CHAFTER- 11

I. The conestituents of leaf wax of ¥lue Namwa

Fxtraction of the dried leaves of the Thai

banana plant EKlue Namwa (Musa-cultivar Namwa) with light

petroleoum has afforded a wax which could bte separabed into
two parts by treatment with light petroleum. .The-light
petreleum inscluble wax was gaponified by methanolic
potassium hydroxide and the resulting product Eeﬁérated
into acidlc and neutral fractions. Chramatogiaphy of the
neutral fraction on mluminjum oxide using light petroleum
"and mixtures of light petroleum and chloroform as eluting
éoivents afforded a number of fractiocns; the fractions
eluted by light petroleum and chloroform (5:41 and 2:3)
and chloroform gave.pnsitive rosults in the Liebermann -
Burcharqd test(g)’(qo){an immediate greoen colour was produced
which later turned to brown)which indieamted that these
fractions contained steroids. The fractions were combined
and added to the ateroidal fraction isolated from the light
petroleum séluble wax and worked up as described below,
The light petroleum scluble wax was saponified
“and worked up in a similar mannar to the light petroleum
insolublc wax. The unsaponifiable matter was chromatographed

on silica gel using light petroleum, mixtures of light
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petroleun and benzene, and nmixtures of benzene and chlorofornm
aﬂ:elutiug.éolvents,.-Fraﬂtions contﬁining'steﬁoids;
as indicated by the Liebermanm - Burchard test (green —=
brown) were obtained when the column was eluted with
benzene / ehlemoform (1:4),- Chronatography of these frace
tions on thin 1ajers of aluninium oxide showed that they
contained similar steroids to the steroid containing frace
tions obtained frem the light petroleun inscluble wax,
The combined stercidal fractions from the light petroloum
Soluble and insolublc waxes were chrobatographed on alu—
niniun oxide using mixtures of benzene and chloroform,
and chlorofornm as eluting solvents. The fractions eluted
by benzcne /- ehiorofornm (1 ﬂ) alforded a compound GE§EEd%
ToR. 135 - FA6 , [qj e {e=5.02; CEC'L), which gave
a positive Liecbermann —:%urchard test (blue-ﬁngreen-—b
brown). The infra-red spectrum of the compound suggested
that it was a 2B=hydroxystercid; strong absorption peaks
were obgerved zt 400-3200 and 1250 emT {0-H and C-0 |
stretching frequencies of eguatorial secondary alcnhol)gqq)_(ﬂq)
Acetylation of this conpound with acebtic anhydride
and pyridine gave an acetate, CBﬂHEEO’ S needles,
D.P. 126 - 12?: The above evidence suggested that the
sterol night be B-sitosterol (XITI; R=H). This was con-
firmed vy mixéd relting peint determinations and cooparison
of £he I.R. spectra of the aleohdl and its. acetote

with counercial B-sitosterol and its acetate,
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The physical constants of ﬁusitmstérol and its
derivatives ab recorded in the literatire vary considerably,
The mnlcohol has been reported to have A I.D- varying

between 154 and 140 and. an{hﬁ - bBetween ui}-and.-ﬁag the

acetate o n.p. between 121 and 131, and an {uq between
~56‘.and _55:(15)—(19}

. T.A., Bteele and E. Mmsettig(qg) have reported

tecently the prePafation'df-puré-F—éitﬁsteroi-frnﬂ'

stigmésterol as shown below.-
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(XTIT) R=TosvT | (XVI) . Ra0R,

(XTV) R-cH,

(XVII) BB
3 - '

(X¥) =H

&

A
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g
(XIZ3 R=CH, GO (XVITI)
(XX) R=H

Solvolysis of stipmasteryl tosylate (XTIII) in
méthanel afforded i;étigmﬁaﬁenyl methyi ethep SEVL) end,

as minor components, stigmasteryl methyl ether (XIV),
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stigmaatercl (XV¥) and a hydrocarbon (XVITI). Hﬁdrﬁg&nﬁticn
of i1 -~ stigm%staryl'mﬁthyl ether followed by rearrangement
with zine acotate in boiling acetic acid gave, after one
crystellization, 22,23 - dihydrostigrasteryl acetate
(p-sitosteryl acetate, XIX}, m.p. ﬂ21!= 1EEZEGEJE= =35GB:
Hydrelysis of th%a acetate Curnished pure 22323 -
dibydrostiguasterol (B-sitosterol; XK), m.p. 137.5 - 138,
Enc]f= -33,

| JW, Howe(EG} has reported a procedure for the
geparation of Pmaitbsteral from the other sterols of pine
bark by.precipitation of tha 3Pnhydroxystereids with
digitonin, followed bg;chmﬂmatography on aluminiun oxide.
He has founda, however, that the resulting puaitostercl

wag admixed with a small amount of campestercl, and that
this could not be removed by fractional crystallization.

