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The isolation of Sebiferic acid from the acid part of 

SapiQm sebiferum Roxb. and the elucidation of its st~~cture. 

Investigation of the neutral part of Sapium sebiferum Roxb. 

and elucidation of the structure of moretenone, 3-epi-
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SUMMARY 

The work embodied in the present thesis has been divided into four parts: 

A. The first three parts (Parts I, II & III) consist of investigations 

carried out on the benzene extract of the trwL~ bark and stem of Sapium 

sebiferum Roxb. 

B. The last part (Part IV) deals ~>Ji th the investigations on the neutral 

A. 

part of Euphorbia Sikkimensis Boiss. 

Part I, Chapter III deals with tho acidic fraction of Sani UJ!l 

sebiferum Roxb. from \,rhich a new 3 ,·1-seco-tri t0rpene acid, c30H48o2, 

m.p. 178-80°, ~«_7D +28.37° has been isolated. The name Sebiferic acid 

has been proposed for it by the author after the name of the species. 

hom which it has been isolated for the first time. The investigations- on 

th3 elucidation of the structure of sebiferic acid (A) have been 

discussed. 

.... ·····r 
f..IOO 

The presence of a carboxyl group in a side chain has been 

established from the observation of easy hydrolysis of methyl . ,.,.. 

.. _/ 
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sebiferate. The presence of two double bonds were established by 

perbenzoic acid titration and formation of tetrahydro derivative. 

The appearance of two active methylene groups and two methyl groups 

on a double bond in the NMR spectra of methyl sebiferate revealed the 

presence of two isopropenyl side chains. 

Partial synthesis of the acid from moretenone oxime by the 

methods of Whitham and I\linot established the absolute configuration 

of sebiferic acid. 

Part II, Ch':1pter II comprises of the '"ork of the constituents of the 

neutral part of Saoium sebiferum. Isolation and identification of 

mo:rotcnone, a ne-,r tri terpene al~ohol - 3-coi-m.oretenol, a par.'l.ffin 

alcohol c28H58o, moretenol, f3-sitosterol have been discussed. 

Isolation of a new nor-triterpene, c29H46o4 , and work on its partial 

structure have been discussed. 

Section C deals with the elucidation of the structure of a ketone 

and its subsequent identity with moretenone. 

Section D deals with the elucidation of the structure of 3-epi-

moret8nol. The configuration of the hydroxyl group at C-3 position 

was indicated by NMR. Chromium trioxide gave moretenone. Its 

stereochemistry was confirmed by partial synthesis of 3-cpi-moretenol 

and moretenol from moretenmne by Paton's method. 

Section E deals with the isolation of a branched chain paraffin 

0 - 0 alcohol c28H58o, m.p. 86-9 , ~«_/D -13.8 • 

Section F deals with the isolation and identification of moretenol. 
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Section G comprises the isolation of a new nor-triterpene alcohol 

C29H4604, m.p. 228-9°, ~~_7D -9.09°. Two of the oxygen functions 

have been found to be present as ~' 3~ hydroxy groups by NMR. 

Acetylation of this nor-triterpene gave a diacetate and from the IR it 

was evident that neither of the t'\oTO remaining oxygen functions were 

present as hydroxyl or carbonyl group which was supported by chemical 

reactions. The presence of a AB quartet (HC=CH) was indicated by NMR. 

The diacetate liberated t"m mole equivalents of iodine for one mole of the 

compound in acetic acid solution. From this result the presence of 

peroxide linkage has been assumed. Partial structure Q has been 

postulated for the compound. 

H 
-C-0-0-C-

'9=( 
H H 

Part III comprises the isolation and elucidation of the structure 

of 3,4-di-0-methyl ellagic acid - a new derivative of ellagic acid 

obtained from the benzene insoluble part of Sapium sebife~nn Roxb. 

The presence of ortho dihydroxy grouping ;,ras established by the 

formation of diphenyl methylene acetal derivative by reaction with 

«,« dichlorodiphenyl methane. The UV spectra of the compound and the 

effect of the presence of aluminium chloride and boric acid on the UV 

spectra has been studied and discussed. 



B. 
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Part IV deals with the results of investigation on the neutral 

part of Euphorbia Sikkimensis Boiss. Glutenone, Butyrospermol, 

p-sitosterol were isolated and identified in addition to a new 

ttiterpene c31H520 (Mt 440), m.p. 94-6°, L-~_7D +58.6°. Presence of 

a double bona was indicated by NMR and perbenzoic acid titration. It 

gave an acetate, m.p. 107-8°, ~~_7D +50°, benzoate m.p. 274-5°. 

Further work was interrupted as the compound could not be isolated from 

the plant procured in different seasons. However, this yielded only a 

paraffin alcohol-identified as 1-Hexacosanol. 
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!!ART- I 

THE ISOLATION OF SEBIFERIC ACID FROM THE ACID PART OF 

SAPIUM SEBIFERUM ROXB. AND THE ELUCIDATION OF ITS STRUCTURE 



CHAPTER-I 

MORPHOLOGICAL FEATURES OF THE PLANTS OF E\JPHORBIACEAE FAMILYla 

Euphorbiaceae is a family of two hundred Genera and more than three 

thousand species, which are chiefly tropical and very rare in cold countries. 

Morphological features: Members of this family are usually shurbs, 

herbs and trees often with milky juice. 

Leaves alternate or opposite, rarely divided or compound, usually 

stipitate. Inflorescence various; flowers usually small, often minute, always 

unisexual (in Euphorbia consisting of single naked stamens in a parianth

like involucre, surrounding a solitary pistil). Parianth simple and calvcine, 

rarely petioled, often ~anting in one or both sexes, rarely double, with the 

inner of 4-5 minute petals. Stamens various, anthers two celled, often 

didymous. Ovary superior, of 5, rarely more, or two carpels, free or united, 

entire or divided, stigmatic surface usually on the inner face of the style 

or style-arms; ovules 1-2 in. each carpel, pendulons, from the inner angle 

of the cell, .funicle often thickened. Fruit either a capsule of two valved 

1-2 seeded cocci separating .from a persistent axis, or a drupe with 1-5 cells 

or of one or more combined nuts. ~ laterally attached at or above the 

middle of the cell with or without an aril or thickening of the hilum. 

Embryo straight, in a fleshy albumen, with flat cotyledons and a superior 

radicle, very rarely exalbuminous with fleshy cotyledons. 

1b Sapium, P.Br. 

Sapium species are usually trees or shrubs. Leaves alternate, entire, 

serrate or toothed, Penninerved; Petiole often 2-glandular at the top. 
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Flowers in terminal simple or Panicled spikes or racemes, monocious, apetalous, 

moles several in each bract; remale in the lower part or the spikes, or in 

separate spikes, solitary in the bracts. Calyx membranous, shortly 2-3 lohed 

or toothed, or split to the base into 2-3 valvate sepals. Stamens 2-5, fila-

0 menta f'ree; an-:_:_,ther cells ovoid, distinct, contiguous, parallel. Calyx 2-fid 

or -partite. Ovary 2-5 celled; styles f'ree or connate at the base spreading 

and recurved, undivided, cells 1-ovuled. Capsule crustaceous, fleshy or pulpy, 

rarely woody, at length loculicidally (not elastically) 5-valved, globose, 

estrophiolate, usually long persistent on the columella, testa crustaceous, 

albuman flashy; cotyledous broad, flat. Twentyrive species all tropical have 

been identified. 

Sapium sebirerum Roxb., which is called Toyapippali in Sanskrit, 

Vilazati shisham in Hindi and Momchina in Bengali is a native or China, the 

juice of the tree is·acrid and vesic2• The plant is cultivated in various 

parts or India and elsewhere in worm countries. In Bengal it is available in 

3 
the Tarai Hills and plains • 

Leaves long petioled ovate orbicular - ovate or subrhombic quite entire 

rinely acuminate glaucous beneath, racemes simple terminal solitary, f'ruit 

capsular subacute. 

Sapium sebirerum is a small tree. Leaves 1t - 2" sometimes broader than 

long; nerves 6-10 pair, very slender almost transverse;. petiole t - 1i"; 

2-glandar, slender. Racemes 2-4 11 ; the earliest in the year all male; bracts 

short, acute. Male flover clustered, 2i" diameter, pedicelled; calyx cupular, 

trucate; anthers large, exserted. Female flower longer and more stoutly 

pedicelled; sepals ovate, acute. Ovary glabrous narrowed into a stout s~le, 

with recurved stigmas. Capsule coriaceous, the size or a pea, subglobose, 

shortly pointed. Seed globose with a coating or wax under the epidermis. 



CHAPTER-II 

A SHORT REVIEW ON 3,4-SECO TRITERPENE ACID§ 

1. Nyctanthic Acid, c3oa48o2, m.p. 222°, ~«_7D +91° was originally isolat~d 
4 by Vasistha in 1938 from Nyctanthes arobor-tristis Linn. and was named 

"Nycosterol". He suggested the molecular formula C27Il4402 for it. Turnbull 

and coworkers5 gave the molecular formula C3oH48o2 and suggested that it was 

a triterpenoid acid containing two double bonds. Infrared spectra shoved that 

one of them was present as a vieylidene group (==CB2 , 2/ max 1634, 890 cm-1) 

and the other as a trisubstituted double bond (zr max 809-810 cm-1). The 

methyl ester of the acid could be easily ~drolysed as in the case of methyl 

ester of polyporenic acid6• ' The formation of a dipheeylethylene derivative 

(..i\.max 252 mp.) from the methyl ester of nyctanthic acid suggested that the 

acid contained grouping -CH2-COOH or )cH.COOB. On the basis of the above 

observations structure l was suggested for nyctanthic acid. The correct 

structure ~was put forward by ~tham7 from chemical evidences and biogenetic 

considerations. 

In accordance with the above structure 2 the vinylidene group could only 

be hydrogenated readily to give dihydroderivative 2a, the other trisubstituted 
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double bond being inert to hydrogenation. The environment of this double bond 

was shown to be same as in (3 -amyrin. Se02-oxidation of the acetate of the 

alcohol obtained b,y LAB reduction of dibydromethylnyctanthate yielded the 

diane ~' c32H52o2 , m.p. 133.5-5°, £"a..J D -74° having UV .max at 243, 251 and 

260 mp. characteristic of olean-11,13(18)-diene system. The large negative 

Mo dif'ference ( A. MD-682) accompanying the dehydrogenation is in close 

agreement ld th the corresponding value in the case of' (3 -amyrin acetate 

( A Mo-697). The tetracyclic structure &,, vhich possesses all the features 

necessary to explain the chemical reactions of' nyctanthic aci.d was also 

acceptable from biogenetic point of view. The biogenetic origin of ~ctanthic 

acid g was postulated as derived from the ft-~in derivative! by the 

sequence shovn belo~: 

HOO 

Finally, structure g was confirmed by its partial synthesis by Beckmann 

rearrangement of -~ -amyroneoxime as shown below z 

~ty 
Paratoluene ) ~X' 
sulfo~l chloride »/ 

p~i~ne -~ 

Tso- ~ 

Net 01-1 
) 
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The same structure ~ vas deduced by Arigoni and coworkers
8 

on biogenetic 

grounds and by phot.ochemical synthesis of' ~ starting f'rom (3 -amyrone. 

h\J" 

(3 -amyrone 

2. Damrnarenolic Acid, c5QH50o3, m.p. 158-42°, £"c<JD +4SO was isolated by 

Mills and Werner9 f'rom "Pole Bold Indonesian Darnmar". IR spectra showed 

peaks at 5620 cm-1 (~.-OH group, no acetate was f'ormed), 5070 (-COOH), 

1640, and 895 (=CH2) cm-1. On hydrogenation it gave a tetrahydro derivative. 

Cr05 oxidation of' the ester gave acetone and the tris-nor-lactone Z which 

suggested that the side chain must be present as in ~. The structure § 

was finally established by Arigoni and coworkers8 from chemical and physical 

evidences. 

HOO 
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They put forward the following new scheme for the biogenetic formation 

of dammarenolic acido 

The structure ~ was supported by partial synthesis of Z by photochemical 

oxidation8, 10 of the Y~lactone obtained from hydroxy dammarenone-II, ~. 

0 r,J 0 • 3. Roburic Acid, c30H48o2 , m.p. 181-2 , t- c( D +78 was isolated together 

with nyctanthic a'cid by Ma.ngani and Belardini11 from common Oak (Quercus robur). 

Its structure 10 was suggested by these workers on the basis of physical and 

chemical data and by analogy of its occurrence with nyctanthic acid. 

I 
HOO~~ 

The IR spectra showed peaks at 1640 cm-1 and 900 cm-1 indicating the 

presence of C=CH2 group. This was confirmed by NMR spectrum where there 

are peaks at 5.34 T and 5.16 'I (=CH2) and in addition a peak corresponding to 

another vinyl proton is present at 4. 85 'I • On catalytic hydrogenation it 

yielded dihydroroburic acid which still shows a peak at 4. 85 7' in its NMR 

indicating the presence of the inert 12,13 double bond. Dihydroroburic 

acid was found to be identical to 3,4-seco-urs-12-ene-3 carboxylic acid 

prepared by Arigoni and coworkers8• That roburic acid actually has structure !Q 
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was proved by its partial synthesis f'rom ~ -amyrone oxime by .follov.!..ng the 

method or Whitham7 and Klinot12• 

4. Canaric Acid, c30H48o2 , m.p. 215-16°, ~~_7D +56.5° was first isolated in 

1925 by T.G.H.Jones and F.Berry-Smith13 from Canarium muelleri and assigned 

the molecular formula c28H45 (?)02 to it. Later in 1964 Carman and Cowley14 

reinvestigated the compound and gave the correct molecular formula C3oH48o2. 

They assigned the 3,4-seco structure!! to it on the basis of IR and NMR 

studies and chemical evidences. The IR spectra exhibited two bands at 895 

and 875 cm-1 assignable to two asymmetrically disubstituted ethylene functions. 

These two bands disappeared on hydrogenation or the compound. The NMR spectra 

showed a complex of four vinyl protons between 5.1 and 5.5·1 , two methyl 

groups located on double bonds (8.26, 8.31~) and four additional methyl 

groups (8.92, 9.04, 9.15, 9.20~). The tetrahydro derivative showed only 

eight methyl groups bet\-reen 8.95 and 9.25 '1. The physical and chemical 

reactions of canaric acid are in confirmaty "With the assigned structure ll 

derived f'rom lupeol via lupenone J..J4. This structure was confirmed by 

partial synthesis7 ' 12 from the oxime of lupenone ~. 

5. Lansic Acid, c30H46o4 , m.p. 182-4°, ~~JD -7° was isolated by Kiang 

and coworkera15 from the fruits of Lansium domesticum (Maliaceae). It is a 

dibasic acid 12a which afforded the dimethyl ester 12b on esterification. 

LAH reduction gave diol 12c, which furnished a diacetate 12d. Hydrogenation 
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or 12c gave octahydrodiol 13a which gave the diacetate 13b. Spectroscopic 

studies of these compounds.led to structure 12a ror lansic acid. 

12a; R = GOOH 15a• _, R = CH20H 

12b; R = COOCH5 13b· _, R = CH20Ac 

12c; R = CH20H 

1.2d; R = CH20Ac 

100 Me NMR spectrum of the methyl ester 12b showed signals attributable 

to two tertiary methyls at 0.73 and 0.81 ppm; three olerinic methyls at 

1.66, 1.68 and 1.76 ppm; two methoxy carboxyl methyls at 3.51 and 3.50 ppm 

and seven olefinic protons at 4.65-4.95 (6H) and 5.34 ppm (lH). Irradiation 

at 1.68 ppm caused the six olefinic protons to be coupled from the allylic 

protons as well as the olefinic methyl groups so that the complex signal 

around 4.8 ppm arising from six protons was reduced to three pairs of 

doublets thus suggesting the three moieties l!-~. Moreover, irradiation of 

the 1.76 ppm methyl signal converted the broad olefinic peak at 5.54 ppm (1H) 

to a singlet, thus indicating the presence or ll· 

1.66 Me H 4.9 1.68 Me H 4.81 
'-.....___....-- (d, J - 1.5) ""-.___/ (J - 2. 2) 
R~ 4.66 R~ 4.77 

1i ~ 

R H 4.85 1.76 Me H 5.54 Rx (d, J - 2.2) '-.__/ (br, S) 
4.7 W~R 

!§. !7. 
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The above structures were supported by NMR spectra of lansic acid 

derivatives; for example, the spectrum of the octahydrodiol 13a showed 

two pairs of isopropyl doublets {centered at 0.87 and 0.77 ppm both with 

J, 6.6 cps), two secondary methyl doublets centered at 0.73 ppm, J, 6.1 cps 

and 0.89 ppm with J, 7.5 cps respectively; two tertiary methyl singlets 

{overlapping at 0.74 ppm). These results coupled with the mass spectra of 

compounds 12a-12d fully corroborated 12a assigned to it. 

Thus lansic acid may be considered to have arisen biogenetically from 

onocerin group of triterpenesin w~ch both rings A and E have undergone 

cleavage of the type encountered in ring A of QYctanthic acid, dammarenolic 

acid etc. 

6. Sebiferic acid, 19a, c30H48o2 , m.p. 178-800, ~~_7D +28.57° has recently 

been isolated b.y the present author from the acidic fraction of the bark and 

stem of Sapium sebiferum Roxb. The details regarding its chemistry is reported 

in the next chapter {Chapter-III). 

Biogenesis 

8 D. Arigoni and coworkers postulated that oxygen atom which is present 

in almost all the triterpenoids at C-3 might be present as carboxyl group in 

dammarenolic acid, which might result from the cleavage of normal triterpenoid 
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3-ketone according to the biogenetic process illustrated in 13 {X =a suitable 

electro negative departing group) or equivalent process (13 ~ 1!). 

r'V< 
HOO~ 

G.H. Whitham7 speculated that nyctanthic acid might be formed biogene

tically by ring opening of a suitable (3 -a.m;yrin derivative to give the 

functional group of nyctanthic acid. As the naturally occurring· oleanane 

derivative oxygenated at C-23 or C-24 are well known, an attractive biogenetic 

sequence leading from 3-oxo-precursor to the desired type of compound was 

proposed by the author7 as in (l§. ---7 14) -where or is a suitable leaving 

group. 

A.I.Laskin and co-workers16 postulated the formation of natural seco 

acids via E -lactones and they7 succeeded in preparing 3,4-seco-8,24(28)- · 

eburicadiene-4-ol-3,21-dioic acid from eburicoic acid by cultivating Glomerella 

.fusarioides. Recently, David Rosenthal and co-workers8 justified the above 

possibility of their biogenetic sequence o:f formation by carrying out the 

pyrolysis of E -lactones prepared by Baeyer-Villiger oxidation of 5-keto 

compounds of steroids with no methyl substituent in the 4 position, with ~ and 

4)0 monomethyl substituent and ~,fo dimethyl substituents. Only in the case 

o:f E -lactones obtained .from 3-keto 4 ,4-dimethyl compounds they obtained the 

seco compounds of the type !i· 

RCOOOH) 20o0 )ct· 
HOOC 

~ 
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It seems that it is essential to explain why seco acids with mono 

substituent or no substituent at C-4 position as in the case of steroids, has 

not yet been isolated from natural sources. The following28 is the explanation 

for it: there are two possible, .readily interconvertible chair conformations 

ror the E -lactone system under consideration. In the conf"ormation 1.§. the 

4,(3 substituent R2 is in a 1,5-diaxi.al relationship with regard to C-19 methyl 

group, whereas in conformation 17, R2 is equatorially situated. On the other 

hand, conformation 17 involves some interactions between the~ substituent R1 

and the carbonyl group at position 5 as well as with the axial-H atoms at 

C-1 and G-5. In the unsubstituted lactone and probably also in the ~-methyl 

derivative it is likely that the latter factors combine to stabilise conforma

tion 16. However the presence of a (.3 -oriented methyl group at G-4 wuld be 

expected to overcome this interaction and force the lactone ring into 

conformation 17 in which case the hydrogen atoms of ~-methyl group R1 are 

perfectly oriented for a facile intramolecular cyclic transition to the 

olefinic acid 14 as shown in 17a. 

c~ CH;a 
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The above considerations receive support from NMR spectra of the various 

E -lactones with or without substituents at C-4. As a consequence of the 

above considerations it is evident that methylene group in the cleavage 

product 14 be derived exclusively 'from the ~-methyl group. 

A striking demonstration of the expected selectivity of this pyrolytic 

elimination reaction vas provided by the conversion of the dilaetone 18a into 

the unsaturated acid 18b without opening or theY-lactone. 
0 

HOO 

1illt_ 

Hence from the above findings and explanations it is quite plausible that 

the 3-4 seco acids that have been isolated might be formed in nature via 

E -lactones derived from the 3-keto triterpenoids. 

It is quite interesting from the biogenetic point of view that three 

different compounds of isohopane series - moretenone, moretenol and 5-epi-

19 20 21 moretenol ' ' have been isolated from neutral fraction of the same plant, 

Sapium sebiferum and that the seco-acid sebiferic acid is also present in the • 
same plant. Hence, sebiferic acid might result from moretenone via~ -lactone 

as discussed by Rosenthal et a118• 



ADDENDUM 

* Recently K. Habaguchi et al correlated lansic acid with "'--onocerin and 

established the stereochemistry of lansic acid as A. 

/ 
I 
l 

' 

ROOC 

,._-:_., 

A,R=H 
A', R=t.fe 

h V'jMeOH. (J!J~ 
·MeOO ~ 

l!l . D 

.,(-Onoceradienedione C was irradiated for 6 hours with a 450W high 

-pressure mercury lamp to give the oily methyl ester D as the major product. 

Hydrogenation of the product D afforded the fully saturated ester B identical 

with octahydro methyl lansat~ obtained from methyl lansate A 1 • From the petroleum 

extr~.ct a minor constituent E was isolated which is probably a precursor in the 

biosynthesis of lansic acid. 

. ~- -~ -~ .. -

E 

.. * K.Habaguchi, M.Wat~_nabe, Y .Nakadaira, K.Nakanishi, A.K.Kiang and F .Y .Lim. 

'·-'Tetrahedron Letters, 34,3731,1968. 
_-;:--::<--



CHAPTER-III 

ISOLATION OF SEBIFERIC ACID AND ELUCIDATION OF ITS STRUCTURE 

Section A : EXTRACTION 

Dried and powdered trunk bark and stem of §apium sebiferum Roxb., was 

extracted with benzene in a Soxhlet apparatus. On cooling to room temperature 
. 

a yellow solid separated out from the benzene extract, and was collected b,y 

filtration (the chemistry of this portion of extract is dealt in Part-III). 

Distillation of the clear filtrate gave a ~ residue which was taken up in 

ether. The ether solution was treated with aqueous sodium hydroxide solution 

and the alkali layer separated. The ether solution vas washed with water and 

dried over anhydrous- sodium sulphate. Evaporation of ether fUrnished a gummy 

residue which constituted the neutral portion of the extract. The work 

on this neutral portion is dealt in Part-II. 

Section B : ISOLATION AND PURIFICATION OF SEBIFERIC ACID 

The alkali washed portion on acidification with dilute hydrochloric 

acid yielded a solid which was extracted with ether. The ethereal solution 

containing the acid was esterified with diazomethane. The crude methyl ester 

obtained after evaporation of ether on chromatography and repeated crystallisa

tions from chloroform and methanol afforded a compound which melted at 80-130°. 

It was purified in the following manner. The ester m.p. 80-1300 was hydrolysed 

with 10 per cent methanolic potassium hydroxide when a sparingly soluble 

potassium salt separated out from the alkaline mixture. The alkaline mixture 

was shaken with ether to remove a~ neutral material that might be present. 

The alkaline layer was then acidified with dilute hydrochloric acid when a 
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soiid precipitated out. The latter was esterified, chromatographed and 

crystallised from chloroform and methanol to give crystals, m.p. 134-6°, 

L-«_7
0 

+24.4°. Hydrolysis of the ester gave the pure acid, m.p. 178-8oP, 

L-«J0 +28.57°. 

Section C : PROPERTIES OF SEBIFERIC ACID 

Titration of the acid with standard sodium hydroxide solution showed 

that it was a monobasic triterpene acid, neutral equivalent being 434. 

Elemental analysis and the equivalent weight showed .that the molecular 

formula was C3oH48o2• IR spectrum showed peaks at 5070, 1707 (COOH group), 

1640, 895, 875 (two double bonds) cm-1. On esterification it yielded a 

. - J o KBr ( ) methyl ester c31H50o2 , m.p. 134-5°, L « D +24.40 
1 

lf max 1737 -COOMe group , 

1640, 895, 875 (double bonds) cm-1 , NMR spectrum (Fig.l) exhibited peaks at 

5.14 and 5.30 'T'(four vinyl protons, m), ~.55 'Y (-COOCH5 , 3H, s), 8.28 and 

8.52 T (two -CH3 groups on double bonds, s), 8.57 l(-cg2coocH5, 2H, s) and 

8.97, 9.05, 9.17, 9.30 ~(four tertiary methyl groups, 4x3H, s). The acid 

and the methyl ester did not show any UV absorption in the region 220-300 mp. 

The acid~ was amorphous, gave a sparingly soluble potassium salt. It was 

soluble in ether, chloroform, benzene and hot methanol. The acid appeared 

to be a new one and has been named Sebiferic ~ after the name of the 

species from which it has been isolated for the first time. 

