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chemotherapeutic and cananomic va lues  of natural xanrhones are appraised 

Synthesis and biosyntheeis of phytoxanchones is reviewed. 

Genrisin (1.7-dihydrany-3-merhoxyxaathhne; 1) is the first xanihone isolated from a plant 

1 
source, Gentiana lutea in 1821 . More recently a number of nanrhanes have been isolated from var- -- 

ious plant species and microbial sources. h a n g  rhc plants, Guttiferae and Genfianaceae represent 

the principal. sources containing a diversified nature of nanrhone derivatives with different de- 

gree of mygenarion p a t t e r n  m d  isopentenyl side chains2-1b. Nearly over one hundred and fifty 

naturally occurrring xanrhones have been isolated from higher plants and fungi. 

Chemotherapeutic Value: 

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

such compounds are shawn17-20 to produce remarkable pharmaco~ogica~ and other biological accivici- 

es,  as well as they are of chemoranonomic value 6'21-24. Thus mangiferin (1,3,6,7-te~rahydroxyxan- 

t h m - c  - Q-glucoside; 21, a major metabolite oi canscora decussara (~entianaceae)~~-~~, 
2 --- 

chirafa17 and ather species30-36 showed monomine onidase inhibitor, cardiovascular stimulant, 

anticanvulsanr and cholereiic acti~ities~~'~~'~'. Norswerfianolin (3,5,8-rrihydraryxanthone-1-0- 



glucoside: 31, a metabolite of Swertia randaiensis3' and S. purpurascens wall3', has been reported - 

to produce significant antitubercular acti~icy~'-~~. The Swercia plant extracts are known for 
40 their therapeutic uses in the treatment of tuberculosis . 

Antitubercular activity was first reported for 1,3,8-trihydraxyxanthone ( & I ,  a degradation 
20 product of sterigmatocystin ( 5 1 ,  a metabolite of Aspergillus versicolor . Some antitubercular 

folklore medicines are also found to contain polyonygenated xanthones as their m a j o r  chemical 

The ext rac t  of Canscora decussata Schult (Gentianaceae) is reported4' to be useful 

in the t r ea tmen t  of certain mental disorders and :,iberculosis. This plant has yielded, in addi- 

tion to mangiferin ( 2 1 ,  three: 1,3,5-rrionygenaced xanthones, four: 1,3,5,6-fetraoxygneared xan- 

thones and four; 1,3,5,6,7-pentaoxygenated xanihones. The antitubercular activity of the total 

42 ranthone aglycones of C. decussata has been demonstrated in vitra . - 

The total ~antho~~-0-~1ucosides of C. dec~ssafal''~' are reported t o  produce marked anri- - -  

psychotic effects. Whereas the nanthone-0-glucosides of S. purpurascens  Wall are k n o w  co pro- - 
duce39'43 . s ~ g n s  of cmcrai nervous system (CNS)  depression in albino mice and rats. ~ o v e v e r  the 

xanthone aglycones are shown to produce dose-dependant weak M S  4iimulanc activities. The effect 

on CNS system is known to be manifested by an initial transient hyperactivity fallowed by moderate 

to deep depression, intact reflexes and response to external stimuli, potentiation of henobarbital 

hypnosis in albino mice and complete protection =gainst amphetamine and 5-methoxy-N,N-dimeLhylcrm- 

tamine induced tonicities. Xanrhanes of S. chirara are also reparted17 t o  have similar effects as - -  

that of S. purpurascens. 1.3- and 1,6-dihydronynanthones, closely related to the many naturally 

o c c u r r i n p  xanthones isolated from Mamra americana (Gentianaceae), exhibit same degree of growth- 

4 4  
inhibiting activity against Sarcoma 180 tumor cell . 
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Chernofaxonomic value: 

6 
Xanthanes are also known to be of chernotaxanomic value. Thus Scheinmann -- et a1 have posru- 

lafed that jacareubin (6)21'45'46a'48'51-6g or its putative isoprenyl 48,51b,53,55,56,66,67 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 

has also been observed in some species of the genera Kielmeyera, Penradesma and Mesua 45,46 - 

Sulranbawa and co-workerZ1 have reported chat jacareubin (6) is found only in older timhrr a£ the 

genus Calophyllurn. This has provided e good explaination for the reported absence of jvcareubin 

(6) in South Indian sample of Calophyllum inophyllum. Consequently this leads to the conclusion 

that if jacareubin (6) is ra be accepted as chemotaxonomic marker for Calophyllum, age factor a£ 

the timber should also be considered 

The taxonomic implications of the occurrence of euxanihone (1,7-dihydroxyxanchonr; 8) in 

70 
Guttiferae has been painted out by Scheinmann . A ,  1,7-dihydroxyxanthone derivative, euxanrhic 

acid (9) is belie~ed'~"~ to be a metabolic degradation product; it is found in the urine of the 

cows fed with mango leaves (Mangifera indica) of which ~ n a n ~ i i e r i n ~ ~ ,  a glucoside of 1,3,6,7-terra- 

hydranyxanthone (10) is a constituent. This relationship between 1.7-dihydraxyxanrhone (8) and 

1,3,6,7-tetrahydroxyxanthone (11) is also su~gested ro  occur in plant metabolism because of the 

ca-occurrence of 1,3,6,7-tetrahydroxyx~n~hone (11) and 1.3,i.b-retrahydroxyx~nthone (12) in 



Syrnphonia globulifera Is formed from a comnon precursor maclaurin (13) 74 

Stout and Fries have noticed7' a close relationship between the ranthanes of Hzlenia and 

those of the various Frasera species, which is af significance since both genera are initially 

identified with Swertia76'77. Although Swerfia has been regarded as the nearest genus76 co 

Halenia. Srour and Fries have suggested a closer phytochemical relationship between Halenia and - - 

Frasera than between either and Swerria since the latter produces nanrhones of quire different sub- - 
46 stitution pattern and are of chemotherapeutic value , 

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

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

shah7' has serious limitations, it is itill used extensively for the synthesis of phyroxanrhanes. 

