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L.

LHTRODUCTION,

CHIS

The present study s he~un at 2 sinpulerly
appropriate time (1958) mith regord 4o the history
of 088 Liquid Chromatograshy (%.L.C. ), There weve
few commercisl irstruments ayailable, »ll of which
used the acecurste but not very sensitive katharometer
detectors, Thus 1t was that, vhen one of our projects
required sepsration of a mizture of monoterpenes, we,
like most industrial concerns nt thils time, were forced
o0 build g preparative G.L.C. instrument sand in so doing
learned that there wos more to the apparatus then a
polished box.

Despite the inadequaecy of the commercinl apparatus,
a great desl of work had been done, especislly by the
petroleun chenmists vho had effeetively separated homo-
logous series of the lover bhoiling hylroenrbons. In
the fatty aeid fMeld the separatior of a homologous
series of fatty ocid esters hod becr achlieved snd the
search wns on for new gtationary phascs to sepnrate
double hond isomers. I+ con be secn by the number of
papers oublished the following year thrt the usefulneas
of G.L.C. to natural products hnd alnon been renlised,

By meons of the, then, new Pye Arron Chromatoesrrph



with 1ts very sersitive Lovelock Areon detector we were
able to show thet o vory lorvge ronee 07 compounds,
including p-nlkanes, triternene hydroearhons, Cop
steroid hydroenrbons nnd ketones, e.g. methyl dehydro-
abletote, cholestanone, fluorene, docosnne, hexatri-
acontane, friedel-t-ene, ond 1,15~nentadecanclide,
could be analysed nt relotively modernte temperatures,
At thnt time we sugrested thrt the woy was open to a
considerable extension of the application of GuL.C.,
e.g. rapld sereening of crude natural exirocts, subse~
aquertly employed in Section IT and by torning (1961)
for skin waxes, Re-investlicootion of diterpene and
triterpens hyirocarbons, resin acids, vwaxes and essentliasl
01l constituents, a3 vas sugpested, has been pursued
by Kirk (1961) for study of marijusna constituents,
by Mazliank (1961) for the re-inveestigntion of apple wax.
The exsmination of reaction products (e.g. dehydro-
genation) aleso mentioned, hove since heen studied by
Solo {1961).

G.L.0. provides the linking thread in the thesis,
five out of eight sectlons dependincs on G, L.C, as the
c¢hier meoms of identification.  The methods of studying

essentinl oils are nov lorcely baged on G.L.C. analysis



but st the beglnnins of our study o the esgeniinsl oll

of Afpmmoman mala, this ooslieatiorn of 6.L.C. had only

atrrted, Having ghovn os mentioned above thot th
n-alkanes Ggouasscuulﬁ.be analysed by G.L.Cos 8 study

of alkanes in plont woxes wos made ond is reported in
Sections IT and ITI. Although several plant waxes

had been studied by 6.L.0. in the intervening period,

the work in Sections IT and ITY revresent the first
application of G.L.C. to mony plont species in search
of & texonomic eriterion.

™e uee of ¢.L.C. alons with infrn red spectroscopy

and mass spectrogrophy hoe been demonstrated in Section
IV to confirm the assirrents made to certein pesks in
the wox alkanes, Tn Section VII, we attempted to show
the high sensitivity of the G L.C. detectors tmut were
forced to adnit that the Pern nrotholli ore more effective
in sensing very small quantities of volaotile metaboliltes
from ftungi. The remainder of the thesis is concerned
with the clueidstion of the struciturce of seversl natural
produets, "Lindleyol", o diternene 2lol, from Aeonium
lindleyi (Sempervivoidese) is shovr to be labdane-8« ,
16~-dlol, mhe Tunchlonsl groups of "Sherunculone™, s

sesoultercencid, fron ¥Kaonstoria rogeae (Zinglberncenc)
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From the study of the physicenl properties of two
triterpene ethers from Apundo conspicun (Gramineae),
1t is suggested that one belongs to a novel triterpene
class and that the other ls A-amyrin methyl ether,

GeL.Cey to=dany, is used a2lrost entirely 88 an
analytlical tool. Only in the case oF the sterolds
is G.L.C, making any contributlon other than a8 purely
snalytiecal one, The morkers in the ateroid fleld
feel that 1f they could shov & relatlonship between
retention time and struc%ure, they would help
considerably in the medical use of G.L.C, In this
field progress 1s belng mode and it may be that the
nature of a steroid maoy be deternined by‘eomparisaﬁ
of retention times of known stercids ond inerements
for the different functional groups.

8ince G,L.C. provides a large proportion of the
thesis, 2 short review of the state of the technimue

follows,



‘The continued prowth of gos Liouid chromatograohy

(G.L.T.) 18 80 great that even ten yenrs nfter 1te

} . 1,2,3.
inception, 1t needs reviewine every six months,
The theory of gans liouid chromatography was developed
early in its history by Keuleamans’t';" neemterg‘ and
Kwentea® ana now most of the vork is on specific
applications of the techniague, Severnl excellent

74849104 neve been nublished on G.L.C. and 1t is

books
proposed to derl here vith the theory o8 briefly and
simply as possible.

Q. L.C. was Pirst introdueed in 19567 by Jemes and
Martinll’ who demonatrated that the volatile fatty aseids
could be separated on a colunn of c¢rushed ffirebrick
coated with silicone oll-sienric acid, As the separated
aecids left the column, thoy were trapped in a solvent,
collected in o series of snall batches zo that the time
of emergence from the column could be recorded, T™he
amount of acid in each sople wos deternined by
titration., By standardising condltions, i.e. flow
rate of gns, tewerature of column, maturs and amount
of stationary shase and particle slrme of support, the
emergance time of o compound esn be tnken es

characteristic of thot compound,
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ME& Z -
The elution dlagram (#ig. I) represents a typlesl
chromatogram in which the "ecolumn wemlu@:ien"w‘ ls

given by LB apd the %elumn efficliency"

by 16 B °
vyie 2 -,

Regent Chanpges in Apparstus,

Rach part of the chromotogrephic instrument hes
underpgone chonge or modificotion since tne iritial
development of ¢.L.C0. cormercial apoaratus in 1957,

The enrrier gos nov in wst geperal use is arpgon,
in place of the nitropen or hydrogen fomerly used,

Tis retrograde step, sincee 2 gas of hish “diffusivity

2]



such a8 arpgon leads o o lower mmber of theoretienl
piates, is necessitated by the introduction dby Lavelacﬁ%a
of the Aw~ionisaticsn detector, The new detectors ore
very sensitive and easily detect ony impurity in the
carrier gas, VWhen the water vepour in arpgon rises
above thirty parts per million, the soneitivity of the
/zaienisation detector is greatly redncedlss though
the hydrogen flome lonizotion detecitor, emually sensitive,
is unaffected by water, Core is thercfore taken to
rempve water vapour by using 2 drier of moleculsyr sieve
(2 %),
Due to the increased sensliivity of detectors,
'the somple size has been reduced from 5-10 1 1. in
katharometer detectors to 0.01-0.1 1 3. in f-ionisation
or hydrogen fleme lonisation detectors, Bemple
injection via & rubber septum on the column top has
returned to fashion after a departure to columns
reéuiring the ges flow to be interrupied before injection,
Pesk tailing of high moleeculor welight compounds
e¢on be reduced by use of 2 flash volatilizer whieh 1s
a ganll metel oven surroandirp the 4o Tavw inehes of
the empty eolumn ghove the socking mrterinl, T™is oven

is meintained 50-400¢. ohove the ecluap temperature and



8.

ensures that all of the srnle is vopourised snd reaches
the colunn packineg in o pluc,. Phen nixztures of wide
boiling point renge are to be analysed, temperature
programming, in which the temmersture is ramed
gradually throughout the snalysis, is now being used

in plaece of isothermal analyais,

The small srmple volume hos permiitted the percentage
stationary phase on the coluwm packing o be redueed to
0.1 -~ 1,07, Buch a low proportion does not eover all
the setive sites of the supvort moterisl which could
camse decomposition of lobile samplec, The support and
the gless eolumn are thervefore treated with trimethyl
8i1lyl chloride which neutrslizges nony oFf the active
sites. The usuol support for the statlionary phase
i8 Celite - a form of ershed kieselgubr but some attempts

15
heve been made to use micro slase beads,™ "

A new type
of eclumn -~ the Golay colun - in vwhich the stationary
phase is coated along the vails of a easillary tube in
a very fine f£ilm has produced remarkable inereased
resolution at least of the lower moleculsar weight
123‘&1"()025!1’%)@!"18:}6’ .‘;Ti*urneli?ﬂ’ hag shovn hwrever that

certnin separations con he carried out ¢rually

e . 44
effectively on packed eoluine.  folay columnat®e



9.
require very small ssmples and the somple vhieh is
injected ia usunlly 8319t into two onris - one being
diluted with argon before entering the eslump - the
other is pot snalysed, Micro=detectors of very small
cell volume must he uged with this tyoe of eolumn,

Most of the analyses in this thesis have been
carried out with o /s«ioniaatieﬁ d@t@eﬁarls‘ whose
operation depends on the foet thet sarecon is exelted
tg/a matastablw gtate by collislion witﬁ./8~ particles
emitted by the radicsctive 5190 source. The
exceitation enercy of argon, 11.6 e¢lectron volte, is
higher than the ionisatiorn potentinl of most organie
molecules which in turn are ioniseld by collision with
excited argon. The incrensed current produced between
the electrodes is anplified and recovrded. By
inereasing the applied volinre ncross the electrodes,
the genaitivity con be ineressed, A modification of
the 4 -ionisation detector 18 the electronm capture
unit in whiech compounds having a porticular affinity
for free electrouns are detected 1n the presence of
other eomponents with 1ittle or no nfTindlty for
electrone, m™is detector hos freiliinted the analysis

of chlorinnted compoun’s of ouch Imooriance in nesticides,



T™he mass apeetfameﬁerlg‘

hns been used ng o detector
for G.L.C. and fanctlons sdemntely so long as the
peek slope is maintnined comnstant by means of
temperature programaing,

or analyals of mixtures, the nccent 1s now on
combinations of physical technirues and ineressing use
is made of the preparative aspeet of G, L.C, In order
to obtain a sample of the separated moterial only a
small proportiorn is passed through the detector - the
remainder through a side exit into 2 trap, Formal
$rapping methods of U-tubes ond spirnls cooled in ice,
drikold/acetone or liruid air serve in most cases but
some compounds - especinlly those nnalyced at high
temperature ~ form serosols vhen cooled rapidly,
Recently clectrostatic precipi%atarﬁgg’gl‘ have been
used to condense these {0gs8. Sanoles hove been
ecollected directly in on infre red g~ cell by (‘hwn?n‘

The great beouty of G.L.C. has been the multinlicity
of column packings avallable - some industrial analytieal
lsboratories having 2 serles of 30-40 columns reody for
NHeS, Tichly speeifie coluwins have heer developed 4o
denl with small differernces in polarity of the eompounds,

e

e,g, silver nitrate/rlycol enlumme for ethylenie compourds.”™
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Mized packings of tvo sitotionary yhasesﬁ4‘ hnve heen
used for steroild senaratlion, vhile to scporate the Tour
menthol stereoiscmers%?‘ tvo eolunng of different
polarity were reouired.

Short pre-columne nre used to bring shout specific
changes in the mixture to be anolysed - use of Linrde
5 g sieve in subtracitive G,L.C. to remove p-aliphatie
hydroesrbona and permit passnge of branched chain
hydrocarbons®®s | the use of a ealcium earbide precolunn
to convert water to acetylene in analysis of agueous

solutions?'*

Bpecific Appiieationgs.

It had long been reslized that eome groupings were
too polar to allow easy G.L.C, 80 thot msny protecting
vrocedures have been used -~ formation of mathylga' and
trimethyl 3113199' athers of sugars, of trifluoracetoxy

31,
»

steroi1as O+, of silysated amiro acids Wwith the
inerense in use of radioactlve tracers in chemisiry and
biochenistry, C.L.0. has been used to separate tracers
vhose rodicoetivity con be recorded Dy o seintillation
counter®fe ag they leave the eoluwnn.

The geparation of twe ootienl deomers is one of the



most Aiffionlt inapineble, but oldberes trekled this

problem by using an ostierlily aetive stationnry shoso.

@
t“‘g

fie had, however, to resort follure, Ggreyﬂé' elni s
to have succeeded while Denﬂygﬁ‘ showed that racemlizotion
of optiecally active halides took vlace on 407 poly-
ethylene glycol. Mo relationshin hetvweon retention
times and structures hog beern found but arong the mony
attempts are Acknan®®e with Patty oeids, Kovstsg?‘
~with sglicyelics, Earninggg‘ with sterpideal amines,
Glaytonsg' with steroid methyl ethers amdyLipskyéo‘
with steroids on twenty different stationnry phases,
The trend for orgoric chemists in &4.L.C. has beon
to try to analyse lorger and mwore complicated moleenles
with the resultant noward clinmb in colmn temneratures,

41,

Sinece our short cormunication reportinge the analysis

of some steroid and triterpene hydrocnrbons, o grest
deal of work has been done in the sternid field%g’ég'
MeWilliems®* and Parriss and fiollrnd®? nave deelt
with applieations of G.L.C. to industiry where the use
of ehromatographs in process control iz becoming wide-
spread%s’ Seottl®s hop shorm thot eothode ray tubes

in ploce of print out racorders enn be used with short

lergths of eapillary colun 17 orly o vieurl cheek io



needed as in process control, Severnl simplified

exnlonations of G, 4.7, hove heep r‘i've'ﬁ Wy FECSOAK?Q'

Kelleré?‘

and LewiniSe

3. L.C: has been used in conjunciion with other
physiezl technimies - thin layer chromatopraphy
(T%b.@.)4g' for the study of methyl fatiy esters;
infra red spectroscopylc for the stuly of oetadeconoic
acids; paper chronatopgrashy and alknline isomerization®t.

for fatty aclids o Chlorella pyrenpidosa.

Among the most urusunl problems in gas chromato-
graphy is that of one momufacturer vho is preporing
an instrument smoll enough to £it into on Anerlenn
space rocket. It is hoped thot whern the apoaratus
lande on the moon, somples of the moorn dust will be
collected by the instrument, pyrolicei at 1509, 7950
500° and 1000°C, suceescively and annliysed,  The
record of the conctituents dnta will then be tronanitted
baek to earth and compered with that for terrsn dust.
e sensitivity of the new deteetors lg very high but
none can compare with the ablility of dypsy moth insects
to sense two or three mplecnles of n gex attrachond

liverated by the fernle of the epecics, In the
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gyrthesic of this compnonl, Jocobson? e used &,

]
i

\

to seperate the recctiopn 2izture but inciond of A2
detector they used a mole moth which heerme ncitnted
when the attrnetant left the eolumns  Progress in
é.L.C. has indeed deen rreat but this "back to nature”
attempt scunds like on admission of inability to
nateh the living cell.
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g Bow T o T,

A STUDY OF T ®EAERNTIAL OIL OF

AFRAMOMITM MATA (77 VOTDTERYIT, TRACTION),

LHETRODUCTIO,

The isolstion of the tvo "modificntions® of an
unusual hygmcm‘ban, Gmﬂ%, nomed X - and A -koyene
by Worsley was brought to our attention by Dr. Bray

'y

of Tropical Pmductzsg vho very kindly suonlied us with
Aframomug mala (Zingiberacene) seeds, Torsley isol~ted
- and /4 -kayene in highest proportion by fractional
distillation of the essentinl oil of the sccds of

Aframomun mola thourh he elaimed the Hresence of the

kayenes in the leaf ond frult peel easentinl oils.

The essentisl oil of A.mala seeds was obtained in 3,47
yvield by steam distillation at tvo atrospheres, His
Pirst fresctionstion by distilintion st reduced pressure
gave a mixture of cineole ond kayene' which could only
be further separated by the rewoval of the clneole as
the resoreinol complex., The residusl oil, 377 of the
original oil, was further froctionated by distillation
at reduced pressure over sodium in o currsnt of hydrocen
ivto two "modificotions® - ond 4 -~kayene whose physical

nroperties were apgain well documented,



19,

Worgley formuloted koyone s a Clﬁﬂﬁg hydroearhon -
vanour deﬁsity determinntion of the ~wleeul-r weirht
and C,H analysis = ﬁhieh ig unlikely in o compoand
which distils in the smme fraction og cineole and hos
2 b.p. consistent with that of o womoterpene (CygHag).
Worsley had no further sugpestlons to mnke on the |
structure of kayene buf he considered thot coryophyllene,
the main eonstifuent of tho leaf egsendincl oil, wes
changed to kayene in the pecl nnd to cineole in the
geeds, Eayene was s2id to contelin a éy@lﬁprﬂpan@ anifor
cyclobutane ring which surpested 1ts study would be very
amenable to the wmore modern technicues of infra reld ond
ultre violet spectroscopy and gas-iinuid chromatopraphy
(8,1.C., )e Our steam distillation of the seeds ylelded
an sssentinl oil of similar but not identicnl physicsl
properties to that of ¥Worsley though 1in rmich lower
proportion.

DISCUSSION,.

Until the mid 1950's omalysis of essentinl oils
had been by classical methods of clunina chrammtograghyg’,
careral fractionnl distillation?s ond compnrisorn of
optical rosation, gpecific pgrovity and refractive irdex,

.5.

Althoupgh these methods were still belings used™*, at the
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s
initiatlon of our study o Afpomomum mnin, Dernhord

stated that the droaetic fmpnet of 6.5L.0, would soon be
felt by all workers in the essential oill field,. ife then
showed that by varying the stationary phose, resolution
of certain monoterpenes could be imoroved. fis prophecy
hes been vindicated but reported procress in essertial
o1l analyeis by G.L.C. has been slover thon in the fatty
acld or hydrocearbon fields. tnalysis of esgsentinl 0ils
is fraught with difMculties Aue to the presence of o
large number of componenis of wide boiling point range
(150°-2500), of positionnl and peometricsl isomers and
of comupounde which isomerize, auntoxidize, polymerire or
deﬁydrste rendily. tuceessful atitonds to overcone
these Aifficulties hove been mede by aves'® - a
corbination of fractional distilletion, G.L.C. and T.H.;
by Liberti and cartonig'; nlgo Stohl and Trernheuser”

a combination of G. L., and silieic neld column and thin

10« _ pemoval of specific

layer chromatography; by hrenner
compounds by moleculsr sieves; von Ruﬂloffll’ - almost
complete analysis by G.L.C. on specinl colu s,

Moat of the obove meihods hove been developed and
reported since the com letlon of our vroject "nd so we

firet tried unsucces:ifMlly to seprrntc the essertinl oil



T Afvomomun mola by oluad chromontorrashy nnd froctiorn ot

distillntion. Wie then onolysod the easerntial oil by
GalieCo On geveral stotionory ohoses, Apieson L, silieons
il end tritolyl phosphate before the best separation vas
ohtained on earbowax 600 (polyethylene glyenl M.V.600),

a

The assigment of the vearious pesk identities was mnde

by deteraination of the rvelative retention $imes of Lnowm

compounds and comparison with those for the unkmown pe kE.

Confirmetion of thege results was obitrined by nn enrichaent

procedure in which the krnown compounds were added one at

a time to fresh portions of the A, mala essentinl oil ond

re-ex-mined by &.L.C. Az farther confirmntion, collections

of the individual comporents by proporative seqle G.L.C,

and identifieation by formatlon of derivatives were

carried out. A preparative senle G.L.C. unit was

designed and comstructed to effect this separation hased

on an original design of Dr. Blﬂeimanlg' a8 ne commercial

apparatus was available at the time. By such nenns it

was possible to identify all but one mimor comaponent of

the monoterpens fraction of the sced oil of A.mala (Tahle T)
Klouwen and iiei&ew’ have recently bhegur 2 systemntlce

analysis of monoterpene hydrocarborg in «hiech they el im

thot sabinere 1s deesrponed by G L.C. analysis on
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cilleone fluild stetionory Hhnoo, Yo howve accounted Por
the disappearance ol the erbinene pesk irn run 1, Teble
by casumlng that thisc stotionory phose dnes not resolwve
/énpinene and sabinene, It seems unlikely that complcie
decomposition oceurs sinee ocur collection of sabirene
from o0il of savin was accomplished on a silicone Tiuid
column,.

In studies of essential oils vhileh may contain
twenty to $wenty Pfive mnjor and miroy constituents, very
anall quantities sre nov remuired - B~10 mg. for
comparative G,L.C. ~ and 2«3 ml, for nreonrative G.L.C,.
Analysis of many ¢ils sre therefore relatlvely easy ond
should focilitate etudies of botanienl variations, plant
physiolory, morphology and taxonomy. It is interssting,
in this sense, to note the chemieal sinilarity of relnted
species and to speculate on a classification of the plant
in the Natural Order by &.L.C, In the Zinglberacenc
fanily, for exsmple, 8 compnrison, oS bhelov, ecan be mode,
though the essentisl oils of A. angustifolium and
E, cardemomum were analysed by older conventional methods

and that of A, mola is tune regult of our vwork by G.L.C.
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Afremomum Afrzmxozmmm ¢ Flietts rial‘”ﬁ' ¢
mals anmmetifeliun cordanc Ty
o ~pinene &=3irene
/s=pinene f=pinene i
sabinene | sabinene f
o=phellandrens |
limonene limonene 1imonene !
eineole cineole cineole
' dinentene
ternineol

From the proposed biogenstic pathway (M™a.7) 41t
can be seen thaet though gernniol is the procursor of
both sebinene snd « ~pinene, there is a branching of
the pathway, It would be interesting to see 1f by
supplying lebelled sobinene, the plont could metsbolise
it to the pinare skeleton.

CONCLUBIONS,

™e fractionation vhiech YWorsley wns eble to achieve
between X = and A~kayene ras certniply rot a seporation
between two sescuiterpenes (since the boiling points
are much too lovw). It seems likely that Vorsley
partislly separated ASw-pinene and sabinene, The
eonstituents of the monoterpene fraction of the essential

01l of Aframonun mals aret-




X=pinene 15

-
€>=

/3=pinene o177
sebinens 145
k;yhgllaﬁdrene ¢
‘limonene 187
1,8«cineole g
unknown <1$'f?