It is clear from the resvlts of these workers that
oany of the sapples of B-aitcstercl whieh have been
isolated from natural saurcea were contaminated with
swall quantities of other sterols.

The specific rotation of the B-sitosterol obtained
from the leaf wax of EKlue Namwa'waa mere dextrorotatory
than the pure P-sitosterﬂl obtained by Steel and Mosettig.
This suggested that it contained small quantities of nmore
dextrorotatory compounds which could not be removed Ly
colunn chromatography or fractional crystallization, Thin
layer chromatography of the P-sitostercl on gilica gel
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using chloroform / light petroleuﬁ {1:1) os eluting solvent
showed that the sterol contained soall guantities of four
conponents in addition to Pesitosterol; the thin layer
chromatogran was siznilar to that of cormercial F—si#osteroln
Purification was achlewed by chronatography on a 2 hGn.
thick layer of sillca gel using chloroform / light petroleun
(1:1) a=s eluting solventsn This afforded p—sitcsterol
n.p. 135 « 136, [ 41'.?:35, (e-1.78; CHCE 33

Further elution of the silica gel ¢olunn, after the
renoval of P-sitosterol, with chlorofoim / benzene (3:1)
and chloruform afforded a c¢cnpound, GEDHQEQE* TaPa ﬂDB'— ﬂ04:
The Infra-red spectrun of this ccnpound had a broad o
maxlmun at 55Q0-}2DD cm.j (oH strctchlug of a poiyneric
aasoqiated alcohnl}? gnﬂ strong absorptlun ‘peaks” at 1050 cn'.'1
(C=0 stretchlng of primary alcchol) 2900 2840 aﬁd ﬂ452 cn.
720 and ?ﬂD cn;q (rocklng ncde of GHE),.:”his 1nformatlaq
indicated that the compound was a long chain allphatlc
diol; the absence of bands at 2950,1450 and 13380 cm.q showed
that the OH groups were located at the ends of the chain,
and that no branching exiated. S MCESTo

Confirmation of the presence of hydroxyl groupsg in
thg’;qmppund_(;II)JFpF_thaingﬂ“hyhtpgrprepa;atiﬁn:gf an
acgtate and afbenzoate. -Acetﬁlation of the alcohol using
acetic anhydride and pyridine gave an acetate, Géﬂ“ﬂs”uv
H.Pe ED‘- Eﬂ. (XXI1), and benzoylation with benzoyl chlorilde



anﬂ_pyrldine yielded the benzoate, 054H3004°

ip. 6O - 61 (XATII}.

CH ¢COvO¢HéG¢(CHb)1BnCH’

E"D?‘DG’GI.IF

3 3

(XXII)

575

‘RGED + O HLHW
HG,HéG.(GHE)
(¥XI)

|

EGBHBGDG1 + GEHEN:
| v
GEH5nGD=0.HbG.(GHE)qB.GHE.G,DG.GE 5
: {XXIII)
Chuit and Hausser have reparted(gq) the preparaticm
of 1,20 - Eicosanedlol (XXVIII), m.p. 1103 from 1,16 -
Hexadecanedicl using 2 series of malonic eater condensgaticns

as shown in the scheme below:-—

HBr

e;ﬂH ——— Er.GHé.(GHE) +CH..Br

HD.HéC;{CH .CH i o

2l 1y
{XXIV) |(IKV)
icﬁb.(CDEMe}E
HeQ,C L. (CHY) ;¢ « CBE, . GO Me HE gD CLHLC. (CH,) g+ CH, . COH
{(XVII) (V1)

4 ¥a / EGOH

HD.Héc_(GHE)1E,GHb.Q&
(ZAVIIID
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Bromination of 1,16 - Hexadecanediol (XXIV) using
hydrobrenie acid afforded the dibromocompound (XxXv}), whiech
was condensed with dimethylmalonate, hydroclysed and :
Adecarboxylated to give 1,18 - Octadecanedicarbaxylic aeid
(XXVI). Methylation of this acid furnished the dimethyl
eater (XXVII), which on reduction with sodium and ethyl
alcohol yielded 1,20 - Eicosanediol (XXVIII).