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

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

xanthones as final products along with other unwanted materials. The following phytaxanthones or 

their derivatives have been prepared by this method: Scriblitifolic acid-0-methyl ether 
79-81 

82,83 
monomethoxy-dihydro-osajaxanthone , 1 , 5 - d i h y d r o ~ ~ - ~ ~ ,  1,7-dihydrox~-~~'~~, 1,3-dihydrony-5- 

methoxy-86, 1,3,5-rrihydro~y-~'-~~, 1,5-dihydroxy-3-metho~~-~~, 1 , 3 , 5 - r r i m e r h o ~ ~ ~ ~ ' ~ ~ ,  1,3,7-trihy- 

dr~ny-~', 1,3-dihydro~y-7-mechoxy-~~, 1 - h y d r o n y - 3 , 7 - d i m e t h o x y - 4 - i s ~ ~ ~ ~ ~ ~ l - ~ ~ ' ~ ~ ,  1,3,5,6-terrahy- 

drony- 78,92,93 , 1,3,6,7-rerrahydro~y-~', 1,3,5-trihydro~y-6-rnerhony-~~, 1,3,8-rrihydroxy-5-mrth- 



ony-15, 1,3-dimftho~y-6,7-dihydrony-~~, 1,3,6-trihydro~y-7-rnerl~oxy-~~ and 1.3-dihydroxy-6,7-dimeih- 

oxyxanth~ne~~. A palyhydric phenol, when heated wiih o-hydronybenzoic acid in t h c  presence of a 

dehydrvring agent such as acetic anhydride or zinc chloride also gives xanthanei by the method ol 

Michael-Kosianecki. Euxanrhone 44,49 ,52 ,55 ,66 ,67 ,72 ,74 ,88 ,101-109 has been by 

97 method . 

rlsairina and lanaseCs route "O'"' ior the synthesis ai xenrhones invo~ucs an o-hydroxybenz- 

aldehyde which is condensed with a phenol  t o  give 9H-xanthenr-3-one (14). Upon methylation or re- 

duction, this gives a 911-nanchene derivative (15) which ~ i r e n  be oridised in a xnnthune der iva -  

five (17). 3,8-Dihydroxy-l-rnethoxy~~~fh0hh ( 1 8 ) .  a degradation poducr of sterigrnsfacystin ( 5 ) ,  

8 , 2 0  
has been synchrsised by this method . 

OH OMe 

OCOMe OMe - 
OCOMe 

OCOMe 

OH OMe 

OH 0 OMe 

635.. 



Xnnthonfs involving kefirnine intermediates of the type (19) have been synthesized by 

Robinson and ~ i s h i k a w a ~ ~ ~ ' ~ ~ ~ ,  Recently Whallcy e t  a19' have used this method for the synthesis 

of a number O f  benzophenone intermediates which upon axidation could yield nanihones. 

OAc NPh OAC 0 

+ 
H 

OH 

OMe OH 

Salicyaldehyde copper complexes 114'115 when reacted with aromatic halides are reported to 

give xanchone in good yields116, Some xanehones have been prepared by pyrolysis of aryl esters of 

o-hydronybenzoic acids. An example is the pyrolysis of lecanoric acid (21) which gives 1,6-dihy- - 

dro~y-3,8-dimerhylxanthone~~~ (22). Photo Fries rearrangement o f  vryl esters is also known to 

124 
give complex benzophenone intermediates useful in the synthesis of xenthones and other compounds . 

2,2',6'-Irihydroxy-6,4'-dimethyl-6-methonybenzophen0ne ( 2 3 )  bas been obtained in this way124. Bennet  

and coworkers11s have claimed the synthesis of nunthones, in good yields, from thionenrhene-9-one- 

10, lo-dioxide nucleus118-123 in alkaline media. This conversion is believed t o  take place through 

intermediate formaiion of hydroxybenrophenonesulfiiii acids of the type ( 2 5 ) .  
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Mono and dioxygenatrd xanthones have been mostly prepared by Ullrnann synthesis oi diphenyl- 

ether intermediates which cyclire by phosgene, or alternatively through diphenyl ether 2-carboxyli~ 

acids which cyclice by en intramolecular acid caralysed arylatinn1113125-128 , However more con- 

venient syntheses of these xanthones have been reported by Scheinmann etc, involving Friedel- 
128 Crairs rnethodi2' 4-Hydrony- , ~ - h y d r o x y - ~ ~ ,  1.5-dihydroxy- 6'130 and 1.7-dihydroxyxanthones 131 , 

all four isolated irom Guttiieree species, have been synthesis4 through a diphenyl ether interme- 

diate. 