Section D: 

(i) NATURE OF THE CARBOXYL GROUP 

The methyl ester of Sebiferic acid ~could be easily hydrolysed with 

5 per cent methanolic potassium hydroxide solution which is very remarkable. 

It is known that the triterpenoid acids are generally hindered, their methyl 

esters being hydrolysed only with difficulty with alkali, as is encountered 

J 
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in the case o~ pinicolic acid15• However, the esters o~ acids contained in 

a side chain, as that o~ polypotenic acid A
14 

20 and dibydropolyporenic 

acid15 have been ~ound to hydrolyse 'With the same ease as that o~ methyl 

sebiferate. From this observation it can be stated that the carboxyl group 

is probably present in the side chain of the molecule. The side chain may 

thus be represented as 21a or ~. 

00 H )cH-COOH -CH2COOH 

(ii) NATURE OF THE OTHER FUNCTIONAL GROUPS 

Methyl sebiferate 19b consumed two equivalents of perbenzoic acid 

showing the presence o~ two double bonds. On hydrogenation of the ester 19b 

over 10% palladium-on-charcoal catalyst in ethanol at atmospheric pressure it 

consumed two molar equivalent~ of hydrogen to give tetr~dro methyl sebiferate 
• 0 KBr 

118-19° Ld.JD+7S,y 1757 (-COOMe group) cm-1, NMR 
max 

spectra (Fig.2) showed peaks at 6.55 T (C!i~-, 3H, s), 8.57'1(-C!i2CO, 2H, s) 

and 9.Cf7 to 9.35'1 (eight CH 3-, 24H), the peaks at 5.1'1and 5.3lpresent in 

methyl sebiferate ~ being absent. 

Section E : STRUCTURE OF SEBIFERIC ACID (19a) 

The proposal ~ for the structure of sebiferic acid has been deduced 

f'rom its chemical behaviour._ ·an.d analysis of its infrared and NMR spectras • 
... ,... .::: 

l\•1".(' .... 7 .: ~ 
l.. 4(4.,' :·. ¢ -- _., .. ' ::.,... ..,. 

1 5 JAN 197 5!. LlL~-RY E 
4'. ~:~· 
~.,.,., R1 uur..'n't.~ 
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The IR spectra of sebiferic acid showed peaks at 5070, 1707 ~-1 is indicative 
of c-. cc>J;Jkcr><'f 'f'ao'-4f' ~ pa.u.kS ~ \l.4.0 1 'i3<\'iJ~"15c·w.-\ ·,s ~.......,t..:.Ga...fi..,.. ... 
of t~o double bonds. The IR spectra of methyl sebiferate 19b showed peak at 

-1 1 1757 em for the methyl ester group and at 1640, 895, 875 em- ~hich can be 

assigned to two asymmetrically disubstituted ethylenic functions. These last 

three bands are completely absent in the spectra of tetrahydro methyl sebiferate 

gg which showed the band only at 1757 cm-1 , for the methyl ester group. The 

NMR spectrum {Fig.1) of the ester also shoved the presence of four vinyl 

protons between 5.14 and 5.50 1r, two methyl groups located on two double 

bonds at 8.28 and 8.52 ~ and four additional methyl groups on saturated 

carbons at 8.97, 9.05, 9.17 and 9.30~ together with the peaks for the methyl 

group of the carbometho:xy .function at 6. 55 'I and methylene group adjacent to 

the carbometho:xy group (-G~COOCH5 ) is shown by the peak at 8.57 'T • The NMR 

spectrum {Fig.2) of the tetrahydro methyl sebif'erate ~ showed no signal for 

the vinyl protons, but showed a complex of' eight methyl groups around 9.07 to 

9o 05 T and a peak for the methyl signal (5H) of the carbomethoxy group at 

6.35 T and a signal for the methylene group to which the carbomethoxy group 

is attached (-Gfi2COOH5) at 8.57 T , suggested that tetrahydro methyl 

sebiferate 20 is a completely saturated compound. That sebiferic acid 

contained two double bonds was also proved by perbenzoic acid titration on 

methyl sebiferate 19b when it consumed two equivalents of perbenzoic acid. 

It has been observed that sebiferic acid remains unchanged at its 

melting point. This, coupled with the fact that sebif'eric acid and methyl 

sebif'erate exhibit no UV absorption in the region 22G-500 m Jl, it may be 

deduced neither of the double bonds is situated at ~-(3 nor ;3 -Y position to 

the carboxyl group nor they are placed as a conjugated diane. 

The molecular formula with only two oxygen atoms, requires that the 

oxygen which is invariably present at C-5 in almost all the triterpenoids 
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(obtained :rrom higher plants) must occur in the form of carboxyl group in 

sebiferic aeid on biogenetic grounds17 , 18 and therefore, the normal triterpene 

ring A be cleaved. On the basis of these results, IR, NMR and UV spectral 

datas and the chemical evidences shown above it may be concluded that sebiferic 

acid must have a tetracyclie skeleton with t~o vinyl methyl and four methyls 

on saturated carbons. In accordance with the results so far obtained both 

by physical and chemical methods two structures g], and 24 can now be envisaged. 

),,~~ 

Hoo 

Both the two structures fulfil all the necessary requirements mentioned above. 

Recently Garman and Cmvley19 have established the structure ~ (=l.Q) for canarie 

acid so the only possible structure for sebiferic acid would be 3-4 seco acid 

derived from hopane or isohopane skeleton. 

Section F : STEREOCHEMISTRY AND PARTIAL SYNTHESIS 

The postulated structure ~was fully established with its stereochemistry 

20 21 22 
by its partial synthesis from Moretenone ' ' 25, according to the method of 

Wbitham4 and Klinot8• 

Beckmann rearrangement of moretenone oxime 26 with p-toluene sulphonyl 

chloride and pyridine gave the normal product - a lactam 28, C5oH49No, 

m.p. 288-9, ~~_70 +39.28°, IR peaks (KBr disk) 5220 (NH), 1667 (-CONH-), 

-1 
1640, -, 875 em ; together v.i th the abnormal product, the nitrile 27, 

C3oB47N, m.p. 141-42°, Lc(J +54.66°, IR peaks (KBr disk) at 2240 (-CN), 

! 
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1"'"'7 19a; R = H 

Jm2; R = CH5 
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25• R = 0 _, 

~; R =NOH 

f.-T.SOCl 
( 

1640, tgCJ£r, 875 om-1 (two C=CH2 ). Alkaline hydrolysis of the nitrile 27 

gave an acid C5oH48o2 , m.p. 179-800, f:a.JD +27.12°. This acfd did not show 

any depression in melting point when mixed ~th sebiferic acid. The methyl 

ester prepared in the usual manner had m.p. 155-6°, f:a.JD +24.40° and did not 

depress the melting point when mixed with methyl sebiferate and was 

indistinguishable by IR and TLC. 
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CHAPT'ER-IV 

EXP'ERIMENT AL 

Melting points are uncorrected. Petroleum ether used had b.p. 60-80°. 

All optical rotations were determined in chloroform unless stated 

otherwise. NMR spectra were taken in Varian-60 spectrometers. IR 

spectra recorded were taken in Perkin-Elmer spectrometer 337. UV 

spectra were observed in Zeiss VSU-1 spectrophotometer. 

Dried and powdered trunk bark and stem (1.0 kg.) or Sapiurn sebiferum Roxb., 

was extracted with benzene in Soxhlet apparatus for 36 hrs. During the 

extraction a yellm.i insoluble solid separated out. The extract was cooled to 

room temperature and the yellow insoluble solid was collected on a Buchner 

funnel, the solid was washed with benzene, dried and kept as benzene insoluble 

eortion C (0.6 g.), m.p. 280-300°. From the clear riltrate, benzene was 

distilled off and a gummy residue (18.0 g.) was obtained. The gummy residue 

was dissolved in ether (1 litre) and the ether solution was washed with 10% 

aqueous NaDH solution (3 x 300 ml.) and water till neutral. The neutral ether 

solution was dried (Na2so4 ) and the ether evaporated. The gummy residue 

(16.0 g.) was kept as neutral portion B. 

The aqueous alkaline layer was extracted with ether to remove any neutral 

material that might be present. This was then acidified ~th cold and dilute 

10% HCl (1 litre) when some insoluble solids separated out. The acidified 

solid solution was then extracted with ether and the ethereal solution was 

washed with water till neutral and then dried (Na2so4 ). Ether was removed 

when a gummy residue (1.0 g.) was obtained. To the latter dissolved in ether 

(200 ml.) was added a solution of diazomethane in ether prepared from 
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ni trosomethyl urea (0. 7 g.). The mixture was kept overnight. Next day, the 

excess of diazomethane was destroyed with acetic acid. The ether solution was 

washed with water, 10% NaHC05 solution and again with water till neutral, and 

was dried (Na2so4 ). Evaporation of ether yielded a gummy residue (0.5 g.)-

acid portion A. 

Chromatography of the above gummy material. ,(0.5 g.) : Isolation of methyl 

sebiferate 19b. 

The above esterified gummy material (0.5 g.) dissolved in benzene (5 ml.) 

was placed over a column of alumina (50.0 g., deactivated with 1.2 ml. of 

10% aqueous acetic acid). The chromatogram was developed with petroleum ether 

and was eluted with following solvents (Table I). 

TABLE I 

Chromatography of the above gummy material (0.5 g.) 

Eluent 

Petroleum ether 
(200 ml.) 

Fractions, 50 ml. each 

1-4 

Residue on evaporation 

Semi solid, (0.4 g.) 
(m.p. 80-120°) on digestion 
-with methanol 

Further elution with more polar solvents did not yield any material 

Fractions 1-4 (Table I) were combined (0.4 g.) and crystallised twice 

from methanol and the melting point, 100-120° could not be improved by 

further crystallisation. It was fUrther purified by the following method: 

The above methyl ester was hydrolysed with 10% methanolie KOH solution 

(20. 0 ml.) by refluxing for four hours. Methanol was removed from the reaction 

mixture and the residue was diluted with cold water and extracted thrice with 
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ether to remove any neutral material that might be present. The aqueous 

alkaline layer which contained the sparingly soluble solids was acidified 

with cold 10% HCl when white flocculent solids separated out. The solids 

were extracted with ether and the ether layer was washed several times with 

water till neutral and dried (Na2so4). Evaporation of ether gave solid 

residue (0.35 g.). The latter was esterified with diazomethane as usual and 

the gummy ester (0.35 g.) obtained thereby was dissolved in benzene (3 ml.) 

and placed over a column of alumina (20 g., deactivated ~th 0.8 ml. of 10% 

aqueous acetic acid). The chromatogram was developed in petroleum ether and 

was eluted with the following solvents (Table II). 

Eluent 

Petroleum ether 
(150 ml.) 

TABLE II 

Chromatography of the above residue (0.35 g.) 

Fractions, 50 ml. each 

1-3 

Residue on evaporation 

Semi solid, (0.32 g.) 
formed solid (m.p. 
130-134°) with methanol 

Further elution with more polar solvents did not yield any mate~ial 

The above fractions 1-3 (Table II) were combined and crystallised from a 

mixture of chloroform and methanol, vhen a crystalline solid m.p. 134-6°, 

~~_7D +24.4° was obtained. The melting point could not be raised by fUrther 

crystallisations from methanol. 

Found . C,81.58; H,11. 31%. . 
~31H50°2 requires : C,81.93; H,11. 01%. 

IR(KBr disc) . A/max 1737 (-COOCH3), 1640, 895' . 
875 (C=CH2) cm-1. 
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NMR (60 Me) : 6.35 (-COOCft5, 5H, s); 5.14, 5.50 (2=C~, 

4H, m); 8.28, 8.32 (2=C-Cli3, 6H, s); 

8.57 .(-C!kCOOCH5, 2H, s), and 8.97, 9.05, 

9.17, 9.30 (4 ~.-Cft5 groups, 12H, s) 'I 

UV (in 95% ethanol) . . 
(Fig.1). 

No absorption in the region 220-500 m p. • 

Hydrolysis of methyl sebiferate ~ : Isolation of Sebiferic acid ~ 

Methyl sebiferate 19b ( 0.15 g. ) was refluxed vi th 10% methanolic KOH 

solution (10 ml.) for 4 hrs. The solution was cooled, acidified ~th cold 

10% HCl (20 ml.) and extracted with ether. The ·ethereal layer yas washed with 

water till neutral, dried (Na2so4), and ether distilled off. The residue was 

crystallised from methanol when an amorphous solid crystallised out, m.p. 178-80°, 

Found : 

Calculated for c50H48o2 : 

IR (KBr disc) : 

UV (in 95% ethanol) : 

C,81.45; H,10.62%. 

C,81.75; H,11.00%. 

5070, 1707 (-900H), 1640, 895, 

875 (=CH2 ) cm-1. 

No absorption in the region 220-500 m p.. 

Preparation of tetrahydromethyl sebiferate 22 
. -

Methyl sebiferate 19b (0.2 g.) vas hydrogenated in ethanol at room 

temperature and atmospheric pressure in presence of palladium-on-charcoal 

catalyst (0.05 g.). Two molar equivalents of hydrogen were consumed during 

one hour. The hydrogenated product was filtered and on concentration of the 

filtrate, fine needle shaped crystals m.p. 110° separated out. The crystals 

were recrystallised for analytical sample, m.p. 118-19°, ~~_7 + 7·5~ 
D 

, 
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Found : C,80.98; H,11.47%. 

Calculated for c51a54o2: C,81.22; H,11.79%. 

IR (KBr diso) : :~ 1737 (-COOCH3) cm-1. 

NMR (60 Me) : ~.35 (-C009fi3, 3H, s); 8.57 (-Cfi2-00-, 2H, s); 

9. 07-9.55 T(8 -CfiB, 24H) (Fig. 2). 

Estimation of double bonds : Perbenzoic acid titration of methyl sebiferate 

Methyl sebiferate (0.9 g.) vas taken in a 25 ml. volumetric flask and 

dissolved in chloroform (10 ml.). A solution of perbenzoic acid in chloroform 

(5 ml.) was pipetted out and added to the solution and the volume made up to 

25 ml. by adding chloroform. A blank solution of perbenzoic acid (5 ml.) was 

similarly prepared in a 25 ml. volumetric flask and the volume made up to 

25 ml. vith chloroform. 5 ml. aliqu9t portions vere titrated from each of the 

above solutions against standard sodium tbiosulphate ~elution. 

Strength of sodium thiosulphate solution = 0.093_!. 
10 

Results 

Time Blank Thio.req. Reaction Thio.req. Diff. No.of 
interval ml. mixture ml. ml. double 

(0.) lb) ~-b) bonds 

30 min. Blank(5 ml.) + 2% 15.5 Alijuot(S ml.) 9.8 5.7 1.34 
KI(10 ml.) + AcOH + 2 KI(10 ml.) 
(2 ml.) + starch + Ac0H(2 ml.) 

+ starch 

1 hr. n 15.5 n 8.5 7.0 1.64 
2 hrs. " 15.5 n 7.9 7.6 1.79 
3 hrs. a 15.5 " 7.0 8.5 2.00 
4 hrs. " 15.5 " 7.0 8.5 2.00 

12 hrs. " 15.5 n 7.0 8.5 2.00 
24 prs. n 15.5 n 7.0 8.5 2.00 
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It vas found that two moles of perbenzoic acid was consumed within three 

hours showing thereby that methyl sebiferate 19b contained two active double 

bonds. 

Base Titration 

Sebiferic acid {0.116 g.) was taken in a 50 ml. volumetric flask and 

made up the volume to 50 ml. wi. th methanol. A standard --1!. methanolic sodium 
100 

hydroxide solution was prepared. 20 ml. of the sebiferic acid solution was 

titrated with the standard sodium hydroxide solution, using ptt.¢.,.,_ol.rl,.1hJ.-t:i'Yl as 

the indicator. 

Strength of sodium hydroxide solution= 0.002N. 

20 ml. of the acid solution was equivalent to 5 ml. of the alkali solution. 

Calculation showed that the acid was mono basic and the neutral equivalent 

was 434. 

Preparation of moretenone oxime E2 

To moretenone ~ (1.0 g.) dissolved in pyridine (10 ml.) was added 

hydroxylamine hydrochloride (0.6 g.) and absolute alcohol (10 ml.) and the 

mixture was refluxed for three hours. After the reaction was over the alcohol 

was evaporated off and diluted with cold water. The precipitated solid was 

collected, washed with methanol and dried und~r suction. The solid (0.95 g.), 

m.p. 247° was crystallised twice from chloroform to afford moretenone oxime 

26, m.p. 274-6°. 

Found'· : 0,81.62; H,10.86%. 

: 0,81.90; H,11.20%. 
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Beckmann Rearrangement of moretenone oxime g§_ : Preparation of the nitrile ?:1 

and the laotam 28 

To moretenone oxime 26 (1.0 g.) dissolved in pyridine (40 ml.) vas added 

E_-toluene sulphonyl chloride {1.0 g.) and the reaction mixture kept at room 

temperature for 16 hours. A few drops of water was added and the mixture was 

set aside for a further period of 50 minutes. After addition of dil.HCl (1:1) 

the product was isolated with ether. A part of the solid remained in the 

aqueous layer. The ethereal part was washed with water till neutral, and 

dried (Na2so4 ). Removal of ether gave a solid residue (0.2 g.) which was 

chromatographed over alumina (12 g., deactivated with 0.4 ml. of 10% aqueous 

AcOH). The chromatogram was developed vith petroleum ether. 

TABLE IV 

Chromatography of the above ether soluble part (0.2 g.) 

Eluent Fractions, 
50 ml. each 

Residue obtained on 
evaporation 

Petroleum ether 1 Oil 

" " 2-4 Solid with methanol, 
m.p. 142° 

Further elution with more polar solvents did not give any material 

The fractions 2-4 (Table IV) were combined and the solid crystallised 

twice from methanol to afford fine needle shaped crystals of 5-cyano-3,4-

seco-hopa-4(25),28-diene, m.p. 141-42°, ~~_70 +34.66°. 

Found 

Calculated for c50H47N 

IR (KBr disc) 

: C,85.05; H,10.91%. 

: 0,85.40; H,11.20%. 

Ymax 2240(C:N), 1640, 99~~ 875(=cH2) cm-1. 

1-
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The aqueous layer containing some ether insoluble solid was extracted 

with chlorororm. The chlorororm extract was washed with water, dried 

(Na2so4 ) and the solvent removed. The residue (0.5 g.) was then dissolved 

in benzene (2 ml.) and chroma.tographed over alumina (56 g., deactivated lrlith 

1.5 ml. or 10% aqueous AcOH). The chromatogram was developed in petroleum 

ether and eluted with the rollowing solvents (Table V). 

TABLE V 

Chromatography or the above chloroform soluble part (0.5 g.) 

EJ.uent 

Petroleum ether 

Petroleum ether:benzene (9:1) 

Petroleum ether:benzene (4:1) 

Petroleum ether:benzene (7:5) 

Fractions, 
50 ml.each 

1-3 

4-6 

7-9 

10-15 

Residue on evaporation 

Nil 

Nil 

Nil 

Solid with yellow colour, 
m.p. 282-50 

Further elution with more polar solvents did not elu~ any material 

The fractions 10-15 (Table V) were combined and decolourised by boiling 

Vii th charcoal in methanol ror five minutes and then :f'il tared. The clear 

filtrate on concentration arrorded the crystalline lactam 28 (0.4 g.), 

m.p. 285-4°. The m.p. rose to 288-9° on rurther crystallisation from methanol, 

Found 

Calculated for c50H49NO 

IR (KBr disc) 

: C,81.56; H,ll.OO%. 

: C,81.90; H,11.20%. 

: Ymax 5220 (NH), 1667 ( -CONH-), 1640, 

875 (=CH2 ) cm-1• 

)-
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Hydrolysis o~ 5-cyano-3,4-seco-hopa-4(25),28-diene gz : Preparation o~ sebi~eric 

acid 1lli! 

The above nitrile 27 (0.1 g.) was heated under reflux with 10% m~thanolic 

KOH (20 ml.) ~or ~our hours. The reaction mixture was cooled and diluted v.i th 

water, acidi~ied with cold 10% HCl and extracted with ether. The ether solution 

0 Removal of ether yielded a solid, m.p. 176 • 

The latter on crystallisation twice from methanol afforded an amorphous solid, 

m.p. 179-80°, ~~_70 +27.12°. It showed no depression in m.p. when mixed 

with sebiferic acid ~. Its IR was superimposable over that of sebiferic acid. 

Found : C,81.34; H,10.58%. 

: C,81,75; H,11.00%. 

Esterification of the above acid : Preparation of methyl sebiferate 19b 

To the above acid {0.1 g.) dissolved in ether (10 ml.) was added a 

solution of diazomethane in ether in cold and kept for 2 hours. Excess 

diazomethane was destroyed with acetic acid and the solution was washed with 

water, sodium biocarbonate solution and then with water till neutral. The 

ether solution dried (Na2so4 ) and evaporated. Cry§tallisation of the 

residue from methanol af~orded flaky crystals, m.p •. 155-6°, /:~JD +24.400. 

This ester showed no depression in melting point when mixed ~th methyl 

sebi~erate 19b. The IR spectra was identical with the methyl sebi~erate 

isolated from the plant. 

. Found : C,81.65; H,10.81% • 

: C,81.93; H,11.01%. 
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PART-II 

INVESTIGATION OF THE NEUTRAL PART OF SAPIUM SEBIFERUM RDXB. AND 

ELUCIDATION OF THE STRUCTURE OF YJ.ORETENONE, 5-EPII-f.ORETENOL AND 

PARTIAL STRUCTURE OF A NEW NOR-TRITERPENE ALCOHOL 



CHAPTER-I 

A SHORT REVIEW ON TRITERPENES HAVING HOPANE AND MODIFIED HOP.ANE 

SKELETON 

1. Zeorin, c50H52o2 , m.p. 223-227°, L-~_lD +54° seems to have been first 

isolated by Paternal in 1876 from the lichen Lecarnora (Zeora) Sordida. 

1> Zor.r2 and Hesse5 reported the presence of this compound in many other 

lichens. Asahina and coworkers4 ' 5 first suggested that it was a pentacyclic. 

secondary-tertiary diol having molecular formula C3oH52o2• On the basis of 

extensive work by Barton and coworkers6 ,7, Huneck and coworkers8 and Yosioka 

and coworkers9 ' 10 structure 1 has been proposed for zeorin. 

1· (R=H) g_ (R=H) 

Oxidation of zeorin qy chromic acid gave zeorinone·g, IR peak at 5.8 ~ 

which indicated that the keto group was in a six membered ring. The carbonyl 

group was resistant to usual carbonyl characterising reagents and could not 

be reduced by the usual Wolff-Kishner or Clemmenson reduction conditions. These 

observations were in conformity with its position at C-6 which would explain 

the high degree of steric hindrance of the carbonyl group. The secondary 
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hydroxyl group at C-6 has been proved to be equatorial in nature. Presence or 

this hydroxyl group at C-6 in ring B was proved as follows:- Deo::xyzeorin ~ was 

dehydrated with E_-toluenesulphonyl chloride and pyridine to a mixture of 

olefins whose main component was !, which on oxidation gave the unsaturated 

ketone §., IR peaks at 1650 em - 1 , )... max at 239 m p.. The compound §. contained 

no replaceable hydrogen as it could be recovered unchanged even after vigorous 

treatment with bromine. 

The presence of tertiary hydroxyl group in an isopropanol side chain 

attached to the five membered terminal ring was established by Barton and 

coworkers? by a series of chemical reactions. Dehydration of zeorin acetate 

led to a mixture of olefins represented by 2 and Z· The former on ozonolysis 

and .further oxidation with trifl.uoroperoxy acetic acid gave a ~-lactone, 

IR spectra showing peaks at 1735 and 1248 (acetate) and at 1750(b -lactone) -1 em , 
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2 

8 

which must have been derived from the cyclopentanone ~. Huneck and coyorkers8 

suggested from NMR studies that configurations at C-17 and C-21 can only be 

17~ -Hand 21~-H. Recently, Yosioka and coworkers10 have adduced conclusive 

evidences that zeorin belongs to hopane series of triterpenoids. Zeorinone on 

dehydration with POCl5fPy~idine gave a mixture of two olefin isomers vhich 

they represented as 10 and 11· 10 on hydrogenation over Adam's catalyst 

1.Hz/Pt-AcOH-EtoAc 

2. Huang-l>finl on 

1.Hz/Pt-EtOH-hexane 
2. Huang-Minlon 

H 

> 
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f'ollmved by f'orced Huang-Minlon reduction gave 12 identical with moretane11 and 

11 on similar treatment af'f'orded 13 identical with hopane. 

