FIRST PROFESSOR T. R. SESHADRI SEVENTIETH BIRTHDAY
COMMEMORATION LECTURE, 1973

PIGMENTS OF GARCINIA SPECIES
by K. VENKATARAMAN, National Chemical Laboratory, Poona

I am grateful to the Council of the Academy for the award of the Professor
T. R. Seshadri Seventieth Birthday Commemoration Medal, which gives me very
special pleasure because Professor Seshadri is an old and valued friend from the
time, over fifty years ago, when we were classmates in the Presidency College at
Madras.

GARCINIA MORELLA
Morellin

The structure, spectral properties, reactions and biogenesis of morellin (I)
render it a fascinating molecule.

Morellin ()

Although the pigment crystallises readily in large and beautiful orange-yellow
needles, m.p. 158-160°, from an alcoholic extract of the pericarp of the seeds of
Garcinia morella, homogeneous and crystalline derivatives are difficult to obtain.
Early work led to.erroneous conclusions concerning the molecular formula,
the number of hydroxyl and carbonyl groups and the degree of unsaturation.
However, Rao (1937) was able to demonstrate that morellin was related to mangostin,
yielding phloroglucinol and methylheptenol (Me:C=CHCH.CH,—~CHOH-Me)
by alkali fusion. The formation of the latter, confirmed by Bringi ef a/. (1955, 1956),
indicated the isoprenoid character of one or more of the substituents. Bringi revised
the molecular formula of morellin to Cs3HssO7 or Cs3HisO7 and showed that it
contained only one hydroxyl group, the 5-hydroxyl of a chromone or chromanone,
and formed a monomethyl ether, but a diacetate from which morellin was not
recoverable. Catalytic hydrogenation revealed the presence of four olefinic bonds,
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two of which underwent very rapid preferential reduction and were probably
conjugated with carbonyl groups. Bringi also obtained chemical evidence for a
2,2-dimethylchromene nucleus. Although the IR spectra gave some indication of an
aldehyde group, Bringi rejected it because morellin and octahydromorellin did not
form a characteristic dimedone derivative and did not respond to other tests for
aldehydes. On the other hand, the formation of a diacetate from morellin, which
only contains one hydroxyl group, suggested the possibility of an aldehyde group
capable of enolization. The IR spectra of tetrahydromorellin and octahydromorellin
were therefore reinvestigated by Jose and Bhat (1961) and Bhat (1963), looking
particularly for the presence of overtone or combination bands in the near-IR
region in the light of the work of King and Vig (1940). An aldehyde group in
morellin, tetrahydromorellin and octahydromorellin was thus indicated. Ozonisation
of morellin yielded acetone, formaldehyde, acetaldehyde and pyruvic aldehyde; the
last product, in conjunction with the hydrogenation experiments, showed the
presence of a = C(Me)—~CHO group (Raghavan 1960).

From the products of alkali fusion of octahydromorellin, Raghavan (1960)
isolated compound (A), Ci1¢H,,0,, which was also obtained synthetically as the most
readily crystallizable constituent of the products of Clemmensen reduction of 3,
7-dihydroxy-8-isovaleroyl-2, 2—~dimethylchromanone (II). Since (A) obviously came
from the phloroglucinol part of the morellin molecule, in which one hydroxyl had
undergone cyclization to a 2, 2-dimethylchromene as shown by the formation of
acetone by mild alkaline hydrolysis, it was clear that the phloroglucinel nucleus
carried a second C; residue. This was confirmed by the fact that (A) was accompanied
in the products of alkali fusion of octahydromorellin by a C,sH,:0; phenol (II)
isolated as its crystalline dimethyl ether, identical with a product of the authentic
structure prepared by Clemmensen reduction of the dimethyl ether of (II) (Bhat
1963). The difficulty in effecting a normal Clemmensen reduction of (IT) to (ITT)
was apparently associated with the free hydroxyl groups of the phloroglucinol nucleus
in 5, 7-hydroxychromanone; phloroisovalerophenone undergoes smooth reduction
to isoamylphloroglucinol.