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

required products 66'74 and the reactions are accompanied by unwanted demefhylarion andlor muliipli- 

city of products 89,129 . Most of the phytoxmrhones have been synthesized by using milder Friedel- 

Crafts reaction conditions, via, benzophrnonc intermediates. - 

xanthane synthesis by this meihd is largely concerned with orici~farion control, s e i e c c i v e  

m e t h y l e r i o n ,  and demefhylnfion 01 phenolic hydroxyl groups3. The synthesis of benraphrnunrs, suit- 

able as precursors f o r  cycliration to xanthones, has been conveniently achieved at room temperature 

by Friedel-Crafts acylation of methonybenzene derivatives, whith appropriately substituted benzoyl 

chloride in the prcsence of aluminium chloride in ether. That preferential para acylarion occurs - 

under these conditions is shown by the reaction oi henzoyl chloride and veratrale which gives 3,4- 

dimethonybenzophenonc. However where acylatian occurs adjacent t o  a methaxy- group, selective de- 

methylation is shown to occur  at a site adjacent t o  the carbonyl group. The reaction of benzoyl 

132 
chloride with 1,2,3,4-t~tr.7meil~0xybbbbbbb pives the  mnnomefhyl ether of natural benzophcnone scl 

eroin (27), whereas acylatinn of 1,3,5-trimethaxybenzene gives either natural bemophenone hydro- 

cotmi" (2-i~ydroxy-4.6-dimethhhybbbbbplbbbbbb; (28) or comelabolite methylhydrneotoin 134,135 ( 2 9 ) ,  

C H 3 0  OH 0 O H  0 OR 

M e 0  OH ' M e  OMe 

OMe OMe 



according to the duration of the reaction. ~ydrocaroin is of some considerable chemotherapeutic 

interest 135'136 and was initially isolated in 1,979 from the barks of pseudocoro (Rushy) 

crrmnns (Lauracea) .    he fact that extended reaction rime causes orfho-rnonodcmethylarion has led 

t o  convenient syntheses of 2-hydroxy-2'-methoxybenzupbenoncs suitable for cycliraiion co xanthones 

2-Mono-125'126 and 2.3-dioxygenired nantliones 1'1'127, previonsly prepared by Ullrnan method 

have k e n  conveniently ~riedel-c~~ftr conditions129, involving beneophe- 

none as intermediates. A mmber of highly oxygenated phytoxanfhones have been obtained through the 

corresponding benrophenane intermediates mder ~ricdei-Craits reaction conditions. The 

2-hydrony-2'- alknxybnrrophrnnnr inrcrmrdiarrs t h u s  obtained a r e  cyclircd under a "srircy o f  rcac- 

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

ramethylamonium hydroxydes or aqueous piperidine129. The following phytananrhones have been syn- 

thesised by this method:- 2-methony- 129'137; I,7-dihydrony-129; 3-hydrony-2-metho~~-~~~; 2-hydro- 

123,140,142 125, xy-3-mett~oxy-~~~; 2,3,4-trihydroxy- ; 1,5.6-trihydro~y-~~~; 1.6.7-crihydroxy- , 1.3.7- 

rrimerhony-12y; 1 , 3 , 6 , 7 - r e t r e h y d r o ~ ~ - ~ ~ ~ ;  1,3,5,6-ietrahydroxy-129; l,5.6-trihydrany-5-meihhhy-2- 

(l',lP-dimethylallyl) (as trimethyl e c i ~ e r ) - ~ ~ ~ ;  1,5-dihydraxy-6,7-dimetho~y-~~~; l-hydrony-3,5-di- 

rneth~xy-'~~; 1,3,7-trihydrouy-~~~; 1 , 3 , 4 , 7 - r e r r ~ m e t h ~ x y - ~ ~ ~ :  I-hydroxy-3.5.7 rrirnefhoxy-Z5; 

46b.142.144 
1-hydroxy-2,3,4,5-rerrmcrhaxy- 46b'142'143; 1-hydraxy-2,3,4,7-cefffmethoxy- ; 1,3,6,7,8- 

p e n t a m e r h o x y x a n r h ~ n c ~ ~ ~ .  An example for the synthesis of 1.3.6.7-rerrahydron)?anthone (11) a meta- 

bolite 01 many Gurriferae species 27,49,68,69,74,101,109,138,14b-151 is 

OMe 0 OMe 
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2-N-Tosyl-2'-hydroxybenrophenones are also reported t o  undergo cyclisatian & elimination 

process. In vivo the synthesis of a xanrhone nucleus could involve a similar mechanistic pathway -- 

with a phosphate group participating in the Thus the following synthesis of 2- 

hydroxyxanthoncli3 has been achieved: 

oCoc' + 0 AlCls , a 
\ N.Tos \ \ N H  / 

H I 
OMe Tos  OM^ 

(3 9) 

Selective Demethylation of Xanfhones: 

Selective drmeehylaiion of methoxybenzophenones and xmthanes has proved to be a 

very useful tool in the total OF phytoxenthones. This is possible in either acidic or 

alkaline media. uifferenr are obtained depending on conditions used. Demethylation by 

conventional methods involving hydrogen bromide in acetic acid ar sulphuric acid demethylares a 

methoxyl group preferentially ad jaccn t  to x carbonyl group 
140,345,154,155 . Boron trichloride also 

selectively demerhylares a merhony- group adjacent to a carbonyl group156. I-Hydroxy-5-meihoxynan- 

rhone, a metabolite of Mesua ferrea L"' has been prepared from 1,5-dimethoxyranthone107'157. Lack- 