EXPERTMENTAL,
solation of the Essentiel 01l

of Aframornun mala,

The three segments of the fruiis of Afromomum mela

(zingiberaeeae)&’ which are sinilor but lorger than the
eaprdomonm frults contein dark-brown shiny oveid seeds,
Steam distillation of the seeds, mncerated (but not
ground) in water in an Atonix for two ninutes, ylelded

sn oil (1.57, n%g 1,4608; %bfaley reports 8.9,

ngo 1.4695). ™e oill tos extroctesd with light petzoleun,
Tﬁis extrret Toa dried vwith codiwn gculphnte, filtered

ard the solvent reroved urder reduaccd Jressurc,
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Infra rel ~bsorption bonds of the eccoentinl 11 at
3080, 1650, 890 em,"l are dae 40 an @zﬂmétﬁylene CTOED,
at 3300 cm.“l dae 0 o ganll apunt of oleohsl, and at
1710, 1160, 1085, 980 enTt due to on ether lirkase,
probably cineole from Torsley's smalysis, ™e ultrs
violet sbsorption (A .. 198 mu, £ =3050 assuming

MW = 135 in aleohol) confirmed the presence »7 the
ethylenic linkeage,

In this extract it wos Impossible 4o fird 2 corpe
onent of th@ type sargestel by thrsley, Glgﬁ@g‘ A
fartheyr extract wos therefore grenered by steeping the
seeds (100 g.) in lirht netrol (40-607, 500 m1.) for
two to three doys ofter vhiech the licht netrsl wos
filtered o£f end o farther portior (500 ml,) of licht
netrol 8'ded. After o further two 49 three Adnys the
two 1ight petrol portions vere eorbined »nd Iried over
sodduwn enlvhate, The extract (4 p.) renninine ofier
the solvent had beer removed under reduced pressure s
dietilled to give tw froetions, The first froction
(20409, 8 mn,) which should have contnired knyene

2y

{Vorsley B7,50/8 -m.) mve ° G l.C. Cunlysis very

aimilar o the zieom Jintllled eesersinl »il and the

second froetion {40-100C0/8 =y, ) consigted of o mizture



of compounis whose bolling 20ints vere more consistont
with kayerne's formuln Cygllage  To one comporert In

this second froction was present to the extent of 277,

Attempted Sepnration of the Steom Distil

was slmilar to thnt of the starting moterlal, Alunive
chromatocraphy (drode I), vhich has been used o scparate
the constituents of Puerto Riean Baytﬁilg', removed
e¢ineole =nd the alcohol hut 2 G.L,C. apalysiac of the
hydroearbon Troction showed that the uronortiors of the

individurl comporents vere unchnnged,

Analytical Studies of the Steom Distilled Fssentisl Gil.

fualitative: A series of analyses by G.L.O, 1s
ghown in Table T, The relative retention times of
known eompounds were determired under the smme ecolum
conditions ss each of the runs shown, and confimmation
made by enriching samples of the essential oil =ith
these krnovmn compourndic, T4 cn be secn thot rhereas
the ecomporents are eluted in Ho1line point order Trom a
non-polor stationary phase (Aslezon L) @ polar phnse
(pmlyethylererlyeol) meversed the olut’on orler of pe~ks

5 opd 6 (Liwrere and cineolc).
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puartitative, It won found 1 mosuible to form
15- &
the cineole~resorcinol compiex from the esseptinl oil
confirming the fact thot eineole was aresent *+n loan
than 667, To determine the ruantity of cinecle in
the essentinl oil by the method of Cross, Cunn ond

Stevcnslﬁ’

the optical densities of o seriecs of carhon
disulphide~cinsole mixtures of known eompozition (in
85 mm,. cells) were measured 2% the -0 siretehing
vibration 1085 cm?l. The optleol density of the
mixture of the essentinl o1l and enrbon disulphide
was measured and from Moure 1 the weight percentrge
of einenle was eslculnted ng 297, |

The first method of determining the percentnge
composition of a mixtuare by GL.C, analysis is the
‘marker method'l”e in which a series of miztures of
known eompositior of 1,B8-cinecole and pecymone (the
marker - 2 compound - not present in the nixture to
be analysed, whiech has a retention time different from
all the other penks) was prepered ~nd analysed under
conditions as in run 6, Table I, The sreas of the
pe-cymene - cineole pesks for each mixzture were then

measured by plonimeter (overnge of six values Tor eoach

peak) and plotted apainst the rple ratio as in Tleurve 2,



A known weight of p=ecymene wng ndded to the escerntiol
01l which was then snolysel, From the areo ratio of
the cineole and p-cymene peaks the moler ratio eould he
read from Pigure 2 giving the pereentope cinenle in the
egsential oil =8 297, The results of similer eznerininnts
for ~pinene and linonene are shovn in Table T7T,

In the 'internnl ngrmaliﬁation method' 7+ the areas
of all the peeks in the essentiel oil (Mgure B) are
measared by the planimeter (the sverape of siz values

for each peak). The percentage of coch comonert is

given &s: én
n=n vhere A = areo of »eal: n.
> An
LN\
n=1l

This internal normalization method assumes that the
detector response is the same for seach eomoonent
irrespective of chemical type. From the nmarker nethod
and the I, R, deternmination it iz knowm that the percentage
cineole is much higher than obtoined by the internal
nornalization method suggesting that the detector
response is very different for cineole compared with
the hydroeerbons, By asswaing thot the aren of the
pesk in the internal rormnliszatior method represents
297 of the total mixture 1t is possible to ecovrect all
the other areas vhich opree with the volues found by

the morirer methods,.



TABLYS 11,

Peak Compound Internnl Tiormallzation Marker
o Area
R

i X' ~pinene | 1B ” 13 13

2 /6»pinane ’v 26 21
8 sebinene oy 14

4 X=phellanirene <1 <

R limonene | 8 18 12

. 1,8-cineole 25 39 39

" unknown <1 <1

®*Area percentage with the correction for cineole,

aration of Constituents of the TWasential 041
o é BT PV 7o et Db
by Preparative G,L.C.

A large senle preparative G.L.C. eolumnlBe wng
constructed as in Pigure 4. Separation was enrried
out at 155° on a 207 silicone oil coluan to cive four

fraetions, collected in the traps of simple desimm

cooled with liruld alr at the poirnts shown on Figure 5,
which were then analysed on the enalytiesl senle Pye
Argon Chromatograph (P.A.C.), (Wigure 8).

The first froetion (n"’;"’& 1.4650, b, e 15A=1550/



760 mm., { «-pinene ﬁ“3 1.4658, byn. 1520 /780 ma, 20170

“had ar I.R. absorptior sncetrm identierl with A'=-pinene
{a semple preoared by chromntorraphy on the nrensrative
seale 6,L.0. from comercinl X-pinene),

Preparation of the Witrosochloride of ox=pirepetlt

Bthyl nitrite, preparcd by dropsine 407 sodium
nitrite (25 ml.) and ethanol (5 mil.) inbto 207 sulphurie
aeid (50 ml,) and etharol {6 ml.) was pnaescd into a
stirred ice«cooled solution of concentroted hydrochlorie
acid (1.5 ml,) end & -pinene (0,76 ml.)., After ail
the gas has been possed the stirring was contirued for
half an hour while a paste scparated whieh solidirfied
on trituration with cold ethamol ( Xepinene nitrosochloride
M. Do 1139)‘ The materisl from the firzst fractior on
treatnent as above gave o solid (m.o. 11?~11@Q, mized
MeDe 110-114°),

G.L.C. analysis of the second froction (Wirure 6)
(n§1‘5 1.4700, Dep. 164-168°/760 rm.) shoved the prescnce
of two components though the I.R, absorptlon bonds of the
mixture at 3080, 1550 and 790 emtl werc consistent with
an exomethylene group. 3 =pinenc (wﬁl" 1.4773,

b.p. 164,5°/760 ma. ) hod the soae relotive retention

time 28 that of the {lpet commonent in the airture,



It was known thot schinenc (ng 1.466 b.p, 166°2/760 mn., )
fractionated rlong with 2 -pinene and thet i1t nloo

contained nn exomethylene pinud. Snmnles of the oil

- of savin were spalyszed on the preparative scale G.L.0,

until a fraction contnining 707 sabinene wns colleected.

' 29,
Praggyatian of aabina ketone and noninore,’

/3 =pinere (0.5 ml.) was omonised in othyl ncetnte
(5.0 ml.,) at ~-60° for one hour. The resiine remninirg
after removnl of cthyl ceetnte under reduced pressure,
wag covered with water ond pteeom dletilled to ~ive oy
01l whose G.L.C. analysis (&7 carbowax on celite {100-
120 mesh) at 119° in P,A.C,) shoved the prescnee of
unchanged hydroecarbon and ketorie nmaterinl (wopirone)
(&etantion time = 6,2 ning, ) The sobinere contnivicgo
fraetion was similerly ozonised o rlve o mixture of
sabinn ketone (retention time = 8,1 mivs,, cordltions
as gbove} and a minor comporent (retention time = 5.5
mins, ). The infyra red rheorption at 1798 emfl {(thin
fim) was due to a carbonyl conjugeted with a2 cyelo-
propane ring (dlhydro- 3 -umbellulone, 1723 w.'.'1)?5‘

e second froction from A.nola cssentisl oil was
algso oronised to mive o alzture of hetones (retention

time = 6,6 mins., ond 5.5 nino.) “hose T.R. obsorntion



at 1715 emTl only ig crused by the laree ovosorition of
nopirore and snnll oroyortion of sobins ketone.

The third froction (*‘-i&’%’ 104707, Bade 1L74~17R7)
was considered to be limomene (g 1.4795, bepe 176-1756.5")
since thelr relative retention times vere idontienl.
(Nitrosochloride of frasction 7 (m,p. 107-109°),
nitrosochloride of d-limozene (m.p, 101-1077).

The fourth fraction (nﬁl *9 1.4695, bep. 176°) had
an I.R. spectrum which was identicel with thot of
1,8-cineole (nar'® 1,4562, b.p. 176°). A cineole-
resoreinol complex (m,p. 78°, lit.m.p. 77°) was formed
by mixing a saturated resorcinel solution with the

contents of trap 4.
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sTecTION II.

CONSTITULTTS O DPLARNT WAXES,

INTHODUCTION.

The occurrence of o waxy coating on plant leaves
18 an almost universal phenomenon, but the detailed
chemlieal investigatlon of the constituents of this
protective covering has attracted less attention thon
might be expected, This is due 1in large part to the
formideble problems of separation involved in the study
of such & complex nmixture of closely relnted long-chain
aliphatic components, The most outstanding contri-
bution has been that due to Chibnall and his collab-
oratorsl’ in the 19%0's usingc the elassical method of
fraetional erystallization, ond employing as ourity
eriteris precise melting points coupled with X-rvay
determinetion of crystal long-spacings, Their corefal
work demonsirated that many previously-isolated, "pure®
components vere in fact mixﬁures}‘ The main constit-
nents of leaf waxes as deternined from this and later
work-"1%¢ ave ghovm in Table 1.  This later vork
employing the combined technicues of gas<liruid
chromatography and masg speetrometry, has complicoted

the original pileture derived from the earlier vork,



78,

TABLY 1,

.

Major Conatitucntc of Leof Taxes.

Type Range Frequency
Alkanes Rormal: odd Coy~Cap Common (especially
' Cog and Cmy)
Normal: even Cpn~Cpgs Common minor
constituents
Branched: 6g?«053 Infrecuent
Aleohols Primary: even Coo~COgo Common
(usuelly as piy000cy 0aa O =Cen  Infrecuent
eaters 4 257 V31 EE
Secondary: 0ld Gy-Cgy Cormion
Diols ond ketols Rare
Terpene alcohola Infrecuent
Aldehydes Normal: C, 4~Coa ~ Rare
(as polymers) A
Ketones Di-n-alkyl ketones Rare
Acids Normel: even Cqy-Cgy Commion
(usually  Normalt odd Oyg-Cp ?
a8 esters) 15738
Ketoacids Rare
Dibasiec acids Rare
Esters Between n-acids and Common

primary and secondary
alechols

Betolides of hydroxy- Infrement?
acids,




To take one example, the id2n of the cxelusive oceunrrence
ded

in view of the detcction of cven-runberad n-nikanesosds

of 0dd carbon number r-2lkanes has had to be modid

and of brenched-chain alkqnc” 7o It is certain that
more wildespread application of the above techninues
will result in considerabie future modification of

the information contained in Table 1.

As part of a thorouph investipation of the chenlenl
constituents of a group of Wev Zealand plents of
medieinal value, still Deing carried out by members
of the ¥xperimental Pharmacology Section, we undertook
to examine the wax fraction of thesc plants,

Originally investigoations of the New Zealand
plant waxes were performed on the total licht petrol
extracts, but Iinterpretaticn of the G,L.0. ehromntogrons
was exceedingly difficult (fiz. 102) since the totsl
light petrol extracts probsbly contein severnl homo=-
logous series of compounds, €.7. n-tlkanes, iso-alkanes,
n-gleohols and esters. It was decided to study only
the slkane components since these con be readily removed
from the accompanying oneids, alecohols, ketones and
esters vithout fractionntion of the oiknnes theaselves,

However, since this study was completed we have

attempted to obitain a tozonomle Pinperprint bosed on



all of the components (cf. fig 102)., To do this o
amall niece of plant lealf vwas placed in the onreheater
region of the G.L.C. colunn ond all of the comvonents
of the wax which con be vaporized are detected prodi-
ueing o pattern of unidentified peaks. It is not yet
known however if this pattern is consistent or
characteristic, Should it prove feacible to obtaln
a characteristic éattern, ve will hove reached the

23
rtBe strove to attain, EKreger

atage which Krege
geraped a small portion of the wax from o plont and
tried to analyse its composition by X~ray crystello-
graphy. However, since the method 13 dependent on

the spaeings and intensities of lines in an X-ray
photograph, 1t is limited to only the major constituents
of waxes. ‘Thus vhen Yreger 2pplied his findines to

the natural relationships of plants he wazs “orced o
sugpest thoat the waxes had no taxornomic sienifieconce.

This 45 not surprising vhen it is scen thot he claimed

that the wax of Copernicis cerifern (Carmnoubn wax)

consimted of " almost pure n-Cgx “(cf, N0.30, Fip.9B).
The toxornomic implications of this study of New
Zealand plont waxes beemie apparent ns8 the ~nalyses

of the nlkane constltuents vere obtolined, The
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analyses were carried out over o range of Cos~Ung
ecarbon rumbers and it wos possible to anelyse all of
the constituents (minor ns well as major) cuantisntively
28 well as cualitatively, improving conslderably on
Kreger's major conetituent analyses. Sueh tnzononic
possibilities hed been hoped for by annlogy with the
fat end essential oil rields}’® eepecially ir the gepus
Hebe which is well knowmn for the ease with which hybri-
disation occurs and Miss HMoore, C.B.B., Botony division,
D.S. I.R. » Wellington, Hew Zenland, carefully sclected
representative specles of the subgroups in her reclass-
ification of the genus.

At this stage it 1s vorthwvhille cansideringlthe

biogenesis of the plant wax constituents.

Blogenesis: It should be noted that ro work hns been
done on the biogenesis of the constituents of the
surface leef wax; the postulates of Chibpall and »
Vanless nre made with refercnce to the total plant é;;;A :
constituents. With so little work direetly concerned
with the plant wax constituents, moat of the conclusions
and suprestions in this section rre made by ~nslorsy

with the work on glyceridce fatity oeld Hiogenesis,

Te two main blogenetic routeste the non-nitrocenocus



plant products are fMrstly tho acetnte routel®e o
fatty acias, ﬁx*ou.zﬁﬁug ternenes and other branched
compounds, and secondly the shikimie ac1at?+ route to
lignine and aromatiecs, e.g. counarins, feetie acid
hae long been accepied as playing a le2ding vole in
the biogenesis of plont products and one of the
earlieetvtheories concerning the formatiorn of aromatilce

compounds by the plant, by colliega‘

postulated n
rolyketone (fig. 1) derived from acetlc acid units,
Bireh®ls nas very elegantly vindicated and extended
this postulate with exrmples such as are shown in
fig. 1.

Glyeceride fatty acid synthesis was thought to be

eimply a reversel of A-oxidation since Closiridium

Kluyverili could degrade or symthesise acids in sercbile
or znaerobie conditions respectlvely,. tor mony years
after Knaeﬁkgg* first sugegestion of A-oxidation ns
the means of degrading fatty acids, it was felt that

(23

there wag an "active easter” Pormed to ncconplish this
breakdovm, T™is ester was shovn o be the thio ester

of the acid with Coenzyme A. A-0Oxilstion must De

o

sparked by 2 mevber of the citrie aclid cycle™ ¢ and
vy X e d AT ».3-:-« o 4

reaquires Mg, PO, and A% {tevairelomy o8 in

Mg, 22). The probsble mochoniem o /4~orid%t?aﬁ ig
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as 1n flg, 2 with citric ccdld Mlfilline the second pars

of the coenzyme definitlon {s2e helow). Clostridlum

kluyverii could only convert ocetyl (oA to short ehainp
glyceride fatty acidc and it vma later shown thnt thoere
are two means of lengthening the acid choin,

The first method depends on the use of onimal or
vlant mitochondria to provide the enzyne sysiten which
ecan elongate the acid chain by one Co unlt ot a time.

Stearic, palmitic, a Cyy oeid, myristic ond louric
eelds ere produced by the niltochondrial systen wherens
by the non-mitochondrial systen, palnitie =2¢id only
is produced, These Lindines ave in agrcencent with
those found in the =rimal mitochondria where stenrie
acid ean be formed from palmitic by addition of a Co
unit but the reverse process cannot ocecur. Once
gtearic acid is started on a/ﬁaoxidation pathway,
4t 18 impossible to obtain intermedintes before
acetyl CoA is produced (figs 3).

"A coenzyme 1s an entity vhich can form a eomplex
with an enzyme {0 cotalyse the renelion. Tt is
essentinl that o second onsyme gystem is nrogent o
recycle the used coenzyie Thich nust otherwise he

v ormiantttlon,

?)““"{’: &"){’ }} e 3. KR !“J‘-&.:I«l (SIS B S Y



In the nom~mitochondrinl system, Hiearbonnte ion
is a reouisite. The Tiret irternedinte hes been ghown
to be malonyl COA%' wvhich then grovides 2ll tho carhors
of the cheln except the two furthest from the errboxyl
which scetyl CoA provides (Mg.4)., Proplonyl ¢ con e
ean be substituted for acetyl CoA with the forqotien
of a Gy acid.

The biogenesls of terpenes is also dependent upon
the acetate mechanism but here the first intermediate
is mevelonic acid®’+ whose formotion is believed to
be as in Pig.5. In Pig.86, the route o sralene is
showvn in which it is proposcd that tvo molecules of
Asnisopentenyl pyrophosphate condense to give fnrresyl
pmphosphategg' The next stope ip the synthesls
presents some difficulty in that it can be sho™n, by
use of labelled Parnegsyl pyrophosyhate, thot smaalere
is asymmetrieally labellea?+ This moy be coused by
the isomerization of farnmesyl o ncreolidyl pyrophooshoie.
There is a recent suggestion that each terjsenc hns its

,,,,,

own 8ite of formation in the plant, Labelled 1, V. A,

Lot
»

‘ . 50
fed to germinating sceds of Zizum sotiviun wne

incorporated to the extent of 45 in/l-amyrin ~nd to

only 2.%7 in A=sitosterol, poscibly beeruse comolete



eyclization of seuslenc yields/ﬁ~amyrin but/a-siﬁos arnl
requires pertinl cyelinmntion, exiternnl ~lkylation and
reduetion of double honds,

Thirty years ago chibnalll' nad to explain ferer
racts than those shown in Table I in attempting to
explain wax biopenesis, Tt was then belicved that
only odd carbon»number‘alkanea and even cnrhon-number
earboxylic acids were present in wazes, Chibnall
ageeapted the then current view of Pfatty zeld syntheais
fyom sugars, €.g.

2Cg + 2Cg """cég.

4 Cg ~> Cog

Cg + 4 Cp > Cogs

¥hen he noted that some plants hed compounds of
similar size in different homolopous series, e.r,
apple cuticle wax with Cog alkane, a secondary Coq
aleohol and brussel sprout wax with Cog slceohol,
099 ketone and Cgg alkaone, he reslised that sinple
condenastion of aclils could not form the aleohols,
ketones or alkenes, He preferred a Jeoxidation
scheme 25 in Plg.7. Such o seheme necde’ ornly slisht
modification by Werless, Xines and Rititer®s to neccount
for the even carporn-mribher alkanes and odd eorbone

munber nelds (Mg, 8).
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malonyl 8«CoAc—— scetyl 8-CoA <
‘ L /3 ~gxidation

Cog
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acetyl CoA esrboxylase (0oH
: —> He S0 1
(bound biaﬁin) + ‘ﬁgnﬁi Ck gmb Coh
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COeH
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Mg, 4, Malonic Acid formation and overall
reaction fegﬁzh‘e produetion of
Stearice Acidsy™s



CHgzCOCHoCOS~CoA ?HQCOS-COA,
2 CHscOS~CoA —> — Cﬁgg — OH
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Fig.6. Proposedgg' biogenesis of terpenes.
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In terms of the acetate theory, it is known
that stearoyl CoA will add acetyl CoA to sive a
Cog acid., It seems possible that this
mitochondrial elongation by Co units as in the
glyceride acids 1s continued until the wax acids
of requlsite chain lengths are built. However
the stumbling block is that both schemes
(figss 7 and 8) require j-oxidation to get a
smaller wax acid. In the Cy¢ glyceride acid
series, once j-oxidation is begun, the end
product is acetyl CoA and not the shorter, by
a Ca unit, acid. Very little work has been done
in comparing the acid, alcchol 2nd alkane content
of waxes but our few analyses suggest that wvhere
the major alkanes were 031 and 033, the major
acids were Cog and C30 + Further work is in prozress
to confirm this finding.
0dd earbon-number acids aré now explainedin the
in the glyceride series by using proplonyl
é“at the chain initiation instead of acetyl

Coh, 1t ig reasonable Lo suppose that this is

also true in the wax acids. Isobutyryl CoA,



isocaproyl CoA and iso waleryl CoA will
inltiate the chain of branched glyceride acids
with adipose enzyme systems26. Once again this nay
be the means of producing iso~ and ante-iso
alkanes and acids in the waxes.

Long chain alkenes have only been found in
paraffin waxes (petroleum distillate residues)
but their presence in very small quantities in
plant waxes would have been missed in our analyses
‘and possibly in those of other workers. Their
biogenesis could be explained in the same way
as unsaturated compounds in the glyceride fatty
acids via the saturated acid in aserobic conditions
and via the alcohol and dehydration in anaerobic
‘conditions32' .

- "Crossing" of the biogzenetic pathways of
terpenes and fatty acids is suggested for the
formation of mycophenolic acid where the side
ehain 1s due to mevalonic acid and the nucleus

o acetate unit521° ¢

Myt’o?HENOLIC acid
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Such a "erossing" of pathways in the wax acids
would result in a/ﬁ~methyl branched, odd carbon-

numbered acid e.o.

R ﬁﬂéﬁaﬁﬁ +* caécngc(oﬁ)cﬂécoaﬁ
Gﬂ 033 ‘\\3

R CﬂzGHwGH?mGHCOOH

Lo
R CHzcﬁchéCHCBéCOOH

%

RESULTS AND DISCUSSION.

~ The planté studied are listed in Table II
together with the pertinent experimental data.
.Thevalkane distribution patterns arc represented
diagra%%tically in Fiz. OA. Fig 9B has been con-
structed for comparison from data in the literature,
further deteils being given in Table ITI. The
examples chosen for the construection of Fig., 9B

are restricted to results which have been obtained,
h,6,9p or gas-
%,5,10,13,1h‘

either by mass spectrographic
liguid chromatographic analysis
of unfractionated plant alkanes. Little reliance

can be placed upon claims for the separation



Lo,

and identification of plant alkanes by other
methods, as shown by the outstanding
collaborative work of Chibnall and Pipert} and
the later mass spectrographic analysis of some
of their original samples9’.

The New Zealand plants were collected by
Dr. M. Martin-Smith, Department of Experimental
Pharmacology, primarily for their pharmacological
interest. The results indicated the
potentialities of the method as a means of
"fingerprinting"” individual species and this
aspect was subsequently examined in more detail
in the study of the Sempervivoideae (Section III),

The results of the present studies may not
be strictly comparable with those obtained with
the Sempervivoideae since the plant materilal
was pre-dried to facilitate transportation and
the portions of plants employed were not confined
to the leaves., Although it is probable that the
alkane components are restricted to the
protective surface coatings as evidenced by the

fact that the alkane patterns of the leaf-surface
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wax and of the total alkane extracts of the leaves
of Arundo conspicua were virtually identical
(see footnote Table II), there is no reason to
‘guppose that the alkane distribution patterns
are the same for different anatomical portions
of the plant., In view of the marked difference
between the alkene distribution in the rhizomes
of Cordyline australis (9, Fig. 94) and that in the
leaves of Draco draconis (29, Fig. 9B), plants
which are considered to be elosely related
botanically, the need for studies on the relative
alkane distribution within the same plant is
elearly indicated. In the present work comparison
of the alkane distribution patterns of the different
gpecies within the same genus would appear to
be valid inter se, as in all cases the comparisons
are made using corresponding portions of the plants.
In the case of the Gaultherls and Hebe speciles
twigs and leaves were employed, and in the case
of the two varieties of Phormium tenax, rhizomes
were used.

- It was found that the alkane analysis could be

adequately performed on 40 g. of dried plant. A



crude fraction containing the total alkanes was
obtained from the finely-ground plant material,
which had been pre~dried at 80° for 24 hours in
foraed draught ovens by continuous extraction
with boiling light petroleum (b.p. %0-60°) for
24 hours after which time exhaustive extraction
had occurred. Infra-red analysis of the crude
extract, which varied considerably in quantity
(see Table II), dindicated the presence of
compounds containing hydroxyl, carbonyl and
carboxyl functions. As simple chromatography
over alumina proved unsatisfactory for the
complete removal of these contaminants the esters
were saponified and the carbonyl compounds were
econverted to thelr dinitrophenylhydrazone
derivatives. After this pretreatment, alumina
ehromatography afforded the alkane fraction
uncontaninated with oxygen~containing compounds
(as evidenced by infra-red analysis) in all cases
except that of Arundo-conspicua which showed a
ﬁrominent pand at 1120 cm.”  in the infra-red,
due to ethers which are studied in Section V. The

ethers were readily removed from the alkanes by
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treatment of the mixture with concentrated
sulphuric acid. The infra-red spectra and gas-
liquid chromatograms of the light petroleun
- extracts of Arundo comnspicus at the various stages
of purification are showm in Fig, 10. A separate
~experiment established that the ethers were present
in the true leaf-surface wax,

Complete analysis of alkanes possessing between
23 and 35 carbon atoms were achieved, but alkanes
of higher and lower chain lengths which may have
been present in small amounts were ignored. Eight
of the plants studied, (nos. 2=% and 7-11 in table II)
appeared to contain branched alkanes as well as
n~alkanes, although the former were present in
very small amounts, usually representing less
than 4% of the total fraction, except in the cases
of nos. 8 and 9, Direct identification of the
branched chain alkanes was not possible on the scale
employed in the present work but further experiments
are in progress. By analogy with the previously
reported work and other studies, the odd-numbered,

branched hydrocarbons are assumed to be iso-alkanes.