Compound (A) has the structure (IV). Methylation with diazomethane
or dimethyl sulphate and potassium carbonate in acetone gave a monomethyl ether
(M* 294) with the structure (V) (or the isometric enol ether). The NMR spectrum
of (IV) (solvent CDCls; chemical shifts on the = scale) shows a total proton count
of 24; the absence of aromatic H; a 2, 2-dimethylchroman ring (CMe: at 8.60 and two
CH: triplets at 7.6 and 8.3); an isoamyl group not attached to an aromatic ring
(6H doublet at 9.12, J=6 Hz, and 5H multiplet at 8.4); an alcoholic OH (6.3,
exchangeable by D,0): and a CH, (two one-proton doublets at 6.47 showing gem
coupling as in a cyclic I, 3-diketone. The last CH. signals disappear on shaking a
CDCl; solution with NaOD in D,O; they also disappear in the methyl ether (V),
which now exhibits a methoxyl group at 6.25 and a vinyl H at 4.56. A feasible
mechanism for the formation of (IV) from (II) is outlined in Fig. 1. The formation
of (IV) from octahydromorellin probably involves the oxidation of (IIL), the
normally expected product, to (VI), or the direct formation of (VI) during alkali
fusion (Nair er al. 1964; Radhakrishnan 1966).
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Fig. 1. Abnormal course of a Clemmensen reduction.

The part structure (VII) or (VIII) can account for the data so far discussed;
octahydromorellin corresponding to either can yield (III) and (IV). A double bond
conjugated with the carbonyl group was shown by the formation of a red copper
complex (not formed by tatrahydromorellin and octahydromorellin), a high intensity
band at about 360 nm in the UV spectrum of morellin (reminescent of rottlerin
which has a cinnamoyl group conjugated with a chromene nucleus), rapid absorption
of two molecules of hydrogen by catalytic reduction and the consequent spectral
changes.

Treatment of morellin with ten times its weight of Raney nickel in boiling
ethanol, cyclohexanol or cyclohexanone gave three crystalline products (A), (B) and
(C). (A) was convertible to (B) by heating with Pd-carbonin p-cymene; (C) was also
obtainable by heating octahydromorellin with Pd-carbon and p-cymene. Alkali
fusion of (B) at 290° gave steam-volatile fatty acids, compound (IV), and a
dicarboxylic acid, C12H1204. The acid yielded naphthalene by treatment with copper
bronze in boiling quinoline, decarboxylation being accompanied by dehydroge-
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nation; nitric acid at 230° led to mellophanic acid. Spectral evidence and synthesis
ultimately showed that the acid is 1, 2, 3, 4-tetrahydronaphthalene-5, 7-dicarboxylic
acid, and the assumption was therefore made that morellin contains a partially
hydrogenated naphthalene ring (Bringi et al. 1955 ; Raghavan 1960). Part structure
(VIII) was then expanded to (IX).

(IX)

As soon as the NMR spectrum of morellin became available, the ring with
four CH: groups in structure (IX) was ruled out. Secondly, seven C-methyl groups
are clearly present in the spectrum; (IX) contains five, and the additional two cannot
be accommodated in the residue C3H ;0. The total proton count of 36, the chelated
OH (-2.77), the aldehyde group (0.37), the 2, 2-dimethylchromene system, the
yy-dimethylallyl group, the Me-C = group, and the B—proton of the «B-unsaturated
CO group in (IX) were all confirmed. The NMR spectrum of morellin diacetate shows
that the second acetyl group represents the conversion of a -CH:~CH=C (Me)- CHO
group to -CH=CH-C(Me)=CH-OACc.

The complete structure of morellin as (I) was ultimately elucidated by an X-ray
crystallographic study of the p—bromobenzenesulphonyl ester {Kartha et al. 1963).

The NMR spectrum of morellin in relation to its structure (I) has been
discussed in detail elsewhere (Kartha et al. 1963 ; Nair and Venkataraman 1964).