~ l e y  and ~urray'~' have used boron i r i b r ~ m i d e l ~ ~ ~ l ~ ~  in merhylenr chloride or benzene For the deme- 

thylation of 2,3',4',6-reeramerhony-benz0pI111011 (40) and 2,3,3'.4',6-pentamethonyben%~phehohe (41) 

to give the te t ra -  and pentai!ydronybenzophenones, respectively. However 2,2',3'.6- 

terramethox~rhenznphnnone when demerhylared under the  same conditions, is shn- to give the corres- 

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



OMe 0 

OMe 

OMe 0 

6-merho~ybenza~henone. Locksley and > ~ u r r a y ~ ~ *  have proposed a plannar complex (42) which would in- 

hibit the demethylafian of t h e  merhaxy-group a t  C-6 due to its sceric inaccessibility far further 

at tack  by the reagent. ~ a r o n  trii~~~ride'~' and phosphorus mychloride in the presence oi zinc 

chloridelZ9 have also been used for selective demefhyhri~n reactions of ninthones. 

Aluminium chloride has also found its use in selective demerhylacion of methonybenzaphenones 

and nanrhones as mentioned earlier. Drmethylarion under controlled conditions takes place prefer- 

entially at merhoxy- group adjacent t o  a carbanyl group. ~ h u s  the following phytonanthones have 

been prepared by this method:- 1,3,5-crihydro~y-'~~; 1,3,7-rrihydro~~-~~~; 1.7-dihydroxy-3.8-di- 

merhaxy- 
160-165 ; l-hydraxy-~,3,7-frimefhohy~~~; l-hydrony-3,4,5-rrime~hhhy~~~; 1-hydrony-2,3,4,5- 

tetramethoxy- 46b'142'143; 1 - h y d r o n y - 2 , 3 , 4 , 7 - i e t r ~ m ~ t h o ~ ~ ~ ~ ~ ~ h h h e ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ,  

scheimann -- er .31fZ9 have shown that a methoxy-group by t w o  ether functions is de- 

merhylated next under acidic conditions followed by methoxy-groups =para to e carbonyl function. 

The Final methony- group t o  be demechylated, under these conditions, is ro  the carbonyl group. 

These workers have further suggested that demerhylarion occur more readily at the C-7 methony- 

group on account of its higher electron density. 
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However the sequence of demechylation reactions is shown to reverse under alkaline condi- 

tion.. Thus demethylacion of methoxy- group para to a carbony1 function is known to occur first 

under alkaline conditions. The alkaline demethylation of 2-hydrony-3,4,5-trimeihhhybbbbbphbbbbb 

(43) is shown to occur in the presnece af aqueous piperidine t o  give 2,4-dihydrony-3.5-dimethoxy 

benzophenor~e~~, Also refluxing 2.1.4-trimerhonyxanthhhe (45) with either aqueous piperidine or 

129 
fetrameihylammonium hydroxide is shown to give 3-hydrony-2,4-dimerhoxyxanthone ( 4 6 ) .  

OMe 

cantrvry to these results chaudhuri and coworkers166 have shown that demerhylation of 1- 

merhoxy-, 1.3-dimefhony-, and chase ianrhones canraining added merhony-group(s) in the B ring (5- 

andlor 7- takes place prefereniially at thc 1- with aqueous piperidine, followed 

by drmethylatian at positions C - 3  and C-6. This group of workers have further shown that compounds 

having subsrirurion at three "r four adjacent carbon atoms of ninthones, demerhylarian predominan- 

tly takes place at C-2, which is flanked by C-1 and C-3 methaxy- groups. This is in accordance 

129 
with the observations previously reported by Scheinmann &iZ9 2.4-Dimeihoxy-3-hydroxy- , 1, 

l - d i h y d r o ~ y - 4 , 7 - d i m e i h o n ~ - ~ ~ ~  and 1-hydrany-3,5,6,7-cetramechaxyxanthonesz5 have been prepared by 

this method. A number of other nanrhones with interesting oxygenation pattern have alsa been ob- 

tained by this route. The use of sodium ethanethiolite 143,167,1h8 has also been mentioned is a 

versafile demethylacing method for aryl ethers. 

Selective Mcthylation of Xanthones: 

Some of the p h y ~ ~ ~ ~ ~ t h ~ n ~ s  have been prepared by selective mthylation of preformed hydroxy- 

xanihanes. In this endeavour, use has been made of difference in acidity of the various phenolic 

hydroxy- groups which can either undergo selective methylatian or alternatively protection followed 

by rnethylarion and deprocection. Thus, 2,3-dimethoxy-4-hydroxyx~nthhhh (47). a metabolite of many 



Gutriferef species6.46a,140,154,169,171,172 , has been prepared by selective methylation of 3,4- 

dihydrony-2-methonyxanthhhe (48) by dimethyl sulphate and ptassium carbonate. The phyroxanthone 

1-methoxy-3.5.6-trihydroxyxanthane (49) has been by bemyletion of 1.3,5,6-ferrahydrox 

yxanthone (12) to give 1-hydraxy-3,5,h-tribenzyloxynanfi~one (50) which is then methylared and de- 

beneylrted ro  give the natural product (49). 'rhe following pl~yionanthones have been obtained by 

selective methylation process:- l-~erhaxy-5-h~drany-~~~: I-hydrony-7-methony- 103,105,107,145,173, 

2,3-dimethoxy-4-hydroxy-129: 1,5-dihydroxy-3-rnetho~~-~~; 1,3,5-trirnerhox~-~~~; 1-methany-3,5-di- 

