
CHAPTER III

STUDIES IN THE SYNTHESIS OF XAHIHONE DERIVATIVES

Section I

A HEW ONE STEP SYNTHESIS OF XANTHOMES



12 0
'T H B 0 RE TI CAL 

A MEW ONE STEP SYNTHESIS OF XANTHOMES i 

A number of methods have been reported for the
a

synthesis of xanthones and they are recently reviewed in the 

” Total Synthesis of Natural Products” !. Some general methods 

are briefly described here.

Pyrolysis of benzoic acid derivatives :

2-Hydroxybenzoic acid and 2-hydroxynaphthoic acid are 

converted into xanthone and benzoxanthone by distillation of

the acid either alone or in the presence of tungsten oxide or
•} II

vanadium pentoxide-* and the distillation of the aryl ester or
tythe acetates . Preparation of simple xanthone from salol by 

its distillation is the best example of this method. Still the 

mechanism of this pyrolysis is not clear.

Many dibenzoxanthones have been prepared by Kamel and
6 7Shoeb and Parija et. al . In the preparation of hydroxyxanthones 

by this method, dixanthone(I) is often produced as a by product. 

Moreover, side reactions like decarboxylation and auto condensation 

are also possible.
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o
Kochi has reported that the alkali salts of 2-halo- 

henzoic acids decompose smoothly at 325-80° in vacuum to 

produce xanthone in 50 to 70 % yield, The synthesis of octa- 
fluoroxanthone7 and other haloxanthones is reported .

11Sellers and Suschitzky' have developed a novel 
pyrolysis method for the preparation of xanthones, They have

O
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done pyrolysis of 2-carbo xyphenyldiazonium tetrafluo robot ate 

in phenols and aryldiazonium tetrafluoroborate in substituted 

salicylic acid. In some case xanthones are accompanied by 

3,4-benzocoumarins (II). The the mo lysis in phenols can be 

illustrated §s lSefitioned above*

From diphenyl ether derivatives :

The synthesis starts with preparation of diphenyl

ether-2-earboxylic acid or with diphenyl ether where 2,2-

positions are not occupied. Diphenyl ether-2-carboxylie acid

or 2-aryloxy-benzoic acids are prepared directly either by the
12Ullmann reaction or by treating 2-diazoniumbenzoic acid with 

phenol1^. The cyclization can be carried out in excellent 

yields by heat or with sulphuric acid, acetyl chloride, thionyl 

chloride, phosphorus pentaehloride or oxide, oxalyl chloride, 

stannic chloride.
«jji

Koelsch and Lucht carried out the condensation 

between 2-chlorobenzoic acid and 3-nitrophenol in presence of

copper bronze and cuprous iodide in amyl alcohol. The use of '
oother solvents like nitrobenzene, hexyl alcohol and anihle was

11? * 
also reported The synthesis of 2-hydroxyxanthone from 4-

methoxyphenol and 2-chlorobenzoic acid was achieved in a better
16yield by Davies and colleagues . The use of potassium 

carbohate along with copper bronze and cuprous iodide was 
reported1?.

18Mauthner et.al' have successively used sodium
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2-chlorobenzoate in place of 2-chlorobenzoic acid for the

! > X

synthesis of different xanthones. Later on this method was 
adopted by many workers1^*2-^.

Oil-Recently, Okogun has prepared 2*-methoxyxan thone 
and substituted benzoxanthone from 2-(4-methoxyphenyloxy) 
benzaldehyde by the use of eopper(II) halides.

In a second approach, xanthones are directly,synthesised
from substituted diphenyl ethers by the action of oxalyl
chloride in presence of aluminum chloride2'*?2^. 2-Phenoxy-

benzoyl chloride (III) must be the intermediates in the formation
• & 27of xanthones by this method. Recently, Garnoth et al '. 

have synthesised 2-chloro- 6-bromo- and 2-fluoro-6-bromoxanthone 
by this method. The synthesis of 1-methoxyxanthone can be 
illustrated as %
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Prom benzophenone derivatives :

In this method a suitable benzophenone derivative 

obtained as an intermediate, can be cyclized further to get 

the desired xanthone. It requires usually a salicyclie acid 

derivative and a suitable pehnol. The equimolecular proportions 

of the components are merely heated with a condensing agent 
such as acetic anhydride?!, zinc chloride2^“^1, PPA^2 to get 

2,21 -dihydro xybenzophenone or xanthone derivative. A 
modification of this method by Grover, Shah and Shah^*^ 

consists in the use of a mixture of phosphorus oxychloride 

and zinc h chloride as a condensing agent. In this method a 

mixture of an o-hydroxybenzoic acid, a phenol, anhydrous zinc 

chloride and excess of phosphorus oxychloride was heated at 
70-80° to obtain benzophenone or xanthone derivative. If 

hydroxybenzophenone was formed as an intermediate, it was 
dehydrated to the hydroxyxanthone by heating at 200-220° with 
water in a sealed tube^. The hydroxy^xanthones were obtained 

directly when the acidic component is a 2,6-dihydroxybenzoic 

acid or phlonoglucinol carboxylic acid or when phenol is 

phloroglueinol or orcinol i.e, when the intermediate hydroxy- 
benzophenone carries another hydroxy group at the 6- or 6'- 

position, as the alternative site for the cyclization is 
available. The method also worked well when one or both the 

components are methylated. 5br example 2-hydroxy-6-methoxy- 

benzoie acid on condensation with phloroglueinol gave 1,3-di
hydro xy-8-methoxyxanthone,



Kulkarini et al^. have condensed different acids 

like o-vanillic, o-veratric, o-eresotie, m-cresotie with 

reactive phenols such as phloroglueinol, orcinol, pyrogallol,

resorcinol to obtain corresponding xanthone derivatives. At
!

present this method has got greatest popularity among many
ko ,research workers-*' •> Scheinmann and coworkers have 

re commanded the use of aluminium chloride alongwith zinc 
chloride and phosphorus oxychloride, when the mixture ojChe

Y»
two condensing agets failed.