Fifteen or more xanthones with isoprenoid side chains have been isolated from
plants, nearly all of which, like G. morella, belong to the family Guttiferae. The only
exceptions are the xanthones of Maclura pomifera (Wolfrom and Bhat 1965;
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Deshpande et al. 1973). Among xanthones and flavonoids with isoprenoid substi-
tuents morellin is unique as a phenol in which a prenyl group adjacent to a phenolic
hydroxyl has cyclised to form a carbocyclic ring, and not a chroman or chromene.
Morellin is also one of the few natural products containing a bicyclo [2.2.2} octane
ring system; other examples are the diterpene alkaloids of the atisine type (of
which 22 are now known; Pelletier 1970) and the bisditerpene, maytenone (Johnson
et al. 1961).

The mass spectral M and the molecular formulae (Cg33H,qO7, Ci:HOs and
C,3Hi406) of the Raney nickel reduction products (A), (B) and (C) showed that
the basic skeleton was unaffected. The 5-hydroxychromanone part and seven methyl
groups of octahydromorellin remained intact in all the three products, and the
aldehyde group disappeared (ferric color; IR absorption at 1640 cm™; chelated
OH at about —1.9, 21H in the methyl region and no signal between O and | in the
NMR spectra). Products (A) and (B) contained an alcoholic OH (v max at about
3500 cm™!). The CO group in the cyclohexane ring of tetrahydromorellin remained
in products (A) and (C) (v max at 1740 cm™?), but not in (B). (A) contained a primary
hydroxyl group (CH, at 6.45 ). Octahydromorellin with CHO reduced to CH:OH
therefore represents (A). In(C) CHO is replaced by H, and in (B) CO of the
cyclohexanone ring is in addition reduced to CHOH (Karanjgaokar 1967).

Hydrolysis of octahydromorellin with 5 per cent ethanolic potassium
hydroxide at 98° for 5 hours gave a crystalline phenol {A) in 60 per cent yield.
The molecular formula Ca3H,;Os corresponded to the addition of 1 H,O. Solubility
in aqueous sodium carbonate showed a carboxyl group. The 5-hydroxychromanone
part was intact. Diazomethane yielded a methyl ester, which contained an alcoholic
OH (v max 3480 cm™). Treatment with POCI; gave a product with the properties
of a lactone. In the NMR spectrum there is no aldehyde signal, and a broad single-
proton absorption at 6.45 represents the CH proton of a CHOH group. The opening
of the cyclohexanone ring by hydrolysis to a carboxylic acid and an intramolecular
aldol condensation can explain the IR and NMR data. The structures (X) and
(XI) are possible for phenol (A).

(%) (X1)
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Isomorellin

Morellin isomerizes to isomorellin, m.p. 120-121°, under a variety of condi-
tions. Morellin and isomorellin are cis-trans isomers; the Me and CH, groups of the
aldehyde side-chain have the rans configuration around the double bond in morellin
(I) and the cisin isomerellin (XII) (Nair and Venkataraman 1964).

Desoxymorellin, dihydroisomorellin and ethoxydihydroisomorellin

The mother liquor after the crystallisation of morellin from the ethanol
extract of the colouring matters of the pericarp of the seeds of G. morella yields an
orange-yellow resinous residue on evaporation. By chromatography of the hexane-
soluble fraction of the residue on a column of Florex XXX (an extruded fullers earth)
and development with hexane, three new pigments were isolated (Bhat er al. 1964).
The NMR spectrum of desoxymorellin, m.p. 126°, shows the absence of CHO and the
appearance of a new methyl group; it is therefore constituted as (XTII) and it is an
intermediate in the suggested biosynthesis of morellin (Fig. 2).

(I) Morellin R =R'= Me;R%= CHO

(XTI) Isomorellin R = R%= Me; R'=CHO

(X1) Desoxymorellin R = R'= R2= Me

(XIV)Morellic acid R = R'=Me ; R°= COOH

(X¥)Isomorellic acid R = R°=Me;R'= COOH

oH O (XV1) Gambogic acid R = CH;~CH,~CH=CMe,;
R or R%= Me or COOH

(XVI) Morellinol R = R'=Me ; R®= CH,OH
Fig. 2. Morellin and related pigments.

