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PART I.

ACTION OF HYPOCHLOROUS ACIL ON ﬁﬂPINENE.

Ansttempt to prepare s chemically pure specimen of a-pinene

- from erude turpentine oil (Berthollet,Ann.de Chem, et de Phys,
32 p.5.) led t0 the isolation of a more or less pure form of the
higher boiling fraction of that o0ii, -.a.er on wallach ( Ann,Chem,
B3i0.362, whilst studying the oxidation pmoducts of French turp-
entine o0il with KMnO, ,iso”~ted n~pivic scid,whicu uc segarded &s
characverisiic of the highur boiling fraction of that oii;anc

he called the terpene re.pon.ibie for this acid nopinene, This
terpene is now known as Ppinene,and is found to occur in all the
varieties of turpentine oil,with the exception of the Alpine
variety which is said to be a fairly pure d-«-pinene, Nopinic
acid on oxidation gives nopinone,which is & very important sub-
stance since Wallach(Ann, 1908,36%,1.1 synthesised p-pinene from
it.Nopinone is a cyclie kétone which gives homoterpenylic acid

vn oxidation; and it also gives d-pinene in the courwe oi wallach'

p-pinene synthesis (loco,cit,),it can thus be represented with

some certainty as below:- CH Coo io
ik e
enylic Acid.
Che CH—CH, Homoterp m\;
CH=—=C—CH
Nopwowe. M/ ‘
(i Wy ———CH —CH,,

A~ piNeNe.




These considerations prove that nopinone has the¥pinene bridge",

end hence B.pinene can be represented as follows:*-
CH
I8
CH, /CH

o
CHL CH-—-——'Cll’_
p-Pivene.
The work done on p-pinene up to the present is briefly shown here
p-Pinene HCi' -3 isobornyl chloride
HBr o . i .
.o > isoborny¥ srteridebromide
o ________.I_[Q_(_J_'i_. -—’ no crystalline derivative

Oz

vo —2% 3 nopinic aeid -» nopinone.

.o 3% HeS Og

>terpin hydrate,

The only method yet available four tuv .oolavion ox P-yl.ucue 18
frastionat disviLiation, -arlselle wio has made & BysSienauvic iiaveo-
tigetion of the preparation and properties of ypyured-und 'p.pinenes °
siiculatcou iTom upuiius measurements that .reuen wurpentine oil
cuntains abouv 4«0% of p-pinene. acceraling to him,tv. main fac.or.o
govern ithe wuv.eus of the separation vi ue .wv ginenes,viz,, (a)

& very slow rate of disvillation,(blan errangement thet the distill-
ation flask is heaveu unirormly at o3m.m.,using an Otto tube suwwrivuud4
ded by an oil jacketkept at constant temperature,-.. Iraciionaiing

column, Pariselle's physical propcruies for P-pinc;‘.—; are given here:

{2)



B.Pt, = 163-164’ C at 760 m.m,

15 - 4
Nd = 1.4790

15

d 0.8728,

Recalling the aciion ou .. uwlvgen wCluw vidreauf-pluene,is
ié Guil Tl 34 UG GBS€ e=meldenvical producio wre gul scua vus
vwe ioomers., Now Henuo.:oun anu Marsh(d.C.S. 1921,1492-.0U0 Jhave
very satistfaciuriiy c.eured up the guestion of tue acvion of hypou-
chlorous acid on4*@inene,Wagner,Slaﬁinski,and GInsberg having
previously worked on the same point with not such definive Success
these two workcrs found that hypovhlorous acid vn epiucue produces
menthane derivatives,the dimethylecyclobutane ring being severed
D€ Blives curbon'atoms 6ald o,ucing ne vidinary numerical notation

TOE LUl Geduaiit (VACGUWEG gl LiGlGhuou veLuw: —

@f"z
Ul g1 —¢ He

éx.
éﬂ; {éﬂ 3

1% shouru be invercoving oo koow 11 wue ubstituvted vetrameth-
Ylene ring in ppinene zlso Lreaks down on treatment with hypo-
chiivrous aeid or uoés the cemicyclic evhlyene linkage inthis
isomer stabélise the four membered ringjor again‘does intramolec-
ular rearrangement take i)lace and result in the same products ac

thoge fromoa-pinene and hypochlorous acid, It was with these points

(3)



in mind that the presenv work was ivaken up .

By a modification of Pariselle's method{loco cit,) both &merican

and French turpentine oils were exhaustively frationeted for .7
Ppinene. As stated above Pariselle found that the rate of distill-
etion and constant temperature bath were the most important fector

in this separation, This view was confirmed in the present work,

rapid distillation being found to be useless, The yield of ‘ypinene

from the crude ¥rench o0il was found to be mbout one per venu,

‘‘he pinene was treated with successive quantities of a very

dilute solution of hypochlorous acid until saturation took place,

From this treatment resulted a viscous oil,got by ether extract-
ion of the agqueous part of the product,and & water insoluble oil;
The former o0il furnished on standing X two crystalline products
melting af 1352136° C and 166°C,and later on enother melting at 13iC.
LN ana.Lyois these were all found to be dichlorohydrins of the
formula quhk&CIz "ho onc M.Pt.1%5% (.was decidedly the main
product, vhe other two occurring in small gquantities,
vichlorohydrin M.Pt.;zs’c,is e white crystalline compound
S0l Uben in cuner,metnyL and ethyl alcohols,acetore ond chlorofcim
t¢ o« Large extent, but rather insciyble in petroleum ether _.om
witlch 1t can be olystallised.‘srom a mixture of petroleum and dry

ethyl evher it can best be crystallised in needles which .ake a

star-like formation in groﬁps. IT is opticelly active,having &
(4)



laevo rotation{a}? = -75.,0 in methyl alconol solution, On
treatment with p-nitroben:oyl chloride in pyridine in the ordin-
way,it yields no nitrobenzoate,but it is readily attac¥ed by
dilute alkali to form amongst other thin~s e mon-chlorohydrin of
of the composition G, Hu0, CL .

fund
Now i‘enderson end Marsh {7,C,S, 1921, 1492-1500¥,u ¢ . Vul va

vhe dichlorohydrins of d-pinene melted at 13%9°C,busand identified

it ss sobrerol dichloridejbut & mixed melting point determination
proved that our dichlorohydrin,M.Pt.155°G;uao not svbrerol dichlo-

ride, From the fact th-t '&pluanc guas on wwo moiesutes of hypo-
~hlorous acid,it is fairly cvertain that aauition iakeo place at

vhe woubte bond and beiween carbon atoms 6 and 8 (see formule for
@pinene in & previous page),the ring being severed in the process,
The decompﬁsition product,by the elimination of HCL by dilute
elkali does not furnish any further clue to the structure of this
dichlorohydrin,but rememberdng that only primary and secondary
alcoholic groupings only react readily with p.nitrobenzoyl chloride
one can reasonably suppose that two tertiary alcoholic groupings
are present in this compound M.P%, 135° €., The structure given
below is the only one of the four possible position isomers having

two tertiary alcoholic groups and represents best the known proper-

ties of the dichlorohydrin in question,

{3)




Tuca C(oH) TJ,,
CH, — uci CH,
Me,C-OH

The formation of the above dichlorohydrin from P;pinene by the

addition of two molecules of HOCL is indicated below:-

ch, case
(4} -—;-"'-c"! Chy CH@ —— C(oH) ——Ch,
Ko Aboee
Cu, \Cu — CHy, CH, —CU —il,
3- himene. Mo C-oH,

DicuLorouydrin. MPr- 135C.

Dichl-rohydrin M.Pg, 166°C,15 not quite so soluble in ether ,
alcohol acetone &8s the former and is almost insolible in petrol-
eum ether,It cryvstallises from a mixture of petroleum and ethyl
etker in long silky fine needles, On treatment with dilute alkali

. the ether extract of the resulting solution furnished & non-
crystalline o1l,very soluble in ell the common solvents,With dilu
-te HZS Q,this 0oil does ndt produce an hydrated crystalline
compound parallel with the action of dilute sulphuriec on pinol
oxide(Henderson and Marsh J.C.S. 1921.1492-1500l;This oil is
¢vidently not pinol oxide in spite of its similer smeli, The smal

yuantivy in hand preventved furcvhei investvigation of vhe propervie

B¥X= {6)



¢f this oil,

One monochlorohydrin u,H,0, CL resulted from the dichloro-
hydrin NM.P%, 135"0; It cerysteliicee +» small prisms from petrol
-eum ether end melos &t 128%129C, A mixed melting point of this
chlorohydrin with the optically active pinol glycoliz-chloro—
hydrin showed that ii¢ was not identicel with the laiter —& con-
clusion which might have readily been arrived at in wiew of iis
method of foi‘mauion and aleo of its mﬁlting poinf, Henderson and
Marsh (locociv,) found that both sobrerol dichloride and 2-8-

dichloromenthane-l~_-diJ. reavt with dilgie a’.Lkali 0 give der-

: CHs <
ivatives of pinol as indicated:- ! .
e P ?"3 Ho-CH—— CPH)——Cce
CHoW — ceC—HiC-ce Clioh — C-ct :-""C # Chy— G ——C
L He l ""’i/ ‘ : Mo,z C- 8 '
cH 4 oH, CHy e QH —CH 2-8-dichloro menthane-t-¢-diol.
* Clz «
CH-C-OH /7' es—— CoH)—cce.
CH e I ~Che,
sobrevol dichlovide. Pinol derivatives—----> ¢y Ny —ca,

From the above it can be deduced that the tendency of dihydroxy
dichloromenthanes is to give the pinol vridge by ivhe eliminai-~
ion of HCL.where this is at all possible, With this in mind,it

[
is very reasonable to suppose that the chlorohydrin M,Pt 135 C,

whose probable structure has been given above, on elimination

of HCL willgive this compound here represented to correspond

with the chlorohydrin in question:-

(7}



CH,

Monochlorhydrin .

There was & further crystellihe substance got from dichloro
hydrin M.P+,135°C,by the action of dilute KOH solution, It
forms well defined crystals of the cubic type and melts at 185C
It was formed from the mother liquor which furnished the mono-
chlorohydrin C”HI,OICL : &and so this crystelline substance may
be formed some monochlorohydrin by hydravion at the pinol
bridge, Hydretion in this ¢ase would give & trihydroxychloro-
menthane ,whose melting point should be in the region of 185-‘-190’
buL iv 48 yuestionable,on the other }ugnd,ij;‘ vhe pinoi ring

would be ruptured by dilute sulphuric;at ordinary trmperatures.