K >

Gentisic acid(2,5-dihydroxybenzoic acid) provides, 

great difficulty to react because quinol nucleus is resistant 
to electrophilic substitution. It was reported^*1^ that 

2-hydroxy-5-methoxybenzoie acid condensed with phloroglueinol 

using phosphorus oxychloride and zinc chloride to give the 

corresponding xanthone . derivative(IV). Bao and Seshadri 

condensed 2,5-dimethoxybenzoyl chloride with phloroglueinol 

trimethyl ether in presence of aluminium chloride and obtained 

the demethylated xanthone which on selective methylation gave 

gentisin or 1,7-dihydroxy-3-methoxyxanthone (V).
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The intermediate benzophenone obtained through a
ketimino compound(VI) on alkaline hydrolysis cyclized tokq \
xanthoneff7 by the use of cone.sulphuric acid, aluminium
chloride'*0, acetic anhydride-*1 or water at 200-220°(in an
autoclave)-^-*. Thus 2,2* ,4,6-tetrahydroxydiphenylketimine(VI),

obtained by the condensation of salicylonitrile and phloroglucinol
on treatment with alkali directly gave 1,3-dihydroxyxanthonek 9
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Stout et have condensed methyl ether of
phenols with acid chloride and the resulting 2-hydroxy-21- 
methoxybenzophenones, were eyclized to xanthone derivatives, 
by tetramethyl ammonium hydroxide in pyridine. Scheinmann

tjkand Quillinan' have reported the use of different alkaline
reagents such as aqueous sodium hydroxide in methanol,aqueous

/

potassium carbonate in methanol, tetramethylammonium hydroxide 
in aqueous pyridine. They have also discussed the use of other 
effective reqgents like boron trichloride and DDQ. The use of 
2 % ethanolie potassium hydroxide'*-’ and IN' potassium hydroxide 
in in nitrogen atmosphere was also reported' . The synthesis 
of 2,5-dihydroxy- and 4-,5-dihydroxyxanthone has been reported^ 

using such reagents.
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The cyclization of 2-hydro xybenzophe nones can also 

be achieved by the use of some oxidants, Lewisand other
i

.workers' have used potassium ferricyanide* Thus 2,3/^rtri- 
hydroxybenzophe none (VII and 2,2' ,4,5-tetrahydroxybenzophenone
(VIII) ^ have been eyclized to corresponding 2,6-dihydro xy- 

xanthone and l,lf, 6-trihydroxyx$nthone in high yield by oxidative 

coupling with potassium ferricyanide*

O

Lewis et al'7. have also synthesised xanthone 

derivatives from benzophenones derivative using DDQ for 
oxidative coupling#

Boyer et al^°. have reported the synthesis of many 

xanthones such as 2-hydroxy-, 2-methyl-, 2-methyl-6-nitro-, 
and 3-hydroxy-6-chloroxanthone from corresponding 2-ehloro- 

21 -methoxybenzophenones, by cyelizing them using pyridine- 

hydrochloride. Bennet et al • have reported a method to
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convert 2-hydro ^benzophenone-2*-sulphinic aeid(IX) into 
xanthone by refluxing it with 3 % sodium hydroxide solution. 

The intermediate IX was prepared from thioxanthen-9-one-10,10- 
dioxide (X), by hydrolysing X by 2 % sodium hydroxide in 

aqueous dioxane (65 %)•

0

pc)
2 /- |Ma.OH
Xy\ o.q. cLioxa-ne

Y

O

(IX)

3 /. NctOH

Y
O
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PHESEHT mm
wFro^ the above review it is seen that a number of

methods have been developed for the synthesis of xanthones.

They all usually consist of more than one step and require

a good condensing agent like zinc chloride, aluminium 
6

chloride, bjron trichloride, zinc chloride and phosphorus 
oxychloride mixture or PPA* The condensing ager^must almost 

be free from water and its purity becomes an important factor 

in the synthesis because an impure condensing agent leads 

to the failure of the reaction or to poor yields. Such 

difficulties are not observed in the present method. It 

is a simple and convenient method to be adopted for the 

general synthesis of xanthones.

The present one step synthesis of xanthones is

the outcome of the method developed by Desai, Trivedi and 
6? ,Sethna for the synthesis of chromones and flavones by 

the thermal condensation of phenols with j3-ketonic ester 

in boiling diphenyl ether* They condensed ethyl acetoacetate 

and ethyl benzoylacetate with resorcinol, pyrogallol, 

phloroglucinol, 1-naphthol and 2-naphthol in different 

solvents like diphenyl ether, nitrobenzene, phenetolg., 

acetylene tetrachloride. The yields of 2-methylchromones in 

the condensations with ethyl acetoacetate have been found 

to be less in comparison with those of ethyl benzoylacetate, 

probably because a part of the ethyl aceto^acetate decomposes
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at the reaction temperature. They found that the condensation 

took place easily with greater yields, when high "boiling 

solvent like diphenyl ether is used. In their method the 

formation of chromones instead of coumarins was of a great 

interest.

In the present work, a smooth condensation between 

ethyl salicylate and a phenol was effectively brought about 

to obtain xanthone derivatives by refluxing the mixture 

in diphenyl ether without the use of any condensing agent. 

Further it was observed that the intemediate phenyl 

salicylate derivatives could be isolated. Thus the method
lcan also be used to prepare theimaly more stable ester

K 3kderivatives. Where as in Grover, Shah and Shad's methodJ->,-;> 

intermediate benzophe nones or xanthones could be obtained 

depending upon the nature of the phenols.

Condensation of resorcinol with ethyl salicylate :

3 * -Hydroxyphenyl salicylate (Xlla) and 2.21,4-trihydro%y- 

benzophenone (XIa) j

Resorcinol on thermal*? * condensation with ethyl 

salicylate for 3 to ^ hr. in boiling diphenyl ether afforded 
3*-hydroxyphenyl salicylate(Xlla), yield 38 m.p. 138° and 

2,2‘ ,Wtrihydroxybenzophenone(XIa), yield 2 m.p. 133° 

(lit., m.p. 133 ). Both were separated by crystallization
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from ethanol or benzene, where former crystallized out 

first and latter remained in mother liqueur. They were 

also separated on preparative TLC with Rf 0.65 and 

Rf O.MD by using chloroform as a solvent. The 2,2*,^- 

t rihydro xybenzophenone (XIa) was identical with the one
prepared, according to Grover, Shah and Shah*s method^

<

from resorcinol and salicylic acid using a mixture of zinc 

chloride and phosphorus oxychloride with respect to their 

mixed m.p. 133 and co-TLC Rf 0.40 in chloroform.

Acetylation of Xlla (major product) gave a diacetate 

derivative (Xllb) and not triacetate derivative(XIe) or (Xld). 

This was confirmed by the elemental analysis of Xllb and 

also from its NMR spectrum. Thus this excludes the benao- 

phenone structure XIa or Xlb for the h above compound Xlla. 