The NMR spectrum of dihydroisomorellin has all the main features of the
spectrum of isomorellin except one. The difference is that the doublet absorption re-
presenting the vinyl proton of the double bond g (see Fig. 2) is missing in the spectrum
of dihydroisomorellin, showing that this bond is saturated in the new pigment. This
conclusion is supported by the fact that the number of protons absorbing in the
region 6.0 to 8.0 is 11 in comparison with 8 for morellin or isomorellin. A triplet
absorption at 3.17 represents Hv in Fig. 2. and the position of this signal suggests
that the side chain bearing the aldehyde group is the same as in isomorellin.

Ethoxydihydroisomorellin, m.p. 143°, resembles dihydroisomorellin in its
NMR spectrum very closely, but the former contains an additional methyl group and
one additional proton in the 6-8 region. Seven out of the eight C-methyl absorptions
are almost exactly in the same place as in dihydroisomorellin. The additional methyl
signal is a triplet (J=6.5 Hz) superposed on the tertiary methyl signal at 8.86.
The triplet methyl absorption shows that the new pigment has an ethyl group. In
conjunction with other changes in the NMR spectrum compared with isomorellin
and dihydroisomorellin, it is clear that ethoxydihydroisomorellin is an ethanol addict
at the double bond a of isomorellin, and is an artefact formed during the isolation



PIGMENTS OF GARCINIA SPECIES 371

procedure. Treatment with hydriodic acid yielded ethyl jodide. Conversely, the pig-
ment, m.p. 143° was obtained when morellin or isomorellin was refluxed with
methanol in presence of piperidine (Bhat et al. 1964).

Gambogic, morellic and isomorellic acids

According to Mayer and Cook (1943) gamboge is the pigment found in the
latex of Garcinia morella (East Indies, Ceylon, Siam, Cochin China). From the acidic
fraction of gamboge Furrer (1934) isolated the crystalline monoacetyl derivative of
gambogic acid. Its origin and properties indicated its similarity to morellin. When
the formula of gambogic acid was determined as CzsH 4405 (Dyson and Rigby 1963),
it seemed very likely that gambogic acid was a derivative of morellin in which the
aldehyde group was replaced by carboxyl and an additional isoprene unit was
attached. Since a complete correlation of the structure of morellin and its NMR
spectrum was available, we realised that a scrutiny of the NMR spectrum of acetyl-a—
gambogic acid should reveal the structure of gambogic acid. A sample of the gamboge
or resinous exudate of G. morella obtained from Mysore State was therefore examined,
but it did not contain gambogic acid. Two other acids, morellic and isomorellic acid,
were isolated and they were so named because they proved to be carboxylic acids
(XIV and XV) corresponding to morellin and isomorellin respectively (Karanjgaokar
et al. 1966).

Gamboge of G. hanburyi, formerly regarded as a variety of G. morella, was
several months later procured from Thailand, but in the interval Yates et al. (1963)
had shown on the basis of the morellin structure that gambogic acid has the structure
(XVI). This was confirmed by Ollis et al. (1965) whose work included an interesting
acid-catalysed cyclisation of the side-chain R with the chromene ring to form
*gamboginic acid.”

Ollis et al. (1965) have stated that ‘“‘the stereochemistry of the side-chain
carrying the carboxyl group is probably as shown (XVI; R'==COOH) but the NMR
results are not conclusive.” Yates et al. (1963) have not presented the NMR spec-
trum of acetyl-z—gambogic acid and have made no reference to the chemical shift
of the vinyl proton (H,). Ollis e al. (1965) did not examine acetyl-a—gambogic acid,
but they recorded the NMR spectra of the pyridine salt of gambogic acid, dimethyl
gambogate (the ether-ester), and monomethyl gamboginate; H, appeared at 3.88.
4.03, and 4.12 respectively in the three compounds. Karanjgaokar et al. (1966)
examined the NMR spectrum of gambogic acid kindly supplied by Prof. H. Auterhoff
who prepared it through the pyridine salt from a commercial “Harzdrog” which was
believed to originate from G. morella. In the spectrum of gambogic acid H, appear-
ed at 3.88 and, in the light of the data for the morellins and the morellic acids, it was
concluded that the carboxyl (or carbomethoxyl) group and H, have the trans con-
figuration in gambogic acid, dimethyl gambogate and methyl gamboginate; gambogic
acid therefore corresponds to morellic acid. In the NMR spectrum of acetyl-«—
gambogic acid, which we prepared from the gamboge of Bangkok G. hanburyi, H,
appeared at 3.35, from which it follows that the acetate is derived from isogambogic
acid corresponding to isomorellic acid. Isomerization from the unstable angelic
acid to the more stable tiglic acid configuration takes place during the treatment
with sodium acetate and acetic anhydride.
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Morellinol

