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PART I
PIGMEN ECIE
(A) PIGMENTS OF GAMBOGE



INTRODUCTION

The dried latex of different species of
Garcinia is commonly known as gamboge. The latex
is obtained by making incisions in the lower parts
of the stems and collecting the exudate in bamboo
tubes, This gemboge was used in mixtures for its
mild laxstive action. It was also observed that the
gamboge of Garcinia hapburryi had the capacity to
damage sarcoma 37.l

Cambogic acid is the principal acidic component
of the pigment gamboge?, which has been a subject of
anslytical and chemical study for over hundred and
fifety yearla. It was shown that most of the ncidiec
components of the gamborse were quantitatively
precipitated from the ether solution by saturating it
wvith anmonlo‘. Pure gambogic ncid 1s a yellow,
optically active acidic resin which could not be
crystallized. It was Furers. who first obtained a
crystalline acetate of gambogic acid, by acetylating
the acidic fraction of the gamboge. Gambogic acid
was however easily characterized as a crystalline
pyridine salt, m.p. 147° and a dimethyl derivative,
m.p. 129° 6-7.

9-Gutt1rorr1n8. the acidic component of the

gamboge of Carcinia morella gave a crystalline

p—



pyridine salt, =m.p. 148° and dimethyl derivstive,
m.p. 128°420°. These properties of P-guttiferrin
indicated its identity with gambogic acid,

A number of molecular formulae were proposed
for gambogic acid. The molecular formulas suggested
on the basis of the results of X-ray crystallographic
examination® of the two derivatives of gambogic acid
vas later found to be incorrect® 10, The revised
molecular formula (Cggh,,0.) was arrived at from the
equivalent weight of gambogic acid determined
potentiometrically, the analytical data and also from
the proton integrals corresponding to the NMR spectra
of 1ts crystalline derivatives, The potentiometric
titrations also revealed that i1t was a monocarboxylic
acid,

It was observed that gambogic acid absorbed
five mols of hydrogen. Its octahydro-derivative 1
a crystalline comppund, m.p. 144-1458° gzngg’é:k.s up
a molecule of methanol in the Michael addition reaction.
Potassium hydroxide fusion® of gambogic acid for
20 minutes at 220° gave, p-butyric acid, isovaleric
ncid, methyl succinic acid, homophthalic acid,
phloroglucinol and 6-methyl-5-heptane-2-0l. Pure
gambogic acid on hesting with 10% ethanolic potassium
hydroxide for two minutes and cooling gave a

di-potassium saltd1l, mngs compound with two carboxyl



groups was called garciniolic acid. Initially
gamdbogic acid wvas represented by the structure (I)
corresponding to the molecular formula 62983406.
This was unacceptable as it did not account for the
acidity, colour and stability of gambogic acid.

Later Dyson and Rigbylz

referred to the molecular
formula 033H4408 for gambogic acid on the basis of
their unpublished work.

It was around this time that sn important
paper appesred nndhaoatnuatiune of lornlunla

‘

a pigment of Garcinia morella,the structure of which
was established on the basis of chemical, IR, UV,
NMR and X-ray crystallographic data, It was now
clear thnt morellin (II; 033.H36-07) and ganbogic
acld(Cgy-HeyOg)were very closely relsted.

The suspicion that gambogic acid and morellin
contained the same skeleton (III) was fully confirmed
by a comparison of the NMR spectra of gambogic acid
and its derivstives with those of morellin, and the
signals could be assigned with certainty to all the
protons indicated in the structure (IV) suggested by
P, Yates 33_11.9 for gembogic acid., The NMR spectrum
of gambogic acid (Fig. 6) showed the presence of an
additional isoprene unit. This additional isoprene
unit was placed on one of the methyl groups of the

2,2-dimethylchromene system of the molecule. This



E' R= Mezc =CH-CH2"CH2-




observation was confirmed by the acid cortalyzed
elyclisation of the side-chain of gambogic acid (V)
to gamboginic acid (Vl)lo. In this cyclization there
is a loss of three vinyl protons. The alkylation

of phenols by isopentenyl pyrophosphate to give
ortho-isopentenyl phenols and the oxidntive
transformation of these to 2,2-dimethykhromenes

are plausible biosynthetic processosl4. It could
therefore be expected thst nstural phenolic compounds
such as represented by partial structure (VII) and
(VIII) which contain C)qo substituents could be
similarly derived biosynthetically from geranyl
pyrophosphate, Several such compoundis are known
including geranyl ethers like Collinlnlb, S-geranyloxy

16 and berganott1n17. No natural

7-methoxycoumarin
product has been desctibed previously containing
the 2-methyl-2-(4tmethylpent-3-enyl)-chromene (VIII)
residue.

Regarding the stereochemistry of the side-chain
carrying the carboxyl group the esrlier vorkorsg'lo

were unable to come to any definite conclusion.



PRESENT WORK

With the accumulation of NMR data on morellin
end allied pigments like desoxymorellin (Ix)lﬁ
i somorellin (x)lgzy};ydroisouorellin (XI)18 (single
bond at a) isolated from the seed cost of Garcinia
morella, it was shown that morellin and {somorellin
vere cis-trans isomers, the methyl »nd the methylene
groups of the aldehyde side chain having the trans
configuration around the double bond i{n morellin and
the cis configuration in isomorellinl®.

“-Gambogic acid wvas isolated by Furrer® in the
form of 1ts O-acetyl derivative from the dry latex of
G, morella. Yates 11_119 obtained acetyl «-gambogic
acia from the same source. The gross structure
suggested by Yates g;_g;g for gambogic acid was
confirmed by Ollis 1;_1110. mainly as the result of
the acid catalysed cyclisation of the side-chain
(CHp-CHy-CH=CMep) of the 2,2-dimethylchromene with the
chromene ring to form gamboginic acid. Their source
of gambogic acid was §, hanburrvi, formerly regarded as
a variety of G, morells.

As part of our study of the pigments of G.morella,
the latex obtained from Mangalore in South India was

examined. The latex wns dark brownish-yellow in

colour, and sticky in nature, This was subjected to



'B-morcilm; R=Ri1=Ra= -CHjy

fomorellin ; R=CHs, Ri=CHz, R, =CHO

‘d.r'oiso'morcllin ; R=CH»,Ri=CHx.R;=CHO.
. singlc bond at(a)

Morellic acid ; R=CHs, Ri=COOH. Rz=CHs

_.\ 4 ¥ CH
sambogic acid ; R=CHa-CHz2-CH :C:cHs
S : x

R|=COOH,R2:-CH3

; .. bogic acids R=CH,-CH2-CH=C CCHx),
i »

8 Y Ri=CHz, Ry= COOH

— = al!ogo.mbogic acid



functional separation. The ganboge did not give
an appreciable amount of bicarbonate soluble fraction.
About 70% of the gamboge was carbonate soluble. The
¢rude carbonate soluble extract on acidification
vith dilute sulphuric acid gave an amorphous
yellowish solid, Expecting this to be mostly
gambogic acid the amorphous yellow solid was
dissolved in pyridine, the pyridine solution was
diluted with a few drops of water, but it was not
possible to g«t a crystalline pyridine salt, Using
similar conditions gambogic acid very readily gnve a
pyridine salt m.p, 148°. This observation led us to
investigate further the pigments of this gamboge.
Thin layer chromatography (TLC) on silica-gel
(benzene: ethyl acetate 9:1) of these pigments
further confirmed the earlier observation about the
total absence of gambogic acid in the gamboge of
G. morella, that we were examining., This gamboge
instead revealed the presence of two new pigments.
The vulneradbility of most of the pigments occurring
in §, morella to chromstographic separation on
silica gel and other adsorbents, leading to their
isomerization prompted us to avoid the use of any
chromatographic procedure for the separation of
these pigments.

It vas observed that one of the two pigments



oceurring in the carbonate soluble fraction of the
gaaboye wns slightly more soluble than the other in
cold hexane, This observation was very useful for

the separation of these two pigments from each other,
without the use of chromstographic technique, The
hexane soluble fraction wvas named {somorellic acid

and the hexane insoluble component morellic acid. The
nomenclature of these two substances was based on the
later observations made on their structures,

They were both amorphous and resisted
crystallization from most of the solvents, As mentioned
earlier they did not give a crystalline pyridine salt
like gnmbogic ncid, when sudbjected to similar treatment.
Both gave a dark green ferric colour, which indicated
2 chelated hydroxyl group. The presence of a c~rboxyl
group, indic=ted by the solubility in carbonate was
¢onfi{rmed by the iodide-iodate test, although neither
of the acids (as well as gambogic =2cid) responded to
the hydroxamsic acid test.

On heating with acetic anhydride and fused
sodium acetate these acids gave acetyl derivatives
vhich crystallized from methanol in yellow plates
@.p. 240° =nd 174° corresponding to morellic and
i{somorellic acids respectively. It could be mentioned
here that ‘uring the acetylation of morellic acid a

part of it was converted to acetyl isomorellic 2cid.
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Acetyl estimation showed the presence of only one
acetyl group in each case. Both the scids gave
erystalline dimethyl derivstives m.p. 160° and 154°
corresponding to morellic and isomorellic acids
respectively. It was also observed that the acetyl
derivative of isomorellic acid was more soludble in
methanol than the acetate of morellic scid, Elemental
analysis and mass spectral molecular weights led to
the same molecular formula Cag.fag.0y for both the
acetates,

Morellin can be isomerised to isomorellin by
running a benzene solution through a column of silic? rgeol
or fuller's earth, or by treatment at room tempernture
with traces of hydrochloric acid in acetone. By the
same procedure =orellic acid was converted to
isomorellic acid, showing that morellic acid and
{somorellic acids were probably related to each other
in the same way as morellin and isomorellin.

The infrared spectra of the acetyl derivstives
(Figs. 1 and 2) of these tws acids were very much

similar and showed four bands in the carbonyl region.

Morcllic acid (acetate) Isomorellic acid (acetate)

1760 1770
1730 1735
1700 1708

1640 1640



The band§ \~ 1760 could be assigned to the
carbonyl of the acetate (1760, L770) and that at
w1730 to the carbonyl of the bycyclooctenone ring.
The carbonyl due to the carboxyl group could be easily
assigned to the band at 1700, M5 and the band at
(1635, MR} to the carbdbonyl of the chromanone,

Morellic and isomorellic acids absorbed four
mols of hydrogen in presence of l0% pslladium charcoal
in alcohol indicating the presence of four double bonds.

The NMR spootr; of the acetates of morellic and
isomorellic acids (Figs. 3 and 4) in comparison with
those of morellin and isomorellin readily showed that
morellic and {isomorellic ncids are carboxyliec acids (XII)
and (XIII) respectively corresponding to morellin and
isomorellin., In the spectra of the two acias the
aldehyde signals of morellin and isomorellin wvere
replaced by bdroad hydroxyl signals at 1,35 and 1,42
The NMR spectrum of both the acetates showed a total
proton count of 38.

In the vinyl region there were three doublets
at 4,33, 3.59 and 2,5. The positions of the vinyl
doublets in the spectra of morellic and isomorellic acids
were identiecal. The correspondence between the two
pairs (morellin, isomorellin and morellic and iso-

morellic acids) of spectrawas very close.

6even G-methyl groups, a 2,2-dimethylchromene

’Chdmical sivifts are cited on J~ scale.



system, a prenyl side-chain attached to an aromatic
ring and the bicyclooctenone part of the morellin
skolotozzzzl readily recognizable from the NMR spectra
of morellic and isomorellic acids.

The vinyl proton (H,) of the «,f-unsaturated
carboxylic a2cid side-chain of morellic acid acetate
8ppeared at 3.85 and the corresponding absorption of
the isomorellic acid acetate was at 3,25, the
downficld shift indicating the isomerization of the
cardboxyl group from trans to gls configuration as
discussed earlier in connection with morellin and
isomorellin.

Ollis .;_.119 have stated that "the stereochen{stry
of the side-chain" carrying the carboxyl group "is
probably as shown (IV: Ry = Me Ry = COOH) yut the NMR
results are not conclusive”., VYates u?‘]“" not
presented the NMR spectrum of acetyl «-gambogic acid
and have made no reference in their discussion to the
cheaical shift of the vinyl proton (H,). Ollis et al'°
did not examine the acetyl «-gambogic acid, but they
recorded the NMR spectra of the pyridine salt of
gambogic acid, dimethyl gambogate (the ethor-ester) and
monomethyl gzamboginates d, appeared at 3,88, 4.02 and
4,129 respectively in the three compounds.

We have examined the NMR spectrum of gambogic

acid (Fig. 6) kindly supplied by Professor H. Auterhoff



who prepared it through the pyridine salt from a
commercinl 'Harzdrog', which was believed to originnte
from G, morella, In the spectrum of gambogic acid
H, apperred at 3.88 and in the light of the data
cited for morellins and the morellic acids it may be
concluded that the carboxyl or the carbomethoxyl and
Hy have the trans configuration in gambogic acid,
dimethyl gambogate and methyl gamboginate; gambogic
acid therefore corresponds to morellic scid, In the
NMR spectrum of the acetyl derivative of {sogambogic
acid (Fig. 7) (which we prepared from the gamboge of
G. hanburryi procured from Bangkok) Hy appeared at
3.36 | from which it follows that the ncetate is
derived from {sogambogic acid corresponding to
isomorellic szcid. Isomerization from the unstable
anyelic to the more stable tiglic acid configu-ation
takes place during the treatment with sodium acetate
and acetic anhydride., To confirm this observation
about the stercochemistry of the side-chain carrying
carboxyl group a number of derivatives like the ester
of the acetyl isogambogic acid and monomethyl 1so-
gamboginate were prepared and their NMR spectra recorded.
In a more recent paper on the constitution of
gambogic acid by Rigby 3&_31?0, it has been reported
that vhen gambogic acid was boiled in pyridine or



toluene an equilibrium was set up between approximately
equal smounts of gambogic mcid and a second,
spperently very similar substance to which they have
roferredkis allogambogic acid. In the NMR spectrum
of the latter they have observed a slight down-field
shift of 2.5 c¢/sec. from 4.67 and a shift of the
vinyl triplet representing the vinyl proton of the
carboxyl side-chain by 6 c/sec., (3.887 to 3.85)..