However, isomeric iso and anteiso-alkanes are
reported to have almost identical retention times
on Apiezon columns6’11'and it 1s possible that

the even-numbered branched alkanes belong, in fact
to the anteiso~ series. Should this be so, the
gituation would be in the inverse of that reported
for the branched hydrocarbons of wool wax33’.

- A high content of branched alkanes is a relatively
rare occurrence in leaf waxess Very few of the
examples in Fig. 9B show the presence of branched
alkanes although trace quantities may have been
overlooked by the orlginal workers. Careful
investigation of species 21-23 and species 29 in
Fig, 9B, however, falled to show the presence of
any 1§g~a;kanes3h‘, It is therefore all the more
interesting that Nicotiana tabacum (19, Fig. 9B)
has a high iso~alkane content and that certain

spaciesye.g. 13, Fig, 9B, show appreciable

quantities of iggaalkaneSBH’.

In the gas liquid chromatograms of several of

the plants (viz. those of nos. 1,3,%;%0 in table II)

small peaks were present which couldAbe asslgned

Do
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to either pe-alkanes or isg-alkanes. It is possible
that these peaks are due to the presence of
eycloalkanes or of compounds possessing double bonds
or other functional groups which are present in such
small amounts as to be not detectable in the infra
red spectra. The intensity of these peaks, is
however, so low that they in no way interfere with
the interpretation of the major peaks.

In all cases p-alkenes with an odd number of
carbon atoms form the major components of the
paraffin fraction, which is in agreement with the
results obtained by other workersl’g. 0f the
mixtures given in Figs. 94 and 9B the major
constituent is either the Chn, the Cphgy the C3
or the 033 p-alkane. It is of comnsiderable interest
that within the genus Hebe the major constituent
18 Cpy in H. odora , Cyy in H. parviflors and
H, Qiosmaefolia, and 033 in H., giricta , thus zgiving
an immediate chemotaxonomic distinction. In the case
of the two Gaultheria species the differences in the
alkane distribution patterns are not nearly so

elear cut but they are still easily dilstingulshable.



The fact that the two varieties of Phormium tenax
give virtually superimposcble patterns may strensthen
the utllity of plant hydrocarbon analysis rather thaen
weaken 1t, as distinction between species without
differentiation between varieties would be useful

in fexonomy.

In moest cases the shortest and longest n-alkane
chains differ by about ten carbon atoms with varying
proportions of each homologue between these limits,.
In certain waxes such as that of Solanum ifuberosum

(18 Fig. 9B) and Pyrus commmnis (9), however, there

appear to be only one or two individual alkanes
present in apprecigble gquantities. An intriguing
general point which emerges is that when the odd
and even members are considered separately, in
both cases the plot of percentage of constituent
present against the number of carbon atoms is a
simple distribution curve with a single maximum.
This generalisation also seems to apply with the
odd and even branched alkanes, though less data are
available. Since the alkanes can be assumed to be

end products of plant metsbolism and not intermediaries.
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thils may be of significance in terms of the
specificity of the enzyme systems which are involved
in the elaboration of the alkanes from acetate
units’*,

The variety of the hydrocarbon patterns is
striking when Fig. 9, in which 12 families and 21
genera are represented, is considered as a whole
and it augurs well for the future taxonomic
application of plant hydrocarbon analysis. As yet
no general patterns are apparent which might permit
(a) monocotyledons (e.g. Fiz.9, Gramineae species 12,
25-28 and Liliaceae species 7-9, 29 and 30) to be
distinguished from dicotyledons (the remaining
families illustrated in Figs. 9A and 9B),

(b) assignment of a species to a glven family, as
there is marked variation in the hydrocarbon
pattefns from one constituent genus to another

(e.g. within the Crassulaceae species 13-15, and the
Gramineae and Liliaceae given in Fig. 9, although,
incidentally, there is a marked resemblance between

the two species Dracaena draco and Copernicia ceriferz),

(c) assignments of species to a particular genus,

since again there is little constancy in the patterns



(esg. the diversity within the Hebe species Ik,
the genus Aegg;u@3k°and the genus Buphorbium specles
21~2k, but there is a similarity between the

dollum species, L. peremne and L. multiflora,species
27 and 28 respectively).
Footnote,

In a recent publication, Mazliak35‘recorded
an alkane distribution pattern for Carnauba wax

(the wax of Copernicia cerifera). His pattern,

however, is quite distinet from that in Fig., 9,

see over, We have examined, at his request, the
same sample as he used in his analysis and found
that it was possible to improve considerably the
resolution by use of the lower temperature 225°
instead of 300° and in so doing permit easier area
measurements. 1t seems possible that although both
Mazliak's and Roberts and Robertson's samples were

Commercial grade there had been some difference

57 «



in the extraction procedure and in the exact
variety of Paln,
C c C C C C

C2 Cay Cag Cog O30 €33 Cyp Ciy

Magliak's 8.3 13.3 16,0 16,0 12.3 7.
analyois. 3 13.3 +0 1640 12,3 7.9

Our
analysis 10,9 12.8 1kL.0 15#1‘1' 11.8 12.2
of Mazliak's
sample,
Robertson's
analysis 2.5 10.2 5.5 18,2 14,0 32.3 5.2 8.2
(I"ig» 9)

EXPERIMENTAL,

The following general procedure was adopted for
the investigation of the alkane fractions. Light
petroleun refers to the fraction b.p. 40-60°,

The finely ground plant material (40 z.) was
extrected in a Soxhlet apparatus with light petroleun
for 24 hours. After removel of the solvent under
reduced pressure the extracts (usually of the order
of 0.4 = 1.0 g. see table II) were refluxed with
2,4=dinitrophenylhydrazine (1,0 g.) and conc,
hydrochloric aeid (0.5 ml.) in ethanol (20 ml.) for
two hours to convert carbonyl compounds into

2,%=dinitrophenylhydrazones. The solvent was then
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removed under reduced pressure and the residue
exhaustively extracted with lisht petroleum. The
petrol«soluble material was reclaimed after removal
of the solvent and refluxed for 2 hours in aqueous
ethanol (1:2 - 20 ml,) containing sodium hydroxide
(1.0 g.). The solution was then taken to dryness
under reduced.pressure ahd thoroughly extracted
-with light petroleum. The petrol extract was
filtered through alumina (Brockmann grade I) and
the hydrocarbon fraction completely eluted with
further light petroleum and reclaimed,

Infra red spectra of the hydrocarbon fractions
were recorded in order to establish the absence
of compounds other than alkanes (Fig. 10). In the
ease of Arundo conspicua (Table IT and Figs. 9
~and 10 species 12) the fraction which remained
after 2,4~dinitrophenylhydrazone formation, sapon-
4fication, and alumina chromatography showed
strong infra red absorption at 1120 cm."l, indicative
of an ether grouping. The compounds responsible
for this absorption were removed by treatment with

hot concentrated sulphuric acid (140° C, Y% hours).



The light petroleum extract of the reaction
mixture furnished the pure alkane fraction after
alumina chromatography.

Gas liquid chromatography of the alkane
fractions was generally accomplished by
chromatographing 0.1 ul. of a solution of the
fraction (2 mg, in 40 mg. of x-methylnaphthalene)
on a column of Embacel (80~-100 mesh) coated with
Apiezon L (0.5%).

G0
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Table 114 Literature Sources of the dats
depicted in Tiz. 9B,

No. Plant Species Common Name  Portion  Refs.
ted
13. Aconium %%‘%,’8’"9—% 3k,
gooechia W.B. surface
1%, Monanthes Leaf 3k,
brauchyeaula Lowe. surface
15, Sedunm Leaf 3k
- anglieum Huds. surface
16. Bragsgica Black Aerial e
- nhlgra Koch. mustard parts
17. Bacopa Aerial 12,
_9&,19.1:1 (L.) parts
Pennell.
18+ Solanum Potato Tuber 10.
Iuberosum L. cuticle
19. Iico Tobacco Whole L,
tabacum L. leaf
20, Ph u String Aerial G.
aureus Roxb. bean parts
21l. Euphorbis Leaf 3k,
balsimifera Alt. surface
22. Euphorbi % Aerial 3k,
aphylla Brouss. parts
23, z " Aerial 3.
gwdubae W,B. parts
24, Candelilla Aerial 13.
gggm Alcocer. parts
. Saccharum Sugar cane Stem 5e
officinarum L. surface



Teble T11 (contd,)

Ko.

2.
27.
28,
29,

30,

gas

and

Plant Species
Lentochlon
dizitata Domin,

Lolium
perenne Aitch.

Lium
Ltiflora Lan.

s EE

C

Uracaena
draco L.

Copernicig
cerifera Mart.

Comnmon Name

Perennial
Rye Grass

Italian
Rye Grass

Dragon
tree

Carnauba
paln

Portion
extracted
Stenm
surface

Aerial
parts

Leaf
surface

Leafl
surface

Leaf
surface

1k,

All of the alkane fractions were analysed by

liquid chrometography except numbers 16, 20,

27 where mass spectrometry was used.

The plant species belong to the following

families, mmbers 13, 1% and 15 to the Crassulaceae;

 number 16 to the Cruciferae; number 17 to the

Scéophulariaceaa; numbers 18 and 19 to the

Solanaceae, mmber 20 to. the Leguminosae; numbers

21, 22, 23 and 2+ to the Euphorbiaceae; numbers 25,

36; 27‘and 28 to the (ramineaej numbers 29 and 30

%o -the Lillaceae.
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(111)

10(a) Isolation of the hyb.vocB.rho' fpact50

plant m-v A

The viix penainin/; st
successive treatracts vith alcoholic potassium hydroxide
aM 2 initrophonylh”razine reagent? followed by
comatogr&phy over alumina®*(111) fh-mwcc remaining after
treatment of fraction (11) with.hot concentrated sulphuric
acid* For these Gas Liquid Chromato -;pams9 the load was
£§, 5u gt of solid the column 130 eg, >A cm %S5;
Apleson L onn Bmtme©LSiQ*-1'0 mesh at 229'$ "5 ml#/ rain#
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TAXOUO TS YT GF ALATNS,

TITPRODICTTON,

The use of chenical constituents of slonts a8 ar

aild to thelr clsssification is now a familinr ooncevt%

ﬁ
T e

the outstanding exomples being the extensive vork of

e , " -
Erdtman®s on conifers ond Bate-Snlth** on wmonocotyiedonsa.

The umplmymﬂnté‘ of lenf waxes as an advantageous

taxonomie criterion is sugpested by the considerations

liated in Table I.

(1)

(8)

()

(4)
(5)

TABLS T,
The universality of the oceurrence of
these waxy coatings,
The already observed soecles variation
in the wax composition.
The reported 1&ck5‘ ol ﬁaéscnal variation in
wax composition though the actual welght varies
with both species®s ara senson®* The urchanged
wax eompoaition may be due to the fact that the
wax is extracellular as it is almost certainly
an end product insulnted from the regular
essential meicbolic functions of the ploant.

The simplicity of somling.

The present doy availabllity ol preeise nd ropid
zqipro-annlyt"cﬁl tools of fol.C., mags

. B B ern oy v e oo g
sooctronetry ond inTrn votl ghoetTonethry,

3



The taxbnomic pooeibility of allkanes sesned
worthy af.fmrther investigations nfter our prelininory
results in Section IT, despite the Torebodings thot
the differences between the waxes might not be
sufficiently discriminating, too "eonservative" ns
Erdtman®* hae pat it. Our results in Section II
indiented that 1t wes bhest to coneentrste on one
eclass of wax constituent (the alkanes which are
present to 2 significent extent in most woxes). The
alkane mixture la very smennble to exnct snd ropid
analysis by @.L,c?’a’g’lﬁ' and 1ts very complexity
serves as a8 positive advantage in providing a
taxonomic "fingerprinth,

In order to test the validity of these idess a
atudy of certain plants of the Cenary Islends has
been undertaiken. This cholce was made becouse of
the availabllity of o compect grouping of closely
related genera of the sub~family Bempervivoldese
{Crassulacease; Fig.1l), which had alreedy been
extensively studied botanically. They are believed
to be descended from o eomwnrn arcestor viileh Initially
colonized the islands ond t2 have hoen develonoed in

isolation Prom the malnlond. Becouse ¢f the wide



climatie varintion on these islonds of Adverse ierrein,
the variety of forme nresents on execellent exoaale of

"adaptive rodinti cm";l}“ .

e members of thils foaily
.are all xeromoryhic and gencrally possess nulte
substontial waxy coatings, Several botanists,

o
including Pltsrd and ?roust%“‘ Burchara?g’ and

rlé' have diseussed the celnagifiention

particularly Praege
of theesec plants and.Lem&ll' devotes a recent lenpthy
paper to the evolutionary aspects of the group in vhich
he states his belief that the Aeonlums present a
situatien compareble in many woys to the Finches of

the Galapagos'". Jiis study concerrs the plant fornms
of the Sempervivoldene ond his corclucsion iz thet

*this group 1s composed of specles of many forms,

from shrub to biennial and enmial herb; 4t 1s possible
%0 derive all of them from & shrubby ancestor”. ™e
results of our own study are consldered in relation

to this approach.



RUSUL. TS,
SR ETSTTIN)

The plaﬁts studled are Listed in Table 2, They
include examples from 211 the consitituent gencre of
thé Sempervivoldeae (Figal), with the exception of
Sempervivom. Yor reaoons liscussed later seven

apéeioa of the gerug B

nhorbia (Buphorbiocene, 4,000

species) and two menccotyledons: progoepa droeo

(Liltrcene, 3,700 species) ond Loliun multiflorn
{(eramineae, 4,500 specics) mere included,

15
Y* from both ourfrces

The waxes were extracted
of the leal eonples by dioping the leaves elther sinsly
or in small bunches ir three succesgive portions of
eold chloroform. This treatnent wos found suficlent
to remove all the surface wax without removing eyto-
plasmic conatituents, The infra red gpeetrun o7 the
residue remaining after removol of the solvent wos
then recorded (e.g. Fig., Pa).

The hydrocarbon froction wne isolated in 257 yierd
from the waxes by saponification follovwed by extrnction
with light petroleun and chromatography on basic aluminn.
(In two cases, Toble 2, Nos. 52, 7?4, the snponiflention
step wns omitted with equally rood resulis,) The

infrs red spectrum of the ioolated Pfraction (e.c. Pip.oh)



Subhe=fonern

nr Bections

ﬁﬁ@i&K»‘ Sub-Family genera

- Sempervivum [Holochryren
50) (93
- -Aeoniun(%8) e ?nlonim’ﬁ
e ‘ 1
Crassulacese — SempervivoideselAlchryson -ﬁf&igﬂ(ll}
{1480) (112) (10)
- _Greecnovia  HConariencsia
(4) (8)
) ‘ LMonanthes aooehials)
e R (10}

_Bedum and 19 other penera,

Mg.l. The Orassulageae fumily showing the
sub~divisiontls of the sub-family
Sempervivoidene; nurmber of species
in parentheses,



gshowed no contaminants of different functiarsl tyne,

reod

and repetition of the olhall itrentient cousmed no chnnpe
in the proportlons of hydrocarbon nresent, Renlicate
extractions of leoves from the seome bateh pave hydro-
carbon concentrates of almost identical composition
{Table 2, Nos. 10-13),

- The hydrocorbon fraction was nnalysed by pas
chromatogravhy (€.g. Fig.D) and the penis of the
r-alkanes assisrned both by coe-chronntopraphy with known
compcunﬁé and from the relationship of the retention
timea (Fig.4). The remalning peske have all been
aesigned to lsoalkanes (S-methylsllkanes)??18+ on the
grounds of the relationshlp of the roiention times
(Fig.4) and the enhancement of the aupropriate pesk by
addition of a gemuine sample of Qﬁneﬁnylﬂstriacgntane}v°
Although the presence of other types of saturated hydiro-
carbon cannot be rirorously excluded on the basis of the
sbove technicues, it is certein thet the components of
the hydroearbon nmixtures belong overvhelmningly to the
n- and iso-alkane series in the ranre Cno to Cgg Iinclusive,

The raantitative recults nre giver in Table 23 thoy
weye obtained by mesmarenent of perl arcag nnd are

expressel o8 o percentope o7 the sum of the penk areas



63,

of all compounds lylng botween Cog and Crage The result:
were founﬁ to bhe reproduciihle to L 57 by revlicote
analyses (Table B, Nos. 44-48): ard evaluntion of
synthetic wmiztures showed that the arsas were propor-
tionel to molar concentratlons for each type of hydro-
ﬁa#boh¢

DISCULSION,
et

8ome of the main firdingse of this study on the
Sempervivoidene may be sumarised ns followste
(a) Alkanes of carbon pxﬁbar less thon Com and more
than Cnpe ore mot present to eny detectoble extent;
{v) The content of odd corbon-rumber nlkanes is greater
than that of even earbon-nunber slkones by a factor
of more then ten. Phe distribution rotio of the

odd ond even series shows no percllellsn;

(ﬁ) Some species contalin quite bigh wroportions of

isoalkanes which oceeslonnlly even outweleh the
nealkane eontent, hen present, on lspalkone

constituent irnvariably accomponies ite strairht
chain isomer, ond Tor the anjer ol e-rhon number
constituents (e r. 031 ar? Gnp) o2 any clvor leaf

wax thepe snye indiecoticorns of = oorallelisn in the

iso~ to moranlehyirsenrhon rotiod



69

This deronstration of the oceurrence of branched
chaiﬁ structures mokeg 1t claoor thet thio phenomenon
should no loncer he rec~rled g o Diolomienl “frcﬂk"lg‘
althouph the only other reporied oceunrrence of branched
chain hydrocarbons is that found for toboceo leaf wax%g*

. The prineipel remuirement for n tazonomic eriteric:
is that it be species specific, The present results
indicate that the hydracafbon‘compasiﬁian of the leaf
wax 18 not ~ppreciably dependent on the position of the
leayes with respeet to the meristen (Table 2, 14 and 15,
the age (20 and 21, 50 and 51) or the station (4 ~and 5,
1% and 17, 61 and 62) of the individusl plont, provided
that the species is the sane, T™ia was found to hold
in spite of the differences in, for exrmple, leaf size
{(e.g. %0 and 81, 38 and 40, 42 ard 43) ghovn by those
gpeeies vhich exhiblt prest scasonal varlation in prowih,
Thus, within the limitations of this investigation and,
in the obsernce of sufficient dats Tor a thorough
statisticnl treatment, 1t seems rensonable to conclude
that the hydrocarbon patterrn of the leaf wax of a
speeies 1s » yroperty characteristic of that speciles,
Such fluciustions oo there ove (for exomple, with the
A. urbieum examples 10-18) may be duc to the occurrence
of genetic apdfor enviromwental factors, nnd do not

invalidote the cemernl enneluniong.
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In g5 the hydroernrhorn constliuonts of the lenf
vaxes situlied spe shovr ir histogrom form, o sincle
dlagrem for each authenticotel mueceles, The botanliesl
claseification is delineoted, and vithin this the specien
are arrenged such that, in general, the bhronched-chain
isomer content inereases from left o right and from
- top to bottom; the proportion of Cmy 10 Cga seems to
increéae in 2 simllesr orogression.

The most extensive survey was centred on the penus
ﬁggniﬁm (Pig.1) with the prime concern of unearthing
any reletionshiyn between the hydroearbon patterns and
the botonlenl classification, vMthin the section
Holoehryse the three specles cxmmirned show eclosely
similar hydroearbon potterns nnd the gsme is true for
the different hydrocarbon pattern ohialned for the
gpecies in the section Urbica. The botanienl sube
dlvision of Urbieca proposed by Lemsll' is not praralleled
by these results. Six of the specles (35, 28, 31, 29,
3%, 36) of the section Gooehis give "utually similer
hydroearbon patierns but the remairirg three seem out

of sten in this vespect, A. cocsnitooum (4°),

A, spathulatum (®) and A. cruentun (37).  The soecies

of the scetion Capariencic P11l into v groupings.
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The first three members (06, 72 and ©4) show a close
hydrocorhon pattern relaotiorahin allicd to Holochwrysa
while the patterns of the next two (20 and 25) are
much more akin to those of the seetlon Urbica; one
member of the Canarlensia, the distinctive plate-like
As tabulseforme(27), is nulte enomslous in the reversal
of its Cm; t0 Cpsn-alkane rntio,

In the less sxtensively exenmined genera (reempvis,
Alchryson and Mopenthes the hydrocorbon patiterns are
internally consistent with the exeception of one of the
last, ¥. anydros(53). Lems has sugpested that the
gemus Greenovia is evolutlonnzily relnted to the Cang-
riensia section of the gerus Aeoniun but the hydroesrbon
patterns of the two nre sulte different ond on this
latter basis one night rather progsose a relationship

between the genera Greenovis ond [fonant es »nd the

seotions Urbilca and Megaloniuya of the genas Aeggium.
On the other hgnd, the branched hydrocnrhon eéntent of
the Alchryson speciec ex~nined does nive some éuppaft
to Lems' contention that thic genus is related to the
Goochia section of the genus Aeonium,.

Although such comporiscons of hydrocorbon patterns

may gerve to establish reloitionships, 1t mould scom



-
7
'y

that the differences between rceloted menera may be
insuffTiciently discrininoating to ret as "finperorints',

and greenovig

studied in this work,

To show the resulis obinined in n comaletely
different pinnt family a few readily nvailable species
of the genus Tuphorbin have been ineclunded. This genus
{750 species) is not closely knit botaniecnlly 2nd the
obgerved hydrocarbon distribations nre of ot lenst two
types, In comparison with the Sempervivoldese, where

the ¢,, and caq hydrocorbon content cenernlly epproaches

31
gbout 907 of the whole, the Tughorbine exsmined are much
more variable in this respect osnd lneciude o higher
proportion of Cop and Coy hydroearbons,

The monocotyledons Lollum multifiora (Italian rye

grasa} and Dracaena draco {(Canary dracon tree) possess
hydroearbon patierns strikingly different from those of

the Sempervivoidese representatives.

CONCLUBIONS,

Bven the present limited investleontion on 2 restricteqd
area hag shovr at least some rlimerines of 9 toXononie

releyvance in the leafewazr hydroearbon pntiern. The pover
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[ @8]

of gas chromatopgrophy Tor work o this Wind is wopidly
lnereasing with develagmentgo* of tenaerature-nrograniod,
high~efficliency, high-speed coluars and of sutonntile
tabulation of quantities ond retention times of the
geparated constituents, Such refined teehnirues should
render surveys of the type reported lLore readily fessible
on a very larpe scale, not only for the hydrcenrbons,
but for the oxygenated congtituental s Tt Such
investigations would not only be of toxonomie interest
but eould be used in the study of the possible relotion-
shipe existing between plant woxes nnd such matiers rg

22,

oR 5,04
plant metabolism, woter balance,  plont aiseasaa%ﬁ’

o o 24T
weather damage}ﬁﬁ 02 atrossheric pollution damage,”
efficacy of erop-sprayingj®r0: the carcinogenetic

effect of tobaceo smokel”* and the oririn of petroleun?’*

Otheér waxy coatings such as those possessed by mlero-

B

arganiems?g’ insecta?* and animalal should certainly

be smenable to similar study.
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Collection snd Identificotion of Plapt "aterinl,

The plants listed in Toble 2, with the exeeption
of the Bedum and the grass, were colleected during the
pericd September 1360 to Anril 1281 in the Western group
of the Canary Tslonds - Tenerife, Cran Ooparia, Gomers,
L.a Palna and Hierro,. A Tevw specles were collected from
several stations and at difforvent seasong,. All were
identified by Dr. 5. Sventenius of the Jardin del
Aclimatacion at Orotava, Tenerife, In order to prevent
contenination of the surface waxes, contact hetween the
leasves of different species vas corefully svolded ond
stations were chosern ?!leh mere not adjacent to0 road

traffic or subject to urban atmosoherle nollution,

Extraetlon of Surface wa?esls

In all cases, except certsain Iuphorbls species,

only lenf wazxes were extrocteds Although the quantity

\ ‘ , e w15 3 Sha 5
and appenrance of the leaf wax is knowm to differ
on the shaxinl and adaxinl ourfaces, the present work
concerns the toidal wax fron Hoth surfocece.  The lenves
vere penerally ex~ained 04 Soon 08 possible after
collieetion of the entiroc plont vhiel, ir aost cases,

survived even nrolonped otovnoes,
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A representative sople {100 r, ) of leaves (picked

from goveral individual olonts of thoe sartienlsr siecles,

collected nt the amme sintion) wng omtrneted hy dlonine

amall bunches or individunl leaoves for 30 see, in ench
of three successive enrll volumes (50 ml., 256 ml., and
86 ml.) of chloroform, In some creecs comvlete buds,
upopened or psrtially opened, of smoll lesves were
extrected, The combined extract was f£iltered to
remove suspended motiter and the filtrate and woshings
evaporated to dryness under reduced pressure, e
residue was weighe@.and 1ts infrs red apectrum recorded
a8 # s0lid film (Perkin-Tlmer Yodel 13 or 137; cf.
Fg. %2a).