174, I75 
hydrory , 1,3,7-trimerhoxy-129; 1,7-dihydruxy-3-methoxy- : I-hydrony-3.7-dimerhoxy- 66,176, 

66 9 
I-mefhoxy-3,4,5-irihydrony- ; 1,5.6-trih~droxy-3~efhony-~'; 1.5,s-trihydroxy-3-merhoxy ; 1- 

8 
hydroxy-3,5,8-trimethony- : I-hydroxy-3,7,8-trimethhhy~~~fhohe 161-164 

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

ropriately substituted benroyl chlorides with lithium salts of phenolic ethers. The 1.5-dihydroxy- 

xanth~ne'~~, 1,6,7-trihydronyxanthhne~~~ (54) (GuLtiferae); and 1,3,5-rrihydroxy-8-88~hhhyxaath- 

160 
one (Gentirnaceae) have been prepared by this method. Similar routes to the synthesis of highly 

oxygenated benraphewne and xanthones have been adopted 124'160'177-179 involving rrifluoroacetic 

140-142 
anhydride. Thus I-hydrony-2,3,5-rrimethohy- : l-hydroxy-2,3,7-irime~hony~~~: and 1,3,4,5- 

t e c r a m e c h o x y x a n t h ~ ~ e s ~ ~ ~  (all ~ e n L i e n i c e a ) ~ ~ ~ ' ~ ~ ~ ~ ~ ' ~ ~ ~  have been synthesized by this method. 

OMe 

OR4 ' 0 ' O R ,  M e 0  M e 0  
0 '33 OM e 



Oxidative Cycliaation a €  Bcnraphenones: 

Apart f r om the base caralysed cyclizatian of palyonygenated benzophenones to the correspon- 

ding nanthoncs, biogenetic type of oxidative cyclizatian has been extensively used. ~ewisl'~ first 

proposed that naturally occurring xanthanes may be generated by an oxidative cyrlizarion of an app- 

ropriately hydronylaird benzophenone precursors. In vitro studies have supported this proposal and - 

many naturally occurring nanthones have been synthesized From their corresponding hydroxybeneophe- 

84 nones by oxidative coupling. Both orcho- and para- coupling are possible . - - 

Whalley e i  a~~~ have been successful in synthesizing xanthones by oxidative coupling of benzopheno- 

nes of the type ( 5 7 )  t o  give dienone ihtermediace (58) which could c lkn  underso h a s p  carslyred 

mination to nanthones. 

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

xanthones by oxidative c y c ~ i ~ a t i m .  ~ h v s  photochemica~ oxidation6B, manganese (1111 tris (aceranyi- 

acetone) 
118,183,184 , 2,3-dichloro-5,6-dicyana-l,4-benroquinone (DDlj)l2', c r r i c  ammonium s u ~ p h a r e l ~ ~ ,  

9 ~ermanganatel~~, ferri~yanide'~~'~~, persulphate , and potassium hexacyenoferrafe (111)~' have been 

used for rhe oxidative cyrlisetian of benzophenones to xanihones. The following phyfoxanchones have 

been prepared by oxidative coupling of respective henzophenones:- 1,7-dihydroxy- l4l7l5'; jacareub- 

9 
1,3,5,8-retrahydrary- ; 1,3,5,6-te~rahydrony-~~; 1,3,6,7-tetrahydroxy-~~~; 1,3,5,6-tetra- 

91 45 
hydroxy-4-isoprenyl- and l-hydroxy-3,4,8-retramethhhy~~~ihhne . 

Isopentenyl and geranyl substiiuenis are found in many xinthanes isolated from ~uttiferae 



OMe 0 

Geranyl ~ubseituents have been reported in nanihones obtained from the genus -. in the 

187 
case of gamhogic acid 186'239 (ha), chis sobstituent is ~ ~ c l i ~ ~ d  b u t  in ihc cases of rubraxanihune 

188 
(611, cawaxanthone ( 6 2 ) ,  and its congeners, the geranyl side-chain is unfolded. Isopentenyl 

substiruencs are coman in Guttiferae and Moraceae but are occassionaliy modified by terminal axi- 

dacian or by ~ y ~ l i z a t i ~ n  involving orfha- hydroxy groups. Nearly fifty phyionanthanes have been 

isolated so f z r ,  with 3,3-dimelhylallyl-: 1,l-dimethylallyl-; or dimerhylpyrana suhstitoents. In 

some r a s e s  phytoxanthones with more than one of these suhscituents have been isolated. 8-Deonygar- 

104 
80'190, tweitesixanrhone , nomangostin 189,191 f a n i r ~ l ~ ~ ,  rrape~ifolixanrhone~~~, calabaxanthone 

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

xanthone nucleus by ciaisen rearrangement of the para- dimethylallyl ~ h u s  

157 
i s ~ g u a n i n l ~ ~  (63) and alvaxanthone dimethylally1 cther (64) have been synthesized by this method. 

The fallowing phyioxanthones have been synthesized d e h y d r o n y c ~ o g u a n a n d i n ~ ~ ~ ,  scrib- 

litifalic acid1'', tovonanchane-6-methyl ether, 5-ethoxy-6-deanyja~areubin8~,  l,l,5-rrihydroxy-4- 

isoprenyl- 86'148, 8-deoxygartanin 863194, traperifo~ixanthone~~~. 1,1,7-trihydrony-Z-isa:1111yl (as 

7-0-ethyl 3,7-dimethonyrnberananth0he~~~~~~~, bicylogarraninX6, 5-merhonycelebinanihone 

197 
'j5, fonylaxenthone dimethyl and ~ ~ a j ~ ~ a ~ t h o n e  . 

