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' University of Aberdeen (Part B) between October 1977 and
August 1978, The work described is believed to be original
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Summ ary

This thesis is divided into two parts. Included in the first
part ig a discussion cn the uses of Cassia plants in folk medicine,
and a review of the anthraquinones and their derivatives kvown in

Cassia alata (Leguwinosae). The presence of aloe-emodin and rhein

in the leaves of . alata is confirmed, and the isolation and
identification of two new constituents, isochrysophanol and the 1-
glucoside of physcion is reported.

The second part ie primavilv concerned with the chemistry of

Hibiscus (Malvaceae), and reportecd herein is the isolation and

characterization ~f hibiscones A-C, lapachol and a new ketone, named

hibiscone D from the stems of Hibiscus tiliaceous (Fiji). The dsalat

and structural elucidation of gcssypol; mansonone D and T from the roo
of the same plant from Brazil is also reported. The cccurrence of
terpenoid o~ and p-quinones in Malvaceae is discussed, and the synthes
of o- and p-naphthoquinone-peri-aldehydes, structurally-related to the

terpenoids in Malvaceae is described.



TART ™ A

Studies on Cassia alata

(Leguminosae)




Chapkter 1

Quinones are naturally occurring coloured compounds and are found to
occur mainly in plants. They also occur in microorganisms, lichens and
“insects. A very large number of quinones are known and they are sub-

divided into the following groups:’

1, Benzoquinones
2, Naphthoquinones
3. Anthraquinomnes

4, Txtended Quinomes

Anthraquinones constitute the greatest group of the quinones and
to date approximately 300 are known to occur in higher plants, They

are generally found in the following plant families:

1. Rubiaceae

2. Rhamnaceaa
3. Teguminosae
4, Polygonaceae
5. Bignéniaceae
6, Verbenaceae : ?
7. Scrophulariaceae.

8. Liliaceae

Rubiaceae accounts for half the known number and the vest are fairly !

well distributed among the remaining plant families. Anthraquinones ave

generally present in the entire plant system but higher concentrations



are sometimes found in young leaves, seeds, roots and bark,
Anthraquinones may be found in free, combined (glycosides), dimerie
and reduced forms (anthromes and dianthrones, both free and combined).
The digtribution of anthragquinones in the family Leguminosae appears
to be scattered while the distribution of Ihe mnjor clagses of secondary
constitunents such as flavonoids, oligosaccharides, alkaloids, amino acids
show significant correlationg with the systgmatics of the family
(chemotaxonomy).  Anthraquinones chavacteristically occur in the plants
that belong to the genus Cassia (family Leguminosae). They are found
regularly in at least three of the subgenera. Early surveys® indicated
that they were confined Lo the section Chamaesenna of the subgenus
Senna, Within this section they were found only in three secries
(Paghycarpae 15 spp., Pietae 9 spp., Brachycarpre § spp.) and were
reported absent in the other five series. However, later dekailed
surveys3 showed that they had a much broader distribution being present
within the section Chamaesenna in two other series and also occurring in
the subgenera fistula {4 spp.) and Laslorhegma (18 spp.). How fax
anthraquinones occur in the neighbouring genera remains for fuiure
investigation. It is of chemotaxonomic interest to note that anthra~
quinones and their derivatives have been found in ali the Cassia species
{(about 40), Other groups of compounds isolated {rom the genus Cassia
aye triterpenocids, sterols, alkaloids, flavonoids and xanthones. |
Many plants that belong to the genus Cassia have been knowm since
the beginning of rthe nineteentli century because ~f their iwportance in
folklore medicine and also for their bicaesthetic {(beauty) propevties. %
Senna* was noted for its cathartic propertics and was used mainly for %

curing patients suffering from chromic constipation by great Arabian i

* BSermma is the accepted common name for all the plants that belong to tﬁ
genus Cassia. 5



physicians, Today one will Find many shvubs (all belonging to the
genus Cassia) that could be used as cathartic drugs but Lwo are quite
outstanding for their effects and are worth neting. One native in

Egypt is usually called Alexandrian senna (Cassia acutifolia) and the

other is an Arabian shrub which was taken to Scuthern India and
cultivated near Tinnevelly and thus called the Tinnevelly sepna

(Cassia angustifolia). Today the leaves and pods of C. acutifolia

and C. angustifolia are interchangeably used in cases of chronic

congtipation (laxative). They act chiefly in e¢vacuating the contents of
the colon in six to eight hours after taking the drug. They are used
mostly as the dry powder of the leaflets aFfter they have heen clesned
and crushed,

The other members of the genus which.are medicinally importanmt ineclu

Cassia fistula® (Indian laburnum, cassia stick tree) and Cagsia veticulats

The aquecus extracts of these plants show some antibacterial activity due
to the presence of an aﬁthraquiuone. Aqueous extracts from various
Cassia species called "bush tear” in the West Indies are also noted in
the folklore medicime,  These extracis were used to vemedy kidney
disorders, indigestion, ringworm, constipation, gcut; rheuamatism and
general pains of undefined origin. The active constituents in these
extracts are still to be identified but there are strong possibilities
that anthraquinones may be responsible for the remedies.” Extracts fromé

Cassia appendiculata have been noted for antibiotic activity7and Caggia |

8

silberiana is said to be a good duretic agent. Cassia glanca is used

to treat diabetes and the seaxrch for the active component is still in
progress,” Recently an antifungal component believed to be an anthra-
quinone was isolated from Casaia tora,®

Cassia alata commonly known in Fiji and neighbouring islands as
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"ringworm bush' or "candle flower" is a pantropical shrub and a

in s 1211

It is found growing wild in ¥Fiji

widely used folk medicine.
especially in the wet areas. It grows about 2 to 4 metres high and
the stemsg show a tendency to creep along the ground. The flowers ara
yvellow and surrounded by thin yellow coblong-concave bracts. . One
peculiar characreristic of the Fijian C. alata which distinguishes it
from plants found in cther countries (India, Phillipines, ectc,) is thal
if does not produce seeds,

The leaves of C. alata have been shown to possess some laxative
action,'? antitumour activity'® and insecticidal properties.!®  The
leaflets are popularly used agaiust ringworm (a skin discase of fungal
origin which is vevy common in tropical countries), scabies, ulcer,

15

impetigo and eczema. The joice obtained from the leaflets after
vigorous grinding is rubbed against the body infected with the disease.
The leaves are also used as an abortifacient {strong infusion) and whe
combined with flowers as an expectorant inm brouchitis, dyspnea and