Finally the structure of XIla was confirmed from its spectral 

data obtained as follows t

The IR spectrum in nujol (Fig. 1) showed bands at 
1675 cm-* (-C00-Ph phenyl ester.group) and two broad bands 

at 3280 cm”** and 3^20 cm”* (aromatic -OH groups). If it

had structure XIa dr Xlb the carbonyl stretching band would
-i —iappear around 1650 cm instead of 1675 cm .

The WMR spectrum of diacetate derivative(XIIb) of 
Xlla in CDC13 (Fig, 2) showed following signals : cf 2.18 and 

2.23, two singlets, each 3H, two -OGOGH^ groups. This 

Indicated that resorcinol initially condensed to give the
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product Xlla. ^6.98-7.1^-, multiplet, HH, aromatic protons 

at 2'-, 3-, H1-, and 6*-position ; 7.26, double doublets,

J=9Hz, J=1.6Hz, 2H at H- and 5-position ; 7.5H, triplet,

J=9Hz, J=1.6Hz, 1H at 5,-Position ; 8.1H, double doublet,

Jg^=1.HHz, 1H at 6-position.
of kiiA

The NMR spectrur^ in DMSO-d^ (Big. 3): It showed 
a down field pea^k at <fl67.206. This confirmed the presence 

of phenyl ester carbonyl group (PH-COO-Ph) and not of the 

benzophenone. (Ph-CO-Ph). In case of latter, the signal 

would appeared around <f200. This proved that the major 

product of this condensation had structure Xlla.

1 -Hydroxyxanthone (Xllla) :

Besorcinol on prolonged heating with ethyl salicylate 

in boiling diphenyl ether for 18 to 20 hr. 'gave a mixture 
of 1-hydroxyxanthone (Xllla), m.p. 1H9° (lit. ,^2 m.p. 1H8°), 

yield 7 #(and 3-hydro xyxanthone (XlVa), m.p. 2H6° (lit. 

m.p. 2H2°), yield 31 %• Both were separated by the treatment 

with sodium hydroxide solution (10 %). The compound (Xllla) 

formed a yellow insoluble sodium salt. The salt was decomposed 

by dilute hydrochloric acid and chromatographed over silica 

gel and eluted with a mixture of petroleum ether-benzene 

(1:9) to give 1-hydroxyxanthone(Xllla).

A
Its IR spectrum in nujol showed bands at 1650 cm 

('Y-pyronyl >C=0 group) and a broad band at 3^20 cm” (chelated
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-OH group). If the compound had o*-pyrone structure(XHIb),

the IR spectrum would have shown the carbonyl stretching
-1 -iband around 1720 an and not at 1650 cm . The structure 

of Xllla was further confirmed on the basis of the MR spectrum 

in CDCl^ (Fig. 4) of its monoacetate derivative(XIIIc) s 
cf2.44, singlet, 3H, -OCOCH^ group at 1-position. Here the 

signal shifted to somewhat downfield, because the -OGOCH^ 

group was ortho to 'Y-pyrone carbonyl group. (In case of 
XIVc, the singlet for -OCGCH^i group appeared at J2.32, 

somewhat upfield). cf6.85, doublet, J23~9Hz, J2^=1,5Hz, 1H 

at 2-position ; 7.12-7.70, multiplet, !?H, aromatic protons 

at 3-, **-, 5-, 6- and 7-position ; 8.11, doublet, Jg7=10Hz, 
J86=1*^Hz» 8-position. The downfield daublet at
cf 8.11 integrated for only one proton which indicated that 

only one peri-position -8 was free, and second peri-position 

-1 carried a -OCOCH^ group.

It iw interesting to note here that the Y-substi- 

tution in resorcinol nucleus is taking place to give 
1-hydroxyxanthone(XIIIa) in poor yield (7 %), which is rather 

difficult without a condensing agent. The same was obtained 

in good yield when PPA was used for the condensation of 

resorcinol with salicylic aeidJ . It was also observed 
by Shah and co-workers^ that the 'Y-substitution in resorcinol 

was taking place when anhydrous aluminium chloride was used
Zp

as a condensing agent'. Desai,a.’.Trivedi and Sethna observed 

such Y-substitution in resorcinol when it was thermally
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condensed with ethyl benzoyl acetate to give 5-hydroxy-
6U-

flavone in poor yield. While Trivedi observed that when 
resorcinol was condensed with ethyl benz^ylmalonate in 
diphenyl ether, it exclusively gave the 'Y-substituted product 
b, 5-dihydro xy-3-benzylcoumarin.

3 - Hydro xyxant hone (XlVa) :

Acidification of the sodium hydroxide extract gave 
3-hydro xyxant hone (XlVa), m.p. 2V6°, yield 31 %• Its IR 

spectrum in nu^jol (Fig. 5) showed a shoulder at 1632 cm *
( y-pyronyl >C=0 group) and a weak: band at 3100 cm"3'

65( -OH group). If it had a(-pyrone structure XITb (lit., ' 

m.p. 233°), the pyrone carbonyl stretching band would have 
appeared around 1720 cm”3- and not at 1632 cm”3". Ifcs mom- 

acetate derivative(XIVc) was prepared and characterized by 
its IR and NMR spectrum, roe

The IR spectrum in nujol (Fig. 6) showed bands at
*.11650 cm" (Y-pyronyl >C=0 group) and sharp band at 17^6 cm"

( -OCOCH^ group).

The MMR spectrum in CDGl^ (Fig. 7) showed following 
signals : <^2.32, singlet, 3H> -OCOCH^ group at 3-position.
The singlet was somewhat upfield as compared to that of 
-OCOCH^ group at 1-position in case of XIIIc (<f2.M+).
$7• 25, multiplet, 5H, aromatic protons at 2-, if-, 5-» 6- and 

7-position j 8.20, doublet, J-;=i6Hz (ortho coupling), J=1.5Hz 
(meta coupling), 2H, aromatic protons at peri-position 1 and 8,
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This showed that both the peri-positions of XlVa were 
unsubsktuted.

Formation of 1-hydroxyxanthone (Xllla) and 3-hydroxyxanthone 

(XlVa) from 3*-hydroxyphenyl salicylate(Xlla) :

31 -Hydroxyphenyl salicylate(XIIa), when refluxed 
alone in diphenyl ether for 8 to 10 hr. gave a mixture of 

1 -hydroxyxanthone (Xllla), yield 9 % and 3-hydroxyxanthone 

(XlVa), yield 58 %• Both were separated as described before. 

The formation of 3-hydro xyxanthone (XlVa) along with Xllla 

as a major product is explained in the following mechanism.