Recently, Yosioka and coworkers12 have reinvestigated the stereo-

structures of' leucotylin and zeorin which were expressed by 14 and 1 

respectively by earlier workers6- 10• 

Further investigation on the stereochemical correlation of' these two 

triterpenes along with the X-ray13 analysis of' 16/3-0-£-bromo-benzoyl 

derivative 15 of' 6-keto leucotylin 14 lead to the conclusion that the structure 

of' leucotylin and zeorin must be expressed by 14 and 17 respectively. X-ray 

analysis of' 15 has disclosed the conformation of' E ring of' 14 to be in the 

so-called C2 or "half' chair 11 f'orm 18a rather than the C8 or 11envelope 11 f'orm 

18b which has initially been destined to E ring conformation of' Hopane 

deri vati ves14• 
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On alkaline hydrolysis or 22-deoxyleucotylin diacetate 19, derived from 

diacetyl leucotylin10 and containing the same carbon framework as leucotylin, 

a diol gQ IR 3440 cm-1 , was obtained. Chromic anhydride oxidation of' the 

diol fUrnished a diketone 21, IR 1704, 1709 cm-1 , which was f'airly stable 

against both alkali and acid. The Huang-Hinlon reduction o:f 21, gave a mono

ketone 22, IR 1704 cm-1• 

OAC 

(OJ 

( Huang-Minlon 
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The isomeric 22-deoxylecuotylin diacetate &i, derived via 2310, on 

alkaline hydrolysis afforded the diol 25 (having an epimeric isopropyl side 

chain at C21 as compared to leucotylin), which on Cr03-AcOH oxidation gave a 

diketone 26, IR 1703, 1690 cm-1. The latter in turn afforded a diol 27, 

completely different from the two diols 20 and 25. This diol 27 gave back 

the diketone 26, in quantitative yield supporting the assumption that D/E 

ring juncture has become cis from the original D/E trans fusion during the 

oxidation procedure. 

~~Hz) 
ll OAc 

~ 24 25 

1 GrO:;-AoOH 

4 
L-HJ 
L-OJ 

26 

/--Minlon 
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The mono ketone 28 derived from 26 by Huang-Minlon procedure was found 

to be completely different from the mono ketones ~ and 30 prepared from 

zeorinone by the method outlined in the sequence below: 

H2 /:'HJ 
)' Hopane 

51 

POCl5-Py ~ 
Zeorinone 

~Xfy Hz/H+ L-HJ Isohopane ) 

52 
1 

50 

22-Deoxyzeorinone 29 having the C-21 side chain in the same configuration 

as zeorinone and termed as ~-deoxyzeorinone in the previous paper of Yosioka 

et a1. 10 vas found to be non-identical with the monoketone ~prepared from 

leucotylin. While another monoketone QQ having epimeric C-21 isopropyl side 

chain configuration and designated as (3 -deoxyzeorinone before10 was proved 

identical with the monoketone 22. These facts afford significant proof that 

zeorin and leucotylin, although coexisting in the lichen family, possess the 

epimeric configuration at C-21 in their carbon skeleton. Since it has already 

been demonstrated from X-ray15 that leucotylin possesses the structure li 

it follows that isohopane (moretane) must be expressed b,y 32 having 

~-isopropyl function at C-21 and zeorin and hopane by 11 and 31. 



y 

~ Isohopane 
(Moretane) 
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51 Hopane 

The coexistence of triterpenes of both hopane and isohopane series in the 

lichen family is of considerable biogenetic interest. 

2. Leucotylin, c30H52o3 , m.p. 335°, L-~_7D +56.5°, was first isolated from 

Permelia Leucotyliza Nyl b.7 Asahina15 and Huneck16 • The structure 14 for 

leucotylin has been established on firm grounds by Yosioka and coworkers9 'lO,l2,l3• 

That leucotylin belongs to isohopane series of triterpenes has already 

been discussed. The assignment of~-isopropanol configuration12 , 13 to the 

side chain at C-21 is now beyond doubt. The diketone 21 prepared from 22-

deoxYleucotylin gQ when reduced with sodium and isopropyl alcohol gave the 

parent diol. This evidence points to the presence of two equatorial 
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secondary alcoholic functions in leucotylin. The broad NMR signal of 16fi-O

acetyl-6-keto-leucotylin 53 appearing at 4.?l( (~ = 18 cps) ascribable to 

the axial proton at C-16 also corroborates the assignment. 

3. Leucotylic acid,~ (R=H, R'=H), c
50

H
50

o4 , m.p. 260°, ~~_7D +55°, was 

isolated by Yosioka and couorkers17 from the lichen Parmelia leucotyliza Nyl 

from Japan together with zeorin7 ' 8 and leucmtylin9 IR spectra showed bands ~t 

5200 (-OH), 1690 {-COOH) cm-1 • The methyl ester c29H47(0H)2COOCH5 had IR 

bands at 3200 (-OH) and 1720 (-COOCH5 ) cm-1 and its NMR spectra showed seven 

singlets for methyl groups at 9.22, 9.14, 9.01, 8.95, 8.84 (2-CH3), 8.7211 

and one broad signal at 5.88 (1H)rt due to a proton bearing a hydroxyl 

function indicating that one of the methyl of pentacyclic triterpene skeleton 

was in the form of -COOH group. One of the hydro:x;y1 groups was secondary and 

the other was located in a tertiary position, since it formed only a mono-

acetate c29H47(0H)(O.COCH3 )(COOCH3), IR ~max 3355(0H), 1730 (-GOOCH5), .. 
1755(-0.GOCH5 ) cm-1 • 

t>Jhen methyl leucotylate 34b (R=CH3, R1=H) w-as treated Yi th ethanolic HCl 

as for the preparation leuootadiene9 33a (R=CH0 ), methyl leucotyldienate 53b 

(R=COOCH3) w-as obtained, )..EtCH 244, 25 2, 261 m p.; 1) nuj ol 1720, 785 em -l 
max max 

and NMR peaks at 9.11 (2-GH3 , s), 9.07 (-CH3; d,J = 7.2 cps), 8.98 {-CH3; 

d, J = 7.2 cps), 8.8 (2-CH3, s), AB quartet at 5.78, 4.42~(J = 10.8 cps, 

~ (R=H, Rf=H) 
54b (R=GH3, R'=H) 
M£. (R=CH3 , R 1=Ac) 
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tvo olerinic protons). These data are similar to those obtained for leuco-

tadiene 33a (R=CH3 ) showing thereb,y that they contain the same chromophore. 

These findings along with the consideration of the probable common biogenetic 

origin, structure ~ (R=H, R'=H) was suggested by the authors17• The hydroxyl 

at C-16 could be designated as equatorial on the basis of easy acetylation, 

resistance to eros oxidation and diffused signal18 of the proton attached to 

C-16 in NMR. The position of the carboxyl group was proved to be at C-4 of 

ring A from chemical and physical evidences and its equatorial configuration 

established from the analysis of the AB quartet signals at 6.78 and 6.21 'il 

due to methylene of -Ctl20H and -C!4!0Ac in 35a and 35b respectively. The 

Pkmcs value of the acid is also in agreement with this assignment. 

35a (R=H) 
35b (R=Ac} 

When methyl-16-acetylleucotylate ~was treated with POC1 3-pyridine at 

200 it afforded two isomeric olefins which were assigned19 structures 36 and 

37. The isopropenyl isomer 36 on hydrogenation yielded~ in which C-21 

side chain was assigned ~-configuration. The isopropylidene isomer on 

hydrogenation in acetic acid-ethylacetate gave another isomer in which the 



HO 
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isopropyl side chain was assigned theP -configuration by analogy ~ith similar 

reactions carried out with leu~otylin19 • However, these authors in their 

12 . . recent paper have reV2sed the1r structure o£ leucotylic acid and proposed the 

structure 40 £or it. At the time o£ writing this rev.i..e~ the details of their 

discussion on this aspect have not been reported. 

H 

4. Hydroxy hopanone, c30H50o2 , m.p. 252-6°, ~~_7D +64°, was isolated by 

Mills and Werner20 from Dammar resin of Hopea species. They suggested that the 

oxygen functions are present as a 3-oxo group and a tertiary hindered hydroxyl 

group. It is saturated to tetranitromethane and hence is pentacyclic. The 

partial structure 41 was established by the preparation o£ hopenone-I 42a and 

hopene-I 42b from ~-onocerin 42 of knol~ stereochemistry. 

Fuller's 
Earth/Xylene 
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H 

This study established the con~iguration o~ seven out o~ nine asymmetric 

centres in hydroxyhopanone. Assuming a completely concerted cyclisation22 , 23 

from squalene, the stereochemistry o~ remaining two asymmetric centres were 

shown by the expression 43. That rings D and E are transfused with the 

hydrogen atom at C-17,~ -oriented was established by Baddeley and coworkers24• 

Conversion o~ hydroxy hopanone 41 into hydroxy hopane 44 ~ollo~ed by dehydra

tion gave a mixture o~ hopene-a 45 and hopene-b 4625 • 

41 vl/K ~ 

l.Oso4 
2.Pb(OAc) 4 

~ ( Oli 
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Hopene-a on os~lation folloved_by Pb(0Ac)4 oxidation afforded a tris

norketone 47 which was isomerised by base to the more stable trisnorketone 48. 

The stereochemistry of the side chain·at C-21 was proposed as ~-oriented 

because hopene-b 1£ on similar treatment with Os04 and Pb(0Ac)4 gave a nor

ketone expressed by 49 which isomerised to the norketone 50. The latter on 

Grignard reaction gave an isomeric hydroxy hopane. However, in view of the 

recent work of Yosioka and Nakanisbi12 , 13 , the structure of hydroxy hopanone 

must be expressed by 51. 

5. Dustanin, c3oH52o2 , m.p. 263-5°, was isolated by Y. Tsuda and K. Isoba26 

from mycelia of an Aspergillus ~s and proposed its structure as 52 (R=H). 

It had no UV absorption, IR spectra showed a band appearing at 3390 cm-1 due 

to hydroxyl group. NMR spectrum showed no signal for ole.finic proton. It is 

a saturated compound and hence pentacycl.ic. One of the hydroxyl groups is 

present as a secondary alcohol as CrOs-Py oxidation of 52· gave hydroxy ketone 

53, IR 2)max 5448 (OH) and 1678 cm-1 (C=O). The NMR spectra of the mono

acetate derivati~e of Dustanin 52 (R=Ac), Dustaninone ~in which the two 

methyl groups appeared at 8.8 ·l(shoved that the tertiary (OH) group is present 

as -C(OH)M82 and was confirmed by its hydrogenolysis of~ over Pto2-AcOH to 

i-
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d~oxydustanin 54 (R=H). NMR corresponding to ~z at 9. 5"' was obviously a 

part of coupled methyl groups due to isopropyl fUnction. 

52 (R=H, R=Ac) 

54 (R=H) 

·--~ ---,j'OH 

Deoxydustaninone 55 on Wolff-Kishner reduction by the modified method 

of Nagata~ al. 27 gave a saturated hydrocarbon, zeorinane, proving thereby 

that dustanin is x, 22-dehydroxy hopane. 

Position of the secondary -OH group at C-15 was established as follows: 

se02 oxidation of deoxydustaninone 55 gave a diosphenol 56; (R=O) "A.. max 

282 mp, IR 3415 (OR), 1678 and 1631 (-g-gH c<:) cm-1 , showed no olefinic 

proton in NMR, hence the possibility of the site of secondary -OH group in 

ring A can be ruled out. \4hen dustaninone 55 was heated with 3% alcoholic HCl 
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~or hal~ hour it produced the unconjugated ketone ~ {R=H2) and a mixture o~ 

conjugated ketones assigned structures 57a and 57b. 

( ~y §.2 ---7 
/; .. 

56 57 a 57b 

( 

The mixture o~ conjugated ketones above on LAH reduction and subsequent 

treatment with 3% HCl produced a diane 58. The C-15 OH group was equatorial 

and ~-oriented as both Na-g-propanol and LAH reduction o~ deoxydustaninone 

~yield deoxydustanin in high yield. Since it has been observed that 

12,1:3 /l 
dustanin a~~ords zeorinane, which has now been shown to have a tv-C-21 

side chain, the structure o~ dustanin should be modified and represented by 

60. 
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6. Hop-17(21)en-5t1yl acetate .Q.l(R=Ac) and Hop-17(21)en-5f3 -ol 61 {R=H) 

The title compounds vere isolated by Arthur and cow~rkers28 from 

Quercus Champeoni o:f Hong Kong. 61 (R=Ac}, c52H52o2 , m.p. 258-62°, f:ct..JD 

+52.1° on hydrolysis gave 61 (R=H}, vhich on Cr05-Py oxidation gave 

hopenone-I 42A (R=O}. 

R 

61 (R=Ac; R=H) 

7. Neri:foliol, c3Qli52o, m.p. 242-4°, f:ct.._7D +55° was isolated from rhizomes 

o:f Oleandra neri:folia and its structure ~was proposed by Pandey and 

Mi.tra29 • It showed no absorption in the UV region, IR -v at 5500 c:m-1 
max 

(-OH) with a supporting band at 1050 cm-1 was indicative o:f a primary 

hydroxy group. Cr05-Py oxidation a:f:forded an aldehyde Neroli:folial 62b 

)) max 1730 cm-l and Cr05-AcOH-¢H yielded the corresponding acid 62c, 

neri:folic acid, '))max 1730 cm-l and a broad band at 5571-5a77 em - 1• Neri:fo

lial on Wol:f:f-Kishner reduction gave hopane~ The mass spectra o:f 62a 

exhibited peaks at m/e 428(H+), 415 {W" -CH3), 569 (W"-c5~o) but no peak 

due to loss o:f a mass o:f 51 was observed. These data are consistent with 

the position o:f the primary -OH group either at C-29 or at C-30. The 

proposed structure by these authors needs to be changed12 , 15 now to 62 

consequent on the isolation o:f hopane from Wol:f:f-Kishner reduction or 

nerifolial. 



(R=CH20H) 
(R=CHO) 
(R=COOH) 
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8. Pyxinic acid, C3oHso04 , m.p. 254-5°, Cc<.JD +62°, iJ max 3560, 3500, 

1705 cm-1 was isolated by Yosioka and coworkers 30 from a lichen Pyxi.ne 

endochrysina Nyl. Cr03-Py o:ddation afforded a monoketone and esteri

.fication and acetylation gave a monoacetyl methyl ester. NHR at 5.5 ·I 

(1H quartet) due to a proton on a carbon bearing an aceto~l group 

disclosed the proton to be axial. The other hydro~l was proved to be 

tertiary. LAH reduction o.f the methyl ester gave a trial which 

yielded a norketone expressed as 64 identical to the norketmne prepared 

from hydroxy hopanone ~14• Further acid isomerisation converted it to 

the more stable isomer 65, known as a derivative of moreteno111• On the 

basis of these observations, the structure 63 was proposed by the 

authors30• 

S. ' k12,13 lnce recent vor has proved that moretane belongs to . 

isohopane 32 series of triterpenoids, pyxinic acid must be represented 

by §§.. 



-: 46 :-

9. Moretenol, C3oH50o, m.p. 236°, Cc{J +27° w-as isolated by Galbraith and 

coworkers11 from the latex of Ficus macrophylla Desf and by the author51 from 

the bark and stem of Sapium sebiferum Roxb. The structure 67 has been proposed 

to the compound by the Australian workers. The details regarding its structure 

has been discussed in Chapter II. 
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10. Adiantone, c29H48o, m.p. 232-33°, Cc(JD +2° was isolated by Berti and 

coworkers32 from Adiantum CaPillus Veneris L. The structure and the absolute 

con~iguration 68 was suggested by these workers. NMR spectra of adiantone is 

in accord with its structure. It shows six tertiary methyl groups and one 

methyl ketone. It undergoes facile transformation to the isomeric iso-

adiantone expressed by ~ with acids, bases and chromatography over alurirl.na. 

Chromatography 

The methyl ketone is present in a trans-hydrindane system, since 

Baeyer-Villiger oxidation, hydrolysis and Cr03-oxidation gave ~ di

nor-adiantone 70a which easily isomerised to cis di-nor-adiantone 70b 

quantitatively with acids, bases and acid alumina. IR spectra showed that 

the keto group is present as a five membered ring ketone. The physical 

constants of adiantone are identical with those of nor-hopanone14 prepared 

from hydroxy hopanone, from which the stereochemistry has been deduced. 

However, the 

be expressed 

absolute con~guration o~ adiantone and isoadiantone 
/u4p-d·< v~ 

by ~ and ~in view of the recent work12 , 13• 

must now 
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11. HydroXY Adiantone, c29a46o2 , m.p. 270-5°,~~_70 +50° was isolated qy 

Ageta et al. 
33 from Adiantum monocblamys and proposed structure 71 for it. 

Its structure was confirmed as foi+ovs: Isoadiantone ~was treated with 

acetic anhydride and.R-toluene sulphonic acid to give the enol acetate 

which on treatment w:i th Os04 gave bydro:xY adiantone. 

71 

12. 

and coworkers54 from the fern Adiantum Pedatum along with isofernene, fernene, 

7-fernene, filicene, adiantone and filicenal. On the basis of its observed 

chemistry and physical data structure 72a was suggested by them. On refluxing j 

with methanol the latter gave a methyl ether 72b which was also obtained when 

the fern was extracted with methanol. The chemical shift values of five 

methyl groups at C-4~, C-4(3 , C-8, C-10 and C-14 in the compounds 72a and 

72b were similar to those in the hopane and its derivatives suggesting that 

they have the saturated hopane structures. The presence of -O-CH5 vas 

demonstrated by the signals at 6. 78 'I' (72b). The -CH2- group attached to 

C-18 and carrying the OXYgen function appeared as a pair of doublets at 

5.75, 6.04 and 6.04, 6.88 'i' in 72a and 72b respectively. The mass spectrum 

supported the assigned formula. Adipadatol was converted to 21~H-30-nor-

hopan-28-ol 73 via the oxo alcohol. 

j 

J 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

.j 

j 

j 

j 

'--j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 
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72a (R=H) 
72b (R=Me) 

1. Cr03 ~ 
2.W/K 

13. Diplopterol, C3oH50o, m.p. 254-56° was isolated from a rem 

Diplopterygium glaucum (Houtt)43 , 44 and has been round to be identical with 

hydroxy hopane 44. 

14. Diploptene, c30H50 , m.p. 170-71°, ~~_70 -16.5° was isolated by Ageta 

and coworkers35 from the leaves or Dryopteris Crassirhizoma Nakai along with 

fernene. The hydrocarbon also obtained from diplopterol by dehydration has 

been shown to have the structure identical with hopene-b, 11 {=46)25 • 

TRITERPENES HAVING MODIFIED HOPANE SKELETON 

15. Fernene, c30H50 , m.p. 170-71°, ~~_70 -16.5° was isolated by Ageta and 

coworkers35 from Dryopteris Crassrhizoma Nakai and its structure 75 was 
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36 established by them • NMR spectrum sho\ved the presence of" one olef"inie 

proton at 5.28 ppm. The position of" double bond at 9(11) in fernene was 

deduced as follows: se02 oxidation gave ferna-7,9(11)-diene 77, Jlmax,232, 

240, 248 m )l, a heteroannular d.iene. Cr03 oxidation gave 12-keto-ferna-9(11)ene 

76, .A max 246 m }l , ]} max 1672, 1611 em - 1• The mass spectra of 75, isofernene 

78 and the diene 77 showed base peaks at m/e 243, 255 which were also observed 

in arborene ~ ~ 9 (11)_7 and arboradiene37 ~ ~7 , 9 ( 11 )_7. The hydrocarbone 

davallene38 also has been found to be identical to fernene, thus establishing 

beyond doubt the 9(11) position of the double bond. The configurations 1~ 

and 14t<3 of the two methyl groups were concluded .f'rom the similar UV spectra 

of the diene 77 and the corresponding dienes of multifloreno1 39 and 

bauerenol
40

• Fernene with 6% HCl in boiling acetic acid gave hopene-II42 

together with isofernene ~. 

(R=Hz) 
(R=O) 

77 

__ , 
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16. Davallic acid, c30H48o2 , m.p. 282° ~as isolated from the chinese fern 

Davallea devaricata and its structure established as 79a by Nakanishi and 

co~orkers38 • NMR shows the presence of a trisubstituted double bond 

S 5.32 (1-H). LAH reduction of methyl davallate 79b gave davallol 79c 

which with cr03 gave davallal 79d Wolff-Kishner reduction of davallal gave 

davallene 79e identical with fernene 75 56• Placement of double bond at 

9(11) was established from the mass spectra of methyl davallate, davallal 

and davallene. The 1;3:(, 14 (3 -methyl group configurations ~ere deduced 

as in the case of fernene 56 • The carboxyl group was assigned ~-axial 

configuration on the basis of PKmc value 8.60 of isodavallic acid 

( ~ 8 
isomer), IR doublet of methyl davallate at 1147 and 1160 cm-1 41 

and the chemical shift of the -CH20H quartet centered at 4. 05 ppm in NMR 

spectra of davallol. 

79a (R=GOOH) 
79b (R=COOGH3) 
79c (R=CH20H) 
79d (R=CHO) 
79e (R=CH3) 

17. Adiantoxide, C5oH5oP, m.p. 229-51°, ~~_7D +46.8° ~as isolated by Berti 

and co~orkers46 from Adiantum Capillus veneris and its structure 80 was 

advanced by them47 on the basis of physical and chemical evidences. The 

oxygen function was present as epoxide· linking a secondary•carbon to a 

tertiary one, carrying a methyl group on a terminal six membered ring. 



.. 
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Adiantoxide was converted to the compounds 81 and 84 by the sequence shown 

below. 

H~ 
POC13 

ex,, 
II 

HCl 

Isofernene 

~ LAH 

Hopene-II 

CCl3co ··' 
HCf 

. 1 
~£:~ leO 

CH 3 
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The circular dichroism curves of 81 and §! were similar to those of 

friedelin and methyl friedelonate respectively. When the hydrocarbon §2 

or a mixture of Qg and 83 was refluxed for six hours with CF3COOOH in 

. benzene, gave isoferene as the main product. HCl-AcOH isomerisation gave 

isofernene and hopene-II. The isomerisation of 83 to hopene-Ir42 is 

comparable to that of friedel-3-ene to olean-13(18)-ene48 and can be 

rationalised b,y a series of 1,2 shifts starting from the cation ~· The 

configuration has been formulated as in §Q. 

~ 
~ 

H~ 

The biogenesis of adiantoxide vould follow a path similar to that 

assumed for friedelin23 starting from a hopane precursor such as 86. 

18. Adianene, c30H50 , m.p. 190.5-191.5°, ~~_7D +51°, was isolated b,y 

Ageta and coworkers50 form the fern Adiantum monochlamys Eaton and structure 

87 was proposed for it. -1 It showed IR peaks at 822, 890 em and NMR peak 

at 4.501. Treatment of the hydrocarbon with 6 v/v% sulphuric acid in 

benzene-acetic acid afforded a mixture of two hydrocarbons, isofernene and 

a new compound isoadianene 88. Since the formation of isofernene indicated 

that adianene is hydrocarbon of the migrated hopene type having a double 

bond on ring A or B, adianene was given strlicture 87 on biogenetic grounds. 
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It follows, therefore, that isoadianene should be expressed by ~. se02 

oxidation of adianene afforded a hetero annular diene c30H48 , V max 821, 

-1 
815 em , ]\max 231, 240, 248 mp and was therefore assigned structure llil• 

The ~ ~ _7 value of adianene, adiana-1{10), 5-diene and adian-5(10)-ene 
D 

are in good agreement with the values observed in the alnusane series49• 

Adianene, therefore, occupies a position parallel to alnusene in the 

migratory oleanane series. 

19. 7-Fernene, c30H50, m.p. 208.5-209.5°, ~~_7D -27° vas isolated by Ageta 

and coworkers50 from Adiamtum monochlamys Eaton. IR 828, 819 cm-1 (tri-

substituted double bond) and NMR 4.65t! • Treatment of the hydrocarbon with 

HCl-AcOH solution for a short time gave isofernene in good yield. Se02 

dehydration afforded fero-7 ,9(11)-diene; )...max 232, 240, 248 m p also in good 

yield. Since structure of isofernene and the diene is known, the hydrocarbon 
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should be fern-7-ene ~ and the diene ~ which was also obtained from 

fernene. 

20. Filicene, C3QH50, m.p. 210-11, ~«_70 +61°, was also isolated from the 

same fern by Ageta and coworkers50• This also has a trisubstituted double 

bond, IR 798, 780 cm-1, 'f-.. 4.92. NMR spectrum of this hydrocarbon shoHed 

the presence of seven methyl groups at higher field than '1" .. g.oo, and one 

methyl group attached to an olefinic carbon atom at rr-8.44. Acid treatment 

of filicene again gave isofernene, showing the presence of double bond in 

ring A or B of a rearranged hopane nucleus and structure ~ was proposed 

for it. Hydroboration of the latter followed by the alkaline hydrogen 

perioxide oxidation gave a saturated secondary alcohol, filican-5-ol 93, 

7.) max 5450, 1034 cm-1• Oxidation of ~ with chromic acid afforded a 

saturated ketone, filican-3-one 94, ·v 1715 cm-1, the ORD curve of 
- max 

which was superimposable with that of friedelin confirming the assignment. 

Direct comparison of filican-3-one with a sample derived from adiantoxide 

proved its structure beyond doubt. 
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H 

Hif 

21. Isofernene: 2!, m.p. 189-90°, ~«_7D +18° was also isolated along with 

the hydrocarbon described above by Ageta and coworkers50• 

It is interesting to note here that Adiantum monochlamys contains 

various hydrocarbons in a single biogenetic scheme. Squalene in the all 

chair conformation could be a precursor of diploptene 46. Concerted 1-2 

shifts of 21-carbonium ion derived from 46 lead to fern-7-ene, and isofernene 

having fernane skeleton, further to adianene having the adianane skeleton 

and finally to filicene having the filicane skeleton. 