From the hexane extract of the bark of G. morella, after removal of the acidic
materials which included isomorellic acid, a new pigment, morellinol, m.p. 149-150°,
has been isolated. The molecular formula (Cs3 Has O7) and spectral properties showed
that it is the primary alcohol (XVII) corresponding to morellin and morellic acid.
The NMR spectrum differs from the desoxymorellin spectrum in only two features.
The former contains only seven methyl groups (one less than desoxymorellin) and a
—~CH.O- group as indicated by a signal at 6.42 (Yemul 1971).

Biogenesis of morellin and related pignients

In our first note on the complete structure of morellin (Kartha er al. 1963)
it was suggested that morellin can be biogenetically derived from 1, 3, 6-trihydroxy-
xanthone and four units of “active isoprene’ or from 1, 3, 5, 6-tetrahydroxyxanthone
via jacareubin. More knowledge of biosynthesis in general and the biosynthesis of
xanthones in particular is now available, and 1, 3, 5, 6-tetrahydroxyxanthone provides
the rational basis for the biosynthesis of morellin. 1, 3, 6-Trihydroxyxanthone is
unknown as a plant product, confirming the hypothesis that xanthones are biogeneti-
cally derived by the oxidative cyclisation of hydroxybenzophenones in which one
ring is acetate-based and the other is shikimate-based. Thus 2, 4, 6, 3', 4'—penta-
hydroxybenzophenone (maclurin) yields 1, 3, 5, 6- or 1, 3, 6, 7-tetrahydroxyxanthone.
A revised biosynthetic scheme is presented in Fig: 3. Ollis ef al. (1965) have
outlined a slightly different scheme in which the reduction and oxidation steps in-
volved in our earlier scheme are rightly avoided. However, the suggestion of Ollis
et al. that the pyrone oxygen initiates the steps which lead to the bicyclo-octane ring
system is improbable. As shown in both the original and the present schemes, the
pyrone carbonyl is much more likely to trigger the concerted series of reactions.

Desoxymorellin (XIIl) is the first pigment formed in the biosynthesis and
the progressive oxidation of a methyl group then leads to morellinol, morellin and
morellic acid.

Quillinan and Scheinmann (1971) have suggested a totally different mechanism
(Fig. 4) involving a Claisen rearrangement of the 5, 6—(1, 1-dimethylallyl) ether
(XVIII) of 1, 3, 5, 6-tetrahydroxyxanthone, followed by an intramolecular Diels—
Alder reaction on the intermediate dienone (XIX). They did indeed achieve a
brilliant synthesis of two bicyclo [2.2.2] octenones by boiling 1-hydroxy-5, 6-dially-
loxyxanthone and jacareubin 5, 6-diallyl ether in decalin, but such a synthesis failed
when the 1, I-dimethylallyl ethers were used (Scheinmann 1972).

The isolation of toxyloxanthone D (XX) from Maclura pomifera (Deshpande
et al. 1973) is of interest in connection with the route to morellin outlined in Fig. 3.

Mass spectra of moreliin and related molecules

The molecular ion is the base peak in morellin, and it is an intense peak in
the spectra of the related pigments. The dominating mode of cleavage is a retro
Diels-Alder collapse at the cyclohexenone or-the Y-pyrone ring. When the frag-
mentation takes the former course, the intermediate species (XXI) is not seen, because
it breaks down further to (XXII; m/e 405), which is an intense peak in the spectra
of all the morellin type molecules. Cleavage of ethers at the C-O-bond is not
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1,3,5,6- Tetrahydroxyxanthone

=
CHO CH,OH o
(I} Morellin  «————— (XVII) Morellinol *———0o—— |
COOH (XI0) Desoxymorellin

£XIV) Moreilic acid Dihydroisomorellin

Fig. 3. Biosynthesis of morellin and related pigments.