15

asthma, Other uges of the plant are in the treatment of Herpes

circine, darts and epidermomycoses. '8

Hauptmann and Nazario!’ isolated from the leaves of this plant rh;
(1,8-dihydroxy-9,l0-anthraguinone~-3—~-carboxylic acid, I) and glucose .
after hydrolysis of the crude glycosidic extract and also a "yellow
crystalline compound” later named?® "ecassiaxanthone” (VIII) {(this
compound was suspected of being an artefact resulting from alkaline

treatment of some anthraquinone present in Cassia species, however a
i

later study'®? suggested the possibility that it wmay be not Al artefact:

but a true metabolite),

* .
personal observation



rR' - r* r?
rhein (1) 1 COE H
chrysophanol (II) H CH3 H
1,3, 8~trihydroxy~2-
methyl-9,10-anthraquinone (1T1) H L1 | Cli3
aloe—emodin (IV) H CH20H H .
emodin (V) OH CH; H
isochrysophanol (VT) H H CHa4
physcaion (VIT) OCH 4 CHq H

OH C} Co ' O St
= 2N /k\ oH

l\\‘ l o C'O&H T QM

VIII IX

From the roots and sceds, Tiwari‘gg_al.lg reported the isolation of B~ |

|

i
sitosteral, chrysophanol (1,8-dihydroxy-3-methyl-9,l0-anthraquinone, II)

1,2-dihydroxy-xanthone (IX) and an anthraquinone the structure of which ‘.

is gtill undefined., However it' is certain that the anthraquinone

possesses A methyl substituent at postition 2, In subsequent studics




Tiwari and co-workers®! showed the presence of 1,3,8-trihydroxy-2~

methyl~9,10~anthraquinone (I11I) and a glucoside. . (see Chapter 3).

Rao and co-workers??

reported two further compounds from the leaves of -
C, alata, aloe-emodin (1,8-dihydroxy-3-hydroxymethyi-9,1l0-authraquinone,
IV¥) aud kaempferol (a £lavonoid). Alve-emodin (IV) was recently noted
to possess some antitumour activity.?? Reecently Villaroya and
Bernal~Santos'® veported the isolation of emedin (1,6,8-trihydroxy~3-
methyl-9,10~anthraquinone, V) together with rhein (I), chrysophanol (IIj’
and aloe~emodin (V). To date no dianthraquinonyls have been isolated
from C., alata. The only anthrone isolated is that of rhein (1).}?

In 1973 Hedges and his QO*wurkers** at Masscy University carried oul

in vitro studies cu axtracts from ¥Fijian C. alata. They found activity

against Trichophyton mentagraphztes (ringworm) and Candida albians

mainly in the ethanolin exlract. However on furiher Ffractionations
the activity was lost, In an earlier similar study on extracts from

C. excelsea, de Lima and co-workers? 3

showed the antibiotic property
against Candida was due to rhein (I).

In the light of these many medicinal usés attributed to the
presence of anthraquinones and their derivatives and in view of

uncertainties in the exact chemical composition, a systematic investigati

of the leaves of the Fijian C. alata was undertaken.

See page 16, . ' i

Sk . .
personal communication
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Chaprer

Isolation and Tdentilicakion of

Anthraquinones from (. alata

repeatedly extracted with ethanol, and the residue obtained by
-évaporation of the solvent was suspended {n a minimum volumﬂ.of water,
This was then exhaustively extracted with petroleun ether followed by
ether, The pettoleum extract which consisted mainly of lipids and
chlovophyll was discarded and the ether fraction was partitioned into
"meutral™ and bicarbonate~goluble (acidie) Ffractions, The neutral
fraction on column chromatography yielded two anthraquinones in .
crystallive form designated 4s A and B, A yellow compound in high
vield was also obtained from this fractionm which was didentified as

kaempferal (a [lavonoid}. From the acidic fraction an aunthragquinone

desrgnated as C was obtained.

A. Identification of Anthraquinone A as Isochrysophancl (VI)

Anthraquinone A& was recrystallised from ethanol as yellow needles,
m.p. 175~176°, The purity of the compound was tested in several
chromatograﬁhic solvent systeﬁs using chromatoplates whereupon a single
spot was obtained in each case, The M.S. spectrum is given in Fig. 1.
High resclution measurement indicated a ﬁolecular composition of C15Hi¢0u
(Found: 254.2432, 100%Z, Required: 254,2426). Other ion fragments that
should be noted appeared at wm/e 237 (M+~OH, 2%, 226 (N+—C0, 3.5%), 225
M -cHo, 3.5%), 198 ({'-2€0, 2%) and 197 4'-CO-CHO, 3.5%). The success

elimination of two molecules of carbon monoxide from the molecular ion




is typical of anthraquinones,

The colour of A (in chloraform} changed from yellow to red on
addition of 1% methanolic sodimm hiydroxide solution.! Also a yellow
spot of this solution on a piece of filrter paper changed to orange
after being sprayed with 0.5% methanolic magnesium acetate solution
and heated at 20° for 5 min,?" These colour reactions clearly indicat
the existence of anthraquinone hydroxyl groups.

On acetylation with pyridine and acetyl chloride, a diacetyl
. derivative was obtained demonstrating the preseuce of two hydroxyl grou
The absence of B-hydroxyl groups was indicated Ly 1ts dinsolubility in
aqueous sodium carbonate®’ and its solubility in aqueous sodium hydrexi
solntion.' Based on this informatien the two o-hydroxyl proaps might b
expected to be present at ane of the relationships: 1:4, 1:5 or 1:8.

The U.V. spectrum Ilm1x (Ecoll) 228, 256, 287 and 432 nm) resembla

Zé

that of 1,8-dihydroxyanthraquinones®® and in particular chrysophanol (I

[hmax (LeoH) 228, 257, 287 and 429 nm] very closely. From the wourk

2 B

Briggs and collaborators?? and of Birkinshaw®® it is known chat the

anthraquinone absorption band in the region 320-480 nm is sltrongly

influenced by the number of o~ hydroxyl groups, while B-hydroxyl group;
have little influence. In unsubstituted anthraguinone this band is a€
360 nm and the presence of two o-hydroxyl groups shifts it to the 5
420~450 nm region, Alsoc a band in the 480~520 um xregion indicates tw%
~ hydroxyl groups in 1:4 velationship. Since anthraquinone A had A .

at 432 mm and none at longer wavelength it was taken that the two o-

hydroxyl gioups were either at positions 1:8 or 1:5. The possibility !

of 1:5 relationship of the two a-hydroxyl groups was fimally eliwminated

after a thorough study of the I.R. spectrum of the pigment. It is kno

from the work of Bellamy28 that singly chelated anthraquinone carbonyls
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absorb in the region 1631-1637 em™? in whiech anthraquinone A had no
absorption indicating the absence of 1:5 and also 1:4 relationships.

In the L.R. spectrum carbouyl absorptions were scen at 1670 and 1620 em~!

representing unchelated and chelated carbonyl groups,29

respeciively,
Also in the spectrum thete was no definite hydroxyl! band which in fact
further supported the total absence of any R-hydroxyl group. Briggs
and Nichol1ls?® aud Bloom EE_E};ZQ have shown that the anthraquinones
having hydroxyl groups in a~positions do not exhibit the characteristic
hydroxyl frequency in the region 3600-3250 cm™' due to some form of
association of these hydroxyl groups with the carbonyl groups,

Moreover according to Bloom 55_31.29 the preseuze of f~hydeoxyl groups
in an anthraquinone can be ascertained by the appearance of a peak in
the region of 3600~3250 em™!.