?l’\.

To sum up the action of hypeochlorous acid on p-pinene,it

8ives three dichlorohydrins distinct from those of a-pinene,
and also a different monochlorohydrin _rom any ov tvhose derive

from o-pinene;but it is seen that &% hypochlorous acid bresaks
the dimethylecyclobutane ring in each of the two isomers, TO

this extent there is resemblance between the two isomers,

(8)



EXPERIMENTAL

ISOLATION OF f-PINENE.

The P-pinene used in this work was obtained,partly from Amer-
ican afdd partly from French turpentine oil, i‘he commercial pil
was allowed to stand over KOH sticks,to resinif, aldehydes
present,then steam diacilled in the ordinary way,the last third
of the steam distillate being c¢ollected for wosking up wvhe ypine
p@inene. This method affords a partisl separation of the two
isomers present; Using & bulb fractionating column,the oil pass-
ing over from 160%-166°C was collected, On redistillavion abous
75% of this pasged over about 16dC,and that part of the remain-
der distilling between 160%166° C being collected, It was here
found that the Higheérslower the rate of distillation the better
the separation of the higher and lowesr voiling frections. .ui.
fractiviation was repeated over and over sgein,siil uiv.mi.cly
& very small amount offypinene pPesSsing oOver CCLLllwmusy v 1672
165°C was obtaiued, Ry a lonz countimmation of this process
about %%%c.c. of pinene were isolated,having the following

physical properties: -

) -4
B.Pt, at atmos, pressure = 1632165 C.

density = 0.8710

N%?

1.4774

(9)



sccording to Pariselle & constants ror pure ovend F@inenes

Ni 10idk-pincne wm 1.4690
Na forP-pinene = 1.,4790

go that the following equation gives the percentage of pure pinene
in the specimen in hand:-
x(1.4790) (1-x) (1.4690) m= 1.4774,
or 0.01lx = 0,0084,

X 0.84,

nx" being the fraction of pure pinene in one pert of the specimen,
This shows only an 84% purity for the p.pinene even after exhaus-

tive fractional distillation,

PREPARATION OF CRUDE DICHLOROHYDRIN PRODUCT.

About 120 e.c, oFf Ppinene were uvransferred o a lerge bou-
tle and shaken up with a 1% solution of HOCL,prepared by Taylor's
method(T.l912.lOl.); Absorption took place rapidly and & milky
layer separaved out below, This was syphoned off,saturated with
sait and extracted with evher, On long continuation of this treat-
ment a stage was reached when HOCL was no longer absorted and =

layer of water insoluble oil remained,

The ethereal solutions,got as above ,were concentrated,dried an
distilled,leaving a golden yellow 0il sOLubii iu &ll wue common
. solvents, it was thoroughly dried by keeping it in a ﬁyuumdeésic-

ator for some days.It was then allowed to stand in an ice-chest for
(10)



some considerable time,when & crystalline product separated out
which was collected and partielly purified from adhering oil by
the filter pump., Four or five subsequent cecrops of crystaLis were
were furnished by the o0il,though the quantities decreagé each time
To get rid of the last traces of the mother oil from tﬂese cryst-

els a series of recrystallisations weéré¢ was necessary from a mixt-

ure of petroleum and ordinary ether,

SEPARATION OF THE DICT NR"TYDRINS.

At this stage a melting point determination of the crude prod-
uet indicated that a mixture of two or more substances was present
A tedious fractional crysrellisation from a mixture of petroleum
and methylated ethers,led to the separation of two definite compon
-ents meltiﬁg &t 135315€’C,ﬁ and 166°C, the latter one being the

less soluble,

DICHLOROTYDRIN M.PT. 1351136’0;

The substance T.?t. 135°C ,by & Carius estimation ,Shows a
chlorine content of 29.04%as compered with the theoretical29,46%
for the formula QMH#OanzIt is a dichlorohydrin therefore and has

VY . S e, ;
I:GQ]QE -75. Qré‘ Aﬁout O ng. of this dichlorohydrin was dissol-
ved in 0.75gm, of pyridine, p-nitrobenzylchloride added slowly
and heated intermittently for several days on a water bath, Excess
of a very dilute H,S O, was added till the pyridine smell dis-
appeared and the solution filtered,leaving a yellowish s0lid on
the filter paper which was washed with dilute Na,C Ozsolution,

This procedure got rid of P~witrohe”€&lch1°ridé or acld pieoen’.
(11)



+he remaining solid was recrystallised from methyl alecohol, A
melting point determinétion gave the melting point as 117%2120° ¢,
Another recrystallisation revealed the fact that the substance wd

was unchanged dichlorohydrin,with & trace of p-nitrobenzoic acid
present, This was suspected from the erystalline form of the pro-
duct and verified by purificavion when the meliing point regist-
ered 135%136° C,

PREPARATION OF MONOCHLOROHYILRIN,

About FYIX¥E 3gm of the dichlorohydrin meniviond above were
treated with one molecular equivalent of KOF(0.5% solution) and
mechanically stirred tillall the kOY was neutralised. Nearly all
the dichlorohydrin was dissolved ,though & little remained un-
dissolved as was proved by its melting point when isolated and
recrysﬁallised. The resulting solution,sfter the KOH treatment
was saturated with salt and extracted with ether,and on evapsyé-
ation of the solvent & yellow oil was found, the oil was thorough
-ly dried and left to stand over a week,dissolved in a little pex
pé%roleum ether in which it is not very soluble, No erystalline
substance separated;and having got rid of the rid of the petrol-
eum ether,the o0il was treated with dilute H,S5 O (2% solution) in
the hope of forming & cvrystalline hyarated product analggous to
the formavion of pinol glycofy‘from pin¥“oxide. ihis procedure
led to the separ.tion of & cubi uryataiiine subsiance whivh on
purifivavion gave a mé;;ing poinc of 176117800, and on successive

recrystallisations ultimately melted at 185%2186° C, The ether gxyy
| (12)



SSfﬁffBE 6f *he scid solution was dried and the ether removed,leav-
ing a viscoug o0il which crystallised to a white substance M.Pt.
1282129 ¢ .lA Carius estimation for the chlorine cintent of this
substance gave,

CL = 17.8%; calculaieo value for C, Hy0 CL is CL = 17.3%,
This compound is therefore a monochlorohydrin, Amixed melting point

of the monochlorochydrin with 1aevo—pinol-glycof?-Z-chlorohydrin,of'

melting point 137C, was found to be 110°C, a fact which proves that

the two substances are not identical,

ACTION OF KOH ON THH MONOCHLOROHYDRIK,.

The action of one molecular equivalent of dilute KOH(O,5%)soiut-
ion,using the sem. methed as in the case of the dichlorohydrin above
furnished asmall quantity of an o0il which was in too small Quantity
for further investigation,attempts at crystallisation irom meny

30iyents having failca,

DICHLOROHYDRIN M,PT, 166 C.

Of the dichlorohydrin M.Pt, 166°C only approximately 2gm. could
be isolated in the work, An estimation of the chlorine content
gave ,

CL(found) = 29.62%; calculated for C, H,0,CLg, CIm 29,46%,

About 1gm, was treated with one molecular eguivaleni of dilute KOH
(0.5%) solution and stirred till &1l the dichlorohydrin went into
gsolution, The solution was neutralised with COp,saturated wiih sai¢

extrac.ed with ether and the ether solution dried over anhydrous
113)



Ne,5604. On boiling off the ciher,a yellow oil remained which @&4dX
couia nuu be orystaiiicci. The o1i wa. itreated with sxcieiw &que&ﬁg
&% sulphuric ecid,lefs over ior some time ,then neutralised +itu
TaHCOg4 :g& evtracted with ether, ™he ether solution furwished no
erystelline compound &s was the case with dichlorohydrin M.ct,135°
' 6; Using 0.16 gm dichlorohydrin an asi.empv wao made o form & -

nétrobenzoave in the ordineary way, but no niirobenzoate resulted,

ZREPARATION OF DICHLOROHYDRIN M.PT. 130-131 C,
The preparation of & third dichlorohydrin came about in this way

For the purpose of preparing more of the monochlorohydrin mentioned

in a previous page, the mother liquor ,which furnished the two di
- CioHi, *Ho
chlorohydrins originally,was assumed to be of the compositionAgnd

was treated with dilute alkeli and allowed to stand, The solution
was neutralised withKiy coz,saturated with salt and extracted with
ether,0On boiling off the etdher a noh-crystallisable oil resulted
which was distilled in steam in the hope of isolating some mono-
chlorohydrin in this way, The steem volatile oil, Lowever, from ¥Hi
this procedure furnished crystalls of a new substance #Z o which
"was found to contain 29.20% chlorine The theoretical for <,Hg0,CL,
is 29.46% of chlorine,so thatvthe new crystalline compound is a
new dichlorohydrin which melts at 130%152° C; By a mixed meltigg
point it wes proved that this compound was not identical with
sobrerol dichloride #* of M.Pt, 139°C, or with our dichlorohydrin.

M,Pt, 135 ¢, Looking at the meithod of preparation of tvhis dichloro
(14)



hydrin iiv may be reasonabity a&ssumed that it is stable vowaras ailuwe

alkalince soluvion and diluve acid solucion; ana vhae ,in fact it
would have reculved in a swraighuforward way by atéam distillation

of the original mother oil,

It may be mentioned here that the main difficulty of this

small
work was the exceedingly,yield of produci in all the reactions,

(15)



PART 1II

THE ACTION OF HYPOCHLBROUS ACID ON

{&-cmyoéHYLLENE .
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INTRODUCTION,

In addifion to the terpenes CMHu;the higher boiling fraci-
ions of many volatile oils viz.- those between 2502280° C,contain
hydrocarbons oorresponding to the formula GgHyy which have been
named sesquiterpenes, These terpenes are classified as aliphatic
monocyclic, dicyclic, tricyclic,the class being determined by the
valﬁe of the molecular refraction and the density, The aliphatic
| sesquiterpenes,of which only one is at present'known,viz} ciiron—
ellene,contain four double bonds,the monocyclic three, the dicyel-
16 two and the uvricvyclic one Gouble bond, In genersl they are
~more viscid then the ordinary terpenes and have a more fainf
- odour, Some give crystalline addition products witvh the haivgen
acids,NOCL, NpO3 and N50,, which can be used fof their identific-
ation, In the aliphatic,monoecyeclic ,and tric¥clic sesquiterpene

series nothing definite is known regarding the structure of the
members therein,end the best known and largest variety occur in
the dicyclic group, though even in this group noghing wes known
of their structure till in 1922 L,Ruzicke(Helv(hem. Acte. X 1928

5. 345-368.) discovercd vhat the carbon skiileton of meny dicycl-

io sesquiterpenes were simply naphthalene skAlatons with side

(17)



chains atviached, He further discovered that many sesquiterpenes
gave the same substitiated naphthalenes on dehydrogenation with
sulphur, HEE has proved heyond doubt ;and that by & synithesis of
two pfQ these substituted naphthalenes viz, cadalene and cudaivned

that many of the sesquiterpenes have either of the following skel-

etons;-
| T c
C
C/C\C/c\ C/ \C'/C\C
Y N
C\C/C\C/ -—C \'/ \c/
é\ ’ c

7
Cadleme Tybe. Cudalens Type.

This discovery is a big step forward in the chemistry of
the sesquiterpene field and marks the beginning of the end of the
search for the comstitution of meny dicyclic sesquiterpenes, How-
ever outside the work mentioned here scarcely anything of & def-
inite nature is known concerning the struoture'of the cesyulterpen-

€35,

HISTORICAL. .