Mechanism of the condensation %

The formation of phenyl salicylate derivative(Xlla), 
2,2*,4-trihydro xybenzophenone(XIa), 1-hydroxyxanthone(Xllla) 

and 3-hydroxyxanthone(XTVa) can be explained as follows s 

Ethyl salicylate when heated with resorcinol, it underwent 

trans esterification to give 3•-hydroxyphenyl salicylatee 
• (Xlla), with the liberation of ethanol. The product Xlla, 

at high temperature, underwent Fries migration with the 
formation of 2,2* ,4--trihydro xybenzophenone (XIa) and 2,2’,6- 

trihydroxybenzophenone(Xlb), which simultaneously cyclized
■s

to corresponding xanthone derivatives XlVa and Xllla •,
i

respectively with*, the elimination of water. Thus the 

proportion, in which two benzophenones formed, will determine 

the yield of hydroxyxanthones Xllla and XlVa. The reaction 
scheme is shown on next page-*
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Condensation of orcinol with ethyl salicylate t

1-Hydro xyQ^methylxanthone (XVa) and 3-hydro xy-l-ste thylxanthone 

(ma) ;

When a mixture of orcinol and ethyl salicylate was 

refluxed with diphenyl ether for 8 to 11 hr. afforded a 

mixture of 1-hydroxy-3-methylxanthone(XVa), yield 53 %■> 
m.p. Ih8° (lit.,m.p. Ih8° and lit.,^ m.p* lh2-3°) and 

3-hydro xy-l-methylxanthone(XVTa), yield 8 %, m.p. 285° (lit.,^ 

m.p. 285°). This indicates that Y-substitution in orcinol 

took place easily, which is rather difficult without a 

condensing agent. The formation of XVIa is also interesting 

because it is a xanthone derivative, which is not reported in 

the literature. Moreover, it could not he synthesized by 

the usual condensing agents like anhydrous aluminium chloride, 

zinc chloride or a mixture of zinc chloride and phosphorus 

oxychloride.

1-Hydroxy-3-methylxanthone(XVa) :

The product, obtained after steam distillation was 

treated with sodium hydroxide solution (8 fa), whereby 

1-hydroxy derivative (XVa) foxms a yellow insoluble sodium 

salt, which was treated with dilute hydrochloric acid and 

chromatographed over silica gel and eluted with a mixture of 

petroleum ether-benzene (Ish) to obtain 1-hydroxy-3-methyl

xanthone (XVa).
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The IR spectrum showed bands at 165*+ cm * ('Y-pyronyl 

>C=0 group) and a broad band at 3380 cnf1 (intramolecular 
hydrogen bonded -OH group). On the basis of IR spectrum the 
<a(-pyrone structure XVb was rejected. The NMR spectrum of its 
monoacetate derivative(XVc) in CDCl^ (Fig. 8) showed the 
following signals i cf2.5l, singlet, 6H, -OCOCH^ group at 
l-pcsition and -CH3 group at 3-position , 6.70, singlet, 1H 
at 2-position ; 7.07, singlet, 1H at 4-position j 7.21-7.60, 
multiplet, 3H, aromatic protons at 5-» 6-, and 7-position ;

i

8.12, doublet, Jg?=9Hz, Jg6=1.5Hz, 1H at 8-position.

3-Hydro xy-1-methylxanthone(XVIa) s

Acidification of the sodium hydroxide extract gave 
3-hydroxy-l-methylxanthone(X?Ia), yield 8 %, m.p. 285°
(lit.,66, 285°) .

Its monomethyl ether derivative(X7Ic) had m.p. 133° 
(lit.,66 m./p. 130-32°). The IR spectrum of, XVIa in nujol 

showed bands at 1645 cm ( Y-Pyronyl >C=0 group) and a broad 
band at 3215 cm-1 (aromatic -OH group). If the product had 
structure XVIb the carbonyl stretching band would have appeared 
around 1720 cm"*, thus the possible structure for the product 
is XVIa and not XVIb.

Condensation of phloroglucinol with ethyl salicylate j 

1.3-Dihydroxyxanthone(XVIIa) :

Phloroglucinol was dissolved in minimum quantity of

5
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hot diphenyl ether in presence of excess amount of ethyl 
salicylate and the reaction mixture was refluxed for 50 
minutes. On working up a the reaction mixture 1,3-dihydroxy- 
xanthone(XVIIa) could be obtained in 57 % yield, m.p. 257° 
(lit.,32 m.p. 256°).

. -1The IB spectrum in nujol showed bands at 1670 cm 
('Y -pyronyl >C=0 group) and two broad bands at 3200 cm"^ and

—Iat 3460 cm (aromatic -OH groups at 3- and 1-position). On 
the basis of IB spectrum the o<-pyrone structure X?IIb for the 
product is untenable.

The product. XVIIa on acetylation with acetic 
anhydride and pyridine gave diacetate derivative(XVIIc), 
m.p. 148° (lit.,32 m.p* 148°) and methylation with dimethyl 

sulphate in dry acetone gave 1,3-dimethoxyxanthone^ : .
m.p. 170° (lit.,36 m.p. 169-70°).

Condensation of pyrogallol with ethyl salicylate s
3 %4-Pihydroxyxanthone(XVIIla) i

A mixture of equimolecular quantities of pyrogallol 
and ethyl salicylate was refluxed in diphenyl ether for 6 to 
7 hr. The dark product obtained after steam distillation was 
passed through the column of alumina and eluted with a mixture 
of benzene-chloroform (Is9) to give 3,4-dihydroxyxanthone 
(XVIIIa), yield 48 m.p. 24o° (lit.,33 m.p. 24o-4l°).

**4The IE spectrum in nujol showed bands at 1645 cm x 
('Y-pyronyl >C=0 group) and two broad bands at 3225 cm”i and
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at 3340 cm’’1 (aromatic -OH groups)* Theal-pyrone structure 

XVIIIb is not tenable on the basis of low carbonyl stretching 

in the IE spectrum. The product XVIIIa on acetylation with
I

acetic anhydride and pyridine gave diacetate derivatlve(XVTI^c), 
m.p. 161° and on methylation with dimethyl sulphate in 

presence of anhydrous potassium carbonate in dry acetone 
yielded 3,4-dimethoxyxantbone(mild), m.p. 157° (lit.,33 

m.p. 156-57°).

Condensation of 1-naphthol with ethyl salicylate ;

3. 4r*Benzo xanthone (XlXa) :

1-Naphthol was condensed with ethyl salicylate in 

boiling diphenyl ether for 8 hr. The crystalline product 

obtained after cooling the reaction mixture, was washed 

successively with petroleum ether, sodium hydroxide solution 

(2 %) and finally with water and the structure was assigned as 
3,4-benzoxanthone(XIXa), yield 74 $,mr*p. 156° (lit.,32 m.p. 155°), 

on the basis of-elemental, analysis and its IR spectrum in 
nujol : 1645 cm""* ('Y-pyronyl >C=0 group). Thus other possible 

structures XI Xb and XIXc are untenable. In this case the 
benzoxanthone(XIXa) is obtained in very Jiigh yield as compared 

to other methods of the synthesis of xanthones.