The P.M.R. spectrum of the compound in deuterochloroform is éiven in
Fig. 2, The two signals in the downfield region 12,02 and 12.428 are
ascribable to chelated and free hydroxyl groups and & three proton
singlet at 2,278 is due to a methyl group,. Complex signals from |
benzenoid protons are seen in the aromatic region (7.48 to 7.80 &) as
expected,

In the light of the above experimental information the obvious
candidate was chrysophanol (II) which is fairly widely distributed in
Cassia species. However the melting point of anthraquinome A (175—1?6°ﬁ
was different from that of chrysophanol (196°),}

The possibility of the anthraquinone béing chrysophanol was
eliminated on a more cogent evidence since a mafked depression was

E
observed in the melting point of the anthraquinone when mixed in equal
|
proportion with an authentic sample of chrysophauwol (II), Hoewever, no
|
|

such depression was observed in the case with an authentic sample of
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isochrysophanol.(ﬁﬂ). The melting point (173-176°) of isochrysgo-

phanol veportea®? corresponds well with A, Therefore the anthraquinone
was identified as isochrysophanol (1,8-dihydroxy-2-methylanthraquinone,
VI) and this is the first report of its isolation from €, atata,.

The only other Cassia species in which isochrysophanol is reported to

ocecur is C. occidentalis.??

B. Identification of Anthraquinomne ® asAloe-cmadin {(IV)

Thé'neutral fraction ﬁhen subjected to column chromatography and
eluted with chloroform afforded a second anthraquinone (1), This
anthraquinone was recrystallised from acetone into arange-yellow necdles,
m.p. 222-223°, The putity of the compound was checked on thin-layer
chromatoplates whereby a single spot was obtained in each chromat;graphic
solvent gystem. The high resolution M.S5. measurement showed the
molecular formula to be Cysll;005 [Found: 270.2452, 100%. Required
270.2420)], Diagnostically significant ions occurved at m/e 253 (M+¥OH,
1.5%), 242 (MT-co, 56%), 261 (i"-cHO, 63%), 239 (M'-Cl,0H, 2%), 214
(M+-ZCO, 2%), and 213 (M+—CO~CHD, 5.5%)., The molecular ion peak
occurred 16 mass units higher than that of isochrysophanol (VI). This
indicated the possihility of the anthraquinone being one stage further
oxidised than isochrysophanol, since this type of patterun is frequently
encountered in nature, It is alse worth noting the similarity of the
fragmentation pattern with those of the previous anthraquinone. For
example successive loss of twe molecules of carbon monoxide from the
molecular ion.

The colour reactions were véry similar with those of isochrysophanol,

suggesting a polyhydroxyanthraquinone. It gave a pink colouration with



0.5% methanolic solution of magneaium acetate®" and a red colouration
- L] L3 - » 1
with 10Z methanolic potassium hydroxide solution. The anthraquinone

2% and soluble in

was insoluble in 57 aqueous sodium carbonate solution
aquecus sodiuvm hydroxide solution, thereby showing the absence of any
R-hydroxyl groups.1 The compound was also insoluble in 5% aqueous
sodium bicarbonate solution indicating the absence of a carboxyl group.

" A diacetyl derivative was obtained on acetylation with dried pyridine
and acetyl chloride at room temperature.

It was certain that the pigment was a dihydroxyanthraquinone and
had one of the tbhvec possible relationships: 1:4, 1:5 and 1:8, The
possibility of the compound having either 1:4 or 1:5 relationship was
eliminated with the help of U.V. and I.R. data. The electronic
spectrum [Amax. (EtOH) 225, 255, 277, 288, 432 and 457(sh) mm] resembled
that of aloe-emodin (IV) [Amax. {EOH)Y 225, 254, 276.5, 287, 430 aund
457(gh) mnm] very clogely. The bathochromic shift observed (430 to
510 nm) by addition of sodium hydroxide solution indicated rhat the
hydroxyl group was peri to the carbonyl funmction. This obsexrvation
in fact goes further in confirming the existence of only two a~hydroxyl
groups. The absence of absorption im the 480-520 om region eliminated

zZ8.:27

‘the possibility of a 1:4 relationship. The I.R. spectrum had

significant bands at 3400 (free hydroxyl), 1675 (Eree carbonyl) and
1631 em™" (chelated carbonyl), Since the band at 16?5.(chelatedlcarb0nya
is absent in the I.R. spectra of 1:4.and 1:5 dihydroxyanthraquinones .
{all phenolic hydroxyls are involved in hydrogen bonding with the two'Eggi
carbonyls), the presence of this hand in the gpectrum of anLhraquinone 3
comfirmed the 1:8 relationship (one carbonyl hydrogen honéed to one

-39

hydroxyl and the other carbonyl being'freé).za

Examination of the P.M.R. spectrum revealed all the peaks expected ol




“l4=

aloe~emodin in. CD3OD, Signals for the benzenoid protons appeared at
7.22~7.82 § as a 5 proton multiplet while the methylene protons of the
hydroxy methyl appeared as a two proton singlet at 4,606,

The above spectroscopic data together with the chemical information
suggested that compound B was aloe—emodin (IV). The identity was
confirmed by mixed melting point and co-chromatagraphy (in several solveni
solvents) with an authentic sample of aloe-emodin.

It shouid be noted that agsspeculated earlier aloe—-emodin is indeed
one stapge further oxidized than isochrysophanol but the pogition of the
substituent in this case is at 3 whereas in isochrysophanol it is at 2,
Therefore it is assumed that the biogemetic pathgay of isochrysophanol
ig different from that of aloe-ewmodin in C. alata,

sk

C. Tdentification of Anthraquinone ¢ as Rhein (TI)

This was the last of the free anthraquinones and was isolated from
the acidic fration of the crude extract, The anthraquinone was re-
crystallised from methanol affording dark yellow crystals, m.p. 315«316“{
Again the purity of the pigment was tested on thin-layer chromato- |
plates in various different chromatographic systems whereby a single
anthraquinone spet was obtained in each case. The compound readily
digsolved with effervescence in 17 aqueous sodium bicarbonate solution
which was indicative of the présence of a cgrbcxyl group.. This was
confifmed by the appearance of peaks at 3100 and 1680 cm™ in the I.R.
spectrum,

High resolution M.S. of the anthraquinome indicated a molecular form|
ﬁf CisHp0¢ [Found: 284,2301, 100%. Required: 284.2254). Prominent