0il of cloves,copaiba balsam,cinnamom,lavender etc, con-
tain a sesquiterpene fractionf#/& (qgﬂa)which on further fractiovi-
al distilletion can be separated into two hydrocarbons,sne laevo
rotatbry and the other ingctive. The inactive one was identified

&s the sesquiterpene humulene (Deussen, J, £, Prakt, Chem, 1911,
(18)



vaivhl 8180 ovcurs in oil of hops; and it is with the laevo isomer-
named by Deussen( Ann, 1908, 359, 246.) p-caryophyllene,that this

work is concerned,

(A 220 235-219)
As early as 1893 (Wallach end Walker,” BBSE ANIXNOWN the ses-

quiterpene fraction from clove o0il furnished a crystalline d4di-
hydrochloride,m,pt. 6§LVO’C,which is now known to be pcaryophy—
llene dihydfochlorideﬁ and further by heating o0il of cloves with
glacigl scetic and sulphuric acids,these chemists isolated an

elcohol m,pt. 94%.96° C which is also & derivative of’Pcaryophyllen:
The characterisation of’Fcaryuphyllene,by means of (ts crystelline

nitrosochloride,nitrosite and nitrosate,is due to Deussen{ ANN

1907,.256., 1-25.: Anm, :908. 359. 246.) anu in 1914 he definiieiy

showed what P-uaryc:phyllene contained two double bonds,by forming
crystalline addition products of the nitrosite,C,H,N,Q,with HCL
and HBr(J.Prakt, Chem, 1914, 90(II), 318-335.), This wes necess-
'ary when it is remembered that terpenes with only one double

bond (pinene and sabinene) can give dihydrochlortdes,and that also
towards Hg caryophyllene behaved ~s - suhstarce with ane d-u*le
bond (e.f., J.£f, Prekt,.Chem 1°14,90(II), ?18535.); Amongst the cry-
stelline derivatives oi?PcaryoPhyllene,the nitrosite ié the most
interesting in so much as it has a distinet blue colour,and that
on heating its alcoholise solution it gives a new hydrocarbon{Deu-

ssen Ann 1908. 359, 246,}, By reason of its blue colour it plays

an important part in 21l structural formulase put forward for’&car

¥ 19



yophyllene,the blue colour indicating that the nitrosite has a"NO
group attached to a tertimry carbon atom,and thus necessitating a
doulbe bond adjacent to a tertiary cabon atom in the caryophyll-

ene molecule, It may be mentioned that the following formuleae,
e

<
/
S
b S L
”:;~c e "
i !
CMe, L
pusv forward by¥ Deussen | Ann, 1909.969, 61-62.),was based on (a)
the nitrosite evidence (b} on three products of oxidation by KMnQ‘
concerning which nothing aqall of the structure was elucidated,
This formuls hes since been rejected as unsuitable, ..c author u.m
self considering it untenable on account of the behaviour of pcary
ophyllene on heating with sulphur (Deusscrn %eit, angew, chom.L923
=6, 348-349.) when iZ/weghe found no aromatic hydrocerbouns in his
product, Formula(I) sheauld certainly leed te 1.5.dimethyl.4.iso-
Propyi nephthalene on dehydrogenation by means of sulphur,

By acting on caryophyllene with Oz ,a solid C H,Q, resulted
(Semmler and Mayer, Ber, 191..44, 3657-367v.) which broke down to
give nine different products,of which two were CO,and HCHO, ¥4 Of
the remaining seven,five of these products gave on further oxid-
ation gueceinie or dimethyl succinic accompanied by an acid QIHAQF

named caryophyllenic acid, This acid is a liquid acid isomerie

with the crystalline pinic acid obtained fromg-pinonic avid and
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which is well known to have the following structure:-

CH~— CooH

\ \CW;
i3
)\C”—- C“;m”'
Pwicacid.
On account of its stability towards KthwHNO3,its ability to

give af\ anhydride and its high refracvtive index(ﬂgg 1.4462)
Semmler {loco cit,) Bives caryophyllengkc acid the following stru

cture: -

Mt\c/coou

cMe )
Hc\ )/ ‘

CooH

C_(_x_z_\.’ 0 t’-‘l‘J Nlenic acid.

or Cig-1.3.dicarboxy.2.2.3.trimethylecyclobutane,

Based on his ozonide products,Semmler puts forward a fofmula for

pcarvophyllene és follows: -
en,
\ “| ®)
\\\{/§§M¢ .

It is seen that Semmler based the above formula on his stru-

12

M
é
ah

4; -

cture for caryophyllenic acid,and it would be well to exam.re %

his reasons for giving this actd a cyclobutane structure., On

account of its high refractive index it is evidently of cyclic
2l




structure:and considering the formation of dimethyl sucecinic acifj
gide by side with it in the further oxidation of the ozoniue pro
dusts,it contains & gem-dimethyl grouping, Since it is not iden-
tical with pinic aci#d and seince it cannot further have the cyecl-

opentane siructure indivated here,

CH, CH—cooH
CHMe,
CH, CH- COOH
Apo-cam bhovic Aciol. )

for this is apouvamphoric acid,it is given the cyclobutane stru-
octure es wriiten above, as will be seen uithough rormula (fT)
is best suited to the known properties of varyophyllenic¢ actd,
this formula waé addiged at by an elimination process and cann-
ot be strietly final,

Having fixed a structure for caryophyllendd acid,Semmler
makes use of a ketone,C,Hy0 ,-one of® the ozonide decomposition
products-~ tb build up & further part of the molecule, This ke-
tone acts with Bryin YOH vo give UBg and G H,Q, “hus furnish-
& proof that the ketone is of the type R-CO—CHé; Yow qubO con-
tains the caryophyllenic acid skeleton as it can loose two car-

cyeclic ,
bon atoms to give X/ onobasic acid uyﬁhql,thus it has & c¢yclo-

butane ring with a three membered side chain attached and is

probably the following:-
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Cu
o |

che,
|/
e (‘.OCHZ,.

C “ -
Hy "“The methyl kelone
Thus far ten carbon atoms of the molecule have been accoun-

ted for and five still remain ,with two double bonds to be plac-
ed, From Semmler's oxidation by ozone which have any bearing on
the further building upk of the molecule,viz., & diketone C;zH:oO,_ .
a diketoaldehyde (, H,0; ,and a diketoacud G, H,0, ,1t is extrem-
ely difficult to elucidate any useful infirmation as these sub-
Sstances are high boiling oils with no definite boiling .oint and
are not securely cheracterised,e.g. G H,(, was put down as a d4i-
ketoacid because its semicarbazone had no fixed melting point
and was judged to br & mixture of semicarbazones, Nor did the fur-
ther oxidation of these products further the questhon in any way
succiniu
as they furnish only dimethyl/ and caryophyllenic acids, Howeveld
Semmler puis forwaerd formula E_ﬁ.., vhe most probable oiruciure for
X P-uai'yOphy'llene.

The matter is not finished et thifs on eccount of the fur-
ther fact P-caryophynene nitrosite on heating its alcoholic sol-
ution can give a new hydrocarhen,y-caryopk¥llene,wit» physical
properties quite distinst ,but lying quite close :v .uooe 0f Mf-
caryophyllene, This \/-—caryophyllene furnishes about 73% yield of

vhe dihydrochloride or P-caryophyllene. Semmler then says that tH

3 Z
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usual p-caryophyllene is & mixture of wwo i1somers,which give the
wame dihydrochloride ,and one of which furnishes the blue nivro-
site, Though the literature of the subject is much confused at

this point it seems to be tacitly assumed that the isomer which
which gives the blue nitrosite is identical with the new hydro-

carbon or y-caryophyllene. Semmler represents caryophyllene by
the two formulse below,the memes “terp." and "lim," denoting that

similar relationship as is found between terpinolene and limonene

in the C,Hseries,

CH3 f"i\,/
i RS .
pNge Kal e,
/ \c/c n§c~ < I \Cu/ \c-cH,
] | o M c/cm, i i
HC\C" /~¢“3 H \c (Csc"s
Tevb. chvo'»k\)nene, Lim. cavyophyllene,

In the above reasoning for the presence of two isomers in
P-caryophyllene Semmler overlooks the possibility that the blue
nitrosite is a derivative of & single hydrocarbon- PcaryOphyllene
- and that it is capable of breaking down in such & way as to
give a different hydrocarbon from that <from which it was form-
ed, This interpretation of the nitrosite evidence means that'
?-caryophyllene is not a mixture of two isomers;end it is in ace
-ord withlarge yields of both the dihydrochloride and alcohol

which were found to result from F-caryophyllene during the cour-

se of the present investigetion,

It is seen therefore that Semmler's formulae are by no
24




means proven facts,and certainly beyond the arrangements of the
first ten carbon atoms,do not rest on secure ground,

Up to the present the chief work done onP—caryophyllene is

outlined here:-

(1) b.pt, 118%119°C at 2.7 mm,; N}° = 1.5002.:

al° = 0.9017,

(2)q5%“ aceticac S 953%0 m,pt. 94196°C,cary0phyllene
e -

8icohoi,

a wricyclic hydrocarbon,

cellcd clovene, C‘g P\,_q.

