camphenilanaldehyde an* the melting point
determined an* found to be as before 191°C. The two substances

were taken as identical, that is the aldehyde from the oxidation

of the reduction alcohol is camphenilanaldehyde*

The residue after steam distillation was acidified an" a white
substance was precipitated. This was filtered off an* taken

up with a little sodium carbonate solution to free it from
chromium salts. The sodium carbonate solution was filtered

and acidified and the acid so obtaine* collected washed dried
and recrystallised, from acetic acid e . A crystalline acid
separated out of melting point 118°C, This was mixed with iso-

eamphenilanic acid an* the melting point again determined when

it was found to be as before 118°C.

Thus from oxidation of the alcohol obtained by reduction of
methyl camphenanate camphenilanaldehyde an* -iso-caraphenilanic

acid are produced.

It was found on reduction of methyl camphenanate that after all
alhaltY ve

the alcohol was removed on acidifying the alcistal residue vd th

dilute sulphuric acid an acid was precipitated from the solution

as a brown oily liquid which.,after some time, solidified to a
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brown crystalline mass. This aci” was filtered off washed, Aried

an? recrystallised from acetic acid and was obtaine? as a colourless

crystalline substance melting at 115°-117°C.  The acia was then
carefﬁlly crystallised frectionally and was found to consist
entirely of iso~-camphenilanic acid. A émall quantity was mixad
with iso-camphenilanic aci? and the melting point of the mixture
determined. To depression of the melting point was observed the
melting point reméjning'COnstant at 1189, So that during the
refuction of the ester of camphenanic acid a portion of tha»estér

is transformed into the isomeric 118%aciAa.

REDUCTION OF METHYL ISTER OF ISQO-CAMUPETIILANIC ACID

m™his was refuced in the same manner an® under .the same

" conditions as the ester of camphenanic acid. The product was

steam-distilled and as before c¢thyl ana methyl‘alcohols volatise&
over first mixed with a 1ittle unchanged ester. Then a little

of reduction product mixed with alcohol and firnally solid reduction
product. This was collected Aried anAd the melting point determined
The melting point suggestea that it was the same substance as that

obtained from methyl camphenanate, The substance is a white waxy

substance resembling in appcarence the alcchol already obtainca.

The substance is converte? intc the acid phthalate in the mamner
used for the preparation of the acid phthalate of the reduction
alcohol from methyl camphenanatc, In this way the acid ohthaleate
was cobicined in shinine pletes in apprearance closely resembling the

aci” phthilate of the alcohol from camphenenic aci?, “fler

4
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crystallisation from benzene the melting point was determined

and found to be 158°C the same melting point as the acid
phthalate of alcchol of camphenanic acid. L mixeA melting

point showed no depression. The alcohol from iso-camphenilanic
acid 1is therefore the same as that from the reduction of camphen-
anic acid. On aciaifying the residue after the alcohol had
distilled over an acid was precipitated which was collected and

recrystellised and found to be iso-camphenilsnic acigd.

E REDUCTION OF MITEYL TSTER 07 ITO~-CAMTERNANIC ACID

H This was redfuced in the way already Aescribed and‘dn
’k steam Aistilling a s0lid alcohol was again collectea. It
resembled the alcohol already obtained both in melting point,
f properties,anﬁ appearance. Its identity was confirmed by
preparing the nitrobenzoate and the acid phthalate. Both of

these had the melting point of these derivatives prepared from

elcohol of camphenanic acid and mixed melting points showed no
depression whatever. The residue after distilling off the
alcohol wass acidified as before anA again the acid formed was
foun? to be entirely iso-camphenilanic aciAd. The yield of
acid in this case seemed somewhat greater than in the case of

reduction of camphenanic an? iso-camphenilanic acids.

RENUCTLON CF LDTHYL DBSRER OF CAIDHLNILANIC ACIMD

"his was reduced in the same manner an? the alcohol
collecte® and Aried. It also has same appearance and properties

&8 the alcohol already adcscribe’.
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A nitrobenzoate was prepared to compare with thatpreparend
froﬁ?gther alcohols. The nitrobenzoate was crystallised
from aleochol and melﬁs sharply at 89°-20° anad determination
of the melting.point of this substance when mixed with nitro-
benzoate glres?y prepare” showed no ﬂepression,the mixﬁure

meltine sharply at 89° to 90°C.

The acidified residue again yielded entirely iso-camphenilanic

acid.

The slcohol therefore Formed from these four acids of bornylene
and? camphenc is the same in all four cases and is apparently

the corresponding alcohol to camphenilanaldehyde.

This alcohol has not so far been Aesceribed I would therefore

propcse for the substance the name camphenilanol.