They were unable to isolate the "allogambogic acid"

in pure form. It has been suggested by th-se workers
that the acetate of the gambogic acid m.p. 204° does
not have the structure of gambogic acid but that of
allogambogic acid, Rigbyzo also feels that the new
substance is not formed by gis-trans isomerization at
the double bond %,B to the carboxyl group. The
isomerisation presumably involves the opening of the
chromene ring with reclosure at the chelated hydroxyl,
the analogous reaction occurring in rottlerin to give
isorottlerin. These workers have =2lso prepsred an
acetate of gsmboglc ncid under mild conditions

B.pP. 145°. This acetate they could not convert to the
acetate m,p. 204° by boiling with pyridine and hence
suggested structure (XVI). Assuming that the acetate
204° of gambogic acid has the allogszbogic acid
structure, the allogambogic acid obtained by the

treatment of this acetate with dilute ammonia to



hydrolyse the acetyl group should not show any

ferric colour as there is no chelated hydroxyl

group in the allogambogic acid structure, but
surprisingly enough it showed a dark bluish-green
ferric colour., The presence of the chelated hydroxyl
group in the hydrolysed product was confirmed by NMR.
Moreover these workers did not isolste the allogambogic
acid, and the slight shift reported of one of the
chromene doubletsis very negligible. On the contrary
the shift of the vinyl triplet of the carboxyl side-chain
{s appreciable and is in agreement with the structure

suggested here for acetate of 1sogsmbogic acid,
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NMR da

ace

Solvent CDCl

3

Chonical
shirt

Nultiplioity

No.of H

Assignment

8.33

8.28
8.2

7.6
6.0-7.6

4.81

4.35

3.72

3.569

2.5

d = (J =6 cps)

bs
d = (J = 10 cps)

bs
d (J = 10 cps)

d (J = 8 cps)

w

- o~ O W

Me on tertiary carbon
atom

2 Me of the 2,2-dimethyl
chromene system

Me on a tertiary csrbon
atom

2 Me of the prenyl chain

Me of the side-chain
bearing the carboxyl group

-0COMe
3 -CHy
Vinyl H of the prenyl chair

Vinyl H of the chromene
ring

Vinyl H of the side-chain
bearing carboxyl group

Bonzilic as well as
viny

Vinyl H of the bicyclo-
octenone ring
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NMR data on acetyl isomorellic acid Fig.4

Solvent = CDC1

3
Chemic=1 Multiplicity HNo. of H Assignment
shift
8.77 s 8 2 Me on a tertiary
carbon atom
8.64 s 6 2 Me on a tertiary
carbon atom
8.45 s 3 Me of the side-chain
bearing a carboxyl
group
8.3 s 6 2 Me of the prenyl chain
7.62 s 3 -0COMe
6.0 - 7.62 - 6 3 -CH2
4.84 bs 1 Vinyl H of the prenyl
chain
4.4 d (J = 10 eps) 1 Vinyl H of chromene
ring
3.59 d (J = 10 cps) 1 Benzylic as well as
vinyliec proton of the
chromene ring
3.25 s | Vinyl H of the side-
chain bearing carboxyl
group
2.5 d (J = 8 eps) 1 Vinyl H of the bicyelo-

octenone ring
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NMR dats on gagbogic acid Fig. 6

Solvent = CCl

4
Cheaical Multiplicity No, of H Assignment
shift
8.8 d (J =7 cps) 6 :
8 - Me's of prenyl
8.64 ' 3 i chains and on carbon
8.42 9 g atoms attached to
8.3 6 | OXveen
600 b 502 - 12 6 "Cﬂz
5.0 bs 2 Vinyl Hg of two
prenyl chains
4,82 d (J = 10 cps) 1 Vinyl H of chrome ring
3.84 bs 1 Vinyl H of the side-

chain bearing
carboxyl group

3.54 d (J = 10 cps) 1 Bonzilic as wvell as

vinylic H of chromene
ring

2,5 d (J =8 cps 1 Vinyl H of the bieyclo-
octenone ring

Solvent = CDCl3

8.9 s 3 :

8.82 s 6

8.54 3 : 8 Me's of prenyl

. . j Ccheins and on terttiary

8.42 s 6 j carbon atoms

8.34 s 3

8.2 s 3 l

7.6 s 3 -0COMe

6.0 - 8,2 - 12 6 -CHg=-

4.92 bs 2 Two vinyl H of prenyl
chain

4.42 d (J = 10 eps) 1 Vinyl H of chromene ring

3.54 d (J = 10 cps) 1 benzylic as well =s
vinylic H of chromene ring

3.35 bs 1 Vinyl H of the side-chain
bearing carboxyl group

2.5 d (J = 8 cps) 1 Vinyl of the bicyclo-

octenone ring



PART I

(B) THE PIGMENTS OF THE PERICARP OF

GARCINIA MORELLA



B :2}

INTRODUCTION

The mother liquor after the crystsllization
of morellin from the ethanol extract of the colouring
matters of the pericarp of the seeds of Garecinin
morells 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 Bringi g;_gl?l obtained from the lower deep
orange band a crystslline pigment name desoxymorellin.
It was further observed that continued elution of the
column with hexsne two additional pigments, ethoxy-
dihydroisomorellin (m.p. 143°) and dlhydroisonorollln18
were obtained. On the b2sis of the structure (II)
for morellin, chemical and NMR evidence it was
possible to assign structures IX, XI and XVII to
desoxymorellin, dihydroisomorellin and ethoxydihydro-
isomorellin respectively. In addition to these pigments
guttir.rrinzz soluble in 10% aq. sodium carbonate forms
the major fraction of the alcoholic extract of the
seed coat. Guttiferrins are specifically active |
against Gram-positive bacteria and the bacteriostatic
effect agrinst Micrococcus pyrogenes var. sureus
(MIC 0.1 - 1 mg/ml) 1s reversed by methionine® albeit

to a lesser extent. Further they show similar cross
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reactions. The presence of blood serum on their
antibacterial activity is less pronounced and
experimental staphylococcal infections in mice are
controlled by guttitarrinsaa.

“-Guttiferrin was separated from other
guttiferrins, as a sparingly soluble orange yellow
crystalline pyridine complex m,p, 115°-117°
63333808 was the moleculsr formula 2ssigned to
“-guttiferrinss. B-Guttiferrin the major acidic
component of the gamboge of Garginia morella was shown
to be fdentical with «-gambogic acid, It was observed
by these workers that «-gaambogic acid, «-guttiferrin
and morellin were closely related, as regards their
structures. This conclusion was based upon their
similar chemical and biological properties.

P.L.N. Rao 3;_31.22 made the following
observations regarding the chemical nature of
“-guttiferrin. It was seen that «-guttiferrin (XVIII)
resisted crystallization from most of the solvents
and contsined no methoxyl or free earboxylic groups.
Its carbonate solubility indicated phenolic groups.
They have also reported the presence of a tertiary
hydroxyl and a lactone in «-guttiferrin. The presence
Of three double bonds was indicated by catalytic
reduction of «-guttiferrin to give the corresponding

hexahydroderivative. The alkali fusion of



)

“-guttiferrin gave phloroglucinol, methylheptenol,
homophthalic acid and isovaleric acids vhich wvere
also formed when morellin was subjected to similar
treatment4. It was observed that <-guttiferrin did
not react with diazoaminobenzene and did not couple
with diazotized sulphanilic acid, thus indicating the

presence of fully substituted phloroglucinol structure.



)\

EPRESENT WORK

The mother liquor after the crystallization
of morellin from the ethanol extract of the colouring
matters of the pericarp of the seeds Garcinis morella
yields an orange yellow resinous residue (A) on
evaporation. Bringi ;;_gl.zl obtained a crystalline
pigment, nsmed desoxymorellin from (A) by chromsatographic
separation., Bhat ax_al.ls observed that after the
elution of the lower most deep orange band of desoxy-
morellin on a column of Florex XXX, continued elution
of the column with hexane ylelded two additional
pigments, ethoxydihydroisomorellin and dihydroiso-
morellin,

Thin layer chromstographic (TLC) behaviour of(2)
on silica-gel using benzene:ethyl acetate (9:1) as
solvent, reveanled the presence of two newv pigments,
These would be referred as (B) and (C) hereafter.

The pigment (B) was moving faster than the pigment (C)
with different solvent systems though both had very
close R¢ values,

It was observed that a fraction of (A) was soluble
in 1oxz:;:ﬁ;: carbonate, Hence (A) was dissolved in
ether, the ether extract was washed repeatedly with

aqueous

10%/sodium corbonate to remove the carbonate soluble

part from (A)., The carbonmate solubls~ onortion was



acidified with dilute sulphuric acid and again
extracted with ether, It wvas seen by TLC that
this carbonate treatment had removed (B) and (C)
from (A) and thus facilitated their separation
from other pigments, The total carbonate soluble
part of (A) was called as guttiferrins by

P.L,N, Rao%2.

It was difficult to separate (B) from (C) on
silica-gel column as they had very close Rf values
with different solvent systems, Hence preparative
layer chromatographic technique was made use of to
separate theam on silica gel using benzene:ethyl
acetate (9:1) as solvent, For better separation & very
small amount (about 70 mg) was loaded on every plate,
wvhich was given multiple runs. Both (B) and (C) were
yellow in colour and amorphous in nature, (B) being
paler of the two. Both gave a positive 1odide-iodate
test and resisted crystallization, However they gave
crystalline methyl and acetyl derivatives. Methyl
ether of (B) m.p. 155° gave needle shaped crystals
wvhile the acetate of (C) m.p. 174° vas pale yellow
in colour and had fine cubical crystalline nature,

As described earlier (B) was a pale yellow
amorphous powder and did not crystallize.(B) gave a
crystalline methyl ether, creamish yellow needles

@.p. 156°. Repeated elemental analysis and molecular



weight of the crystalline methyl ether (626) by
Rast method corresponded to the molecular formula
0378‘409. The parent compound gave a green ferric
colour. In the presence of palladium on charcoal
it absorbed 3 mols of hydrogen., The hydrogenated
derivative was not crystalline.

The IR spectrum of the dimethyl ether-ester of (B)
did not show any absorption in the hydroxyl region
showing the absence of a tertiary OH. There were four
absorption bands in the double bond region (1740,

1735, 1685, 1605 cm~l).

The NMR spectrum of the dimsthyl ether-ester of (B)
(Fig. 5) showed a total proton count of 44 and indicated
the presence of eight methyl groups. Seven out of the
eight C-methyl ebsorptions are almost exactly in the
same place as in the spectrum of dihydroisomorellin.
The additional methyl signal 1s a triplet (J = 6.5 cps)
at 8.86. The triplet methyl absorption shows that this
pigment has probably an ethyl group. There is no
aldehyde signal in the spectrum of this compound,

A 2,2-dimethylchromene system, a prenyl side-chain
attached to aromatic ring and bicyclooctenone part

of the morellin skeleton were all readily recogni zabdble,
The vinyl proton associated with the bicyeclooctenone
system of morellin is absent and a nev single proton

doublet appeared at 5,56 (J = 5 cps). The position
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of the other four vinyl absorptioms are close to
isomorellin.

The presence of an ethyl group, the absence of
the CB'CQ éoudble bond and the other changes in the
NMR spectrum of the methyl ether suggest that the
pigment m.p. 155° may be the ethanol adduct of
isomorellic acid, formed as an artefact in the course
of the isolation procedure which involved prolonged
treatment of the natursl pigments with ethanol., This
observation was confirmed by subjecting isomorellin
and morellic scids to Michsel addition which gave the
pigament (B).

Based on these observations it is obvious that
pigment (B) has the constitution similar to isomorellic
acid but for the double bond in the bicyclooctenone
ring which is replaced by an ethoxyl group and a
hydrogen and has the structure (XIX).

The pigment (C) as mentioned esrlier gave a green
ferric colour and the fodide-iodate test for tie QA
carboxylic acid. The positive ferric colour test
indicrted the presence of a chelated hydroxyl group.
(C) gave a crystalline acetate m,p., 174° but did not
give a crystalline pyridine salt. The <-guttiferrin
as reported by P,L.N. Rao g&_gt? also gave a crystnlline
acetate m.p. 174° and hence it appears that the pigment (C)
probably corresponds to «-guttiferrin,



Elemental analysis and molecular weight
determination led to the molecular formula 035H3809
for the crystalline acetate of (C)., Acetyl estimation
showed that it was a monoacetate, The presence of a
carboxyl group indicated by the carbonste solubility,
the iodide-iodate test, was confirmed by the
preparation of a methyl ether-ester. This fact was
also confirmed by NMR.

Compound (C) absorbed four mols of hydrogen in
presence of 10% palladium on carbon and not three mols
as reported by earlier vorkorlaa. NMR studies of the
crystalline acetate of (C) showed a totsl proton zount
of 38 and indicated the presence of four doudble bonds.
This spectrum wvhen compared with the spectrum of acetyl
isomorellic aci1d®® shows close resemblence. There are
five vinyl protons including the chromene doublet and
their positions are identical with the positions of
the corresponding vinyl protons in the spectrum of
acetyl isomorellic a2cid. The number of methyl groups
(seven) and their respective positions are also
identical. In addition to the NMR evidence the
infrared spectra of acetyl derivative of (C) and
acetyl isomorellic acid are superposadle, Their
melting points were same and the mixed m.p. was
undepressed. All these data confirm the identity of

{so~-

acetyl derivative of (C) with that of acetyl/morelliec
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acid and so has the structure (XIII).It is quite

obvious that the compound (C) during the process

of {solation undergoes a lot of chromatographic

treatment thereby coming in contact with silica gel

Sl T e el v LD

cis conriguratioéﬂ Asogrgsontrin nat&ro‘{t ‘ust be

existing in the trans form. This fact was confirmed

by directly methylating (C) as it occurs in nzture.

We got a dimethyl derivstive of morellic scid m.p.l160°

The mixed m.p. of this compound and the authentic sanple

Of methyl ether-ester of morellic acid was undepressed.
In the light of the structure assigned to

“-guttiferrin (morellic acid) 1t i{s easy to explain

vhy the earlier workoraza reported the presence of =2

lsctone ring, 2s they were able to get an additional

carboxyl function when «-guttiferrin was treated with

alkall to give guttiferrinic acid. Prof., Auterhoff has

reported in his paper on gembogic acid that when

gambogic acid wastreated with alkali for two minutes,

the bicyclooctenone ring in the compound gets opened

up giving rise to an additional carboxyl group as shown

in the constitution of phenol (A)., Gambogic acid and

morellic acid or the so called «-guttiferrin have the

same basic skeleton and hence morellic acid undergoes

4 similar change when treated with alkali, Zthoxy-

dihydroisomorellic acid and morellic acid



(«-guttiferrin) form an intrinsic mixture and =re
difficult to separate on the column and probably
this was the reason as to why the earlier vorker:zz

reported that «-guttiferrin has three double bonds.
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NMR data on dimethyl ether-ester of

eth Fig. &
Solvent = CDCl3

Chemical Multiplicity No.of H Assignment

shift

8.9 Tr 3 Me of the ethyl
group

8.62 s 6 2 Me on a tertiary
carbon atom

8.55 s 6 2 Me on a tertiary

carbon atom

8.3 s 3! 2 Me of a prenyl
i chain

8.2 s }

8.1 s 3 Me of the side-chzin
bearing the COOMe
group

6.4 - 8.0 - 6 3 -CHg-

6.2 and 6.37 s 6 2 -0OMe

5.47 bs 2 -0CHo-

4.956 bs Vinyl H of prenyl cha:

4.45 d (J = 10 eps) | Vinyl H of the
chromene ring

3.5 d (J = 10 cps) 1 Benzylic as well as

vinylic H of the
chrglono ring

3.35 bs | Vinyl H of the side-
chain bearing -COOMe
group



EXPERIMENTAL

Isolation
Gamboge of Garcinis morella (25 g) obtained

from Nangalore (South India) was dissolved in

ether (300 ml), filtered and extracted with 10%
aqueous sodium carbonate. The carbonate extract

was acidified with dil, hydrochloric acid. The acidic
constituents liberated during acidification were
extracted with ether., The ether extract was washed
vith water to remove traces of free acid., It was then
dried over soadium sulphate, filtered and ether
distilled off, The residue wvas extracted with cold
hexane, which dissolved isomerellic acid. Cold hexane
extraction was repeated twice. The residue after
separating isomorellic acid contained only morellic

acid.
Isomorellic acid

Isomorellic acid m.p. 160° was obtained as a
resin (6 g) which resisted crystallization from a
nuaber of solvents, It shoved a green ferric colour
and a positive iodide-iodate test, and a negative
hydroxamic test for a carboxyl group,

Morellic scid

Morellic acid was also a yellow resin (3 g)



m.p. 172° and had no tendency to crystallize. It
gave a green ferric colour and a positive 1odide-
iodate test, but did not answer the hydroxamic test
for the presence of a carboxyl group.