- The evidence presented above indicates that the
compound isclated from the leaf wax of Klue Namwa and
having a m.p. 103 ~ 104 1is 1,20 - Eicosanediol (XXVITI).
Further suppori for this structure should be cbtained from
the nass spectra of this compound and its derivatives; a
discussion of these results c¢an be found in the appendix

of this theszis,
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A yellow wax has been isclated from the dried
gkine of the fruit of the Thai benana Klue Namwo {Musa-

cultivar Namwa) by extraction with light petroleum. A

solution of the wax ‘in hot chloroform and methanol deposited
a solid, m.p. ?SD-'?EF {about 10 % by weight of the wax), 1
cn cooling., which was shdwn tc bhe almost pure by chromatography
on a thin layer of sluminium oxide. Purification of this
compound was achieved by chromatograpﬁy on a column of
aluminiuﬁ oxide using light petroleum and mixture of light
petroleum and benzene as elubing solvents; the fractions
eluted by light petroleum, bénzene / light petroleum
{1:3, 1:1 and 3:1), were found to be identical by thin leyer
chromatography and so they were combined. Crystallization
of the =olid from the combined fractions affordéd a copound ,
052Hﬂ0402, HeDe ?9.— BD: whose infra-red sﬁectrum showed
V/_.. at 1730 cm.| (G=0 stretching), at 735 and 720 cma
((GH2>H rocking mode, where n is greater than 4). The
ibsence of sbsorption due to stretching and bending modes
of en olefin or C-0-C asymmetric stretching of an ester
indicated that it might be a long chain fatty acid ester
of a long chain saturated alcohol. |

Confirmation of the presence of an ester llinkage
in the compound was obtained by hydreolysis using 10 %

ethanolic potassium hydroxide. This afforded an acid,

GEEHSEDE* w.p. 79 = 80 (X¥X), and an aleohol, C,. 540”,
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m.p. 79 - 80 (XEXL).
Strong peakf in the infra-red spectrum of the

acid (XXX) at 3400, 2700 and 1690 cmT| (O-H and C-0 atretching

of a CO.H); 2900 and 2835 cus , 1460 o (CHEIEtretching

and bending vibrations); 1420 — (GH2 adjacent to éDEHD;

920 er”' (0-H out of ﬁlane bending.of acid dimery): 720 and

710 cm | { (GHE)nrocking, where n;?4) sﬁggested that the

compound was a long chain ménocarboxylic acid. The presence

of bands (10-11 bands) in the region 1350-1180 cm! showed

that the chéin tength of this acid must be greater than

(13)

that of stearic acid » and possibly contained 24 methylene

groups. The acid anide, preparcd by treatment of the acid

chloride with ammonia, was an amorphous solid, GEGH5§DH’
m.p. 108 — 100,
(IXIX)
hydrolyse

() (30XXT )
The evidence presented above indicated that the
acid was cerotic acid (XOX), which has been found as a

{22) ' (23)

carnapbid wax (24)

copstituent of bees wax and klep wax
and in chinese(25) and cpiun waxes(es) as it ceryl ester.
Cerotiec acid has been reported to have a m.p. 77 = 79

and its amide a m.p. 108 ~ 109,
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Thr infra—red spectrum of the alcohol showad
strong hydroxyl (3400-3300 and 050 cm;"q)? methyl and-
methylene bending and stretching (2940, 2900, 2835, 1454
and 1455 cm?iJ} and methylene rocking {725 and 715 cqu)
avsorpliicn, and suggésted thet the sompound was & long
chain alcchel. ‘ | -

The presence of =z bydroxyl group was confirmed
by acetylation using amcetic anhydride_and p¥ridine. This
gave an acetats, GEEHSEDam e P EDHM 51-6

Ceryl alcohol (X¥XI), m.p. 79 - 83 , has beem
reported to be a constituent of a large pumber of plants

(28)

including. Ajuga bracgtsosa . Argemone mexicana(ag}“

Apple cuticular waxﬁﬁo), Colendula dfricinaliswﬁ)n

Grindelia squarrossa flowerscﬁej, Olive 011(33)h Pices
cmorika - wood 011(54), Pins (maritime)(55), Vitex luceus
hark(ﬁe),,ﬂttrusﬁﬁ?), B8amma - millet bran oil<55),

Zixmphus.jujubaﬁag)t Zamthinm strqmariumcqog.

