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SYNTHESIS AND BIOSYNTHESIS OF PHYTOXANTHONES

M. Afzafcand J.M. Al-Hassan
Biochemistry Department, University of Kuwait
P.0. Box 5969, Kuwait.
Chemotherapeutic and taxonomic values of natural xanthones are appraised.

Synthesis and bilosynthesis of phytoxanthones is reviewed,

Gentisin (1,7-dihydroxy-3-methoxyxanthane; 1) is the first xanthone isclated from a plant
. . 1 :
source, Gentiana lutea in 18217, More recently a number of xanthones have been isolated from var-

ious plant species and microbial sources. Among the plants, Guttiferae and Gentianaceas represent
the principal sources containing a diversified nature of xanthone derivatives with different de-

2-16

gree of oxygenation pattern and isopentenyl side chains Nearly over one hundred and fifty

naturally oceurrring xanthones have been isoclated from higher plants and fungi.

OH O O —-Gluc

(D:Ry =Ry =H; Ry =Me (3)

(D:R, = H; R3=OH; Ry = B-D-Gluc

Chemotherapeutic Value:

Naturally occurring xanthones are considered important molecules, since in recent years

such compounds are shcwnl7_20 to produce remarkable pharmacological and other biological activiti-

6,21—2&. Thus mangiferin (1,3,6,7-tetrahydroxyxan-

. . . . 25-2 .
thcne—Cz— 5 -glucoside; 2), a major matabolite of Canscora decussata (Gentianaceae) 3 9, Swertia

es, as well as they are of chemotaxonomic value

. 17 . 30-36 . . et . .
chirata and other species showed monoamine oxidase inhibitor, cardiovascular stimulant,

17,18,37

anticenvulsant and cheleretic activities Norswertianolin (3,5,8-trihydroxyxanthone-1-0-
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glucoside; 3), a metabolite of Swertia randaien51538 and §. purpurascens Wa1139, has been reported

38-40

to produce significant antitubercular activiry The Swertia plant extracts are known for

, . . . 40
their therapeutic uses in the treatment of tuberculosis

Antitubercular activity was first reported for 1,3,8-trihydroxyxanthone (&), a degradation

. - . . . 2 .
product of sterigmatocystin (5), a metabolite of Aspergillus versicolor 0. Some antitubercular

folklore medicines are also found to contain polyoxygenated xanthones as their major chemical

4 - . 41
component 1. The extract of Canscora decussata Schult (Gentianaceae} is reported to be useful

OH O OH OH O
‘::j‘\orl q
(5) Q

OMe
(o]
/
cax
\—1

in the treatment of certain mental disorders and tuberculosis. This plant has yielded, in addi-
tion to mangiferin (2), three; 1,3,5~trioxygenated xanthones, four; 1,3,5,6-tetraoxygneated xan-
thones and four; 1,3,5,6,7-pentaoxygenated xanthones. The antitubercular activity of the total

. R 42
xanthone aglycones of C. decussata has been demonstrated in vitro

18,37

The total xanthene-O-glucosides of C. decussata are reported to produce marked anti-

psychotic effects. Whereas the xanthone—0-giucosides of S. purpurascems Wall are known to pro-

duce39’43

signs of central nervous system {CNS) depression in albino mice and rats. However the
xanthone aglycones are shown to produce dose-dependant weak CNS stimulant activities. The effect
on CNS system is known to be manifested by an initial transient hyperactivity followed by moderate
to deep depression, intact reflexes and response to external stimuli, potentiation of hexobarbital
hypnosis in albinc mice and complete protection against amphetamine and 5-methoxy-N,N-dimethyltryp-
tamine induced toxicities. Xanthones of $. chirata are also reportele to have similar effects as
that of 8. purpurascens. 1,3- and 1,6-dihydroxyxanthones, closely related to the many naturally
occurring xanthones isclated from Mammes americana (Gentianaceae), exhibit some degree of growth-

inhibiting activity against Sarcoma 180 tumor cellaa.
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Chemotaxonomic Value:

. . 6
Xanthcones are also known to be of chemotaxcnomiec value. Thus Scheinmann et al have postu-

21,45,46a,48,51-69 48,51b,53,55,56,66,67

lated that jacareubin (6) or its putative iscprenyl precur—

sor (7) may be a taxonomic marker for the genus Calophyllum owing to its presence in almost all the
species investigated, regardless of the geographic origin of the sample. None the less jacareubin

. . . 4
has also been observed in some species of the genera Kielmeyera, Pentadesma and Mesua 3,46

Sultanbawa and co—worker21 have reported that jacareubin (6) is found only in older timber of the

genus Calophyllum. This has provided a geod explaination for the reported absence of jacareubin

(6) in South Indian sample of Calophyllum inophyllum. Consequently this leads to the conclusion
that if jacareubin (6) 1s to be accepted as chemotaxonomic marker for Calophyllum, age factor of

the timber should also be considered.

The taxcnomic implications of the ocecurrence of euxanthene (1,7-dihydroxyxanthone; 8) in
Guttiferae has been pointed out by Scheinmann70. A, l,7-dihydroxyxanthone derivative, euxanthic

acid (9) is believed 1?77

to be a metabolic degradation product; it is found in the urine of the
cows fed with mango leaves (Mangifera indica) of which mangiferin73, a glucoside of 1,3,6,7-tetra-
hydroxyxanthone (10) is a constituent. This relationship between 1,7-dihydroxyxanthone (8) and

1,2,6,7-tetrahydroxyxanthone {11) is also suggested to occur in plant metabolism because of the

co-occurtence of 1,3,6,7-tetrahydroxyxanthone (11) and 1,3,5,6-tetrahydroxyxanthone (12) in
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: . . 74
Symphonia globulifera L, formed from a common precursor maclaurin (13)° .,

O OH o) OH = (]
RO HO CH-(CHOH )3-CH .CH;0H
o] HO O OH
(8): R=H 10)
{9): R=Gluc
o OH (o] OH
R,
HO @ O OH OH
O HO OH
Ra OH
(11 Ry,=0H; R,=H 3

12): Ry=H : R, =0H

v

, : 15 . . .
Stout and Fries have noticed a close relationship between the xanthones of Halenia and
those of the varicus Frasera species, which is of significance since both genera are initially

identitied with Swertia76’7?.