Condensation of 2-naphthol with ethyl salicylate 5 

1,2-Benzo xanthone (XXa) :

A mixture of 2-naphthol and ethyl salicylate was 

refluxed with diphenyl ether for 8 to 9 hr. The crystalline
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product separated after cooling the reaction mixture, was washed 

with petroleum ethei’, for several times, sodium hydroxide 
solution (2 %) and finally with water and was characterized as
l, 2-benzoxanthone(XXa), yield 6j> m.p. l4l° (lit. m.p. 

138-40°) on the basis of its elemental analysis and its mixed
m. p. 140° with authentic sample^2. The IR spectrum in nujol 

showed band at 1648 cm“i ( 'Y-pyronyl >C=0 group) • The o( -pyrone 

structures XXe and XXd (lit.,11 m.p. 186°, 5H-benzo[b]naphtho-



m
[3,2-d]pyran-5-one) are untenable on the basis of IR spectrum .

Condensation of 2-methylresorcinol with ethyl salicylate :

2-Methyl-3-hydroxyphenyl salicylate(XXIa) :

A mixture of 2-methylre so rcinol and ethyl salicylate 

was refluxed in diphenyl ether for 7 to 9 hr. The product 

obtained after steam distillation, was chromatographed over 

3 silica gel and eluted with a mixture of petroleum ether- 
benzene (3 s 2) to obtajp^, 2-methyl-3-hydro xyphenyl salicylate 

(XXIa), yield ?2 jf, m,p. 102°.
The IR spectrum in nujol showed bands at 1682 cm-i

4

( -COO-Ph ester group) and two broad bands at 3200 cm and 
3*1-60 cm"*1, (aromatic -OH groups). If the product had benzo- 

phenone structure XXIb, it would have shown carbonyl stretching 
band around 1655" cm”1, .

The product XXIa on acetylation with acetic anhydride 
and pyridine gave diacetate derivative(XXlc), m.p. 64°. If 

it had structure XXId, with one free hydroxy group, which is 

ortho to carbonyl group, it would have developed colour with 

ethanolic ferric chloride, Ho colour was developed with 

ethanolic ferric chloride and therefore, structure XXIc was 

assigned for the diacetate derivative. The elemental analysis 

also corresponds to diacetate structure(XXIc),

Finally the structure XXIa was confirmed by the NMR 

spectrum of its.diacetate derivative(XXIc) in CDCl^ (Fig. 9) :
«f 2.02, singlet, 3H, CH^ group at 2-position ; 2,38, two 

singlets, 6H, two -OGOGH^ groups at 3»- and 2-position.



158

/

Q COCHg

OR

f^6ae)



ctkoT
”"f

Fi
g.

 9 :
 

M
R

 sp
ec

tru
m

 of
 2* 

-M
et

hy
l-3

1 -
ac

et
ox

yp
he

ny
l

2-
ac

e t
o x

yb
en

zo
at

e (X
X

Ic
) in

 CD
C

jU
 (22

0 M
H

z)
.



The presence of two -OCOCH^ groups confirmed the structure 

XXIc and not the benzophenone structure XXIe, which would 

have given signal for nine proton of three -OCOCH^ groups. 
cf6.98-7.V2, multiplet, !?H, aromatic protons at 3-, V-, 5-j 

V’-, and 6*-position ; 7.65, triplet, J=9Hz, J=1.5Hz, 1H at 

5*-position ; 8.25, doublet, J^=10Hz, J^=1.5Hz, 1H at 

6-position. The one proton down field doublet also showed 
the presence of only one proton ortho to >C=0 group and 

confirmed the structure XXIc. In case of XXId or XXIe two 

protons doublet would have appeared in the downfield region 

of the spectrum.
t

3-Hydroxy-V-methylxanthone (XXIIa) :

2-Methylresoreinol on prolonged heating with ethyl 
salicylate for 16 to 18 hr. gave directly 3-hydroxy-V -m ethyl 
xanthone(XXIIa), yield 37 %, m.p- 268° (lit.,6*7 m.p. 267°).

Its IR spectrum in nujol showed bands at 16V8 cm 
( Y-Pyronyl >0=0 group) and a broad band at 32V0 cm"1 

(aromatic -OH group). On the basis of IR spectrum the 

o(-pyrone structure 'IXXIIb is found to be untenable. The 

structure of XXIIa was also confirmed by preparing its mono
acetate derivative(XXIIc), m.p. 15V° and monomethyl ether 
derivative(XXIId), m„.p. 177° (lit.,68 m.p. 177-80°). The 

IR spectrum of XXIId in.nujol (Fig. 10) showed band at 1640 

(Y-pyronyl >C=0 group).
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Foxmation of 3*hydroxy*^f-methylxanthone(XXIIa) from 2*-methyl- 

31-hydroxyphenyl salicylate(XXIa) :

2*-Methyl-31-hydroxyphenyl salicylate(XXIa), which
was formed as a reshit of trans esterification, when refluxed

alone in diphenyl ether for 8 to 10 hr* afforded 3-hydroxy-
o 674-methylxanthone(XXIIa), yield m.p. 268 (lit., ' m.p.

267°). The foimation of XXIIa from XXIa can he explained hy 

high temperature Fries migration followed hy cyclization 

with elimination of water.

Condensation of hydroquinone with ethyl salicylate :

4 *-Bydro xyphenyl salicylate(XXIIIa) :

Hydroquinone on thermal condensation with ethyl 
salicylate in diphenyl ether for 10 to 12 hr. gave 4r-

hydroxyphenyl salicylate (XXIIIa) in good yield (55 %)» m.p.
!