Acetylation of isomorellic acid

Isomorellic acid (1 g), acetic anhydride (10 ml)
and sodium acetate (1 g) were refluxed for two hr,
and the mixture poured over crushed ice, yellow solid
that separated over-night was filtered, washed, dried
and crystallized from methanol in fine yellow cubes
(700 mg), m.p. 174°. It d1d not give ferric colour
but was soluble in aq. sodium carbonate indicating the
presence of a carboxyl group. (Found: C, 70,0, 70,1}
H, 6.6, 6,7%. C35H3809 roquiz;lt c, 69,73 H, 6.4%.
Acetoxyl estimation showed it/be 2 monoacetate,

MW 602 (mass spec.).
Acetylntion of morellic acid

Morellic acid (1 g), acetic enhydride and sodium
acetate (1 g) were refluxed for two hr, and the
mixture poured over crushed ice, left overnight in
contact with vater, A yellow solid that separated was
filtered, washed and dried, This was observed to be
a mixture of two compounds, but its behaviour towards
methanol was very helpful in separating the two. One

Of them was readily soluble in cold methanol (acetyl



isomorellic acid) vhile acetyl morellic acid could

only be dissolved in hot methanol, thus effecting

the separation ol acetyl morellic acid {200 mg).
Recrystallization from the same solvent gave yellow
cubes m.p. 240° (Found: C, 69.9, 70.ly H, 6.6, 6,5%

MW 602 (mass spec,) 63333809 requires: C, 69,7,

H, 6.4%, Acetoxyl estimation showed it to be a mono-
acetate), It did not give ferric colour, but was
soluble in 2q. sodium carbonate ipndicating the presence
of a carboxyl group.

E e a

Acetyl isomorellic =cid (100 mg) was dissolved
in dry methanol (5 ml) and excess of diazomethane wns
added, This was kept at 20° for 24 hr, Aftew.whbek
excess of diazomethane was destroyed with 2 few drops
of acetic acid., The ethereal solution was washed with
vater and ether distilled off., The pale yellow
residue m.p. 130° was homogeneous but had no tendency
to crystallize,
Esterification of acetvl morellic acid

Esterification of the acetyl morellic acid by
the above procedure gave the methyl ester of acetyl
morellic acid =m.p. 200° which was homogenecus and

shoved no tendency to crystallize,
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1somerization of morellic acid to isomorellic acid
To morellic acid (100 mg) dissolved in

acetone (10 ml), was added a drop of cone. hydrochloric

acid. The mixture was kept under stirring for 24 hr.

Dilution with water gave a residue which was extracted

vith ether, Removal of ether left a residue which was

identical with {somorellic acid,

Morellic acid (100 mg) was dissolved in a mixture
of acetone benzene (2:8) and passed through a silica el
coluan four times, using the same solvent system.

Evaporation of the eluent gave isomorellic acid.

Isolation of gambogic acid

The dried gamboge of Garcinia henburryi (10 g)
was powdered, dissolved in ether (400 ml), filtered and
extracted with 10%f aq, sodium carbonate., The ether
extract was alternately washed with water, The carbonate
extract and the aqueous washings were mixed tozether,
acidified with dil. hydrochloric acid and taken up in
ether. It was washed with water to remove traces of
hydrochloric acid and ether removed. The residue was
dissolved in minimum amount of pyridine and about ten
drops of distilled vater were added. Pyridine salt of
gambogic acid that separated was filtered, washed with



dilute pyridine and dried. It was recrystallized
from methanol m,p. 148°, Pure gambogic secid was
obtained by dissolving the pyridine salt in ether
and twice washing it with dil, hydrochloric acid,

followed by washing with water and removal of ether,

Freparation of acetyl isogsmbogic acid

The same procedure for acetylating isomorellic
acid was sdopted for acetylating gambogic scid, but
the product obtained was mainly acetyl isogambogic
acid m.p, 204°.

1 cetyl 1 a d with dil

a2maonia

Acetyl isogambogic acid (200 mg) was trented
with dilute ammonia (2.5 =l of liq. ammonia diluted
to 25 ml with distilled water) and stirred for
1/2 hr, It was neutralized with very dilute
hydrochloric acid and taken up in ether, The ether
extract was washed with water and ether distilled off.
The amorphous residue gave a dark bluish-green ferric
colour, This procedure was adopted in order to effect
only deacetylation without affecting the other part
of the molecule
fHydrogenation of morellic scid

Palladiua charcoal (30 mg 10f) was suspended
in methanol (15 ml) and saturated with hydrogen. To



this a sofution of morellic acid (100 mg) in
methanol (10 ml) was ndded and stirred, It absorbed
4 mols of hydrogen. The resulting solution was
filtered to remove catalyst. Removal of methanol
left a pale yellow gummy residue which had no
tendency to crystallize.
Hethylation of morellic acid

A mixture of morellic acid (500 mg),
acetone (50 =l), potassium carbonate (5 g) and dimethyl
sulphate was refluxed for 6 hr, when a test portion of
the reaction mixture did not show ferric colour,
Acetone was distilled off from the reaction mixture,
Ths residue was treated with water and left overnight,
It was extracted with ether, washed with water and
ether distilled off, The residue crystallized from
methanol (400 mg) m.p. 160° (Found: C, 71.1}%
H, 7.2% - OCHg estimation 13,8%, Cagligo0g requires:
Cy, 71.4; H, 6.8% - OCHg 15% for two methoxyls),
Me a 8

Isomorellic acid was methylated adopting the
above procedure, The methylated product so obtained
was crystallized from methanol m.p. 154°. (Found:
C, 70.03 H, 7.4%. Cgglygo0g+ requires: C, 71.4;
H, 6.8%),
Methyl ester of acetvl isogambogic acid

A mixture of acetyl isogambogic scid (500 mg),



>

acetone (500 ml), potassium carbonate (5 g) and
dimethyl sulphate (1 wml) was refluxed for 5 hr,
After this ncetone was distilled off and the contents
of the flask vere treated with water and left
overnight, It was extracted with ether, the ether
extract washed with water, ether distilled off, and
the residuye crystallized froa methanol (450 mg)
B.pe. L56°. The methyl ester of acetyl fsogamdogic acid
was yellov ta colour (Found: C, 71.7; B, 7.2%
C41H440p requires: C, 71,93 H, 7.0%).
Honomethyl isogsmboginate

To the methyl ester of acetyl isogambogic
acid (400 mg) dissolved inm glacial acetic acid (20 ml)
was added cone. hydrochloric acid (2 ml) and the mixture
was heated over a water bath for 1 hr, This was cooled,
diluted with water (40 ml) and extracted with ether, The
ether extract was washed with water to remove traces of
agetic acid and hydrochlorie acid., Removal of ether
gave 2 residue vhich crystallized from ethanol (100 mg)
This was recrystallized from ether wm.p. 200°.

The mother liguor after the crystallization of

morellin from the ethanol extract of the colouring matiers

of the pericarp of the seeds of Garcinia morella

yielded an orange yellov resinous residue on evaporation.



This resinous residue (20 g) was dissolved in
ether (200 ml) sand extracted with 10% aqueous sodium
carbonate. The ether extract was alternately washed
with vater., The carbonate extract and the aqueous
washings were together acidified with dil, hydrochloric
acid, The acidified extract was taken up in ether,
the ether extract washed vith wvater. The residue
obtained after distilling ether was amorphous. There
were two main components in this yellow amorphous
powder, Preparative layer chromatography, using
silica-gel as adsorbent and acetone-benzene (1:9)
was employed as solvent for separating the two
constituents. To obtain pure compounds preparative
layer chromatography had to be repeated a number of
times since the Bg»valnes of these compounds were very
close, These vere named ethoxydihydroisomorellic acid
and isomorellic acid.
Ehoxydihvdroisogorellic acid (A)

Compound (A) did not form a crystalline pyridine
salt and shoved all properties of isomorellic acid.
It had no tendency to crystallize.
Methyls

Compound (A) (500 mg), acetone (40 ml) potassium
carbonnte (4 g) and dimethyl sulphate (1 ml) wvere

refluxed for 5 hr, when a test portion did not show



ferric colour., Acetone was distilled off, the flask
was cooled, water added and kept overnight, This was
extracted with ether and washed with water, ether
distilled off and the residue crystallized from
methanol m.p. 150°. Recrystallization from the same
solvent gave colourless crystals m,p. 154°. (Found:
c, 69,9; H, 7.3%. 037H46°9 requires: C, 70,03
H, 7.6% - OCH; estimation indicated three methoxyls).
Hydrogenation of (A)

Compound (A) (100 mg) was dissolved in methanol
(10 ml1), Palladium charcoal (30 mg 10%) was suspended
in methanol (10 ml) and the catalyst saturated with
hydrogen. The solution of (A) was transferred to the
saturated catalyst., (A) absorbed 3 mols of hydrogen
indicating the presence of three double bonds. This
wvas filtered and wvashed with methanol. Removal of
methanol gave a guamy residue vhich resisted crystallization

though it was homogenous.

diarinyl Hionoteliis sote,  Hiohael “Troe of addteTon

A mixture of dimethyl derivative of isomorellic
acid (100 mg), dry ethanol (20 ml) and & drop of
piperidine was refluxed for 6 hr, Ethanol was distilled
off and the residue was taken in ether, washed with
dil, hydrochloric acid, followed with water, Removal of

ether gave & residue which crystallized from methanol



(100 mg) m.p. 154°. The mixed m,p. with the authentic
sample of dimethyl derivative of ethoxydihydroiso-

morellic acid wvas undepressed.

i
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ALIAS RIS LA

Morellin is a pigment of Garcinia morella,
the structure of which has been established on the
basis of chemical, IR, UV, NMR and X-ray

3

crystallographic data™. A number of attempts were
made by R.ghavaﬁt to degrade the molecule, The
characterization of the degradation products of
morellin would have ultimntely helped in elucidating
its structure, Morellin wvas highly sensitive to alkall
and it was not possible to isolate sny crystalline
product even when it was subjected to mild treatment
vith alkali, Unlike morellin, its octahydroderivntive
was relatively stable and hence was used for further
degradative work.

Hydrolysis of octahydromorellin with 15%
ethanolic potassium hydroxide on a water-bath for 4 hr
gave a crystalline product (A) m.p. 132°, in 60% yield.
It was not possible to isolate any other crystalline
compounds., Product (A) could be odbtained cleaner and
in better yield by the hydrolysis of octahydromorellin
for 5§ hr with 5% ethanolic potassium hydroxide, It
was readily soluble in aqueous sodium ca2rbonate and
could be isolated conveniently by extracting the
ethereal solution of the reaction mixture with 10%

aqueous sodium carbonate and subsequent acidification
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of the carbonate extract. The compound (A) readily
erystallized from methanol,

On the basis of elementary analysis and
molecular weight (445, Rast method) (A) was assigned
the moleculsr formula c2683606' It exhibited a
blue-green ferric colour. The iodide-iodate and the
hydroxamic tests were negative, This showed that it
was not a carboxylic acia, ester or a lsctone, The
carbonate solubility and the ferric colour therefore
indaicated that it contained two phenolic hydroxyl
groups, By the lithium aluminium hydride method it
was found to contain two active hydrogen atoms, but
positive evidence for two hydroxyl groups could not
be obtained,

(A) underwent ethyl orthoformate-pyridine-
piperidine condensation and the crystalline product ont=ined
m.p. 102° analysed for CgoHa,0q, Which indicnted that
a chromone was formed, On heating (A) with acetic
anhydride and sodium acetate for 15 hr (Kostanecki
reaction) a erystalline compound m.p. 230°, was
obtained, The molecular formula 0308‘007. indicated
the cyclization of a compound containing the group (I)
to a 2-nothy§:bhromono. An acetyl estimstion showed
the presence of one acetoxyl group,

Since the above evidence indicated the presence

of the group (I) in (A), Raghavan sttempted to degrade
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it to the chromanone corresponding to the Cls

phonola. a product obtainable by alkali fusion of
octahydromorellin., By vigorous alkaline hydrolysis
vith 75 per cent aqueous alksli at reflux (A) was
recovered unchanged, Similar stability was observed
vhen hydrolysis was concucted in ethylene glycol

at reflux (b.p. 198°). However, alkali fusion with
five times the weight of potassium hydroxide at 300°
for fifteen minutes gave the 016 phenol, the structure
of which has been rocently elucidated as(II) Phenol (A)
was assigned structure (III). Although there were

gaps in the evidence, the proposed structure for (A)
found support in the infrared (IR) spectrum of (A)

(Fig. 1) and IR spectra of its derivrtives. (A) showed
a2 hydroxyl band at 3560 cn'l and two bands at 1710 en~t
and 1635 c-'l in the carbonyl region. The 1710 cm‘l band
due to an unconjugated -CO- group was assigned to the
free carbonyl group in the acetyl cyclohexane part.

The 1637 c-'l band was assigned to the chelated
carbonyl, Only one band at 1635 on~! vas seen, although
two distinct chelated carbonyl vibrations would be
expected from the structure., However, the synthetic
8-1sovnloroyl'5,7-d1hydroxy—z,2-d1lethy§:chr013none

showed only one band at 1630 cm™t

although it hsd two
chelated carbonyl groups. The structure (III) proposed

for (A) agreed with many of its properties. However,



shown

in the work to be described it is/with the help of
NMR and mass spectral data on (A) and its
derivatives, that the structure suggested for (A)

is untenable and an slternative is proposed.
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In the light of the established structure
of morellin and accumulation of chemical and
spectral data on the cheaistry of phenol (A), it
was felt necessary to revise the structure
assigned to it. The moleculsr formula c26836°6
for (A) assigned earlier had to be corrected to
c33348°8 in view of the chemical analysis and mass
spectral molecular weight (570), This corresponds
to the addition of a molecule of water to octahydro-
morellin (0333440P) (IV) during its alkaline
hydrolysis.

Phenol (A) | wvas soluble, although sparingly
in aqueous sodium bicarbdonate, indicated the presence
of a carboxyl group, but the iodide-iodate test and
hydroxamic test for the same were negative, It gave
a crystalline monomethyl derivative m.p. 94° (V1)
on treatment with diaszomethane in ether and dry
methanol, An olive-green ferric colour showved the
presence of the chelated hydroxyl. The IR spectrum
of (VI) (Fig. 2) indicated the presence of an
additional hydroxyl group. It was obvious from this
that diazomethane could not be used to get a fully
methylated derivative of (A). Prolonged treatlent

-



Of (A) with dimethyl sulphate and potassium carbonnte
in boiling acetone gave a product which resisted
crystallization.