Although Swertia has been regarded as the nearest genus76 to
Halenia. Stout and Fries have suggested a closer phytochemical relationship between Halenia and
Frasera than between either and Swertia since the latter produces xanthones of quite different sub-

stitution pattern and are of chemotherapeutic value46.

Sznthetic Methods:

Polyoxygenated xanthones of potential therapeutic and taxonomic value and many other xantho-

nes have been synthesized by a number of metheds. Although the method described by Grover, Shah and

78 . i . P . .
Shah’ = has serious limitatioms, it is still used extensively for the synthesis of phytoxanthones.

An p-hydroxybenzoic acid is condensed with a reactive phenol in the presence of zinc chloride and

phosphorus oxychloride which usually results in the formation of intermediate benzophenones and

xanthenes as final products along with other unwanted materials. The following phytoxanthones or

their derivatives have been prepared by this method: Scriblitifolic acid-O-methyl ether 79_81,

8
2’83; 84’85, 1,3-dihydroxy=-5~

88,89
E

l,S—dihydrnxy—lﬁ, 1,7-dihydroxy-
89

monomethoxy—-dihydro—osajaxanthone

87-89

methoxy—sé, 1,3,5-trihydroxy- , 1,5-dihydroxy-3-methoxy- ", 1,3,5-trimethoxy 1,3,7-trihy-

90,91

7
droxy- 8, l,3—dihydroxy—7—methoxy—?8, 1-hydroxy-3,7-dimethoxy-4-isoprenyl- , 1,3,5,6-tetrahy-

78,92,93
s

droxy- 1,3,6,7—tetrahydroxy—94, 1,3,5—trihydroxy-ﬁ—methoxy—gG, 1,3,8-trihydroxy—5-meth-
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. ; 94 . .
oxy—ls, 1,3—dimethoxy-6,7—d1hydroxy—94, 1,3,6-trihydroxy-7-methoxy-"  and 1,3-dihydroxy-6,7-dimeth-
4 . . . S
0xyxanthone9 . & polyhydric phenol, when heated witrh o-hydroxybenzoic acid in the presence of a

dehydrating agent such as acetic anhydride or zinc chloride also gives xanthones by the method of

44,49,52,55,66,67,72,74,88,101-109

Michael-Kostanecki. Euxanthone has been synthesized by this

method97.

11 . .
0,11 for the synthesis of xanthones involves an o-hydroxybenz-

Asahina and Tanase's route
aldehyde which is condensed with a phenol to give 9H-xanthene-3-one (l4). Upon methylation or re-
duction, this gives a 9H-xanthene derivative (15) which can then be oxidised to a xanthope deriva-
tive (17). 3,8-Dihydroxy-l-methoXyxanthone (18}, a degradation product of sterigmatoecystin (5),

. . 8
has been synthesised by this methed ’20.

OH OMe

OH OMe
CHO X
+ —_—
OH HO OH (o) O
(14)
Red-
OCOMe OMe OH OMe
(—__——
O OCOMe 0 OH
16) {15)
Oxd-
OCOMa OMe OH O OMe
[e
—_ s
(o] OCOMe o OH
17) (18 )
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Xantheones involving ketimine intermediates of the type {19) have been synthesized by

Robinson and Nishikawallz’llj. Recently Whalley et a1’ have used this method for the synthesis

of a number of benzophenone intermediates which upon oxidation could yield xanthones.

OAc NPh OAc O
Fif
—_—
OH OH
OMe OH OMe OH
19 20

14,115

- 1 . . -
Salicyaldehyde copper complexes when reacted with aromatic halides are reported to

give xanthone in good yieldsllﬁ. Some xanthones have been prepared by pyrolysis of aryl esters of
o-hydroxybenzoic acids, An example is the pyrolysis of lecanoric acid (21) which gives 1,6-dihy-
droxy—3,S-dimethylxanthoneu7 (22). FPhoto Fries rearrangement of aryl esters is algo known to

glve complex benzophenone intermediates useful in the synthesis of xanthones and other compoundé
2,2',6'-Trihydroxy-6,4'-dimethyl-4-methoxybenzophenone (23) has been obtained in this way124‘ Bennet
and c:m.’cn:km:sl18 have claimed the synthesis of xanthones, in good yields, from thioxenthene-9-one-
118-123

10, 10-dioxide nucleus in alkaline media. This conversion is believed to take place through

intermediate formation of hydroxybenzophenonesulfinic acids of the type (25).

CH; O CH; O OH
OH
HO OH CO.H HO o CH,
CH,

(211 (22)
o o o
s o
0, (sbon
(24) (2 5) (26)
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Mono— and dioxygenated xanthenes have been mostly prepared by Ullmann synthesis of diphenyl-

ether intermediates which cyclize by phosgene, or alternatively through diphenyl echer Z-carboxylie

. . . . . . -128
acids which cyclize by an intramolecular acid catalysed acylatlonlu’l25 12 . However more con-

venient syntheses of these xanthones have been reported by Scheinmann et al, involving Friedel-

129 128 64 6,130

Crafts method, 4~Hydroxy- y 2-hydroxy-~ ", 1,5-dihydroxy~ and 1,7—dihydroxyxanthoneslal,

all four isolated from Guttiferae species, have been synthesised through a diphenyl ether interme-

diate.