102-3°.
Its IR spectrum in riujol showed hands at I698 cm"3"

( -COO- Ph ester group) and a hroad hand at 3420 cm**3, (aromatic 

-OH group). If the product had henzophenone structure XXIIIb, 

the IR spectrum would hare shown the carhonyl stretching band
—-1

around 1655 cm • —
The product XXIIIa, on acetylation with acetic 

anhydride and pyridine gave diacetate derivative(XXIIIc), 
m.p. 146-8°. If it had a structure XXIIIe, it would have 

developed colour with ethanolic ferric chloride hut the 

product did not develop any colour. Therefore, structure
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XXIIIe was assigned for the diacetate derivative. The 

possibility of triacetate structure XXIIIf is rejected on the 

basis of elemental analysis. Further the structure of XXIIIe 
was con finned by its NMR spectrum in CDCl^ (Fig. 11) : cf2.28, 

singlet, 6H, two -OCOCH^ groups at 2- and if*-position. This 

reslut further support the phenyl salicylate structure XXIIIe. 
<f7.l6, multiplet, 5H, aromatic protons at 3-» 2*-, 3*-» 5’- 

and 6‘-position ; 7.38, multiplet* 1H at ^-position ; 7.62, 

multiplet, 1H at Imposition j 8.18, doublet, J65=9HZ, J^l.^Hs, 
1H at 6-position. The onejjjioton down field doublet showed 

that there must be one proton ortho to e>C=0 group and if the 

product had benzophenone structure XXIIIe or XXIIIf then there 

should be two protons doublet in the o down field region of the 

spectrum.

The product XXIIIa on methylation with dimethyl 

sulphate in presence of anhydrous potassium carbonate in dry 
acetone yielded dimethyl ether derivative(XXIIId), m.p. 85°.

4*-Hydro xyphenyl salicylate(XXIIIa) on treatment 
with sulphuric acid (80 %) at 70° for 1$ minutes or by refluxing 

it alone in diphenyl ether for 9 to 10 hr. decomposed to give 

salicylic acid. Thus in this condensation 2-hydroseyxanthone 

could not be isolated.

Condensation of 3.4-o-xylenol with ethyl salicylate :

3».4«-Dimethylphenyl salicylate(XXIVa) :

A mixture of 3,4-o-sylenol (3,4-dimethylpheno 1),
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ethyl salicylate and diphenyl ether was refluxed for 12. to 
15 hr. The reaction mixture was steam distilled to give an 
oily product 3 ’ >4 * -dime thylphenyl salicylate(XXTVa), yield 40 %.

—iThe IR spectrum in nujol showed hands at 1700 cm 
( -COO- Ph ester group) and a broad band at 3440 cm“^(chelated 

-OH grorp).
It on acetylation with acetic anhydride and pyridine 

gave a monoacetate derivative(XXIVe), m.p, 82-4° and this did 

not give any colour with ethanolic ferric chloride, therefore, 
stricture XXIVd was ruled out and diacetate structure XXIVe

I1was also ruled out on the ba(j.s of elemental analysis. Further 
the structure of XXIVe, was confirmed by the HMR spectrum in 
CDCl^ (Fig. 12) s<f2.2£, overlapping of two singlets, 9H, 
two Ar-CH^ groups at 31- and 4*-position and one -OOOGH^ group 
at 2-position ; 6.90, overlapping of a doublet and a singlet, 
2H, at 2*- and 3-position ; 7.15, doublet, J=10Hz, 2H, at 
5‘- and 6*-position $ 7.35, triplet, J=10Hz, 1H at 5**position ; 
7.58, triplet, J=10Hz, 1H at 4-position $ 8.22, doublet,
J=10Hz, (ortho coupling), J=1.4Hz (meta coupling), 1H at 
6-position. This one proton down field doublet agrees with 
the ester structure XXIVe and not with XXIVd or XXIVe.

2, 3-Dimethylxanthone (XXV) :

The compound XXIVa on the treatment with sulphuric 
acid (80 %) at 75° for 20 minutes yielded a mixture of 2,3- 
dimethylxanthone(XXV) and ?. salicylic acid. The former one
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was separated by the treatment of saturatedasodium bicarbonate 
solution, yield 12 $, m.p. 160-61°*

The IR spectrum in nujol showed band at 1670 cm'*3' •

("Y-pyronyl >C=0 group). The WMR spectrum in CDCl^ (Fig. 13) : 
cT2.^-5, two overlapped singlets, for 6H, correspond?; to two 

CHg groups at 2* and 3-position ; 7*2^-7.85, multiplet, 4H, 
aromatic protons at *f-, 5-> 6- and 7~position ; 8.05» singlet,

1H, the peri-proton at 1-position. Here the singlet due to 

peri-proton, revealed that ortho position to peri-proton, 
i.e. 2-position is substituted by one CHg group and the second 
CH^ group must be at 3-position* <f 8.25, doublet, Jg^=10Hz, 

J86=:L.5Hz, 1H, at 8-position.

Condensation of catechol with ethyl salicylate s

2*-Hydroxyphenyl salicylate (XXVIa) :

Catechol on thermal condensation with ethyl salicylate 

in diphenyl ether for 10 to 12 hr. gave 2-hydroxyphenyl 
salipylate(OTIa), yield bS $C, m.p. 80-81°.

The IR spectrum in nujol showed bands at 1699 cm""*
—1( -000- Ph ester group) and two broad bands at 3207 cm and

at 3360 cm**3, (aromatic -OH groups). If the product had benzo- 

phenone structure XXTTb, it would have shown carbonyl stretching 
hand around 1660 cm"3'.

The product XXTTa on acetylation with acetic 
anhydride and pyridine gave diacetate derivative (XXVIc), 
m.p* 108-10°. It did not give any colour reaction with ethanolic



171

MH
z)
.

Hg
. 

13
 s 

W
in
 s
pe
ct
ru
m 
of
 2
,3
-D
im
et
hy
lx
an
th
on
e 

(X
X?
) 
in
 C
DC
l^
 (
90



172

A
Ph^O 
10-12 fe*.

>!

Oft

(^CXTTXcc) focOTYI b)

AcZ°i cBnB^ Ac2° , c5hSn

(3CX3TXc) (xxirxa) CSCXYIe)



173

ferric chloride. The triacetate structure XXVIe was 

untenable on the basis of elemental analysis. The structure 

of XXVIa was also confirmed from the ME spectrum in CDCl^

(Fig. 14) of its diacetate derivative :£2.17, singlet, 3H, 

-QCOCHg group at 2‘-position ; 2.28, singlet, 3H, -OGOGH^ 

group at 2-position \ 7.14-7.40, multiplet, 6H, aromatic 
proton at 3-, 5-, 3’-, 4'-, 5'-, and 6’-position ; 8 7* *63, 

triplet, J=10Hz, 1H at 4-position ; 8.20, doublet, J6^=10Hz, 

Jg^=1.6Hz, 1H at 6-position. The one proton down field 

doublet showed the presence of only one proton ortho to >C=0 
group, confirmed the structure XXVIe. i€ the product had 

either XXVId or XXVIe, a benzophenone structure then there 

should be two protons doublet in the down field region of 

the speetnan.