22. Simiarenol, 96, C3oH50o, m.p. 209-10°, ~«~D +50.8°, was first isolated 

51 
by Arthur et ~. from the Hong Kong species of Rhododendron simiarum and 

its structure 96 vas also elucidated by Arthur and his covorkers52• 

96 (R=OH, R1=H) 
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Simiarenol on oxidation gave a ketone simiarenone 96 (R,R 1=0), which on 
o} 

Wolrr-Kishner reduction gave a hydrocarbon identical with adianene50• 

Simiarenyl acetate 96 {R=OAc, R1=H) sholtled a low field triplet at 5. 28 'T' for 

a proton on carbon bearing an acetate. The coupling pattern was indicative 

of an equatorial C-3 proton having eqfax and eqfeq coupling. Furthermore, 

LAH reduction of simiarenone yield epi-simiarenol (96, R=H, R1=0H) whose 

acetyl derivative showed a low-field quartet at 5.511 for a proton on carbon 

carrying an acetate. The coupling pattern (J, ax/ax 10 cps; J, axfeq 

5 cps) being indicative of an axial C-5 pattern. The almost identical ORD 

curves of simiarenone and glutenone confirmed that oxygen in simiarenol was 

located at C-3. The ~M_70 difrerence values on acetylation and oxidation 

are comparable to those with glutenol series49 • The mass spectrum finally 

5 
proved the presence of ~ -double bond and an isQpropyl side chain in simiarenol. 

23. Motiol, 97, c30H50o, m.p. 218°, ~~_70 -44° was first reported to have 

been isolated from Rhodendron Linearirolium by Kariyone et al. 53 Reinvestiga-

' 54 tion of the plant by Nakamura and coworkers resulted in the isolation of 

four other triterpenes recorded in the Table below: 

Name 

Motiol 

Neomotiol 

Germanidiol 

Motidiol 

Adianediol 

Mol. formula 

C3cJlso0 

c3oHso0 

C3cflso02 

c3oHso02 

c3oHso02 

m.p. 

0 229.5-31 

-22.tJ 

Motiol vas assigned structure 97 (R1=0H, R2=H) on basis of the chemical 

and physical evidences described herein. On acetylati·on it gave a monoacetate 
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c32H52o2• The trisubstituted double bond was detected b,y permonophthalic acid 

titration and a vinyl proton signal ( "T" 4. 75) in NMR o.f the acetate. Cr05-Py 

oxidation gave motienone, GJ max 1703 cm-1, which on Huang Minlon reduction 

a.f.forded motiene 97 (R1=R2=H) shown to be identical with .fern-7-ene50. 

PCls/Pet.ether treatment o.f motiol produced a hydrocarbon C3oH48 which on 

ozonolysis gave acetone and a .five membered ring ketone ·umax 1745 cm-1• Hence 

the hydroxyl group has a 5~ -con.figuration and motiol can be expressed as 

f:ern-7-ene-3(3 -ol. 

97 (R1=0H, R2=H) 

24. Neomotiol, c50H50o, m.p.228°, ~~_7D -24° has been assigned structure 98 

(R=OH). NMR signal at tj 4.76 and IR peaks at 824, 817 indicated the presence of 

trisubstituted double bond. The hydrocarbon neomotiene (R=H2), on HCl/AcOH 

isomerisation gave hopene-II55 • The ketone (R=O) derived from neomotiml also 

gave hopenone-II on similar treatment. Mass spectra of: neomotiene and neo-

mOtienone have significant peaks at 218 suggesting that the double bond was at 

C-1256 • Thus neomotiol is hop-12-ene-5;3 ol. 

... ~, .... ( 

R 
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25. 

a 1,2 glycol system indicated by periodic acid titration. NMR peaks at~ 4.75 

sho~ed the presence of a trisubstituted double bond. Treatment of motidiol 

with ~-toluene sulphonylchloride and then LAH reduction gave motiol 97 

Since it formed a monoacetonide the stereochemistry of the 

(-OH) group at 2-posi tion was assigned f3 -configuration. 

26. 

monoacetonide. Pb(0Ac)4 titration also confirmed the presence of a 1,2 

glycol function. Treatment of adianediol with p-toluene sulphonyl chloride 

follo~ed by 1AH reduction as in motidiol gave an alcohol vhich with cr05 gave 

a ketone ·z)max 1706 cm-1. This ketone on Wolff-Kishner reduction gave 

adian-5-ene. From the mass spectra it ~as concluded that 1,2 glycol formation 

and coupling constant (J = 4 cps) suggested a 2(.3 , 5;3 configuration for the 

glycol. Thus adianediol has been represented as 99. 

27. Arundoin, c31H52o, m.p. 242-5°, ~«_7D -5.3° was isolated along with 

another triterpene cylindrin by T. Ohmoto ~ a1. 57 from the rhizomes of 

Imperata Cylindrica P. Beauv. Var media Hubbard. Arundoin, which has 

previously56 been isolated from Arundo conspicua and assigned structure 100 

has now been revised as 101 by the Japanese authors57 on the basis of 

J 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

' j 

l 
j 

•j 

j 

j 

j 

j 

j 

j 

j 



-: 60 :-

extensive physical data. The presence of secondary methyl groups was 

suggested by NMR. TheIR at 1105, 813, 790·cm-1 and NMR peaks at 6.66'\(BH, 

-OCH5), 4.67'1'(1H) and mass spectrum of arundoin are in accord 'With the 

structure 101 having a methoxyl group and trisubstituted double bond. The 

mass spectral fragmentation vas also similar to b. 
9

(11 ) structure50 ' 56- 40• 

cr05 oxidation of arundoin gave a conjugated enone 102, the ORD and CD of 

which coincided with that of fern-9(11)-en-12-one40• NMR of 101 showed a 

quartet at 7. 35 'T' (J=12 and 4 cps) which vas assigned to C-5 (3 -axial 

proton and suggested that the metho:xy group was also in 5 f3 -position. 

R 

28. Fernenol, c50H500, m.p. 194°, L-~_7D -24°, was isolated by Kundu and 

coworkers 58 from Artemisia Vulgaris and the structure 102 (R = (3 OH) vT~S 

assigned to the compound. The isolation of the compound was also reported by 

Wada and coworkers60 and Ohmoto and coworkers61. It had IR peak at 5650 cm-1 

(OH), NMR signals at 4.75 rr' (1H, trisubstituted vinyl proton), 6.90'1'(1H, !f-G-oHj 

Cr05-Py oxidation of fernenol furnished the ketibne 102 {R=O) v max 1700 cm-
1 j 

with a negative Cotton effect in the ORD curve. The presence of a /3 -oriented j 

equatorial hydroxyl group at the 

retropinacoline rearrangement of 

which was subsequently converted 

customary 5-position was indicated by j 
.Me 

fernenol to the hydrocarbon 105 (R 1 ,R"= =C1 ) 
'Me j 

to the ketone 103 (R',R"=O),-,) max 1750 cm-l J 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

i j 

J 
' j 

l 

j 

j 

j 

j 

j 

j 
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by osmylation followed by ozonisation. CrO~AcOH oxidation on fernenol 

acetate gave an ~,fi -unsaturated ketone, the ORD of which was comparable with 

that ibf 12-keto-davallate58 having 15=<, 14(3 -methyl groups. The structure ·was 

finally confirmed by preparing methyl ether of fernenol which was identical 

with arundoin57• 

.•. '''( 

R 
Me 

103 (R' ,R"= =c( ; R1 ,R 11=0) 
Me 

TRITERPENES OF ARBORINOL TYPE 

Arborinol and Isoarborinol: 

29. Arborinol, c50H50o, m.p. 274°, ~~_7D +34.2° and the epimeric,alcohol 

isoarborinol, m.p. 295-6°, ~~_7D +47° were isolated by Pakrashi and Ray 
.OH 

.f'rom the leaves of Glycosmis arborea. The partial structure 104 (R= < ) was 
H 

37 suggested for arborinol by Vobruggen and CO\oiOrkers • Arborinol on Cr03-Py 

oxidation gave arborinone 104 (R=O) which on Wolff-Kishner reduction afforded 

the hydrocarbon arborene 104 (R=H2). Arborene was stable to acid isomerising 

conditions and Se02 oxidation. Arborene afforded an epoxide which on treatment 

with HCl-AcOH afforded the A
7

' 9(11 )-diene 105 and 11-keto compound 106 

(R=H2). The UV absorption spectra of~ (236, 243, 257 mp) is characteristic 

of ~?,g(l1 )-diene chromophore of lanosterol series with methyl groups having 
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15.(3 and 14F< configuration. 

.OAc 
Cr05-AcOH oxidation of arborenol acetate 104 (R = \ ) and arborene 

H 
,OAc 

provided 
.9(11) 
~ -12-ketones 106 (R = / ) and 106 (R = H2 ) in good yields. 

'\.H 

.OAc 
ORD of 106 (R =( ) showed negative Cotton e~fect.suggesting a 13/3 -confi

H 

guration. Reduction of arborenone 104 (R=O) with NaBH4 in isopropanol 

)! 
af.forded isoarborinol 104 (R = <uH) and a small amount of arborinol. 

indicated that isoarborinol contained an equatorial -OH group at the 
.OH 

customary G-B position. Thus the partial structure 104 (R = ( ) ~as 
H 

This 

assigned for arborinol from the above data. The complete structure 107 

(R'=H, R"=OH) has been determined by three dimensional X-ray studies of 2=<-

bromoarborinone. 
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30. Cylindrin, c31H53o, m.p. 269-70°, ~~_70 +60° has been identiried as 

isoarborinol methyl ether 107 (R 1:::{)CH3, R:t=H). IR at 1105, 805 cm-1 and NMR 

peaks at 6.63·T(3H) and 4.74r1(1H) suggested the presence or a trisubstituted 

double bmnd and a meth~xyl group. The mass spectrum was similar to that or 

arundoin 101, prominent peaks at m/e 273 and 241 (273-MeOH) suggesting the 

presence or double bond at 9(11) position37. Treatment or cylindrin with HBr/ 

Ac20 gave an acetate identical with isoarborinol acetate, which on hydrolysis 

gave isoarborinol. The latter on methylation gave back cylindrin thus 

establishing its structure as 3-methyl ether or isoarborinol61. 

BIOGEl'fESIS OF TRITERPENES HAVING HOPANE AND N.ODIFIED HOPANE SKELETON 

The general biogenetic scheme ror all the triterpenoids with squalene A as 

the parent precursor was advanced by Ruzicka65. The hopane series of compounds 

are supposed to be rormed by a completely concerted cyclization66 , 23 of squalene 

in all chair confirmation. In the hopane series the initial cyclization product 

is stable so that unmigrated hopane derivatives exist widely in nature. Further 

1,2 shirts afford migrated hopane derivatives: neohopane derivatives54, rernene 

derivatives36 , adianene derivatives50 and filicene derivatives50,32. On the 

contrary, the intermediate ~ from the boat form of ring B is unstable due to 

syn configuration of C-9 and C-10 which facilitates the migration to arborane67,61 

derivatives. This difference is due to the chair and boat conformation of the 

ring B at the initial stage or cation induced cyclization68
t
69 as in the case or 

tirucallane and lanostane series. t,lhile about more than thirty hopane and 

migrated hopane derivatives hitherto characterised from ferns, lichens and 

moulds have no oxygen function at the customary C-3 position except in the 

case or pyxinic acid those from higher plants have C-3 oxygen function as in the 

case of other known triterpenoids. The bi~genesis of adiantoxide could follow 
. 69 

a path similar to that assumed ror friedelin starting from a hopane precursor 

such as Q leading to a series or 1,2 shifts to hydroxy cation Q which could 

cyclise to the epoxide. 



1 

-: 64 , ... . 

,. ''•( 
R 

~ Fernenol 

Arundoin 

Simiarenol 

.-,,,,( 

Adiantoxide 

H 

l · Isoarborencl 

GyLi:ndrin 



CHAPTER-II 

INVESTIGATION ON THE NEUTRAL PART OF SAPIUM SEBIFERUM, Roxb. 

Isolation of moretenone, moretenol, ;3-sito-sterol, an aliphatic alcohol, a new 

triterpenoid-3-epimoretenol and a new no~triterpene, c29H46o4 from the neutral 

part of trunk bark and stem of Sapium Sebiferum, Roxb. 

Section A : Extraction 

Dried and powdered trunk bark and stem of Sapium Sebiferum, Roxb. was 

extracted with benzene. On cooling the benzene extract to room temperature, a 

yellow benzene insoluble solid separated out and was collected by filtration. 

The chemistry of this insoluble solid Q has been dealt in Part III. The clear 

filtrate was concentrated b,y distilling off benzene when a gummy residue was 

obtained. The residue was extracted with ether and the ether extract was 

washed with aqueous sodium hydroxide solution and then with water till it was 

neutral. The ether solution was dried over sodium sulphate and the ether 

evaporated when a gummy residue was obtained. The gummy residue was 

chromatographed and the following fractions were isolated. 

Section B : Chromatography of the neutral part 

The above gummy neutral part was chromatographed over deactivated alumina 

and the following fractions were collected. 

Fraction M.P. of the 
No. Eluent Eluate residue 

1. Petroleum ether Solid with oil 180-90° 

2. Petroleum: benzene (9:1) Solid 200-215° 

5. Petroleum:benzene (4:1) Solid 85-6° 

4. Petroleum:benzene (5:2) Solid 200-20° 

5o Petroleum:benzene (1:1) Solid 128-52° 

6. Benzene:ether (3:2) Solid 210-215° 
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Section C : Examination of Fraction No.1 and isolation of moretenone 108 

Fraction No.1. On rechromatog:z:-aphy over alumina and several crystallisa-

tions from chloroform and methanol mixture furnished fine needle crystals, which 

had a constant melting point 198-99°, L-~_7D +50°. Elemental analysis and mass 

spectrum showed the molecular formula of the compound to be c30H48o (~ 424). 

It developed a yellow colour with tetranitromethane indicating the presence of a 

double bond in the compound. It gave a violet colouration in Liebermann-

?l 70 
Burchard reaction and gave a positive test in Zimmermann colour test showing 

that the compound is a triterpene ketone, the keto group being at C-3 position. 

I. Nature of the OxYgen function 

The compound gave a reddish yellow 2,4-dinitrophenyl hydrazone derivative 

oxygen atom was present as a carbonyl group. The Infrared spectra of the 

compound showed pe~rs at 1705, 1640 and 875 cm-1 indicating that the carbonyl 

group is present as a six numbered ring ketone. The peaks at 1640, 875 em -l , 

showed the presence 

absorption )l MeOH 
max 

., 

of a terminal methylene group. The compound showed UV /' 

287 m Jl ( E , 71.5) showing that the keto group and the~; .--

double bond were unconjugated. 
·/ 

// 
'.l,j' 

/ 

.II. Structure of the Ketone-108 

The structure of the ketone 108 followed from the chemical and physical 

studies of the ketone and its derivatives. NMR studies of the compound revealed 

the presence of six tertiary methyl groups on saturated carbons (0.70, 0.94, 

0.95, 1.02 (6-H) and 1.08 ppm) with one additional methyl group on a double 

bond (1.68 ppm). The presence of terminal methylene protons was indicated by 

the signal at 4.68 ppm. Modified Wolff-Kishner reduction12 of the ketone 

afforded a hydrocarbon 108~ m.p. 203-5°, L"d..J +22°. Elemental analysis and 
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mass spectra showed the molecular formula of the hydrocarbon to be as C5QH5o 

(~ 410). The hydrocarbon on hydrogenation afforded a dihydro compound 109e, 

C5QH52 , m.p. 176° and 192°, ~~_7D +20° which was completely saturated. Since 

at the time of this investigation this hydrocarbon was not known in the 

literature it was concluded that the ketone 108 might contain a new type of 

carbon skeleton. The ketone being a pentacyclic triterpene with a terminal 

methylene group. Hence we made a thorough investigation of the ketone in 

order to establish its structure. 

Lithium aluminium hydride reduction of the ketone yielded an alcohol 

108b, m.p. 251-53°, £"ci..JD +17°. Elemental analysis and mass spectrometry 

indicated the molecular formula as c50H
50

o (~ 426). The alcohol 108b had 

Nt4R signals at O.q9, 0.77, 0.83, 0.94, 0.99 {6-H) (for six methyl groups on 

saturated carbons), 1.67 {one methyl on a doubly bonded carbon) and 4.68 

(terminal methylene protons) ppm. On hydrogenation i·t afforded a dihydro-

o L- J o alcohol 1099,C50H52o, m.p. 224-6 , ~ D +11 • The alcohol 109b on PC15-

petroleum ether treatment formed a hydrocarbon 110. This hydrocarqon on 

ozonolysis afforded acetone and a trisnor ketone 111; c
27

H44o, m.p. 195-4°, 

L-ci..JD +115~ IR peak at 1745 cm-1 showed the compound to be a five numbered 

ring ketone. This shoYed that the hydroxyl group was present in the customary 

C-5 position with gem dimethyl group in 4 position. Retropinacoline rearrange

ment on the alcohol ~gave a diene hydrocarbon c50H48 , m.p. 189-90°, 

£"~_7D +14.54°. It had no UV absorption in the region 220-500 mp showing 

that the hydroxyl and the double bonds are quite far apart from each other. 

The alcohol 108b gave a benzoate c57H54o2, m.p. 248-9°, £"~_7D +57° and an 

acetate~' m.p. 278-9°, f:"~JD +25°. Analysis and mass spectrometry of the 

acetate proved that molecular formula to be c52H52o2 (M+ 468). IR spectra had 

bands at 5070, 1725, 1250 (-OCOCH5), 1640, 885 ( ~C=CH2 ) cm-1. The acetate 



-: 68 :-

had NMR signals for six methyl groups on saturated carbons at 0.68, 0.86 (9-H), 

0.95, 0.98 ppm and methyl group on a double bond at 1.68 ppm, the methyl 

protons of the acetate at 2.05 ppm and the terminal methylene group at 4.73 ppm. 

The acetate 108c consumed one mole .· ... equivalent of perbenzoic acid proving that 

only one double bond was present in the acetate and in the parent compound 108. 

The oxide acetate c
32

H
52

o
3 

isolated after perbenzoic acid treatment had 

m.p. 271-2°, L-~_7D +20.45°. 

The hydrocarbon 108a on ozonolysis, produced formaldehyde and a norketone 

112, c29H46o, m.p. 230-31°, ~~_7D +5°. Base isomerisation of the norketone 

112 yielded the original compound (m.m.p.), indicating that the environment 
, 

of the keto group had the stable orientation. A comparison of the physical 

constants of the norketone 112 with that of isoadiantone32 showed close 

similarity. The m.m.p. and IR comparison proved the identity ~r the norketone 

112 with a sample of isoadiantone (6?) kindly supplied by Prof.Berti. This 

identity leads to the structure of the ketone as isohopenone represented by 108. 

108 (R=O) 112 (=69) 

108a (R=H2) 

108b (R=tH) 
lr) 

108c {R= f • GOGH3) 
' H 





-109a (R=R1=H) 
109b (R=OH, R1=H) 
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The structure 108 was further confirmed by the acid isomerisation under 

mild conditimn to hopenone-1 42a, m.p. 196-8°, ~~_70 +87° and hopenone-11, 

115, m.p. 150-5°, Lo:.J0 +52° follo-wing the experimental conditions of 

Fazakerley and coworkers42• Though the mass and NMR were similar ~th that of 

lupenone, the ORD curves were quite different. The ORD (Fig.5) curve of the 

ketone showed positive cotton effect as in the case other C-5 keto triterpenoids. 

The ORD curve of the ketone vas as follows : Lo:._7585 +42°, Lo:._7342•5 +4900 

(peak), LCI._7 530 +486° (peak), ~0:._7 
312 

+268° (shoulder), ~o:._7280 +14° (trough). 

During the last decade the application of the NMR and mass spectrometries 

have been extensively applied in the elucidation of the structures of organic 
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compounds56 , 75• We have also used these tools in structural elucidation of the 

ketone !ill!• 

III. Application of Mass SpectrometrY 

It vas observed that the mass spectra of the ketone 108 (Fig.4) and its 

derivatives were similar to that of lupenone and its derivatives. It has been 

found that the ketone 108 undergoes two types of cleavages through ring C 

as shown in .the Chart-I. 

CHART-I 

+o 

. m/e 189 

L m/e 424 

( 

m/e 205 

The appearance of mass peak at m/e (~ 43), vhich is weak but distinct 

in all the derivatives (in dihydro derivatives it is very strong due to homo-

lytic fission-path a) of the ketone 108 shows that an isopropyl group is 
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eliminated. The :formation of isopropyl ion necessitates the hydrogen transfer 

process, path £which may be depected as below (CHART-II). 

CHART-II 

+· 

+ 

CH 
The presence or the functional groups R'(R'=O; OH; OAc; lf2) and R"(=c( 

3
; 

'\cH2 
CH

3 - ~ ) attached to two different nhalves" or the molecule was obvious :from the 
H3 

fragmentation pattern or the ketone 108 and its derivatives in which two distinct 

peaks due to path~ and hare observed (Table I). Now, supposing that the gem 

dimethyl group is at position 4 in the ketone 108, then the oxygen fUnction may 

be at 1,2 or 3 position. Since the ketone takes up only two deuterium atoms 

when treated with methanol-0-D, it excludes the presence of oxygen at C-2 

position. Also because there was no significant peak in the spectrum or the 

ketone due to ions formed by cleavage through ring B, a reaction characteristic 

of' 1-keto steroids, it was concluded that the keto group was attached to C-3 

position. 
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R' 

TABLE-I 

CH 3 

+ 
• 

R" 

Mass spectra of Ketone 108 and its derivatives 

Compound Rt an Peaks due to reactions 

.!! £ £. Q. 

Ketone 108 
_<fcH5 

'\;H2 
424 189 205 581 

Alcohol 108b -OH 
_.,GH5 

-~H2 426 189 2Cf7 585 

Acetate 1Q§£ -OCOCH5 n 468 189 249 425 

Hydrocarbon ~ =H2 n 410 189 191 567 

Dihydrohydrocarbon 109a =H2 
-a'CH5 

'CH3 
412 191 191 369 

Deutereated ketone 108 =0 -(CH5 
~H2 

426 189 2Cf7 585 
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IV. Application of Nuclear Magnetic Resonance Spectra 

As shown above NMR was applied as a tool for the elucidation of the structure 

of the ketone ~. The appearance of signals (Fig.5) at 0.70, 0.94, 0.95, 1.02 

(6-H), and 1.08 ppm determined that six methyl groups yere present on saturated 

carbons, the signal at 1.68 ppm shoYed the presence of additional methyl 

group on a double bond. The presence of a terminal methylene group appeared at 

4.68 ppm. The peak at 2.55 and 2.43 ppm indicated the presence of active hydrogen 

atoms « to the keto group vhich Yas absent in the spectra of the deuterated 

ketone 108, the other signals remaining fixed. This observation is in conformity 

with the location of the keto groap at C-5 position. The hydrocarbon 108a also 

showed peaks due to six methyl groups on saturated carbons and one methyl on a 

double bond and also the peak at 4.68 ppm assigned to exocyclic methylene 

protons. In the alcohol 108b the signals appeared at 0.69, 0.77, 0.85, 0.94, 

-o.99 (6-H) for six methyls on saturated carbons, and at 1.67 ppm for one methyl 

on n double bond. A signal at 5.22 ppm due to the proton at C-5 with one large 

and one small splitting gave evidence of the hydroxyl group at C-5 being 

equatorial, which is consistent with the retropinacoline rearrangement results. 

The signal of the terminal methylene group appeared at 4.68 ppm. The acetate 

108c showed methyl signals at o.es, 0.86 (9-H), 0.95, 0.98 ppm for the six 

methyl groups on saturated carbons and a methyl group on a double bond at 

1.68 ppm. The acetate methyl group appeared at 2.05 ppm and the terminal 

methylene group at 4.73 ppm. In all the NMR spectras the presence of an 

isopropenyl group is shown to be present. The NMR studies also show that the 

ketone is a pentacyclic triterpene with an isopropenyl side chain and a keto 

group at 5-position. 

Hence from a study of physical and chemical data of the ketone 108 and 

its derivatives, the structure 108 was proposed for the ketone. When we had 
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settled the structure of the ketone as 108 the Australian group of workers11 

reported the isolation of the alcohol Moretenol from Ficus macrophylla Desf., 

and assigned the structure 108 for the ketone, moreten~ne derived from their 

moretenol which had similar constants as our ketone. Subsequently, we 

identified our ketone as moretenone by mixed melting point and infrared 

comparison with an authentic specimen of moretenone kindly supplied by Prof. 

Ritchie. 

In view of the recent work of Yosioka and coworkers12,13 in the field of 

hopane series of triterpenes the structure of isoadiantone has been changed to 

64 and accordingly we have changed the structure of moretenone 108 to 114 

in which the C-21 isopropenyl side chain is in the stable «-orientation12, 13• 

Exandnation of Fraction 2. Isolation of a new triterpene alcohol 3-epi moretenol, 

c30H50o, m.p. 223-4°, ~«_7D -2.5° and elucidation of its structure. 