Interesting biogeneric type synthesis of xinthones has been mentioned by Dougles and 

~ o n e y l ~ ~ .  The ortho- suhstituenis on the aryl rings of methyl 7-R-urcinyl)-l,5,7-trioxoh~pttttt~~ 
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(651, and its dimethyl ether (66) respectively are shown200 to direct intramolecular Claisen con- 

densation of the rriketo-ester to give lichenanthone (67). 

synthesis of xanthanes from extended pa~y-B-keride chains, in which control of cyclisation 

and reductive ~ ~ q u e n ~ ~ . ,  paralleling those of nature, is described by Scott c201, Thus decar- 

baxylative dimerisafian of rhe acid (68) is shown t o  give ketone (70) via intermediate (69). This 

system consrirutes a source o f  the polyhydroxyxanthanes as shown on next page:- 



OMe OMe OMe 

Me 0 OMe 0 0 
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Biosynthesis: 

tedl" in 1963. This his been supported by the co-existence of polyhydroxybenzophenones and re- 

h 6 , G  
lared xanihones in a number of planes like Symphonia glob~li:era~'~, Chorophora rinctaria , 

Allanblakia iloribunda 0 ~ i v e r ~ ' ~ ~ ~ ' ~ ~ ~  and in fungus Pfncillium parulam202. Conversion 01 poly- -- 
Irydraxybenzophenones into naturally occurring nanrhanes has been proved by labelling studies 

vivo. 'rhus the co-occurrence of 2,'3',4,6-recrahydrn~ybe~~opi~enone and 1,3,7-trii1ydronyxaeth~ne - 
14 in ~entiana ~ u r ~ ~ ~ ~ ~  and assimi~scion o f  sodium acetate-2- C ,  by rl~e plant to ia rm both 

labelled benzophenone and the xanthonr, provided strong support f o r  the formation oi nsnthones 

fram related benzoplrenones. Similarly co-occurrence of 2,3',4.5',6-pentahydr0xybenz0ph~n0~e and 

1,3,5,7-tetrahydrony~~~chhne along with 1,3,6,7-tecral1ydrahy~~~tho~e (11) in Garciniv penducula- 
~ a ' ~ ~ ,  supports the view chat nanchones are formed from hydroxybenzophenones. xaclaurin (13) co- 

occurs with 1,3,6,7-ietrahydroxy-, 1,3,5,6-cetrahydronyx~n~hhnhs (11) and (I21 respectively in 

Symphonia glohuliLera L.lU8 and their mangostin drriviiivns have been isoiarrd from >many plant  

species 
74,91,108,147,203 

4 
By means of tritium incorporation studies, Gupia and Lewis have established , tha t  2.3'. 

6-carrahydronybenrophenohe (75) is a precur so r  to gentisin (1). The henzophenone (75) has a l s o  

been suggested to be a common precursor tor co-occurring 1,3,5- and 1,3,7Ptriorygenated xinthones 

present ir Penfapheldngium Solomonse  arb^^', and Cnlnphyllm scriblirifolium Henderson and Wyatt -- --- 
48 

Smith . Anthraquinone intermediates are most likely involved in the fornation 01 several fungal 

bcnzophenanes m d  xanihones 204-206. Thus shamixanthane (76) 207'208, tajinanthone (79)207'2"8 and 

amg-sins (77, 78)209-212 are suggested t o  be biogeneticilly derived fram crysophanol anflrrone by 

oxidative rinn fission and introduction o f  0 end C- prenyl units from rnevalonate, to ~ i v e  t h e  

0-formylbenraphennne, f r o m  which arrh~osin. and sh.mixanthone are derived. Ring fission is a l s o  



involved in the formation ot pinselic acid (80) derived irom helminthosporin u n i h r ~ n e ~ ~ ~ .  Simi 

lerly ergot pigments are also proposed to arise from ring fission of an th rone  o r /  anthraquinone 

derivatives via benzophenone formation. The ergochromes, which havc a reduced nanthone skcletan 

and co-occur with anihraquinone derivatives, hive also been suggested to be farmed by rransfora-  

rion of an acetate-derived anthracene intermediate 
213 

177) (78) 

Rl = CH2.  CH : CMe2 : R2 = H 

R2 = CH2 - C H  : CMe2 : R, = H 
Compounds with s henzaphenone skelcan are biosynthesized by two routes2'': (a)  wholly 

acetate-polyketide, (hl  shikmafe-polyketide (C C plus 3 C and C C plus  2 C2). In  the case of 
6 1 2 6 3 

naturally occurring nanthnnrs, it has been shown in binsynrheric studies that the former route is 

probably operating in fungi and the latter in higher plants 4,6,209,215,216 

Vining and his ca-workers216 have shown from doubly labelled experiments that the fungal 

nanthone bikaverin (811 is derived via the folding of a single polyketide chain without a anrhra- - 
217 

quinone intermediate. The nanrhone ravenelin (82) is a metabolite of Helminthosporium ravenelli 

and H. - -  c u r c i c ~ m ~ ~ ~  passerin. Birch eC-1217 have recently shown by labelling experiments, that it 

is derived irom a single a c e t a t e  chain and an oxygenated benzophenone derivative such as (83) is an 

inierrnediafe in the biasynrhetic pathway. ~ t ~ r i g m e f o c y r t i n ~ ~ ~ ~  a d  ergot pigments219 have also 

been suggested LO be derived from a single polykecide chain. ~ r e r i g r n a t o c y c i n ~ ~ ~ , ~ ~ ~  and ergot pig- 

ments219 have also been suggested to be derived from a single polyketide chain 
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Me0  OM. 