2 -
peaks appeared at m/e 267 (M -OM, 3.5%), 256 (M'~co, 5%), 277 (M'-co.cHo,
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2.5%2), 228 (M+;2CO, 3%, and 239 (M&—Cozﬂ, 4,5%). After comparing this
fragmentation pattern with those of isochrysophancl and aloe-emodin it
was quite conclusive of this anthraquinone being aiso a dihydroxyquinone.
As with the previous two anthraquitones the colour reactions were positive
(suggesting a polyhydroxyanthraquinone). On acetylation with pyridine
and acetyl chloride a diacetyl derivative was obtained demomstrating the
presence of two hydroxyl groups., As usual, the position of the two
hydroxyl groups was then solved with the help of U.V, and I.R. data.
Brigge and Nichols®" and Bloom “E;“l:29 have shown that the anthra-
quinones having hydroxyl groups in a-position do not exhibit the
characteristic hydroxyl frequency in the region 3600-3250 em™! of I.R.
Moreover according to Bloom gglgl.zg the presence of B~hydroxyl groupsa
in an anthraquinone nucleus can be ascertained by the appearance of a
peak in the said regiomn. ‘Anthraquinone ¢ did not show this band
indicating the abgance of any free fB-hydroxyl group. The band at
3100 cm~! was indicative of the hydroxyl of a carboxylic grnup.aa

It was fairly certain like the other anthraquincnes that the € had
also one of the following combinmations: 1:4, 1:5 ox 1:8. The ﬁ.v.

abgsorption Amax (ELOH) 431 om indicated the presence of two o~hydroxyl

1.29

————

groups (Briggs 35_33.27 and Berkinshaw?®). According to Bloom et
if an anthraduinone contains two o-hydroxyl groups at positions 1:i4 or

1:5 there appears & single peak in the carbonyl stretching ffequency

region in the I.R. for the chelated carbonyl groups only which lies between
1645 and 1608 cm '. The I.R. spectrum of anthraquinone C did not show
this band in the carbonyl stretching frequemcy region and therefore was
not according to the aforesaid observations. This clearly indicated the
absence of two awhydrnﬁyl grbups at positions 1:4 and 1:5,  Thus thg_only

possibility left was 1:8 for the two hydroxyl groups (confirmed by
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magnesium acetate test®"),

Because of the small amount of material available and also its
relative insolubility in a suitable solvent, the P.M.R, spectrum was
not obtained. However together with the above spectroscopie
information and chemical data it was possible to identify the anthra-
quinone as rhein (I). The identity was counfirmed by mixed melting
- point and co-chromatography (in several solvent sysr;ems) with an
authentic sample of vhein.

Thus the present work confirms the presemce of rhein (1) and

aloe—emodin (IV) in C. alata and reports a new constituent isochrysophanol

(VI).  Although the separations weré monitored by T.1.C. no further
free anchraquinones appeared to be present despite the earlier reports
of chrysophanol (IT), 1,3,8-trihyc[roxy-ﬂ—-mel:hyl--Q,10-&nfhraquinone
(III} and emodin (V).

‘}illaroyaand Bernal-Santos'® from their work on G. dlata obtained
five anthraquinones and assigned one of them (a liquid) to chrysophanol
(11). The author finds no justification in their assignment since the
sample was non"crystalliﬁe and thus grossly impure, Their reported IL.R,
and U.V, spectra do not agree amd even the RF value is wrong. The I.R.
gpactrum suggests a fatﬁy acid ester or glyceride which would be a liquid.
If the sample did contain an anthraquinone it could have equally been

isochrysophanol (VI) - the new coustituent isolated in the present work.
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' GhaEter 3

Isolation mid Jdentification

of Glycosides

Anthraquinones are not only found in free but also as glycosides
in the genus Cassia, Anthrone glycosides, e,g. rhein-9-anthrone glucos
(X) and bianthrone glycosides,1 e.g. sennosides A and B (XI) arc known tg
occur in some species of this genus, It seems that very litktle
information is available in the literature about the former probably
hecause of the atmospheric oxidation they readily undergo during
extraction, Sennodides A and B (XI) are 8,8'diglucoside of rhein/rheini
dianthrone and sennosides C and D are cérrespOHding diglucosides of aloe-
emodin/rhein dianthrone and these are believed to be the major constituen
of cathartic drugs such as seuna, chinese rhubacb and cascara. _

A signigicant number of anthraquinone glycosides have been iéolated%
and identified from Cassia. Both monoglycosides, e.g. nodoside®® (XII);
and diglycosides, e.g. diglucoside of chrysophanol®® (XIII) are known to%
occur but the occurrence of the latter is somewhat rare. The only
glucosides isolated from C. alata to date are 1,5~dihydroxy—-8-mathoxy- E

2-methyl-glucopyranoside®® (XIV) and rhein glucoside®’ (XV)

~glucaose

CO,M

X1
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glucose“'o o H
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In the present work a new glucoside was obtained from C. alata
and structurally characterized as physclon-l-glucoside (XVI).

The oven dried powdered leaves were successively extracted with
chloroform amnd ethanol, The chloroform e?tract was discarded since
it consisted mostly of chlorophyll, lipids, free anthraquinones and
flavonoids., The crude ethanol extract was su5pendéd in water and
Hextracted many times with ether to remove last traces of free anthra-
quinones and flavonoids followed by cxtraction with n-butanol. The
n-butanol extract was concentrated and then redissolved in methanol.
The methanolic solution was then added to a large volume of ether Lo
give an immediate precipitation. The brown precipitate was filtered
off and dried under vacuum, The precipitate was found to be very
hygroscopic., The dried precipitate was suhjected to column )
chromatography using polyamide®® as the adsorbent. On elution with
methanol, the fast running band was collected and on crystallization
from methanel gave as yellow powdery mate;ial, The powder gave
positive flavonoid test and on acid hydrolysis afforded kaempferol and
glucogse (identified by paper chromatography). No attempt was made to
determine the position of the sugar méiety on the flavonoid nucleus, A
slower moving band was also eluted and this gave positive results when
tested for anthraquinone and sugar (Molisch's test)., This fraction when
cfystallized from methanol-chloroform (l:1) pave orange vellow needles

which on mild acid hydrolysis yielded an anthraquinone (aglycone) and a

sugar .
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Identification of aglycone as Physcion (VII)

The aglycone obtained from acid hydrolysis was reerystallised from
hexane-toluene (1:1) as yellow needles, m.p. 205-206°. As usual the
purity of the compound was tested in various solvent systems whereby a
single spot was seen in each case, The mass spectrum of the compound
is given in TFig. 3. High resolution mass measureﬁent gave the molecular

formula as CigHiz0s5 [Found: 284,3029, 100%. Required: 284.26%90].

Thé rest of the mass spectrum had a fragmentation pattern very

similar to those of anthraquinones isolsted earlier. The colour
reactions were churacteristic of dihydroxyanthraquinones.'s?"  The
dihydroxy nature of the pigmeunt was demonstrated by preparing the
diacetyl derivative. The dye like others was insoluble in 5% aqueocus

sodium carbonate solution®® but soluble in 10% aqueous sodium hyd}oxide

solution,' thus clearly indicating the absence of any f-hydroxyl substituentsi

The I.R. spectrum of rhe anthraquinone did not show any peak in the region %

3600-3250 em~' which further supported the absence of § ~hydroexyl groups.zg’aog

1

Significant peaks were only seeu at 1670 and 1620 cm™ thus showing the

]

chelated nature of one of the carbonyl groups.2 In other words for this

to be true the twe hydroxyl groups can enly be at positions 1 and 8.