4-Hydroxyxanthone (XXVIIa) s'

The salicylate derivative XXVIa, when further refluxed

in diphenyl ether for 8 to 9 hr. or catechol on prolong
df

condensation with ethyl salicylate in ^phenyl ether ofor 19, to 

21 hr. afforded 4-hydroxyxanthone (XXVIIa), yield 12 m.p.
240° (lit.,^ m,p. 240-41°) along with the formation of 

salicylic acid.
*

The IR spectrum in nujol showed band at 1641 cm 
(Y -pyronyl >C=0 group)_, and a broad band at 3190 cm“*(aromatic 

-OH group). If the product had<§f-pyrone structure XXVIIb, 
it would have shown the carbobyl stretching around 1720 cm*'1’.
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The product XXVIIa on acetylation with acetic 
anhydride and pyridine gave monoacetate derivative, m.p. 141° 
(lit.,69 m.p. 139°).

Condensation of m-cresol with ethyl salicylate :

31-Methylphenyl salicylate(XXVIIIa) s

m-Cresol when condensed with ethyl salicylate in 
boiling diphenyl ether for 13 to 16 hr. gave 3‘-methylphenyl 

shlicylate(XXVIIIa), yield 50 %, m.p. 76-8°.
The structure of XXVIIIa was confirmed from the 

spectral data shown as below :
4The IR spectrum in nujol showed bands at 1695 cm

( -COO- Ph ester group) and a broad band at 31i*0 an"1 (aromatic
z-OH group). On the basis of the IR spectrum the ben^ophenone 

structure XXVIIIb was untenable. The MR spectrum of XXVIIIa 

In CDCl^ (Pig. 15) showed the following signals : if 2.36, 
singlet, -3H, 0H3 group at 3'-position , 6.90-7.13, mnltiplet, 
5H, aromatic protons at 3J» 5-» 2*-, if’- and 6’~position ;

7.29, triplet, J=10Hz, 1H at 5-position ; 7.50, triplet,
J=10Hz, J=1.5Hz, 1H at if-position ; 8.06, doublet, J=10Hz, 
(ortho coupling), J=l,5Hz (meta coupling), 1H at 6-position ; 

10.53» singlet, 1H, -OH group at 3‘-position. The down field 
signal at cf 10.53* integrating only for one proton, showed 
that the product had one -OH group, therefore, the structure 
XXVIIIa is assigned for the product and the structure XXVIIIb 

with two -OH groups is not tenable.
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The product XXVIIIa, on treatment with sulphuric 
acid (80%) at 70° for 20 minutes or by further refluxing 

it in diphenyl ether for 8 to 10 hr. decomposed to give 

salicylic acid.

CHa ho
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The product XXVIIIa on acetylation with acetic 

anhydride and pyridine, yielded a monoacetate derivative 
(XXVIIIc), m.p. 82°. It did not develop any colouration with 

ethanolic ferric chloride and therefore, structure XXVIIId, 
with one free -OH group was rejected. The elemental analysis 
agreed with monoacetate derivative. Finally the structure 
of XXVIIIc was confirmed from the NMR spectrum in CDOl^ (Fig. 16) 
^2.29, singlet, 3H, -OCOCH^ group at 2-position ; 2.37, 

singlet, 3H, Ar-CH^ group at 3»-position ; 7.00-7.70, multiplet, 

7H, aromatie protons at 3-, 4-, 5-, 21-, if'-, 5'~ and 6*- 
position ; 8.20, doublet, J^^=10Hz, J^=1.6Hz, 1H at
6-position. This down field doublet, which appeared only for 
one proton'>asxagreed with phenyl salicylate structure XXVIIIc 
and not with benzophenone structure XXVIIId or XXVIIIe.

Condensation of 7-hydroxy-4-jgethylcoumarin with ethyl salicylate

b«-Methyl-2*-pyrono(6* .5*-1.2)xanthone(XXIXa) s

A equimolar mixture of 7-hydroxy-^—methylcoumarin 
and ethyl salicylate was refluxed in diphenyl ether for 9 to 12 
hr. The reaction mixture was steam distilled and the separated 
product was washed with sodium hydroxide solution (2 %)\
Alkali soluble product on acidification gave unreacted coumaiin 
back, vhile alkali insoluble residue was washed with hot and 
cold water, dried and chromatographed over alumina and eluted 
with benzene gave b*-methyl-2*-pyrono(6* ,5'-1,2)xanthone 
(XXIXa), yield 35 %, m.p. 280°.

The IR spectrum in nujol (Fig. 17) showed bands at
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J *

1670 cm" (V-pyronyl >C=0 group) and 1735 eta ( ol-pyronyl 
1 \

>C=0 group). If the product had dibenzo-o( -pyrono structure

(XXIXb), the IR spectrum would have shown two carbonyl
-1stretching bands around 1730 cm only. Further the absence 

of -OH group band in the IR spectrum showed that the intermediate 

coumaryl salicylate(XXIXe) or benaophenone (XXIXd) structure 

is not tenable.

OR OR

CH;
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The formation of 21 -pyronoxanthone in the present 
condensation is of great interest* Scheinmann et al.* have 
reported^0 that the condensation of 1-hydroxyxanthone with 

ethyl acetoacetate under the conditions' of either Peehmann 
reaction or Simonis reaction was unsuccessful.

Condensation of 7-hydroxy-4.8-dimethyl coumarin with ethyl 

salicylate j

4- ,4-* -Dimethyl-21 -pyrono(5*,6’-2,3)xanthone(XXXa) s

A mixture of 7-hydroxy-4-,8-dimethyleoumarin and 
ethyl salicylate was refluxed in diphenyl ether for 11 to 13 
hr. On working up the reaction mixture an alkali insoluble 
product was obtained. It was chromatographed over alumina 
and eluted with a mixture of benzene-chloroform (9si) gave 
pure ^,4-1 -dimethyl-21 -pyrono(5’ ,6’-2,3)xanthone(XXXa), 
yield 30 %, m.p. 287-8°.

The IR spectrum in nujoi (Fig. 18) showed bands at 
1660 cm"1 (Y -pyronyl >C=0 group). and 1735 cm-1 (c(-pyronyl 

>C=0 group). Thus on the basis of IR spectrum dibenzo-o{- 
pyrono structure(XXXb) is rejected. Further the structure of 
XXXa was confirmed from the MR spectrum in CF^COOH (Fig. 19): 

2.75> singlet, 6H, two CH^ groups at 4-- and 4-*-position ; 
6.66, singlet, 1H at 3*-position \ 7.30-8,10, multiplet, 3H, 

aromatic protons at 5-, 6- and 7-position ; 8.4-0, doublet, 
Jg7=10Hz, J86=1.5Hz, 1H, peri-proton at 8-position ; 8.76, 
singlet, 1H, peri-proton at 1-position. The appearance of a
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down field singlet, at 8.76 showed that dibenzo-# -pyrono 
structure(XXXb) is untenable.