Teats with further volumes of chloroform ond aleo
with light petroleun dempnstrated thet this rapid and
simple procedure adecuntely dlcsolved the surface wax
without removing any of the cytoplasmic eonstituents,
After this trentment the fleshy-lenved speelies frecuently
exuded in a dromatic mammer consideroble cuantities of

watar?s'

Isolstion of the iiydrocarbon Content.

e wax (50-250 mge } ™8 heanted for 2 hr, with

etharolic potasaiuwn hydrozide (1 pe in 3¢ ml.); the
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ethancl wes removed under roduced nrescure »nd the
residne extracted consecutivaly with throe 190 =i,
portions of 60-80° Lisht petrolowi. Liter eoncen-
tration to smell hulk, the petroleunm extract was passed
down 2 column of basie nlunino {10 ene by 1 om.
Brockmarnn, Grade TT) frllowed by elution with lisht
petroleun, The solvent vns removed from the Mrst
B0 ml. of eluate under redueced nrescure; the residue
kwas welghed and 1ts Infro red specirum recorded (eolid
#1m). The residue represcnted shout 957 of the
total hydroeorbon content ol the wax ~rd contolned mo
eontaminants ot airferent functioneol tvpe (Fig. 2b).
Repétition of the alkali treatment on this product
esmaged no chonge in the hydrocarbon provortions. An
alternative simpler procedure in vhilck the hydrolysis
step wes omitted, was employed in two cases (Tsble 2
32 and 34), The residue from the chloroform extract
was chromatographed directly” 130 s nbove. The first
B0 ml., of the eluate furnished n hydroearbon fraction
identical in compositian with the product ohtalned by

the shove alkali treatment,



gGag-Liould Chromoto-roohy of the Trdvoscarbon Trtrichg.

A Pye "Argon Ons Chromotoopoaph”™ (ggﬁr detector)
was used with a 120 x 0,5 cm, colunn of Celite (80-100

meshot

coated with 0.57 of Apleson L prease deposited
from 60~80° light petroleunm. gencrally, the‘hyﬁro-
carbon mixture (~2 mg,) in warm wemethylnaphthalene

{~ B0 mg.) was applied to the heated column (-~ 230°)

in 6.1 ul loads., Severnl columns vwere used as
prolonged operation nt thie tomperature resulbed in
denudstion of stetionary phose, Troieal chromstogranms
aye illustrated in Mir. 3, The penks vere asslgned on
the basis of addition of perulne n-alkzanes which
resulted in intensifMeation of the appropriate pesks,
Farther, o linesr relationship woe obtnined between the
log of the retention time (Ry) and the nssigned n-alkane
caybon number {Mp.4). Hearly all the remeining peaks
showed a parallel straicht line relationship (Pig.4)

and wepre consesuently attributed to igosikanes (2-methyl-
alkanes)?’ls* Confirmation of thisz latter corclusion
was derived from the enhancement of the appropriate
pesk by aldition of a peralne s&:a:gple}f?v of P-methyle
dotriacontone nd Tron the ndrs »o’ elrorocteristies

of the hydroe~nrbon niztare itseld, (The obsence of
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unsaturated hydroecorbons ond oXyren-containing
eomponents was further cheeked in one case (41) by
the virtual constaney of the gas chromatogram pattern
even after seversl hours' treatment of the hydroearbon
mixture (40) with hot concentrated sulphuric acids *
The content of individunl hydroenrbons in the
mixtures 1s expressed in Toble 9 as nn ares percentnge
derived from the area of the prelevant yeék and the
totsl ares of &1l the peaks betveen Cop and Osg
inclusive, Alkones belovw and gbhove these limits
have been ignored 285 control experiments with welrhed
mixtures show them tc be present in only trace amounts,
Areas were determined by planimeter (six determinations)
for chromatogreas with all peoks on senle and with the
major constituents registoring almost full scale,
Aceuracy was checked by repeat analysos (€.g. 44-46)
and the percentages in Table 2 seem to be reproducible
to t 67, a variation due to detector-smplifier and
planimetering errore, Vhile rot nogligivle this
deviation is definitely too msmoll to invalidate the

genersl conclusions. Fvaluation of synthetic mixturecs
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of n- apnd lsonlkanes conflrmed the dstector respnnee
to he proportionel %o the molar coneontraticon and
was virtually the same for the two types of
hydroearbon,

.

"Colunn efficienciea"g were of the order of
1B00~2600 theoretical plstes for the hydrocarbons
in the Cpp region (retention times oa 35 min. ).

In Fig.3, the "pesk resolutions” -

were, for example,
1.& for the n~ and iso-Cgg~alkane pealks and 2,9 for

the n-alkane Czy and Cgo peeks,
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' Leaf Wax Distribution in mole percentage of the hydrocarbons in the hy drovarbon fraction of the leaf wax
SPECTES Not ——————— Cy ; C., C. C. Csy Cu <, C, C,. . C,
Wet Dy HC-—o— e - . — - : —
L P L A e b B e B L L N L N L R R vono o
AFONIUM {
Section Holochrysa )
A. manriqueorum 1 095 &5 8 ' . . e o 2 2 1.0 10 2 1 4 15 o
A. holochrysum 20015 1S 6S . . . . T S T T I I A A
A. rubrolincatum R) 015 i 60 | 'e . . . . 20107 . Vi se 2 R 4
i
Section Urbica ' bt : '
A. percarncum 102 W e [e o« e « 113 LI 2 Lo
A. perearncum S 03 4 15 ’ .| faie | e ol . . 9 T4 2 b4
A. percarneum 6 01 I 55 | e e e Lo . IR I R i 4
A. haworthii 7 01 1 20 o ’.‘ . T 1 e ol 21, 3 yieR:r e 102
A. decorum B 01 i 1s . o . ol 1 125 sts sl 2
A. castello-paive 9 0l 60 . Cel o« e 1 « i 1130 k] 1] 99, i S
A. urbicum 100 025 ' 15 sy . o of e 1 « ' 1 20 oodbes 2 ] 3
A. urbicum 1t (] AR - ., . e [ 1, 12 4 2|63 . [
A. urbicum 1201, | 60 . ol e e . o« e 15, 20469y T
A. urbicum 13 02 <0 o . - . . ‘. o lo, k] 6] 70| ! ’ 3
A. urbicum 14 02 38 . ele: I .o Py, e ’ 22 > 1 |es! 1 2
A. urbicum 15 01 ! ‘65! . o o] o fep | o, 1o ‘ 1his, ey a2, [ 2
A. urbicum 16 (V3] §5° ‘e . . | 12 i T3 11ey 2 e |13
A. urbicum 17, 005 | . . o e )l Pel a2 2 1| el S
A. urbicum T Y| '25‘ . .. !.l.il. De 121 316 l: 5
Section Megalonium i Do : , ’ ’ i |
A. nobile 1902 | 25 I ’., | || P |:j.’z AE RN s
Section Canariensia 1 ‘ o ! ‘ R B . Loy !
A. cuncatum 20 - 01 05 IS . . e e ey 1 o o127 P32 63 o | 4
A. cuncatugr 21 005 | 05 As . . ‘e e e | o e 29 2 260" . 4
A. canarienise 20051 05 S5 !, er L elefe e 1 e e 9l 4 Bl e 1|02
A. canariense 123 ! | 1! "e'e 21 o| 1 3 Ill 1011 113925 ! l o« | 4
A. palmense 24,025 ¢ 25 30 . elel 20 e 1 3pe el ol 3235 ey T2 2
A. subplanum ~1,25 | 008 i 45 [ i e oy o of i « | 336 [ 3 445 ) 1
A. virgineum 26 | 00s | 05 |40 1 ' ' 202120 vty 1| ei e 7)1} 0223133 [ KINER
A. tabulaeforme 27 | 005 }45 ! | . . 2 | 1 79 | 2 17 |
I i ; !
Section Goochia ! o | l b ‘ ‘
A. goochiae 28 07 9 10 lp e 3 ! 7 [ 2016141 3 2 117121 ? 3 4
A. viscatum 29 1-1 5 P2 « 2 8 116 12 I 13 [ I8 12116 . .
A. lindleyi 30 12 | l . "o 1 e 3 B | e el |22]11 2 11827 2 2
A. lindleyi 31 S1le 2 [ * o 26l 12 911 \ i 6[17] 1 1 15119 l 2
A. lindleyi 32 . 2 | e l 2 1 8§11 11 16171 217119 { .
A. saundersii-Bolle 13 15 . elej 1l ol 1113 511 1 2116 1 }20{16) 6| e |2 ]
A. saundersii-Bolle | 34 i el jele; Llief 1|13 ST 10 |2016]1 2 207114 el 21
A. sedifolium s lov |12 s L [ 1] 2 s 07| 1| 325 212
A. smithii 3 | 0 120 | o 1Tl e e300/ 1 ]3/22119] ] e;3 1
A. cruentum 37 04 45 25 . L. . 3 ol 2153 3 4129 3
A. spathulatum R | 38 78 2 . . . 2 1 71 56 4, 5124
A. spathulatum 3y l ol ‘ ol . . o| 2 o 15|54 20 8 1R
A. spathulatum 40 i3 . . . o of 3 PSS 2 St
A. spathulatum 41 . ; o . . of 3 (13 st e |21 712
A. cacspitosum 42 | 025 25 [ . 41130131657 1 2
A. caespitosum 43 025 3 i 20 ' . . . 3113 |- | 2 | 16| 58 o« | 2 3
Hydrocarbon mixture{ 44 | i 1 1] 2 1013 1 1213538
Repeat run 45 1 i 2 1 2 10121 2 135|344 !
Repeat run 46 ‘ . : 2 1 3 11211 3134133 |
— [ —— RSSO N R SV IR SRS E N [ -
AICHRYSON , y
Ai. dichotomum 47 | 02 2 ( 55 . e i . . 1 | I 2112142 416212 (1 (e 6
. Ai. punctatum 48 | 005 | 06 \35 i ! e | 117 4 3162 11316
Ai. unidentified 49 0-0§ 35 | | | 1] 2 4 7113172 | 14 | 41 2|2 3
REENOVIA , ;
l\n?cn ! 0 | o1 i . . . o 9 I 1 180 ! 7
G. aurea ' siloos | 1 i3S . . . . o | o 3 : ! ;: | 2 |$
G. di focycla 52 008 1 45 . L] . . . 3 ) ' 2 2
-G, un';dcnyliﬁcd 53 008 1 120 e ' | . 2,2 . 2] R ] I n ] 7
G. unidentified 54 03 18 . . } | e . 4 | 1 I 3178 ) 2 114
G. unidentified 58 1 50 ! 7 K | 10
G. unidentiticd N - of qelel 1y 4 ! of $ Lpdimporipns
G. unidentified &7 | 008 . 3 lel . 0 o| § 2 2| 81 12 | X




TaBLE 2 continmed.

| Distribution in mole pgn.r.nmgc of' the h\dr(\.xrbcm n lhc hydrocarbon fraction aflhc Teaf wan

N Leal Wy | Lt = s o
Sercns No.* — C. Vo C.. ( " ¢ , S B GV G | Co Cy
Wet | Dy HC S - S m—y e 0,._ .
. A L B v R R B L T O N I A Y I T Diser tn oo on le ton
. - e - ' - - - —1 — - - - {
MONANTHES ! . ! ! i ! o oo * i
M. amydros i a5 tf el el iy s 20| .
M. laxiftors S N (65| | | |e . o . . 2 1 93 ! 1
M. polyphylla 004 4 1301 | . o] i e ol of of, 12 LI 1 . o
M. muralis 6l ! cis o - 1 . 9 1 §7 12
M. muralis 62 P28 o e Pl tef o) 1 15 2alm 3
M. anagensis 63 20 12 35 i Y 1 . 4 ! 89 1 3
M. brauchycaula o4 | 0l (70 e |o|al o o 1 .| 10 1] o8e 1 2
M. pallens 65 | 025 ‘ 2 . ‘ i s 1| [RRE 20 1| s0 1 3
[ S il P S RO SRS Y Ny O R P Pl Y Bl R
Seous | \ o ' i
S. .m;.hgum - 66 ‘ ‘ O ’ 1} 8 1 30 I 9
l)n(‘u\A } ! '
D. draco 67 C 4 s 12 1 iT 2 6 3 i 4l
iR SNNON SRl N O O P O Ml i Yl [ DU SO DO
Lotium ‘ ‘
L. multifiora o8 10 |4 tt 7 t 42 1 40 i 3
Eurtionma [ o . | |
L. peplus o | 02 I 32t elalel | 1 as I I®
E. balsimifera 70 |12 15 2o| ] isn] t 24
E. atropurpurca 70| 04 10 i ie el § o| o131 1 o | 70 | ]
E. regis-j 7202 P2 1 | e 3| 1l 1 67 1 15
E.m 73 | 0% 2 14 2 ] 3 23 3 3 . 2
1. bourgacanca 74 : . | . 17 1 r 1 l 25 | 56
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Anaga, ﬂ.T 72 'mdal

. , 2 (ii) on lagumies,
and 43; San Mateo, 54 and 55; and at an undetermined locati 09.(m)onlheulmdofcan¢m 8. 33, 34, 57 and 58; Agulo, 53; 'l‘md.Sﬁ
and at undetermined locations, 3, 9, 25, 29, 52 and 73: (iv) on ¢l khndofl.ardmnn'hmmmls m,l?andsz and at undetcrmined locations,
9, 24 and 28: (v) on the island of krmu&bmon,ﬂ and (vi) at Portencross, Scotland, 66 and 68

The species ik § during the foll b l9ﬂ)|2!4i9|0||I2l120’2“"'\27'4).-"474&.0‘15‘5"ﬂ
and 71; 0.1olxr. ‘8 52, 53, 56, 57 and 63; Novemhtf 6. I4 1S and 43; December, 7, 8, 17, 18, 19, 24, 28, 29, 35, 37, 59, 65, 74: January 1961, 21, 36, 60,
62, 64, 69u\d 73, Fcbrunry. 16, 50, S1 md 72; March, 39, 40 and 41 April, 23, 31, 32, 33, 34, S8, 61 and 67: May, M.mnl

Specific points conoerning the origins of the wax extracts are as follows:

Species mumbers: 10-13 are repeat extractions of fres h leaves from the samc batch of individuals of that specics: 1S, immuture leaves: 16 and 55, dead
leaves in a naturally desiccated condition: 17 and 18 diﬂ‘cr in that they were collected at different altitudes in the sume district: 12 and M, hydrocarbon
fractions isolated solely by column chromat + 39, the plant was in flower; 41 is the hydrocurbon fraction from sp. 40 afwer treatment with
concentrased H,SO, l’or 3 hrs at 120°C; 44-46 arc replicate analyses of the same hydrocarbon mixture; .u{ouncudividmh KA} lMS‘. possibie G, (Rplocycle
and G. awrca, respectively but identification awaits appearance of flowers; 69 and 73, stalk wax in addition to lul‘ wax—all other species numbers were
derived from leaf surfuce waxes only.

1 Wet wi. (%) == wt. of wax extract/wt. of undried leaves. Values are approximated to nearest 003 per cent.

$ Dry wt. ('/) wi. of wax extract/wt, of leaves after air drying to constant weight. Values are upproximated to nearcst 08 per cont. Data arc
difficulties in drying many species.

§$ HIC(%) = wt. hydrocarbon fraction/wt, of wax extract, Values greater than $ per cont are approximuted to mm $ per oom.

I| The content of an individual hydrocurbon is unmbpmemnpcdlhuoul hydmmrbmcontcm from Co-Cy inclusive. The nwle
percentage is taken as being equivlkm to the arca m i A.""‘;, An, whare Ay is the area of the peak corresponding 10 the hydrovarbon

liquid chromatograms (cf. Fig. 3). Thtvnlnnm ximated to the nearest | por cent and peaks of relative arca <1 oMt ane
ﬁ’&':'&éa'&‘y"" ¥;i?:“ﬂ 67-74 mm(umgi Inrrlc.. m there is an appreciable content of these hydrocarbor C,, amd l‘:: thus: &7
has #-Cy, | per cont, #C,, 2 per cent; wmm\md»C.. Cr.uai 70 has #-Cya 2 per.cent, Cyy | per cent: 73 bas Cey 8 por oo,
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Fig, 2 The inflra red spectrunm ( solid film r—of (=2)
as extracted. flrom thg Dlant (,Aeonium panrigueorum ) and of
(p) the hydrocarbon Fraction derived Trom ThiT wo

Fig. 4 Plot of the log of the retention time against carbon
number for the wvealks assigned to pn- and iso- alkanes. Data
from the Gas Liguid Cﬂromato"ram TFig 3) of the hydrocarhon
fraction of the leaf wax of Aeonium sauﬂder511-bolle.

= n. alkenes, = iso- alkanes.
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5 Distribution in mole pergepidgo of [ and iso- alkanes
o WU in the h¥drqcarbon fraction of tEe surface waxes
from the”leave of Individual species of the genera

Monanthes, G* novi  Aichryson, Aeonium, Sedum, Euphorbir
Lolium and Dracaena, ( In two species Euphorbia aphylla

and E* peplus the wax riginates from stalk and leaves )
Alkanes® present as less than 2 mole per cent have been onitnc m
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BECTIO0N IV.

ELUCIDATION OF ALKANE STRUCTURES BY G.L.Cs AND

SPECTROSCOPIC METHODS.

INTRODUCTION,

In Sections II and III it was assumed that the
eonstituents of the alkane fraction of leaf waxes
were n and 3go-alkanes. This assumption was based
on analogy with the plant alkane studies of Mnrrayl'
and of Garruthersgand their collaborators. Further,
in our case, the peaks assigned to n-alkanes fell
on a line when their logarithm retention times were
plotted against carbon number and the igo=alkanes
on a second parallel line. However it was realised
that there were other compounds which might fit
such G.L.C. data e.g. unsaturated compounds,
alkanes with branched chains and alkanes with
alieyelic rings attached, and it was declded to
investigate these other possibilities by infra red
spectroscopic, gas liquid chromatographic and mass
spectrometric study of a few wax fractions and of
gtanderd alkanes., We were fortunate in obtaining
pure standard hydrocarbons from Dr. A.C. Chibnall,
F.R.S., Dr. Wibaut of the University of Amsterdam,



Holland and Dr. Dixon of the American Petroleum
Institute, Pennsylvania State University,to whom
we are greatly indebted.
RESULTS AND DISCUSSION.

The gssumption, which was made in Sections
IT and Iii, and mentioned above, was that the
components of the alkane fraction were all eilther
1so or p-alkanes. The only evidence for this
was the relative retention time of the p and
1so-alkanes, From Tables I A and B 1t can be
seen that S-methylpentadecane and 5-butyldodecane
have retention timeg which would distinguish
them from either pn or iso-alkanes. However
2-ethyltetracosane has the same retentlon time
relative to n=- C26 as 2-methylpentadecane relative
to n- Cyg, and 2-methylpentadecane cannot be
separated from 3-methylpentadecane. n-Heptacosane,
l-cyelohexyleicosane and l~cyclopentylhenelcosane
cannot be resolved and 2-cyclohexyleicosane could
be mistaken for igo- 027. It is reasonable to
suppose that these findings concerning specifie

hydrocarbons are true for all hydrocarbons in

the 022 - 036 range.
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It would thus seem that it is not possible
to make positive identification of the alkane
constituents of waxes by G.L.C. alone. In other
types of G.L.C. analyses it 1s possible to use a
second more polar stationary phase and to compare
the relative retention times of stundards on the
two eolumns, However with these high molecular
weight compounds, the alternative stationary
phase (silicone gum) was not capable of
separating l~cyclopentylheneicosane and l-cyeclo-
hexylelcosane.

The infra red spectra of the standard alkanes
in the range 1300 - 1500 em.™L are helpful in
distinguilshing between different types. The data
from the region 2850 - 2960 em.”t also gives
information concerning the methyl and methylene
groups in standard hydrocarbons (Table III) but
it is more difficult to interpret than that in the
1300 - 1500 cm.™* region so it was decided to
concentrate on this latter range. In the range
1300 - 1400 cm."l, the p- alkanes absorb at 1380 cm,'l,
due to the symmetric C-H deformation of the methyl



group and at 1370, 1355, and 1340 cms~t in broad
diffuse peaks, probably due to skeletal vibrations,
which increase in intensity with increasing
molecular weight. Introduction of 2 cyclohexane
or cyclopentane ring to the hydrocarbon chain
(Table II) confirms that the 1380 cm,™t peak is
due to methyl deformation since its intensity is
reduced when the alicyclic ring is in the 1=
position compared with the intensity when it 1s in
the 2« position. Introduction of an alkyl side
chaln increases the methyl absorption (1380 cm."l)
except when the side chain is methyl in the 2«
position where, the gem dimethyl group so formed,
has very intense characteristic absorption at 1386
and 1368 em.™t (Fig. 1, nos. (11) and (111)).

Thus for standard hydrocarbons it is possible to
distinguish between 2-methylpentadecane and
3~-methylpentadecane or 3-ethyltetracosane i.e. in
‘general terms infra red absorption will distinguish
between the lso-zlkane and dn alkane with any other
branched chain. It is not however possible to

distinguish between 3-ethyltetracosane and I-methyl-

pentadecane thouzh with these two specific



examples, the effect of inecreased molecular
welght on the skeletal vibrations is noticeable
(Table II), This means that the other branched
alkanes cannot be distinguished by infra red:

1t was impossible to resolve n- Cyy from
l-cyclohexyleicosane and l-cyclopentyleicosane
by G.L.Cs As mentioned above the infra red
absorption (1300 ~ 1400 CMa-l ) of 1= eyelo
compounds 1s such that the intensity of the
1380 cm;~1 bend is reduced with the result that
these compounds cannot be distinguished by infra
red spectroscopy. However, l=cyclohexylelcosane
absorbs at 1445 cm.”™  due to unperturbed
methylenes in an alicyclic ring much more intensely
than l-cyclopentylheneicosane, thus infra red
would distinguish between n- Cpy , l=cyclohexyl-
eicosane and l-cyclopentyleicosane., Table I A
also showed that iso- Coy and 2=cyclohexylelcosane
had the game retention time but infra red absorption
in tﬁe 1300 - 1500 em,~t region clearly |
distinguishes between iso=~ alkanes and 2-cyclohexyl
derivetizss (Pig. 1 (11) and Fig. 2 (11) and (111)).
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That there are igo~ alkanes in the wex hydro-
carbon fraction is best confirmed by considering
Aeconium Smithii wvhose alkane fraction has 57%
branched hydrocarbon and exhibits the very
characterigtic gem dimethyl absorption Fig. 1 (V1).
The only difference between the absorptions of
Aconium Bmithii and 2-methyldotriacontane is in
the 1379 em."'1 peak which is more intensge in the
natural wex due to the 43% n-hydrocarbons present.
The I.R. absorption of the wax hydrocarbons of
Monanthes laxiflora is very similar to the
absorption of n-dotriacontane confirming the
G.L.Cs analysis.