The =vidence presertod cbove showed that the
ester derived from the skin wax of Klue Namwe was ceryl
cerotate (XXIX). This compound has been found to be tha
mein constituent of chinese(25) and opium waxes(es). and
to have a m.p. 81'- BET{E?},

Tie remaining pavt of the wax after separatiom
of the ester wes: an oil. Chromatoiraphy of the oill over
gilice gel using mixture of light petroleum and benzene,

mixture of benzene and chloroform, and chloroform a8 eluting
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solvents afforded o number of fractions. Froctions eluted
by benzenc / light petroleum (3:2) gave a positive
Liebernann-Burchard test (yellowish green fluorescence

—& ycllow —=—a= bTrown}. Thﬁﬁ& froctions were saponified
using nethanolic potaasium.hydroxide and the resulting
nixture of alecohol was acetylated. The acetylated mixture
was chromatographed on aluminiuvm oxide using mixture Of:
light petroleun and benzene, and benzene as eluting solvents.
Fractions eluted by benzene / light petroleun (3:7)
contained stercoids and were rechromatographed on alpninium
oxide. The fractions eluted by benzene / light petroleun
{(1:4) afforded a cﬂmpognd, c35H54DET T.Do ﬂ15nu ﬂ16:

FocpS” -+ 45.2° (c=2.68; CHC1,). The infra-red spectrun

of this conpound showed strong absorption at 4725 n:::u.'l"1

(C=0 stretching of an acetate), 1640 end 885 el {C=C
stretching and out of plane bending of terminal nethylene),
1238 cn7l (C~0-~-C stretching of acetate), and suggested

that it wight be a tetracyclic triterpencid containing a
vinylidene grouvp in the side ¢hain. Hydrolysis of the
acetate using 10 % methanclic potacizsiun hydroxide afforded
au aleohol, c&ﬂH5EG‘ ™m.p, 122iu 123°? This evidence
suggested that the acetate night be Z24—-methylenecycloartanyl
acetate fXKXII}; R:GHBGD. anfinnation of this a2ssignment
was obtained by a mizxed n.p. determination and conparison
of the infra-red spectra of the acetate with a sanple of
E#nmeth31enecycloartanyl acetate which was kindly suﬁplied
by Dr. G. Oata.
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{XXXII) (XXXI11

24—methylenecyclﬂartanol has been repcrted{4ﬂ) =(43)

to have a m.p. 120 - 123 fagzg 42 ~ au’ and o afforded

an acetate a n.p. ﬂ14‘~ ﬂﬂ? ,[JL]D =55 - 54 . The alcohol
was first isolated from rice bran oil by Ohta and Shinizul8?
and later from Populus trenuloides heartwccd(4q), Tristania

cmnferta(42} ﬂﬂfrtaceue), and Cephalosphnera usanbarensis

Warb(45) Its structure was shown to be {(XXXII; R=H) by
Ohta and Ehinizu(B) by relating it to cyclm:rtannl
E#-nethylenecycloartanyl acetate was ozonized to
24-oxocycloartanyl acetate (XXXIII ; RI«R%Q), which was
reduced to cycleartanyl acetate (XXIIX3 ﬁj=ﬂggﬂj_ﬁp_tﬁnx___m
Wolff - Kishmer method.

24—rethylenecycloartancl always occurs together
with other phytosteroids or triterpencids and its separation
from them is very difficult;Ohta has found that fractional

8)

crystallization of the ferulate derivative( affords pure

24-methylenecycloartanol, n.p. 121 - 122°, {ugfg + 43

In a nore recent paper he has rePGrteﬁ(44} that gas =-liquid
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vhronatographic separation of the triterpemncids nixture
reveals the presence Gfrccnpounds which could not be isclated
by other chromatcgraphic techniques or fractional
crystallization. Attempts by Ohta to separate mycloarteucl
fron 24=methylenecycloartancl by means of thin leyer
chromatography proved wnsuccessful, Howevor in vur handa
24—nethylenccycloartanocl has been separated fron the other-
constituents of banana skin wax by neans of preparative

layer chronatography using 2 nultiple run technigu&é. In

this way, conpounds having sinilar Ry values after one

eluticn could be separated.
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