(3) 8 tricyecliec

e hydrocarbon Cishae

¢, B, Helinether o ¢ g 2RCL |

/. 2 42’%
C',g""{
a dicyelic
hydrocarbon. Cighhy4.
(4) a
C,‘H”M—f—-—« s di- and tetrahydro derivative,

- GeHy 8nd Gl
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(5!

G B
O /7 caryophyllenic acid
H,, & Cis Hoy®, >, dimethyl succiniec
s S diozonide > y1 sucein
' acid
s GEO
a ketone,
{(6)
CH N20 C.H heat in C.H
15 JF“'"“L"‘—‘) s HaNs Oz W’ s Hyor y~caryophy11epe.

{7)
Ces Fag Egﬁr%EQno naphthalene or benzenoid hydrocarbons could

be identified on the product,

Amongst the few conclusions of a general nature that can be
made from the foregoing work,apart from those made by Semmler and
mentioned above,are that P—caryoyhyllene is bicyclic‘ cf, (1) )has
not a naphthalene skeleton( c¢f,!(7) ),and has a side chain which
can acoqudate itself to ring closure( cf.(2) and (3) ), Much new
experimental work is required to furnish more date before & satis-
factory formuls can be put forward fot f-caryophyllene,

What is most required in the chemistry mff—caryOphyllene is a

series of oxidation products with all or most of the carron skel--
26




eton oY Tie MuiciuL€ SLiil invaciu, This wouid permit of & study
of the membems of this series and also of their reletion to the
lowver oxidation products isolated by Semmler .loco cit.;; Seme
products of tiis type have sctuell, been isolzted! Haarmann'Bef.
1909,42, 1064~-10673 Deussen,Ber; 1909,42. 376-381,1,but nothing
more of importance was done in that connection by these chemists
then analysis of these products, Already,as has been seen, there
.is strong evidence Tor vhe exisyenue,in the P-caryophyllene mol-
ecule,of & cyvlobuvene ring,having & gem-dimethyl grouping, and

with & three carbon side chain to give the following skeleton:-

¢
¢
I
| &
C\\\C//C~<1
Cgm

It is obvious that a study of oxidation products or their

derivatives lying in the &k qw—qg region will furnish a clue as
t0 the co-ordination of the remaining pdiks of vhe molecule; and

such considerations prompted vhe present work,

THEORETICAL.

As P-caryophyllene,like many other terpenes,is very sensitive
to oxidising agents,fhe oxidation proceeding direct 10 sucuinie
or dimethyl suveini. acius(ef. small yield of G, HeO obtained by

Deussen Ann, 1903.359, 258.Y,it was thought that HOCL might prove
? .
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a suitable reageni for this sesyuiiverpene, HOCL adds on to dou-

ble bonds vo give compounds of the following type,

LlRZT-———h? 3534 ' ' .

OH CL .

called chlorohydrins,end which on treatment wiivh diluve alk-

ali pass over to the corresponding ethylene oxides, These latter
( Henderson and Marsh T, 1921. +492-1500;Henderson and Kerr T.
1924,100-106.3 Slawinski,Bex, 1827.%2 £064.)very readily pass
over to the corresponding dihydroxy compounds on treatment with

e 2% aqueous HyS50ysolution, This provedure in the case of p-car

yovhyllene,should firnish oxygenaied derivaiives wich Jhe fifi-
een carbon avoms avill invacu,and thio plan was adoyted,

This decision led to the necessity of preparing p—caryOph—
yllené and HOCL;and a short account of these preparations is
here given, As was indicated above,commerciel caryophyllene con
tains two isomers,?ne optically active and the other inactive
and of higher beiling point, No chemicsal separation o: these Iw
two isomers is known up to the presenf and Deussen (Ann, 1907,

257,13 1908.359. 2455 1909, 369 41.) to whom our knowledge of

:'"e‘ /’
the pregence of these two isomers is due,used fractionaldist-

illation at reduced pressure as a means of separation, Although

caryophyllene can be distilled at ordinary YeMperdaivreés/preasuy
pressures in the region of 260°C,it was considered that contin-

uved fractionation of the o0il at this high temprature was apt to
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bring abouv internal changes in the structure of the moleculg
end vonsequenily iv was deciaged o distild &t reduced pressu-
Ty,

The caryophyllene was obtained from Bush & Co; A prelimi-
nary investigation,by distillation at & pressure of iSmm.,
showed that the oil was rich in P-caryophyllene,and on contin-

ued fractional diatillation a lower fraction was isolated with

4
the following physécal properties-

|
T mom. 2 "

B.pt, 118-119° C/;m.: N= 1.5009+ d = 0.9052,

This fracvion did nov permit of any further puwificavion ana
was uaken a. relaivively pure F-caryophyllene. As a further
means of judging the pubity of ihis fracvion, the dihydrochl-
oride was prepared and the résult was an almost quantative
yield of the crude crystalline dihydrochioride anu abou. 75%
yield of the pure sal. m.ye. 68=69 C, At this stege an attempt

‘ dihydrochlovide
yap/pede to cryatallise some h-caryophyllene, by freezing in
CQ; Bnowlfailedand this supports the view tha:. ®-caryophylicne
gives & iiyuid hyarochioride, It ma? be mentioned that the
igolation of P—caryophyllene is a difficult and tedious operati
ion and the chief difficulties were to keep the pressure const-

ant and to prevent overheating of the oil, The second of these

H

§
points is best auvtended to by keeping the Ulaisen%surrounded

by an 0il bathmaintained at that temperature whiohjjuSuIalloWQ

the distillace to .ome over in dropu &t the raie of about one
29



per second; whilst at pressures ranging from 1.0‘%40.5mm. an al-
most constant pressure can be got by introducing into the reduv-
ed pressure sysvem a large jar of about five geallons capacity.

As & source of HOCL,Wagner and Slawinski (Ber, 1899, 32.2064)
whilst Henmderson end his co-workers ( T 1921, 1492-15003 T 1923,
1156-1161; T, 1924. 101-106,)lused & very diluie sotucion of &yus
eou. HOCL obtained from bleaching powder ana bori. a.ia by .a¥:iorn
mehhoéd(T; 1913,101.44) Just recently however Andé Detoeuf (Bull
de la Soc, Ch#m,.1922. 1028nd 176.)has found an excallent way of
preparing chlorohydrins by his beinz able to prepare monochlor-

urea NH,CONHCL, This substanee in acid solution hydrolyses with

the formation of HOCL and the regeneration $»f urea,
NH,CONECL 4+ H,0 = NH,CONHIfHOCL.

Monochlorurea is considerably stable and does not give off
mush ohlorine thus obvieting the formation #f dichloro- deriv-
atives which occur to & greater or less extent when ovher sour-
ces of HOCL are employed; and moreover a concentration of mono-

chiorurea in solution can be obtained by this method which is

equivalent to a 304 HOCLsolutiomn.

ﬁ-caryophyllene was treated with two molecular equivalen-
ts of monochlorures in aqueous golution and the product ceparai-

ed from the gyueous oluiion,was & quantitative yield of a thick
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brown oil which failed to crystallise from the common solventv.
or alone, A very small Lart was .usam voiralulie, bu. this was
iound ve DB o MILvile o4 diGuior-CAryophLiony anurcaIJOynyL;cne
-he residue after stcam disvillation wa. an unworkeblc rewsin,sn
and could notv be distilled at 10mm; without violent decompoiii-
oin,resembling the original product from which Bt was derived in
this respecv, It may be herk brought :o noviuve that in one of

Semmlers formule for caryophylleue vigz,,
CH; / }y"\

¢ e
cu» \/ " e q{ ‘\cu,,
‘ /w o~ cu, ‘/cﬁ"\

HC, ¢

C=Ciy m
’x ~¢/
Eime-caryofylenc. -pinere.

there exists the same system as is found in d-pinene,i.e, &
cyclobutane ring conjugateli wiiha double bond, and as G,Dupont
( Bull.Soc, Chim;nlzﬁv),gc]?.qoq) points. out,a system of this kind
can ,not only ect a8 & substance with oneé unsaturated bond,but
dlso can take up two molecules of the halogen acids,HOCL and HO:
That in all probability the eyclobutane ring ofdpinene QId
occur in p-caryophyllene was seen in a préviogs page,and apart
from adopting theé sbove formule on detail,it was reasonable to
suspect B-caryophyllene of being able to unite with three mol-
ecules of HOCL., The suspicion was neither proved or disproveé
since the product from treating CgHywith 3HOCL molecules was

even less amenable to steam distillation,#¥éderystellisation,er
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low pressure distillation, It wes evident by this procedure

that & very complex reaction was taking place and it was decid-
ed to reduce the velocity of resetion by codling and also to
give the reacting substances a more intimate mixing by using

acetone as solvent for p-caryophyllene,wtth about 10% of water

present, Accidsntly also acetone was seviceable in that the rate
.

of hydrolysis of NHyCO LHCL,and consequently the rate of addit-

ion of HOCL,was greatly diminished in this solvent. The proc-

edure in this treatment was briefly to dilute the hydrocarbon

with five times its volume of acetone and slowly add the mono-

c@}ppurea whilst cooling et the water tap, This procedure

furnished a =zood yield of a bricht yellow o0il which faliiea o

crystailise from solvents or alone, at this sfgg it was not frq;
from chloroacetone,formed during the course of the reaction,
and the product ,being unsaturated towards Br, and XMnO,, was
suspeeted of conteining free q‘Hupr q,gapLzor both, AT 10mm,
pressure an attempted distillation of a sample of the oil res- -
ulted in much decomposition,and it was necessary to employ a
McLeod guage,& mercury pump,amd the water pump to obtatn a
pressure of 1 mm, at which prssure & satisfactory distillation
of the erude chloro-product was obtained., Bhe scheme of fract-
ionation in this case wes based on the fact that the chloro-
hYdrins sought should be saturated towards thand KinO, toget-

her- end the scheme was put onto vperation by dividing the
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distiilates into five parts and vesting the unssturation of
these by Bgiand KMhQ+. The higher boiling fractions furnish-
ed uitimately a fraction 1252140° &t 1m.m,,fully saturaied
vowards Br, £gnd XMnO and boiled almost constantly between the
twb described temperavures, This fraction on two consecuvive
anaiysis was proved to have the formula 953ﬁ9 CL, and its phy-
sical properties are given here:

B,Pt 1252140° ¢ at Bé#d lmm; N(]{G = 1.5019,

16
A = ~3.70 in 5,17cm,tube in 30% GHOH soiuiw

The compound C,HWO CLywas treaved with its molecular equ-
ivalent of p-nitrobenzoyl chloride in the usual menner in pyr-
1dine solution, The product isolated in the usual manner for
a8 nitrobenzoate,was unsasturated ,contained uno nitrogen,and so
proved thet the"O" in the ¢ompound is not in the form of &
Primary or secondary alvoholiv grouping,and fursher ihac ihe
pyridine soiution atv the temperature of reavvivn eliminauea.
gome part vf the c¢hiorine from the molecule in. the form of HCL

Semiverbazide acetate in alcoholic soiution,on standing
for a vongiderabie time failed tvo £X¥ysrelligeé give any orysi-
alline semicarbazone and the product isolated by preciplivavion
by water proved To be saturaied,io voniain no nivrogen,and pre

sumably was unchanged ngﬁp GI,,It is not an aldehyde and so

[Nl
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the oxygen in this compound ic nov of the varbonyL uvype.