I" case of plant derived xanthones the biogcneric r o u t e  is relatively simpler since benza- 

phenones show hydroxylarion patterns suggesting their derivation from acetate and shikimatc. ~ e w i s  

and  rank have shmm14'2062220 chat both the shikimate and acetate r o u t e s ,  ior biogenesis ai aro- 

matic compounds, are involved in the hiagenesis of  the plant nanfhanes genrisin ( 0 ,  isogenrisin 

(841 and geniisein ( 8 5 ) .  Fifteen benzophenone derivatives have been so iar isolated from higher 

plants. 'Two main theories have been advanced to explain the origin of natural hcnrophenones in 

221 
higher plants: (a )  the  catabolism of dalbergins and related compounds ib) the direct involve 

ment o f  shikirnic acid or some o t h e r  related C -C precursor such as (86) w i t h  three molecules o r  
6 1 

acetic acid or malonic acid 
6,141,176,222 

It has been suggested that the co-occurrence of sclerian (87) and cearoin (88) with neoila- 

vonaids supports route (a). Genriana lurea metabalises phenylalanine and acetic acid to give 2,3', -- 
245 

4.6-tefrahydroxybenzaphenone (75) together with several derived 1,3,7-trioxygenated xanthones . 



145 
This has suggested a more direct biosynrhetic route, involving shikimic acid , t o  bcnrophenones 

than supgrsced by route ( a ) .  

The co-occnrrmcr of oxygrnalrd bcnrophmonr hydrocoroin ( 2 8 )  and 2.3'-dihydrony-4,6-dimeth- 

anybenzophenone ( 8 9 )  with nanchoneslol in Allanblackia floribunda Oliver and cerlierh3'0R isolation 

o f  bath types of molecules from the samc s o u r r e  have suggested that the Lnrrnrr are biagenetic pre- 

cursors of the l a ~ ~ e r  and chis has been confirmed by the recen t  labelling studies 
141,176,222 

noberts2 has suggested biosynthesis OF nanrhanes involving the condensation O F  an aromatic 

acid with three acetate  units to a G-pulykeeo-acid which then cyclir?s to a benzophenane precur -  

o r  Thus 3,4-dihydroxybenroic acid ( 8 6 ) ,  derived from shikimic acid, could condense with acetate 

93,223 
to t h e  6-palyketo-acid (90) which then to form maclamin (13), a precursor for 

1,3,5,6- and 1,3,h,7-rr~rahydroxyxa~thones and other xanthoncs with a similar oxygenation pattern. 

~elebinanthone~~' (92) and other 2,3,4-oxygenated n a n f h ~ n e s ~ ~ ~  can be envisaged to arise from a 

benzophenane precursor such as (91) involving one ring derived from gallic acid. Dewich and  asl lam 

have shown that, for  certain plants producing gallic acid, shikimic acid is more efficiently in- 

corporated than phenylalanine 225'226.  hey are led t o  suggest that gallic acid is formed by direct 

aromatisation of dehydroshikimic acid rather than by catabolic breakdown of phenylalanim. 

ô Q \ ' OM. qyj OH / Ow. 

OH 
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Natural nanchmes fall into two groups which reflect diiterent modes of  biogenesis220. The 

first group c o n s i s ~ s  of those apparently derived f ram an appropriate 2.2 ' -d ihydmxybenzopl~enone by 

a cyclodehydrarion s e q i ~ e n c e .  The elimination of a C- (2 )  liydrnxyl as a pyrophosphace anion fram a 

pnlyhydroxylifed henzophenone precursor has been s u g g e s ~ e d ~ " ' ~ ~ ~ ,  and used hy narkhamlo t o  account 

i o r  the appearance oL 1,3,5,8- and 1,3,7,8-cerraonygeneted and posaihly of 1,3,4,5,8- and 1,3,4,7, 

8- penrauxygcnated xanthonrs in the specics US Centianacrae. 2,2'-diIiydroxyhcn7opben0nes h i v e  been 

dehydratively cy~lired ,under a of conditions 202'227-229. -- in v i w  t h e  synlirrsis o f  the nan- 

ihom nucleus could involvc a similar mechanistic pathway. a phosphate group participacin6 in r h c  

displacement i52. Tire co-occurrence of 5,s- (94) and 7.8-oxygenated nanthonec (95) provides strong 

support for the hypothesin tha t  they are synrhesised from a cornmoll benzalihenone precursor such as 

(93) involving e1iminarion prorrss. 



 he second group of xanthones comprises of those conveniently regarded as arising from hy- 

droxybenzophenones by oaida~iiie coupling. ~ewis'~' was the first to suggest the biogenesis o f  xan- 

thanes by oxidative coupling of o-hydroxybenzapheno"es. This hi5 heen subsequently supported by a 

statistical analysis of xmthonrs found in higher 'rhus the co-existence o f  pairs of n a -  