The fraction 2 of the chromatogram, m.p. 200-215°, on chromatography and 

crystallisation from methanol afforded a solid 115, m.p. 223-4°, ~«_7D -2.53°. 

Elemental analysis and mass spectrometric determination established the 

molecular formula to be c30H50o (~ 426). The NMR spectrum (Fig. 6) showed 
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peaks at 0.68, 0.83 (6-H), 0.95-0.98 (9-H) and 1.68 ppm corresponding to six 

methyl on saturated carbons and one methyl on a doubly bonded carb~n respec

tively. A signal at 3.40 ppm (~dth at half .t..:a.if.J:"of 7 Hz) shoved the proton at 

C-3 to be equatorial. The terminal methylene group appeared at 4.68 ppm. Tbis 

compound afforded an acetate 115a, c32H52o2, m.p. 233-4°, ~~~D -19.4° 

(m/e 189, 202, 408, 468) having NMR signals at 0.70, 0.84-0.88 (9-H), 0.98(6-H) 

ppm for six methyl groups on saturated carbons and 1.68 ppm for a methyl group· 

on a doubly bonded carbon. The signal for the methyl of the acetate group 

appeared at 2.07 ppm. The signal at 4.68 ppm for the terminal methylene group 

partially overlapped that of the C-3 proton which was located at 4.64 ppm. The 

similarity of the mass spectral :fr.agmentation pattern (Fig. 7) and the NMR 

spectra of the alcohol and its acetate 115a to that of moretenol and its 

acetate suggested that the alcohol 115 might be 3-epimer of meretenol. 

Chromi~ trioxide - pyridine oxidation on the alcohol gave a ketone, 

0 "J 0 • c30H48o, m.p. 200-201 , ~ ~ D +50 wh2ch was found to be identical with 

moretenone ~08 by m.m.p. and comparison of infrared spectra ~th an authentic 

sample. Since the 3-)3 alcohol 108b was prepared by LAH reduction of 

moretenone ~ and was found to be different in every respect from the alcohol 

lli, the hydroxyl group at C-B must be ~-oriented. Thus the new triterpene 

was established as 3-epi-moretenol 115. 

y 

115 (R=H) 
115a {R=-COCH3) 
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The structure 115 was fUrther conrirmed by its partial synthesis from 

moretenone 114 by Meerwjin-Jlondor:ffreduction according to the method of Paton and 

coworkers74 when 3-epimoretenol and moretenol were produced and separated by 

chromatography. 

Acid Isomerisation of 3-epimoretenyl Acetate 

(i) Preparation or 3-epi-hop-17(21)-enyl Acetate ~ 

3-epi-moretenyl acetate ~on acid isomerisation under mild conditions 

or Fazakerley and coworkers42 fUrnished an acetate c32H52o2, m.p. 222-3°, 

~~_70 +11.11°. The acetate on hydrolysis with methanolic potassium hydroxide 

gave an alcohol 116a, m.p. c3oH5oO, m.p. 185-6°, L-~..::(0 +47° which on oxidation 

with Cr03-Py afforded a ketone c30H48o, m.p. 197-8°, ~~_70 +90°, identical 

with hopenone-I (m.m.p. and IR comparison). Hence the acetate 116 should be 

assigned 3-epi-hop-17(21)-enyl acetate 116 and the alcohol 3-epi-hop-17(21)

enol 116a. Our alcohol had similar m.p. and rotations as 3-epi-hop-17(21)-enol 

prepared by Arthur~ ~. 51 • They however have not described the acetate. 

Although we could not procure their sample we believe our comp~und is identical 

to Arthur's compound. 

(ii) Preparation of 3-epi-hop-13(18)-enyl Acetate 111 
The acetate 116 on fUrther isomerisation under strong acid conditions of 

Fazakerley and coworkers42 yielded an acetate 117, c
32

H
52

o2, m.p. 179-81°, 

~~_70 -32.14°. The acetate 117, on hydrolysis with methanolic potassium 

hydroxide furnished an alcohol 117a, c30H50o, m.p. 219-21°, f:~_7D -14.81°. 

Oxidation or the alcohol 117a with Cr05-Py produced a ketone c30H48
o, 

m.p. 148-50°, ~~_70 +49°, which was subsequently identified as hopenone-II 

(m.m.p.). Hence the acetate can be assigned structure 117, and the alcohol 

3-epi-hop-13(18)-en-ol 117a. The compound has not yet been isolated from 
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nature nor has it been prepared by synthesis. This appears to be the .first 

report of these compounds. 

116 (R=-COCH3) 
116a (R=H) 

117 (R=-COCH3) 
117a (R=H) 

Examination of fraction 3: and isolation of a paraffin alcohol c28H58o, 

The fraction 3 of the chromatogram on rechromatography and crystallisation 

from chloroform and methanol gave an alcohol c 28H58o, m.p. 86-89~, ~~_70 -13.2°. 
m.p 85~G, 

This alcohol on acetylation furnished an acetate c30H6002'A c~JD -20.4°. It 

did not show any UV absorption maxima or any end absorption. From the above 

facts, it ~as evident that it was a branched chain saturated paraffin alcohol. 

Examination of fracti~n 4 : Isolation and identification of Moretenol 

Fraction 4 of the chromatogram on rechromatography and crystallisation from 

chloroform and methanol a.fforded an alcohol, m.p. 228-BoO, L-~JD +25°. On 

acetylation with acetic anhydride and pyridine mixture it afforded an acetate 

0 - - 0 m.p. 280-81 , L ~_JD +24 • Elemental analysis of the alcohol and the acetate 

was .found to correspond to the formula c 30H5oO and c 32H52o2 respectively. On 



-: 78 :-

oxidation with chromium trioxide and pyridine complex the alcohol afforded a 

ketone, C3ofl480, m.p. 200-201°, ~~_7D +52°. The ketone was identified as 

moreienone 114 by direct comparison with an authentic specimen of moretenone. 

The acetate was identical with moretenyl acetate by mixed melting point and 

comparison of IR spectra with an authentic sample of moretenyl acetate. Hence 

the alcohol m.p. 228-30°, ~~_7D +25° was identified as Moretenol. 

Examination of fraction 5 : Isolation and identification of _(3 -sitosterol 

Fraction 5 on crystallisation from chloroform and methanol mixture had 

m.p. 136-7°, ~~_7D -32°. Elemental analysis showed the molecular :formula as 

c29H50o. On treatment with acetic anhydride and pyridine solutio~ it afforded 

0 - 7 0 an acetate c31H52o2 , m.p. 127-9 , L «_;D -40 • The acetate was identified as 

f3 -sitosterol acetate by direct comparison with an authentic specimen of 

,19 -sitosterol acetate. Hence the parent alcohol was identified as (3 -sitosterol. 

Examination of' fraction 6 : Isolation of a new nor-triterpene c29H46o4,m.p.228-9°, 

L-~_7D -9.09° and investigation of its structure 

Fraction 6 on rechromatography and crystallisation from methanol fUrnished 

fine needle shaped crystals having m.p. 228-9°(d), ~~_7D -9.09°. Elemental 

analysis and mass spectrometric determination showed that the molecular formula 

was c29H46o4 (~ 458). The compound had IR peaks (KBr disc) at 3360 (OH, broad), 

2970 (-CH2-, broad); 1467, 1453 (CH=CH- doublet); 1389, 1369 (gem dimethyl, 

sharp); 890, 875 (CH=CH-) cm-1• The compound did not show any UV absorption 

in the region 220-300 mp. 

On acetylation with pyridine and acetic anhydride, the compound yielded a 

diacetate having m.p. 213-15°(d), L-~JD +47.5°. Elemental analysis and high 

-· -
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resolution mass spectrometric determination suggested the molecular ~ormula 

as C35H5a06 (M+ 542). The acetate had IR peaks (CHC1 5) (Fig.8) at 1757 

(-OCOCH5), 1467, 1453 (CH=CH, doublet); 1589, 1369 (gem dimethyl, sharp), 

1245-50 (-OCOCH5), 895-872 (CH=CH) cm-1 but no hydroxyl peak in the range 

3100-3650 cm-1. 

N~ffi spectra o~ the diol (Fig.9) showed peaks at 0.88, 0.91, 0.95, 1.04, 

1.06, 1.14 and 1.18 ppm ~or seven tertiary methyl groups, two doublets at 

2.16 and 2.20 ppm and 2.28 and 2.32 (two-0!!, groups), 5.22 and 3.30 ppm 

(2H, !!-C-OH) and a quartet of doublets at 4. 00 (-Cll2-) and another quartet 

at 6.42, 6.52, 6.72 and 6.80 ppm (AB quartet, CH=CH) • 

The diacetate had NMR (100 Me) signals (Fig.10) at 0.885, 0.930 (6-H), 

0.960, 0.980, 1.01, 1.025 ppm ~or seven methyl groups on saturated carbons; 

1.99 and 2.055 (6H, 2-0COCH.5), 4.7o·o and 4.800 ppm (2H, 2 !;!-C-OCOCHs), 6.400, 

6.490, 6.675, 6.750 ppm (AB quartet, CH=CH). 

The mass spectra o~ the diol showed significant peaks at m/e 426, 440, 

458 (~) (Fig.11). The mass spectra of the diacetate showed the significant 

peaks at m/e 422, 482, 510, 524, 542 (~) {Fig.12). 

Discussion: 

It has been found from the elemental analysis and mass spectral data that 

the molecular formula of the original alcohol and the diacetate is c29H46o4 

and c33H
50

o
6 

respectively. Hence two of the oxygen atoms are present as two 
. 

secondary hydroxyl groups which are acetylable. The UV spectra of the alcohol 

and the acetate showed no absorption in the region 220-300 mjl• Hence from the 

IR and UV spectra the absence of the carbonyl function in the molecule was 

j 
,, 
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deduced. The fragment 524 (~ -18) in the mass spectra of the acetate indicated 

that a molecule of vater might have been eliminated, which might be caused b.1 

the presence of a nonacetylable hydroxyl group in the acetate. But the absence 

of hydroxyl function was indicated by IR spectra which showed no peak around 

3000-3600 cm-1. This was confirmed by chemical reactions: (a) Chromic 

anhy~de-Pyridine oxidation and (b) Phosphorous oxychloride-Pyridine dehydration 

on the acetate. Both the reactions gave back the original acetate, m.p.213-15°. 

Hence the presence of (OH) group was ruled out by these evidences. The two 

remaining oxygen functions might be present as ether linkage or oxide linkage. 

The presence of mass peaks at 426 and 510 of the alcohol and the acetate 

respectively might have resulted by the loss of one molecule of methanol and 

the presence of a group like -CH2-0 - might be inferred. This was ruled out 

as there was no signal in the NMR of the alcohol and the acetate due to 

-CH20- grouping. The absence of any peak due to -OCH3 group precludes the 

possibility of the presence of a -OCH3 group in the compound. The presence of 
Q 

oxide linkage of the type -~H was also eliiDinated by the absence of signals 

due to a proton attached to carbon of the oxide linkage. 

The diacetate has been found to liberate one atom of iodine for one atom 

of oxygen when treated with potassium iodide in glacial acetic acid solution 

as compared to a similar blank solution. This experimental result seems to be 

very significant and the presence of a peroxide linkage such as -C-0-0-C- may 

be envisaged as in the case of ergosterol peroxide75 , 76 • The presence of 

fragments due to loss of mass unit 32 in the spectra of the alcohol and the 

acetate may be accounted due to loss of two oxygen atoms. 

Perbenzoic acid titration on the acetate and the alcohol did not show any 

consumption of perbenzoic acid, although from the NMR spectra it vas evident 

l -
' 
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that a double bond as -CH=CH- is present in the molecule which might consume one 

mole equivalent of perbenzoic acid. This anomalous observation might be explained 

if we assume that one mole equivalent of perbenzoic acid is consumed by the 

compound and an equivalent amount of iodine is liberated during the titration due 

to peroxide function thus offsetting the difference in the titration value. 

The above interpretation is supported by the fact that on vorking up of the 

reaction product of perbenzoic acid titration, a different compound having 

melting point above 360° was isoiated. On the basis of the above observations 

most probably -C-0-0-C- function is present in the compound. However, further 

work is necessary to corroborate this argument. 

From the study of mass f'ragmentation pattern and NMR it is evident that 

there is no isopropenyl side chain in the alcohol, which is observed to be 

present in other compounds isolated from the same plant. 

The diequatorial 2='<, 5_(1 configuration of the hydroxyl groups in the alcohol 

is unequivocally confirmed by examination of NMR spectra of its acetate. In the 

acetate, the proton at C-3 gives rise to a signal near 4.800 ppm \Jhich is 

split into an unsymmetrical doublet (J, 10Hz) by the proton at C-2. The 10Hz 

coupling between these implies a trans diaxial arrangement of the C-2 and C-3 

protons77 • The C-2 proton is further coupled to the methylene at C-1, and the 

signal for it is discerned as a quartet of doublets at 5 ppm (X part of ABXY). 

A similar pattern is observed in methyl alphi tolate diacetate 78 and methyl 

maslinate diacetate and was recorded for other triterpenes with identical 

ring A79 • Hence we can suggest a partial formula for the nor triterpene 

alcohol as in 118. 



-: 82 :-

-C-0-0-C-

-y=y-
H H 

Hydrogenation of the acetate in presence of palladium-on-charcoal 

catalyst at ordinary pressure and room temperature afforded a compound 

having melting point 262-3°, acetylation of which gave an acetate, 

melting point 170°. Lithium alQminium hydride reduction of the alcohol 

in dioxan afforded a compound having melting point 301-3°, acetylation of 

whiGh yielded an acetate having melting point 300°. Periodic acid 

titration on the original compound showed anomalous results and will be 

reported later. Further work is in progress. 



CHAPTER-III 

EXPERIMENTAL 

Melting points are uncorrected. Petroleum ether used had b.p.60-80°. 

All optical rotations were determined in chloroform solution unless stated 

otherwise. The mass spectra were determined with an ~ffi-9 mass spectrometer, 

using direct sample introduction into the ion source. NMR spectra were 

obtained on Varian A-60 and HA-100 spectrometers, using chloroform-d 

solutions containing tetra.l'Jlethylsilane as reference. The IR spectra were 

recorded in Perkin-Elmer 337 and 221 spectrophotometer. UV absorption 

spectra were taken in Zeiss VSU-1 spectrophotometer. 

Examination of the neutral portion B (Part-I, Chapter-IV, p.19) of the tru~~ 

bark and stem of Sapium sebiferum Roxb. 

Extraction: The details of the extraction and the separation of the 

neutral portion has already been described in Part-I, Chapter-IV, p.19. 

Chromatography of the neutral portion A 

The gwamy material (16.0 g.) dissolved in benzene (30.0 ml.) was placed 

on a column of alumina (640.0 g., deactivated with 25.5 ml. of 10% aqueous 

acetic acid). The chromatogram was developed with petroleum ether and eluted 

with the following solvents (Table-r). 
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TABLE-I 

Chromatography of the above gummY material (16.0 g.) 

Kluent · 

Petroleum ether 

Petroleum ether 

Petroleum ether:benzene(9:1) 

PetroleQm ether:benzene(4:1) 

Petroleum ether:benzene{3:2) 

Petroleum ether:benzene(1:1) 

Petroleum ether:benzene(2:3) 

Petroleum ether:benzene(1:4) 

Benzene (1) 

Benzene:ether (4:1) 

Benzene:ether (3:2) 

Fractions 
100 rnl. each 

1 - 6 

7- 18 

19 - 26 

27 - 32 

35 - 40 

42 - 53 

56 - 59 

60- 64 

66 - 70 

71 - 75 

77 - 84 

Residue on 
evaporation 

(gm.) 

Oil (3 g.) 

Solid (2.5 g.) 

Solid (1.0 g.) 

Solid {1.0 g.) 

Solid (0.6 g.) 

Solid (1.5 g.) 

Oil (0.5 g.) 

Oil (0. 7 g.) 

Oil(0.2g.) 

Oil (0.8 g.) 

Solid {0.5 g.) 

Melting point oc 

18D-900 

Further elution with more polar solvents did not afford any material. 

Examination of Fractions 7-18 (Table-I) : Isolation of moretenone 111 

The solid fractions 7-18 (Table-I) were combined (2.5 g.), m.p. 180-900 

and was rechromatographed over active alumina (120 gm.). The solid dissolved 

in benzene (5 ml.) was placed on a column of alumina. The chromatogram was 

developed in petroleum ether and ~as eluted with the following solvents 

(Table-II). 
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TABLE-II 

ChromatograPhy of the above material (3.0 g.) 

Eluent 

Petroleum ether 

Petroleum ether:benzene(4:1) 

Petroleum ether:benzene(~:~) 

Fractions Residue on evaporation m.p. 
50 ml.each 

1 - 5 

4 - 7 

8- 15 

Trace oil, soluble in 
petroleum ether 

Trace low melting solid, 50-60° 
sDluble in pet.ether 

Crystalline solid 185-95° 

Further elution with more polar solvents did not afford any material 

The fractions 8-15 (Table-II) were combined (2.2 g.) and crystallised from 

" 
a mixture of chloroform and methanol to afford pure sample of moretenone 114, 

0 - 0 m.p. 198-99 , L ~_7D +50 • It showed no depression in melting point when 

mixed with an authentic sample of moretenone, IR spectra of \·Jhich were 

superimposable. 

Found 

Calculated for c
30

H48o 

UV (95% Ethanol) 

IR (KBr disc) 

Mass spectra 

NMR 

ORD curve 

. • 

: 

. . 

. . 

. . 

. . 

. . 

C,84.44; H,11.33%. Mol.\-Tt. 407 (Rast). 

C,84.84; H,11.39%. Mol.wt. 424. 

).. 287 mp {E-, 71.5) • 
max 

~""~ -1 
JY max 1705, 1640, 875 em • 

m/e 189, 205, 381, 424 (Fig. 4). 

Signals at 0.70, 0.94, 0.95, 1.02(6-H), 

1.08(6-Methyl groups); 1.68 (-C=C-CR3); 

2.33, 2.43 (-CO-CB2-, protons); 4.68 (C=CR2) 

ppm (Fig. 5 ) • 

1:"~_7585 +42, L-~J 342.s +49o(peak), L-~J33o 

+486(peak), L~J312 +268(shoulder), L-~_7280 
+14(trough) (Fig.3). 
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Deuteration of moretenone 114 in methanol-0-D vas performed and the mass 

and NMR of the product vera taken : 

Mass spectra(of deuterated moretenone) : m/e 189, 207, 385, 426. 

NMR snectra( 11 " · n ) : signals at 0. 70, 0. 94, O. 95, 1. 02-

Gol~ur reaction tests: 

(6-H), 1.08(6-Gli5 grQups); 1.68 

(=G-Ctl5) and 4,S8 (=CH2) ppm. 

a) Tetranitromethane developed a yellow colour. 

b) Leibermann-Burchard reaction : The compound developed a violet coloura-

tion with a mixture of acetic anhydride and cone. sulphuric acid. 

c) Zimmermann colour test vas positive. 

Preparation of 2,4-Dinitrophenylhydrazone derivative of moretenone 

2,4-Dinitrophenylhydrazine (0.5 g.) dissolved in rectified spirit {5 ml,) 

and a fev drops of cone. H2so4 was added to the solution of moretenone (0.2 g.) 

in GHG15 (1 ml.). The reaction mixture was concentrated when orange red 

crystals coa~enced to separate out. The crude DNP produat m.p. 267-8° on 

crystallisation from chloroform and methanol yielded pure 2,4-DNP derivative of 

moretenone, m.p. 271-3°. 

Found . . 
. . 

0,71.32; H,8.27; N,9.45%. 

G,71.52; H,8.61; .N,9.27% • 

Lithium Aluminium Hydride reduction : Preparation of Moretenol 108b 

Moretenone (0.5 g.) in dry ether (150 ml.) was refluxed with LiA1H4 (0.2 g.) 

for four hrs. Excess of LiA1H4 was decomposed with a saturated solution of sodim 

sulphate in cold. The reaction mixture was transferred to a separating funnel 

.. .. 
' 
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and then extracted with ether, the ether extract was washed with water and then 

dried {Na2so4 ). Ether was distilled offand the residue (0.5 g.), m.p. 210-200° 

was chromatographed over alumina. A column of alumina (20 g., deactivated with 

0.8 ml. of 10% of aqueous acetic acid) was developed \.rith petroleum ether and 

the above residue dissolved in benzene (10 ml.) was added to it. The following 

solvents were used for elution (Table-III). 

Eluent 

Petroleum ether 

Petroleum ether:benzene (4:1) 

Petroleum ether:benzene (3:2) 

TABLE-III 

Fractions, 
50 ml.each 

1- 2 

3- 4 

5 -10 

Residue 

Nil 

Nil 

Crystalline solid 
(0.45 g.), m.p. 222-4° 

Further elution with more polar solvents did not yield any material 

Fractions 5-10 {Table-III) were combined and the solid (0.45 g.) was 

crystallised from chloroform and methanol mixture when a constant melting solid, 

m.p. 231-33°, ~~_70 +170 was obtained. 

Found 

Mass spectra 

NMR spectra 

: C,84.38; H,11.89%. 

: C,84.44; H,11.81%. 

: m/e 189, 207, 383, 426. 

: signals at 0.69, 0.77, 0.83, 0.94, 0.99(6-H), 

(6-CH3); 1.67 (=C-Cli3); 3.22 (tlS-OH); 4.68 

(=Cliz) ppm. 
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Preparation of moretenylbenzoate 

To moretenol (0.1 g.) dissolved in pyridine (1 ml.) benzoyl chloride (1 ml.) 

was added and the mixture kept over water bath for 4 hours. The mixture was 

poured into cold water and the solid formed was collected by filtration. The 

crude benzoate m.p. 237° on crystallisation from chloroform and methanol 

furnished pure moretenyl benzoate, m.p. 0 248-9 ' 

Found : C,83.83; H,10.18%. 

: C,83.72; H,10.25%. 

Preparation of moretenyl acetate lOSe 

To a solution of moretenol (0.5 g.) dissolved in pyridine (5 ml.) was 

added acetic anhydride (5 ml.) and the mixture kept over water bath for four 

hours. Fine needle shaped crystals separated out which was collected (0.4 g.), 

m.p. 271-2°. The crystals were crystallised several times when moretenyl 

acetate, m.p. 278-9°, L-~_7D +23° was obtained. 

Found 

Calculated for c32H52o2 

IR {KBr disc) 

Mass spectra 

. . 

. . 

. . 

. . 

C,81.56; H,ll.OO%. 

C,81.99; H,11.18%. 
g -1 

LJ max 3070, 1725, 1640, 1250, 883 em 

signals at 0.68, 0.86 (3-CH5), 0.95, 0.98 

(6-CHs); 1.68 (=C-CH5); 2.05 (-O.GOCH3); 

4.75 (=CH2) ppm. 

Perbenzoic acid titration on moretenyl acetate : Estimation of double bond and 

isolation of moretenyl acetate oxjde 

Moretenyl acetate (0.1001 g.) was dissolved in chloroform in a 50 ml. 

volumetric flask and a solution of perbenzoic acid in chloroform (5 ml.) was 
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added and the volume made up to 50 ml. with chloro.form. A similar blank solution 

with perbenzoic acid (5 ml.) was prepared. Titration values showed that it 

consumed exactly one mole equivalent of perbenzoic acid within an hour. There 
. 

was no further uptake even after 24 hours. Hence the presence of only one · 

double bond was confirmed in moretenyl acetate. The whole reaction mixture was 

treated with sodium thiosulphate solution and the chloroform solution was 

washed with aqueous NaOH solution followed by water, dried (Na2so4 ) and chloroform 

was evaporated. Crystallisation o.f the solid from chloro.form and methanol 

0 - J 0 mixture af.forded moretenyl acetate oxide, m.p. 271 , L ~ D +20.45 . 

Found : C,79.00; H,10.28%. 

: C,79.33; H,10.74%. 

Retropinacoline transformation of moretenol 

To a suspension of PC15 (0.32 g.) in dry petroleum ether (10 ml.), 

moretenol (0.5 g.) was added and the mixture shaken for 30 minutes. The reaction 

mixture became clear within 20 minutes. The petroleum ether solution was washed 

with warm water, dried (Na2so4 ). Evaporation of the solvent furnished a solid, 

m.p. 175-80°. The solid {0.4 g.) was chromatographed over alumina (16 g.). The 

chromatogram was developed with petroleum ether and eluted with the following 

sol vents (Table-V). 

Eluent 

Petroleum ether 

TABLE-V 

Fractions, 
50 ml.each 

1- 3 

Residue on evaporation 

Solid (0.4 g.), m.p. 185-6° 

Elution with more polar solvents did not furnish any material 

Fractions 1-3 (Table-V) were combined and the solid crystallised from 

chloroform and methanol when a diene was obtained, m.p. 189-90°, ~~_7 +14.54o. 
D 



Found 

UV (Ethanol) 

Mass spectra 

Hydrogenation of moretenol : 

. . 

. . 

. . 
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C,88.30; H,11.54%. 

C,88.16; H,11.84%. 

No absorption within the range 220-500 ID)l· 

m/e 189, 539, 565, 408. 