The U.V., spectrum had an absorption maximum at 434 nm, again a clear
indication of two o-hydroxyl groups.2%*?*?  The P.M.R. spectrum in DMSO~dg
contained signals for the benzenoid protons in the 6.60 to 7.60 & region,
and signals for the two phenolic protons appeared aé singlets at 12,15

and 12.26 8. A three proton singlet at 2.45 & was almost identical in
chemical shift to that of the methyl protons in isochrysophanol (Fig. 2).
Algo an additional three proton singlet appeared at a much lower fieid

(3.92 §).
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. The above gpectroscopic data together with chemical information
were in agreement with those of physcion (VII). The identity was
confirmed by use of an avthentic sample of physcion (wixed wmelting poiﬁt

and co—chromatography).

<

cho > CHS

Vil

- Tdentification of glycoside sugar

The aqueous hydrolysate which consisted mostly of sugar from the
glycoside was neutralised and the volume reduced. With the aid of
atandard sugars and using the decending paper chromategraphy technique

the sugar was identified as glucose,
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Determination of the position of plucose on the aglycone (physcion)

The glucoside was permethylated using dimebhyl suLphate!potassiuma9

carbonate and then hydrolysed under mild acid conditioms. On reductiAn
of the volume of the reaction mixture, a residue was obtained which en
recrystallisation from methanél furnished reddish brown needles, m.p.
177-179°.,  This was identified as 1—hydroxy—3—metﬁy1—6,8~dimethoxy-

. 9,10~anthraquinone (XVII) (lit.,ho 178°}.

The isolation of (XVII) clearly eliminated the possibility of the
sugar moiety being attached at the 8~hydroxyl in the glucoside. Thus
the glucoside was characterised as l-glucaoside of 1,8-dihydroxy—-6-
methoxy=-3~methyl-9,10~anthraquinone (XVI). This plucoside is known te

occur in only one species of the genus Cassia, i.e. C. occidentalis."!

The present work thus reports a new constituent l-glucoside of physcion
(XVI) in C. alata. The presence of 1,5-dihydroxy—8-methoxy-2-methyl-
glucopyranoside (XIV) and rhein glucoside (XV) as reported earlier could

not be confirmed using the above techniques,



. ¥

Chapter 4

Experimental

Melting points were measured on a Kofler hot stage microscope
and are all corrected,

Electroniec spectra {U.V.-visible) were recorded on a Perkin Elmer
402 Ultra-visible spectrophotometer in ethanol (95%). Shoulder peaks
are indicated as (sh) and log Ernax. values are given in parenthesis.

Infrared spectra (I.R.) were recorded on a Perkin-Elmer 177 Grating
spectrophotometer in potassium browide discs. Only the main absorptions
of interest are reported, Intensities are reported as strong (s),
medium (m)} or weak (w)}., In some cases important assignments a;e alsoe
made in parenthesis.

Mass spectra (M.S.) were recorded on an AEI MS 30 high resolution mass
spectrometer and peak intensities are reported as a percentage of the
base peak.

The Proton Magnetic Resonance (P.M.R.) spectra were vecorded on a
Varian HA 100D model, The scolvent is specified in each case., Chemical
shifts are reported in ppm on the § scale using tetramethylsilane as the
internal reference, Tha proton integral and spin multiplieity (s =
singlet, d = doublet, t = triplet, ¢ = quartet and m = -multiplet) are
given in parenthesis immediately after the chemical shift, Where
possibie assignments are also made

All solvents used were analyticlal grade. Amalytical thin-layer

chromatégraphy (T.L.C.) was carried out on 20x20 cm plates using 0.25 mm

layer of Merck Silica Gel GFjysy.
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All known compounds-were identified (U.V.-visible and I.R. spectra;
cot.l,c.) by direct comparisomn with authentic specimens. Spots of the
anthraquinones dissolved in ether (or acetone) were placed on silica
gel plates and developed with

(i) chloroform (neat: solvent system 1)
(ii) chloroferm:methanol (9:1; solvént system 2)
(iii) ethyl acetate:methanol:H;0 (100:16:14; wupper phase;
solvent system 3)
and (iv) ethyl acetate:benzene (1l:1; solvent system 4)

All extractions were carried out at room temperature-(26-26°).

Extraction of Free Anthraquinones

The oven dried powdered leaves (collected from the fields opposite
Buchurst Park, Laucala Bay, Suva, Fiji Islands) of C. alata* {2 kg) were
extracted many times with 95% ethanol (4 %) in flasks of 5 litre capacity
until the extract was almost colourless. The dark greenish brown
vigscous residue (65 g) obtained by evaporation of the solvent in vacuo
wag suspended in distilled water (300 mf) and then extracted repeatedly
with light petroleum (b.p. 40-60°; 6x200 ml) followed by diethyl ether

{6x200 ml).

% the authenticity was checked by submission of samples of plant material
to the Department of Botany, Minlstry of Agriculture, Fisheries and

Yorests (MAFF), Rodwell Road, Suva, Fiji Islands.
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I. Light petroleum extract

The dark green solutien was reduced in volume using a rotary
evaporator and a spot of the crude extract was placed on a t.l.c. plate
and developed in solvent system 1, The chromatogram was dried and
gprayed with 107 methanolic potassium hydroxide solution whereby negative
results were obtéiued for both anthraquinones and flavomnoids. This

fraction consisted mainly of echlorophyll and lipids and so was discarded,

II. Diethyl ether extract

The solvent was removed in vacuo and similarly tested for anthra~
quinones and flavonoids. The dried chromatogram on spraying with NaOH
gave three spots that immediately changed to red and one spot that-
changed to yellow. The solvent was distilled off and the residue {5.4 8)

was thoroughly extracted with benzene (Hx100 mZ). The remaining

(insoluble) material (3.2 g) was shown to contain a significant proportion

of kaempferal (J.V., I.R. with an authentic sample), and so was not
examined any further.

The benzene extract virtually contained all the free anthraquinones.
The regidue (2.2 g) obtained by evaporation of the solvent.in vacuo was
redissolved in etherx (100 wl) and fractionated inte "meutral® and
bicarbonate—soluble (acidic} fractions by repeatedly extracting with 1%

aqueous sodium bicarbonate solution (6x100 m%).




A. Diethyl ether (neutral) fraction

(i) Practionation

The solvent was distilled off and the vesidue (1.2 g) was
chromatographed on silica gel (150 g). Elution with toluene gave a
- solid which was crystallised from ethanol to give isochrysophanol (VI}

(154 mg) as yellow needles, m.p. 175-176° (lit.,%! 176°); ®,: 0.90,

£
0;76, 0,51 and 0.47 in solvent systems 1, 2, 3 and 4, raspectivelys A

max.
(Bcod) 228 (log £ 4.30), 256 (4.18), 277 (4.01), 287 (4.01), and 432 nm
(4.14) (bathochromic shift to 512 nm with NaOH); Voax. (KBr) 1670 (m,
unchelated C=0), 1620 (s, chelated C=0), 1580(sh) (C=C aromatic skeleton),
1670 and 1420 {(m, zhenolic OH), 1380 (broad, C-H of CH3), 1160 and 1070
(m, C-0 of phenolic OH), and 580 and 750 cm™! (a, aromatic substitutiom);
see Figs, 1 and 2 for M.S., and P.M.R., respectively; (Found: M+,
254.2432,  CygHy o0y requires M, 254.2426).