107 
L-hones like 2 m d  4-hydronyisomeis end 1,s- and I,,-dihydronyxmthnnes in Mesua -- ferra L . 1 . 3 . 6 ,  

7- and 1,1,5,6-tetrahydroxy~~~ti~ones (11 and 12 respectively) in -- Symphonia glabuli£era L.108 are 

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

50rsZ3'. Oxidative coupling as a ready means for the synthesis of xanlhones under "physiological 

type" conditions has been carried o u t  by a number of workers 
68,69,108,220,222,232,233 

The isolation of 1,2,3-trioxygenated nanthane £ram Frasera ~ a r o l i i i i i i ~ ~ ~ ,  1,3,5- and 1.3.7- 

~rioxygenared xanrhones from Calophyllium scriblitifolium Henderson and wyaif-~mifh~~ and Pencapha- 

148 
langium solornonse Warb , the co-occurrence a£  1,5,6- and 1,6,7-trihydronynanthone in Garcinia 
eugeniifolia i- and 7- hydronyiiied xanthones in ~ a m e a  americana 

84.85 
( two pairs) and in 

Mamea a f r i ~ a n a ~ ~  (three pairs), are all in accordance with the oxidative coupling mechanism of xan- 

rhones. The isolation oi these xanthones has revealed rhc fact chat there is no absolute requirement 

222,233 
for a 3'-hydronyl group on a benrophenane precursor to give xanthone, as  was first suggested 

by Lewis. 

In viva, oxidation of hydroxybennophenones has been suggested14' to take place via enzyme -- - 

participation and the action of the enzymes on phenols has been reported in several cases to give 

the same cyclieation as found for inorganic Lewis et a1 have reportedl4' the onida- -- 
tion of benzophenones in vivo by peronidase and laccase irom Polysricrus virsicalor in give ~ a n -  -- 

Lhone.. A mechanism of parallel type, involving radical intermediates in these enzyme induced on- 

d a t i ~ n s ~ ~ ~ ,  has been formulated co give xanrhones. 

The dimerhylallyl side chain is suggested ra be introduced into a preformed hydronylited 

xanrhone nucleus which is produced iron an appropriate hydrorylated benzophenone. The presence of 

1,l-dimefhylallyl group in natural xanthones is of biogeneric importance, and indicates that in 

aromatic precursor attacks "y,y-dimechylallyl pyrophasphate" in a manner analogous to an SN 
93,246 

2' 

substitution. An - orrho-Claisen-type rearrangement of an 0-3,3-dimerhylallyl precursor ta an C-1,l- 

d irnc thy l i l l y1  compound has been Several 0-3,3-dimefhylallyl compounds have  been 

isolated from natural sources 93'205 and Claisen type of rearrangement has been shown t o  take place 

under mild conditions. Thus 3.3-dimethylallyl phenolic ethers have been rearranged to orrhD and 
90 

para positions during purifications procedures of the ethers an a silica-gel column . - 

The suggestion chat the pyrone ring in natural xanthone 23022372238 is derived from the one 
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stagc oxidative cyclisation of n dirne~lrylall~l side chain is supported by the co-occurrence of py- 

ranoxmthme jacarcubin (61, osajaxmthme (6A1, 6-deoxyjacareubin (6B1 and 3,3-dimerhylallylxan- 

t l i on r s ,  (100)  and (101) in C. scriblitiiolium Henderson and Wyitc-Smith . 

The presence of a 2-meLhylbutanoic arid side chain in scribliiifolir acid (102: R -Me) and 
1 

oxidised chains in its cometabolites (103,104; R =H) (C. scriblitifoliom) is an instance of step- 
I 

wise madificarion o f  a 3.3-dimethylally1 group at C-6. Scheinman and coworkers have suggested 192 

the steps ( 9 6  - 991 in the hiosynthesis of chis side chain. The presence of a side chain closely 

I 
(102): R -cn ,CH~cH.co,~  

CH. 

240 
related to 2-methylbufanoic acid has also been reported in gambogic acid , morellin 241,242 iso- 

rn~rellin'~~ and ~ o r n e t a b o l i r e s ~ ~ ~ ' ~ ~ ~ .  Isolation of braminonone (1051, a modified benzophenone 

from Garcinia hombromiana ~ierre'~' suggests that isaprenylarion can occur a t  the benzophenone 

stage of biosynthesis. Spiranic intermediates in the biosynthesis of naturally occurring xanrhanes, 

17 have been postulated by cottlieh4 and Ghosal . 



Glrosal  er a1 have proposed the biosynrhrsis o t  tetraoxygenated xmfhones of Swerfia   hi rat$.^ 'rhe -- 

absence of 1 , 3 , 5 -  and 1.3.7-trionygenared xanthanrs  which were previously suggested to be precur- 

sors oi tctraoxygenatcd xanrhones by f u r f h e r  oridacian at one o f  the  activated siies C6 or C8 has 

led Ghosal a alto propose tha t  tetrenxygcnated nanrl~onrs (1,3,5,8- and 1,3,7,8- ) in S. cilirata 

are derived by a different biagenrric r o u t e  involving spiran intermediates as p u t  dawn under:- 

5-dehydroshikimic acid 
+ ROW:; kl~lgluc. + ---+ 

phloroglucinol equivalent 0 / o  0 0 OH 

liowever cooccurencr oi pvlyaxygenifcd x-inthones along with their corresponding spiran deri- 

v a t i v e s  in higher plants has n o t  been demonsrrarrd & and experimental evidence for this bio-  

generically important conversion is still a w a i t e d .  
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