From uhese consideraiions and from vhe mode of formaivion
of UeHyO CL,,1it 18 reasonable vo suggest that 1T vonteins an inner
oxide grouping, wwo "OH" groups of a hypoihevical divhiorony#rin
losingg watér either during discviiiavion or sponvaneousiy vn torm-
avion of the supposed dishlorohydrin, That water was eliminaiea
during distitiacvion will be seen later on in the work, Now ihis @x¥
oxide is of the 1-2, 1-3, 1-4, or 1-5 inner oxide type., Eihylene
oxides of bovh s.raight vhain and Jyolic compounds(cf, ¥evoeut,Buii
de ia So¢ Chim, 1922,(4) 31 131-169-176; J4,Von Braun and Sihirmachner
Ber, 1923, 56, 1845-1850,) are readiiy hydraied vo the vorrespon-
ding glyvols eivher by boiling wivh waver or by vhe aceion of a
very diiuve soiuvion of ayueous H130+- The vompound is quive svable
towards vold agqueous 2% H2§q§ nor does any acivion uvake place on ada
ing aiyohoi To promove more iniimeie mixing of the oxide anzdthe
aqueous migohol,nor even on warming the laiver, Afver vhls vrea.-
ment he recovered produst,wiivh the same physicél appesarance as
the starting subsiance, gave no sign of aivohoiiu groupings wnen
tesved by p-nitrobenzoyi ghlori&e. The oxide does not behave as &
1-2 inner oxide or an evhyiene oxide,

A soluiion soiuvion of 0.5% KOH has no effevs 1g vhe couid on
vhe oxide,no KUL being eiiminesved, On heauving however, a 0.5% KOH
in dilute aqueous alcohoi did eiiminate some KCL,ana iv was .hou-

ght thet the avtion might have taken placve as follows:-




. ] H el KOH - [ * T (

GgTp0 CLy ——;@;ﬁa G H, CLOH), > G HO, 4+  HuL(ovKCethy
intermediate 8 di-(ethyleneoxide)
dichiorohydrin,

This unfortunately was not the course uf the reaction,as the pro-
duct,still containing traces of chlorine,behaved as an unsaturated
substance and would not hydrate to the vorresponding tetra-hydroxy
compound on treatment with a 2% HyS0¢ solution,as a di—lethylene-'
oxide) should, AgaianfPhalogén-hydroxy compounds,e,g, chlorohydr-
ins,iodohydrins ete, ,have been found 1o give ketomic compounds on
tieatment with reagents that remove halogen acidg, The intermedia-

te inmer oxide is said t0 isomerise as follows;-

4%_RUH’:——- CHO

~HX 1 SR
RQHa—{H,X — 1%y RGH CH,
B X ~u7

This isomerisation is known as the Tiffeneau rearrangement(cf,¥iuv-
hael,J .Amer, Chem, Soc¢., 192p. 42, 810; Titffeneeu,Buii, Sov Chem,
1907,(4).1205.), Although a study of the Tiffenecau rearrangement
would not in tvhe vase of removal of HCL from giﬁup CLyvo give 9;%591
vie an itermediate divhlorohydrin,mss give sirong reason tTo suspevd
the presence of ketonic groupings in the product ,it 18 well w0 noue
that the product from treatment fréd of (G H,0 UL,wiih diluve aicoh-
dliv KOH does not give ketone or aidehyde reactions,and ivhe producy
Semms to be a mixture of dichloro- oxlde(§XlZﬁA&529f_”p L )and a

Little of the favter with HCL removed,

From a paper by A, Franke and F. Lieben(Monatsh, 1914. 39.

L431‘1435.) who worked on the dehydcraiion of glycols one would con-
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viude that those glyvols which furnish the most stable oxidegare

the 1-4 and the 1-5 variety,e.g, 1-4 hexylene oxide,

CHEL — CH,,
o

N

I~ 4- hexylene oxide.

CHy

was prepered by these chemists and founa wo be quive swable, Iuv 1is
8.s0 evident from vhis paper that 1-4 and 1-5 giycoi Siructures
most readily Zidgchange to the oxide grouping,as might be expected

if Bayers strain be adopted here, Now from the stability of CHH#OKEL

and from its formation during distilletion by eliminatvion of water
it is reasonable to suppose that it may be @& 1-4 or 1-5 inner
oxide; and if Semm;er’; ter,varyophyliene formule be adopted for
the moment & 1-4 inner oxide seems most shitable,as is seen from
the following representation of the course of the reac.tion of HOCL

on the hydrocarbon:-

: eH CHy
[ cA { /i\c'a——-cuce
c“/ \c/ \ < citg — CHCE 0 ‘i“*c’*‘l
* bhe oH ‘ CAe, I 4 '/w’_l—)c/ iy fate,
‘ : > amoce 6‘6 /43 ¢ —cuy 4 NG
N4 /C'C“J — \m/‘ oH bu \Cll; o
CH t ‘ ‘
js-c“yozpkguem, | Intermediate duhlorohydrin. i-chlovo-oxide .
" (dJ'd
Cis Ve Cy5 HyyH0E), C15 124 0 L

It might seem hypothetival to convlude that ,before disvillaiion
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any dihy#toxy vompound had existed at a1l in ivhe orude proouvs,
buiv to support the existenve of such an ester of the type #/K

G By P CQAPOCCH})W@& able o be isolatea from vhis produvt. By the
usual method & crude esterified product weas i1soiated whicvh on Zre
fravtional aisvillation at lzmm. pressure,yieided a fraviion b,pv
1902200”¢, This fraviion having,

20
N's 1.5213, (R)z-0.74 1n 5.17¢m,thube in 10% aluoholic
’?““ : sorution,

was & yellow oil with & composition,

Gz 57,11% H=6,93% CL 219,9%,

Considering the diffiuulcy of purificatvion of vhis ester,these
figures agree reasonably weil wiih,

C=58,12¢6 B=7,97% (L= 20.22%
which are ihe valeulatea values for the formuia %sgdpﬂuLJpouuﬂj)
and st any ratve the figures found experimentally‘uo noi. aamiv of
any other saiisfactory expianaivion, The exisiencve of this mono-
avetate shows thet a dichirorohydrin existed in the cruae producu,

Ayempts to prepare vhe p-nitrobenzoates of vhe crude produce

faiied,perhaps due wo the presence uf mono-chioravetone and di-
¢hlorvaryophyllene, or perhaps due to the exisience .t vhe hyRrox-
y1 groups as veriiary alcohdlic groupings,

Formula(ﬁ)again i111lustravted belowgithough it must be treatsea

as purely tentaiive,corresponds sirikingly with the known pro-

veriies of the oxide in questione.g. q5§u9 CLyg .
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c{l:J &-m—@cc
iﬁ/ //}~—Cﬂs C:Me,

cu,

Ifs resistance vo hy@meiion agrees wivh vhe tive membered hecer-
ocy¢lie sirucvure; vhe venaviuvy ,8iso,wiih whivh iv holids some ¢
of its vhlorine is demonsuiraveua by boiling with aniline for many
hours when the proauvt still vontains vhlorine,ana this is 1in
agreement with vhefact ﬁhat varbon avomil2) vonnov readily paru
wWith its chlorine owing vo the absencve of an adjasvent hydrogen
atom, Also a situdy of formma(Bf*uhowa vhat boivh OH groups are
tertiary which cvoula ascouni for ihe :nabilivy of vhe crade »
product to reavt with p-nivrobenzoyi chloride,

With & view 1o obvaining a compouna of vhe type 953&9 from
UsHyO UL, & poriion of vhe oxide was treaied with vu-Zn dust in
8liohoiie solution vonvaining some water, This Provess was 8Xuvi-
eémeiy tedious,and aftver ivhree week: refiuxihg of vhe ingredienvs
the oxide stili vontained an eppreciable guanviuy of Jhlorine and
and ativemts to perform & fraviionai disvillation &t reduveu presc
ure on the partly uechlorinated proau.t were unsuvwvessfuil,Pro-
longea bPo1iL4#4/ treavment with Ne-amaigem in absoiuve a..0hol,was
10t successful eitvher, buv & aeierminaivion of the varbon,hyarogen

8nd chiorine conients of ihe partviy devhlorinatea subsianve,showe

¥ l %8
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showed Jhat vhe dechlorinavion was taking place avworaing oo anule-

ipaiion,and ihat roughly abou. 60 vI une OXlue wB: uveLn.erineued

i after & Two weeks treatmenv, ''hese aevhiorineiions were pu. aown &s

't gilures due vo their exvremely sliow aviion,

An attempp to oxidise UgH,O0 UL, by UrOgin giacial aceiiv acid,moi
ecu.Lar quanvities of each békng used, showed that the oxide is 44di
quite suvabie owards Ur Osat orainary temperatctures, At the ce.mper-
aiture vf the wauer baivh,however,oxidation procveeded and ihe produce
was soiely & neuuvrat vil b.pi. 140%165° 24 0.7mm, which.on &nalysgs
could notv ve recvonviled to &any formu.s,a&nda was uvonzsidered a mixsure
unable tvo be separaved by fracvional discviliacvion, the svabiiivy &f
UgHyO CLy towards vold CrOjis again in agreemenc with rormu;ﬁfzz,and
definitvely establishes tvhe &absence of an algohoiicv grouping in vhig
vompound , H{Qgin glaciel aceiiv acid soluvion &t vhe ordinary .em-
perature oxiaised g5gup Uthp & neuiral aud itwo aciaie products, Of
the avidicv produvis one,which occurs in small yield, was 1denvitied
as-succiniu acid whil. st che oivher and main product 0T the regouvion
was a brown oily avid of viscous appearance and no. further chara-
vierised,