-3 Desoxymoretlin

(X1I)

XV (XIX)

Fig. 4. Biogenesis of desoxymorellin (Quillinan and Scheinmann 1971).
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(XX) Toxyloxanthone D

common, but is explicable by the stability of the isopropyl cation in (XXII). Retro
Diels-Alder fission at the y-pyrone ring gives (XXIII; m/e 287) as a major frag-
ment. lons (XXIT) and (XXIII) then undergo characteristic fragmentations
{(Rama Rao and Yemul 1972).

Morellin M* 544
l

0 OH

x

c
oH .,

Mse 287 (37 %)
(XXTM)

m/e 405 (45%)
(XXT)

F1G. 5. Mass spectral fragmentation of morellin.
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Morelloflavone

Morelloflavone, CgoH,,05;. m.p 298° (dec.), was isolated from the heartwood
of G. morello. Methylation yielded a heptamethyl ether (M* 654), which broke
down by alkaline hydrolysis to veratric acid, acetoveratrone and the deoxybenzoin
(XXIV). The 1R spectrum of morelloflavone indicates a chelated C=0 at 1645
cm™!, which is resolved into two bands at 1670 and 1645 cm™!in the spectrum of
the ether. The appearance of a C=0 band at higher frequency in the ether provided
preliminary evidence of the presence of both a 5-hydroxyflavanone and a 5-hydroxy-
flavone nucleus in morelloflavone. The NMR spectrum of the ether (acetone and
CDCl;s) shows seven methoxyls (6.07 to 6.34) and a pair of doublets at 4.14 and
5.09 (J=12 Hz). In the aromatic region signals appear between 2.3 and 3.9. The
lowest is a quartet centered at 2.50; together with a m-coupled doublet at 2.67
(J=2.5 Hz) and an o-coupled doublet at 3.30 (J=9 Hz), it represents an ABC pattern
arising from the B-ring of a flavone. A doublet at 2.75 (J=9.5 Hz) probably
represents the 2’, 6’-protons of the B-ring of a flavanone. A signal at 3.0 can be
assigned to the 3-proton of a flavone.

The structure of the deoxybenzoin (XXIV) was apparent from its M?t at
390 and the NMR spectrum which shows one CHsCO (7.40), 4 methoxyls (6.18
and 6.10), an uncoupled CH, (5.75), 3 aromatic H (~3.9), and two bonded OH
(—3.8 and —3.9). Jackson et al (1968a) have synthesised (XXIV).

MeO OH
HO
CO

OH

|
MeO CH, OH
MeQ OH
COCH,4
MeO OH O
(XXTV) (XXV)

Since alkaline hydrolysis resulted in the liberation of an acetyl group, simul-
taneously with the disappearance of three methoxyls and seven aromatic protons,
the cleavage must involve the loss of two aromatic rings, one being the B-ring of a
flavone. Since one product of hydrolysis is a deoxybenzoin, the second aromatic
ring is the B-ring of a flavanone. Morelloflavone therefore is constituted as (XXV).
The linkage of the flavone nucleus in the 8-position is supported by its facile methy-
lation to a heptamethyl ether. The mass spectral fragmentation of the heptamethyl
ether lends strong support to the structure of morelloflavone (Karanjgaokar er al.
1967).

Morelloflavone was the first biflavonoid containing a flavone and a flavanone
unit. Until very recently all the known biflavonoids were biflavonyls built from
apigenin and its methyl ethers; the only variation was in the position of the linkage
between the two apigenin units, but the 3-position of neither apigenin unit was
involved in the dimerisation. When our work was approaching completion Jackson
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et al. (1967, 1971) reported the isolation of three new biflavanonyls in which a
naringenin unit is linked in the 3-position to a second naringenin unit or aromaden-
drin or taxifolin in the 8-position.