When phenol (A) was methylated by the silver
oxide-methyl-iodide-dimethylformamide method it gave
a colourless crystalline derivative on chromatography
of the crude product over 2 silica-gel column using
ethyl acetate:benzene (1:9) as eluting solvent, This
compound was crystallized from methanol m,.p. 91°(VII).
It did not show any colour with ferric chloride and
its IR spectrum (Fig. 3) showed the presence of a
hydroxyl group. Methoxyl estimation indicated two
-0CHg groups. It was thus clear that (A) has three
hydroxyl functions, only one of which resisted
methylation.

Phenol (A) could be dehydrated by heating its
solution in phosphorus oxychloride, on a water-bath for
1/2 hr, The dehydrated product was a colourless
erystalline compound m.p. 192° (VIII) but the yield
vas only 10 per cent. It was insoluble in 10 per cent
aqueous sodium carbonate and showed a green ferric
colour. The IR spectrum of this procduct (Fig. 4) did
not show any a2bdbsorption in the hydroxyl region. These
twvo observations suggested the formation of a lactone

ring during this dehydration.
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In an attempt to effect decarboxylation
of (A), 1t vas refluxed for 1 hr with copper bronze
in diphenyl oxide and acrop of quinoline when a
colourless crystalline compound m.p. 192° was obtained.
This compound was ldentical with the product obtained
by the dehydration of (A) with phosphorus oxychloride.
Their IR spectra were superposable and the mixed
m.p. was undepressed.

The dehydration product of (A) could easily be
hydrolysed by 5 per cent alcoholliec potassium hydroxide
to give back (A). Similarly when the monome thyl
derivative of (A) obtained by diazomethene methylation
wvas subjected to hydrolysis by 5 per cent ethanolic
potassium hydroxide, (A) was obtained in quantitative
yield.

The formation of a lactone ring, when (A) was
dehydrated, the formation of a methyl ester when (A)
was treated with diazomethsne and their subsequent
alkaline hydrolysis to give (A) in quantitative yleld,
asply indicated the presence of a carboxyl group.

From the chemical and spectral data discussed so far
1t became evident that (A) has three hydroxyl groups
and their nature is as follows.

1. A chelated hydroxyl group
2, A carboxyl group
3. An alcoholic hydroxyl group



When the dimethyl ether-ester of (A) was subjected to
oxidation by chromic acid in glacial acetic acid,
the alcoholic group was oxidised to a carbonyl group.
The IR spectrum of this oxidised product (Fig., §5)
indicated the presence of an additional carbonyl and
the absence of an alcoholic group.

The shifts of the carbonyl frequencies in the
IR spectra of (A) and its derivatives are quite

interesting and hence are tabulated for comparison

in Table No, I.

Table No, I
IR Spectra of (OH and CO regions) phenol (A) and
its derivatives frequencies cm™t
Co-pound4 OH co
1, Octahydromorellin - 1745 1710 1635
2, Phenol (A) 3460 - 1710 1635
3. Acetate 1766, 1730 - 1670
4. Methyl ester 3480 1745 - 1635
5. Dimethyl ether- 3500 1760 - 1690
ester
6. Pyrolysis Product - 1760 - 1635

7. Oxidation Product - 1750 1710 1690
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IR spectrum of acetate of phenol ¢ A)
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IR spectrum of octahydromorellin
C=0 region
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Octahydromorellin (IV) does not show
absorption in the hydroxyl region, while in the
spectrua of the phenol (A) there is a bsnd at
3460 cm~l. The band at 1745 cm~! in the spectrum of
octahydromorellin (Fig. 7) which {s due to an aldehyde
group is absent in the spectrum of (A). The band at
1710 ca~! in (A) which is due to an unconjugated
carbonyl could be assigned to the free carboxyl
group formed during the alkaline hydrolysis by
cleavage of bicyclooctanone ring of octahydromorellin.
The band at 1635 cm™t in the spectrum could be =sssigned
to the chelated carbonyl. The peak due to the
hydroxyl at 3460 cm~! in the IR spectrum of (A)
(Fig. 1) shows very negligible shift in the spectra
of its ester and dimethyl ether-ester. The carbonyl
peak at 1710 ca~l 1n (A) 1s shifted to 1745 cm~l in
the methyl ester and the same i{s observed at 1750 cu'l
in 1ts dimethyl ether-ester and the lactone., While the
peak due to the chelated carbonyl at 1635 cm~: in (A)
does not show any shift in the spectra of methyl ester
and the lactone. Only in the IR spectra of dimethyl
ether-ester (Fig., 3) and the acetate (IX) (Fig. 6)the
band at 1635 ca~l 1s shifted to 1690 ca~l and 1670 cam~!
respectively.

The 3460 cn~l band of (A) is apparently to be
assigned to the hydroxyl group generated in the
hydrolysis of octahydromorellin. Lactonization of (A)



brought about by phosphorus oxychloride or under
conditions of acetylation involves this hydroxyl
group.

The Nuclear Magnetic Resonance (NMR) spectrum
of (A) (Fig. 8) in deuterated chloroform (CDCla)
showved a total proton count of 46, using the single
proton signal at 6,45° as standard, A signal at - 2.0
indicated a chelated hydroxyl and 1t could be easily
exchanged with 020. The signal corresponding to the
aldehyde group of morellin and its hydrogenated
derivatives was absent in the spectrum of (A)., It
seems very definite from this, that the chemicnl
changes occurring during the alkaline hydrolysis
also involve the aldehyde group of octahydromorellin,
probably in an aldol type of condensation with one
of the carbons gdjacent to a carbonyl, The hydroxyl
of the -COOH snd the alcoholic -OH group could not be
seen, It was further observed that all the seven
methyl groups present in octahydromorellin are intact
in (A). The integration of the methylene region
indiceated approximately 21 protons, There was »
broad signal st 8.45 which integratesd for a single
proton and could be assigned to a hydrogen « to a
carbon carrying a hydroxyl group. There were no sisnals

in the vinyl region.

‘memical shifts are cited oun Y genle,



In the NMR spectrum of the methyl ester of (A)
(Fig, ©) the signal due to the chelated hydroxyl group
was observed at - 1,91, The -0083 signal appeared at
6.4. The broad signal of the «-hydrogen attached to
carbon bearing a hydroxyl was seen at 6,45, Integration
of the methyl region indicqted the presence of seven
L-methyls,

In the NMR spectrum of dimethyl ether-ester
(Fig. 10) the signsl due to the chelated hydroxyl was no:

observed, The two -OCHa signsls appeared at 6.2 and
6.4, while the signal due to the <-hydrogen on a csrbon
bearing hydroxyl remained unaffected at 5,45,

The signal due to the chelated hydroxyl was
observed at - 1.8 in the NMR spectrum of dehydrated
product of (A) (Fig. 11)., The signal due to the
«-hydrogen on 2 carbon bearing an oxygen at 6.45 showed
a8 downfitkd shift of0.63 p.p.m. It is thus clear that
the hydroxyl involved in the lactone formation is
attached to this carbon. The dehydration product of (A)
was subjected to hydrogenation in presence of
10 per cent Pd/C, but it did not absord any hydrogen,
and hence the possibility of the formation of a double
bond during the dehydration was ruled out. The
integration of the methyl region showed seven {-methyl
groups,

The downfi?ld shift of the «-hydrogen attached to



the carbon bearing hydroxyl, was also observed in
the NMR spectrum of the acetate of (A) (Fig, 12).
This time the signal was observed at 5.6. It is
obvious that (A) undergoes a similar type of change
as observed in the dehydration experiment during its
acetylation, The signal due to the acetoxyl group
appeared at 7.59,

From the mass-spectral molecular weight (570),
the chemical and the spectral data and in the light of
the structure of morellin, it appeared that during the
alkaline hydrolysis octahydromorellin underwent two
reagtions, one in wvhich the aldehyde group condensed
with the carbon adjacent to the chelated carbonyl, an
aldol type of condensation in which a secondary
hydroxyl group was formed. In the other resction the
blcyclqsoctanono ring cleaved to form a carboxylic acid.
The former type of reaction had not been observed with
octahydrodesoxymorellin (XII) which can be understood
in terms of the absence of an aldehyde group. The
latter type of change has been suggested by Autorhoft5
in gambogic acid and hence similar reaction could be
expected in octahydromorellin having the same basic
skeleton,

In the light of the data presented above and
since the clc phenol has been obtained by the alkali
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fusion of (A), structure (V) 1is suggested for (A).

The product obtained in alkaline hydrolysis
of octahydrodesoxymorellin (XIII) and the product ( X| )
obtained by the oxidation (@} of the alcoholiec group
of the dimethyl ether-ester of (A), provide additional

support to the structure (V) suggested for phemol (A).

NMR data on phenol (A) (Fig. 8)
Solvent CDCla

Chemical shift Multiplicity No. of H's Assignment

9.09 d (J = 6 eps) 6 Meg of the
isopropyl group

8,77 s 3 Me group of the
nevly formed
seven membered

ring
8.72 s 3 | 4 Me on the
i tertiary carbon

8.67 s 9 ] atoms

7.0 - 8,6 21 All other CH

and -Cﬂg-
6.50 bs 1 H« to oxygen
- 2,0 s 1 chelated -OH
s = ginglet d = doublet

m = multiplet bs = broad signal
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NMR spectrum of methyl ester OF (A}
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NMR data on methvl ester of (A) (Fig.9)
Solvent CCly

- ————— - - - - —————————— - ————————— - -

Chemical shift Kultiplicity No. of H's Assignment

W T T -

9,09 d (J = 6 cps) 6 Me, of the isopropyl
grdup
8.83 s 3 Me of the new seven
membered ring
8.67 s 12 4 Me on tertiary cort
atoms
7.0 - 8.5 - 2l All other CH and CHy
6.59 bs 1 Ha to oxygen
6.4 s 3 ester - OCH3
-1.91 s | chelated -OH
N 2 d or-
(Fig. 10)
Solvent CCI‘
9.16 d (J = 6 cps) 6 Me, of the iso-
gpyl group
9.1 s 3 Me of the new seven

meombered ring

8.75 3 : 4 Me on tertiary
8.67 6 carbon atoms
8.6 s 3 I
6.7 - 806 < 21 All Othel' CH
and 082
6.5 s 1 H« to oxygen
6.4 s 3 ~0CHg of the ester

6.2 s 3 ~OCH3 of the ether
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NMR data on pyroloysis product of(A) (Fig. 11)
Solvent WI‘

Chemical shift Hultlpllcity No., of H's Assignment

9.14 d (J = 6 eps) 6 Me, of the iso-
gpyl group
9.02 s 3 Me of the new seven

membered ring

8.72 s 3 1 4 Me on tertiary

8.68 6 : carbon atoms

8.64 s 3 |

6.5 - 8.5 - 20 All other CH and CHp

5.85 bs 1 Tertiary hydrogen on
a carbon linked to
the oxygen of the
lactone ring

-1.66 ] | Chelated -OH

NMR data on the acetate of (4) (Fig. 12)
Solvent CDCla

9.09 d (J = 6 cps) 6 Mep of the isopropyl
group

8.8 s 3 Me of the new seven
membered ring

8,71 s 12 § 4 Me on tertiary

8.6 5 _ carbon atom

6.5 - 8,5 - 2l All other CH and CH2

excluding acetoxyl
group

7.59 s 3 Acetoxyl group

5.6 bs 4 Tertiary -H on a

carbon linked to
oxygen of the lactone
ring
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EXPERIMENTAL

H hanol
potassium hvdroxide

Octahydromorellin (15 g) was dissolved in
ethanol (250 ml), a solution of potassium
hydroxide (75 g) in wvater (250 =l) was added and
refluxed for 4 hrs. The ethanolic solution of

octahydromorellin which was initially yellow, turned

red with the addition of alkali. Ethanol was distilled o¢ ¢

and the distillate absorbed in Brady's resgent. No
dinitrophenyl hydrazone derivative was obtained. The
alkaline solution after the distillation of ethanol wes
cooled with ice and @#=x acidified by slow sddition of
50% sulphuric acid. A brown sticky mass separated out
in the acidified mixture which did not have a fatty acid
odour. The acidified solution was extracted with ether.
The ether extract was separated as sodium bicarbonate,
carbonate and sodium hydroxide soluble fractions.
Sodium bicarbonate soluble fraction

The bicarbonate extract wvas acidified with 50%
sulphuric acid, The yellow solid obtained was
crystallized from methanol in creamish yellow needles
(6 g)y, mep. 132°. The mixed m.p. with phenol A was
undepressed, After filtering the crystalline phenol A,
the filtrate did not yield any other compound,



Sodium carbonate goluble fraction

The carbonate soluble fraction on acidification
with 50% sulphuric acid gave a yellowish brown sticky
mass, This was extracted with ether, washed with
water, dried over sodium sulphate, filtered and ether
distilled off, The yellowish residue gave fine
creamish yellow needles (7.5 g), m.p. 130° when
crystallized from dilute methanol, Recrystallization
from methanol raised the m,p, to 132°, (Found:

Cy 70.13 70,43 H, 8,5, 8,4% active hydrogen value 3,
Mass spectral moleculsr weight 570, Cgqligg0g requires:
C, 70,33 H, 8,7%), Though the compound was slightly
soluble in bicsrbonate and completely soluble in 10%
aqueous carbonate, it did not give 2 positive iodide-
iodate and hydroxamic test for the presence of a
carboxyl group. It gave an oclive-green ferric colour.
Sodium hydroxide soluble fraction

Acidification of the alkali soluble fraction
gave a yellowish brown oily matter which was extracted
with ether, The ether extract was washed with water,
dried and ether distilled off ( 4 g). The residue
could not be crystallized., It gave a green ferric
colour like octahydromorellin.

Neutral fraction
On distillation of the ether extract a yellowish

brown oily matter was obtained., It gave a green ferric



colour., The residue could not be crystallized,
Methylation of phenmol A by diszomethane

Phenol A (500 mg) was dissolved in dry ether
(30 ml). To this excess of diszomethane in ether
was added. This was kept at 20° overnight, Excess of
diazomethane was destroyed by a few drops of acetic
acid, Ether was distilled off and the residue
crystallized from methanol, On slow evaporation
shiAning creamish yellow needles (450 mg) separated
out m.p. 92°, Recrystallization from the same solvent
raised the m.p. of the compound to 94°. (Found:

C, 70.8, 70.94 H, 8.8, 8.9% - OCHy 6.1% showed 1t to be

2 monomethyl derivative, Cg4H,q0g requires: C, 70.7;

Hy, 8.8%). The compound gave an olive-green ferric colour
indicating the presence of chelated hydroxyl group. It
did not givq2posit1ve hydroxamic test for the ester group.
Remetnylation of the ester of phenol (A)

The ester of phenol A (200 mg) was dissolved in
dry methanol (10 ml). BExcess of diazomethane in ether
was added and kept over-night at 20°. Excess of
diazomethane was destroyed by a few drops of scetic acid,
this was washed with wvater and ether distilled off. The
residue was crystallized from methanol in fine yellowish

needles m.p. 94°. It gave an olive green ferric colour.