Alvhough the firstv aim of this work was nou complievely reai-

‘isea i.e, preparavion of an oxygenatved derivative of caryophyilene

_ o , _ unforseen
Gontvaining uvhe fifreen .arbom atoms, this was due 1O The/wendenLy

of the starting compound @0 loose waver on disviitavion in suvh a w
way vhat regeneravion was impossibie, There is definite eviaencve o

support the existenve vf &t least one aichlorohyorin of F—uaryoph—
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yiiene and by & svudy of the oxiae (nwo whiuvh b passes reaaily,
gquite & number ot tacis were brought uvo lighu sonverning Lié 1is
suructurel €.&s 10 vannotv be digsitilled au reduved pressure wichouv
loss of water; it probebly cvontains uwwo ver.iary hyaroxyl groups;
it is capable of giving a mono-scetate, On the total aata furnis-

hed by a& study of the oxide meniioned,the foilowing formula for

a dichiorohydrin ox F-—uaryophy.u.ene i3 suggested: -

»

[ cuee
C/\\ 4\c_f._':‘;
He {
AN

Di-chlorohydrin of ’3- caryophyNene.
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EXPERIMENTAT

Preparation of pure_ _caryophyiliene,

The sourcve of the P-caryophyllene uged in this work was an oii
obtained from Bush& Co,, guaranteéa~to éontain caryophyiiene ses-
qQuiterpenes and with no statement as to its physical properties,
Metallic Na nad no action on a campie Of uhe oii aried over anhyd-
rous Nagsqvand oniy slight‘resinificauion 00k pieue on ureaumént
with KOH sitivks. A iarge quantiiy of che 0ii ,having been ariea #¥
over anhyd, Ne,S50,and treavea wivh KOH,was &tored in & iarge bouii
for subsequeni fravional disiviliaivion, The physival properties of
.vhe oil ithus treaved were,

| » a19 = v.9076, N = 1,501,

Using a Clafsen flask of 250 ¢.u., volume, attached to & Brukl rec-
Aeiver and & water pump,8 distillavion was performed and showed tha
roughly #% 75% boiled atv 119-122 ¢ &t & perssure of 10 mm,,vhe rem-
ainder boiling at 122-128 U, By ﬁ oontinuous'distillation av & ¥
rate of one drop of disvillate per sevond,wiivh an oii baivh kepu &%
1701175'C, the iowest boiiing oii was voplevved ana foundvth nave
the foiiowing physival properiies(ihe refraciive index was read

from an Abbe REfraciomeuver):-

7 ;
b.pi. 1182119°at 9.7mm,; - N& = 1,5009 3
™ :
[d.] = -8.30; at? - 0.9052 3
)
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A sampie of freshiy d1st1l1euf-uaryuphyllene,b.pt. 1182119° ¢
av 9,7 mm,,was dissolved in abou. three uvims 1uvs voiume 0f echer
which had been pre¥iously disviitiea twice over Na, HUL gas, aried
by H1504bubblers,was passed in whiie the vonveining fiask wae kepy
in &an ice-salt freezing mixture, The resulning dark red iiyuld oon-
tained in solution the hydrocvhioride which was isoiated by evapour-
ating the ether by a vurrent of dried air, vaking vare that no mois-
ture entered the flgk vonvaining the hydrocvhloride, &s this reduces
the yieid of c¢rystalline produst vo a grea. exvenv, The dark mass ¢
of c¢rystals ﬁere purified first by fiivravion aiv Jhe sucivion pump
and finatfiy by recrysvellisavion from purifiea evhyl &8icohol,ghich
prﬁvea.nhe best crysteliising solveni, After oseverai recrysstiiism
ations & m,pt. was founa vo be 68%69°C as vompared wiuh Watiach and
Walker's (A,B. 1893,101) melting point of 69-70°C. BY volleciing
all vhe crysiailine dihydréchioriae possible,.he movher iiquors
being repeatedly frozen ftor ¢his purpose, & ylieid ot 75% pure prod-
uct was obtained,

A fraction 125%127°C,which provea to be the highest boiling
fraction in Bush's oil, was .reatved exactly as above with HCL, bue
vhe yieid of orgsivailine produci only amounied vo about 10% the the
oretival, An atiempt L0 revryssailise the mother liquor of this raz
latter,which liquor was undoubiedlys~-caryophyilene dihydrovhioride
T81X¢d by freezing in UOgsnow proved a failure, The dihyarouvhioriae
m,pt, igt7d’c,was dissoived in ethyli @aiuohol to give & 2,5% soluv-
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ion,of which the opiicvai rovation was devermined &nd found o be

&

strongly dexirorovatory as was aiso noticed by Semmier ana Mayer
(BER, 1910.43.3451.)

5 | Pl
(ok)dz 0.84, liength of tube m 5 dem,, concentraiilons Z.5%.

15

? = 2 . 2x24

e [Gl]d = 100*4'53‘5 = 100 % ==
= +67.2°.
Ereparavion of mono.hiorurea.

To 12p gm, ureé mixed with 60gm, roughiy vrushed marbie rock
(Uauosl in a iarge necked botuiie witha (wo holed rubber stvopper
60 gm of wﬁter were added, Having fittea the bouiie with uhe nec-
egsary glass tubing,vhiorine was bubbied through vhe semi soiid
mixvure unvil vhe CL,wes no Longer absorbea no.iveabiy by vhe
urea, This end point can be gugged by noiving & tendenvy 10 frouh
'on the part of the (onvents of the bottie,or by suvvessive weigh-
ings until the theoretaval invrease is atiained,,.It required abuvui
2to 24 hours to complete this siage,and beyond ivhis siage the fur-
ther passageof CLjdiminishes ithe yieid of monochiorurea, It was né
notv necessary to separate monochiorurea in the ¢rystal state, vhe
eontenﬁs‘of the bottie being simply separaved by fiitratvion from
the unused marble, The soiution of monochiorurea which measured
about 150¢u, was diiuved to 300vu, and vhe amount of monochiorurea

present was estimated by titraiion against svandara thiosuiphate,

adding a 1ittie avetiv avid to bring about the hydroiysis of the
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monovhorurea, In & number of preparetvions rarvging/frem/ of mono-
chlorureca, & yieid of ihe tavver ranging from 108-126 gm,.was ob-

vained from a starting 120gm. of ureati,

Preparation of crude chiorehydrin product.

From 120gm, urea ,& soiuvion of monochiorurca convaining 108gm,
was‘prepareu &8s in vhe previous paragraph, This amouni furnicshes
sufficient HOUL for 11l7¢u, of caryophyiliene caicutetea on vhe basis
of two HOCL molecules for one caryophyllene moleuuie. So anouu 1zZ0v
of p-caryophyllene bepu, 118-119/9,7mmwere aiiaited uvo abou. 600¢s.
with avetone in a large fiait botiomed fiaskconcvaining 10cvu, 0f gi.
avetic acid,and whilst being vooled and agita.ed bencath & watcr I&
t8p the required amount of monochlorupes was adued oiowly, If the
¥monochlorurea is -dded in iarge quanciuvies 1tv 1s difficudlt vo
mainvain the vontents of vhe fiask ay .he vemperavure of tvap water,
and rise in vemperaiture resuiivs in low yilelds ,dye in some measure
10 the formation of monocvhlioraceione, To bring vhe rcacviion vo Lup-
completion, the cvonvents of the flask were vransferred to & sioui
Winchester botuie,tightiy stpppered ,and piacved on a mecvhanical
skaker for abouiv six hours, In some ca&ses more uvhan s1X hours Were
required, the end puvinu being judgea by he acvion of a samppe of
vhe reacvtion mixture on an acidifiea KI Jolulion,a very weak Lol-
ouravion denoiving compieiion, A‘B this svage vhe iiquid,having aci-
umed & vwo iayer posiiion on svanding, was disviiled from a waver
bgvhwhen most of ihe aceitone solvenv was recovered, The residue was

extracved wioch ether vo gei rid of urea, Theether exiracis were
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convenvrated,dried over anhyd, NaySO¢,and distitlea on the waier -
bath,ieaving in aisvillavion flask the cvruse chioxohydirin proausvu,
whivh was not ablé to be c¢rystallised by any mevhod,

In two previous attempts 10 prepare chiorohyarins,one using Two
moilecules of HOCL,other chree moiecules HOUL for every moiecuie of
qﬁﬁnisee theorevivel part of this treatise,p.Bl)une preparavion was
similar to above one except that waier was used instead of aceione
which of vourse makes unecessary tvhe firs. ailsuvliiiavion mentvionea 1n

above preparavion,

A sémple of uvhe ¢rudec chioro-produc. was dissoived in ve:r: vimes
ivs weight of pyridine and a i1iviie more uhan.one theorevivail weighe
of P p-nicrobenzoyl chloride(assuming cha. ¢rute proauvs 0 be appr-

oximately g;ﬁuQHOCL ) o0 give a al-p-niirobenzodic,was siowliy added,
The reacvion mixiure stood at water-bath temperaiure during aboui 45

hours,when, by the usual ireatmen. for iaoiation of & nicvrobenzoave

& thick brown producs resembling chewing gum resuiived., This provea o
be a machanicei mixiure ¢of nilrobenzoic @Lid &and & vhick olly iiquid

whicvh did noi give .he usuer vest for nitrogen buv coniainea Jhivrine
and was unsaiuraved togqards Bgiin.CHCIusoluxion. Evideniiy pyridine #
at the temperature of reaviiun has absiracvted parv of vhe chiorine ag
HCL from ivhe molevuie 1o giveAan unsavuraved uo;pound.