In the 1400 - 1500 cm.™l region, there is

~ absorption due to methylene scissoring vibrations,

1467 em,™L
1

1458 em, —. The diagrams in Fig. 2 can be seen

and to methyl asymmetric deformation,

to be very similar and there is no way of
distinguishing between Aeconium Smithil and
Monanthes laxifiora . R. N. Jones>'claims that

the asymmetry on the lower frequency side of the

1467 em.” L pesk is more marked at higher molecular



welght and due to coupling between the scissoring
vibrations of suitably orientated vicinal methylene
groups in randomly coiled chains or from coupling

of a methylene gclssoring vibration with the first
overtone of the rocking vibration at 722 - 719 ems™L .
Our results confirm that the asymmetry i1s greater

at higher molecular weirght but in the hexadecane
series the calculated sbsorption coefficient is

much fower then we have found. -

By use of the formulae derived by R. N. Jones3’
(Table III) it is possible to calculate an apparent
nolecular extinction coefficient for the
n-hydrocarbons. The calculated values (Table II)
agree with the values found for the n«hydrocarbons
except in the case of dotriacontane where the
caleculated 1s much higher than the observed
value. This finding is in agreement with the faect
that G«L.Cs analysis shows 1t to contain a high
proportion of n- Chg . The obgerved extinction
coefficient for Monenthes laxiflora of the 1379 .
em, ™1 peak, 53, is in good agreement with the

caleulated value, 53, assuming the Molecular Weight
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for n- C33 which G.L.C. suggests. The intensity
of the absorption, 176, of the peak at 1379 cm,
in squalane is much higher than that value
~calculated, 136, by zssuming that it is due to
four methyl groups each with a weight bf the single
methyl group in 2-methyldotriacontane., This
| suggests that these methyl groups in the middle
of the chain have greater absorption than those
at the end.

Thus far we have shown that at least in the
wax of Aeonlum Smithii, the components which fall
on the second parallel line in the plot of
logaritim retention time against carbon number are
iso~ alkanes. DBoth Murray Teang Whitham&had
shown that -~ alkanes could be removed from &
mixture by absorbing them on to Linde 5A° sieve,
They had applied this to G.L.C. analysls and
removed p- alkones from a mixture to permit
the analysis of the iso- alkanes. We attempted
‘unsuccessfully to use a short column of Linde
‘sieve to analyse the iso- alkanes of Aeonium
| lindlevi but since our attempt Whithamsﬁas
published results showinz that although iso=Coo
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is not absorbed by Linde Sieve, 2-methyldotriacontane
i1s absorbed which may explain why we could not

detect any components from Aeonium lindlevi

alkanes using subtractive G.L.C. O'Connozé‘has

shown recently that p~ alkanes can be removed from
paraffin wax by refluxing it in iso~ pentane with
pellets of Linde Sieve. This may be the easiest
method of tackling the separation of igg- alkanes

in any future work.

A study of the nuclear magnetic resonance
spectra of the hydrocarbon fractions of some
waxes and of some standard hydrocarbons wasg not
very instructive since the methyl peaks, U= 9.0,
9,04 and 9.10 were much smaller than the methylene
peak, ¢ = 8,73 making quantitative area measurement
difficult,

The experiment deseribed in Section IIT in
which the hydrocarbon fraction of Aeonium urblcum
was unchanged after treatment with concentrated
sulphuric acid suggested that only a small
proportion of alkenes could be present ( 1f at all ).

Small amounts of alkenes would be difficult to
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detect ( e.g. ordinary C and H snalysis would be
useless to determine 1/ of alkene material, infra
red absorption .in the 1600 - 1700 enTlwould be

of too low an intensity to be detected, in the
ultra violet spectrum, lozf =1 or 2 at \,,195-205m:
would be the intensity of a 1% alkene mixture and
this is much too small to detect. It was not
possible to determine the alkene content of the wex
fractions ( if present ) but means of tackling the
problem include oxidation of a large quantity of
the hydrocarbon fraction with potassium
permanganate and identification of the oxygenated
portion as well as G.L.Ce. analysis of the unreacted
alkanes or hydrogenation of the wax fraction,
followed by G.L.C.

As conclusive evidence for the assigmment of
the G.L.C. peaks in the wax alkane fractlons to
iso~- and p~ alkanes, separation of individual
peaks was accomplished by preparative GsLsC.
followed by mass spectrographlc analysis. The results
of these analyses can be seen in Iig, 3 in which

the breakdown pattern of the peak asslgned to the
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;§9-033 hydrocarbon from A. lindlevi is very
similar to that of synthetic 2-methyldotriacontane.
The diagram for 2-methyldotriacontane shows that
the parent pealr ( the only peak of even mass
number) is 20 - 30% the abundance of the ( parent
- 033;) ion, removal of the 63H7+ ion ( the
gem dimethyl group ) leaving a normal hydrocarbon
chain of three carbon atoms fewer than the parent.,
The breakdown pattern is then like that of an
n- alkane ( compare with the review of Ryhages'),
a serles of ions each one CH, unit less than the
preceeding one, increasing in abundance as in
n»CBO ( synthetic ). It is suspected that the
slight deviation from the steadily increasing
abundance peaks in the natural ;§9-033 is due td
varying vapour pressure in the mass spectrometer
( which may also explain the sudden drop in abundance
at Cy )

The breakdown pattern of the peak assigned to
Q¢033 in Monantheg laxiflora is typical of an

n- alkane ( with again the slight variation in

abundance due to pressure changes Yo Murray 1.
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had stated that the peaks associated with the
h- alkanes of even carbon number are not

so- alkanes but gnte-~iso alkanes
(3~methylpentadecane). We attempted to isolate
the component which elutes from the G.L.C.
column before n-Cy, but G.L.C. analysis showed
that the fraction trapped contained a mixture
with the peak in which we were interested
present to only 30%. Mass spectrozraphic
analysis of this fraction gave a breakdown pattern
reminiscent of an igo- alkane but in faet each of
the peaks for C33, C32, 031, and 030, appeared
at an even mass number showing that they were
parent peaks and not ions from 1so- 033¢

One other assumption which was made in

Section III was that the detector response was
the same for branched chain alkanes as for n~- alkanes.
In order to check the detector response, analyses of
solutiong of known concentration of 3-methylpentadecane
and n~hexadecane in chloroform were carried out by
G.L.C. and the area ratio of the peaks measured.

The area of the branched hydrocarbon peak was found



to be larger than would be expccted. The

calibration factor varies for each type of branched
hydrocarbon -- almost 1.0 for the isgo~ alkane

and as low as 0.75 for S-methylpentadecane (Table IV).

In the hexadecane series, mole ratio and weizht
ratio are interchangeable but in comparisons of
nmfriacontane and 2-methyldotriacontane the area
ratio can be seen to be more nearly equal to the
mole ratio,

In Murray's analyses of the wax hydrocarbons,
he determined the proportion of the alkanes
ummessured by G.L.C. by weighing his sample probe
before and after analysis. Comparison of the peak
heights and sample weight with peak helghts and
sample welght of mixtures of known hydrocarbons
showed that of the alkane was analysed. We
were unable to use this means of determining the
urmeasured proportion of the wax fraction but an
alternative was found. Solutlions of mixtures of
hydrocarbon fraction of Monanthes laxiflora and
n-nonacosane of known concentrations in

o)
chloroform were analysed by Ge.L.C. at 229
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and the peak areas measured., TFrom our analyses

in Section 111, Monanthes laxiflora is 98% pure
n-tritriacontane, it follows then that the area
ratio of the n-tritriacontane peak to the
n~nonacosane peak should be egual to the mole
ratlo. The measurements of these two ratios

show that the area ratio differs from the mole
ratio by 5~9% suggesting the presence of limited
quantities of components in the Monanthes laxiflora
wax of molecular weight higher than 035 or lowver

Cone
than 23*

CONCLUSIONS .

In Aeonium Smithii and Aeonium lindleyl, we
have shown that the components which were assigned
to lso~ alkanes are iso- alkanes. However, 1t is
clear, from the number of different alkanes with
similar retention times on G.L.Cs analysis that
positive identification of components in the wax
hydrocarbon fraction can only be made after
separation, collectlon and mass spectrographilc

analysis,.
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Table I A, Gas chromatographic data for Cq¢ alkanes.

Compound DeDs Relative Relative
retention retention
time time

S-butyldodecane 156° 0.56 0.52

S5-methylpentadecane 163° 0.72 0.74

J~methylpentadecane 166° 0,80 0.83

2-methylpentadecane 165° 0.82

n~hexadecane 170° 1,00 1,00
Run I Run 2

Run I was accomplished at 154°, 60 ml./min. on a 5%
Apiezon column, and Run 2 at 124°, 50 ml./min, on a
0+5% Apiezon column. |

Table I B CGas chromatographic data forCpg,Cog,
Con , Cog » alkanes.

Compound Relative Relative
. retention retention
time time
n-pentacosane 0.6% 0.66
2-ethyltetracosane . 0.82
n-hexacosane 1,00 1.00
2-cyclohexyleicosane 1.35
l-cyclopentylhenelcosane 1.5%
n-heptacosane 1.5% 1,52
l-cyclohexyleicosane - 152
n-octacosane 2.3k 2437
Run 3 Run 4

Rung 3 and b were accomplished on 2 0.5% Apiezon column
with a flow rate of 60 ml./min. and temperatures of

180° and 184~ respectively.



Table II, Intensities of the princinal bands in the
infra red spectra of alkanes in the region
1330 - 1400 om.~t
1386emr11380 1368 1354 13kl

€ E &y € € £

n-hexadecane 43 4% 1% 8 7
2-methylpentadecane 43 27 4§ 53 9 [
3=methylpentadecane 60 45 9 5
S=methylpentadecane 69 L5 8 8
5-butyldodecane 68 45 8 9
n=triacontane 51 52 37 28 21
‘n-dotriacontane 4 53 28 17 10
2-methyldotriacontane L6 3% 53 66 28 19
squalane 122 176 47 130

A. Smithil 37 43 56 28 18
A. coespltosunm k1 S 33 23
Y. laxiflora 53 53 36 30 20
n-octacosane , Ww 5 31 25 17
3-ethyltetracosane 69 49 33 24+ 13
l-cyclohexylelcosane 3249 28 25
2=cyclohexylelcosane 63’k7 32 22
l-cyclopentylheneicosane 29 kg 26 22 16
7 n=propyltridecane 65 L5 23 12
n-hexacosane L7 56 30 17

Footnotes £,y is obtained from formulae in Table III.
The modes to which these peaks are assipgned are given

in Table III,



Table II. Intensities of the princivnal bands in the
infra red spectra of alkanes in the region

1430 = 1480 em.”l ,
1M468cm. =L lh53cm."l 1hh3cm."1
& 3Cq£ é ZC.:X 2

n-hexadecane | 150 147 105 107 L6
2-methylpentadecane 16k 131 95 97 3k
3-methylpentadecane 143 131 116 97 39
S5-methylpentadecane 153 131 116 97 Ll
S-butyldodecane 161 131 127 97 57
n-triacontane 252 259 172 181 72
n-dotriacontane 248 299 163 191 59
2-methyldotriacontane 299 291 180 191 79
squalane | 305 155

A. Smithii 268 171 8l
A. coespitosum 245 162 58
M, laxiflora 286 187 91
n~octacosane 235 243 159 170 78
3-ethyltetracosane 210 211 155 149 100
l-cyclohexyleicosane 167 195 130 139 159
2~-cyclohexylelcosane 150 171 127 121 157

l~cyclopentylheneicosane 177 195 137 139 66
7 n-propyltridecane 13+ 131 123 97 35
n-hexacosane 229 227 157 159 74



Table III. Relationship between band intensity and

Symbo

chain length for n- alkanes.

Absorption

Vibrational
d

Vet noce .
fethylene vibrations

Y
1%

s

s

Agym, C-H
stretch

Syn. C=i
stretch

Secissor

Wag

Methyl wvibrations

Y
Y

Asym, C-H
stretch

SYmm. C“H
stretch

Asym, C-H
deformetion

8ym. C-H
deformation

mode 4

Cil.

2927

2855-2853
1467

1307-130k%
2959-29 54
2872-2869

14 58~1457

1379

dntensity

77n - 18

Lén - 64
8.0n + 35
1&1511 + 1.5

‘840n + 258

803n + 110

5e2n + 35

03"‘!‘!1 + 14‘1

Intensity can be calculated by these formulae

given by Jones3for n- alkanes where n is the

number of methylenes in the chain 5<n < 37,



Table IV. Detector Response.
Comparison of branched and normal hydrocarbons.

Mixture
components

n~hexadecane and
3=-methylpentadecane

n-hexadecane and
S-methylpentadecane

n~hexadecane and
S«butyldodecane

n-hexadécane and
2=-methylpentadecane

n-triacontane and
2=-methyl«
dotriacontane

n-hexacosane and
n-nonacosane

N WOH WO H WM N D

Runs

Aresg

2458
2,26
2.92
2.7%

1.29

The area ratio is the ratio of
peaks for the two components of the mixture (analysed
by 3.L.Cs under conditions as in Table I).
The weight ratio is the ratio of the welghts of the
two components in the mixture,
The mole ratioc is the ratio of weilghts multiplied

by the reciprocal ratio of the molecular weights of
the components. The calibration factor 1s the factor
by which the area ratio must be multiplied to obtain

the mole ratio.

WL,

2.29
1,81
2,29
2,05
0.67

1.01
2.13

Mole
ratio ratio ratio

2429
1.81
2,29

1.48

Calibration
factor.
0.89
0.80
0.79
0.74
0.88

0.88
0.82

0.95
0,94
0Q98
0.95
0.91

1.01
1.03
1.04
1.03

1.1%

the areas of the



1,

2e
3.
hf
5,
6.

7

8
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STINY QP T T e

FROM ARUTTO COIHI0

IHTRODUCTION,

- During the investigation of the alkene constituents
of Arundo conspleua (Graminene), Section II, 1t was
observed that the cerude petroleun ether extracts showed
a prominent peak in the infra red at 1104 eml which
was ghsent in the corresnonding extrnets of the other
Few Zealand planis, Yoreover, the froetiorn remaining
after complete romoval of 211 nleoholie, earboxylic
and earbonyl compornente frow the totol petroleun etheoy-
soluble materinl still exhibited ihis strong infra red
sbeorption, whilet ¢.L.C. analysis showed the presence
of two additionsl compoments, clenrly not belonging to
the alkane series =g inaicatoﬂ'by thelir positions on
8 plot of the logarithm of rotentinn time against
carbon mumber.  Absorption at ga 1100 cm. in the
infre red 1is choracteristic of the ether grouping
a8 is solubility in cornecontrotzsd ocul sharie aecid, o
property shovr by the o non-alkane components whieh

wag used to advantage in rerwvirg then from the
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alkanes (Secticn TT). Tt voe therefore sssumed that
ethers, lecking any hydroxyl or eorhonyl Fanctiorne

vere present in SArundo congssicun and in view of the

rarity of such compounds in mature (see Karrerl')
attention was directed townrds the 1solation and

- chearscterisation of these two ecomponents, On the
large ascale, isolstion of the tmo comounds in the
pare form wag 2ceonulished by o combination of alunina
ehromatography and sreparative G.L.C.

The totel petroleum ether extractives from the
finely ground dried leaves of Arundo conspicua were
ehrometographed nn alunina (Brockmsnn) and the initial
fatty fractions rejected, he crystailine material
which eluted 1n subsecuent fractlons was then subjected
to further chromatogrophy over aluning (Voelm), when
the meterial eluting after the ipitinl @u0ll quantiiies
of alkanes was found to consist of » single comporent
(6,L.C. and thin lsyer chaonatoprachy).  This compound
was designate’l Bther A. Later froctions from the
gecond alumina colum were found to contain Ether A
together with procressively incressing proportions of
a second eomponert vhielh woo lesimnoted Hther B,

Snall aguantities of Sther B were obbtnined in pure for

"

from one such Traction Ly neans of oroonrentive G.LL.C.
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RDISOTISHTON,

BETHER B,

Although avollable in such smnll cusntities,
Ether B was deduced to be the methyl ether of S-amyrin,
Initislly the observation that Ether B and taraxerol
methyl ether (prepared from an authentic sample of
taraxerol kindly supvlied by dr., C.J. %W Brooks) shoved
identical retention times on our G.L.C. eolumns, led
to the supposition that Wther B mirht he taraxerol
methyl ether. Our supvosition ms strengthened by
the fact that the methyl ether of torasxeronl had
previously'been fegafteﬁﬁ’g' as a constituent of the

seed o1l of Bchimocloa cruseailiz (wvhieh 1ike Arundo

gonspicua belongs to the family Graninese) and given
the triviel nome sawamilletin®® A related compound
miliaein®* which was concluded to be the methyl ether
of germanicol was isolated from Ponlcum milisceun
{(Graminese) (Table I).

However, the infra red spectrr of itaraxerol methyl
sther and Ether B in carbon tetrachloride solution
ghowed siznificent differences cspecinlly in the

1

1500 - 1300 em.  region thus cleorly dcmonstrotine the

ron-identity of the two compounds. Horeover, the mass



100,
speetrographic analysis whilst indient'ng e certsin
s8imilarity ir crackine sattern and showing both
compounds to hove o moleculnr welght, 440, also
ghowed significont differences. Thus taraxerol
methyl ether showed an internsce penk at 318 m/e, due
%o rings A, B and C with carbons 15 oand 18 and a
methyl at Cyg, ond a peak at 305 m/e. due to this
ion minus the methyl group at COg. Taraxerol methyl
-@ther also geve an intense penk at 219 m/e assignable
to the fon CygHn," which 13 eomsidered to be due to
rings D and E together with Cyg arising by rupture
of the 1l-12 and 8-14 bonds.

Ether B, on the other hand, shoved a strong pesk
at m/e 218 snd another peck at m/e 203 with 207 the
intensity of the 218 penk and these were characteristic
of the olesna-lf-ene or urso-l2-ene syatoms strongly
suggesting thot Rther B could be either /3-»9r A ~arayrin
methyl ether,

Indeed its melting point {248-280°) was very close
to that of the methyl ether of A-amyrin which was

6"&3 247~248°, thus suppesting thet 1t was

reported
this compound rather thon -onmyrin nethyl ether vhich

has 2 melting point 001 -n005
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1=t

~ Further evidonce for the /3 =tmyrin rather than the
=amyrin derivative wog orovided from the infra resd
spectrun of Mher B (Mg, 1) in enrbon tetrachloride
when 1t was found thot the ratio of the intensity of
the sngular methyl absorption at 177/ emit (€ = 75) to
the intensity of the gem dimethyl absnrntion nt 13564 emtt
(g’a 132) gave o value of 0.B7. This very low value
suggested that Bther B had fewer methyl groups relative
to0 anpgulay methyl pgroups than X-mmyrere for vhich the
ratio is 1.38?; However, tarnxerol methyl ether hns
& velue of 1,85 oand 1t may be that the different
enviroments of the methyls in Bther B and taraxerol
methyl ether invslidote this comparison. The pesk
:1

8t 1364 em.” wos token for the gem dimethyl sbsorption

a8 anguler methyl absorptlon interfercs with the peal
es. 1880 em3l &

Ether B also showed infra red ohsorption in earbon
tetrachloride solution at 1645 cmi® nnd 810 emyt
conglatent with the prescnce of » trisubstituted double
bond (already ploced in the 12-13 position from the mass
spectrographie evidence) but ro ~heorption eculd be
detected nt 304070800 cm?lg Qénaﬂyrﬁ? iteelf shovws rno

gbsorption at B0OAG-ION0D cm:l). Absoerption ot 1440 cm?l
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ir Fther B, hovwever, wes irdlentive of on nllylie
methylene grous.

In the ultra violet Ether B showed ro shaorntion
8 bove 220mm. Absorption at 203mu. of &= 5,900
eompared with the absorption of A-amyrin of € = 8,900
end of tarazerol of & = 6,100, The ratio of
5'310/5'3%0 was 4.4 for Tther B and 1t is known®®
that for trisubstituted donble bonds thia #atin is
3-8 (taraxerol had 2 ratio of 6.3).

Aunthentic A «amnyrin methyl ether was therefore
prepsred by the method of Morlee snd ﬁﬁm@ﬂﬂﬁ%g'
f=amyrin methyl ether and Ether B proved to have
slwmest identienl infra red abzorptions in the 1600w

1800 em7t region,

E‘&hﬁr A
Bther A (K]} = -99; ¢ = 1.69 in CHCl,), wns

found to exhibit dimorphism, the tvo forms having
melting points 235-237° ond 271-272°.  That the two
forms were indeed dimorphs ond not isomers was shown
by their interconversion on crystallization, the lack
of 2 mized melting point depression nnd by their ident-
ical infra red spectra (in ¢ 01, solution) end G.L.C.

retention times, Mass s cebtmproshic analysis
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indicated a moleculnor éeiyht of 4rgL? and elemental
analysis was conalstent with the rwleculnr formla
| 551350320‘ These values, doken in conjunction vwith
‘the N.M.R. spectrum (Scheme I) and the occurrence of
‘/snamyrin methyl ether In the smie plant provided Pairly
“eonclusive evil@nce thnt uther A 1s olsp the methyl
ether of a monohyﬁroxytritarpane¢

Unfortunately a dlrect methoxyl determination by
the Zeisel m@thox proved to be impossible owing to the
insolubility of Zther A ir the hydricdie écid reagent,
bat the peak et } = 6.53 in the muclenr magnetic
resonance spectrun in deuterochlorofrym showing the
presence of three protons is strong cvidonce for the
presence of the methoxyl groun. At the some time, the
F. M. R spectrum mode 1t cquite clenr that the methoxyl
group was not derived from a primory alecohol as there
was 1o absorpiion from CHgO«Clig-. ™rther evidence
for the presence of n methoxyl group was alfforded by
the mass speetrum. In cormon with the mass spectra

- of Ethey B and taraxerol mothyl other, prominent pesks

oceured at Tapent - 15, Dhvont - 16-14 and Parent - 1b-72,

The first peak obviously reorecentel e¢limination of an

angular methyl group (21lylic~lly activated) or one
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member of o gen dimethyl sroup but the Pavent - 16-14
and the Prrent - 16-572 ponls arose Trom the methoxyl
function as they were ahsent irn the mass speetre 80
far reported "’ of 2ll triterpenes without this Purction.
In the case of Wther A the penk at Parent - 15 wes
“much stronger than the Parent penk 1ftself whereas in
the case of Tther B and tovaxerol methyl ether the
reverse was true indleating a mueh higher probsbility
for the formation of the ion Parent mimas methyl group
irn Ether A thon in the case of Tther B or taraxerol
methyl ether,

In addition tc the strons ohsorntion ot 1104 enTt
in the infra red aseribable to the ether funetion,
Bther A in CCl, solution showed perks at 2028 em ”1
1639 emTt and 810 mﬁ?l, vhich s“bsorptions would not be
inconsistent with the presence of o trisubstituted
double bond, The penk at 3028 cor 71 could concelivably
arise from a ¢yclopronrne moethylene croup which usually
absorbs at ga. 3040 chl but there v~ no peak in the
M. R, speetrun corresponding to a cyclopropane methylene
at - = 9.4, m™e ultro vinlet oocetmm shormed no
gbsorption sbove 200mu and hoo € = 7,450 at 2005mn,

which was ecomprrable wiith the absorotion of multi-

fl@renolli‘ (%6 “hydrozy-Di0-rriedn-nlennn=T-ene) whiich



ocours at 205mu with € = 4,500 and of bauereroll™
(%ﬂ‘ahydroxyuﬁzcwfrieﬁo~ursﬂ~?»ame) at 205 mun with

& = 44,100, Convention for naming triterpenes sdopted

in this thesis wns thot cuprested by Allard and
ﬁurissonlﬁ'(fig. 2). The ratio of E’ng/é?ggo for

Ether A was 6.0 which was in pood ogreement with

Bladone ratio® of 3 to 6 for trisubstituted double

bonde, Marther evidence for the presence of at least

one double bond in Tther A vs provided by the werk

yellow colour »produced vhen tetranitromethane was

added to 2 chloroform solution of Fiher A, Several
attenpted hydrorenatlions failled o yield any eompound
other than unreacted stortinc moterial (infrs red spectra),
and this canm be teken as further evidence of the tri-
substituted or tetrasubstituted nature of the double

bond in view of the knovn resistrnee to hydrogenation

of double bonds of this tyve in the itriterpene series%é'
The absence of a pesk at cn, 910 anil in the infra red
ruled out the presence of & vinyl methylene group.