A mixture of phenol A (200 mg), potassium
carbonate (5 g), dimethyl sulphate (3 ml) and
acetone (40 ml) was refluxed for 8 hrs, wvhen a test
portion wvas free from ferric colour., After distilling
acetone, water was added and kept at R.T. overnight
and extracted with ether, The ether extract was
vashed with vater. HRemoval of ether gave a pale yellow
residue which did not give ferric colour and had no

tendency to crystallize.

?ﬁ19%g:ft§f:2éEg2:!2i_A_h1_l:shxl_xnﬂxn:;_nllzgz_nxxns

A mixture of phenol A (500 mg) silver oxide (3 g)

and methyl iodide (3 ml) in dimethyl formamide (40 =l)
vas shaken for 24 hr. This was filtered and dimethyl
formemide distilled off over a water-bath under reduced
pressure. The residue was extracted with benzene. This
was passed through an alumina column and eluted with the
same solvent, The eluate was almost colourless, which
on removal of benzene gave a residue. The residue wvas
erystallized from methanol in colourless cubes (350 mg)
s.p. 90° (Found: C, 71.2; H, 8.4% - OMe 11.7% indicated
two methoxyls. Cgglgo0g requires: C, 71.0; H, 8.1%

OMe 12,2%).



&()
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A mixture of phenol A (200 mg), acetic
anhydride (10 ml) and fused sodium acetate (1 g) was
refluxed for 4 hr and poured over ice, left overnight
in contact with water and extracted with ether, The
ether extract was washed with water and ether distilled
off, The pale yellow residue was crystallized from
methanol (130 mg), =.p. 230°, The m.p. was the mme
as that of the kpstinecki product obtained by
Raghavan! (Found: C, 70.1; H, 7.7% acetyl value showed
it to be a monoacetate, Cggl,g0g requires: C, 70,06;
H, 7.9). It did not give ferric colour.
Pyrolysis of phenol A

Phenol A (1 g) was dissolved in diphenyloxide
(30 ml) and refluxed for one hour. Then most of the
diphenyloxide was distilled off., The residue was
subjected to steam distillation. The residue was
extracted with ether, The ether extract was separated
into carbonate soluble and neutral fractions. The
carbonate soluble fraction on acidification gave
phenol A (500 mg).

The neutral fraction on removal of ether ylelded
2 pale yellovw residue (350 mg), which crystallized
from methanol m.p. 192°. It gave a green ferric

colour (Found: C, 71.8; H, 7.8% active hydrogen



value = 1, Co.fl .0, requires: C, 71.5; H, 8.1%),
Rehvdration of phemol A with phosphorous oxvchloride

Phenol A (100 mg) was dissolved in
phosphoréus oxychloride (10 ml), The flagk was
stoppered and the reaction mixture was heated on
& vater-bath for an hour, cooled and poured over
crushed ice. After two hours it was extracted with
ether, the unreacted phenol A was removed by giving
a carbonate wash, The ether extract was washed with
vater, ether distilled off and the residue crystallized
from methanol (40 mg), m.p. 192°. It showed a green
ferric colour (Founds C, 71.8y H, 7.8%. Caafle 0,
requires: C, 71,53 H, 8.1%). The mixed m,p. with the
pyrolysis product of phenol A was undepressed.
Hydrogenation of pyrolvsis product

An atteapt at the hydrogenation of the pyrolysis
product of phenmol A using 10% Pd/C was unsuccessful
as it did not abdbsord hydrogen.
Decarboxylation of phenol A

To a solution of phenol A (100 mg) in diphenyl
oxide (20 ml), copper bronze and a few drops of
quinoline were added and refluxed for 4 hr., After
filtration diphcny#oxido was distilled off and traces
of it were removed by steam distillation., The residue

was taken in ether and washed with dil. hydrochloric



to remove quinoline. Unrescted phenol A was removed
by washing the ether extract with 10 aqueous sodiunm
carbonate, The ether extract was washed with water,
removal of ether gave a residue vhich crystallized
from methanol (30 mg) m.p. 192°. The mixed =.p. with
the pyrolysis product was undepressed.
Hydrolysis of the pyrolysis product

The pyrolysis product (100 mg) was refluxed
with 5% ethanolic potassiuam hydroxide (30 ml) for one
hour. The reaction mixture was cooled, acidified with
dilute hydrochloric acid and taken in ether. The
ether extract vas washed vith 10% aqueous sodium
casrbonate, It appeared that most of the hydrolysed
compound was solubdle in carbonate, as the ether extract
did not leave any residue after removal of ether,

The carbonate extract was acidified with
dil. hydrochloric acid, taken in ether, washed with
vater and ether removed, The residue readily
crystallized from methanol (80 mg) =m.p. 132°, mixed
m.pe. with phenol A was undepressed.

Alkaline hydrolvsis of the methvl ester of phemol A

The methyl ester of phenol A (100 mg) was
refluxed for ome hour with 5% ethanolic potassium
hydroxide (30 ml), it was cooled, acidified and then
taken in ether, The ether extract was washed with

10% aqueous sodium carbonate, The carbonate extract



on acidification and subsequent extraction with
ether and removal of ether ylelded a residue (90 mg)
which could be readily crystallized from methanol
(80 mg) m.p. 1320, mixed m.p. with phenol A was
undepressed,
Mild slkaline hvdrolvsis of the acetate of phemol A
The acetate of phenol A (100 mg) was refluxed
for one hour with 10% ethanolic potassium hydroxide
(30 ml)., It was cooled, acidified with dilute
hydrochloric acid and extracted with ether, The
ether extract wvas washed with 10% aqueous sodium
carbonate and then wvith wvater, The carbonate extract
&nd the aqueous washings were again acidified with
dilute hydrochloric acid and taken in ether. The
ether extract was washed with water and subsequently
ether was distilled off. The residue readily
crystallized from methanol (60 mg) m.p. 132°,
mixed m.p. with phenol A was undepressed,
Hydrogenation of desoxymorellin
Desoxymorellin (1 g) was dissolved in methanol
(50 ml), and hydrogenated over 10% Pd/C (300 mg) to
absord four mols (190 ce¢) of hydrogen. Filtration and
distillation of ethanol gave a residue which after
passing through a silica-gel column and elution with

benzene gave a colourless crystalline product which



wasrecrystallized from methanol (800 mg) m.p. 110°.
Alkalipe hydrolysis of octahvdrodesoxymorellin

Octahydrodesoxymorellin (500 mg) was
dissolved in 15% ethanolic potassium hydroxide (40 ml)
and refluxed for eight hours over a water-bath, It
vas heated further to remove ethanol, cooled,
acidified with dil. hydrochloric acid and extracted
wvith ether, The ether extract was washed with 10%
aqueous sodiua carbonate., The carbonate extract was
acidified with dil. hydrochloric acid and taken in
ether, This was washed with water and ether removed.
The amorphous residue (120 mg) had a m.p. 118°, As
mentioned it was carbonate soluble,

Oxida dime 2 -

To a solution of dimethyl ether-ester of
phenol A (100 mg) in glacial acetic acid (20 ml) was
added chromic acid (60 mg) and heated over =a
vater-bath for one hour, This was diluted with
vater (20 ml) and then extracted with ether., The
ether extract wvashed with water and ether distilled

off. The residue was amorphous m.p. 08°.

-
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PART III

MOZIKGO REDUCTION PROLUCTS OF MORELLIN



INTRODPUCTION

It was observed that stable derivatives of
morellin suitable for degradative work could be
prepared by Raney-nickel reduction under the
conditions first described by Mozingol. in vhich a
massive proportion of the nickel catalyst to the
substance (ag. 10:1) is employed. On subjecting
morellin to this reaction in boiling ethanol a
colourless crystalline compound (MRP I 033}!5007
m.p. 110°)2 was obtained. The products obtained by
using cyclohexanol and cyclohexanone as solvents are
referred to as MRP II and MRP III rcspectivelya. The
basis for the use of cyclohexanol and cyclohexanone
is the vork of Kleiderer and Kornfiold‘. who had
carried out Raney-nickel reductions (e.g. Benzoin to
dibenzyl) with cyclohexanol as hydrogen donor, as well
as oxidations (cholestanol to cholestanone) with
cyclohexanone as hydrogen acceptor. Chart I
summarizes the results obtained by Raney-nickel
reductions; the solvents mentioned were used at their
boiling points,

On atteampted dehydrogenation with 12 per cent
palladium-charcoal in boiling p-cymene for 48 hours
MRP I gave a crystalline compound (MRP II 172°)
analysing for Cggli g0gy and therefore indicating that
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dehydration rather than dehydrogenation had taken
place., MRP II coulc also be prepared by a one-step
reduction of morellin with Raney-nickel in boiling
cyclohexanol, and also by subjecting MRP I to further
treatment with Raney-nickel, but in cyclohexancl.

In sharp contrast with morellin, MRP II was
8 stable compound, It was unaffected by ethanolic
sodium hydroxide at reflux under a variety of conditions
and vhen much was not known about the chemistry of
morellin, MRP II was found to be a most convenient
starting point for further degradative work.

On the basis of the molecular weights by Rnst
method and their elementary analysis MRP I, II and
III were assigned molecular formulae 03355007,
03384806 and 0333“06 respectively. A positive ferric
colour and a deep wine-red colouration in the magnesium-
hydrochloric acid test indicsted a chromanone nucleus.
Hence it was of interest to compare the ultra-violet
spectra of reduction products I, II and III with the
spectrum of 5,7-dihydroxy-2,2-dimethylchromanone.
The chromanone had a maximua at 293 mv and a broad
veak band at about 345 mu, The general similarity in
the shape of the absorption curves showed the chomanone
nature of MRP I, II and III, although the intensity
of the peak at 300 mu for MRP III is only about half
that of the corresponding peak for MRP I,



The frequencies in the double bond region
of the IR spectra of these reduction products showed
a common band at 1640 em~! which was assigned to a
chelated carbonyl as in S-hydroxy chromanone., It is
obvious that such a chelated carbonyl is unaffected
by trestment with Raney-nickel under the conditions
used by Mozingo. The other band is at 1745 ca~! for
MRP I and III, while for MRP II there is only a very
veak absorption in this range, The usual assignments
for a band at 1740 em~l are a S-membered ring ketone
and a lactone of a six-membered ring. Since these
products were obtained after a vigorous Raney-nickel
reduction, a ketone carbonyl was ruled out., The
reduction products did not answer the hydroxamic acid
test and hence the possibility of a lactone was ruled
out., It was further observed from the IR spectra that
only in MRP I and II there was absorption in the
hydroxyl region (3460 cl’l). There was no peak in
that region of the IR gpectrum of MRP III.

Stepwise degradations of MRP II were undertaken,
one of which was an alkaline permanganate oxidation
of MRP II yielding n-valeric acid. This showed the
presence of a normal Cg side-chain, but no other
fragment of the molecule was isolated. Other oxidation
experiments did not throw much light on the constitution

of MRP II.
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MRP II was fused with five times its wveight
of potassium hydroxide at 290° and the reaction
products were given a functional separation, The
bicarbonate soluble portion gave a mixture of
steam-volatile fatty acids and a dicarboxylic acid
CoH)20, ®.p. 28T (decomp). A phenol C)gHp 0,,

m.P. 164° was obtained from the carbonate as well as
sodium hydroxide fraction, The acid was characterized
as napthalene 1-3 dicarboxylic acid which was later
confirmed by its syntheslsaT

Further work on the Clo phenol obtained during
the alkali fusion of MRP II showed that it had the
structure (1)5. The characterization of C;g phenol
did not throw much light on the constitution of
MRP II., Both morellin and {isomorellin gave the same
crystalline reduction product. (MRP I) m.p. 110° on
treatment with Raney-nickel in boiling ethanol and the
elementary analysis indicated that it was a decahydro
derivative of morellin.

The molecular weights for MRP I, II and III
determined by Rast method wvere not reliable as shown
by the mass spectra of these compounds which wvere made
available later., Considering the complexity of the
morellin molecule it was not possidble for the earlier
workers to assign structures to these reduction products

in the light of the physical and chemical data available
to thesm.
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PRESENT WORK

After the elucidation of the structure of
morellin and with the accumulation of chemical =nd
spectral data, constitutional work on the various
degradation products of morellin was undertaken,

On the basis of the mass spectral molecular
weights for MRP I and II (554 and 526), chemical
analysis and other evidence to follow, molecular
formulase earlier assigned to these reduction products
I, II and III had to be changed to Caaligg07y C32846%
and 0328“06 respectively.

Taking into consideration the molecular
formula c33H3°07 of morellin, it appeared that the
basic skeleton was unaffected in all the reduction
products. The four double bonds in the morellin
molecule got saturated during the process of reduction.
It could further be noted that the chelated carbonyl
vas unaffected in all the three cases as indicated
by a jyreen ferric colour, As described earlier,
MRP II gave C)gq phenol when it was subjected to
drastic alkalifusion showing the presence of the
8-1soamyl-5-7-dihydroxy-2,2-dimethyl_chroman moiety.

A comparison of the IR spectra of these compounds
shoved that only in the cnse of MRP I (Fig. 1) and
II (Fig. 2) there wvas absorption in the hydroxyl
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region wvhile there is no such band in the spectrum
of MRP III (Fig. 3). The alcoholic nature of one of
the hydroxyl groups in MRP I and II was evident ss
the spectra of their methyl ethers still showed =a
band in the hydroxyl region.

In the carbonyl region it was observed that

et |
there was a bsnd at 16401§onlon in all the three

spectra, wvhile the band at 1740{;%1;h was probably due
to the cyclic ketone was observed only in MRP I and III.
It could therefore be concluded thst only in the case
of MRP II, i1t had undergone reduction to liberate a
secondary hydroxyl group. The hydroxyl group in

MRP I was apparently formed from the aldehyde group of
morellin, as other carbonyl absorptions in its spectrum
are unaffected. This was later confirmed from the NMR
spectrum.

The NMR spectra of MRP I (Fig. 4), II (Fig. 5)
and III (Pig. 6) show a total absence of the vinyl
protons, a2and the characteristic aldehyde signal which
are observed in the morellin spectrum. The signal due
to chelated hydroxyl appeared around - 1.8 . Integration
of the methyl region indicated 21 hydrogens i.e. seven
methyl groups in all the three reduction products, while
that of the methylene region showed 22, 20 and 20
protons for MRP I, II and III respectively.

It could be easily observed from the IR and NMR
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spectra that these reduction products are very

closely related to each other and have the same

basic skeleton as that of morellin. A consideration
of the molecular formulae of CggH, g0, of MRP I

and octahydromorellin reveals that the former has a
molecule of hydrogen more than the latter which has
the structure (II). The NMR spectrum of MRP I

(Fig 4) does not show ?n aldo?ydo gignal but {nstead

a signal appeared at 6;:&2"r;;ﬂgznii;néscox;Tio;“

the chelated and the cyclic carbonyls were unaffected.
Keeping in viev these observations it could reasonably
be expected that the aldehyde group gets reduced to a
primary slcoholic group during the Raney-nickel
reduction. These data in addition to the mass-spectral
molecular weight (554) leave no doubt about the
structure (III) assigned to MRP I. The molecular
formula c32"4e°6 of MRP II, assigned on the basis of
elementary analysis and mass spectral molecular wveight
(526) show that it has one carbon atom and one oxygen
atom less than MRP I.