The foregoing methods for the synthesis of phytoxanthones, however, do not always give the

required product566’M

89,129

and the reactions are accompanied by unwanted demethylation and/er multipli-
city of products Most of the phytoxanthones have been synthesized by using milder Friedel-

Crafts reaction conditions, via, benzophenone intermediates.

Xanthone synthesis by this method is largely concerned with orientaticn control, selective

methylation, and demethylation of phenolic hydroxyl grcupsB. The synthesis of benzophenones, suit-—
able as precursors for cyclization to xanthones, has been conveniently achieved at room temperature
by Friedel-Crafts acylation of methoxybenzene derivatives, whith appropriately substituted benzoyl
chloride in the presence of aluminium chloride in ether. That preferential para acylation occurs
under these conditions is shown by the reaction of benzoyl chloride and veratrole which gives 3,4-
dimethoxybenzophenone; However where acylation occurs adjacent to a methoxy- group, selective de-

methylation is shown to accur at a site adjacent to the carbonyl group. The reaction of bepzoyl

; . . 132
chloride with 1,2,3,4-terramethoxybenzene gives the monomethyl ether of natural benzophenone scl-

ercin {27), whereas acylaticn of 1,3,5-trimethoxybenzene gives either natural benzophenone hydro-

134,135

gotoain {2-hydroxy-4,6-dimethoxybenzophenone; (28) or cometabolite methylhydrocotoin {29},

CHy O OH 0 OH 0 OR
OMe

MeO OH Me OMe OMe

(23) (27) (28):t R=H
(29): R = Me
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according to the duration of the reaction. Hydrocotein is of seme considerable chemotherapeutic

135,136

interest and was initially isolated in 1879 from the barks of Aniba pseudocoto {Rusby) Kos-

termans (Lauracea). The fact that extended reaction time causes ortho-moncdemethylation has led

te convenient syntheses of 2-hydroxy-2'-methoxybenzophenones suitable for cyclization to xanthones

by base catalysed elimination of methanol.

125,126 111,127

2-Mono and 2,3-dioxygenated xanthones , previously prepared by Ullman method

. . . : . L 129 :
have heen conveniently synthesized using Friedel-Crafts reacrion conditions , lnvolving benzophe-
none as intermediates. A number of highly oxygenated phytoxanthones have been obtained through the
corresponding benzophenone intermediates synthesized under Fricdel-Crafrs reaction conditions. The

2-hydroxy-2'- alkoxybenzophenone intermediates thus ohtained are cyclized under a variety of reac-

tion conditions which involve the use of aqueous alkali hydroxides, ike sodium, potassium and tet-—

29

ramethylammonium hydroxydes or aqueous piperidin&l . The following phytoxanthones have been syn-

129,137,

. . , 1
thesised by this method:— 2-methoxy- 1,7—d1hydroxy-129; 3-hydroxy-2-methoxy— 38; 2-hydro—

2 .
xy—3—methcxy—1 9; 2,3,4"tr1hydr0xy—129’140’142;

trimethoxy—lzg; 1,3,6,7—tetrahydroxy—129; 1,3,5,6-tetrahydroxy—129; 1,5,6-trihydroxy-5-methoxy-2-

9

l,5.6—trihydrnxy-129; 1,6,7—trihydroxy—129; 1,3,7-

{1',1"-dimethylallyl) {(as trimethyl ether)—13 ; 1,5—dihydroxy—6,7—dimeth0xy-129; 1-hydroxy-3,5-di~

&
methuxy—lao; 1,3,7—trihydroxy—1 1; I,B,A,F—tetramethoxy—lzg; 1-hydroxy-3,5,7- trimethoxnyB;

46b,142,143 46b, 142,144

1-hydroxy-2,3,4,5 tetramethoxy- 1-hydroxy-2,3,4,7-tetramethoxy- 1,3,6,7,8-

pentamethoxyxanthonelaS. 4n example for the synthesis of 1,3,6,7-tetrahydroxyxanthone (11) a meta-

27,49,68,69,74,101,109,138, 146-151

bolite of many Guttiferae species is cutlined below:-—

OMe O OMe
MeO CoCli ,©\ MeO
: — o L [
MeO OMe MeO OMe Mo O OH OMe
OMe

(30) {31} (32)
OH7MaeOH
O OMe
MeO
un < HBr__
MeO o] OMe
(33)
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2-N-Tosyl-2'-hydroxybenzophenones are also reported to underge cyclisaticon via elimination
process. In vivo the synthesis of a xanthone nucleus could involve a similar mechanistic pathway,
with a phosphate group participating in the displacementlsz. Thus the following synthesis of 2-

hydroxyxanthone153 has been achieved:

OMe O OMe
COCli
+ AICIy 3
N-Tos NH
H {
OMe Tos OMe
34) (35) {(36)
o o
OMe OMe
—
o No
OH
38) o (37)
OH
Q
3

Selective Demethylation of Xanthones:

Selective demethylatrion of preformed methoxybenzophenones and xanthones has proved to be a
very useful toel in the total synthesis of phytoxanthones. This is possible in either acidic or
alkaline media, Different products are obtained depending on conditions used. Demethylation by
conventional methods involving hydrogen bromide in acetic acid or sulphuric acid demethylates a