Preparation of escer of composicion CuhHyULa OH. {OOCCH; )

About 15 gm, of tvhe crude productvwere dissolved in a slight excess
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of acevic anhydrideover uhne vasvulfuclO a8moun. NELesSsSBry O €3Ler-
®f2¢ two hydroxyl groups in tvhe moleuule(assuming crude product o
be b‘/,-HM(HOUL)z); A small drop of c¢onc, sulphuric was added and on
warming & few minuves acvion took piace,giving a brown yeirlow pro-
duct., The product was poured invo a soiuvion of Na Huos,extraeted
with ebher,and the dried ether extracts evapourated down on the
weter bath giving a brown syrup,which failed vo orystvallise from
a larze variety of solvents or alone, The brown syrup was found wo
distii &t 12 mm, ,boiring over & range of 40°C, From this by vonuin~
ned distillation,threc fravions were isolated of whivh tvhe miadie
one only furnished any satisfavtory figures on an ulvimaie anaiy-
sis, This middle fracvtion on further purification by disvillation
boiled at 190%200° ¢ /12mm, and on anslysis gave ihe following figu
res:~ 7

U = 57.06%, Hm= 6.Bo% U‘L - lg.g%'}(experimantali

vV = b7,11% H=6,99% VL = 19.9%,
Theorevical for g5H“ULz(OH).906§H3; |

C = 58,12%, He 7,07% GL = 20,2%
The physical pfoperulea founa were,

. Y » - O PR
B,Pt, 1901200° C/i2mm, : N0 1.5213.

The yield of this ester was small and approximately lz# of the

weight of the starting product.

Preparation of GseliyO CLg,

The yellow o0il which is described above as 'vrude produci'would

nov distil at 10mm pressure without vonsiderable decomposiiion,and
46




for bhe purpose of obtaining & iower pressurc a Hg-vaccuum pump wads
fitted in series between a BrEhl reveiving epparatus and a water/pﬁ ‘
pumﬁ,all of which were in connecvion with a 100cc, Clagsen flask
containing the crude chiorohydrin pruvducv, It was found that Clais-
en flasks larger cvhan 10vcc, were not sasvisfacuvory,for ine reason
thai in the larger flasks , the exha&ust pumps were noi able to cope
with the gaseous decomposition fumes,which arc always formed vo 8
greater or less extent ¥WHEXW on distillation of this compound, This
of course makes the preséure rise and accordingly the necessary pPErm
temperature for distillavion is increased witha correspondingiy grea
ter am.unt of decomposivion, and then anovher rise in pressurc and #
so on till an equilibrium is established by the exhaust pumps. Aiso
at low pressures like 1lmm,, it was found advan.ageous¥y Tvo seal up
one 1limb of the Qlaisen, and keep a supply of fresn porous pot in
the flask whilst distilling.
At a pressure of 1 mm.,the foilowing frauﬁions were collecied in uhe
receiver,

(1) 70%-95°¢

(21 95--110°¢

(3) 110%1z5 €

m 123-145'C

(5) 145~164° C.
(1) and (2) were unsaiuraved towards Br;and aikaline !ﬁhq,,and coniaind
GL-; (3) is saturated towards KMnO,but unsaturatedtowards Br, , (4)

snd (5) are saturaied towards Br,end KinQy, The higfhesi fraciion of
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|
{2) was added vo (3} which on refracyvinaivion wes #ddéd/ L6 Ifurnish-

Bd 8 higher fracvion which was added vo (4), On a convinuous Iraceion
ation of tvhis kind, a frauvvion b.pi. 1351140°u/1mm.,saouraued Lo

both Br, and KinmO,was e@bvained, This rracsion on analysiu'gave,

G = 62,36% : H= 7,89 GL = 23,.4%
lexperimeniai.)

U = 62,26% Hw 7,867 @ UL w 25,40%

*hgainst theoreticel for ¢ H 0 UL ,
C=61,8%: He= 8,24% : CL = 24,9% : (caivulaied),

ﬁ%ysiual propervies of the fracvion in quesvion were,

¢
%

| 16
| B.Pr. 125-140 G/lmm, : N3° m 1.5019 :(oL)Hg = -3.7 in 5.4 c¢m, #i

tube 1in 30% alc¢oholic so

iution,

{Test for aivohoiic grouping in UgHyO CLy:

On treaiment of & sampie of q;Hﬁp CL,in pyridine soiuivion wiih

J*g- nadtrobenzoyl chlioriéein the usual way for several days, the ﬁroé-
fﬁct isoLatved by neutratisation of the pyridine by diiuve H, S0cau about
ﬁlO’C, filsrevion ,and répeatedly wasning vhe soiid vhus got by NaHUOz
‘iwes 8 brownish oil, unsaiuraved L0 Br #rd,giving & cestv for UL by che
.kﬁNAL mevhod anda giving no vest for nivrogen. | | |

Tesi for carboniy groupings in UsHp0 Llgz.

Assumin g (4HuO CLsto have one 'uO' group, & moiecuier equivaleni
{0t prepareq semivarbezide BueuLBie in 8ilvhoii. soiuLion was added to

1® known weight of the compound, This stvood about tven days av ordinary
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temperavure ,a few drops of waier being addea 1n ihe l1auuLer srages
10 aid crysvaliisation of any semicarbagide cvhat mightv be formed, No
grysvéliine vompound separaved and the produci gouw by preuiﬁiuauion
‘]dth water, was saruravcd end vonuvained no nigrogen, V!%ﬂg UL, shows
no aidehydiv propervies when treaved wiuh ammonaicel AgNOssoluoion.

Acvion of 24B.50s0m Ugligd) Clg:

A sampie or UygHyO ULywas piaved 1n & smail boluie ,a large
exv.ess of aqueous 2% H,S50sadded, and the bouvivle vighuiy swopperea
;waa shaken mevhanicaiiy for uwo daﬁs. None oi vhe 0iiL wen. 1nvo soi-
‘uxion, and on re.overy vhe o0il gave no p-nivrobenzodie, indi.adving
vhav vhe Z%IHtsu,nad no avvion on iv, In & smati .oni.ai tissk,more
was creaved wivh 2% HySOpon vhe water baih for abouv uvweive hours,
.‘without any of vhe oii going inuvo soiution, On adding & yuanviuvy oI
"oil to this abou. 25% ofbihe oii went invo soiuiion and on refiuxing
this aluohoiiv soiuivion for abouir 6 hours, vhe product isoiaved by
isviiiin off ihe e&ivonoi,and de.anving the rémaining agueous sOLv-
E‘fen’c,was & brown yeiilow oii, simiiar .o vhe originai and gave no esver

' of p~nitrobenzoi. acid.

Acvion of 0.5% KOE on CgHyO Clz.

A quancitivyof “ﬁ%@p CL,was shaken up fOr SEVerai uuvur's Wloh uWice
81 equivaient meviecuiar quanvity of 0;5% KOH soiuvion, No .rave of
_kBL GOULd be devevved in uhe sgueous iayer afuer .nis ¢reaimeni,f#iih
% litile aloohoi edded o Promoie more invimave mixing of iLne 0il ana
dgueous iayer,sheking wes vonvinuea for onw day,buv Oniy & ex.remeiy
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feins vrace of KUL vouid be devecued, With & Liviie more aiuvoOhoi adue
the reacilng substances were kepu in a fiask atv esbous 70°C for 5 days
when mosy of uhe o0iiy subs.ance went inso soiution, On removing aicoi-
oL by distillation,s produvt was gotv containing & trave of UL and was
unsasvurated, To find if this product vontained any l-z inner sxide
compound, 1u.was sheken for a& day with 2% Hy304,without soiuiion vak-
ing piace, and the orodﬁct isoiated from this gave no nitrobenzoate,

thus showing no alcoholic propertvies,

Action of aniline on CgHyd Cly,

On a water bath were hea.ed Logeiher for several nours,a quantity
of qsﬂupluyzwith e slighi #xée¢de’ excess‘of aniline over .hat reyui-
red to remave two molecules of H CL from the c¢ompound, The exc¢ess
aniiine was neutraiised with dilute HUL and the avid soluiion extra-
vted with ether,On drying and beiliinzg down the evher soiution & deep
brown viscous oil was obvained,which. still containea appreciable

quantities of UL and was unsaturated to Br;and KinG,,

Asiempt vo prepare UsHyd from CuHyO Ulg,

{1) by Na-amalgam,

A quantity of U HuO ULgwas dissoived in purified aicohol and a
1ittle watér added( see Weyie Methuien, Speszeiller Teil,'Reauviion of
(L---0H groups to H---0H grdups) ana aYnexuvess of Nae-amalgam freshly
mede up sdded, On standing two days ,with occasional shaking, ail uhe
Na had gone into soluiion, The remaining Hg was recovered, reireaved

wiith Ne to form Na-amalgzem and agein added oo the alcohuviiv soruvion
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of the oxide. Wnen the Na hed ali reavved wiuvh the &i.o0holl ara the
Hg removea,vhe alkaline soiuvlion was neuurallised wioh COjana tiivereu
The filtratve was .leared of al.ohol by disulitavion on ithe waverbavh
and vhe residue was & bright yeiiow o1i, This wes disiliiiea 8 1 mm,§
pressure when vhe major parc boiiea over Auv 1202;Bd’u.v3y & varius
esiimation for GF it was shown to contain 15,6% of that eiement, This
showed incvompiete devhiorinavion,and o find ouv if uvhe devhiorinaved
&L
Process was proceeding s.rictly in a way oo repiave a ijauom by a H,
‘an ultimaie eanaiysis was performed and ithe roliowing figures were/fvun

found: -
C =69,0%: H =9,056: UL= 15.6 % : (exhercmental)

The percventage composition of YglgO vljand CsHy 0 are given here,

8/ /%
Fo# CelyO CLg: U wm 61.8% @ H =8,24% : UL = 24,0%

Foi 9;Hup : U = 81,086 : H w 11,7% : UL m Y 7,2¢% ¢
Although a cal.uiation of ihe oxide and dechlofinated oxide in this
product ual&ulated trom(l) the varbon content of the ivhree () vhe

CL contenis (3) vhe H contenis s 8re noﬁln €xXaui agreemeny,these fig-
ures serve to show that the reacvion was & simpie Trepiacement of UL,
by Hian ihe molewule,

fThe pariliy deuhlorinatedgwas furvher vrc@ueed wivh Na-amaigam for 10
‘d3Ys,the amaigam being r;hewed as reyuired. It was founu bes. on each
renewal of the smelgam t0 neuilralise the aicohori. soiuvion and tii-

. ter off the Na UQ;eagh time,as when vhe ailLohoiis soluvion becomes

} Burongly aikaline the rasve of evoluvion of Hpfrom vhe amaigam bevomes
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very siow indeed, 'he oi. after tuis furiher treaimen. gave, on
a tarius estimation,a value of 14,4% CL ,i.e,,oniy & devrease of
l.z% CL from the previous one, The devhlorination was not contin

ued by this method,

{2} By Uu-Zn dust in aicohed ,

UsliyO CLywas dissolved in purified aicohoi with sbouu/Y
104 wauer added,and refluxed on a wa.er-baht vonstently for @ov
ut three weeks,with small quantities of Cu-%n dust,freshly pre-
pared, added during vhat period, The Cu-Zn dist was prepared by
adding fine Zn dust vo & soluivion of CuSQ in weier,skheking chur
oughiy,and decancing the iiquid from tvhe Cu-Zn on uetnxlng.The
01l recovered aftér vhis treatment svill conteined CL and an
attempt to’effeut a separavion of the prevumably Lower bor.ing
dechlorinaved oxide,by fracvionel distiilaivion at 1lmm,,failed,
The Loweat fraciion isolatedwin this procedure boiled at 942100°
G/lmm. and showed scilla 4.11% CL vonten: by a Carius esiimai-
ion,

Oxidavion of UsHyuO ULzby HaO2,

UsHpuO CIy (one molecular quantity) was dissoived in four
times its weight of glecial acetiv acid and H,0q (one moieculiar
quantcicy) added. The flask vontvaining .he reac.ing subsién.es

s8§00d ihree days ai room temperaiure,followed by abou. iwo

hours on & water bath at 100°C. At & pressure oI 10mm, mosti i

the avetiv 2cid was boiied over and colievied, This was rirsi
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tested for neutral substanues by complkeie neutraiisation of the #¢
avetiv avid and extracvion of ithe neuvrel soiuwivio; soluvion by €sh.
evher,but no neutral substanves were found.