Preparation of MRP II from MRP I under dehydro-
genating condition and its preparation by Raney-nickel
reduction of morellin in cyclohexanol for 24 hr
suggested the elimination of aldehyde group in the form
of carbon monoxide might be taking placoso The other

change taking place is the reduction of the cyclic ketone.
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Considering the absence of an aldehyde group
the absence of the cyclic carbonyl and the presence
of an alcoholic hydroxyl.

In the 1light of the data cited so far the
structure (IV) has been assigned for MRP II,

Similarly the molecular formula 03284406
assigned to MRP III shows two hydrogen atoms less than
for MRP II. The presence of the cyclic ketone as
indicated from the IR spectra and the absence of the
alcoholic hydroxyl in MRP III suggest that the
carbonyl of the bicyclooctanone did not get reduced
in presence of cyclohexanone (which is a hydrogen
acceptor) and Raney-nickel. On the basis of these
data MRP III has been assigned the structure (V).
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EXPERIMENTAL

Methylation of MRP I

A mixture of MRP I (200 mg), dimethyl sulphate
(1 ml), potassium carbonate (5 g) and ncetone (30 =l)
vas refluxed for § hr, vhen a test portion of the
reaction mixture did not show ferric colour, Acetone
was distilled off from the resction mixture., The residue
(170 mg) after cooling, was treated with wvater and kept
at RT for 24 hr. It was extracted with ether, the ether
extract washed with water and ether distilled off. The
residue had no tendency to crystallize.

Methylation of MRP II

MRP II was methylated by employing the same
procedure as used for methylating MRP I, Methyl ether
of MRP II was a colourless crystalline compound
@.p. 152° (Found: C, 78.1; H, 8.1%. CagHgglg requires:
Cy 73.33 H, 8,56).

Methylation of MRP III

MRP III was also methylated, following the
procedure described above. Its crystalline methyl ether
had a mp. 122° (Pound: C, 73.4; H, 8.3%, Cagfiyglg renuires:
C, 73.4; H, 8.4%).

Conversion of MRP III to MRP II

A mixture of MRP III (500 mg), Raney nickel (5 g)

and cyclohexanol (10 ml) was refluxed on & hot plate



for 12 hr, filtered and cyclohexanone removed by
steam distillation. The residue so obtained (450 mg)
on chromatography over silic gel coluan using
acetone-benzene (1l:9) as eluent, gave a residue on
removal of the solvent, The residue readily
crystallized from methanol (210 mg) =m.p. 172°. Mixed
m.p. with MRP II was undepressed.

LOU
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PART 1V
MORELLOFLAVONE: A NEW BIFLAVONOID FROM

GARCINIA MORELLA
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INTRODUCTION

The real beginning of the entry of the
biflavonyl pigments as a class among the increasing
number of natursl products can be traced to the
researches of lakazaval on ginkgetin (1941-55), of
Kariyone and Kavanoz on sciadopitysin and of Baker
and Ol11s° (1958) on ginkgetin, isoginkgetin and
sciadopitysin, although mention must be made of the
initial work of Furkawva? on ginkgetin which did not
result in any concrete or correct structure proposal
linking two Cys units. Table I lists the biflavonyl

pigments isolated so far mjacll,/:':;a“p‘i"'gc'héil;x derivatives.
It however does not include those which are made up of
tvo Cjg units, but differ in the state of oxidation
of the C ring and are called by different names such
as biflavans and proanthocyanidins.

Some of the reactions which lead to the
determination of the structure are hydrolysis with
csustic potash or barium hydroxide and oxidation with
potassium permanganate or alkaline hydrogen perfoxide
to yield the various smaller fragments, The clue to
the nature of the linkage between the two C)s units
lies in the isolation of the diphenyl or the diphenyl
ether derivative depending on whether the link is

Ar-Ar or Ar-o-Ar. 8o far the -C-C- link has been found
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Name and structure occurrence freference
w
et {8
03 | v
8% | %
g el
o
Ginkgetin Gihkgo biloba |
R=H Ri=Me Rp=H R=x= :
Isoginkgetin Ginkgo biloba | =
R=H Ri=Me Ra=H Rz =Me
Sciadopibysin Uwmbrella pine |2 .3
R= Me Ri=Me Rjy=H Rx=Me ( coniferales)
kayarla vone Torreya nucifera7,s
R=H Ri=Me Rp=Me Rx=Me
Sotetsurlavone cycas revoluta |s.9
R=H R;=H Rz=Me Rx=H (sotetsu)
AmentoFlavone 10
R=H Rj=H Rz=H Rz=H . .
Bilobetin Ginkgo biloba | 11
R"'H R|=H R2=H Q3= Me )
HinokiFlavone chamaecyparis|iz 13
O‘ _ ]: obtusa
CUPressus 14 |16

torulosa
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to be between 3', 83 in certain cases the 3', 6 link
has not been ruled out, but the fact that the coampound
undergoes methylation readily has been offered as an
explanation in favour of the 3', 8 linkage, The only
example of C-0-C link in biflavonoids is provided by
hinokiflavone in which the units are combined through
the oxygen at 4'-position and the carbon in the
8-position.

Very important light i{s shed by the UV spectra
which is baged on the fact that the chromophores if
essentially the same in both units of the bifl=vonoid
it would present a spectrum which would have the same
absorption maxima as the parent flavonoid but will
greatly differ in intensity. However deviations from
this should be expected if the biflavonoid is duilt up
of two dissimilar units, Also the shifts produced by
the addition of alksli and other reagents have been
very useful in the location of the hydroxyl groupls.

Although these biflavonoid pigments would be
expected to exhibit optical activity no such example
is known so far and a study of similarly substituted
diphenyls has shown that the steric disposition of the
groups is not sufficient enough to permit the existence
of optical {somers.

The present day investigations on these pigments

have by 2nd large done away with extensive degradative
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experiments partly due to lack of availability of
the material and partly because of the enormous data
made available by physical methods. Examples of
structure determination mainly from mass spectral
data are the biflavan, xanthorrhone (I) and
4'-hydroxyxanthorrhone kiand Ia respectively

(I;s R = H, Iaj R = OH) from the phenolic resins of
Australian xanthorrohoea ('grass-troos')e.

Later years have seen the isolation of only
very fev new biflavonyl pigments and a2 new feature
of the recently isolated cupressuflavone is the
linkage between the 8-positions of both the apigenin
units,

The synthesis of ginkgetin tetramethyl ether
bg_l-kusawals by the Ullmann reaction detween ;i and
iéi established beyond doubt the 3'-8 linkage and
it followed that the assumption of a similar linkage
in related compounds is correct. The structure of
cupressuflavone has also been confirmed by cozparison
of its hexamethyl ether with 8-8' biapigeninyl
hexamethyl ether synthesized earlier by Nekazavale.

Biogenetically biflavonyls have been formulated
as arising by oxidative coupling of flavonoid

procursorss.

) N
G Oy O
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PREJENT WORK

Following the elucidation of the structure

of nor0111n17

y 8@ complex xanthone derivative
occurring in the pericarp of the seeds of Garcinis
morella, several newvw but closely related compounds
have been reportodlad}rou the same plant; some form
the subject matter of the previous parts of this
thesis, During the course of the complete screening
of the plant Gareinia morella, the heartwood has
yielded 2 new biflavonoid, morelloflavone, the
isolation and structure elucidation of which are
presented below.

The isolation of morelloflavone (A) was
achieved by extraction of the coarsely powdered
heartwood with scetone. A preliminary purification of
the residue from the acetone extract was effected by
repeated chromatography on a silica gel column using
acetone-benzene (2:3) as solvent, The resulting
product was further purified by preparative layer
chromatography on silica gel using the ssme solvent
systemj (A) crystallized from methanol in bright
yellow cubes, m.p. 208° (decomp.). It gave a green
colour with ethanolic ferric chloride and a deep
wine-red colour in the Shinoda test.

By methylation with dimethyl sulphate and



potassium carbonate in acetone for two hours (A)
formed a heptamethyl ether indicating the presence
of seven phenolic hydroxyls. (A) was devoid of
methoxyl groups as shown by its NMR spectrum., It
failed to undergo hydrogenation under a variety of
conditions including the use of Adams catalyst in
glacial acetic acid at room temperature, which went
to show the absence of any readily reducible double
bond, From the elementary analysis of (A) and its
methyl ether and the mass spectral M of the latter
(654) kindly determined by Dr, R.S. Kapil, the
molecular formula Cgolgg0)) was assigned to (A).
By hydrolysis with 15 per cent potassium hydroxide
for 4 hr.,, the methyl ether of (A) gave a yellow
crystalline compound, m.p. 116°, which did not exhibit
the Shinoda test and gave a green ferric colour.
The UV spectrum of (A) (xi::H 345, 288, 275,
258 mu) was suggestive of a flavonoid skleton with
probably a flavone ring containing a 4'-oxygenated
B-ting.
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flavanones in ethanol
No. Compound Amax max  max
1 Morelloflavone 345 288 258
278
2 Apigenin (5,7,4'-tri- 340 269 -
hydroxy }lavono)
3 Naringfam 330* 284 -
(6,7,4'-trihydroxy-
tlnvauoncg
4 Luteolin 350 268" 255
(5 '7’3. '4. -t.tl‘!-
hydroxy flavone)
6§ Eriodictyol 330 289 -

(5,7,3',4' -tetra-
hydroxy flavanone)

*Inflection

The IR spectrum of (A) (Fig. 1) showed a broad
band at around 3200 cm~l! and a strong band at 1645 cn'l,
the former assignable to OH groups and the latter to the
C=0 of a S-hydroxyflavone. The spectrum of the methyl
ether (Fig. 2) showed bands at 1670, 1645 and 1600 ea!
and the hydroxyl region was transparent. The shift of
one of the C=0 bands to higher frequency on methylation
is reminiscent of a similar shift in going from a
S-hydroxychromanone or S5-hydroxyflavanone to its methyl
ether. The spectrum of the hydrolysis product (Fig., 3)
of the methyl ether of (A) in nujol is also devoid of
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absorption in the hydroxyl region and a strong band
at 1645 ca~l with » shoulder at 1655 cm~} 1s
characteristic of a strongly chelated C=0 group.

The NMR data® throw further light on the
structural features of morelloflavone., The spectrum
in deuterated acetone (Fig. 4) showved signals in the
region between 2 and 6 The spectrum in pyridine
is transparent, showing the absence of methoxyls and
aliphatic protons. A pair of doublets at 4,05 and
4,95 (J = 12 cps), the former partly merged with a
signal 2t 3,9, do not mpresent vinyl protons since the
oompound failed to undergo hydrogenation. The proton
appearing at 4.05 is probably « to oxygen and adjacent
to a phenyl ring as in a flavanone; and since 2
methylene group is absent and the other proton appears
at 4.95 as a3 doublet, it is probable that 3-position of
the flavanone is substituted. The high field signals
at and around 3.9 representing aromatic protons are
ascribable to those of a phloroglucinol nucleus. The
other signals appesr as clusters between 3.2 and 3.64
and 2.3 and 3.0. A sharp singlet at 2.75 is due to the
3 proton of a flavone, and a broad hump at 5.5
represents phenolic hydroxyls.

The NMR spectrum of the methyl ether of (A)
(Fig. 5) showvs seven methoxyls between 6.0 and 6.4

*“Chemic=2l shifts are cited on the 7 scale.
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and a pair of doublets at 4,14 and 5,09, The
other signals appear between 2.5 and 3.9. The
spectrum of the hydrolysis product of the methyl
ether of (A) (Fig. 6) is very revealing, and showvs
the presence of an acetyl group as a sharp singlet
at 7.40, Three sharp singlets at 6,18, 6.10 and
5.75 are seenj the first two correspond to two
methoxyls each and the last probably represents an
uncoupled methylene group. A brond multiplet at 3.9
integrating for 3 protons is undoubtedly due to
aromatic protons flanked on either side by methoxyls
and/or hydroxyls because of its high-field line
position. In the low field region two singlets st
-3.8 and -3.9 are obviously due to chelated hydroxyls.
The mass spectral molecular weight of the hydrolysis
pro.uvet (390), kindly determined by Dr. Hanus,
together with the above data lead to the structure (II).
Since an acetyl group has been liberated by
alkaline hydrolysis, the presence of a2 flavone nucleus
is indicated; and as seven aromatic protons and three
methoxyls have been lost, the cleavage must involve
the loss of two aromatic rings. The hydrolysis product
being a deoxybenzoin, one of the aromatic rings lost
by hydrolysis must be the B-ring of flswmons. Morello-
flavone has the structure (III), in which the seventh
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hydroxyl group may be in either of the two B-rings.

In addition to (II), the isolation of w <! cveyatyene
and veratric acid by the mild alkaline hydrolysis of
heptamethyl ether of (III), establishes the
3',4'-hydroxylation pattern in the B-ring of the
flavone molety which is also consistent with the NMR
data., Since in the spectrum of the methyl ether of
(III) the lowest signal in the aromatic regiom is a
quartet.