Preparation of moretenol ~ 

Moretenol (0.5 g.) dissolved in ethyl acetate (50 ml.) was hydrogenated in 

presence of palladium-on-charcoal at room temperature and ordinary pressure. One 

mole of hydrogen was c0nsumed within 50 minutes. The catalyst was removed by 

filtration and the filtrate evaporated to dryness. The solid residue was 

crystallised from chloroform and methanol mixture when crystals of moretenol 

-J 0 109b, separated out, m.p. 224-6°, L ~ D +11 • 

Found . . 
. . 

C,84.00; H,11.92%. 

C,84.11; H,12.19% • 

Retropinacoline rearrangement of moretanol : Preparation of hydrocarbon 1lQ 

To a suspension of PCl5 {0.50 g.) in dry petroleum ether (10 ml.) moretanol j 

On vorking up the reaction mixture j (0.5 g.) was added and shaken for 30 minutes. 

as in the previous case, a solid of m.p. 139-40° vas obtained. The solid was 

crystallised from chloroform and methanol to afford the hydrocarbon 110, 

Found . • 

. . 
C,87.61; H,12.35%. 

C,87.73; H,12.27% • 

J 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

' j 

J 
' j 

j 

j 
j 

j 

j 

j 

j 

I 
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Ozonisation of the hydrocarbon l1Q : Preparation of tris-nor-ketone l1l 

The hydrocarbon 110 (0.2 g.) in ethyl acetate (100 ml.) was ozonised at 0° 

and excess of ozone removed by a stream of nitrogen and the ozonide decomposed 

with 10% acetic acid (100 ml.) and zinc dust (i g.). Ethyl acetate removed under 

reduced pressure and the residue extracted with ether, washed with water, 

dried (Na2so4 ) and ether distilled off. The residue (0.15 g.) vas crystallised 

from chloroform and methanol mixture to afford a ketone 111, m.p. 195-6°, 

Found 

Calculated for c27H44 

IR (KBr disc) 

: 

: 

. . 

C,84.25; H,11.52%. 

C,84.3?; H,11.46%. 

... l -1 
·u max 1745 em • 

Modified Wolff-Ilishner reduction of moretenone Preparation of moretene 108a 

Moretenone (1 g.) in diethylene glycol (150 ml.) was refluxed with 

hydrazine hydrate (11.2 ml.) for 30 minutes. After addition of KOH (1.0 g.) 

the mixture was further refluxed for one hour. The condenser was removed and 

the mixture was heated to 190°. After refluxing for another ~hours the 

reaction mixture was cooled, diluted with water when a solid separated out. 

The solid (0.92 g.) was chromatographed over a column of active alumina (60 g.). j 

The chromatogram was developed in petroleum ether. The solid (0.92 g. )dissolved j 

in petroleum ether (5 ml.) was placed over the column and it was eluted with 

the following solvents (Table-VI). 

TABLE-VI 

~El--------~----------~j uent Fractions, Residue 
50 ml,each 

' 

Petroleum ether 1- 5 Solid (0.9 g.), m.p. 190-5° j 

Further elution with more polar solvents did not fUrnish any material j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

I j 

j 

: -j 
I j 

.J 

j 

j 

j 

j 

j 

j 
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Fractions 1-5 (Table-VI) were combined and the solid on crystallisation from 

-J 0 chlorororm and methanol arrorded a hydrocarbon 108a, m.p. 203-5°, L~ D +22. 

Found 

Calculated ror c3aH50 

Mass spectra 
. 

NMR spectra 

: C,87.58; H,12.05%. 

: C,87.73; H,12.27%. 

: m/e 189, 191, 367, 410. 

: signals at 0.70, 0.94, 0.95, 1.02(2-CH3), 

1.08(6-CH3); 1.68(-C=C-Cli3); 4.es (=CH2 ) ppm. 

Ozonolysis or moretene ~ : Preparation or isoadiantone ~ 

Moretene (0.5 g.) in ethyl acetate (50 ml.) was ozonised at 0° ror 3 hours. 

The ozonide ~as decomposed vnth zinc and acetic acid and etbyl acetate removed 

by distillation under reduced pressure. The residue was extracted with ether, 

and the extract was washed with water, dried (Na2so4 ) and ether was evaporated 

orr. The residue (0.45 g.), m.p. 225-6° was chromatographed on a column or 

silica gel (20 g.). The chromatogram was developed with petroleum ether and 

the solid (0.45 g.) dissolved in benzene (2 ml.) l-Tas placed on the column. It 

was eluted with the rollowing solvents (Table-XV). 

Eluent 

Petroleum ether 

TABI,E-XV 

Fractions, 
50 ml.each 

1 - 10 

Residue 

Solid (0.4 g.), m.p. 228-30° 

Further elution with more polar solvents did not yield any material 

Fractions 1-10 (Table-XV) were combined (0.4 g.) and on crysta~lisation from 

chlorororm and methanol arrorded crystalline solid, m.p. 2300, L~J +5o 
D 
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was obtained which was identical with isoadiantone (m.m.p. and IR comparison) 

kindly supplied by Pror. Berti. 

Found : C,84.50; H,11.29%. 

: C,84.46; H,11.40%. 

Hydrogenation of moretene 108a : Preparation of moretane ~ 

Moretene (0.2 g.) dissolved in ethanol ( SO,ml.) was hydrogenated in 

presence of palladium-on-charcoa~ catalyst at room temperatuxe and ordinary 

pressure. Within 30 minutes the uptake of hydrogen stopped, the reaction 

mixture filtered and the filtrate on concentration and crystallisation of the 

solid from chlorororm and methanol fUrnished moretane 109a, m.p. 176 and 196° 

(double melting), ~~_7D +20°. 

Found 

Calculated for c30H59. · 

Mass spectra 

: C,87.50; H,12.52%. 

: C,87.38; H,12.68%. 

: m/e 191, 369, 412. 

ACID ISOMERISATION OF MORETENONE 

i) Preparation of Hopenone-I 

To a solution of m0retenone (0.5 g.) in glacial acetic acid (50 ml.) a 

mixture of glacial acetic acid (9 ml.) and conc.H2so4 (3.5 ml.) was added. 

Crystalline solids started to separate within 10 minutes, The reaction mixture 

diluted with water and the solid was collected and crystallised from chloroform 

and methanol to fUrnish hopenone-I 42a, (0.5 g.), m.p. 195-7°, ~~_7D +91.43°. 

Found . . 
. . 

C,84.79; H,11.25%. 

C,84.84; H,11.39% • 



-: 94 :-

ii) Preparation or Hopenone-II 

Hopenone-I (0.3 g.) prepared above was dissolved in glacial acetic acid 

(65 ml.) and benzene (25 ml.) and was treated ~th conc.H2so4 (12.8 ml.) in 

acetic acid (20 ml.). Arter keeping at room temperature ror 20 hours the 

·solution was diluted with water and the product isolated with ether. The ether 

extract was washed with water, dried (Na2S04) and the ether removed. The solid 

(0.25 g.) was chromatographed over alumina (15 g.). The chromatogram was deve-

loped in petroleum ether and the solid dissolved in benzene (4 ml.) was placed 

on the column. The rollowing solvents were used ror elution (Table-VII). 

Eluent 

Petroleum ether 

Petroleum ether:benzene (4:~) 

TABLE-VII 

Fractions, 
50 ml.each 

1 - 2 

3 - 4 

Residue 

Nil 

Nil 

Petroleum ether:benzene (~:3) 5-7 Solid (0.2 g.), m.p. 145-6° 
-~ 

Further elution with more polar solvents affordAno material 

Fractions 5-7 {Table-VII) were combined (0.2 g.) and crystallisation or the 

solid from chloroform and methanol furnished hopenone-II 113, m.p. 150-5°, 

Found : C,84.80; H,11.10%. 

C,84.84; H,11.39%. 
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Examination of Fractions 19-26 (Table-I) : Isolation of 3-epi-moretenol ~ 

The fractions 19-26 (Table-I) were combined {1.0 g.), m.p. 200-215° and the 

solid boiled with methanol vhen most of the solids vent into solution. It vas 

filtered hot to separate some of the insoluble solids {m.p. 50-6cP, vide infra). 
0 

The filtrate on concentration gave a crystalline solid {0.7 g.), m.p. 215-18. 

The latter was rechromatographed over active alumina (25 g.). The chromatogram 

was developed vith petroleum ether and the solid dissolved in benzene (10 ml.) 

vas placed over the column and vas eluted vith the following solvents (Table-VIII). 

Eluent 

Petroleum ether 

Petroleum ether:benzene (4:1) 

Petroleum ether:benzene (3:2) 

TABLE-VIII 

Fractions, 
50 ml. each 

1 - 3 

4 - 6 

7- 11 

Residue 

Small amount of solid, 
m.p. 5D-600 

Nil 

Solid (0.€ g.), m.p. 220-22° 

More polar solvents did not elute any further material 

~ractions 7-11 (Table-VIII) were combined and crystallised from methanol to 

afford fine needle shaped crystals of 3-epi-moretenol 115, m.p. 223-4°, 

Found 

Calculated for c30H50o 

UV (Ethanol) 

Mass spectra 

NMR spectra 

. . 

. . 
C,84.59; H,11.93%. 

C,84.44; H,11.81%. 

No absorption within the range 220-300 mp • 

: m/e 189, 207, 383 {very small), 426 {Fig.?). 

: signals at 0.68 (3H), 0.83(6H), 0.95-0.98(9H), 
w 

1.68(=C-CH3), 3.40 ('Z' 7Hz, -OH), 4.68(=CH2 ) pp-m 

{Fig.6). 
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Preparation of 3-epi-moretenyl acetate 115a 

3-epi-moretenyl (0.5 g.) was acetylated with pyridine (5 ml.) and acetic 

anhydride (5 ml.) by the usual method. The acetate, m.p. 226-8°, was 

crystallised from chloroform and methanol to afford a pure sample of 3-epi-

o L- J o moretenyl acetate 115a, m.p. 233-4 , c( D -19.35 • 

Found 

Mass spectra 

NMR spectra 

Preparation of moretenone 11! 

: 0,81.66; H,11.33%. 

: 0,81.99; H,11.18%. 

: m/e 189, 202, 402, 425, 468. 

signals at 0.70(3-H ), 0.84-0.88(9-H), 

0.98(6-H)(6-CH3); 1.68 (=C-CH3); 2.07 

(-O.C00fi3); 4.64 (fi-C-O.COOH5); 4.68 (=CH2 )FP~ 

3-epi-moretenol (0.2 g.) was OY~dised with Or05-Py complex prepared from 

pyridine (2 rnl.) and Cr03 (0.2 g.) and was kept at room temperature for 14 hours. 

The crude product (0.1 g.) obtained by working up in the usual way was chroma

tographed over a column of active alumina (5 g.). The chromatogram was prepared 

with petroleum ether and the product dissolved in benzene (5 ml.).was poured on 

the column. It was eluted with the fmllowing solvents (Table-IX). 

TABLE-IX 

Eluent Fractions, Residue 
50 ml.each 

Petroleum ether 1 - 2 Nil 

Petroleum ether:benzene (4: 1) 3- 4 Nil 

Petroleum ether:benzene {7: 5) 5 - 6 Solid, m.p. 196-8° 

Further elution with more polar solvent did not yield any material 
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Fractions 5-6 (Table-IX) (0.1 g.) on recrystallisation from chloroform 

and methanol furnished needle shaped crystals, m.p. 199-200°, ~~_7D +50°, 

which was found to be identical with authentic sample of moretenone (m.m.p. 

and comparison IR). 

Found : C,84.69; H,11.08%. 

: C,84.84; H,11.25%. 

ACID ISOMERISATION OF 5-EPI-MORETENYL ACETATE 

i) Preparation of 3-epi-hop-17(21)-enyl acetate 11£ 

3-epi-moretenyl acetate (0.3 g.) was dissolved in glacial acetic acid 

(50 ml.) and heated on water bath to dissolve the substance. It was cooled 

to room temperature and a mixture of conc.H2so4 (2.1 ml.) in glacial acetic 

acid (5.5 ml.) was added. Some solid separated within a few minutes. After 

two hours the reaction mixture diluted with water when a solid precipitated 

out. The latter (0.25 g.) was dissolved in benzene and placed on a column 

of alumina (10 g., deactivated with 0.4 ml. of 10% aqueous acetic acid) 

developed with petroleum ether. The following solvents were used for elution 

(Table-X). 

Eluent 

Petroleum ether 

TABLE-X 

Fractions, 
50 ml each 

1- 5 

Residue 

Solid (0.25 g.), m.p. 218° 

More polar solvents did not yield any further material 

Fractions 1-5 (Table-X) (0.25 g.) on crystallisation from chloroform and 

methanol furnished fine needle shaped crystals, m.p. 222-3°, L-~JD +11.11°. 
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Found c,so.so; H,1o.s2%. 

Preparation of 5-epi-hop-17(21)-en-ol ~ 

5-epi-hop-17(21)-enyl acetate 116 (0.2 g.) was hydrolysed with 10% 

methanolic KOH (5 ml.) in benzene {4 ml.) by renux:i.ng for 4 hours. The 

solvent was evaporated and the residue was extracted Yith ether. The ether 

extract was washed with water till neutral, dried {Na2so4 ) and ether evaporated 

off. The s~lid (0.15 g.) was dissolved in benzene and was placed on a column 

of alumina (0.1 g., deactivated with 0.4 ml. of 10% aqueous acetic acid). The 

following eluents were used ·{Table-XI). 

Eluent 

Petroleum ether 

Petroleum ether:benzene (4:1) 

TABLE-XI 

Fractions, 
50 rnl.each 

1 - 2 

3- 5 

Residue 

Nil 

Solid (0.15 g.), m.p.170-5° 

Further elution with more polar solvents did not yield any material 

Fractions 3-5 {Table-XI) (0.14 g.) on crystallisation from methanol yielded 

fine needle shaped crystals of 3-epi-hop-17(21)-en-ol 116a, m.p. 185-6°, 

L«J D +47. 06°. 

Found : c,sq.72; H,11.68%. 

: C,84.44; H,11.81%. 
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Preparation of Hopen&.NR from 5-epi-hop-17(21)-en-ol ~ 

5-epi-hop-17(21)-en-ol (0.2 g.) was oxidised ~th Cr05-Py complex prepared 

from pyridine (2 ml.) and Cr03 (0.2 g.) in the usual manner. The crude ketone 

obtained after working up in the usual manner was dissolved in benzene (3 ml.) 

and placed on a column of active alumina (10 g.). The chromatogram ~as 

developed on petroleum ether and was eluted with the folloYing solvents 

(Table-XII). 

Eluent 

Petroleum ether 

Petroleum ether:benzene (4:1) 

Petroleum ether:benzene (7:3) 

TABLE-XII 

Fractions, 
50 ml.each 

1- 2 

3- 4 

5 - 8 

Residue 

Nil 

Nil 

Solid(0.1 g.), m.p.19Q-2° 

Further e~ution with more polar solvents did not yield any material 

Fractions 5-8 (Table-XII) (0.1 g.) on crystallisation from chloroform and 

methanol yielded crystals of hopenone-I, m.p. 192-4°, L-«_7
0 

+88° identified 

with an authentic specimen (m.m.p. and comparison IR) of hopenone-I. 

ii) Preparation of 5-epi-hop-15(18)-enyl acetate l1Z 

5-epi-~p-17(21)-enyl acetate 116 (0.3 g.) dissolved in glacial acetic acid 

(65 ml.) and benzene (25 ml.) was treated with a mixture of conc.H2so4 (12.8 ml.) 

and acetic acid (20 ml.).· The reaction mixture was kept for 18 hours at room 

temperature, diluted with water and extracted with ether and the ether solution 

dried (Na2S04). Ether was evaporated and a solution of the residue (0.25 g.) in 
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benzene (3 ml.) was placed on a column of alumina (10 g., deactivated with 0.4 ml. 

of 10% aqueous acetic acid). The following solvents were used for elution 

(Table-XIII). 

Eluent 

Petroleum ether 

TABLE-XIII 

Fractions, 
50 ml.each 

1 - 2 

Further elution did not fUrnish any solid 

Residue 

Solid (0.2 g.), m.p.175° 

Fractions 1-2 (Table-XIII) crystallised several times from methanol to 

give crystals of 3-epi-hop-13(18)-enyl acetate 117, m.p. 179-81°, L-~_7D 
0 

-32.14 • 

Found : C,82.42; H,11.02%. 

: C,81.99; H,11.1B%. 

Separation of 3-epi-hop-13(18)-en-ol 117a 

3-epi-hop-13(18)-enyl acetate 116 (0.3 g.) was refluxed with 10% methanolic 

KOH (5 ml.) in benzene (5 ml.) for 4 hours. The solvent was evaporated and the 

residue extracted with ether, the ether solution washed with water, dried 

(Na2S04) and the solvent evaporated off. The residue (0.35 g.) dissolved in 

benzene (5 ml.) was placed on a column of alumina (10 g., deactivated with 0.4 ml. 

of 10% aqueous AcOH) developed with petroleum ether. The following solvents were 

used for the chromatographic separation (Table-XIV). 



Eluent 

Petroleum ether 

Petroleum ether:benzene (4:1) 

Petroleum ether:benzene (7:3) 
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TABLE-XIV 

Fractions, 
50 ml.each 

1 - 2 

3- 4 

5 - 6 

Residue 

Nil 

Nil 

Oil,solid with methanol, 
m.p. 210° 

Further elution with more polar solvents did not afford any solid material 

Fractions 5-6 (Table-XIV) were combined (0.25 g.) and the solid on 

crystallisation from methanol furnished fine needle shaped crystals of 3-epi-

hop-15(18)-en-ol 117a, m.p. 

Found 

, 0 - 0 218-20 ' L «_7D -14.8 . 

: C,84.02; H,11.73%. 

c,s4.44; H,11.8_1%. 

Preparation of Hopenone-II from 3-epi-hop-15(18)-en-ol 

A cold solution of 3-epi-hop-13(18)-en-ol (0.2 g.) was added to a complex 

prepared from Cr03 (0.2 g.) and pyridine (2 ml.) and kept overnight. Next day 

it was worked up in the usual way and afforded a solid which on crystallisation 

from chloroform and methanol furnished crystals, m.p. 148-50°, L-«J D +49°, 

identical with an authentic specimen of Hopenone-II (m .m.p. and IR comparison). 

Found 

Calculated for C H 0 
30 48 

. . 
C,84.45; H,11.55%. 

C,84.84; H,11.39%. 
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Meerwem-Pondorfireduction of Moretenone : Preparation of 3-epi-moretenol 115 

A mixture of moretenone (1.0 g.) and Al-isopropoxide (1.3 g.) in absolute 

isopropanol (12.5 ml.) was distilled slowly with the addition of isopropanol to 

maintain constant volume. A.fter 5 hours the distillate no longer contained 

acetone and the solution was evaporated to dryness. The product isolated in the 

usual way with ether was dissolved in benzene (10 ml.) and poured on a column 

of alumina (60 g., deactivated ~th 2.2 ml. of 10% aqueous acetic acid) 

developed with petroleum ether. The following solvents were used for elution 

(Table-XIX). 

Eluent 

Petroleum ether 

Petroleum ether:benzene (9:1) 

Petroleum ether:benzene (4:1) 

Petroleum ether:benzene (3:2) 

TABLE-XIX 

Fractions, 
50 ml.each 

1 - 4 

5 - 8 

9 -16 

20 -29 

Residue on evaporation 

Nil 

Nil 

Solid (0.3 g.), m.p.218-20° 

Solid (o.s g.), m.p.228-9° 

Further elution with more polar solvents did not yield any material 

Fractions 9-16 (Table-XIX) \fere combined and crystallised .from methanol to 

give crystals of 3-epi-moretenol, m.p. 222-3° which did not depress the melting 

point when mixed with an authentic sample o.f 3-epi-moretenol. The acetate 

prepared in the usual manner had melting point 233-4°, identical with 3-epi

moretenyl acetate (m.m.p.). 
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Fractions 20-29 (Table-XIX) were combined and crystallised from chloroform 

and methanol to give crystals m.p. 250-1° acetylation of which afforded an 

acetate m.p.278-88°, identical (m.m.p.) with an authentic specimen of moretenyl 

acetate. 

EXAMINATION OF FRACTIONS 27-32 (TABLE-I) ISOLATION OF THE PARAFFIN ALCOHOL 

Fractions 27-52 (Table-I) (1.0 g.) was dissolved in benzene and placed on a 

column of alumina (50 g., deactivated ~th 2 ml. of 10% aqueous acetic acid) 

developed with petrole~~ ether. The following solvents were used for elution 

(Table-XVI). 

Eluent 

Petroleum ether 

Petroleum ether:benzene {9:1) 

Petroleum ether:benzene {4:1) 

TABLE-XVI 

Fractions, 
50 ml. each 

1 - 4 

5 - 7 

8 - 15 

Residue 

Nil 

Nil 

Low melting solid (o.s g.), 
m.p. 85° 

Further elution with more polar solvents did not afford any material 

Fractions 8-15 (Table-XVI) were recrystallised from chloroform and methanol 

when flaky crystals, m.p. 86-9°, ~~_7D -15.18° were obtained. 

Found 

Calculated for c
28

H
58

o 

UV absorption 

. . C,82.15; H,14.15%. 

C,81.95; H,14.14%. 

: no absorption within the range 22D-310 m p.. 
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Preparation of the acetate of the paraffin alcohol c28H58o 

The paraffin alcohol (0.2 g.), m.p. 86-9° was acetylated with pyridine 

( 2 ml. ) and acetic anhydride ( 2 ml. ) in the usual manner. The crude acetate 

(0.2 g.) dissolved in benzene (2 ml.) was placed in a column of alumina (10 g., 

deactivated with 0.4 ml. 10% aqueous acetic acid) developed with petroleum 

ether •. The chromatogram was eluted with the following solvents (Table-XVII). 

Eluent 

TABLE-XVII 

Fractions, 
50 ml. each 

Residue 

Petroleum ether 1 - 5 Oil,solid with methanol 

~rther elution with more polar solvents did not yield any material 

Fractions 1-3 (Table-XVII) were combined (0.15 g.) and the solid crystallised 

o L- J o from chloroform and methanol to afford acetate m.p. 85-6 , ~ D -20.4 • 

showed depression in melting point when mixed with the original alcohol 

Found . . 
. . 

C,79.42; H,13.09%. 

C,79.62; H,15.27% • 

EXA.MINATION OF FRACTIONS 55-40 (TABLE-I) : ISOLATION OF MDRETENOL 

It 

Fractions 55-40 (Table-!) (0.6 g.) were combined and crystallised from a 

mixture of chloroform and methanol when fine crystals of moretenol 114 separated 



Found 

Preparation of Moretenyl acetate 
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C,84.54; H,11.75%. 

: C,84.44; H,11.S1%. 

Moretenol (0.2 g.) isolated above was acetylated with pyridine (2 ml.) and 

acetic anhydride (2 ml.) in the usual way. The solid obtained (0.2 g.) was 

crystallised from chloroform and methanol to afford crystals, m.p. 277-8°, 

L~_7D +28° which did not show depression in melting point when mixed with an 

authentic specimen of moretenyl acetate and the IR of which were identical. 

Found : G,81.90; H,11.71%. 

: 0,81.99; H,11.81%. 

Preparation of Moretenone 

Moretenol (0.2 g.) isolated above was oxidised with Cr05-Pyridine complex 

in the usual way. The solid (0.2 g.) produced was dissolved in benzene (2 ml.) 

and placed in a column of alumina (20 g.) developed in petroleum ether. The 

following solvents were used for elution (Table-XVIII). 

Eluent 

Petroleum ether 

Petroleum ether:benzene (4:1) 

Petroleum ether:benzene (5:2) 

TABLE-XVIII 

Fractions, 
50 ml.each 

1 - 2 

5 - 4 

5 - 7 

Further elution did not elute any material 

Residue 

Nil 

Nil 

Solid (0.15 g.), m.p.185-90° 
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Fractions 5-7 (Table-XVIII) were combined and on crystallisation f'rom 

chloroform and methanol gave crystals, m.p. 198-200°. It was identical 

(m.m.p., IR comparison) with an authentic sample of moretenone. 

EXAMINATION OF FRACTIONS 42-53 (TABLE-I} ISOLATION OF (3 -SITOSTEROL 

Fractions 42-53 (Table-r) were combined (1.5 g.) and the solid crystallised 

from chloroform and methanol mixture when fine needle shaped crystals of 

j3-sitosterol was obtained, m.p. 136-7°, L-~_7 -32°. 
D 

Found C,83.04; H,11.62%. 

: C,83.98; H,12.15%. 

Preparation of /3 -sitosterol acetate 
' 

(3-sitosterol (0.5 g.) \-las acetylated with pyridine (5 ml.) and acetic 

anhydride (5 ml.) in the usual manner. The product isolated in the usual 

way with ether was crystallised with chloroform and methanol when crystals of 

acetate, m.p. 126-7°, ~~_7D -40° were obtained which was identified as 

f3-si tosterol acetate by comparing \-rl th an authentic specimen of ,!3-si tosterol 

acetate (m.m.p. and IR comparison). 

Found C,81.15; H,11.35%. 

: C,81.52; H,11.48%. 