Konoshima et al. (1969) have shown that fukugetin, first isolated by Perkin
and Phipps (1904) from the bark of G. spicata, is identical with morelloflavone. The
heptamethyl ether has been synthesised by Ikeshiro and Konoshima (1972).

G. morellag bark contains, in addition to morellinol and. isomorellic acid,
dihydromorelloflavone (GB-2a; XXXI) and the 7-B-D-glucoside of morelloflavone
in the luteolin moiety (Yemul 1971), identical with fukugiside isolated by Konoshima
et al. (1970) from the fresh bark of G. spicata.

Hydrolysis of the heptamethyl ether of dihydromorelloflavone with 15 per
cent ethanolic potassium hydroxide gave the deoxybenzoin (XXIV) and in addition
two new products: a flavanone m.p. 200-205°; M* (508) and a chalcone (m.p.
188-190°; M* 508). Their NMR spectra led to structures (XXVI) and (XXVII)
respectively.

MeO

When dihydromorelloflavone heptamethyl ether was subjected to the action
of selenium dioxide in n-amyl alcohol for 24 hours, the product was morelloflavone
heptamethyl ether. When the reaction was continued for 48 hours, it was possible
to isolate a very small amount of dehydromorelloflavone heptamethyl ether, m.p.
165° (Yemul 1971).

G. pedunculata

From the heartwood Sarma and Yemul (1971) isolated two phenols. One is
identical with GB-la (XXIX), one of the first four biflavanones (GB-1, GB-1a, GB-2
and GB-2a; XXVIII, XXIX, XXX and XXXI respectively) isolated by Jackson
et al. (1967, 1971) from the heartwood of G. buchananii and G. eugenifolia.

The second phenol proved to be the benzophenone (XXXII), confirmed by the
identity of the pentamethyl ether with the known synthetic product (Mauthner 1913)
from the Friedel-Crafts reaction between phloroglucinol trimethyl ether and 3,
5-dimethoxybenzoyl chloride. The mass spectrum of the ether, discussed elsewhere.
had P-1 as the base peak and the next intense peak was at P-2.
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OH

(XXVII) GB-1 :R=0H;R'=H

OH  (XXIX) GB-fa:R=R'=H

t (XXX) GB-2 :R=R'=0H
(XXX1) GB-2a:(Dihydro-

morelloflavone} R =H;R'=0OH

Because of the unusual orientation of hydroxyl groups in the benzophenone
(XXXII) the minor constituents of G. pedunculata heartwood were submitted to
further scrutiny, looking in particular for 1, 3, 5. 7-tetrahydroxyxanthone (XXXIIT)
which is normally to be expected as a product of the oxidative cyclisation of (XXXII).
The crude acetone extract, difficult to fractionate directly, was methylated. Chro-
matography on a silica gel column (benzene-acetone) led to five products and their
identification showed that the following phenols accompany GB-la (XXIX) and
the benzophenone (XXXII): 1, 3, 5, 7-tetrahydroxyxanthone (XXXIII), 1, 3, 6, 7-
tetrahydroxyxanthone (isolated earlier from Maciura, Chlorophora and Mammea
spp.), and talbotaflavone (XXX1V) isolated from G. talboti and G. volkensii (Carpenter
et al. 1969; Joshi et al. 1970; Herbin er al. 1970). GB-la hexamethyl ether
underwent progressive oxidation by selenium dioxide in n-amyl alcohol to talbota-
flavone hexamethyl ether and the corresponding biflavone (Sarma and Yemul 1971).

OH
peule!
X
co OH
OH
( XXXT)

(XXXIV) Talbotaflavone
Votkensifiavone

The biosynthesis of the xanthone (XXXIII) is a matter for speculgt%o'n,
because it cannot be a product of the usual shikimate-acetate scheme. One possibility
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is that it is solely acetate-derived viz phloroglucinol and 3, 5-dihydroxybenzoic
acid.