140,345,154,155

methoxyl group preferentially adjacent to a catrbonyl group Boron trichloride also

; . 156
selectively demethylates a methoxy- group adjacent to a carbonyl group . l-Hydroxy-5-methoxyxan-

107,157

thone, a metabolite of Mesua ferrea Elo? has been prepared from 1,5-dimethoxyxanthone Lock-

158,180 in methylene chloride or benzene for the deme-

sley and Murray158 have used boron tribromide
thylation of 2,3',4',6-tetramethoxy-benzophenone (40) and 2,3,3',4',6-pentamethoxybenzophenone (41)
to give the corresponding tetra- and pentahydroxybenzophenones, respectively. However 2,2',3',6-

tetramethoxybenzophenone when demethylated under the same conditiens, is shown to give the corres-

ponding tetrahydroxybenzophenone as a minor product, while the major product is 2,2",3"'-trihydroxy-

—1181—
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OMe O OMe O
OMe MeO OMe

OMe OMe DMe OMe

40 an

b-methoxybenzophenone. Locksley and Murraylss have proposed a plannar complex (42) which would in-
hibit the demethylation of the methoxy-group at C-6 due to its steric inaccessibility for further
attack by the reagent. Boron trifluuridelﬁo and phosphorus oxychloride in the presence of zinc

129

chloride have alsc been used for selective demethylation reactions of xanthones.

Br Br Br Br gr By
\/ AN/ B A

\ /
/B‘_ "a -'
o o \o' \
0

OMe “a2)

Aluminium chloride has also found its use in selective demethylation of methoxybenzophenones
and xanthones as menticned earlier. Demethylation under controlled conditions takes place prefer-—
entially at methoxy- group adjacent to a carbonyl group. Thus the following phytoxanthcnes have
been prepared by this method:-~ 1,3,5—trihydroxy—1a0; 1,3,7—trihydroxy—lo3; 1,7-dihydroxy-3,8-di-

methoxy—160_165; 1—hydrexy—2,3,7—trimethoxy&6b; 1—hydroxy—3,b,S—trimethoxyqﬁb

46b,142,143 46b,142-144

; l-hydroxy-2,3,4,5-

tetramethoxy- 1-hydroxy-2,3,4,7-tetramethoxyxanthone

Scheinmann et 31}29 have shown that a methoxy-group buttressed139 by two ether functions is de-
methylated next under acidic conditions followed by methoxy-groups mot para to a carbonyl function.
The final methoxy- group to be demethylated, under these conditions, is para to the carbonyl group.
These workers have further suggested that demethylation occcur more readily at the C-7 methoxy-

group on 2ecount of its higher electron density.
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However the sequence of demethylation reactions is shown to reverse under alkalipe condi-
tions. Thus demethylation of methoxy- group para to a carbonyl function is known to occur first
under alkaline conditions. The alkaline demethylation of 2-hydroxy-3,4,5-trimethoxybenzophenone
(43) is shown to occur in the presnece of aqueous piperidine to give 2,4-dihydroxy-3,5-dimethoxy
benzophenoneﬁs. Also refluxing 2,3,4-trimethoxyxanthone (45} with either aqueous piperidine or

tetramethylammonium hydroxide is shown to give 3—hydraxy—2,&—dimethoxyxanthﬂnelzg (467 .

o o
MeO OMe
RO OH o OR,
43): R=-Me (45): R=R, = Me
(44): R=H 46): Ry=H ; R, =Me
(47) : Ry=Me ; R,=H

48) . R=R,

Contrary to these results Chaudhuri and coworkers166 have shown that demethylation of 1-
methoxy-, 1,3-dimethoxy~, and those kanthones containing added methoxy-group{s} in the B ring (5-
and/or 7- position) takes place preferentially at the 1- position with aqueous piperidine, followed
by demethylation at positions C-3 and G-6, This group of workers have further shown that compounds
having substitution at three or four adjacent carbon atoms of xanthones, demethylation predominan-
tly takes place at C-2, which is flanked by C-1 and C-3 methoxy- groups. This is in accordance

129

; . . . . 12
with the observations previously reported by Scheinmann et al. 2,4-Dimethoxy—3-hydroxy- 9, 1,

3—dihydr0xy—4,7—dimeth0xy-129 and l—hydroxy—B,5,6,7—tetramethoxyxanthone525 have been prepared by

this method. A number of other xanthones with interesting oxygenation pattern have also been ob-

143,167,168

tained by this route. The use of sodium ethanethiolate has also been mentioned as a

versatile demethylaving method for aryl ethers,

Selective Methylation of Xanthones:

Some of the phytoxanthones have been prepared by selective methylation of preformed hydroxy-
xanthones. In this endeavour, use has been made of difference in acidity of the various phenclic
hydroxy- groups which can either undergo selective methylation or alternatively protection followed

by methylation and deprotection. Thus, 2,3-dimethoxy-4-hydroxyxanthone {47), a metabolite of many
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Guetiferae species®s#64:140,156,169,171,172

, has been prepared by selective methylacion of 3,4-
dibydroxy-2-methoxyxanthone (48) by dimethyl sulphate and potassium carbonate. The phytoxanthone
l-methoxy-3,5,6-trihydroxyxanthone (49) has been obtained66 by benzylation of 1,3,5,6-tetrahydrox—

yxanthone (12} to give l-hydroxy-3,5,6-tribenzyloxyzanthone (50) which is then methylated and de-

benzylated to give the natural product {(49). The following phytoxanthones have been obtained by

selective methylation procass:-— l—Methoxy-S—hydroxyﬂ157; 1—hydroxy—7-methoxy—103’105’107’las’173;
. 129 . 89 . 142 .