The yellow anthraquinone was soluble in many organic selvents such
as chloroform, methanol, acetone, etc, and iansoluble in 5% aqueous sodium
carbonate solution. It pave a deep red colour when dissolved in methanol
with a few drops of 2M aqueous sodium hydroxide solution. Spots of the
gsolution in acetone on a piece of filter paper Lurned orange on spraying
with 0,57 methanolic magnesium acetate solution and heating at 90° for
5 min.

Further elution of the column with chloroform gave a solid which was
erystallised twice Irom acetone to give aloce~emodin (IV) (215 mg) as
yellow orange needles, m.p. 222-223° (rie,,!} 223°) Rf
and 0.54 in solvent gystems 1, 2,,3 and 4, reépectively; imax. (EtOH)

: 0.83, 0.76, 0.62

225.5 (log € 4.56), 255 (4.31), 277 (3.98), 288 (4.00), 432 (4.01), and

457 um (sh) (3.86) (bathochromie shift to 510 um with NaOH); Voax (KBr)

]
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3400 (s, OH of hydroxymethyl), 1675 (w, free G=0), and 1631 em” Y (s,
chelated C=0); § (CD3;0D) 4.60 (2H, s, 3~ClUpOH) and 7.22-7.82 (51, m,
benzenoid protons) (Found: M+, 270.2452. CisHy1405 requires M, 2?0.2&50).
The dark orange yellow anthraquinone was soluble in many organic
solvents such as chloroform, methanol, acetone, ete., and insoluble in
5% aqueous sodium carbonate solution, The yellqw.chloroform golution of
“the anthraquinone immediately changed to red on addition of a few drops of
sodium hydroxide solution (2M)} ., The solution was also swotted on a piece
of filter paper and sprayed with 0.5% methyl alcoholic magnesium acetate

golution. The colour of the spot changed to urange after being heated

at 90" in the oven for 1.5 min.

(ii) Diacetate of isochrysophansl (VI) .

To the ice-cold solution of (VI} (100 mg) in distilled pyridine
(5 mb) acetyl chloride (5 m&) was gradually added. The reaction
mixture was kept in the cold room for approximately 14 h, znd then poured
into ice-celd distilled water (100 m%) whereby immediate precipitation
took place. The precipitate was collected, washed with céld and hot
water, dried and crystallised twice from chloroform~methanol (4:1) giving
vellowish green needles, m.p. 145-146° (63.5 mg); mixed m.p. with the

diacetate prepared from authentic isochrysophanol, 144-146°,

(iii) Diacetate of aloe—emodin (IV)

Aloe—emodin (100 mg) was acetylated with acetyl chléride (4 m) in
distilled pyridine (5 mf). After work up the diacetate derivative was
cryatallised from acetone as yellow plates (74 mg), m.p, 172-173°

(1it.,2! m.p. 172°),
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B. Sodiudm bicarbonste (acidic) fractlon

The aqueous.sodium bicarbonate solution was treated with 2M HCR
(50 mL) and extracted exhaustively with ethyl acetate (4x100 mi).
The extracts were combined and dried over anhydrous sodium sulphate.
The residue obtained after removal of solvent was recrystallised from
methanol to give rhein (1) as orange yellow needles (32.5 mg), m.p.
316-318° (decomp.) (lit.,?! 315-317° (decomp.); R :'o.aa and 0.38 in

£
solvent systems 3 and 4, respectively; Amax. (BtOH) 228 (log £ 4.56),
258 (4.35), 28é (4.01), and 431 nm (4.04) (Bathochromic shift to 512 nm
with WaOH)}; Viax. (KBr) 3100 (s, OH of carboxyl), 1680 (s, free C=0Q),
and 1620 (s, chela&ed C=0) (Found: M&, 284 .2301. CisHa0g reguires
M, 284,2254), .

The dark brown anthraquinone was found insoluble in most orpganic
solvents and only partially scoluble in methanol, It was soluble in
DMSO. It dissolwved with effervescence in 5% aqueous sodium carbonate
solution and also in L% sodium bicarbonate solutbion. It gave 4 red
colour with sodium hydroxide solution and an orange apot was revealed
after spraying a spotted piece of filter paper and heating for 5 min.

Rhein (70 mg) was acetylated as above with acetyl chloride (2 mf)

in distilled pyridine (5 wmR). After work up, the acetyl derivative

was crystallised from methanol (9.2 mg), m.p. 243-245° (decomp.) (Lit,, 2!

242-244° (decomp.)). Identified as the diacetyl derivative.
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Isolation of Glycosides

For this extraction a slightly different procedure was chosen.

The powdered leaves (1.5 kg) were extracted exhaustively with
chloroform followed by 95% ethancl (4 £). The chloroform extract was
left aside since this consisted mostly of lipids, chlorophyll, free
flavonoids and anthraquinones.

The ethanolic extract was concentrated to a dark brown syrup
(&400 g) using a rotary evaporater. The syrun was suspended in
distilled water (500 m&) and extracted repeatedly with ether (3x50 mf)
to remove the lagt traces of free anthraquinones and other compounds.
This was followed by n-butanol (3x500 mf)., The residue obtainad after
removal of n-butanol was redissolved in methancl (250 m%) and added to a
large volume of ether (2 %). The precipitate which was immadiately
formed was collected quickly by vacuum (very hygroscopic) and subjccted
to.column chromatography using polyamide®® (150 g) as the absorhent
and methanol és the only eluting solvent, Two relatively clear bands
were obtained, ‘The fast moving band (yellowish) after necessary
purification (t.l.c.) gave positive results for both flaveunoid (dark
yellow with NaOH) and sugar {Molisch's test). The aglycone obtained on
mild acid hydrolysis had identical T.V., I.R. and chromatographic
behaviour with that of kaempferol. The slow moving band (reddish brown)
was collected and the residue obtained after the removal of golvent was
cryatallised from chloroform-methanel (9:1) to zive l-glucoside of
physcion (XVI) as orange-yellow needles (wery hygroscopic) (250 mg),
m.p. 228-234°, It was insoluble in most non-polar organic solvents
(chloroform, ether, petrol, etc.} whereas‘it‘was very soluble in methanol

and water. Tt gave the colour reactions of anthraquinone (red with
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sodium hydroxide solution and a colour with 0.5% methyl alccholie
magnesium acetate solution aFter being heated £or 5 min.which was hard
to distinguish between orange and purple) and gave positive Molisch's |
test.,