The W.M.R. of the Ether A shoved no recognisable olefinic
proton in the replon T= % to t = 5, but should the

double bond be such thot coupling between this proton
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and an adjacent Cils proup cccurred, then grave difienlty

would be expected in dlstineaiching the

?‘S

esultnpt mlti-
plet from the hoclgrouni. At the come tiae 14 is to be
noted that the single proton Rﬂmﬁ-asﬁﬁ of the ether
likewise can not be distinguished ir the WL R, spectrum
if indeed 1%t 1o present,  Should the roleecular weipcht
of Ether A be 438, the presence of two double bonds in
the pentacyclic system vould be necessary. As all
tritervenoids oye elsborated in Wature in such & way ag
to possess siz double bond eruivalents (Scheme Il)}ﬁ‘
the second double bond ir “ther A (17 present) must
be introduced after the basle shkeleton 1s complete,

With concentrated sulphuric =2cil, Ather A gave o
read fluoreseent colour similor to thot produced in the
Belkowskl modiflention of the Liebermonn Burchard test

with stenols "

and this nicght indicate clesvage o the
methyl ether to give an unsaturnted triterpene aleohol,
However, attempted cleavage of Tther A with hydro-
ehloriec acid in chloroformd sorved only to yield unchanged
starting material os showr by infro red analysis whilst
the setlon of concentrate’? onlphuric 2cid renerated
ecarbonyl Tunctions ng ghovry by inTyn rad apalysis,
The absence of obsorption ot ¢2,1100 emfl inllcoted
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tint the ether farnction wos irvolved. Unfortunntely
coretal chyomatsarnhile —orh an e vt eorried out
on the UrPL/0TCL, trecte” oroMact apd so 2 smell
proportion of rewrraonged moterinl may hove been
missed and 80 no nnambiguons informetion concerning
the 1lability of the double bond was obtained.

Purther evidence bearine on the triterpene skeleton
of Ether A wes afforded by o atudy of the C«Clg
stretehing dgbsorptions in 0C1, solution in the infra
red, Pecks ~t 1381 and 1764 cmfl (€ = 297 and 152)
were ascribed to gen dimethyl groups attoched o six
membered ring&%?' Poaks nt 15RO cm?l (s=93) and
1376 cmtl (&= 230) could he nocrihed to angalar nethyl
groups, Consldering the gom dimethyl ebsorphion ot
1364 em?1 and the anmlor methyl ocheoorphion at 1974 cmtl
it is seen thrt the value of

intensity of oneuler methyl oheorption = 230 1,45
L @
intensity of gen dimethyl sebsorption 168
In view of the faet that the value for taraxercl methyl

ether was 1.55 and that for &’-amyrene is 1.887', it
would seem safe to conclude that Ether A possesses two

nairs of gem dimethyls,.
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Fyldence thot Piher A iz 2 pentoerelie triterene
wag rfforded by the ahsonee of neoko 1n the mineg spcebrun
at 526 or 327 (porer* mimue 111 or 119) or at 212 or D18
{parent mimie 195 or 128) vhich would be expeected to
arise from elimlination of the sile chnin et 0-17 in the
trimethyl gtereiﬁ type - such o azide chaim having eight
cafbbn atoms (e.gg in larostorol, eushol, tiruecallol,
butyrospernol, cyclosrtoral) oy nine enrhon ntoms
{e.g. in enphorbol, ecycloloudenol) since Reed and
De Mayaza‘ have shown such side choin elimination is
usually easy. Wenk peske attributoble to such side
e¢hain elimination were detectnble in the mess specira
of a variety of steroidal keotores vhich were recently
repertedég‘

Similerly the sbsence of = perk at ® - 41 (loss of
isopropenyl group) surprested thot Tiher A Ald not belong
to the lupane series. In view of nll this evidence
(infre red and mase spectral) it would seem probsable
that Ether A belongs to the oleontong groud.

A study of the mass speetrum croching nnttern of
Ether A revenled thot the moat orominent pecks between
m/e 200 and m/e 363 were ot mfc 241 and m/e 2%3., It
wag lmmediately anprecisrted thot theoe necks dfPer by

32 mass units, o fact vhich wes renlily expliecoble by
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the loss of metharol Trom the don of hircher mase nmuwber.
Henee 1t enn he rveangonebly eoncliuvied thnt the species of
molecular weipght 277 retelns the nelix "«1 crous N8 1008
of Cgllg + He (mass number 32) is highly unlikely os 1s
the loss of 2CH, or 2Cly + Ho, In the latter ease it
would be expeeted that a strong ion resulting from loss
of CHy alone would also be present but there 1s 1o
strong penk at m/e 2568.

o Recently the vesults of an extensive study of the
mass spectrographic eraching paiterns of o mmber of
triterpenes has heen p&blisheﬁ?‘ These clearly
irdiecate thot Fther A iz mot oleano-10«8ne 0 Uref-1 2=
ene derivative, since ithe mosl ehnracterlistic lonz of
compounds belonging to these tw grouns occur at
m/e = 218 and /e 903 due w the soeeles ¥V and VI and
such peaks are entirely obsent from the mnass spectrum
of ¥ther A, The specics V and VI are consldered to
arise from the reverse Dicls 'lder reaction shown in
VII and eliminotlon o the ~npulor wethyl groun attached
to ¢ - 17, loreover it was 2lso shovm that oleana~13(18)-
enes give double allylic cioovage at th2 11-17 bond
and the 8=-14 bond, the molocile eplitting into two
virtually esual holves vrith no lors between m/e 205

and the parent perk for cleono-13(10)-enes bearins
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the usunl substituents. The existerce of strong peals
at 241 and 273 in the mrss spectrun of TBther A indiented
that Zther A wos rot of this type (the hishest peak
poasible for 3-methoxyolenna-l3(18)-ene would be 976
arising from rings A and B and Carbon 11), Similnrly
taraxerol methyl ether gave charncteristic peaks nt
m/e 204, %18 and 305 which were sbaert in Fther A
indiecating that Bther A vas not of the DH-friedo-oleana-
ié«ene type. The cracking potterns of olesna~l8-enes
ghowed lese predictable cleavages but peaks =% 177, 189,
203, 204 and 218 assipnable to fragments containing the
D and B rings and portions of rirg C should be present
in the mésa gpeetrun of Bther A 47 1t were of germonicol
type by analogy with the noss spectre of oleana-lBeene
and germaniecol nceteste, The absence of these peoks in
the mass spectrum of Tther A indlieoted therefore that
Bther A 1s not germanicol methyl ether, a conclusion
supported by the sbsence of o vinylic proton singlet In
the WM, R, spectrum and the difference in its m.p.
(271-873°) from that of 282° reported for geymanicol
methyl ether.

Yoreover, such clenvapes ng have been found in the
germanicol series would not afford 2 methoxyl contalning

fragnent of as hirh o masc naber ag 73,
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Thus mnss spectrocraphic arnlysis indicated that
Ether A was not an oleonc-1%-ene, an ursa-l%-ene, an
olecno-15(18)~ene, n D-fricdo~olesna-l5-cne or on
olesna-l8-ene, which together ropresent the more eormon
triterpene types and so it must he concluded to bhe of
& more novgl type. The most 1ikely type of structure
(bearing in mind the oimultancous presence of Seamyrin
methyl ether in the smme 3lont and the probabllity of
8 close chemienl relationshin between the compound and
Bther A) would seen to be thot of a D:i0 friedo-olenns-
r-ene (VITI), 2 D:B friedo-olennn~3(1ll)=-ene (IX) or »
D:B friedo-olenna-1{l10)~ene (X). THone of these
gtructures would give o methoxyl contalning lon of mass
mumber S73 by reverse Diels Alder renctions but in view
of the type of cleanvages obscrved in the germanieol
series at non-alliylie posltions these structures eannot
be ruled out on these grounis alone.

| It is of interest to note that the doubly unsaturated
ﬁémpaunﬂ XTI, which involves a hitherto unknoen type of
BE-friedo re-arrangement would give an lon of mass nurnber
273 on reverse Diels-Alder reaction, as showvn, followed

by elimination of a methyl prouy. The fornation of XI



from germeanicol (iteelf formed biogeretically from
the same intermediate as is /4 -amyrin)(Scheme II), can
be envisaged os shown in XITI, sugpesting thet XT is

yet another possible structure for Tther A,

COTICLUIIONS.

Bther B hes been shown to be/ﬁuamgrin methyl ether.

Mass speciral annlysis gave o moleaulsr welght
428 for Ether A. (However, reliance eannot be made
%0 2 units at this end of the spectrun and the other
-data make it apparent that the true molecular weight
18, in 2ll probability, really 440.) Some of the
possible structures for Hther A sre VIII, IX, X, XI
from mass spectral data.

Examination of the relationshipn of the melting
Ppoints and ﬁn‘a of the krovn prirs of triterpene
alcohols and thelr correspording methyl ethers (Table I)
indicates thot, in the oleanene series (fS~amyrin and
germenicol), the D friedo-olennane series (taraxerol)
and the ursene series ({~anyrin), the melting point of
the methyl ether is not only above 270° but slso hirher
than thot of the alcohol, whilst the AlMp is approz. +50.
This suggests that the pentacyclic triterpene 2lcohol
from which Bther A has boen formed hnd 2 MeDe. 180-020°

and a negntive optlenl rotntlon.
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Table IT pivos some of the aleohols vhich have
physleal properties (m.p.,[®],) in this ranpe, It is
possible to eliminate mony of these alcohols as possible
parents for Bther A, e.g. spinastercl has é Bide chain
(mase spectral data rule it out); taraxasterol,

8/ ~hydroxyurss-15(18)-ene anﬂ.bﬁu@reﬁol belong to the
ursane series (the presence of 2 pairs of gom dimethyls
in Bther A rile them out).

34 «~hydroxyolenna-l8-ene cannot he the parent
alcahnl (mass spectral anolysls of oleana-l8-enes as
sbove) but it is interesting to note that 3« isomers
of some of the other Priedow~olennones might possibly
fit.

Of the alecohols given in Table II, multiflorencl
{VIII) is the most likely structure for the parent
gleohol of Ether A,

As an initinl step in further vork directed towards
the elucidation of the structure of fther A 1t would seem
eszentinl to establish with coertainiy whether Tther A
undergoes re-arrangenent with JIC1/CIiCls as friedo
derivatives are known to vevert to o nixture of the
oleana-l2-ene and the oleann-13(18)-ene,

Another ohvious aporoneh ia to investigate the

product of the actlon ol Hcla.
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Light petroleun refors 4o the Practlion b.n.40-60°,
Infra red spectra were measured on the Unlenm SP 100;

ultra violet on the Hilger-Watts,

gy%ra&tion and Separation of A. conspleua gthers.

For this larpe seale separntion and extroetion
mentioned below we are indohied 4o Miass Irere Wilsomn.

The Pinely ground aerial parts of Arunds eonsnicua

were extracted with refluxing lirsht pedrol for 24 hours
in a Soxhlet apparatus. After removal of this Pirat
portion of solvent, o further nortion s sdded and the
extraction continued for a further 24 hours, The two
extracts were combined and the solvernt removed under
reduced pressure. Tin extroet was ahsorbed from licht
petrol onto alumina (Brockmann, Grade V) and the Pirst
fractions eluted with licht Dotrol rejected os they
eontalned only fatty materinl, Fubscruent froctions
eluted with light petrol pave a vhite s80lid on removing
the solvent, These white needles vere chromatorraphed
on basic slumina (Yoelm, Grade I) and the initial eluonts
(mepe = 20°) rejected, Sover~l of the lnter fraciions
{(meps = 2920-2707) wore combined.  These combined

fractions were rcevystnllised Pron cthyl scetate o
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give Ether A,[ ] 9%, (C = 1.69 in CHCl,), {Found

C, 85.87, 83,6; U, 11,95, 17,55, {nglﬁséf) remires

C, B4.48; H, 11.89, U750 vemiires 0, 84,87; ¥, 17,73),
Bther A can exist in two forms, m.p. 2755-887° and 271-

2729, which are identicol in G.L.C. retention time

{45 mins, on 0,57 Apiezon L at £35°) and in thin

layer Rp value.

é}t@rnative Extroction.

¥or this extraction earried out in New Zesland
we are indebted to Miss Pepmy Martin-Smith, The leoaves

of Arundc comnspleus, collected nt Plimmerton, North

Island, Wew Zenlond, during December, 1981, were briefly
irmersed in cold chloroform, The echlovoform extract
again showed ether absorption in the T.R., and the G.L.C.
ghored that there wos o smoller oroportion of the ethers
in the leaf wax extract than in the toital rerisl parts

axtract.

urther Separation of TPraction (m.p. 216-230°),

e

G.5.C. Of the fraction {mep. 215-230%) on an
Aplezon L ecoluan {(0.57) on Wihacel {(80~100 mesh) at
2250 showed that it conteined 2 hish »roportion of
another ether, Yaolation of this cther, Arundo

consnicua ether B was accomplished by nrepsrative 6.1, 0.
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on o silicone s eolunn (1) on ™rhacel (60-80 mesh)
trapping in spiral traps in an dce bath,. The tranoed
material was then sublimed at 180°/0.02 m. to remove
glllcone gum eluted from the column, to give pure
Bther B,

Preparation of S-amyrin methyl ether.

f=amyrin (60 mg.) end potassium (100 mp.) were
8tirred in dry benzeone (5 ml.) in a2 current of nitropgen
at room temperature for three hours. Methyl iodide
(1 ml.) in benzene (2 ml.) wos ndded every 2 hours vith
refiuxing for 12 hours. Methyl aleohol was added to
decompose the unreacted potassium and water to extract
the potassium s2lts,. The infra red soectrun of the
chloroform extract of thic amueous solation showed that
1t contained no aleohol ond that there was an ether
present.  Sublinmation of the chlorofmrm extracted
material gave a solid vhose G.L.C. retentiorn time was
identical with thnt of Ether B.

Attempted Hydropernation of Tther A (m.n. 984-2350),

The ether A {10 mr,) s added to preereduced

platinum in an ethryl scetote-acetic o0l nixture

(3 - 1, 15 ml,) and nallove’ to sheorh hydropen, After
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eight hours, the Hlatimy wog Mliered off and the
solution taken to dryrness under reduced pressure,
The infra red spectrvum of the resulltins material shored

1o significant difference Tron the starting material,

Irestment of Tther A with Concentrated Sulphurile Acid.

The Ether A (10 mg. ), dissolved in chloroform

{20 ml.), was washed with concentrated sulshuric aeid
(2 x 5ml.)s The sulphuric ncid laoyer was added to
water (100 ml,) and almost neutralised with potassiun
hydroxide, thern cxtracteld with diethyl ether. The
infra red spectrwn of the solld rémoining after the
solution had been dried with magpesiun sulphete and
the solvent removed under reduced @resaure,/ahew&a the

presence of acid ond also »f an evone (1710 cm:l).

Preatment of Ether A with Acid.

To Bther A (10 mg.) dissolved in chloroform was

added concentrated hydrochloric seid (3 drops). After
stending for half an hour, the solution was washed with
water to remove the scid and then dried with megnesium
sylphate, ‘The infra rod spectrum of the materisl
recovered Prom the chlorvoform solutior showed no

gipnificant difference in nhsorptlon,



Prevaration of Maroxernl Motiyl thor.

Potessiwn (80 2g.) and tarazerol (27 npg.) vere
stirred in dry henzere (U ml.) ir o current of niltrogen
at room tempersture for three hours, Methyl icdide
(1 ml.) in benzene (2.5 ml.) was added and the mixtuvre
refluxed for throe hours. After worizing up this
reactidn mixture, 1% was found thet only a small
proportion of the alcohol had been converted to the
ether, The renctiorn product was therefore refluxed
for twelve hours in dry benzene with potassiunm (25 mg. )
andt fresh portiorns of methyl lodlde every two hours.
HMethyl eleochol was added to decompose the unreacted
potassiwn and weter to extract the potassium salts,
Benzene extraction of thie anueous nmiziture gave material
whose T,R, showed no hydroxyl absorptions This materisl
wag chromatographed on alunina (Grade V) and the light
petrol elnate sublimed, A the ifempersture wes ralsed
in sublimation, o liguid fraction (125~-130°/0,02 mm,)
was removed, On re-sublimation of the residue, a
80113 was obtained (180-1.90°/0.02 mm.) whose m,Dp. range
270-275° wos wide despite the fact that 6.L.C. analysis

showed that this fraction was almost pure,
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Lot

DT TP AT (T
{?ompound. | e [o(] D W, Ref
Bp-hydroxzyoleana-lf-ene 197-8° 4, 89° 4379 &
(B~amyrin)
84~hydroxyursa~1lo-ene 18670 4 83° ,854 6
{~amyrin)
84 ~hydroxy-Defriedo-oleans 269° +B2P 4, 22 1
l4~ene (taraxcrol)
aﬁ-hydraanleananlanena 1760 + 8 4+ 8% 1
- {germenicol} '
35 ~hydroxyolenna(18)~ene 213° - 520 w822 4
TRITERPENT METHYL WTIOR,
A My,
ﬁfﬂnethcymleamulf:’»em oa7-8°  .98° 44m - .52
8 -methoxyursa~1-=cne 901,79 L9080  ,407 -  453°
8 4~me tho xy=D=friedo- ora® + 8% 4381 2 418°
oleana-l4-ene(sawanilletin)
QAamatnoxyuleana~18~ene 2820 +8° . 36 +0°
-24° 106 4 +117°

§/~msthbxwolaana»13(18)~ene 189°




TABLE I1,

ALCOTOL meve L&) M Ref,
| D D ,,
3p=hydroxyursa=20-ene 1869 ,830 4384 1

{ tarsxasterol )
K -Bpinasterol 178.5° - 4° - 17 1
B3« ~hydroxyoleona~ o01° 320 148 -
18-2ne
3/ ~hydroxy-nDiC-Ffricdo- 18849° .g8°¢ «119 12
olean-7~ene
(multiflorenocl)
3 ~hydroxyures-13(18)- 201-4° -36° 183 -
&ne
85 =~hyaroxy-DiC-friedo- 207-80 -30°  -130 12

ursa-7~ene(bauerenol)
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?1g*2 s the above structures arc regarde=" as the basic
hydTw~fporwcand the derivatives of'*than forced by
migramBB rroups are named

Where the methyl group on C-n, migrates to Cl? the
derivative ic a i-frlodo compounds whore tho~methyl
group on r"gp.tesrpfco G ant* the methyl group on 3
migrates to derivative is a PsCUfriodo compound:
wherer migration of the methyl groups on GL and O 1is
followed by migration of the methyl group 'oa 043 "to

the derivative is nasod as a .n :fi*ieclo compounds am
v&mw migation of the methyl groups on 051ff Ca, and CI0 13
followed by the migation of the ascial group on Cp to (y
the derivative is named as a I>tiWfrlado compound#
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THE_PLUCTOATION 07 7% STYICTIRE

INTRODUCTION AND DISCUSSION.

In the course of an extensive otudy of the leaf
wexes of plents of the subfanlly Senpervivoidese
(Grsaﬁulaceae)l* it wos observed thnt o pummy exudate

coated the leaves of Aeoniu lindleyi (W. and B.), and

0 u legser extent some others in the Gooehin group,
and that extrocetion of this rumy emudnte resulted
in a much hirher osronortion of ehloroform soluble

material ther the majority of feonlm epecies exmmined.

This gum, obtained by washing the leaves with ethonol,
was dissolved in ether and sepnratei into acidic and
neutral froctions by extroction with sodlum hydroxide
solution, The neutral portion or chromatopraphy
afforded a compound Mm.p. 82-849 Cor whieh analytical
figures and molecular weipht determinations indiented
a formula 020“3%0 ™e infra red speetrum showed
eﬂ;y‘tha presence of hydroxyl groups primary and
tertiary 36884, 2804 and 1020 ettt ond o memn dimethyl

(1280, 1370 c7. ), The muelesr mognetic resonance

spectrun indieated thot 1t g o urinnry-tertiory diol



(¢ =6.32 triplet) (for this informntion we are oblired

to Dr. A, Melern), and this wos confimed by the fact

that lindleyol gave only o mono-acetate on mild acetyle

ation, Prom these facts 14 folloved that lindleyol

wag bleyelie o2nd probably o diterpene - the first fully

saturated dlterpene fourd. The non~-erystalline

lindleyol momo-acetate on dehydration with phosphoryl

chloride in prridine pgave 3 hovogeneous prodaet, the

infra red spectrum of which indicnted the presence of

a vinylidene group {(bonds at 890 enTE and 1545 am.l).

This compound =os choracterised by conversion with

cgmium tedroxide in pyridine irto o triol vhiech proved

ddentical in melting »point and roiation with that

obtained from methyl lsbdarolate ", with the result

that the correct noae for lindleyol 41s laobdane-8,(,16-dlcl.
Though Lindleyol (IV) {Secheme I} anmmenrs to be

the first saturated dlol isolnted, Jclare01$'(;;) and

torulcsolé'(;”“), diols of incrensing unsaturation,nre

krnown., Blogenctically (M™Mg. 5), laoaanalicg'(x)

daniellics’czx), eperuieﬁ'(v 1), and eqtavicq(g;;m)

acids must he related to corrmnie ﬂcidg‘(l), thoupgh

why oxidation should toke nlnce at so nmany varying

centres is not kTnovwn.



It seeme possoible thot amone the momy compounds
with the lebdane skeleton in Spnnilsh mum lobdsnum there
will be labdane-8 & ,15-di0l since the cnmyme system
v rﬁquirea for its formation shouldl 4iffer only at the
last step from thot of labdanolie acid, It seems likely
from their gumny appearance thnt the leaves of Aeonium
gpg&hulatgg and Aconium poochine 21so contain labdane-8
& s15-diol,

The region, 30003700 emrl, vhere most hydroxyl

atretehing freouenciles ocecur, ig now omenshle to precise
stuﬁy uging cormereinlly availahle, hirh resolution,
groting infrs red ayectromeﬁera?‘ Heasureents are
conveniently errried out 8t high dflution (0.01 - 0,001 M)
in long-path length eells (0.5 - 5 en,)e It is Preouently
asgeumed that interwwlecular hydropen bonding is sbsent

at such low corncentratinns exeent in special cases such
a8 the carboxylic acidsiC+ where rother stoble dimeric
ﬂﬁﬁéiea are knovmn. In this and other work, however,
several types of compounds have been encountered where
inter-moleculsr association, nresumably dimerie, is
umasually persistent.

Te hove exrmined severaol compounds of labdane tyove

and 1t is clear from our measure wents (Table 2 and Pigure 1)
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that intramolecular hydropen bondirs irvolvine "elomare!
of & ten-membered ring dows nccur to o detectnble extont
in very dilute solutions in earbon tetraehloride,  Such
a structure is sicricolly unexcestionnsl and models
indicate many possible favoursble conformotions of such
a "ring" involving minimal bond oppositions snd trons-
armular interactions; one of those (XX, ?ig.ﬁ) is shown
far,methyl ;ahdﬂnalate.

| Similar measurenents shaw the precence of an analorous
intramolecularly hydrogen bonded structure in the solution
of labdane-8 X ,15-diol moroacetate (XV).  The hydroxyl
absorption patitern for esch compound is concentration
independent up to the hirhest concentration tested (0,01M).
It does not seem feasible to assirn the absorption near
8660 emTl unsmbiruously either to =0 ....0s0-0 or to
ﬂﬁ¢.‘..0~6m6‘11’1$’ The corbonyl abcorption bend is =
1ittle wider than rormal {e,f. 1obd.-8(20)en-15-01 acetate
(XVI Teble I) and methyl stearate Vpyax(CC1,) 1743 em7l,
A)/Z s+ 16 mm?l; & » B00), presumsbly as o result of
this partisl bonding. There ip evidence in the incompletely
resolved sbsorption nesr 3610 enTt for more than one
conformation of the non-bhonded hydrozyl grouping

(Qufo t~butanol, ((’3("14:} ACLY G""l':lp A}/g 17, an 60)0



Mgs. 3 and 4 shov the srme conforintion of
lobdane-8 o(,15~di01 drawvr from shndows eost by 2
Dreidling model with a pirn-hole source of light,

Ldbdane«&c(,lﬁndiol (Iv)‘is an interesting ense,
Even at the relatively low concentration of 0.0078 M,
there 18 a prominent, concentration~iependent, brood
absorption band at BR70 cmfl, vhieh, in view of other
studies, could be nscribed to (O0H) of a fully-bonded
diﬁeric specles involving nn B-membered ring of‘fbur
hydrogen bdnde as depleted in (XIX). Progressive
dilution to 0.00078 M. revenls a second band at
3518 cmfl vhich almost certainly reprasents an intra-
hydrogen bonded -0H,...0H monomerie struciure, The
bulk ¢of the atiached alicycliec ring system undoubtedly
focilitates both the inter- and irntra-molecular hydropen
bonding by restricting the muber of =vallable conform-
atiéns; thus hepione-l,7-d10l shors no absorption hand
in this regilon other thon thot due to free hydroxyls,
The agymmetry of such free hydroxyl bands has been
discussed in conformational terms by Ckl and Iwamura}g'

The sbove results emphasize the importance of
carrying out such hydrogen-bondinpg studics under

precisely controlled anl callbroted cornditions with o



rapge of dllutions 17 wminlending conclusions nre %o bhe
avoided. Methyl lobdanolate is o cose 1in point:

€2
Bigley, Rogers onl B&flﬁ?@le

* have rveporhed thot

this eompound does not show intromoleeular hydrogen

bonding in eerbon disulphide solution, and they therefore

allocate a configuration at Cyg in methyl lebdamolate

on the bagis that the moleculor rotation difference

method will be volid ir the absence of such bonding,

In view of the results in this =ork this asaipment,

vand those made for related componnds such as methyl

eperuate and methyl cativate, are neain open to nuestion,
Meakiaalé' has shorn that the -0H stretching

gbsorption of monchydric alenhole enn vary from

ghoulders on the side 02 the maln nenk « propan=-2-ol,

8626 emzl, Av 17, and = 503 761l emit, AYT 14,

& =B to tﬂc distinet peaks in B wacholestanusi(«ol

2629 em:t, av 20, £ = 283 3611 emtl, AY¥® 18, £ = 26.