2,3-dimethoxy—4-hydroxy- 3 1,5-dihydroxy-3~methoxy-""; 1,3,5~trimethoxy~ 3 l-methoxy=~3,5-di-

hydroxylyai 1,3,7—trimethoxy—l29; 1,7—dihydruxy—3-methcxy-175; l—hydroxy—l,7—dimethoxy—66'176;

lvmethoxy—B,é,S—trihydroxy—Bﬁ; 1,5,6—trihydroxy—S-methoxy—27; 1,5,B—ttihydrnxy—K—methoxyg; 1-

hydroxy-3,S,B—trimethoxy-g; 1—hydroxy—3,7,8—trimethoxyxanthonel61—164.

The intermediate benzophenone derivatives are also accessible through condensation of app-

ropriately substituted benzoyl chlorides with lithium salts of phenolic ethers. The 1,5-dihydroxy-

xanthonelSO, 1,6,7—trihydroxyxanthon9158 (54) (Guttiferae); and 1,3,5-trihydroxy—-8-methoxyxanth~

160
e

on (Gentianaceae)} have been prepared by this mecthod. Similar routes to the synthesis of highly

oxygenated henzophenone and xanthones have been adopted124‘160'1?7_179

140-162

invelving trifluoroacetic

. . 2 .
anhydride. Thus 1-hydroxzy-2,3,5-trimethoxy— lwhydroxy-Z,3,7-tr1meﬁh0xy14 : and 1,3,4,5~

tetramethnxyxanthoneslao (all Gentianacea)Aéb'140’142’181 have been synthesized by this method.
(¢] OR, OMe
cocl Li
4.
OR, o OR, MeO MeO
()R3 OMe
(49 :R,=Me ; R, =R; = Rg = H 5D (52
GO:R-H R, =R; = Rs =Benzyl
o] OH o OR
HO
«— &
HO 0 RO RO
OR
(34) (53):R = Me H
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Oxidative {yclization of Benzophenones:

Apart from the base catalysed cyclization of polyoxygenated benzophenones to the correspon-—
ding xanthoncs, biogenetic type of oxidative eyclization has been extensively used. Lewisl82 first
proposed that naturally occurring xanthenes may be generated by an oxidative cyclization of an app-
ropriately hydroxylated benzophenone precurscrs. In vitro studies have supported this propesal and
many naturally occurring xanthones have been synthesized from their corresponding hydroxybenzophe-—

nones by oxidative coupling. Both ortho- and para- coupling are possiblesa.

0
OH
o
o
(40)
O
OH
(55)
o
OH
(56)

Whalley et al95 have been successful in synthesizing xanthones by oxidative coupling of benzopheno-
nes of the type (37) to give dienone intermediare (58) which could then underso base catalysed eli-

mination to xanthenes.

Several oxidants have been used to convert the polyhydroxybenzophencnes into their respective

xanthones by oxidative cyclization. Thus photochemical nxidati0n68, manganese (III) tris {acetonyl-

158,183,184

acetone) » 2,3-dichloro-5,6-dicyanc-1,4-benzequinone (DDQ)IZG, ceric ammonium sulphatelBB,

141,68

permanganatel4l, ferricyanide , persulphateg, and potassium hexacyanoferrate (III)QJ have been

used for the oxidative cyclisation of benzophenones to xanthones. The following phytoxanthones have

141,158

been prepared by oxidative coupling of respective benzophenones:- 1,7-dihydroxy- 3 jacareub-

. 68,69
n .

i ; 1,3,5,8—tetrahydroxy—g; 1,3,5,6—tetrahydroxy-69; 1,3,6,?—tetrahydroxy—141; 1,3,5,6-tetra—

hydroxy—é—isoprenyl—gl and 1—hydroxy—3,A,B—tetramethoxyxanthone45

lsopentenyl and peranyl substituents are found in many xanthones isclated from Guttiferae.

1185~
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OMe O

O
o
— UL
HO' OH o OH
OMe

OH Me Me
{(57) {58)
O
HO
0o OH
Me
(59)

Geranyl substituents have been reported in xanthones obtained from the genus Garcinia. 1In the

187
186,239 (60), this substituent is cyclised but in the cases of rubraxanthone

case of gambogiec acid
188 . . .

(61), cowaxanthone (62), and its congeners, the geranyl side-chain is unfolded. Isopentenyl

substituents are common in Guttiferae and Moraceae but are occassionally modified by terminal oxi-

dation or by cyclization involving ortho- hydroxy groups. Nearly fifty phytoxanthones have been

isolated so far, with 3,3-dimethylallyl-; 1,1-dimethylallyl-; or dimethylpyrano substituents. In

some cases phytoxanthones with more than one of these substituents have been isclated. 8-Deoxygar-

80,190 189,191

. 18 . . 1 . . 104 .
tanin 9, trapezifolixanthone 90, calabaxanthone twaitesixanthone , DOTmangostin

are only a few example to mention. The dimethylallyl moiety has been introduced into the preformed

. : . 13
xanthone nucleus by Claisen rearrangement of the corresponding para- dimethylallyl ether 9. Thus

isoguanin157 (63) and alvaxanthone dimethylallyl D.therl57 (64) have been synthesized by this method.