Physcion—-l~glucoside (140 wg) was dissolved in wethanol {1C0 m®)
and 7% aqueous sulphuric acid (50 mf) was added to-it and hydrolysed
by refluxing for 2 h. over a steam bath. The reaction mixture wasg
then cooled, diluted with sxcess of water and extracted sith ether
(6x100 m&), The ether extract was washed with distilled water to
remove traces of mineral acids and dried over anhydrous sodium
sulphate. The residue ohtained after the removal of solvent was
erystallised Lrom hexane-toluene (1l:1) te give physclon (VII) (94 mg) as
yellow needles, m.p. 205-206° (lie,,! 207°); Rf 0,51 and ©.34 ig
solvent systems 3 and 4 respectively; hmax. (Exol) 255(sh) (log e 4.20),
265(sh) (4,19), 289(4.20), and 434 nm (4.05) (bathochromic shift to
512 nm with Naoll); Umax. (KBr) 3200 (w, OH), 1670 (w, unchelaved C=0),
and 1620 em™ (s, chelated €=0); & (CDCL3) 2.45 (3H, s, 3-Me), 3,92 (3H,
s, 6-0OMe), 6,60 (1H, 4, 7-H), 7.04 (1H, bs, 2-H), 7.32 (1H, dJd, 5-H),
7.57 (14, bra, 4-H), 12.15and 12.26 (1lH each, s, 8 and 1-0H} (Found: ™ ,
284.3029, CigH; 205 Tequires M, 284.2690).

Physcion was foumd to be soluble im methanol, acetone and chloroform.
It was goluble in 5% aqueous sodium hydroxide solution giving a red
coloured solution and insoluble in 5% aqueous sodium bicarbonate solution,
An orange spot was seen after spraying with 0.5% methaunlic magnesium
acetate solution and heating at 90" for 5 min.

Phyécion (40 mg) was acetylated as above with acetyl chloride (2.5 mR)
in distilled pyridine (5 mR), After work up the acetyl derivative was

crystallised from methanol as yellow-green needles, (16,5 mg), ﬁ.p.
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186-187°, mixed m.p. with diacetate prepared from authentic physcion,
185~186°,

‘ The aqueous sugar solution of the hydrolysate afler neutralizing
with finely powdered barium hydroxide (™ 2.5 g) was f£iltered and
conceutrated to 1 mf using a rotary evaporator. The f£ilrrate along
with standard sugars ((+)- glucose, fractose, galactose, and sucrose)
were spotted on Whatman No, 1 paper and the chrowmatogram was run in
pyridine:ethyl acetate:water (20:50:70) for 24 h. using the decending

*  1The chromatogram was dried in the

paper chromatography technique.”
fume hood and then dipped into a plate containire saturated aqueous
silver nitrate solution (0.3 m) in acetone (10O mi). The chromatogram
was dried, sprayed with aqueous sodium hydroxide solution (2i),washed
with water to remove remaining silver ions and then dricd in the oven

at 110-120°. Examination of the chromatogram after 10 min.revealed

only a single dark spot from the filtrate which had the same Rf value

as that of glucose.

Methylation of glucoside (XVI) and hydrolysis of ({VII)

Physcion-l-glucoside (XVI) was dissolved in dry acetone (20 mfR)
and refluxed with dimethyl sulphate (2.5 mf) and anhydrous potassium
carbonate (5 g) for 24 h, The reaction mixture was cooled, filtered
and solvent removed in vacuo. The residue was taken up in water (50 mf)
and concentrated ammonia solution (10 m2) was added and warmed over a
steam bath to destroy the unreaacted dimethyl sulphate. - The aqueous
puspension was then extracted repeatedly m;.l:h chlorcform (3x25 mwl).
The extracts were combined, dried’over anhydrous sodium sulphate and

solvent removed in vacuo. The residue was redissolved in methanol

!
;




-3

(25 m?) and refluzed with 77 aqueous sulphuric acid (10 wmf) for 2 h.
over a steam bath. The reaction mixture was allowed to cool, diluted
with distilled water (25 ml) and extracted with ether (3x25 mR).

The ether extract was washed many times with water fo remove traces of
mineral acids, dried over anhydrous sodium sulphate and solvent
distilled off. The residue was crystallized from methanol as yellow
..'needles, w.p. 177-179° (1it,," m.,p. of l-methyl ether of physcion 205°;
1it.,*% m,p. of 8-methyl erher of physcion 178°). Therefore the
glucoside was identified as the l-glucoside of 1,8~dihydroxy-6—

me thoxy-3-methyl-9, 10-anthraquinone or l-glucoside of physcion.
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PART B

Studies on Hibiscus tiliacecus

(Malvaceae)



‘Chaptey 1

Introduction

Most of the Hibiscus species are shrubs while trees are uncommon,

H. elatus and H. tiliacéous are examples of trees and are found

distributed exclusively in tropical regions.

H. elatus 1s known as Blue Mahoe in Jamaica because of the colour
of its heartwood which is blueish, streaked with pink, and may be an
intense blueish or violet black, On exposure to Ilight the colour
fades to a light grey in a few weeks. The colour change prompted

Ferreira and Thomson!

to pursue a chemical investigation of the wood
patticularly in srarch of the photo-labile compounds. At the outset
of the present investigation six compounds (I)—(VL) had been

identified.

hibiscones

H ~Q

.

T (4) IT (B) 111 (C)

hibiscoquinenes

OH HO

IV (&) VB VI (@
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These are ali seSquiterpenoids at various levels of oxidation. The
quinones fade on exposure to Light, two of them [(V) and (VI}] slowly
but the aldehydo~quinone (IV) wvery rapidly (see Chapter 3 for synthasis
of model compeunds).

Since Erquiﬁones are usually dominant among terpeneid quinones
the occurrence of those quinones in Hibiscus is not very surprising.

. #
However no terpenoild o-quinones are known from other Malvaceae genera.

For example, Bombax malabaricum and cotton plants (Gossypium hirsutum

and G. barbadense) contain only terpenoid Pquinones and related

phenols and lactones (Table 1).

Fable 1

Sesquiterpenoid p-quincnes and selected

phenols present in Bombax malabaricum

and Gossypium spp.

Plant Terpenoid quinones ~ Terpenoid phenols
Bombax malabaricum vir,? vrrrt 1x°
, . 4 & 8 of
Gossypium hirsutum VIL : 3T, XII,” X
1o 11 . 7 B
and G. Barbadense Xv, ittt XIr1," XV

T XV and XVI are diketones (2,3-dihydro-l,4-quinones)

% Mansonones have been found recently in the wood of Azanza (=Thespesia)

spp.> (Malvaceae),



VIT (R=R, p-hemigossypolone) X

VIII (R=CHj, 6-O-methyl-p-hemigossypolone)

OH OH

X (R=R =T"=1l, 6~deoxyhemigossypol)
XTI (R=R'=l, R"=0H, hemigossypol)
X1T (R=OMe, R'=R"=H , gossyvertin)

OHC.  OH WO CHO
O l oH
—~

XITT (gossypol)

XIV (3,4-dihydroxy-5-isopropyl-7-methyl— -
2H-naphthol(1l,8~bc] furan)



XV (R"=H, R=-Cl,~CHz-CH~C(CHs)2, heliocide Hz)

XVI (R=H, R'=—CH;-CHz~-CH=C(CH3)2, heliocide Hi)

The terpenoid phenol, hemigossypol (XI) is probably the
penultimate compound in the blogenesis of the terpencid p-quinones and

phenols in Bowbax and Gossyplum app. In Gossypium it undergoes both

p-hydroxylation ieading to the formation of p-hemigossypolone (VII)
and oxidative coupling leading to the formation of gossypol (XIIX)
whersas in Bombax only the former oxidation is known.