EXAMINATION OF FRACTIONS 77-84 (TABLE-I) : ISOLATION OF A NEW NOR-TRITERPENE 

ALCOHOL 

Fractions 77-84 (Table-I) were combined (0.5 g.) and its solution in 

benzene ( 5 ml. ) vas placed on a column of alumina ( 30 g. , deactivated with 
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1.2 ml. of 10% aqueous acetic acid). The chromatogram was developed with 

petroleum ether and eluted with the ~ollowing solvents (Table-XX). 

TABLE-XX 

Eluent Fractions, Eesidue 
50 ml. each 

Petroleum ether:benzene (1:1) 1 - 4 Nil 

Petroleum ether:benzene (1:3) 5 - 7 Nil 

Benzene 8 - 13 Oil 

Benzene:ether (4:1) 14 - 16 Oil 

Benzene:ether (3:2) 18 - 22 Solid (0.4g.), m.p.~20-2° 

Further elution with polar solvents did not yield any material 

Fractions 18-22 (Table-XX) Here combined and on crystallisation several 

times with chloro~orm yielded ~ine needle shaped crystals, m.p. 228-9°, 

Found 

Calculated for c
29

H
46

o
4 

UV spectra (Ethanol) 

IR spectra
8

?KBr disc) 

l'1a.ss spectra80 

NMR spectra 

. . 

. . 

. . 

. . 

C , 75. 9 2; H, 10.14%. 

C,75.98; H,10.05%. 

no absorption in the range 220-300 mp. 

·j) max 3360 (-OH, broad), 2070 (-CH2- broad), 

1467, 1453 (-CH=CH-, doublet); 1398, 1369 

(gem dimethyl-, sharp) 890, 875 (-CH=CH-) 

m/e 426, 440, 458 (Fig.11) • 

signals at 0.88,0.91,0.95,1.04,1.06,1.14,1.18 

(21H,7 tert-CH3),2.16,2.2,2.28,2.32(quartet 

of doublets, 2 C-Oli grbups);3.22,3.3(2H, 
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2 li-COH); 4.00 {quartet of doublets, -CH2-); 

and 6.42, 6.52, 6.72, 6.80 {AB quartet, 

CH=CH) ppm. (Fig.9). 

Preparation of the acetate of nor-triterpene c29H46o4 

The compound (0.2 g.) was acetylated with pyridine (2 ml.) and acetic 

anhydride (2 ml.) in the usual way. The solid obtained was dissolved in 

benzene (5 ml.) and was placed on a column of alumina (10 g., deactivated with 

0.4 ml. of 10% aqueous acetic acid). The chromatogram was developed with 

petroleum ether and eluted with the following solvents (Table-XXI). 

Eluent 

Petroleum ether 

Petroleum ether:benzene (9:1) 

Petroleum ether:benzene (4:1) 

TABLE-XXI 

Fractions, 
50 ml.each 

1- 3 

4 - 6 

7 - 12 

F.esidue 

Nil 

Nil 

Solid (0.18 g.), m.p.20Q-5° 

Further elution with more polar solvents did not yield any material 

Fractions 7-12 (Table-XXI) were combined which on crystallisation of the 

solid frmm chloroform and methanol mixture afforded _fine needle shaped 
~ 

o L- o crystals, m.p. 213-5 , d..JD +47.5 • 

Found 

Calculated for c
33

a
50

o6 

UV spectra {Ethanol) 

: C,72.79; H,9.07%. 

: C,73.06; H,9.22%. 

no absorption in the range 220-300 mp. 



80 
IR spectra (GHC13) 

80 Mass spectra 

NMR spectra (100 Mc/s) 
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V max 17.57 ( -OGOCH3); 1467, 145 3 ( -CH=GH-, 

doublet); 1389, 1369 (gem dimethyl, sharp); 

1245-50 (-OCOCH5 ); 895-872 (-C=GH-)(Fig.B). 

No hydroxyl absorption. 

: peaks at 422, 482, 510, 524, 542 (Fig.12). 

signals at 0.885, 0.930 (6-HO, 0.960, 0.980, 

1.010, 1.024 (21-H, 7 tert-CH3); 1.990 and 

2.055 (6H, 2 -OCOCH3); 4.700, 4.8 (2H, 

2ff-C-OGOCH3); 6.400, 6.490, 6.675, 6.750 

{AB quartet, -CH=GH-) ppm. (Fig.10). 

Perbenzoic acid titration of the above acetate : Isolation of the reaction 

product 

To the above acetate (0.150 g.) dissolved in chloroform in a 25 ml. 

volumetric flask, a solution of perbenzoic acid (5 ml.) was added and the 

volume made up to 25 ml. with chloroform. A blank solution of petbenzoic 

acid ( 5 ml. ) was prepared in a 25 ml. volumetric f1 ask. On titrating the 

above two solutions with a standard 10~ sodium thiosulphate solution there 

was no difference in the titer value even after 24 hours. 

After the titration t.ras over the reaction mixture t.ras treated with KI 

solution in acetic acid and then with thiosulphate solution to destroy 

perbenzoic acid. The clear chloroform solution t.ras washed with NaHC03 

solution, and then with water, dried (Na2so4 ). Chloroform was evaporated 

when an oily residue t.ras obtained. The latter formed crystals after keeping 

for 15 days. The solid was insoluble in all the solvents but was soluble in 

water. The solid was crystallised from aqueous methanol when needle shaped 

crystals of m.p.) 360° was obtained. Further work on this product is in progresE 
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KI-Acetic acid titration on the acetate, m.p. 213-5° 

The acetate, m.p. 213-5° (0.0445 g.) was dissolved in glacial acetic 

acid in a 25 ml. volumetric flask and a saturated solution of KI in glacial 

acetic acid was added and then the volume made up to 25 ml. A similar.blank 

solution of KI in glacial acetic acid was prepared in a 25 ml. volumetric 

flask. The above solutions were titrated against sodium thiosulphate 

solution (0.02969 N). The difference in the titer value was 2.4 ml. of 

thiosulphate solution for 10 ml. of each solution. Calculation revealed 

that two equivalent atoms of iodine were liberated by the compound, showing that 

one atom of iodine is liberated by one atom of oxygen, indicating a peroxide 

li~~age of the type C-0-0-G in the molecule. 

Hydrogenation of the acete.te, m.p. 213-5° 

The acetate, m.p. 213-5° (0.2 g.) dissolved in ethanol (30 ml.) was 

hydrogenated in presence of palladium-on-charcoal catalyst at ordinary 

temperature and pressure. Two mole equivalents of hydrogen were consumed 

within 1 hour. On working up the reaction mixture fine needle shaped 

crystals on m.p. 262-3° were obtained. ·Acetylation of this product 

furnished an acetate, m.p. 170°. 

Further work on these products are in progress. 

LAH reduction of the original alcohol, m.p. 228-9° 

To a solution of the original alcohol, m.p. 228-9° (0.3 g.) in dioxan 

(15 ml.) was added LAH (0.2 g.) and the mixture refluxed on the water-bath 

for an hour. Excess of LAH was destroyed with ethyl acetate (100 ml.) and 

the organic layer was washed with water, and dried (Na2so4 ). Evaporation 
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or the solvent fUrnished a crystalline solid which mn crystallisation from 

methanol gave crystals, m.p. 502-5°. Acetylation or this compound by acetic 

anhydride-pjridine method furnished an acetate, m.p. 500°. 

Further work is in progress. 
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PART-III 

INVESTIGATION ON THE BZNZENE INSOLU3LE PART FROM SAPIUM SEBIFERUM 

RDXB. A.l'W ELUCIDATION OF ITS STRUCTURE AS 3,4-DI-O-Hi2:THYL ELLAGIC 

ACID 

,_ 



CHAPTER-I 

ELUCIDATION OF THE STRUCTURE OF THE BENZENE INSOLUBLE SOLID C (PART-I, 

CHAPTER-III, P.13) : 3,4-DI-0-METHYL ELLAGIC ACID 1 

Section A Introduction 

It has long been knovm that gallic acid undergoes C-C coupling to .form 

hexahydroxy diphenic acid which occurs in nature as complex esters of glucose 

kno<m as 1ellagetanins 11• The hexahydroxy diphenic acid can also undergo 

internal lactonisation to yield ellagic acid, which is astringent and v.ridely 

distributed in nature in a number of plants. Besides ellagic acid, its 

various partial methyl ethers have been isolated .from plants. For example, 

5,3 1-di-0-methyl ellagic acid occurs in Euohorbia Formosana2 , Terminalia 

Qaniculata3 and Celtis australis4 , 3,3' ,4'-tri-0-methyl ellagic acid in Eu~enia /------
maria1, 3-0-methyl ellagic acid in Leptospermum Scolari1xm5 • The recent 

isolation of: gentiobioside o.f ellagic acid named arnritoside .from the stem bark 

of Psedium guava and the c(-arabinose ester of hexahydro:xy diphenic acid .from the 

half: ripe fruits o.f guava along with some gallic acid shows the ellagic acid 

derivatives are .formed from gallic acid precurs:or6 • The oxidative coupling of 

gallic acid to diphenic acid derivatives is very .facile chemically as well as 

enzymatically7 ' 8 • Three compounds named nasutinus A, B, C have recently been 

isolated .from the hymolymph o.f the termite, Nasutitermes exitioses9• Nasutins B 

and Care ellagic acid derivatives, the .former being 3,3 1 ,4-tri-0-methyl 

ellagic acid and the latter being 3,3 1-dimethyl ellagic acid. 

J-
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The present author has isolated a new derivative of ellagic acid 

namely 3,4-di-0-methyl ellagic acid from the bark of Sapium sebiferum Roxb. 

The details of the work is described below. 

Section B Purification of the insoluble solidG(Part-I, Chapter-III) 

The insoluble solid C (Part-I, Chapter-III, p.13) that separated out 

during the benzene extract of Sapilun sebiferum Roxb., was dissolved in 10% 

aqueous sodium hyd.roxide solution and filtered. The clear filtrate was 

acidified with dil. hydrochloric acid and kept in the frigidaire for seven 

days. The precipitated solid 1..ras collected by filtration, dried and 

crystallised from dimethylfor~ru~de to afford fine needle shaped crysta~s 

having melting point above 360°. The compound was very sparingly soluble in 

ethanol, ethyl acetate, acetone but was soluble in dimethylformamide and dioxan. 

Section C Structure of 3,4-di-0-methyl ellagic acid 

Elemental analysis and high resolution mass spectrometry established 

the molecular formula as 

pattern as m/e 330 (M+), 

c16H1oos (~ 330). It showed a mass fragmentation 

315 (~ -CH3), 500 (~ -2CH3). The methoxy group 

determination showed the presence of two methoxy groups in the molecule. It 

showed IR pe~~s at 3395-3180 (OH, broad), 2990, 1735, 1715 (lactone carbonyl), 

1685, 1617, 1608, 1595 (aromatic -CH), 1495, 1437, 1365-1345, 1280, 1210, 1170, 

-1 
1110, 1070, 990, 985, 920, 870, 790 and 753 em • From the IR spectra it was 

evident that the compound contained aromatic nucleus with phenolic hydroxyl 

group and lactone groups. UV spectra showed peaks at 259 (€, 35,582), 350 

(inflection) and 410 (E , 10,187) mp (Fig.13). 
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The compound developed a brown colouration with ferric chloride solution 

characteristic of phenolic compounds. It produced a yellow colour with 

aqueous sodium hydroxide and sodium carbonate solutions which changed to 

violet on heating. 

On acetylation with pyridine and acetic anhydride method or by sodium 

acetate and acetic anhydride method it yielded a diacetate, m.p. 302-4°. 

Elemental analysis showed the molecular formula c20H14o10 and acetyl group 

estimation showed the presence of two acetyl groups in the acetate. It showed 

UV absorption peaks at 255, 578, 405 mp and gave no colour with ferric 

chloride solution. The diacetate was insoluble in alkali but produced a 

yellow colour on keeping for a long time. On heating, the colour changed 

to violet possibly due to hydrolysis of the acetate groups. Benzylation 

of the compound, with benzyl chloride, in presence of potassium carbonate 

and potassium iodide in acetone furnished a dibenzyl derivative c
30

H22o8
, 

m.p. 284-5°, Amax 250, 548, 560 m~. On methylation vnth dimethyl sUlphate 

in dry acetone in presence of anhydrous potassium carbonate the compound 

afforded a crystalline solid, m.p. 356-8°. Analytical data indicated 

molecular formula as c18H14o8 • Me~hoxy estimation showed the presence of 

four methoxy groups. It was neither soluble in sodium hydroxide solution 

nor did it show any colouration with ferric chloride solution. It was 

found to be identical with an authentic specimen of tetra-0-methyl ellagic 

acid kindly supplied by Prof.T.R.Seshadri. Since the melting point and its 

.uv spectra were completely different from the previously known di-0-methyl 

10 
ellagic acid derivatives - viz. 3,3 1 -di-0-methyl ellagic acid ~ and 

4,4'-di-0-methyl ellagic acid 210
, it was inferred that the only possible 

str11cture for the compound is 3,4-di-0-methyl ellagic acid 1 which has 
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hitherto not been isolated from any plant source nor has it been synthesised. 

In order to obtain a definite chemical evidence regarding the presence of 

orthodihydroxy group in the compound we prepared the diphenyl methylene acetal 

derivative by the method described by O.T.Schmidt11 and L. Jurd10• The 

compound when heated with «,«-dichlorodiphenyl methane to 175-8° formed a 

crystalline solidi of m.p. above 360° which depressed the melting point 

when mixed with the original compound 1· This analysed for c29H18o8 and 

shmved UV absorption peaks at 257, 350 and 562 m Jl· From these data the 

presence of orthodihydroxy group was confirmed and the structure 1 is 

proposed of the compound. 

H 

g_ (R1=R3=Me, R2=R4=H) 
2 (R1=R3=H, R2=R4=Me) 

! ( R ~R2=R 3=R4=H) 

§. (R1=R2=R3=R4=Me) 

The compound 1 also gave a dibenzyl derivative c30H22o8, m.p. 285-6°, 

UV absorption at 250, 348, 560 mp. 
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Ul~raviolet absorption data of the compound 1 and the previously known 

ellagic acid derivatives are given in Table-I below for a comparative study: 

TABLE-I 

No. Name A max A max 
ID)l m,u 

i Ell . "d10 ag1c ac1 255 352a, 366 

+ NaOAc 256, 278 355 

Q 4,4'-Di-0-methyl ll . "d10 
e agJ..c ac1 253 246a, 261 

+ NaOAc 255, 280 356 

g_ 3,3 1 -Di-0-methyl ellagic acid10 248 359a, 372 

+ NaOAc No change No change 

1 3, 4 - Di -0-methyl ellagic acid 259 359a, 410 

+ NaOAc 271 415 

+ NaOEt 270 435 

+ .AlGl 3 247 372 
+ 1i:3 B03 248 372 

4,4 1-Di-0-methyl ellagic acid diacetate 239 354, 368 

3,3 1-Di-0-methyl ellagic acid diacetate 248 259, 372 

3,4 -Di-0-methyl ellagic acid diacetate 255 378, 405 

ainflexion 

Section D : Discussion of UV spectra 

It will be observed that the UV spectra of 4,4'-di-0-methyl ellagic 

acid10 and 3,3 1-di-0-methyl ellagic acid10 are quite different from the 

spectra of 3,4-di-0-methyl ellagic acid isolated from Sapium sibiferum. 

As expected, sodium acetate caused a bathochromic shift (12 mp ) of the 
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short '"avelength band and 5 mp. of the long wavelength band. Sodium ethylate 

also showed a similar effect in the UV spectra, the bathochromic shift in the 

long wavelength band, however, being about 25 mp. Most probably, sodi~m 

ethylate which produces a deep yellow solution with this compound ionises 

both the 3',4'-hydroxyls giving rise to quinonoidal resonance forms as shown 

beloH: 

The effect of boric acid a.11d almniniurn chloride was studie1 and their 

spectra showed a similar pattern (Fig.14). Both the reagents caused a 

hypsochromic shift of 11-12 mp in th0 short i..ravelength band an"d 58 mp in 

the long wavelength band. The yellow colour of the compoQlld in ethanol 

solution became colourless when these reagents were added. These effects 

may be explained by ass~ming that chelation occurs \vith theso reagents and 

1,2-dihydroxy system to form a complex of the type :-

M=Al,X=Cl 

M = B, X= OH 

The diacot.ate of the compound 1. also shm..red a hypsochromic shift (4-5 m p) 

the short wavelength band and the long wavelength band. 
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Thus support for the structure 1 for the new compound as 3,4-di-0-methyl 

ellagic acid is furnished from the above UV absorption spectral data and 

clearly showed that it was different from the previously known di-0-methyl 

ellagic acid derivatives. The only other possible alternative structure 

having di-0-methyl group must be 3,4-di-0-methyl ellagic acid. This is further 

supported by th~ negative Griessmayer reaction11 which shows the absence of 

4,4 1 -dihydro~ system in the new compound. 



CHAPTER-II 

EXPERIMENT .AL 

The melting points are uncorrected. The UV spectra \.J'ere taken in 

Ziess VSU-1 spectrophotometer in ethanol solutions unless stated 

otherwise. The IR spectra were recorded in Perkin-Elmer spectrometer 337. 

Extraction: The details of the extraction of the bark of Saoilm1 sebiferu.rn 

Roxb. and separation of the benzene insoluble solid C has already been 

described in Part-I, Chapter-IV , p.19. 

Purification and crystallisation of 3 ,4-di-0-methyl ellagic acid 1. 

The benzene insoluble solid (0.6 g.) \.Jhich had the melting point 28o-500° 

was dissolved in 10% aqueous sodium hydroxide solution (100 ml.) and extracted 

with ether to remove any neutral material that might be present. The alkaline 

layer vras filtered and the clear filtrate was acidified with cold 10% 

hydrochloric acid (150 ml.) and kept in a .frigidaire for seven days. The 

precipitated solid was separated by filtration, washed with water and dried. 

The solid was crystallised several times from dimethylfGrmamide to afford 

fine yellow crystals of 3,4-di-0-methyl ellagic acid 1,, m.p.) 360°. 

Found C,o8.15; H,3.36; Me0-,17.93%. 

: C,58.18; H,3.27; 2Me0-,18.8%. Calculated for c
16

H
10

o
8 

UV spectra (Ethanol) : peaks at 259 (E , 35,582), 350 (inflexion~ 
410 m Jl ( E , 10, 187). j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

'j 

'j 
j 

j 

j 

j 

j 

j 

j 



IR Spectra (K.Br disc) 

Mass spectra 
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pea~s at 3395-3180, 2990, 1735, 1715, 

1685, 1617, 1608, 1595, 1495, 1435, 

1365-1345, 1280, 1210, 1170, 1110, 1070, 

-1 
990, 985, 920, 870, 790 and 753 em • 

Solubility: It was very sparingly soluble in acetone, chloroform, ether 

ethyl acetate, ethanol and methanol but was soluble in dioxan and dimethyl-

formamide. 

Colour reactions: It dissolved readily in aquemus sodium hydroxide, 

sodium carbonate solutions with the development of a yellow colour which 

turned violet on heating. Ferric chloride gave - brown colour; lead acetate -

yellow precipitate; cone. H2so4 - yellow colour; Griessmayer reagent -no 

colour. 

Acetylation of 3,4-di-0-methyl ellagic acid Preparation of 3,4-di-0-methyl-

3 1 ,4 1 -diacetate 

To 3,4-di-0-methyl ellagic acid (0.4 g.) dissolved in pyridine (8 rnl.) 

was added ace·tic anhydride (8 ml.) and the mixture was heated over water bath 

for 24 hours. Fine needle shaped crystals of acetate separated out which 

was collected. On crystallisation of the acetate from DHF white crystals 

(0.3 g.) of the acetate m.~. 302-4° was obtained. 

Found C,57.30; H,3.66; CH3CO-, 18. 5,%. 

Calculated for C20H14010 c ,57. 95; H, 3.41; 2CH3CO-, 20. 3%. 

UV spectra (Ethanol) . peaks at 255, 378, 405 m J.l• . 
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The acetate produced a yellow colour on the surface when aqueous 

sodium hydroxide solution was added but did not dissolve in it. On heating 

it slowly went into solution with the development of a violet colour. 

Ferric chloride produced no change in colour. Lead tetraacetate also gave no 

colour, but with cone. H2so4 it developed a yellow colour. 

Methylation of 1 Preparation of tetra-0-methyl ellagic acid ~ 

3,4-di-0-methyl ellagic acid 1 (0.2 g.) was heated under reflux in dry 

acetone (200 ml..) i.Jith anhydrous potassium carbonate (4.0 g.) and dimethyl 

sulphate (1 ml.) for 6 hours. The reaction mixture was filtered. The 

filtrate on evaporation did not yield any residue. The residue left on the 

Buchner fUnnel was treated with water and methanol when a crystalline solid 

separated out. The latter on crystallisation from dimethylformamide yielded 

0 yellow crystals, m.p. 337-8 which showed no depression in melting point 

when mixed t-li th an authentic sample of tetra-0-methyl ellagic acid kindly supp-

lied by Prof.T.R. Seshadri. IR spectra of the two compounds were also 

identical. 

Found C,S0.11; H,4.05; CH30-,30%. 

C,60.33; H,3.91; CHo0-,35%. 

Benzylation of 1 : Preparation of 3,4-di-0-methyl-3 1 ,4 1-di-0-benzyl ellagic 

3,4-di-0-methyl ellagic acid (0.5 g.) was refluxed in acetone (30 ml.) 

with anhydrous potassium carbonate (2.5 g.), potassium iodide (2.5 g.) and 

benzyl chloride (2.5 ml.) for 12 hours. The orange colour of the mixture 

turned light yellovr during the reaction. The reaction mixture was filtered 
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on the Buchner funnel and the solid was washed with water and dried. The 

residual solid on crystallisation from D}W yielded fine yellow needle 

0 shaped crystals, m.p. 284-5 • 

Found 

Calculated for c30H2208 

UV spectra. (Ethanol) 

C,70.24; H,4.13%. 

C,70.06; H,4.35%. 

peaks at 250, 348 (inf1.exion), 360 m Jl• 

The compound was insoluble in sodium hydroxide solution and did not 

give any colour with ferric chloride solution. Conc.H2so4 gave yellow 

colour but lead acetate did not give any colour. 

Preparation of diphenyl methylene acetal derivative £with dichlorodiphenyl 

methane 

To. 3,4-di-0-methyl ellagic acid 1 (0.6 g.) taken in a 5 ml. round 

bottomed flask was added ~,~-dichlorodiphenyl methane (0.8 g.) and the 

mixture heated to 170-180° for 5 minutes. The reaction mixture was extrac-

ted with hot benzene and dried. The solid product was crystallised from 

DHF when yellow crystal of m.p. above 360° was obtained. A depression in 

melting point (m.m.p. 310°) was observed when mixed with the original 

compound 1· 

Found 

Calculated for c29n18o8 

UV spectra (Ethanol) 

. . 

. . 

C,70.22; H,3.38%. 

C,70.44; H,3.69%. 

peaks at 257, 350, 362 m J.l• 

It was insoluble in aqueous sodium hydroxide solution and gave no 

colour with ferric chloride solution. Cone. H2so4 produced a yellO\f colour 

but lead acetate did not deposit any yellow precipitate. 
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PART-IV 

INVESTIGATION ON THE WHOLE PLANT OF EUPHORBIA SIKKIMENSIS BOISS 



CHAPTER-I 

Euphorbia Linn. 1 : About 600 species have been identified in all climates 

but the very cold. 

Herbs or shurbs of various habit with copious milky juice. Inflores

cence of many male and one female flower in a small 4-5 lobed turbinate or 

companulate perianth-like involucre; lobes with thick glands at the 

sinuses; glands with often a petal-like spreading white or coloured limb. 

Male flower a pedicelled stamen with floral envelopes of any kind; 

anther-cells usually globose. Female flower a solitary pedicelled 3-celled 

3-ovuled ovary, in the centre of the involucre, also without envelopes; 

styles 3, free or combined simple or 2-fid. Cansule or 3-2 valved cocci 

separating elastically from a columella and dehising ventrally or both 

ventrally and dorsally. Cotyledons broad, flat. 

Euphorbia Sikkimensis Boiss~ : Belongs to the Galarrhaeus section of 

Euphorbia genus. In this section the glands are involucral transversely 

oblong with rounded margins. The plants are perineal herbs, capsules 

smooth. About 32-40 species have been reported in this section of 

Euphorbia genus of which one is Euphorbia Sikkimensis. 

~. Sikkimensis Boiss. is quite glabrous, leaves 2t-4 inch, petioled 

linear oblong or -lanceolate acute, nerves ascending obscure, floral 

wh~rled and 3-4 involucral ovate oblong obtuse, involucres hemispheric 

glabrous without hirsute within, lobes ovate ciliate, styles very slender 
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connate to the middle, capsule t inch diameter smooth, seeds smooth. 

Stems 3-4 ft. from a rootstock, stout, but not woody, branched above. 

Leaves ~~ inch thinly coriaceous, narrowed into a distinct but short 
2 5 

petiole. Rays several, often compound; involucre leaves ! - i inch broad, 

yellow. Involucres k inch diameter, glands transversely oblong. Styles 

very shortly 2-fid. Capsule t inch diameter; pedicel abmut as long; 

cocci globose. Seeds 
1

; inch diameter; nearly globose; caruncle small. 

The leaves narrowed into a slender petiole and short involucres distinguish 

this from E. Longifolia. 