G. xanthochymus

The acetone extract of the heartwood yielded five xanthones, 5,7-dihydroxy-
flavanone (pinocembrin; the first example of a flavanone from a Garcinia) and five
biflavonoids. Three of the xanthones were known compounds isolated earlier from
other plants: (1) 1,5-dihydroxy from Mammea and Calophyllum spp., (2) 1,5
dihydroxy-3-methoxy from Kielmevera and Calophyllum spp., (3) 1. 3, 5-trihydroxy
from Allanblackia floribunda (Carpenter et al. 1969). The other two xanthones,
1, 5-dihydroxy-2-methoxy-and 1, 2-dihydroxy-5-methoxy-xanthone, are unknown
as natural or synthetic products (Pendse 1972).

The biflavonoids were all known products isolated earlier from other Garcinia
spp.: GB-1, GB-la GB-2, morelloflavone and dihydromorelloflavone.

Although several biflavonoids occur in Garcinia spp., no flavone or flavanone
(other than pinocembrin ) has been reported so far.

From the heartwood and leaves of G. xanthochymus Konoshima et al.
(1970) have isolated morelloflavone, fukugiside, volkensiflavone (talbotaflavone),
GB-1a, GB-2 and xanthochymoside (the 7-B-D-glucoside of the taxifolin moiety
in GB-2).

Other Garcinia species
G. cambogia
Morelloflavone was isolated from both the heartwood and the bark; the

heartwood also contained dihydromorelloflavone, and the bark isomorellic acid
(Pendse 1972).

G. multiflora Champ.

The bark contains morelloflavone (fukugetin), volkensiflavone, GB-la, GB-2a,
GB-2 and GB-1 (Konoshima et al. 1970).

G. linii Chang.

The bark contains fukugetin, GB-1a, GB-2a, GB-2 and GB-1 (Konoshima
et al. 1970).

G. spicata Hook.

In addition to fukugetin, its 3'-methyl ether and fukugiside the bark contains
volkensiflavone, spicataside (7-8-glucoside of volkensiflavone in the apigenin
moiety), GB-1a and GB-2a (Konoshima et al. 1970).

In addition to the biflavonoids mentioned earlier G. buchanenii and G.
eugenifolia contain several di- and trihydroxyxanthones and 1,4,7-trihydroxy-3-
methoxyxanthone (Jackson er al. 1968a; 1969).

The stem wood of Garcinia hombroniana contains an optically active, deep
yellow oil, bronianone, CasH:s04, to which the structure (XXXV) (Ollis ez al. 1969)
has been assigned. It is a “polyisoprenylated benzophenone” regarded by Ollis
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et al. (1969) as being biogenetically related to morellin and gambogic acid. How-
ever, the biogenetic relationship compels a revision of structure (XXXYV), which
will be discussed in detail in connection with two related phenolic ketones, xantho-
chymol and isoxanthochymol, isolated from G. xanthochymus fruits (Karanjgaokar
et al. 1973).

{ XXXV ) Bronianone (?)
v
R = EHz_CH=CMe_CH2:]2"'CH2 “CH=CM62 (Xm) Mongosnn

R®=~CH,~ CH=CMe - CH,~ CH,—CH = CMe,

The constitution of mangostin (XXXVI), isolated from the fruits, bark and
latex of G. mangostana over a century ago, was proved in 1958 by Yates and Stout.
Mangostin is accompanied by B-mangostin (a methy! ether), normangostin, gartanin
(1, 3, 5, 8-tetrahydroxy-2, 4-diprenylxanthone) and 8-desoxygartanin (Jefferson
et al. 1970; Govindachari et al. 1971).

The genus Garcinia

The genus Garcinia (family Guttiferae) consists of [80 species, mostly trees,
rarely shrubs “‘in most species with a yellow rarely white, resinous juice in the bark,
pith and endocarp, perhaps also in the wood” (Brandis 1906). Ten major species
and twenty closely allied species occur in India. The wood of none of them is a
commercial timber, but the structure of morellin, mangostin and other xanthones,
morelloflavone and the other biflavonoids isolated by Scheinmann, Konoshima,
Joshi and others justify a chemotaxonomic study of all the Garcinias. 1t is a
remarkable fact that all the hydrogenated xanthone derivatives of the morellin type
and the 3, 8-linked biflavonids have so far been isolated only from Garcinia species.
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