The following phytoxanthones have been synthesized accordingly:-— dehydroxycloguanahdin157, scrib-

s . . . . 86 .
litifolic ac1d192, tovoxanthone—f-methyl ether, 5-methoxy-fi-deoxyjacareubin , 1,3,5-trihydroxy—4-

isoprenyl—gﬁ’lqs, 8-deoxygartanin86’lga, trapezifolixanthonelgh, 1,3,7-trihydroxy-2-isoprenyl (as

194 . ; . . .
7-0O-methyl ether) , 5,7—dlmethoxymbaraxanthoneljg’195, blcylogartanlngﬁ, 5-methoxycelebixanthone
155, toxyloxanthone dimethyl ether196 and osajaxanthonelg7.

Interesting biogenetic type synthesis of xanthones has been mentioned by Dougles and

Moneylgs. The orthe- substituents on the aryl rings of methyl 7-{4-oreinyl)-3,5,7-trioxcheptancate
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(8Y)
(60)
|
[s] OH o OH
Me o
W
HO o OM o
oM
(62) (63)

(64)

200

{65), and its dimethyl ether (66) respectively are shown to direct intramolecular Claisen con-—

densation of the triketo-ester to give lichexanthone {67).
Synthesis of xanthones from extended poly-f-ketide chains, in which control of cyclisation
and reductive sequences, paralleling those of nature, is described by Scott EE.EE?O ., Thus decar-

boxylative dimerisation of the acid (68) is shown to give ketone (70) via intermediate (69). This

system constitutes a source of the polyhydroxyxanthones as shown cn mext page:-—
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CO(CH,C0),CH,CO,R
Claisen Cond';
RO OR c-18a8é pg
(65):R=H
(66):R = Me
OMe OMe OMe
7]
CO,H
0% >0 2
(68)
o 0 ©
Me O CO;Me MeOLC OMe
(71) (70}

OH O OH OR 0 OR
(T 1, —
MeO OH OMe MeO 0 OMe

OH
(72) {(T3):R=H

(74): R=Me
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Biosynthesis:

The possible interrelationship between hydroxybenzophenones and xanthones was first sugges-—

ted182 in 1963. This has been supported by the co-existence of polyhydroxybenzophenones and re-

. . . . . B
lated xanthones in a number of plants like Symphonia globullfcraa’é, Chorophora tinctoria 8’69,

6,101,108 . - . -
* ’ and in fungus Pencillium patulamzoz. Conversion of poly-—

Allanblakia Floribunda Oliver

hydroxybenzophenones into naturally occurring xanthones has been proved by labelling studies in
vivo. Thus the co-oceurrence of 2,3',4,6-tetrahydroxybenzephenone and 1,3,7-trihydroxyxanthone
. . 182 . - . . 14

in Gentiana lutea and rapid assimilation of sodium acetate-2-""C, by the plant to form both
labelled benzophenone and the xanthone, provided scrong support for the formation of zanthones
from related bemzophenones. Similarly co-occurrence of 2,3',4,53',6—pentahvdroxybenzophenone and
1,3,5,7-tetrahydroxyxanthone along with 1,3,6,7-tetrahydroxyxanthene {113 in Garcinia penducula-—

53}46, supports the view that xanthones are formed from hydroxybenzophenones. Maclaurin (13) co-

oveeurs with 1,3,6,7-tecrahydroxy~, 1,3,5,6-retrahydroxyxanthones (11} and (12) respectively in
108

Symphonia globulifera L. and their mangostin derivatives have been isolated from many plant

. 74,91,108,147,203

specles .
OH O

Me
HO OH
OH OH
C15) = (76)

. . , ; . 4
By means of tritium incerporaticn studies, Gupta and Lewis have established , that 2,37,
6-tetrahydroxybenzophenone (75} is a precursor te gentisin (1). The benzophenone (75) has also
been suggested to be a common precursor for co-ocecurring 1,3,5- and 1,3,7-trioxygenated xanthones

. : 3 P .
present in Pentaphalangium Solomonse Warhla ., and Calophyllum scriblitifolium Henderson and Wyatt

o 48 . . . . . : .
Smith ' ~. Anthraquinone intermediates are wost likely involved in the formation of several fungal

204206 207,208 207,208

benzophenones and xanthones Thus shamixanthone (76) , tajixanthone (79) and

arugesins (77, 78)209412

are suggested to be biogenetically derived from crysophanol anthrone by
oxidative ring fission and intreduction of O- and C- premyl units from mevalonate, to give the

0-formylbenzophenone, from which arugosins and shamixanthone are derived. Ring fission is also
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. . . . . . , . . 214 .
involved in the formation of pinselic acid (80) derived from helminthosporin anthrone . Simi-
larly ergot pigments are also proposed to arise from ring fission of anthrone or/ anthraquinone
derivatives via benzophenone formation. The ergochromes, which have a reduced xanthone skeleton

and co-occur with anthraquinone derivatives, have also been suggested to be formed by transfora-

tion of an acetate-derived anthracene intermediateZIE.
Me
-4 OH
9~ oH R, o Me
Me CH-0 Me I A I
R1
oH § OH OH 0 OH N
(77} (78)

Ry =CH,;.CH : CMe, : Ry =H
R; =CH; - CH : CMe, ; R1 =H
Compounds with a benzophenone skelton are biosynthesized by two route3215: (a) wholly
acetate-polyketide, (b) shikmate-polyketide (C6C1 plus 3 C2 and C6C3 plus 2 CZ)' In the case of
naturally cccurring xanthones, it has been shown in biosynthetic studies that the former route is

probably operating in fungi and the latter in higher plantsﬁ,6,209,215,216’

Vining and his cc—worker5216 have shown from doubly labelled experiments that the fungzl

xanthone bikaverin (81} is derived via the folding of a single polyketide chain without a anthra-

. - . . B . . . 21
quinone intermediate. The xanthone ravenelin (82) is a metabolite of Helminthosporium ravenelli 7

: . . 2 : \ .
and H. turclcumzqa passerin. Birch et-al 17 have recently shown by labelling experiments, that it

is derived from a single acetate chain and an oxygenated benzophencne derivative such as (83) is an

- . . . . . . 2 .

intermediate in the biosynthetic pathway., Sterigmatocystin 05,218 and ergot plngnt5219 have also
. . . : . . 205,218 .

been suggested to be derived from a single polyketide chain. Sterigmatccytin and ergot pig-

ments219 have also been suggested to be derived from a single polyketide chain.