He suggests that these Pfacts nre best axola*nea.by

feonformational heterogeneity,

EXPERTHEITTAL,

Rotations refer 3o solutions In chloroform at room
temperature, Mene 5 were detoernired on a Kofler block

and are uncorrechted, e alunire used for chromotoe



graghy hed setivity ITI (Broelmon).  Light petrolewn
referas to the froction with b.p, 40-60°, Infra red
spectra were measured op the Infracord PE 137 for thin
films and on the Unicam 8P 130 for solutions and KOl

daises,

The fleshy leaves of Aconium lindleyi (10 ke.)

were treated with etharmol (5 1.) for seversl days with
pccasional shoking, After fMltration, evaporation
afforded a brovn gum {10.,4 n.) which wos taken up irn
ether and washed with ¥ solium hydroride solution

(3 x 50 ml.) ond water {2 = 50 ml.,). The ether
solution was dried and evaporated ond the residual cum
(8,7 g») was obsorbed from 1irht petroleum onto slunina
(200 ¢.). Elutlon with ether-metharol (3 1+ 2, 300 al,)
afforded a pale yellow gun (7.3 g.) whieh partislly
golidified, iz s01id from light potroleum gave
1sbdane~8 ,15-di0l (5.6 g.) a8 lorge colourless prisms.
Pumping at reduced prescuve for 24 hrs, gave erystals
{free of solvent) m.p. 85«842{}6 n = ~10°(c, 1.7).
(Found ©, 77.0, H, 12,19, Caleuloted for CpnHedOa,

Gy, 7T7.35, H, 12,757), ‘oloculoar veirht by macs

spectroscony 210, cnlculaded Tor Fﬂ{”%g "= Z10.
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Mass Spectrum:
The following are the major @éeks in the nmass
spectrun-~ | |
310 (s) ,
296 (m) Parent - 15 (OHg)
292 (s) Parent - 18 {on)
277 (8) Parent -« 53 (CHy 4 OH)
2%9 (m) Pavent - 71 |
258 (m) Parent - 72
195 (m) DParent - 115
191 (m) Prarent - 119
177 {(m) Parent - 133
- 167 (m) Parent - 153
187 (m) Parent - 173
The molecular weight 710 together with the CH
analysls suggest that Co,l,0, is the formula for
lindleyol, From the breckdown pstterm, it can be
seen that one methyl and one OF are cnally removed -
probably the tertiary methyl,
The nuclesr magnetie resonance spectrum disclosed
the presence of five methyl groups (8,84 for R B ¢(CHz)oH,
and 9,03, 9.12 and 2.2), cixteen skeletal hydrogens



(principsl peaks at 9,97, 2,83, 9,45, 8,65), two
hyiroxyl protone (7.94) ond the tvo  hydrosens of
the grouplng ROHCH-ON (6.91, 6,52 ond £.42),

Signifieant I,k @bsorption bonds at 3450, 1380,
1376 and 1030 am:'(Kﬁl disc) which were identieal with
those of an suthentic sample of labdnne-8 « ,15-dicl.
The U.V. spectrum of lobdane-8o ,1E~dicl in hexane
showed o end sbhbsorpiion, Hrdrocenation of labdrne-
8 v,18-di0l in ethyl acetate over Pd-107 showed no
absorption,

Gas liguid Chromatogrophy of lobdnne-8 X ,1l6-diol
on an Fmbaeel (80-100 mesh) colwan coated with 17
Bilicone Elastomer 30 at 220°, flow rate 30 ml./min.
gave a single broad peak Ty = 12 ming,  G.L.C.
exsmination ¢f the residucl o1l fron which lsbdane-
B ,1b=di0) erystellised, vhose I.k. was very similar
to that of the 8 « ,15-diol, showed o small peak ry =
18 mins, as well as the mojor peak due to the 8 «,15-~d10l,
The large prisms of the dlol turn to a fine powder on
standing for seversl doys ond inp order to obtaln an
enalytical semple it is necessary to punp them for
24 hrs. ot 259C. It would scem thint the larpe crystal
is due to o e¢lathrate compound formed wlth one of the

solvent molecules (1. petrol) since heotone and other
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solvents are not suitoble for reerystallizations,

From the above extraction procedure it ean he seen

thot the dlol is present to the extent of approximately
0.,067% based on the weight of green plant, It is
however present to the extent of 50-507 of the

aleohol extract.

Alternative methods of extraction.

(1) The green leaves (50 gm., 5 gm. when dry) were
extracted with chloroform (8 = 50 ml.) to give a mm
(0.9 g.) Lee. 18" of dry weicht ic due to the gum.
Ether, chloroform and ethanol 211 sorve &s a solvent
to extract the diol but ethonol is preferred ns 1t
removes less of the wax leaf coating,

{2) Pleshy leaves {7.B5kg.) collected at Bajamer,
Tenerife in Novewber, 1960, werec stecped in batches
for 4 mins, in ethanol (4 1.), then vashed with a
further portion of ethonol (2 1.)s  The ethanol
extracts were filtered and evaporated to 200 ml, undery
partial vacuun opd the amall deposit of waxes removed.
The extracts ware token un In ether ond washed with

¥ sodlun hydroride (3 x 100 ml.) and water (3 x 100 =l.),
and the ether evnorated off to cive a2 gum (16 e, )

(2.2 of preen weicht).
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Lebdane-8 §,15~310) -wroacet te (XV).

Labdone«8 «(,15«di0r (509 me, ) in ayridine (70 =m1.)
wns alloved to stord for 24 hrs, ot 200 with necetile
anhydride (1.5 ml.,). The mixture was noured into
water and extrocted with ether to give an o1l (482 ap,)
which was ebsorbed from benzenc on silies gel (15 g.).
Lobdsne8 « ,15-d101-15 mononcetate (376 mg.) was
eluted from silicn in benzere-ether (1:l) as a gunm
[¢]p =4.2°%(c, 1.02) (11t. [«]p -B.7° (¢, 0,98),

A dllute solution in corbon tetrachloride shows infrn
ved sbsorption bands nt 7605, 3565, 1745 end 1938 omlt,
the relstive prosortion of the first two 48 unchanged

on further Allution suprmesting only intra-moleenlnry

hydrogen bonding (sec Toble 2 ardioxt).

Lebd-8(20)en-15-01 acetate (XVI).

Labdane-8 o ,15-di0l rorooecetnte (0,52 g.) in dry
pyridine (20 ml.) was trented with phosphoryl oxychloride
(0.9 g.)e After 45 min, at reflux temperature it was
eooled to 0° and added drop wise with stirring to n
mixture of ice and water (100 ml.). EBther extrsction
afforded o product which wos nbsorybed from lipht
petroleun on olunina (20 g.)e  Tlutlon with benvene

afforded 1ehd-3{20)en-15-01 ccetnte (0.44 g.) as



a eolourless oyrup [d]m + 44° (¢, 0,98). (Found :
C, ?8063, H, 11.59. Cppﬂ?}v@(}ﬂ reomaires C, 78.98;
G’ 78.6&3, Hy 11,69, OQQ‘.X.E}@OQ remires Cy 78:98;090’

1728, 1645, 1240 and 890 emTt

Leabdan-15-01-15 acetate (XVIII
Lebd~8(20)en-16 ol-156 aceintc was hydrogensted

in ethyl acetate over 107 polladium on chareonl.

After filzering off the catalyst, removing the solvent,
the saturated acetate was obtalned as a eolourless
syrup [«]p + 38°(C, 0.94). (Found : C, 78,57,

H, 11,48, colenlated for 023H4009, ¢, 78.8B1,

H, 11.987.)

Labd~8(20)en-15-01 (TXX).

This compound, obitained by aikaline hydrolysis
of the corresponding acetate, wes n colourless syrup
[X] 5 + 40°(C, 1.1). Infra red shoorption bands ot
3620, 3090, 1645 and 890 ems-.  Lit. [d]y + 40°(c, 0.98)

xg &bg&n@&@ O( 1152&) "triﬂl LXVYZ)_-
The shove 1obd-8(20)-cn-15-ncetate (0.9 g.) in

oyridine-chloraforn (1:1) (80 ml.) wos treated vwith
osniu tetroriie (1.0z.) and kept ~4 20° for six Aays,

Removal of the solvents uwnder rednceed pressure gave a



black residue vhich wes heoted under reflux for © hrs,
with benzene (20 ml.), metharol (20 ml.), potassium
hydrozide (4 g.) ond marnitol (4 p.) in ethanol

(20 ml,) and water (10 mi.). After dilution with
water, the ether exirnet was voshe with dilute
hydrochloric necid, sodim biearbonnte solution nnd
water, Evaporation gove o gum (G.757 g.) which on
chromatogrephy on alumina gave lebdane-8 o ,15,20~-triol
(0,12 g.) mep. 195-1270 (After four reeryaéalns-
ations from light petroleum benzere.) [« ]y = 22°

{(c, 0.88) 126-127°, (Mound ¢, 7%.41, H, 11,53,
caleulated for Cogfla0ns C) 73.55, W, 11.76%)

Lit. values (Halsall) for this compound ere:

mpe 124-136.5% [o] ) «17° (¢, 1.01).



g
Y‘}J‘J 1.
m

Stretehing Absorptions of
Carbonyl Groupincs,

(coy)

Molsrity cell  V(0=0) Av; €

; eme  _ompt et
Methyl lsbdanolate ‘ |

0.00162 0,6 . 1741 18 . 480
Labd-8( 20)~en-1 5~a1-18»aaet&te (xv)

0,0025 0.5 L7 I 470
Labdan=16-01-15-scetate (xv1) |

' 0.00154 045 1743 1B 690

"Froguency" values sre accurate to r 1 m“:’* for
sharply defined peeks, € , values are quoted to

the neavest § units,
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Stretehing rbosorptions of

Hydrgzal dponosines,

(£01,4)
Molarity cell  v(om) AV
om,  gmat m“f
Methyl labdenolate” |
0,00152 2 8613 _@;g 36
5605
3650 a7

Labdane-8«,15-di0l monoacetate® (xv)

0,0023 2 Bele 933 30
3605
3563 B8
Labdane-8y,18-d101 (IV)
0+00078 B 3636 g 48
» 3607 gh.
3518 30
0.0078 0.5 3637 g 59
3605 sh.
3500 ghe =
BRT0 270
Heptane~l,7~diol
Baturated
Solution 5 agart 25
The hydroxyl 2henrptions fov
labdonedinl monoacetato wore coneny

wp to 0,01 1,

for sharply defined

nearest 5 uniis,
Prhese comoourls

GOOES, €q valuss
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independent hand o cr ””ﬂg pw”i4f-;r“
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&
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t free!
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/dro:tyl absom on or rthi%apalor [AAe..pi/ition Of

(A) methyl modsSsojfcfaie H im tfeta®)« (©) ‘1#M&n >m3 )1 A
mono* [mA," m, * 3 te-SSeM)* on*
S - ol mALmv - ) o - 'AAZ 73" ) m
¥LAT3TUV) - A mXi pg Pl whié o %
\w* *ow p Aih Aerul Jl/feﬁ%éono-
diol ( saturated solution in 9 ea.)* HHE ('® 4 Solvent

baclctrouna ( 2 cm®* cells).

FiT. 1.
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Fig. 3 One conformation of labdane-34,15~diol
drawvn from the shadow cast by a Driedling
model with a pinhole sgource of lisht.



Figm )'i'
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Same conformation of labdane-8«,15-diol as

in Fig. 3 but drawn fron the shadow cast by
the sourece of lirht in a different position

relative to the modcl.
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VOLAPILY niighy, TnaABOLITAE,

L RICTION,

The effects of ethylene on higher plants, e,.m.
its inﬂuame on rate of rinening of frults and
vegetables, 1ts effect on rote of growth of leaf
surfaces (epinasty), hove been woll :«;tudie&’." The
effects of volntile metsbolites fron fungl on microbial
1ife and on higher plants have been much less invest-
ignted, Fungal metabolites can haove three effectsi-
(a) they can influence the rrowih of the funpus
from which they emonated or the germination
of the spores of that funpus, €,g. the unknovn
gelP irhibitor in germinotiorn of rust umdaspoms?‘
the sell inhibitor of urcdospores of Dueceinls
graminis cldimed to be %1’»:1:723@thylet‘mylenaa' 3
(‘b) the volatile from orne funsus coon affect the grovth
of another, 6.0
{1) the unkrown gns from Mucor gpinosus stimulates
cltrophthora®s,

(11) the wolotile fron “ucor nluibeas wlhiich

grovih of Phytophthord

stimiintes nsexual resroduetiorn in Pilnbolus

kleinii is ecloimed t0 be nwpnin™*;



(e) the volatiles fro1 funci con nffect the provth
of green plonts, e.g. Dr, lutehingorn of the
Botany Departrent of this Unlversity hos shown
the effects of wolatiles from many different
fungl on higher plants (using fern prothallil
as test organism) (fig.1).

Hutehinson ond MeTeapue had provm Agarieus compestris
in the bottom plate of a Petri Alsh, with A, compestris
spores in the top plate aornd, hy plocing a eellophane
membrans between top and hotton plates, had shovm thnt
the compounds, which stimulotel spore gersination, riven

of'f by A. compestris were volatile, By possing 21lr over
J La ¢

a culture of 4L, compestris ond collecting the erflucnt
material at -60°% ¢hey hnd tropoed the volantile metabolite
and shown that it was S,é-éﬁnethylpenﬁ~1~ene?'

Then Dr, Intehinson invited us to esllshorate vwith
him in these studles, it was declded o earry out o
minber of prelininery experiments with A. cgmpestrie
as test orgenism to ensurc that our analytleal tool
(6.1.C, ) was sufficiently sencitive, A, gompestris wes
grown irn a Petri dish, as shove, with the soores reploeced
by o euliure of fern prothnlli in the apoer plate, Altor

ten to Pifteen daye ineubatlion, soples of the air fron
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the Tetri dish were injecto? into n G5.0, eolwar but
no components, other than water vamur, eould be
detected. Later, vhen A, couieairls was replaced by
other fungi (Table I), no comnonents could be detected
by this direct alr sampling. A trapping system was
also used similar to thet in Hutchimsan, HeTeapue and
Deed's arimnal work but with the phosphorus pentoxide
drying tubes replaced by nilder dessiecting agents
(fige 2)s An attempt wos mnde o 1solote the volatile
from A, campestris but Gu.L.C. analysis of the trenped
materisl gave inconeclusive results,
These prelininary experiments amply demonstrated

the dirficulties of these wnalyﬁes, In partienlay,
it seemed likely that we would have Alffienlties due toi-
(a) the very low concentroting of wvolatiles
{b) the very high econcertration of other comuonents,

e.g. water vapour and carbon Aicoxide eoncentrations

which are cerdaln to be imcrcased by the procecses

of respiration and evaporation.

The idenl form of snalysic of the volatile funpnl

metsholites vould he to moke n complete annlysis of 2ll

the possible consititaents of the cnltare ron,

Howeyer, ouch a2 complete ~nelyois ms beyond our

capshilities —ith ,L.C, ond % vnzg deeided to concentrnte
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on volntiles, vhose boiling point range was O - 309,
which might have an effect on prothallial grovth. To
confirm that such compsunds might have an effect, a nre-
liminary experiment was carried out. The hydrocarbons,
L-methylpent~l-ene, L-methylpent-2-ene, 2,2-dimethyl-
butane and 2,4,k~trimethylpent-2-ene were investigated
by placing vapour samples of them in bhottles containing
prothélli. The choice of hydrocarbonsg was determined
by the desire to consider the effect of a saturated
and ungaturateds with a mono-, di-, and trisubstituted
double bond. After ten to fifteen days lncubation
it was noted that 2,2-dimethylbutene, 2,4 ,k-trimethyl-
pent-2=~-ene showed a siznificant inhibltory effect on
prothallial growth and Y-nmethylpent=2~-cne an almost
significant effect, The results of this small
experiment can only be taken as a polnter to the course
that future work might take; they could not be taken
as conelusive proof of the presence of these hydro-
carbons among the fungal volatiles.

DISCUSSION.

e s 7 Yo et Yl Bl S St e
e s s i e s e .

As mentioned earlier, there is an increase in the
water and carbon diloxide level of the air in which

fungl or fern prothalli grow. It was realilsed that



88 the prothalll were photosymthetiec the lneresse in
carbvon dloxide level might he itsel? the csuce of the
stimalatory effects noted nhove, The experiments
renmuired to confirm this theory are very tedious,
however, and it wns therefore decided to investipate
any other velatile metabolite,. e fungus

Schizosaccheronyces octosporys woe chosen ag a suitable

test organisn sinee it hod on inhihltory effect on
prothalliel growth vhich 1s more Aifficult to explain
in the earbon dtoxide schenme, Sterlle air was blomm

over a culture of Jehlzo, pcto. ond the volatiles

collected in o trap at -60° (f£ir,2). Semples of the
trapped materinl were rnalysed by G.L.Cs and the
presence of ethanol consistently detocted amongst a
number of other components vhich voried from sample
to sample, This was a very irntercsting finding since
1t wns easy %o show that & ethanol/water solutions
inhibited the onrothallisl growth, Cultures of
prothalll were grovn with solutione of etharol end
woter (107, 57, 17, 0.17) in the botiom plate and
after ten to fifteen doys incubation, inhibition of
growth wes roted in the cultures shove 107 and &7

etharol but not those sbove the 17 or 0,17 ethanol

Lo
NG



solutions, . L.0, anolysis of somoles from these
incubated cultures showed the Hresence of etharol
down b0 0.17,

waavar, G.L.Cy analysls of direct sir samples
from cultares contoining 8, octosporns 41d not show
any pesk for etharol, This suggested that though
ethanol ivhibited prothellisl growth, it was not
- pregent in suificient concentrotior from S. getossorus
to be the sole cause of inhibition.

Although cthorol hod bhecon detected 1n the
volatiles from 3. cclignorus it hod rot been possible
to detect consistently eny other component. It was
suspected thet the long lengths of water and carbon
dioxide removing agents were adsorbing the very small
guantities of volotiles ond 2 echonze was made to
removing the water by means of a refrigerating column,
In order to obinin a more concentrated sample the air
supply wes chénge& from blowing fresh sterile sir to
blowing & eontinuously recyeled smple of aire ®With
these two modifications, materisl was agaln trapped

from 8. octosporus hut 1t again gove no conclusive

results,
Another modifiecation vng mnde to the trapping

i

procedure in vhich the covitinwously reeyeled alp from
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8. getosporus wes posse’ throuch the refrigerotios enil
and then through 2 short lenpth of (,L,0. column Dackine.
The G.L.C. column-packing absorbed the volatiles which
were then flushed onto o G.L.C. anaiytical column by
argons Hackay used this method of trapping very
‘succesefully Tor the volatiles of cheese and eoffeed:

mossible to detect a

Using this mnethod, it wag
component from S. ogctosnorus corsistently but as yet

no identifieation has been mode,
CONCLUDIOTS,
e

Our problen hes been, throuchout this study, one
of obtaiﬁing a aample o2f the volatiles aufficiently
rich in the fungal metsbolites to permit ldentification.
The results &o far have been dlsaoaoointing hat there is
great hope that, with this latest menns of tranping
(ude of ¢.L.C. packing), the contirmously recycled air
and the use of 2 Swodobn cglamma‘ {(7~ich permits aralysis
of agqueous solutionsg), success will be achleved,

Despite these tra oins A17°ficuliies, we have showm

that Schizosrecharomrees octasioms, 3nCChOronrees

cerevisene, Tilochlidinmg, an? ascersiilusg niser clve

OFfP mall maantlities of wolotiles thourh we have not
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been oble to identify then, vie hove also shown thot

ethenol is not the volatile Prom Schirzogaccharomyees

octosporus which plays the importort paprt in ivhibiting
prothalliasl growth.

The resulis of this work fer from being of purely
seademle Interest should help in the explanation of
many well known biologiesl interactions, e.g. in soil

ayeology, mycorhizal assoclations, etc.
BAPTRTIWEITPAL .

Mrst_sm 1ine Method,

Sterile air wos blovn over o culture of Agaricus
eanpestris, the cormon mushroom, and then passed
through a trap X cooled at -60° (fig. 2)s  The
material in this trap wos vnenuwn troansferred to a
emaller trap from vhieh vapour eomples (1-2 ml, ) could
easily be renoved for G.1.C. analysig, The smmples
were injectel onto @ senalane (16.47) colunn on celite
(80-100 mesh) in a couper spiral (4 Pt. x 3") at o°
and 30° but no pesks could be seen. The results of
analysea of stondard wydrocarbons of the tyne susnected
are shown in Table 1T, Hexone (10 mg. ) woe nlaced in

the systen (Pir. 2 ) and the alr flov started, Aftor
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holf an hour the moterinl in trop ¥ vos vacuun
transferred to sompling tran L fron which pos aosles
were removed and analysed by Z.l.C, 28 obove. A
pesk due to hexane wss obtained corsistently.

Using the above procedure with Schi B3¢

octosporus, G.L.C. anolysis ghowed the presence of one
component consistently omong o verishle mixture of
other comporents. Comparison of the retention tines
of this component on 207 carbownx and 16,67 smualaone

ldentified 1t =28 ethaml,

Second Sempline Hethod (Direct Alr Srmpling),.

In the biolocleal test for sctivity, Behlzosncoharp-

myeces octosporus was grovn in the bottom plate of a
Petri Dish and separoted by a cellmyh&mevmembrane from
the test organliam - fern prothalli - grown on medium
in the top plate. After ten to fifteen days incuhation,
the ferm prothallial growth was inhibhited relative to
the controls, Samples of the vapour sbove the Schizo-
gacchayomyess octozoorus were then anaiymed on a carbovwax
(207) ecolumn at 60° but no penks could be seen,

The vapours froa stondard miztures of ethansl/

water were nnalysed on o carbowaz eolunn (207) at 60°
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and‘tha penk helrhte measﬁrcﬁ - averacre o six smples
for each nixture, “he ethonol penic could still be
méasurad from the vapour éf a 0,015 ethanol/water
uﬂzmura. Fern prothelli vere growﬁ dn ﬁhe‘medium

in the upper oplate of Petri disﬁes a8 béfbre but with
ethanol/water mixtures ({:5.1, 1.0, 5.0 and 10,07
ethanol) in the bottom plate, After ten to Pifteen
daye incubation, 0.L.C. anolysis showed that the
amount of ethancl in the vapour had fallen - BF
éthami/mtm* vapour gomple gave a neak corresponding
to 0.57 ethenol/water mixture, vhile L7 ethanol h~d
fallen to 0,057, Tt wap found thet a minimam of
5,07 etherol/water mixture wne remuired to inhibit

prothailial growth,.