The appearance of a fragment 2; n/e 547 in the
mass spectrum of the methyl ether of (III) confirms
that the B-ring of the flavanone has only one
methoxyl grouplg'zo and it follows from the NMR
data that it is at the 4'-position. The mass spectrum
shows major peaks at 654, 547, 474, 181, 180, 152,
137 and 121 which are explicable on the basis of the
fragments that could be represented by structures as
shown in Chart I.(Pleane ¥ebey te page 133)

Morelloflavone is a novel biflavonoid in which
a flavanone and a flavone sre linked in the 3 and 8
positions. While this part of the thesis was bdeing

written a paper appeared in Tetrahedron Letters
reporting the isolation of three new closely related

biflavonoids 1V, V and VI from the heartwood of

Garcinis buchapanii, and their structure elucidation
on the basis of NMR and mass spectral d-tala. These

three flavonoids along with morelloflavone represent
the class of biflavonoids in which the two flavonoid

units have a 3-8 linkage,
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NMR Spectrum of L6

methyl ether OF morelloflavone

FIe5 ¢(cocla)

NMR spectrum oFfF
morelloflavone

Fic 4(Deuterated acetone)
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HMA data on heptsmethyl ether of
morelloflavone

Solvent = CDCl3

Chemical Multipliecity No of H Assignaent
shift
6.0 - 6.4 - 21 7 - OMe groups
5,09 d (J = 12 cps) 1 3-proton of flavanone
4.14 d (J = 12 cps) 1 2-proton of flavanone
3.9 s 6- and 8- protons of
the A-ring of
flavanone
3.8 s 1 6-proton of the A-ring
of flavone
3.65 d (J = 9,5 cps) 2 3',6'-protons of
B-ring of flavanone
3.3 d (J = 8 cps) 1 S5'-proton of Bering
of flavanone
3.1 d (J = 2,5 cps) 1 2-proton of flavanone
2.9 s 1 3-proton of flavone
2,78 d (J = 9,5 ops) 1 5'-proton of Bering
of flavone
2.67 q 1 6'-proton of B-ring
of flavone
NMR data on morelloflavone
8olvent = (Deuterated acetone)
5.5 bs 5 S-phenolic -OH's
4.95 d (J = 12 cops) 1 3-proton of the
flavanone
4,08 d (J = 12 cps) 1 2-proton of the
flavanone
3.9 s 2 2 aromntic protons
of A-ring =~
3.85 s 1 one aromatic proton
of A-ring
3.20-3.64 - 4 4 aromntic protons
adjacent to hydroxyls
2,30-3.0 - 3 Aromatic hydrogens 3
2,75 s 1 3-proton of the
flavone
Two chelated -OH were obcor;og I -2,8 and ~3.80
vhen the spectrum was recor n deuterated

(DNSO)
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N MR spectrum of hydrolysis product of
heptamethyl ether of wmorelloflavone

4 1 3 1 e

Fice (coclx)
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MMR data on the hydrolvsis product
of heptamethyl ether of morelloflavone Fig.6

Solvent = CDCla

Chemical Multiplicity No.of H Assignment
shift
7.‘ . 3 'Cm.
6.1 and 6,18 s 6L 4 -0OMe
5.75 s 2 -CH,- flanked
betVeen a carbonyl
and -Ar-group
3.95 bm 3 3 aromatic H of a
phloroglucinol
nucleus
-3.1 and -3,3 s 2 2 chelated -0H
group
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EXPERIMENTAL

Isolation of morelloflavope (A)

The coarsely powdered heartwood of Qarcinia
morella (1,2 kg) was extracted with acetone (3 L),
filtered and acetone distilled off. The residue was
extracted with a mixture of acetone-benzene (4:6).

A preliminary purification of this solution was
effected by repeatedly passing through a silica gel
column using the same solvent for elution. Further
purification was achieved by preparative layer
chromatography on the same adsorbent using the same
solvent system. The purified product was crystallized
from methanol (2.5 g) m.p. 208° (decomp.).

(Found: C, 65,33 H, 3,6%. °ao“20°11 requires: C, 65,7;
H, 4,0%8). It showed a green ferric colour and gave a
vine-red colour in the Shinoda test.

Methylation of (A)

A mixture of (A) (1 g), acetone (80 ml) potassium
carbonate (16 g) and dimethyl sulphate (6 ml) was
refluxed for 2 hr, vhen a test portion of the reaction
mixture did not show ferric colour. Acetone was
distilled off from the reaction mixture and the residue
treated with water, kept at R.T. for 24 hr, filtered

and washed with water. The crude product was purified



by passing it through an alumina coluamn using
acetone-benzene (3:17) as solvent., The solvent was
residue

distilled off and the/crystallized from methanol
in pale yellow cubes (750 mg) m.p. 198°. (Found:C, 68.2;
H, 6.5; -OMe, 31%. 03783‘011 requires: C, 67,93
H, §.2. -0CHgz, 32%). The compound did not show
ferric colour but gave a wine red colour in the
Shinoda test,
Hydrolysis of the methyl ether of (i)

Methyl ether of (%) (500 mg) wvas dissolved in
15 per cent ethanolic potsssium hydroxide (15 ml)
and refluxed for 4 hr, cooled, diluted with water (10 ml)
and acidified with dilute hydrochloric acid., The
acidified reaction mixture was taken up in chloroform,
wvashed with water and chloroform distilled off. The
major component was separated by preparative layer
chromatography using silica gel as adsorbent and
acetone-benzene (1l:9®) as the solvent system. The
bright yellow band (Rf 0.7) was removed from the
plates, extracted with methanol and crystallized from
the same solvent (70 mg). Recrystsllization gave
bright yellow cubes (40 mg) m.p. 116°. It gave a

green ferric colour and was soluble in aqueous sodium

\ J¢sC f 4"
carbonate. Neul-cal b"w‘"ﬁ‘ o Purifpcation (.\"” REASAREE 1 \
]
Hydrolysis of the heptamethyl ether of (A):

A mild hydrolysis of heptamethyl ether of (A)



122

(500 mg) by 7% ethanolic potn!siun hydroxide (30 ml)
for 6 hr, on cooling rollovodizciditicntlon with
dilute hydrochloric acid gave an amorphous solid.
This was extracted with chloroform . The chloroform
extract was washed with 10% aqueous sodium carbonate.
The carbonate extract on acidification with

dil. hydrochloric acid gave an amorphous solid which
was again extracted with chloroform and the solvent
distilled off. The residue on chromatography over a
silica-gel column using acetone-benzene (1:‘9) 8s
eluent, gave a compound which readily crystallized
from benzene-hexane (40 mg) =.p., of the crude
crystalline compound was 122°. The compound neither
showed ferric colour nor did it give a positive

ap chayacdteon used wn veraryl

Shinoda test. The compound t1~probtbty—la-te+0—~h4eh

Hydrogenation of (A)

(A) (100 mg) was dissolved in glaclal acetic
acid (10 ml), This was added to a suspension of
Adams' catalyst (230 mg) in glacial acetic acid (10 ml),
wvhich was saturated with hydrogen, and stirred for
6 hr.(A) did not absordb any hydrogen, After filtration
and removal of solvent (A) was recovered unaffected.
Acetylation of (A)

(A) (100 mg) was dissolved in acetic anhydride

(6 ml) and a few drops of pyridine were added. This
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was kept at R.T. for 24 hr, poured over crushed ice,
kept for 24 hr, filtered and the residue washed with
vater and dried. The residue was amorphous and had

no tendency to crystallize,m.p. above 200°. However

the compound did not show ferric colour,
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PART V

PIGMENT OF GARCINIA XANTHOCHYMUS

XAANTHOCHYMOL (A)
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PRESENT WORK

The peels of the fruits of Garcinia xanthochymus
vere kept soaked in benzene for 3 days and the solution

that developed an orange colour was filtered. Removal
of benzene gave a dark brown viscous oil. A benzene
solution of this was chromstographed on s silica gel
coluan using acetone-benzene (1:9) as eluent. The yellow
eluate on removal of the solvent gave an oil which
erystallized from hexane or carbon tetrschloride in
lemon yellow needles, m.p. 135°,

From the colour reactions given below (A) is not

indicated to be a flavone or a xanthone.

Colour resactions of (A)
Shinoda test yellow
Asahina test red and yellow after

the addition of
conc., hydrochloric acid

Alcoholic ferric chloride green

Conc. sulphuric acid orange yellow
Gibbs test negative
Gossypetone test negative

@-Dinitrobenzene in
q. sodium hydroxide
for ¢ and p-dihydroxy

compounds

negative

Hovever, the colour produced in the Anhina test indicated

that xanthochymol probably had a skeleton similar to that



of morellin (A) was soluble in aqueous sodium
hydroxide and totally i{nsoluble in aqueous sodium
carbonate and suggested the absence of a carboxyl group.

The mass spectral molecular weight (602),
kindly determined by Prof. Shiaon of CSIRO (Australia),
and the elementary analysis agree with the molecular
formula 63885006. The presence of two active
hydrogens is indic-ted by the shift of the moleculsar
ion by two when exchanged with ngo.

The UV spectrum of (A) in ethanol showed
absorptions at 270 mv and 224-230 mz., A comparison of
the UV spectrs of (A) and morellin (XEz:H 236, 288 and
360 my) revealed the absence of a chromophore
conjugated with the chromene system which is characterised
by a band at 350 mu,

Hydrogenation of (A) over PA/C catalyst indicated
the presence of five double bonds. Methylation of (A)
and its decahydroderivative by dimethyl sulphate and
potassium carbonate in acetone did not give crystalline
methyl ethers. (A) did not give a crystalline acetate
vhen acetylated with scetic anhydride and pyridine.
However these experiments showed that xanthochymol had
two phenolic hydroxyl groups. Ozonolysis of (A) gave
formaldehyde and acetone, which were characterised as
their dinitrophenylhydrazone derivatives. The residue

obtained in the ozonolysis experiment is being examined.
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The IR spectrum of (A) in chloroform showed
bands at 3546, 3333, 1724, 1658 and 1639 em™L. The
bands at 1658 and 1639 ca™ could be assigned to a
conjugated carbonyl group and C=C vibrations
respectively., The absorption at 1724 c-'l could be
assigned provisionally to a six-membered ring carbonyl.
The absorption in the hydroxyl region was due to
hydroxyl groups.

The IR spectrum of decahydroxanthochymol in
carbon tetrachloride showed bands at 3250, 1745, 1690
and 1625 cl'l. The new band at 1690 c-'l suggested the
presence of an «,f-unsaturated carbonyl group in
xanthochymol,

The NMR spectrum of (A) in deuterated DMSO
indicnated a large nuamber of protons in different
environments. The signals in the region between 2.7
and 3.4 integrating for three protons appeared to
represent aromatic or vinyl protons. A signal at 2,82
can probably ascribed to lone aromatic proton since it
did not disappear on hydrogenation. A broad signal at
5.09, from its nature, appeared to represent vinyl
protons of three prenyl side-chains. The signals at
5.50 and 5,35 are attributadble to a terminal methylene
group. The remaining protons absorbed between 7,20 and
9.20., These represented methylenes nnd methyls
contained in prenyl side-chains or in similar
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surroundings and on saturated carbon atoms,

In the NMR spectrum of the hydrogenated
proauct the region between 3.0 and 6.0 was transparent
and indicated that the signsls at 5,50, 5,35,

5.09 and 3.17 in the parent compound represented
vinyl protons., A singlet at 2,82 showved the
presence of a lone aromatic proton,

The IR spectrum of the methyl ether of
xanthochymol did not showv absorption in the hydroxyl
region and displayed bands at 1724, 1666, 1639 and
1690 ca-l.

The IR spectrum of the methyl ether of
decahydroxanthochymol showed bends at 1740, 1690,
1655 and 1600 cm~l. In view of the absence of
absorption in the hydroxyl region, the absence of an
alcoholic hydroxyl group could be inferred with

certainty. Further wvork is in progress.
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Table I
IR data cn'1

Xanthochymol Methyl ether H, xantho- Methyl ether

ggy:;gtho- chymol ztg;:;ntho
3333, 3546 - 3280, 3490 -
1725 1724 1740 1740
1658 1666 1695 1690
1639 1639 1625 1658
894 885 - 1600

Mass spectr data

The moleculsr ion at m/e 602 confirms the
molecular formula, Deuteration in situ shifted the
moleculsr ion by two mass units showing the presence of
two exchangable hydrogen atoms, Peaks corresponding to
the loss of a molecule of water, carbon monoxide and
CgHg lon sre significant. Several metastable peaks are
present to support the fragmentation modes.

The direet loss of a fragment with m/e 137 as
charged and neutral species from the molecular ion is
observed, A fragment with mass 136 is also lost from the
molecular ion (m/e 466). This resrrangement involves
the transfer of a proton from the C o), side-chain
(m/e 137) to the rest of the molecule (carbonyl « to
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the side-chain)

n/e 602 m/e 466 + 136 (neutral
(A) fragment)
n/e 602 m/e 465 + m/e 137 (both as
(B) charged and neutral
species)

The peaks at m/e 466 and m/e 465 have relatively the
same intensity.

In the mass spectrum of the hydrogenated product
(heated inlet) the molecular ion wvas not observed.
However, 2 peak is observed at m/e 474 (466 + 8 = 474)
vhich corresponds to the rearranged fragment observed
in the spectrum of xanthochymol (in the loss of 136).
Ko straight cleavage product corresponding to the loss
of Cjo side-chain is obtained, The fragment at
m/e 136 appears to have the composition 010816 and
is probably devoid of oxygen. Obviously it contains
3 double bonds. One double bond is formed during
rearrangement, The clO"l? fragment can be constituted
28 containing either one double dond and a ring or two
double bonds, Since other evidences show the presence
of five double bonds the “10817 fragment is probably
monocyclic with one double bond., The remaining centres
of unsaturation are in the rest of the molecule,

Peaks corresponding to the direct loss of 151

and 123 mass units from the parent ion are observed in
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the spectrum of xanthochymol. The fragments (A) and
(B) appear to lose 123 and 124 mass units in one step
to give peaks at m/e 343 and 34l respectively., The

loss of 123 is a result of straight cleavage and 124

is formed by a rearrangement.

Found 252.5
m/e 468 m/e 343 + 123
Calculated 252.4

(Both as neutral and charged species)

Found 250,0
m/e 465 m/e 341 + 124
Calculnted 250.0

neutral fragment

A comparison of the spectra of xanthochymol and deca-
hydroxanthochymol shows that the 123 fragment (CoH,g)
contains two double bonds, It is also concluded that
the 09R15 fragment is attached through a carbonyl

to the main skideton since after the cleavage of 123
from the m/e 466 is followed by a loss of 28 mass units
corresponding to the loss of -CO-.

Further work is in progress.
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MMR data on the methyl ether of xantho-
chymol (Fig. 3)

Solvent = 001‘

D —_— R e —— - ——— - - -

Chemical Nultiplicity No,of H Assignment
shift (7)
9,04 - ; 9 Methyls on
ssturated carbon
8,75 atos
8.40 - 12 | Methyls on double
- bonds and/or
8.3 18 ' attached to carbon
bearing oxygen
6.60 - - i Not assigned
6.“ - Al '
500 - 5.6 - 5 l 'linyl a
30& - l
2,90 - 2 Vinyl H
2,50 s 1 Aromntic H

NMR data on xanthochymol (Fig, 4)

§olvent = Deuterated DMSO

9.08 s 3l Methyls on saturated
8.89 s 3 : carbon atoms

8.76 s 3 i

8.50 s 6 | Methyls on double
8.44 s 3 | bonds and/or attached
8.35 s 12 1 to carbon bearing

.00 o

7.49 - - Methylenes adjacent to
C#C or -C=0
5.3 : 5 1
. s
5.09 b | j  oob
2.82 s 1 Aromatic H

--------- -~



Isolation

The dried peels of the fruits of Garcinia
xanthochymus (2 kg) were kept sosked in benzene (5 L)
for 3 days. The solution developed an orange colour,
this was filtered and removal of benzene gave a dark
brown viscous oil. The benzene solution of this was
chromatographed on a silice gel column using acetone-
benzene (1:9) as eluent. The yellow eluate on removal
of the solvent gave an oil which crystallized from
hexane or carbon tetrachloride in lemon yellow needles.
Recrystzllization from hexane gave bright lemon yellow
needles m.p. 135° (9.0 g) (Found: C, 75.4, 75.6;

H, 8.0, 8.1%, CggHg,04 requires: C, 75.7; H, 8.3%

Mol, wt., 602 (mass spec.) It gave a green ferric
colour but did not give wine red colour in the Shinoda
test.