CO,HO OH

{80)

—11%0—
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Me O OH O OH

- OH O
MeO l (o] l ‘ OMe o

OH © OH
(81) (82)

{OH)

(OH) Me
OH

{83)

In case of plant derived xanthones the bicgenetic route is relatively simpler since benzo-

phenones show hydroxylation patterns suggesting their derivation from acetate and shikimate, Lewis

14,206,220

and Frank have shown that both the shikimate and acetate routes, for biogenesis of aro-

matic compounds, are involved in the biogenesis of the plant xanthones gentisin {1}, isogentisin

(84) and gentisein (85). Fifteen benzophenone derivatives have been so far isolated from higher

plancs. Two main theories have been advanced to expialn the origin of natural benzophencnes in
221

higher plants: (a) the catabolism of dalbergins and related compounds (b} the direct involve-

ment of shikimic acid or some other related CG—C precursor such as (86) with three molecules of

6,141,176,222

1

acetic zcid or malenic aeid

RO
(84) : R =Me
(85) : R=H

It has been suggested that the co-ocecurrence of sclerion {87) and cearcin (88) with neofla-
vonolds supports route {a). Gentiana lutea metabolises phenylalanine and acetic acid to give 2,37,

. . . 245
4,6-tetrahydroxybenzophenone (75) together with several derived 1,3,7-trioxygenated xanthones .

— 1181 —



. ; . . . . o . 145
This has supggested a more direct biosynthetic voute, involving shikimic acid , to benzophencnes

than suggested by route {(a},

The co-occurrence of oxygenated henzophenone hydrocotoin (28) and 2,3'—=dihydroxy-4,6~dimeth~

6,108

oxybenzophencne (89} with xanthoneleI in Allanblackia floribunda Oliver and earlier isolation

of both types of molecules from the same source have suggested that the former are biogenetic pre-

cursors of the latrer and this has been confirmed by the recent labelling studiesldl’lyﬁ’zzz.

OH (s] OH

OH

86) (87)

2 ) . . . - .
Roberts has suggested biosynthesis of xanthones involving the condensation of an aromatic

acid with three acetate units to a B-pelyketo-acid which then cyclizes to a benzophenone precur-

sor. Thus 3,4-dihydroxybenzoic acid (86), derived from shikimic acid, could condense with acetate
. 93,223 ) N .

te the pB-polyketo-acid (90) which then cyclises to form maclaurin (13}, a precursor for

1,3,5,6~ and 1,3,6,7-tetrahydroxyxanthones and other xanthones with a similar oxygenation pattern.

. 224 . 140 . .
Celebixanthone {92) and other 2,3,4-oxygenated xanthones can be envisaged to arise from a
benzophenone precursor such as {91) invelving one ring derived from gallic acid. Dewich and Haslam
have shown that, for certain plants producing gallic acid, shikimic acid is more efficiently in-

235,226

corporated than phenylalanine They are led to sugpest that gallic acid is formed by direct

arcmatisation of dehydroshikimic acid rather than by catabolic breakdown of phenylalanine.

OMe OMe
OH OH OH

as) 4.1} ]
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OH
HO, HO o
0 —_—— 13y
o o
(90)
o R
HO, MeO
HO HO
OH OH
]
91) (92)

. . . . . 220
Natural xanthones fall inte twe groups which reflect differtnt modes of biogenesis . The
first group consists of those apparently derived from an appropriate 2,2'-dihydroxybenzopbenone by

a cyclodehydration sequence. The elimination of a C-(2} hydroxyl as a pyrophosphate anion from a

217,220

polyhydroxylated benzophenone precursor has been suggested , and used by Markhamlo to account

For the appearance of 1,3,5,8- and 1,3,7,8-cetraoxygenated and possibly of 1,3,4,5,8- and 1,3,4,7,

8- pentacxygenated xanthones in the specices of Gentianaceae. 2,2'-dihydroxybenzophenones have been

202,227-229

dehydratively cyclized under a variety of conditions In vivo the synthesis of the xan-

thone nucleus could involve a similar mechanistic pathway, a phosphate group participating in the
. 152 :
displacement The co-occurrence of 5,8- (94) and 7,8-oxygenated xanthones {(95) provides strong
support for the hypothesis thar they are synthesised from a common benzophenons precursor such as

{93) involving elimination process.

OH O OH OH O OH OH O OH
HO
ot —
o OH OH OH ' o OH
OH OH OH
94) 93) (95)
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The second group of xanthones comprises of those conveniently regarded as arising from hy-
. . : . 182 : . .
droxybenzophenones by oxidative coupling. Lewis was the first to suggest the biogenesis of xan-
thones by oxidative coupling of g-hydroxybenzophenones. This has been subsequently supported by a

statistical analysis of xanthones found in higher plants. Thus the co-existence of pairs of xan-

. : . . 107
thones llke 2- and 4-hydroxyisomers and 1,5- and 1,7~dihydroxyxanthones in Mesua ferra L , 1,3,6,

. . - . 10
7- and 1,3,5,6-tetrahydroxyxanthones (11 and 12 respectively) in Symphonia glchulifera L. 8 are

in accord with their respective derivation by oxidative coupling from common benzophenone precur-—

sorszsi. Oxidative coupling as a ready means for the synthesis of xanthones under "physiological

type” conditions has been carried out by a number of wnrkersss’69’108‘220’222’232’233.