Third Sempling Method (Trapping in Stationary Fhosel.
| A lerge stirred culture of Schizosaccharomyces

octogsporus was grovn irp n closed system with a

continuously cycled volume of air (5 gallons). After
ten days the air wmas passed through a cooling eoll at
«10° 1o remove woter then over a drring agent Caleiun
Oxide and inte & short lenrth of G.L.C. packing

materisl (207 carbowox on celite). Fortions of this

poeking notericl were then plnced nt the top of -n
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snalytieal eoluan (57 enrbowaz or the PLALC.) at re?,
"he pas flow was restnrted ond the ehromntorrm chored
the presence of water vopour ond o gharn peak (roitention
time = 8 mine.) which hos not been identified as yet
but is definitely not etharol or methenol,

Cultures of fern prothalli were incubated in litre
bottles and the wapours of the hydrocarbons listed

below injected,

Average
Yol.of wap. grovth.
4-methylpent~l-ene 10 ml, 145
4-mé thylpent2-ene " 97.7
24 2~dimethylbutane " B1.0
2,4 ,4 y=trimethylpent«2-ene L 78,3
Control , 185

Least signifiesnt difference Q.



TABLE T

Sumary of Resulta,

Fungal Binlorieal Nethod of -
Specles Lffect tropping &fw Results.
soamoling

1 Inhibite 1. pircet air Yegative

: prothallial sampline.
grovwth A ?r"%ping 2 penks,

at «60°, Mrat ethanol,
gecond h.p.=7?

2 Inhibits Direct o2ir Tthanol 1n only
prothallial sompling of 6 one Petrl dish.
growth Petri dishes,

3 Stimlates Traoﬁing Inconclusive,
spore at "'P)O .
formation,

To sipnife
icant effect
on prothaili,

4 Stimalates Trapning 2 minor peaks
prothallial ot -60°. C,or C,range,
growth,

b 8timulates "rmmping Inconeclusive,
prothallisl ot -80°,
growth,

8 Stimulates Direct alr Negative,
prothollial  sompling.
groviti.

7 Stimulotes DMirect =ir Vegative,
prothnllial sampling.
growthe

Motnote: The fuangal speclos ore:
1, Schizaaaceuﬂrﬁwgeas octocoorin, 9, Boecharomyees

c‘NL‘l cjc}gl 4 f‘»! ﬁ -tm
11 1un “1haétr1ﬂ

cerevisene, &, aconricus oo notriog 4,
8pDes Dy Aaaermilhuw piear, 0, Yorticl
and 7, Colletotrichus Lindenwuthinnu.




Gali G, fmalrsis of Stondard Hydenearbons.

Qggggaarbon

4-me thylpent-2-ene 02,8
(eis and trans)
2,3-dimethylpentane 52,4
femethylpent-l-ene B4
- 2,3=dimethylbutane - 88,2
Hixture of: _ | N
2,2-dimethylbutane 1844
éemetnyipentul»én@‘ o %$m$j~"'
4d-methylpent-2-ene : o
(cis snd trens) L BB.2
2,3-dimethylbutane o
g-methylpent~l-ene = 37.2

All analyses were carried out on
8 16,67 squalane column at 30%.




MEANS OF TOTAL PROTHALLIAL AREAS FROM PLATES

~ o Rive 300 400 soc
' . t . | WY 1 [
Cec e
Agari..3 compestris
Clodosporiur, herborum Y. L2 L.SMD. = 50
Botey*is e o4
Tilgehlidium nigrum
Schizosocchoromyces octosporus
Contiol
o0
Agaricus campestris N LSMD=
Cladosporium herbarum F =13
Botrytis cinerea -0
Tilachhidium nmigrum
Schizosoccharomyces octosporus
Contto! 2
Vverticilhium glbo-gtrum €4 s LSMD -~ 12
Colletotrichum lindemuthianum .
Socchoromyces cereuisceoe
Control
verticilium albo-atrum Flo a2 LSM.D = 3
Co!'etotrichum lindemuthionum ! :
Control )
Zygorhynchus moeller Foe a2 LSMD. = 27
Achlya s<p. 16
Schizosoccharomyces octosporus
Control R LS. MD = s9
Zygorhynchus moelleri F+ & -
Achiya sp. 1S

Rhizopus sexualis
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TRAP K
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TRAP L

Drying tube with anhydrone.

Sofnolite, carbon dioxidc removing aszent.

Wash bottle with sterile cotton wool to prevent
contaminants entering the culture,

Empty Wash bottle.

Wash bottle vwith water, first to provide
moisture for the culture, the second to shov
that air is flowing,.
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PARTIAL SUpucouns On MewumiinUuLo ",

TTRODICTION.

An interesting compound, with the umususl empiriecal
formula 3243980&’ wag reported in 1915 by Goulding and
Hobﬁrtﬂ%’ It had been isoloted from the essentinl oil

of the tubers of Eaempferis cthelne (7inpiberacene), n

plant krowr to the natives of the Transvaal as

"Sherunpulu”, Goulding and foberts vere unsble to surcest
a structurel formula but they shomed the nresence of n
ketone (Pformation of an oxine), 2 hydroxyl proun (although
1t a41d not form an acetnte 1t Torme? o "benzoyl derivotive',
m.pe 260° with decomposition), and unsaturation (uovtske

of three times its weirht of bromire).  This hirhly
unsaturated ketone seemed worthy of re~investimmtlon and

Tropical Producte kindly sunplied $ubers of o Kaennteria

Bpecles, Unfortunately, ot the time of collectior in
Portuguese Past Africa, ne flovere vere available and

yoseae.
T™he gquantity of crystalline ketone obtained from

the species was believed to be Koenpferia

the essentlial oil of Raenmferis rosene 41d not peralt

the more customary deprndntive ooproech, oo 1t rsg
decided to ottennt o stmctnrol determinntion mainly

by physienl technisueq,
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RESULTS AID DISCUSSION,

8tean distillation oF the tubers of Kaemgforin rooose
yielded an escentinl oil contnining X =pinene, p-cyaene
and 1l,8-¢inecle amone six other mornoterpene constituents
(6,L.C. enslysis). A colourlecs solid, whieh could he
recrystallized from ethanol, senoroted from the esaential
oll. Mass sgpectrographic analysis of this recrystollized
materinl (m.p, 105-6%, [(] g) +9797:  gouldine and Doharte
hod reported m.p. 109°, [0(] D +19%°) indieantes » moleculer
weight of 050 and clemerinl analyais is consistent with
01551808‘ The infra red and ultra violet sbsorntion

data (Table T and Mg, 4) sursest on o(ﬁ ~unsaturated
ketone («0OF=CH-C0-), 2nd infra red gbsorption at 1440 cm':]‘
and 1419 em7! is rnot incomneistent vith a nethylene
adjacent to the double bond and 2 methylene adjncent

to the earbonyl. It wes declded to name this ketone
"Sherungulone” gince it woo first isoleted from
"Sherungulu" tubers,

Hydrogeration of Sherunsulone produces n hexohydro-

derivative (/\ ara ™M, € =45) whose mass spectrum

MAX,
ghows a moleeulor wolrht of 736 ((37_35‘?%@{? remiires 2746),
M™e infra red spectrw of hexahydre Sherunmlone

(Tewle T) with styone ohsorptlon nt 1712 cz'_r,v.‘:l ivdicntes

thnt the corbon-l rrous 1o ™t v o Plye menhered vine
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thourh the datn In Teble IV gov thnt 1t moy be in o
aix or seven membered rinc, ™o choorotion bands of
Sherungulore betweenlNON-1000 enTt rnd the sbsence of
Qxygen function is present o8 on epoxide or ether link.
Thie fac% is poartly cont irmei‘by the presence of n
paak {P-33) in the mass socetrum (Teble IT, Pig. 2)
whiéh is probably due fto successive elimination of =
methyl group {enpgular or gem dimethyl) and a molecule
of water, A gtudy of the inTra red absorption of
Sherungulone (Teble I, fir, 1) sugpests thnt there are
no gem dimethyl groupns so thot the peak (Pe15) iv the
mass spectrun is probably Jdue to oan anmulor methyl
group. The presence of throe double honds (uptake of
three mplee of hydrogen), one corbonyl and one ether
link (infra red spectrum) in Sherungulone is suspected
g0 that the ketone must hove elther one ring and one
unhydrogenated double bond or two rings (O g00).
Interpretation of both infra rel and ultra violet
spectra is made more Alfficult by the faet thrnt ndjocent
. gproups may o fect the chromophore, .7, the sllylic
hydroxyl in T (Pable IV) 48 clnimed 4o he the cnuse

of the 1om'A!ﬂmx¢ The eluciiations below nre based on



the assumptlon thnt there nre ro neichbouring sroup
interactions, The ultro violet shsorntlon of
Sherunmalone (Me, 4) 1o uruoncl in that the noxiam
shifts only 2mun op chonging from hexane to ethrorol,

In ethanol, but not in hexone, sddition of base produces
a new ebsorption band at 206mu ( €= 19,150) and o
shoulder et 202ma (£ = 14,600)., Assuning the chromo-
phore (222 ma) to be =CH=CH-(0~, this new ebeorption
(206mn) may be due to a chromophore present in the
molecule but not secen hecnuse of the abzorptior of the
p -unsaturated ketone, c.pg. ._ngacﬁngﬁg%éﬁcg (717 M}l)?;
or it may be due to o chromophore formed by eddition
of base,

Althourh the cyeclopronane ring is possible, the

WM. R, spectrum (Mg, 3) does not indicate o methylene
group of this type and its presence in Sherungulone
would require an eleven membered systen for the secord
ring. A saturnted ketone in an eleven membered ring
‘would sbsorb at 1700 emyl B and 2 earbonyl conjumated
with & cyelopropsne ring probobly nt 16865 cm‘.‘l (comanre
with dihzrd.m-s/ »mn‘bellnlcneé‘) whilet hezohydro
Sherunmulone ahaoorbg ot 1710 am".'l e ohoence of
aheorption in the infro red of hexobydro Sherunealone
at 2040 emT! 1is taken ns conclanive ecvidence arainet

L ! R S
the ewelonynpone rinr,



The chromoohore CHymCl=Cli=CO~Clg
e (eny)
. * o
(3) 1or 2

was based tentatively on the infra red absorption at
1419 ems?  (Table I) which we ascipned to CHgCO (JonesBe
gave a vange 1426 to 1415 om™Y),

Hexahydro Sherunmilone, whiech almost ecertoinly
containe a CH,CO (hydropenation of the @ﬁ - ungoturated
ketone) absorbs at 1499 cmfl vhich we agsirned to CHACO
following ﬁ6356‘ vho assigned the 1450 enTt bomd to

CHoCOCHg, Herz, however, assicned the band at 1490 em?l

to CH00CRs. It is tmpossible to nosige the 141D cmi'
band in Sherungulone to CHuCUCRg sinece the group
adjacent to the earbonyl must be Cl=Ci-CO, It would
appear therefore that the infre red absorption by no
means rigorously defines the group adjacent to the
carbonyl.

It wae hoped that the nuclear magnotie resonnnce
spectrum (Toble IT7, fig. 3) of Sherungulone would
determine the group adjacent to the eorbonyl. The
peak at Y = 8,98 due to one angular methyl pgroup confiras

the evidence of infro red and mras gpectrosraphie arolynes

ob

weilst the doudlet aof 8.05, 8,09 ic due to cre vinylie

~

methyl group, ™e peaks it the region Y = 8 « 5 eon he
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attributed to three protons ROU=Ch-R and ReC=CHR
and the splitting of the peolis in this reglon and
at 8.06, 8,09 is sueh thot the rsrouping

ROHg = Ol = Cll = (] ~ CO =
is atrangly suggested, This lenves nine protons
of which two or three esre ot T = 8,8L, 8.89 due to
elther CHaCH Or RaC - CHy - CBy and five or six at

Te 7 to 7.6 due to ClioCO and—ﬁc/g\cﬁa and other
methylenes., One of the prenctlong of Sherungulone
helps to confirm the presence of an epoxide, After
standing Sherunmilone in carbon tetrnchloride for
8ix hours, the solution is found to contaln lactonic
materinl, Epoxyketones are krowvn to glve unsaturated
laetones’* and this may be the reaction which

Sheyungulone undergoes, €.

g)

The MN.¥.R. spectrum of Sherungulone would surgest
that both an epoxide and CHoCO are present,

The W.", R, spectrum of the hexshyiro derivative
helps to confirm some of the mﬁsignmants made for

Bherungulone. Tt ig dif"icult to  determine the munber



of methyl groups but 1t iz posoible thot the penks

at T = 9,12, 9,03 and 9.08, 2,97 are due to iwo

Gﬁﬁcﬁ groups and the penlk at T = 3,85 40 nne angulonp
‘methyl, The sbeence of peaks in the reglon ¢ = 5% to B
confirms the grouping XC CHy = CH » Cll = CH ~ in
Sherungulone,

That the grouping R C Cliz = CH - CH = COH -~ i@
adjacent to the carbonyl in Sherungmlone 18 eonfirmed
by the presence of peaks T = T84, 7.90, 7.97 due
to CHoCO in the hexahydro derivative, The pesks
T = 6=7 do not confirm the epoxide sinece they ave
normally due to = (‘h—fcgp?—crf - This supggests
that some rearranpgement has occurred 2t the sqme time
es hydrogenantion which might 2lsp account for the
umisusl methyl absorptions (1700 - 1800 mfl) in
the hexahydro derivatilve,

A mumber of reactions vis sttompted as in Table V.
Sodium borohydride reductior of Eherungulone ylelded
2 red solution containing o mixture of compounds
containing hydroxyl carbonyl snd double bond groups.
To study this red colourntion, vhieh wag thourht o
be produeed by an amulene, » larger nmnntity of

Sherungulone wog reduced ith borohylride, The
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infra red asbsorption of the sroduet chowmed the
presence of lactonice nmoterial ornd ahsorption in the

ie SAC o ' 475
uitra violet ()‘max; PAC, >‘shcu1der 970, X‘max. "

>‘shou1ﬁer B50mun) sugpested thot it wsns not an
azulene, This was portly confimmed by the fading
of the red colour on stapding in alr for six to
eight days, |

Reduction of the hexahydro derivative with
lithium sluninium hydride zives a secondary hydroxyl
group which is not intromolecularly bonded confirming
that the ~0H is in a nosition in vhich 4t eannot
bond to the second oxygen function.

CORCLUBIONS,

It would seem, therefmre, that the data available
at present is insufficient to allow the structure
t6 be deduced unambiguously. It 18 possible to
give the functional grouns in Sherunpgulone, Tt
would gppoear to contain

RCOHg = CH = O = CF = CO =  but the

trisubstituted Jouble bond rust be twisted out of
the plane of the 4§§~unsﬂturated ketone since neither

infre red ror ultro violet dnta will Mt n normnl



xA¥6 unsaturated ketone. “he group adjacent %o
the carbonyl 1s urobably Cial0, Sherungulone nleo
contains on angulor methyl proun CligCRg, o ClgllRa,
and 8 tatraaubatitutca double bond (RyC = CR,) and
8n epoxlde, «iiC ~\Gﬁ -, ieaving one proton to be
aceounted for. It is eloo clear thot the hexshydro
derivative is unususl and one nmay postulste thot
1acm§risat1an has occurred at the same time as
hydrogenation,

Bherungulone seems to be 2 new sesquiterpene
and merits further work which night follow the
following lines:-

- 8 study of the omonolysls products of Sherunsulone,

- & study of the lactonic material and the red
eolouration,

~ gelective hydrogenation with a lees active eatalyst
1o obtain the di. and tetrahydro derivatives,

- hydrogenation and dehydrogenntion with platinum

to give the ring system.

Lastly, 28 an entirely different aoyrosch, the
X=roy pattern of a derivative of Sherunsalone mirht be
studied, Such o derivative voulld renulre o heavy atonm
and the bronophenyl hydrasone mirht be usefl, A
simple bromine additiorn eownund would rot he use™l

gineec 44 would

LI P R Ry T S R R L i TP de Ty Py N P T -
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Light petroleun refeors to potrolemn ether
(bope 40-50°C. ).  M.p.'s nre uncorrected. Wltra
violet spectra are measured on the ilper-ntte
Uvispee 8pectrometer or the Perkin Tlmer "Ultroocord”,
infra red analyses on the Unican SP 100, For the
nuclear mognetic resonsnce specira we are indebted
to Dr. A. Porte of this Deportment,

8team distlllatior of the tubers of Koempferis
roseae (which had been macerated but not ground in

an Atomix) yielded an essentinl oil. During the conrse

the condenser, After extraction of the total steam
distillate with ethery, the ether solutlon was Aried
over magnesium sulyhate, Rermoval of ether, under
reduced pressure, pave on essentinl oil from which
separated s colourless solid,.

Reorystnllization of the solid Trom ethaml gave
a crystalline solid, m.p. 105-106%, (x|, +272°,
(Pound ¢, 78.%4, H, 7.63; cwﬁia% recuires ¢, 78,23
and H, 7.88), @,L.C. analysis of the solid on a B
84licone column (5,7 %0) ot 1670 gave a sirple nenk
retention time = 14 =ins. and on 2 17 °F eolun at

1269, retention time = £ nine.
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The molecul~r weisrhi, 900, vrs glyven by mnos soeetro-

erapghic analysis (clﬁﬁlgunycﬂ@ifeg B0 T e

Catalytic reduction of Keermlerio lhetone.

Palladium charconl (107, G0.2 mg.) in ethyl scet~te
(10 ml.) was trested with hydropen until uptoke of pas
ceased and the ketone (51.95 mp,) was added., Uptake
(15.54 ml,) of nydropen corresponded o three moles,
After removal of the catalyst and the solvent, the
hydrogenated enone was sublimed at 80°/0.05 =m, pressurs
to remove any contominants (entslyst, sillicone grecse),

0.L.C. of the hydrocennted enore on 17 QF (a
fluorinated alkyl silicone pum) ot 125° showed that the
hydrogenated erone was 857 pure {retention time = 10 mins. )

Hexohydro Sherungulone had infra red and ultra violet
sbgorptions as in Pahle I and ®ig, 4, The molecular
weicht by mess speciroscony was 235 (31539409 renulres
236) (Table TT and Pig.2)e Flpure 2, the histogrom
representation of the mass spectrum, does not show any

of the pesks below 55 mnss unlts,

Sodium Borohydride Reduection.

To Knempferi~ ketone (4,92 mg.) in dioxan - water

(1 ml, « 0,1 ml.,) wrs added sodium borohydride (Z.1 mr.)



L1505,

and the mixture alloved to stond ot room tenpersture
for thirty wmirutes, Water mwoa odded ond the solution
extracted with ether (3 x 5 ml.). The infra red
spectrum of the ether soluble materisl showed hydroxyl
absorption (3,500 cm?l) carbonyl ehsorption and brood
absorption senks at lower fremienciles duae to borste
ester, To hydrolyse this borate caster, 1t was
dissolved in methsnol and concontrated hydroehlorie
aeld (2 drops) added., During remwovol of the meth-nol,
white fumes were produced ond the solution bhecsne ink,
The infra red absorpiion of the substonee remaining

showed a hydroxyl group ot 3500 em?l, carbonyl at 1?10<m:1

and ethylenic group 1610 emll

Lithium Aluniniuz Hydride Peduction,

The hexshydro ketone (53,4 mg.) wos stirred in ether
(10 ml.,) end iithiun aluninium hydride (20-50 mp,)
added, After the vigorous reaction had ceased the
mizxture was heoted for tvo hours, then ethyl aceinte
added to decompose the remaining l1ithlan aluminlum
hydride, A white gelatinous precipitnte, formed on
addition of water to this etherenl enlution, was
f1ltered off ond wosheld with ether. e eombined

ether extracts wore waghed with woter (three times),
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dried over magreasiun sulvhnte and the ether remnved
under vocwmun, e dnfra red socoelrmm of the
resulting material (in carbon tetrochloride) shovwed
gherp hydroxyl absorption at 3628 emer {eoneentration
independent) end broad sbsorption at 7748 emTi
{soncentration dependent) indicative of intermoleculer
Tonding but no intramoleculsr bonding.



Infre Rad Gnectra,

Sherunpulone. ; Hexahydroshe ranmuloric.,

Y AYy €& ‘Possible Y AY. £ Goueible

assisnaents

2026 35 Y= C-H
2068 106 2068 .

, 2064 agyaV{C-It DIz
2030 : 80 nsm\/((‘mﬁ}ﬂﬁg 29928 asymY{C-H)CH o
2842 61 2920 ‘
v 2873 symm! C-H Hrg
1682 11 718 Conj.C=0 2853 sy'm

1647 11 110 (=€ endo 1718 17 448

1617 26 1484 o3
1461 83
1458 95 CHg skeletal 1457 110 CH- skeletel
1440 69 CHgadJ.tc OxC 1446 48
1419 67 CHp adj.toC=0 14829 10 85 CHp 2dj.to €O
1391 89 1377 8 96 ang. Cl,
me thyl 1366 9 41
1388 46 ) sbsorption 1371 44
| 1890 68
1375 127 3
1115 198 o 11199
1090 148 {c-0) 1100,
1086 1256  ether 1084
994 33 |
986 27 087t
949 o7 9837
920 40 937"
906 25 oL7?
877 53 ¥ (cH=) 800"

All values for CCl, soln. except * whiceh nre
for 1iocuid £ilm. ~
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lMioss Specirs,

Sherunsulone. lexoh

"

vdrogherunmilont.

groups removed

230 P 36 P
216 P.15 aﬁ5 221 P-lB Cli=
l9v . P-33 Gﬂsgﬁ‘ao 208 P«3l Ciia0,
187 Puthd agﬂg, GQI”}Q; 203 P33 61‘?3, HeD
159 Pl C G, H 177 P59 {077 ,Cxlim);
Eg;i;eg 7 202{:; e 2&;(;3
119 P-111 Calla 3 CpHya0 0% Pw137
sfisi Orliy 99 Doies
108 Pwl22
' 83 Pw=183
98 Pwl138
Bl P-155
91  P.139 ;
e P67
83 Puld?
B6 P18l
68 P=16%

&6 P=176
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FIG 2

H‘istogrm representation of the major pealts in the mass
spectra. The peaks below 50 mass units are not included.



crga e T
IATAIRE

ITT

u

A 3 4 M AR

Bl De Speckra.

Sherunoulone.

9.14
8,98

8,81
8,69

8425

B.09
8,06

7:.79
"ft ﬁ’f

7.40
.34

7417

4.%
4420

4,10
4,04

5.47
342

3,30
3.27

8.04

Agsigrment

1 ang w:ﬁ
| CH.CH
} 91’5

j T

CmC

; CHLO and

.

3 protona

§
; b é

split by
; ~CH = CCHy
3

Hezabhordrosherunmilone,

.

9.12 )
9.08
9.03
8,97 )

8.85

8,79 )
8.66
8,62
8,53

8,59

8.32
8«21 |,
8,18
8,07
797
7.90
7.84

7,64 ;
7,54 )

Agalorment,

2 CH,'c aplit;
possibly
CHpCH

1 ang. Ciig

~0Ho

~CHm00
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fuelear magnetlc regonance spectra with
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Literature Values,
ay oz’ Ref.

TABIY TV,

o
- Q
o

227,(10,470). 1677, 9
hd R

Qj
28e, . 1680, 9
. 1810
[+ ;

225,(8,350); 1680

g6, 1680 10,11

T = 243, 12



Ao TV {Cont'd)

:wmmﬁ

Vs enzt Bef.
v 245,(8,%00); 1680, 13
1591

1682 14
»CD . s
Y %(shmmer}%‘% ia,mg 1662 8

8,480 lm(mwlm)

212, 2

Z(a) 270, (21,000) 8
0

=0

Hexshydrosherangulone 275, 1712



24(v)

2(e)

z{a)

Ze)

2(£)

2(g)

%Z{h)

TABLE IV, (Cont'd)

mu em?l Ref.
Qm - 1749 16

- 1602 9
| 210(3,090) 1700 9, 8
¢ |
¢ |
1 - ms 8
o .
- - 1719 18
° - 1700 17
0
=0

1‘_>/J - 1700 3
S



TABLY V.

1682 ) C1580402
Bherungulone (solid)—— Hexehydrosherungulone
» (1imid)
lmé V lm AL H
HMixture A mono-gec, aleohol
{n; xyl, ecarbonyl;
abesorption) |
red colour, 01, /aiy

"lactones™
(=0114).
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