Neither did the neutral soiution when aviaifiea by aii. Hy5048na
extravted with¥d evher give uny acidic product oivher chan aceuvic aci
whiuh was idencvified by ics boiiing poinv, From the residue remain-
ing efter disvilleiion a neutreal viscous brown oil wes obuained by
extractvion with ebher 0 the residue made aikeline with conc, NALY
NaCOzsotuiion, This oil oniy oguurs in small yieid and on anaiysis
of & purified specvimen,which wes found vo boii av 1403155‘q/b.7mm,
no satvisfastory formuia couid be caivuiated tor ivhe vombusivion fig-
ures found.

When the neu.ral produvt was isoiteved from uvhe aikaiine sotLuvion
ythe Latter was avidified wivn dik, HySO48nd evapouraived vo dryness
On extraciion wiuh ebher & brown oii was recovered by distitieiion
from ihe dried etvher solution,and this oil on s.anding for a vime
deposited vrystals whicvh on purificasion frOm.euher were idenvif-
ied asg succinic acid by a melving point., Acetone was next used as

éxtracting sopveni and by this means a good yieid ofan acid wassb
obtained on distilling off vhe eceione, This svid was & cerk brown
vissous oil which was nov turther characvterised, and is the main

Product of the oxidavion of UuHy0 CLaby Hy0p,

Molecular weight of UgHuO ULz.

This was deuermined by nouviving vhe aepression vf vhe freez-

10g point of benzene ,vaused by vhe oxide when dissoivea in .hau
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soivent, W
Wi, of benzerie = 54,6200 «33,4286 m 81.lq14 gm,
Wi,ot oxiae = 32,470V 53,5920 = 0,760 gm,
Readings on iwhe Beckmann for freezing poin¢ oi benzene,
(1) z,62 (2} 2,62, (3) 2.6x90,

fesdings for depressed freezing poini,

{1) 2,56 (2) Z.56 (3) 2,06,

o> depression = 0,060 U,

Consiani for Cply = 50,

e o+ Mm %— = 038;52:’2?. - 276 approx,

Molecular weight valcularved for (}511_24'0 CL,= 205,59,
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PART III,

A NEW rREPARATION OF CARYOPHYLLENE ALCOHOL AND

ITS FORMIC ESTER,
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A NEW PREPARATION OF CARYOPHYLLENE ALUOHOL AND IxsS FORMIu ES4ER,

It was founa that on refiuxing puiegone with anhyarous HUQOH
for severai days, aceione and meivhyi-l-cyclohexanone resulvedl Waiiao

Ann,1896,.28Y9, $57 ) as indicaved beiow,

?“3 f"s
CH
/N . & \c
Cis <y H, Hy 1-3-¢ elohexamone
| ' | 4+ HCooOH — l ‘_o'q"eH“J‘ !
Cuy /C:O v c‘g.:\ -
Q\\c/ CHy +
(] : .
CHlg C-chy cu '%_ » Qectone.
1£anane U
BCOOH -

also vhe avivion of anhydrous £{99&/on i he aliphacic seaquiuerpene,¢1z>
¢itroneliene, resulved in cheproduciion of & ¢Fclo-sesquiierpene{Sem-~
micr and Shornicz,Ber 191%.46. 4025) |
Inthe hope of eiivher showing vhe presence of @& gem-dimethyl(or
isopropyliuenc grouping),slmilar to that in puiegone or pruduuving &
new trivyvii. hydrocarbon(perhaps viovene),equai gqueniivies of 4ry
v°aryophyllcne and anhyd, formiu acid were refiuxed on vhe water bavh

3 .
for severarl dsys. No irave of acetrone wasfound,buv vhe 0ii whivh wa

Wes revovered was fraciionaved at reduced prssure ani iLhe major pari
Passed over 1551150°G av 10mm,, ‘his fraction (onsisiea of a compouna
9‘3&9& or UysHyHCOOH ,and iis physiceali propervies were found o be,

20

BPo. 141%145°G/20pp. N

17
[ = 1.4967, "= 1.z [d] - -10.46.
.
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‘It was presumably &an ester,since 1t J8vVe no semicarbazone,and this
was verified by vhe favt thau on hydroiysis,a orysvaitine compound
was re.overed,whi.h when purified melsed at 94%v¢e’ C and is 1deniioal
with caryophyiiene aicohoui , M.P3, 94296° C aes.ribed by Wailach and
Waiker (Ann z71.z85-299,)
| This is nov the ordinary behaviour of anhydrous HCOOH on ter-

penes,as in many cases KXruanyweisf 1t brings abou. isomerisation of
the hydrocarbon on heating as was‘seen in the case of citronellene
(loc.,civ.)s Of Gourse the production uf terpene esters,e.g. terpin-
eol aceteaie from pinene,isobornyl acetave from camphene, caryophy-
llgkgr}rdm uaryophyllené,etc.,ia well knéwn, but in these cases &as
gLaLIT8/d¢/ glacial acetic acia guantivies 0of H0% HlSO4or 50%U‘H;ﬁ503
are added o bring abouv the addition of ivhe acevic acia muiecule(yf
Bertrem and Walbaum, J.fur Prekv. Chem, 1894.11, 49.1.). The existene-
¢e of vhis formi.v ester also provides & cviue to the mechanism of
Athe isomerisations brought abou. by aboutv bvaCOOH in vhe verpene
chemisuvry, and mekes it reasonable 1o suggesi vhat intermediate est-
ers of formic acid are formed but break down under the condiviong of
the experimentso that a molecule of HUOOH is eliminated to give a
new hydrocarbon,

It is quite possibie tvhatv the formi¢ esver of caryophyiiene is
best prepared in tvhis way, for if the usuai aicohoi-acid esterific-
ation were used ,dehydration of the alvohol is 1ikely to tvake ﬁlaue

and so diminish the yield of the ester even to the extent of gquant-
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itative formation of a new hydrocerbon or clovene(cf. Avtion of P,0s
on caryophyiiene aivohoi, Waliach and Waiker Amn.z/i.285-zv9.) It 1s
possibie also,that sesquiverpemes which by the usual vreavment by #é
scetic and sulphuric acids fail to give corresponding alvohols (e.g.
vadinene ,humuiene.) may reacvt with HCOOH <o give,unebaluonol via

the formi. esuer,

i @
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EXPERIMANTAL,

Preparaiion of formi. esier ot oaryophyliene aicohol,

In an avvenptu wo,firsvly break off ihree varbon avoms from ihe
qgﬂamoleuule in the form 0T acevone,and se.onaiy bring abouu uhe
¢i081ng o1 ano.her ring in Jhe caryophyiiene moiecule ,Zdue, f-v8Yy-
ophyliene with an agual amount of anhydrous formi. avid werc heated
in a small flask under refiux for severai days, Avtion wwok pirLéave ai
once, the varyophyliene iayer at the uop bevoming guiive red, It wag

negessary to add some popous POT O prevént vioient bumping, When
the reafiion was compiete the reaction mixsure was disivilled from &
" water bath,but no distiilate vame over &t thav temperature}_showing

the #¢rior absence of ace.one, Having neutratrised tvhe excess HUCOOH
by NaCOz ,en extraction with etvher of the neutral soiution furnishea,

in the usuai way, an oil which was fractionated atv 10mm into the

folilowing frautvions:-

24X (1) B.PY, 115%12°°¢, n° = 1.4085.
15
(2) B.Pt. 125-125°C, §© = 1.4993,
5 |
(3) B.pt. L:52150°C, Nz = 1.4989.

Fractions (2)and (3) were again distilled re.eatedly till a fraction
bept, 1412145°C/10mm. was isolated, weighing about 8 gms or about 35¢

of original ceryophyllene, On analysis of this compound the following
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figures were found,

C = 76,9%: H= 10.5%: {experimantal)
and the calculated figures for qgﬁu£COOH, are

C = 76,8%: H= 10.4%: {calculated),
On treating this compound with semicarbﬁzide ecetate in absolute #Y
{1 aleohol no ecrystalline oroduct formed. However on hydrolysis of this
01l with iO% alcoholic KOE under feflux condenser on water bath for
x’an hour en o0il was isolated after neutralisation by CO,&nd ether ex-
ttraction, which on stending pver night in ice turned c:ystalline.This
. new substance is soluble inether,but sPariﬁgly so in ligroin and fro
& mixture of these & good crystallisation was got, A recrystallised
‘jepecimen melted at 94%96°C which is the m.pt. of caryophyllene #Xéd
“j8lcohol,
' 'With & view to increasing the yield of the formic ester, 15 ec of

‘Ithe sesquit<rpene were heated at 200°C with 10 cc. anhydrous HCUOH in

fl sealed tube for about five hours, Héving transferred the product to
f‘ distillation flask on'a sand bath most of the exgess HCOUH was re-
Ecovered by distillation, The residue was fraectionated from a Claisen
‘%ﬁask at 10mm, but the required fraction whose purity could only be
#ﬁhﬂmuned by & tedious method of analysis was found in a yield of

beﬁNJZO% of the starting hydrocarbon,
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