These terpenoid phencls, for example, hemigossypol (XI) and
gassypol (XITII) are phytoalexins (i.e. they are produced in response
to fungal attack and have antifungal prapertieslz) and the gquinones
(XV) and (XVI) are toxic, or at least deterrent to tobacco budworm

(Heliothis virescens) and bollworm (Heliothis zea) which are important

pests on cottom.

In continuation of the work on Hibiscus, stems of H. tiliaceous

collected in Fiji, and roota of H., tiliaceous collected in Brazil

were investigated for terpenoids. M., tiliaceous, known as Vau inm Fiji,

is one of the trees found growing wild in coastal areas.'?® The
fibres obtained from the bark of the tree were once used for making
women's dresses ("liku"), and the leaves were employed in.folk medicine

> * y * sl *
a8 a painkiller in cages of ankle sprain,

% personal observation.
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" 'Chapter 2

Isolation ‘and Identification of Besqui terpenoids

from H, tilidceots (Malvaceae)

Dried wood of Fijian H. tiliaceous was extracted (soxhlet)

Ik-successively with petrol and chloroform. The petrol eixtract was
found to comsist mostly of steroids and was not examined further.
The chloroform extract showed five major bands om T.L.C. (detected
by U.V. and phloroglucinol spray reagent). By a combination of
column chromatégraphy and P.L.C. these five bands were cventually
separated to glve compounds A to E (in order of decreasing RF in
chloroform).. .

The petrol extract from the dried roots of Brazilianm H. tiliaceous

on concentration deposited in relatively high yield a yellow compound F,
The chloroform extract, after repeated P.L.C., furnished two furthev

coloured compounds, G and H (in order of decreasing R in CHGR3).

Tdentification of cowmpound A as lapachol (XVII)

Compound A was obtained as yellow, shiny, crystals, m.p. 140°,
It was shown to be lapachol (XVII) by direct comparisom with an

authentic sample,
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fdentification of compound B as hibiscone A (T)

Compound B was isoléted in low yield as crystals, m.p. 94-95°.
It did not respond to the phloroglucinel spray reagent and gave a
pogitive test with Ehrlich's veapgent only aftrer prolonged heating,
It had the molecular formula Ci15Hze02, showed intense U.V. absorption
at 280 nm and a strong conjugated carbonyl band at 1650 cm™! in the
"I.R. There were significant peaks in the M.8. at Q/e 217 (M+4Me,
162), 203 (M+—CHO, 20%), and 159 (M+—CHMe2, 50%) . These data
suggested a gesquiterpenoid ketone and direct comparison showed that
they were identical with those aof hibiscone A (I) isolated earlier

from H. elatus.

Identification of compound C as hibiscone C (IXI)

This compound was obtained as shiny crystals, m.p. 125°, in
relatively high yield. Wo distinctive colour was observed on
heating with Ehrlich's reagent but an orange colour developed on
spraying with the phloroglucinel reagent. This compound, CjsHjaOg,
;ontained one atom of oxygen more than compound B. It showed hmax.
230 and 265 nm (on addition of base shifting to 412 mm), Vg, 1670 em™!,
and both P.M.R. and M.5. provided evidence for the presence of a methyl
and isopropyl groups. These da;a suggested structure (I1I) for the
sesquiterpenoid and direct comparison (I.R,, U,V., P.M.R., M.8, and

T.L.C.) with an authentic specimen of hibiscone C (iseclated previously

from H, elatus) confirmed the identity.
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Tdentification of conpound D ag hibiscone D (XVIII)

The chromatographic behaviour of this compound was very similar
to that of hibiscone ¢ (IIT) and it was obtained in pure form only
after repeated P,L.C, This was obtained as light brown crystals,
m.p. 139°, from chloroform. It developed a light purple colour
with the phloroglucinol spray reagent. Wigh resolution M.S. indicated
"'the molecular formula to be CisHis03 which was in aéreement with the
elemental analysis and integration of the P.M.R. spectrum. The M.S§.
gshowed Fragments at m/e 229 (M+—CH3, 1.5%2) and 201 (M+—CH3-60 or
N+—CH(GH3)2, 1002) . This fragmentation pattern indicated that the
cospound was a sesquiterpenocid similar to hibisceone ¢ containing two
hydrogen atoms less. .

The compound gave a positive phenolic test, and showed hydroxyl

absorption in chloroform at 3580 ecm™!, Other bands in the I.R. (KBx)

o=l

spectrum were at 1680 cm™! (conjugated ketone), 1630 cm™! (conjugated

CH
CH “C“WCMC]{
a

XVIL (Lapachol) : XVIIT (hibiscone D)

XIX {(mansonone D)- XX (manzonone F)
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olefin), and 850 em™ (furan ring). The U.V. spectrum exhibited
a broad maximum centred at 335 mm which underwent a bathochromic
shift of 70 nm on addition of base, thus confirming the phenolic
nature of the compound,

The P.M.R. (CDC%3) spectrum is shown in Fig. 1. Trradiation
of the 1-H multiplet at 82,04 collapsed the doubléts at 460,82 and 0,90
\g;o a broad singlet, and also the benzylie 1-H multiplet was simplified,
In turn, irradiation of this benzylic 1-H multiplet (83.26) simplified
the complex at §2.04, and in addition collapsed the 2-H doublet at 82.82
to a singlet. sased on these spin decoupling experiments, it was
concluded that the compound, like the previous two hibiscones, possessed;
an isopropyl group, the methine proton of which was coupled to a
benzylic proton,vand this in turn was coupled to two equivalent.
methylene protons. = In other words, an A3BX system (X being the
isopropyl methine)} was apparent. Other features of the P,M.R.
spectrum included a bread 1-H singlet centred at §5.60 (disappearing
on addition of T130), and a 3-H singlet at 82,40 assignable to an i

aromatic methyl. At low field two 1-H singlets (66,94 and 7.98) were :
obgserved, and were assigned to protons of the benzenoid and furan ringsé
respectively, |
Compound D on acetylation (pyridine/acetie anhydrides) afforded
a monoacetyl derivative which even on repeated atfempts.failed to
crystallizé, but was found ta be homogenous by T.L.C. The P.M.R,
spectrum wag almost identical to the parent compound except for the

appearance of a 3~-H singlet at 62,33 assignable to the acetate methyl

and the absence of the singlet at 85.60.

On the basis of the above data and the co—occurrence of compound D
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