Hydrogenation of xanthocymol

The catalyst (10% Pd/C 30 mg) was suspended
in methanol (15 ml) and was saturated with hydrogen,
to this xanthochymol (100 mg) was added and stirred.
It absorbed five mols of hydrogen. The solution was
filtered to remove the catalyst, and the solvent was

distilled off. The residue had no tendency to
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crystallize,
Methylation of xsnthochymol

A mixture of xanthochymol (300 mg) potassium
carbonate (5 g), acetone (50 ml) and dimethyl sulphate
(1.5 ml) was refluxed for 6 hr, when a test portion
of the reaction mixture did not show any ferric colour.
After removal of acetone it was cooled, treated with
water and kept at R,T, for 24 hr, It was extracted with
ether, the ether extract washed with water and ether
distilled off. The residue (300 mg), even after a
chromsa tographic separation over alumina, had no tendency
to crystallize.
Acetylation of xanthochvmol

A mixture of xanthochymol (100 mg), acetic
anhydride (5 ml) and a few drops of pyridine wvas
refluxed for 4 hr, cooled, poured over crushed ice and
kept at R.T, for 24 hr, The amorphous solid so obtained
vas filtered, washed with water and dried (80 mg).
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Qzonolysis of xanthochvmol

A calculated amount of ozone gas (5 mols)
was passed through a solution of xanthochymol (700 mg)
in ethyl acetate (25 ml). The outgoing gases were
first scrudded through ethyl acetate and then through
cold water. No more ozone was passed through the
solution when the outgoing gases gave a test for
excess of ozone,

The solution of the ozonized xanthochymol was
added to a suspension of Adams cstalyst (80 mg) in ethyl
acetate (10 ml) which wvas esrlier saturated with
hydrogen. Ozonized xanthochymol absorbed 4.5 moles
of hydrogen, This was filtered to remove catalyst,
washed withk fresh ethyl acetate, The combined filtrates
were distilled and the distillate collected in Brady's
reagent, which immediately showed the formation of
precipitate, This was filtered and washed with distilled
vater. The precipitate was crystallized from methanol
u.p.125°- Mixed m.p. with acetone D.N.P, was undepressed,
The contents of the scrubber, in which the outgoing gases
were passed through cold water, were treated with Brady's
reagent, it gave a bright orange yellov precipitate,
which was filtered and washed with distilled wvater. The
residue wag crystallized from pure methanol (50 mg)

MePe 141° mixed m.p. wvith formaldehyde D.N,P, was



undepressed.
The residue obtained i{n the ozonolysis

experiment 1s being further investigated.

111
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S UMMARYX

PART I
(A) Constitution of morellic and
isomorellic acids

Morellim is a pigment of the pericarp of
Garcinia morella, and its structure has recently deen
established as (I) on the basis of chemicz2l, IR, UV,
NMR and X-ray crystallographic data. From the latex
of G. morella obtained from Mangalore in South India,
two new pigments, morellic and isomorellic acids
closely related to morellin, have been isolated. Their
structures have been deduced as (II) and (III), mainly
from the NMR data.

Morellic and isomorellic acids were isolated from
the carbonate soluble fraction of the latex. They were
both amorphous, but on heating with acetic anhydride
and sodium ncetate gave acetyl derivatives which
crystallised from methanol in yellow cubes m,p. 240o
and 174° respectively, Elemental snalysis and mass
spectral molecular weights led to the same molecular
formula, CgglagOg, for both the acetates, and the acetyl
values showed that they were monoacetates, With diazo-
methane the two acids gave monomethyl esters, Morellie
acid wvas converted to isomorellic acid by running its

solution in acetone-benzene (1:9), through a coluan of
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silica gel or fullers earth or by treatment at room
temperature with hydrochloric acid in acetone, showing
that morellic and isomorellic acids were probably

related to each other in the same way as morellin and
isomorellin., The NMR spectra of the acetates of

morellic and isomorellic acids in comparison with those
of morellin and isomorellin readily showed that morellic
and isomorellic acids are carboxylic aeids (II) and (III)
corresponding to morellin and {somorellin, In the

NMR spectra of the acetates of the two acids the aldehyde
signals of morellin and {isomorellin wvere replaced by
broad hydroxyl signals at 1.35 and 1.45, 8even C-methyl
groups, 2 2,2-dimethylchromene system, 2 prenyl side-chain
attached to an aromatic ring, and the bicyclooctenone
part of the morellin skeleton were all readily
recognizable, The vinyl proton (H,) of the «,f-unsaturated
carboxylic acid side-chain of morellic acid acetate
appeared at 3,85 and the corresponding absorption of
isomorellic acid acetate was at 3.25, the downfi&ld shift
indicating the isomerisation of a carboxyl group from a
trans to a cis configuration in relation to Hy proton.

(B) Configuration of the carboxyl group
in gambogic acid

Ollis et al. have stated that"the stereochemistry
of the side-chain carrying the carboxyl group in gambogic
acid is probably as shown in (IV), but the NMR results
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I=R=CHs.Ri=CHs, RgaCHO

IT= R=CHs3, R =CHx, Rag=COO0H

OI=R=CHy, Ri=COOH,/RgCHy

I¥= R=CHz CHCH=CMez ,Ri= CHs ,Rp= COOH
M= R=CHaCHaCH=CMe,, Ry= COOH,Ry= CHx

YI=R-= CHs, R;= COOH - Ra=CH =
single bond at g and-ocs 1 at 8
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are not conclusive®, On the basis of the NMR data

the stereochemistry of the side-chain carrying the
carboxyl group in gambogic acid, has now been deduced
as shown in (IV), in which the methylene and the
carboxyl groups have a gig-relationship. The trans
configuration of the carboxyl and the methylene groups
of side-chain has also been observed in isogambogic (V)
and isogamboginic acid derivatives.

(C) Pigments from the perigarp of G, morella

The examination of the carbonate soluble fraction
of the pericarp pigments of G, morella has yielded
isomorellic acid and a compound believed to be an
artefact formed by the addition of ethanol to the
double bond of the bicyclooctenone ring in isomorellic
acid, The fact that (VI) is an ethanol adduct of
isomorellic acid has been confirmed by refluxing the
dimethyl ether-ester of (III) with dry ethanol in
presence of piperidine, when the dimethyl ether-ester
of (VI) was obtained. It is probable that these are
transformation products of the corresponding c¢cis-
derivatives (relation of the carboxyl to the methylene
in the side-chain) under the isolation procedure

employed in the present work,
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PART II1
Co f alkaline
h lys a el

Phenol (A), a product of mild alkaline
hydrolysis of octahydromorellin, was isolated by
Raghavan, who suggested the moleculsr formula,
(Cogliaglg) and a tentative structure with the help of
the available chemical and spectral data, In the light
of the knowledge of the chemistry of morellin, and of
additional chemical snd NMR data on its derivatives
and degradation products, Raghavan's structure for
phenol (A) has now been shown to be untenable and a
new structure is proposed,

On treatment with diazomethane phenol (A) gave
a crystalline monomethyl ester., However, on methylation
with methyl iodide and silver oxide in dimethyl
formamide, it gave a dimethyl ether-ester, the IR
spectrum of which indicated the presence of an alcoholic
hydroxyl group. It formed a lactone when heated in
diphenyl ether, which on hydrolysis with 5% ethanolic
potassium hydroxide gave back phenol (A).

The NMR spectra of phenol (A) and its derivatives
throv light on its constitution and indicate the presence

of all the seven methyl groups of octahydromorellin, and



the absence of an aldehyde group.

From the mass spectral molecular weight (570),
the chemical and spectral dats and in the light of the
structure of morellin, it appears that during the
alkaline hydrolysis of octahydromorellin no carbdon
atom is lost and two reactions take placej (a) the
aldehyde group undergoes an aldol type of condensation
with the hydrogen adjacent to the chromanone carbonyl
and (b) the bicyclooctanone ring cleaves to form a
carboxylic acid. The former reaction is not observed
with octahydrodesoxymorellin because of the absence of
the aldtnydo group, but the cleavage of the bicyclo-
octanoniZikkos place to form the corresponding
carboxylic acid. The latter type of change has been
observed by Auterhoff in gambogic acid, and hence such
a reaction can be expected in octahydromorellin having
the same basic skeleton. In the light of the data
presented above structure (VII) has been suggested for
phenol (4).

L1
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EART _IIL

Constitution of the Mozingo reduction
products of morelliin

Morellin gave stsble derivatives suitable for
degradative work when subjected to Raney nickel
reduction under the conditions first used by Mozingo.
Raghsvan obtained three reduction products of morellin
designated as MRP I, II and III using ethamol, cyeclo-
pexanol and tyclohexanone as soivents.

With the knovledge of the structure of morellin,
these reduction products were further investigsted.
MRP I, II and III shoved a green ferric colour indicating
the presence of a chelated hydroxyl, and they gave
sonomethyl ethers by methylation with dimethyl sulphate
and anhydrous potassium carbonate in dry acetone,

The IR spectra of MRP I and II showed absorption
in the nydroxyl region, but in MRP II1 there was no
pand 4n the hydroxyl regiomn., In the carbonyl regionm the
pand at 1735 ca~} is absent only ia MRP LI, fundleating
the reduction of the carbonyl of the bicyclooctanone ring.

The NMR spectra of these reduction products showed
2 total proton count of 46, 46 and 44 respectively,
Further the spectra of sll the three products showed the

sbsence of aromatic and vinyl protons.
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From the chemical, IR; NMR and mass spectral
data, it is evident that in MRP I the aldehyde
group of morellin has been reduced to a primary
aleoholic group, in addition to the complete
saturation of the four olefinic bonds. In MRP II
and III the aldehyde group has been replaced by
hydrogen. Only in MRP II the cyclic ketone has been
reduced to a secondary alcohol as indicated by the
moleculsr weight 526 (mass spectrum). All these data
lead to structures (VIII), (IX) and (X) for MRP I,
MRP II and MRP III respectively,



PART 1Y
Mo 1 ew biflavw he
heartw a a el

From the heartwood of Garcinis morella a new

biflavonoid, morelloflavone, has been isolated and
its structure elucidated as (XI) on the basis of UV,
NMR, mass spectral and degradative evidence.

Morelloflavone (XI) gave a green colour with
ethanolic ferric chloride, indicating the presence of
a chelated hydroxyl and a wine-red colour in the
Shinoda test which is characteristic of some flavonoids
and xanthones,

The elemental analysis of (XI) and its methyl
ether and the mass spectral molecular weight of the
latter (654) agree with the molecular formula
C30Hp00;; for (XI).

By methylat ion with dimethylsulphate and
potassium carbonate in acetone (XI) gave a crystalline
heptamethyl ether free from ferric colour., Atteampts
at hydrogenation of (XI) over palladized carbom or
Rdams catalyst were unsuccessful, Alkaline hydrolysis
of the methyl ether of (XI) with 15% ethanolic
potassium hydroxide gave a yellow erystalline compound (B)
showing green ferric colour.

The UV spectrum of (XI) in ethanol showed






absorptions at 345, 288, 275 and 255 mu, The IR
spectrum of (XI) in nujol mull showed strong
absorption in the hydroxyl region at 3400 cm”t.
In the double bond region a brosd band at 1645 em-1
is assignable to a chelated carbonyl group, in the
absence of evidence for unsaturation arising from C=C.
The NMR spectrum of (XI) in deuterated acetone
shoved a2 pair of doublets at 4,05 and 4.95 (J = 12 cps)
integrating for one proton each, In the lower region a
complex pattern of signals between 2.4 2nd 4.0
represented ll protons. These include the 3Lproton
(2.73) of the flavone and three aromatic protons of
phloroglucinol ring, the othersrepresent the aromstic
protons of the two B-rings of morelloflavone., There are

signals at - 2,66 and - 3.50 representing two chelated

hydroxyl groups. A very brosd signal around 5.5 arises

~~~~~~~
5 v A

from free phenolic hydroxyi& -Tho spectrum in pyridine
is completely transparent. The spectrum of the methyl
ether in CDClg indicsted the presence of 7 methoxyls
appearing in the region 6.0 - 6.3. The spectrum of (B)
in the aliphatic region showed a sharp three proton
singlet at 7,37 assignable to COCHg attached to an
aromatic ring. Two six-proton absorptions at 6.1 and
6.18 are assigned to four methoxyls. There is a sharp

.
which

two-proton singlet at 5.75/can be ascribed to a methylene



flanked between a carbonyl and an aromatic ring.

Three aromatic protons are indicated by a multiplet

at 3.9. The aromatic protons represented by signals

betwveen 2.4 - 3.6 are not observed in the spectrum

of (B), amounting to loss of seven aromatic protonms.

The presence of two chelated hydroxyls is shown by

absorptions at - 3.3 and - 3.4, vhich disappear on

exchange with DO, Together with the mass spectral

molecular weight (390) for (B) these data lead to

structure (XII) for (B). Isolation of veratric acid awd
wegbovarsl e pron the products of mild alkaline hydrolysis of the

heptamethyl ether of morelloflavone, confirms the

3'-4' nydroxylation pattern in the B-ring of the

tlaviEPno.

On the basis of the structure assigned for (B)
and in the light of the data discussed, morelloflavone

has been constituted as (XI).
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Xanthochymol

From the fruits of Garcinis xanthochymus @2
nev pigment, xanthochymol has been isolated, On the
basis of the elemental analysis and molecular weight
(602; mass spectrum), it has been assigned the
molecular formula 03885006.

Xanthochymol (C) exhibits a green é€olour with
ethanolic ferric chloride, It is sparingly solubdble in
aqueous sodium hydroxide and totally imsoluble in
aqueous sodium carbonate, indicating the absence of
carboxyl group.

Xanthochymol underwent hydrogenation over
palladized carbon in ethanol giving a decahydro-
derivative, By methylation with dimethyl sulphate and
potassium carbonate in acetone, it gave 2 dimethyl ether.

The UV spectrum of (C) in ethanol showed
absorptions at 270 and 224-230 m¢, The IR spectrum
of (C) in CCl, showed bands at 3333, 1724, 1658 and
1639 cm~l. The bands at 1653 and 1639 ca~l are
attridbutable to a conjugated carbonyl and C=C stretching
vibrations respectively., The band at 1724 cn~} has
been assigned to a six-membered ring carbonyl. The IR
spectrum of the decahydroxanthochymol in CCI4 in the
double bond region showed bands at 1740, 1605 and
1625 cm~l. The appearance of a band at 1695 em~! points
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to the presnece of a «-P unsaturated carbonyl in (C),
The NMR spectrum of (C) in deuterated DMSO
showed 2n approximate proton count of fifty. The
region Yetween 2,7 and 3.4 integratea for three
protons. A signal appearing as a singlet at 2,82
repres¢ented a lone aromatic proton, A quartet at
3.17 19 assigned to vinyl protomns. A broad signal at
5.0 for 3 protons is characteristic of the vinyl
proton on three Y,Y-dimethyl allyl side-chalns;
one terminal methylene is indicated by broad signals
at 5,50 and 5.35, The rest of the signals appear
betwveen 7.20 and 9,20, and these arise from methyls
end methylene in different enviromments. 1In the
spectrum of decahydroxsnthochymol the region between
3.0 and 6.0 1s transparent, indicsating that the number
of vinyl protons is seven. A singlet 2t 3.0 is
attributable to a lone aromatic proton. Further work

is in progress.
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