. . . .. 142
The isolaticm of 1,2,3-trioxygenated xanthcme from Frasera caroliniens , 1,3,5— and 1,3,7-

. . P . ., 48
trioxygenated xanthones from Calophyllium scriblitifolium Henderson and Wyatt—Smith —~ and Pentapha-

langium solomonse WArblas, the co-cccurrence of 1,5,6- and 1,6,7-trihydroxyxanthone in Garcinia

eugeniifolia Wallloz, 5- and 7- hydroxylated xanthones in Mammea americanasa'g5

(two pairs) and in

. 4 . . - . - . :
Mammea africana B (three pairs), are all in accordance with the oxidative coupling mechanism of xan-
thones. The isolation of these xanthomes has revealed the fact that there is no absolute requirement
222,233

for a 3'-hydroxyl group on a benzophenone precursor to give xanthone, as was first suggested

by Lewis,

In vive, oxidaticn of hydroxybenzophenones has been suggested141 to take place via enzyme
participation and the action of the enzymes on phencls has been reported in several cases to give
234

. . : . . . 141 .
the same cyclization as found for incrganic oxidants . Lewis et al bave reported the oxida-

tion of benzophenones in vivo by peroxidase and laccase from Polystictus virsicolor to give xan-

thones, A mechanism cf parallel type, involving radical intermediates ir these enzyme induced ox-

. 235 -
dations , has been formulated ro give xanthones.

The dimethylallyl side chain is suggested to be introduced into a preformed hydroxylated
xanthone nucleus which is produced from an appropriate hydroxylated benzophenone. The presence of

1,1-dimethylallyl group in natural zanthones is of bicgenetic importance, and indicates that an

aromatic precursor attacks "vy,y-dimethylallyl pyrophosphate” in a manner analogous teo an 513\12,93’2'5'6

substitution. An ortho-Claisen-type rearrangement of an 0-3,3-dimethylallyl precursor to an C-1,1-

dimethylallyl compound has been demonstratedZBB. Several 0-3,3-dimethylallyl compounds have heen

93,205

isolated from natural scurces and Claisen type of rearrangement has been shown to take place

under mild conditions. Thus 3,3-dimethylallyl phenolic ethers have been rearranged to ortho and
para positions during purificarions procedures of the ethers on a silica-gel column90

230,237,238

The suggestion that the pyrone ring im natural xanthone is derived from the one

~— 1194 —
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stage oxidative ecyclisation of a dimethylallyl side chain is supported by the co-occutrence of py-
ranoxanthone jacareubin (6), osajaxanthone (64), 6-deoxyjacareubin (6B) and 3,3-dimethylallylxan-

theones, (100) and (101} in C. scriblitifolium Henderson and Wyatt-Smith

Ar Ar Ar Ar
CO,H CH,O0H CH,0H COxH

(96) U o8) <99)

The presence of a 2-methylbutanoic acid side chain in scriblitifelic acid (102 R1=Me) and

oxidised chains in its cometabolites (103,104, R1=H) (C. scriblitifolium) is an instance of step-

wise modification of a 3,3-dimethylallyl group at C-6. Scheinman and coworkers have suggested192

the steps (96 - 99) in the biosynthesis of this side chain. The presence of a side chain closely

o ow
{
(100) tRy=Ry* H ; R,=OH {102): Ry = ~CH,-CH;CH-CO,H
CHa
(101) *Ry= R, = H ; R4=QH 11031 Ry = —CHp- CHy CH-CHLOH
CH3
]

{104): Rp = —CHp CH:GC -CH0H

. . . , . . o,
related to 2-methylbutanoic acid has also been reported in gambogic ac1d2&0, morellanAI’za , iso-

43 186’239. Isolation of brominonone {105), a modified benzophenone

.2 .
morellin and cometabolites

. s . . 221 . .
from Garciniz hombromiana Pierre suggests that isoprenylation can oceur at the benzophencne
stage of biosynthesis. Spiranic intermediates in the biosynthesis of naturally occurring xanthones,

have been postularved by Gottlieb4 and Ghosally.
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(105)

Ry = Geranyl

Ry Farnesyl

Ghosal et al have proposed the biosynthesis of tetraoxygenated xanthones of Swertia chirata17 The

absence of 1,3,5- and 1.3,7-trioxygenated xanthones which were previcusly suggested to be precur—
sors of tetraoxygenated xanthones by further oxidation at one of the activated sites C6 or CB has
led Ghesal

et_als to propose that tetraoxygenated xanthones (1,3,5,8- and 1,3,7,8- ) in S. chirata

dare derived by a different biogenetic route invelving spiran intermediates as put down under:-

0 OR
5 -dehydroshikimic acid RO

0O HO
gluc. HO gluc.

- — T RIOC, — OO
phloroglucinel equivalent 0 0 OR HO 0 OH

0 OR OR 0O OR OR O OR
RO RO 04
O, — ) ~-
o 0 OR 0¥ 0 OR no OR
OR OR OR
HO O HO OR O OR HO O HO
L0, — TLO 08e
0 OH IHO OR 0 OH
o) OH

liowever cooccurence of polyoxygenated xanthones along with their correspending spiran deri-
vatives in higher plants has not been demonstrated in vivo and experimental evidence for this bio-

zenetically important conversion is still awaited.
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