The plant is available in Sikkim Himalayas, in the inner valleys at 

an altitude 8000-10000 ft. 



CHAPTER-II 

INVESTIGATION ON THE NEUTRAL PART OF EUPHORBIA SIKKIMENSIS BOISS. 

Isolation of glut-5-en-3-one, butyrospermol, 1-hexacosanol,/3-sitos-

terol, and a new triterpene - c31H52o, from the neutral part of ~. 

Sikkimensis Boiss. 

EXTRACTION: 

Dried and powdered whole plant of ~· Sikkimensis Boiss2 was extracted 

with benzene. Benzene was distilled off and the residual gummy mass was 

t~~en up in ether. The ether solution was washed with aqueous sodilun 

hydroxide solution and then with water till neutral. The ether solution 

dried and ether evaporated, when a gummy residue was obtained. The gummy 

residue on chromatography over deactivated alumina furnished the following 

fractions: 

Petroleum ether ... 
Petroleum ether:benzene(4:1) ..• 

Petroleum ether:benzene(3:2) ••• 

Fraction I, m.p. 220-28° 

Fraction II, m.p. 80-85° 

Fraction III, m.p. 125-32° 

EXAMINATION OF FRACTION I ISOLATION OF GLUT-5-EN-3-0NE 

Fraction I on repeated crystallisation from chloroform and methanol 

fUrnished a ketone-glut-5-en-3-one3, m.p. 238-40°, L-~_7D +39°, identified 

(m.m.p. and IR) with an authentic sample. On LAH reduction, the ketone 

furnished glut-5-en-~-ol 3 , m.p. 196-7°, ~~_7D +57°, its acetate m.p. 231-3°, 

L-«JD +46° Y~as identical (m.m.p.) with authentic specimen of glut-5-en-~-yl 

acetate 3• 
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EX~MINAT!ON OF FRACTION II : ISOLATION OF BUTYROSPER~OL AND A NEW TRITERP~~E 

Fraction II on rechfomatography and repeated crystallisations from 

methanol afforded fine needle shaped crystals of compound A, m.p. 95-6°, 

L-«J D +58. 6°. Elemental analysis and mass spectrometry determined its 

+ molecular formula as c31H52o (M 440). It showed no UV absorption between 

the range 220-300 mp. IR showed a peak at 1f CHCl3 
max 

-1 
3600 em • Per benzoic 

acid titration showed the presence of one double bond. NMR spectrum peak at 

4.73 ppm also showed the presence of two vinyl protons as =CH
2 

groups and a 

peak at 3.2 ppm showed the presence of hydroxyl proton. The acetate 

m.p. 107-8°, L-«JD +50° on acid isomerisation gave a product c33H54o2 , 

m.p. 149-50°. The alcohol furnished a benzoate, c38H56o2 , m.p. 274-5°. 

Cr03-Py oxidation on the alcohol yielded a ketone c31H50o, m.p. 103-4°, 

L-«JD +27 .1°. 

From these observations, it vas concluded that the ne'" compound A 

is a pentacyclic triterpene with one double bond and a secondary alcoholic 

function. Further work on this new triterpene was interrupted as the 

author failed to isolate the same compounds from the same plant collected 

from another source and at a different season. From the latter, however, 

1-he~acosanol5 , m.p. 79-80°, ~«_7 ±o0 was isolated; its acetate had 
D 

m.p. 68-9°, ~«JD ±0°, identical in all respects with 1-hexacosanyl 

acetate. 

Isolation of butyrosperol 

The mother liquors from which the triterpene alcohol A was 

crystallised, 1tiere concentrated and acetylated. The product on crystallisation 
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0 from chloroform and methanol afforded an acetate c32H52o2 , m.p. 141-3 , 

~«JD 14.2° which was identified as butyrospermyl acetate4 with an 

authentic specimen (m.m.p. and IR comparison). The acetate on alkali 

hydrolysis gave butyrospermol, m.p. 110-111°, ~«Jn -11.5°, which on 

benzoylation afforded a benzoate, m.p. 130-2°, ~«_7D +32.6°, similar in 

all respects with butyrospermyl benzoate (m.m.p.) kindly supplied by 

Prof.D.H.R.Barton. 

EXAMINATION OF FRACTION III : ISOLATION OF/? -SITOSTEROL 

Fraction III on crystallisation from chloroform and methanol gave a 

solid c29H50o, m.p. 132-3°, ~«_7n -35°, its acetate c31H52o2, m.p. 124-6°, 

L-«JD -34° was identified as j3 -sitosterol acetate (m.m.p. ). 

It has been found from the author 1 s experience with the plant that 

the nature of the compound and the yield varies with season and altitude 

at which the plant is obtained. 
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CHAPTER-III 

EXPERIMENTAL 

The melting points are uncorrected. The optical rotations 

were taken in chloroform unless stated otherwise. Petroleum ether 

used throughout the investigation had b.p. 6Q-80°. The UV spectra 

were taken in Ziess VSU-1 spectrophotometer in ethanol solution 

unless stated otherwise. The IR spectra were recorded in Perkin

Elmer spectrophotometer 337. 

Dried and poudered whole plant (960 g.,- collected in \-linter season) 

was extracted with benzene for 30 hours. Benzene was distilled off and 

the residual gummy mass was taken up in ether. The ether solution was 

tvashed \vi th 10% aqueous NaOH solution (2 x 200 ml.) and then with water 

till neutral. The neutral ether solution dried (Na2so4) and evaporated 

when a gummy residue (16 g.) tvas obtained. It was dissolved in 

benzene (25 ml.) and poured on a column of alumina (650 g., deactivated 

with 26 ml. of 10% aqueous acetic acid), developed with petroleum ether. 

It was eluted with the following solvents. 
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TABLE-I 

Eluent Fractions, Fraction Residue on evaporation 
100 ml.each No. 

Petroleum ether 1- 8 Oil (6 g.) 

Petroleum ether 10- 19 I 

Petroleum ether:benzene(4:1) 22 - 30 

Petroleum ether:benzene(5:2) 36- 47 

II 

III 

Solid(1 g. ),m.p. 220-28° 

Solid(1.3 g.),m.p.B0-85° 

Solid(2 g.), m.p.125-32° 

Further elution with more polar solvents did not yield any solid material 

EXAMINATION OF FRACTION NO.I : ISOLATION OF GLUT-5-EN-3--0NE 

Fraction No.1 {Fractions 10-19, Table-I) were combined and on 

crystallisation :f'rom chloroform and methanol mixture afforded crystals, 

m.p. 238-40°, L-«_7D +39°, identical with an authentic specimen of glut-5-

en-3-one3 (m.m.p. and IR comparison). 

- H, 11.31%. Found . C,84.74; . 
Calculated for c30H4s0 . C,84.84; H,11.39%. . 
IR (KBr disc) . 1.) 707 -l . max 1 cm • 

LAH reduction of Glut-5-en-5-one : Preparation of Glut-5-en-~-ol 

Glut-5-en-3--one (0.1 g.) was rerluxed with LAH (0.075 g.) in dry 

ether (25 ml.) for 4 hours. The reaction mixture was cooled and a 

satt~ated solution of Na2so4 was added and extracted with ether. The 

ether extract was washed with water, dried (Na2so4 ) and evaporated to 

0 afford solid m.p. 190-92 • The solid on crystallisation :f'rom chloroform 

0 - J 0 and methanol afforded fine crystals, m.p. 196-7 , L « D +57 • 
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Found C,84.36; H,11.76%. 

C,84.44; H,11.81%. 

Preparation of Glut-5-en-~-yl acetate 

Glut-5-en-~-ol (0.1 g.) was acetylated with pyridine (1 ml.) and 

acetic anhydride (1 ml.) by keeping over water bath for 4 hours. The 

product obtained by working up in the usual manner had m.p. 225-7° which 

~n crystallisation from chloroform and methanol furnished crystals, 

0 - J 0 m. p. 231-3 , L c( D +46 • This was found to be identical with an 

authentic specimen of glut-5-en-~-yl acetate
5 

(m.m.p. and IR). 

Found 

. . 
G,81.82; H,11.15%. 

C,81.99; H,11.18% • 

EXM1INATION OF FRACTION NO.II (Fractions 22-50 - Table-I) 

Fraction II (1.3 g.) dissolved in benzene (8 ml.) ~as placed on a 

column of alumina (100 g., deactivated with 4 ml. of 10% aqueous acetic 

acid) developed with petroleum ether. It was eluted 1vi th the following 

solvents (Table-II). 

Eluent 

Petroleum ether 

Petroleum ether:benzene(4:1) 

TABLE-II 

Fractions, 
50 ml.each 

1 - 6 

8 - 15 

Residue 

Oil(0.2g.) 

Solid (1.0 g.), m.p. 85-7° 

Further elution with more polar solvents did not yield any material 
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Fractions 8-15 (Table-II) were combined (1.0 g.) and crystallised 

from methanol several times when f'ine .needle shaped crystals of' compound A, 

0 - 0 m.p. 95-6, L~_7D +58.6, was obtained. 

Found 

Calculated for c31H52o 

IR (CHC1 3) 

Acetylation of compound A 

: C,84.60; H,11.78%. 

C,84.50; H,11.82% (M+ 440). 

: lf 3600 cm- 1 
max 

Compound A (0.1 g.) was acetylated with pyridine (1 ml.) and acetic 

anhydride (1 ml.) in the usual way. The solid obtained on crystallisation 

from chloroform and methanol furnished crystals m.p. 107-8°, L-«_7D +50°. 

Found : C,82.10; H,11.11%. 

: G,82.16; H,11.20%. 

Benzoyl a tion of compound A 

Compound A (0.1 g.) was benzoylated with pyridine (1 ml.) and benzo~l 

chloride (1 ml.) in the usual way. The solid obtained on crystallisation 

.from chloroform and methanol furnished fine needle shaped crystals, 

0 m.p. 274-5 • 

Found 

Cr03-Py oxidation of compound A 

C,83.74; H,10.12%. 

C,83.82; H,10.Z9%. 

Compound A (0.1 g.) dispolved in pyridine was added to a complex 

prepared from Cr03 (0.1 g.) and pyridine (1 ml.) at 10° and was allowed 

to come to room temperature overnight. On working up in the usual manner 
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a solid product was obtained which was chromatographed over active alumina. 

On elution with petroleum ether:benzene (3:2) a solid was obtained tvhich on 

crystallisation from chloro~orm and methanol furnished crystals, m.p. 103-4°, 

Found C,84.84; H,11.31%. 

: C,84.93; H,11.44%. 

ISOLATION OF BUTYROSPERV~L 

The mother liquors o~ the compo·nnd A were combined and dried (0.3 g.) 

and then acetylated as usual with pyridine ( 3 ml.) and acetic anhydride 

( 3 ml. ) . The solid obtained on uorking up o~ the reaction product was 

crystallised several times from methanol. The mother liquors on standing 

0 - J ~or three days fUrnished long needle shaped crystals, m.p. 141-3 , L « D 

+14.2° which tvas identical (m.m.p. and IR coiilparison) t-Ii th an authentic 

specimen or butyrospermyl acetate4• 

Found : 0,81.72; H,10.90%. 

: C,81.99; H,11.18%. 

Hydrolysis or butyrosoermyl acetate : Preparation o~ butyrosoermol 

To the above acetate (0.1 g.) dissolved in benzene (3 ml.) was added 

5% methanolic KOH (25 ml.) and the mixture was refluxed .for 4 hours. This 

was worked up as usual and the product obtained was chromatographed over 

alumina (10 g., deactivated with 0.4 ml. or 10% aqueous acetic acid). 

Petroleum ether:benzene (3:2) eluted a solid which on crystallisation from 

methanol gave crystals, m.p. 110-11°, ~«_7D -11.5°. 

Found : C,84.34; H,11.76%. 

Calculated ~or C3oHsoO C,84.44; H,11.81%. 
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Benz0ylation of butyrospermol : Preparation of butyrosoermyl benzoate 

To butyrospermol (0.1 g.) dissolved in pyridine (1 ml.) was added 

benzoyl chloride (1 ml.) and the mixture heated over vater bath for 4 hours. 

After working up in the usual manner the crude benzoate (0.1 g.) was 

chromatographed over alumina (10 g., deactivated-with 0.4 ml. of 10% 

aqueous acetic acid). Petroleum ether eluted a solid which on 

crystallisation from a mixture of chloroform and methanol furnished 

crystals, m.p. 130-32°, ~«_7D +32.6°. It was identical (m.m.p. and IR 

comparison)t.J"ith an authentic specimen of butyrospermyl benzoate kindly 

supplied by Prof.Barton. 

Found : C,83.65; H,l0.16%. 

Calculated for C H 0 
37 54 2 

: C,83.72; H,10.25%. 

Isolation of 1-hexacosanol 

Dried and pot.1dered t.J"hole plant (960 g.) of &. Sikkimensis Boiss 

(collected during rainy seasilin) was extracted with benzene for 30 hours 

and vorked up as described above. The neutral gummy residue (10 g.) 

obtained t.J"as chromatographed over alumina (400 g., deactivated with 16 ml. 

of 10% aqueous acetic acid). It was eluted with the following solvents 

(Table-III). 

TABLE-III 

Eluent Fractions, Residue 
50 ml.each 

Petroleum ether 1 - 16 Solid (4 g.), m.p. 60-70° 

Petroleum ether:benzene(4:1) 18 - 20 Nil 

Petroleum ether:benzene(3:2) 21 - 32 Solid (2.6 g.), m.p. 130-32° 

Further elution with more polar solvents did not yield any material 
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EXAMINATION OF FRACTIONS 1-16 (TABLE-III) : ISOLATION OF 1-HEXACOSANOL 

Fractions 1-16 (Table-III) were combined and on crystallisation several 

times from methanol afforded flaky crystals m.p. 79-80°, ~«~D ±o0
• 

Found . C,81.64; H,14.11%. Mol. wt. (Rast) 376. . 
Calculated for c26H54o . C,B1.65; H,14.13%. Mol.wt. 382. . 
IR ( CHC1 5) 1f CHC1 3 3350 em -1 . • . 

max 

Acetylation of 1-hexacosanol 

1-Hexacosanol (0.2 g.) 1-ras acetylated by pyridine (2 ml.) and acetic 

anhydride (2 ml.) in the usual manner. The solid obtained on crystallisation 

from methanol had m.p. 68-69°, L-~_;D! 0° identica~ in all respects with 

1-hexacosanyl acetates. 

EXAMINATION OF FRACTION NO. III (FRACTIONS 36-47, Table-I) AND FRACTIONS 21:-32 

(Table-III) : ISOLATION OF (3 -SITOSTEROL 
I 

Fractions 36-47 (Table-r) and fractions 21-32 (Table-III) were 

crystallised separately from chloroform and methanol mixture when crystals 

of m.p. 152-34° were obtained. Both the two solids were found to be identical 

with each other (m.m.p.). It was identified asj3-sitosterol by m.m.p. with 

an authentic sample. 

Preparation of !3 -sitosterol acetate 
I 

J3-sitosterol (0.3 g.) isolated above was acetylated with pyridine 

(5 ml.) and acetic anhydride (3 ml.) in the usual method. The acetate on 

0 - J 0 crystallisation had the m.p. 124-6 , L « D -34 , which was identical with 

an authentic specimen of (3 -sitosterol acetate. 
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Reprinted from CHEMICAL COMMUNICATIONS, 1967, page 1217. 

Identification of a New Triterpene, 3-Epimoretenol, from the Bark of 
Sapium sebiferum Roxb. 

By H. N. KHASTGIR and B. P. PRADHAN 

(Department of Chemistry, University of North Bengal, Darjeeling, India) 

and A.M. DuFFIELD* and L. J. DuRHAM 

(Department of Chemistry, Stanford University, Stanford, California) 

THE isolation of moretenone (I), moretenol (II), and 
3-epimorete~ol (III) from.,_;(he neutral ether
soluble portiOn of the bel)/ ) extract of the bark 
of Sapium sebijerum E.._.r1 (Euphorbiaceae) is 
believed to constitute the first report of the occur
rence of triterpenes of the hopane series in the 
Euphorbiaceae species. Morete"rione (I), the pro
duct of oxidation of moretenol (II),2 was the 
triterpene present in greatest quantity. This is the 
first isolation of moretenone from natural sources. 

The third triterpene, C30H 600, m.p. 223-224°, 
[cx]n- 2·5, {acetate C 32H 5a02, m.p. 233-234° 
[cx]n ...,.. 19·4} W<;l-S obviously related to (I) and (II) 
from comparison of their respective mass (mje 189, 
207, 426) and n.m.r. spectra. Signals in the n.m.r. 
spectrum of this triterpene appeared at 0·68 
(3H), 0·83 (6H), O·M--0·98 (9H), and 1·68 p.p.m. 
(3H) corresponding to six methyl groups on 
saturated carbon and one on a doubly bonded 
carbon atom, respectively. A signal at 3·40 
p.p.m. (width at half height of 7Hz.) indicated 
that the proton at~ched to the carbon bearing the 

0 

(II) R 1=0H, R1=H 

(III) R 1=H, R1=0H 
hydroxy-group was equatorial. The signal of the 
terminal methvlene appeared at 4·68 p.p.m. 
Chromium trio'xide-pyridine oxidation yielded 
moretenone (I) and established the unknown to be 
3-epimoretenol (III). 

The authors wish to thank Dr. E. Ritchie of the 
University of Sydney for samples of moretenone 
and moretenyl acetate. 

(Received, October lOth, 1967; Com. 1086.) 
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Terpenoids and Related Compounds. Part IV•. Chemical 
Investigation of Euphorbia pulcherimma Willd 

H. N. Khastgir and .B. P. Pradhan 

Eu.phorbirt pnlcherimma WiUd", belonging t.o the Euphorbictcea family is a shrub 
which is commonly called as Poinsettia. It i;; c·,1ltivatod in the district of Darjeeling 
up to a height, of 4,000 ft. for its showy sca.rlet bracts. We became interested 
to undertake a chomiclt] invostiga.tion of tho whole plant of E. pulcher·imrna, since no in
vostiglttion on it w£ts reported in tho literature. Tho whole plant was dried and powdered 
and ext.mctocl with benzene. The neatral material from the benzene extract >V<lH chromato
graphod over· alumina. Tho loss polar fraction from tho chromatogram was idontiftccl as 
tho acota.te of the tritorpeno alcohol, gormanieoP (mixed m.p.). The more pclar fract'on 
was idontiftocl as {3 ·sitosterol, by converting it into its acota.to which was fomlCl to be identi
cal (mixed m.p.) with {3-sitosterol acetate. 

EXPERIMENTAL 

Isolntion of Ne1ttml P.mction from E. pulchcrimma. -Driorl and powclo:·ecl wholE plant 
of E. pulcherirnrna (920 g.) was extracted with benzene in a Soxhlot apparatns for :iG hr. 
Benzono wets distilled and the clark resinous mass obtained was taken in ether. Tho other 
Scllution was wn.shod with 10% NaOH solution and then with wate:. It was dried ovor 
anhydro<ls sndiam sulphate and evaporated to furni;;h tho gummy nentrn.l residue (85.5 g.). 

The above gummy residue was chrom:ttograplwcl over a column of alumina (1200 g. 
de:oct.iv<~tod w;th 48 ml of IO% aque.)i..lS acetiG acid solution). On elution with light petro
leum.:> a e:ryst:1llino solid (A, J .2 g.), m.p. 235-40°, was obtained. Farther elution v."ith a 
mixtme uf light petrole',tm-benzcnC~ (:3::?.) fmnishod a second CI·ystallino solid (1.8 g.), m.p. 
lH0-:)2". 

Gznncmicol Acelctte.-The ftrRt crop of tho crystalline solid (A, J .2g.), m.p. 2:35-.J(Jo, 
on repented cry.>t<.dlis<:ttion from chloroform and methanol gave crystals, m.p. 27fi-fi0

, 

[ o<] 0 +20°, which showed positive test with tetl'anitromethane and was found to bo ich:nti
cal with an authentic specimen of germanicol acetate (mixed m.p.). (Found: C, 81.51; 
H, 11.05. Calc. for C3;H5,0,: C, 81.99; H, 11.18%) (lit3 m.p . .279-80°, [ o<J:o+Hl 0

). 

•The petroletinl used had b.p. 60°--89°. All the !rotations were taken in chlorofonn unless otherwise 
stated. All melting points are uncorrected. 

I. Part III: Sengupta and Khastgir, Tetrahedron, 1963, 19, 123. 
2. Cowan and Cowan, "The Trees ofNorth Bengal", Government of Bengal, 1929, p. 118. 
3. Simonsen and Ross, "The Terpenes", vol. IV1 The University Press, Cambridge, 1957, p. 247. 
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Germa.nicol.-To a solution of above acetate (O.l g.) in benzene (20 ml) was added 
5% methanolic KOH solution (20 ml) and the mixture refiuxed for 3 hr. On working 
up in the usual way, a solid, m.p. 168-70°, was obtained. The solid was chromatographed 
over deactivated alumina (6 g.). Elution with light petroleum-benzene :mixture (2:3) gave a 
solid (0.07 g.) of m.p. 173-74°, which on crysballisa,tion from methanol furnished noodle
shaped crystals of gcrmanicol, m.p.l75-76°, [ o<]D+8°. (Found C, 84. 26; H, 11.79. Calc. 
for Cs0H 500: C, 84.44; H, li.SJ %) (lit3 . m.p. 180°-81°, [ o<] 0 +7°). 

Acetylation of Gennanicol.-Gonnanicol (0.2 g.) was acetylated with pyridine (2 ml) 
and acetic anhydride ( 2 ml). After working up in the uBrtal way, tho solid was chroma
togmphod ovor alumina (25 g. of alumina doctctivatod with l ml of 10% aq-u.eoUB acetic 
acid). Elution with light petroleum gave a sohl (0.18 g.) of m.p. 272-74°, which on crystalli
sation fi:'Oln chloroform and metlumol provided a solid of m.p. 275-76°, identical with the 
germanicol acetate isolated above, (mixed m.p.). 

Germcmicol Benzo(tlc.-Gc.rmanicol (0.2 g.) was benzoylatod in tho usual manner 
with benzoyl ohloridn ( 2 ml) and pyridine (6 ml). Tho product after cry.stalli'3n,tion from ace
tone gave germ:1nieol bonzoak (0.14 g.), m.p. 268-Go [ a<] 0 +:33.3°. (Fuund C, S:J .74; H, 10.04. 
C11lc. for C37H 5+02 : C, 83.72; H, l0.:2ii%) (lit. 3 m.p. 270°, [ a<Jn +38°). 

Germanicone.-A solution of gernumicol (0.2g.) in pyridino in (2ml) cooled to 15° 
was added to a complex proparocl from chromium trioxide (0.2 g.) and pyridine 
(2 ml) at 15°. Tho mixtmo was allowed to stand overnight and worked up as usual. The 
oracle sulid was chromatographcd over activo alumina (J 2 g.) Elution with light petroleum 
gave a solid (0.16 g.), which on crystallisation from methanol-cl-:.~oroform mixture had 
m.p. lSG-87°, [ o<] 0 +36°. (Lit. 3 m.p. 188°-80° [ o<Jn+37°. (Found: C, 84.80; H, 11.2:3. 
Calc. for C50H 4a0: C, 84.84; H, 11.:~0%)-

Germanicol Acetate Oxide.-To germanicol a.octatc (O.Jg.) was added a chloroform 
solution of per benzoic acid (20 ml). The solution w:1s kept for 48 hr. in the frigidaire and the 
mixture was treated with l% sodium iodide solution (20 ml) a.nd glacial acetic acid (2 ml). 
The solution was ta-ken in a separating funnel, tho aqueous layer removed, and the chloro
form layer was washed with dilute sodium hydroxide solution and ·water. The chloroform 
layer was dried over anhydro·Lls sodium sulphate and evaporated to dryness, \vhon a solid 
(O.ODg.), m.p. 2;15°, was obtained. Tho crude solid wa.:; chromatographecl over deactivated 
alumina ( 6 g. alumina deactivated with 0.2 ml of 10% aqueous acetic acid). On e~ution with 
light petrobum a solid, m.p. 271-73°, was obtained. On crystallisation from chloroform 
ami methanol it gave crystals of the fl-cetate oxide, m.p. 286-87°, [ o<] 0 +2l.6° (lit. 3 m.p. 
287-5°). 

{3-Sitosterol.-The second fraction (1.8 g.), m.p. 130-32° was crystallised from chloro
form and methanol to furnish fine crystals of m.p. 139-40°, [ o<]D-33° (lit. m.p. 1 36.5-a7 .5°, 
[ o<Jv-36°. (Found C, 84.07; H, 11.92. Calc. for C29H 300: C, 83.98; H, 12.15%)-

f3-Sitosterol acetate.-The above solid (0.1 g.) of m.p. 139-40° was acetylatod with 
pyridine (1 ml) and acetic anhydride (l ml) in the usual manner. The acetate on crystallisa
tion from acetone furnishodf3-sitosterol acetate (0.09 g.), m.p.l27 -28°, [ o<]D-41.3°, identical 
(mixed m.p.) with an authentic sample. (Found: C, 81.63; H, ll .51. Calc. for C3 ,H3,0~: 
C, 81.52; H, 11.48%) (lit m.p. 126-27, [ o<]~-42°). 
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