Condensation of 5-hydroxy-4-, 7-dimethyl coumarin with ethyl 
salicylate s

1,4-1 -Dimethyl-g* -pyrono(6r,5 *-3,4)xanthone(XXXIa) :

A mixture of 5-bydroxy-4,7-dimethylcoumarin and 
ethyl salicylate was refluxed in diphenyl ether for 12 to 13 
hr. On working up the reaction mixture, an alkali insoluble 
dark product was obtained. It was chromatographed over silica 
gel and eluted with chloroform-methan&l mixture (4-9?!), to 
give pure 1,4-* -dimethyl-21 -pyrono (61, $ * -3,4-) xanthone (XXXIa), 
yield ko jS, m.p. 299-300°.
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The IR spectrum in nujol showed hands at 1665 cm”1 
('Y“Pyrony1 >c=0 group) and 1752 cm"1 («(-pyronyl>C=0 group). 

The structure XXXIh was rejected on the basis of IR spectrum. 
Further the structure of XXXIa was confirmed by the NMR 
spectrum in CF^COOH (Fig. 20) s cf 3.15, two overlapped singlet, 

6H, two GH^ groups at 1-position and bl-position ; 6.67, 
singlet, 1H, at 3*-position ? 7.36, singlet, 3H at 2-position ; 
7.^8-8.08, multiplet, 3H, aromatic protons at 5-» 6- and
7- position ; 8.38, doublet, 1H, Jg7=10Hz, Jg6=l._5Hz at

8- position

>'

(XXXf Ct) (JXXXl b)
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noIt is interesting to note here that Gaekwad/ has 
tried to condense^ ej^tjyl acetoacetate with 2-hydro xyxanthone, 

3-hydro xyxanthone and 3»6-dihydroxyxanthone under different 
conditions like hydrochloric acid gas in methanol'7'*, 80 % 

sulphuric acid at 0-5°, cone, sulphuric acid at room temperature 

or heating the mixture in diphenyl ether, hut no condensation 

occurred to give 2' -pyronoxanthones. While hy using this method 

similar 2*-pyronoxanthones could he synthesised*

Condensation of 7-hydro xy-5-methvlcoumarin with ethyl salicylate: 

3-Methyl-2t-pyrono(6*,5'-1,2)xanthone(XXXII) :

A mixture of 7-hydroxy-5~methylcoumarin and ethyl 

salicylate was refluxed in diphenyl ether for 13 to hr.

The reaction mixture was t steam distilled and the dark product 
obtained was washed with sodium hydroxide solution (2 %) and 

with water, dried, chromatographed over alumina and eluted 

with a mixture of chlorofoira-methanol <hh9s 1) to give pure 

3-methyl-2,-pyrono(6l,5’-1»2) xanthone (XXXII), yield 35 #,
m.p* 316°,

j
The IR spectrum in nujol showed hands at 1652 cm 

('Y-pynonyl >0=0 group) and 1750 cm“^ (o<-pyronyl ?C=0 group).

The dibenzo-d-pyrono structures (XXXIIIa) and (XXXIIIh) 

were rejected on the basis of IR spectrum. Further the 

structure of XXXII was confiimed hy its MR spectrum in
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CF^COOH (Fig# 21) i £ 3.28, singlet, 3H, CH^ group at 

3-position ; 6.72, doublet, J=10Hz, Hi, at 3*-position ; 

7.if5-8.06, multiplet, 4H, aromatic protons at if-, 5-» 6- 

and 7-position 5 8.28, doublet, Jgr,=10Hz, Jgg=1.5Hz, peri, 

proton at 8-position 5 8.55, doublet, J=10Hz, 1H at,

4'-position.

A ph2° I3-»S

v
O

Oft
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Conclusion

Highly reactive phenol such as phloroglucinol

condensed with ethyl salicylate in very short period 40 to 60

minutes, to give corresponding xanthones(XVJIa) in very

good yield (*>0 %). Pyrogallol, orcinol, 1-naphthol and

2-naphthol condensed with ethyl salicylate to give directly 
. ^ the corresponding xanthone derivatives when refined for a

period of 8 to 12 hr. In case of orcinol a mixture of

1- hydi’oxy-3-^nethylxanthone (XVh) and 3-hydroxy-l-methylxanthone 

(XVIa) was obtained in which XVa was preponderant.

Besorcinol when condensed with" ethyl salicylate for a short 

period of time 3 to 5 hr. gave 3*-hydro xyphenyl salicylate 

(Xlla) in very good yield (38 %) along with 2,2,y4-tri- 

hydroxybenzophenone (XIa) in traces (2 %). The reaction 

mixture on refluxing for a longer period (18-20 hr.) gave a 

mixture of 1-hydroxy xanthone (Xllla) and 3-hydxoxyxanthone 

(XT?a),, where latter was obtained as the major product.

2- Methylresorcinol initially condensed with ethyl salicylate 

to give' 2*-methyl-3»-hydroxyphenyl salicylate(XXIa) an ester 

derivative as an intermediate, while the reaction mixture on 

further refluxing for a longer period (16-18 hr.) yielded

3- hydroxy-4—methylxanthone (XXIIa) in better yield (38 %)• 

Catechol also behaved similarly to give 2!-hydro xyphenyl 

salicylate(XXyia) as an intermediate product and finally 

If-hydroxyxanthone (XXVIIa) in very poor yield (12 %).
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Hydroquinone, 3,4-o-xylenol and m-cresol condensed with 

ethyl salicylate to give only the corresponding phenyl 

salicylate derivatives which on farther heating gave 

salicylic acid and phenols back and not the corresponding 

xanthone derivatives* In case of 3,4-o-zylenol, 2,3-dimethyl- 

xanthone(XXV) was obtained in poor yield (12 %), when the 

phenyl salicylate derivative(XXIVa) was treated with sulphuriQ 

acid (80 %),

Monohydroxyeoumarins viz., 7-hydroxy-V-methyl-,

7-hydro xy-4,8-dimethyl-, 5-hydro xy-4,7-dime thyl- and 

7-hydroxy-5-m ethylcoumarin, when condensed with ethyl salicylate 

for 10 to 15 hr. gave the corresponding pyronoxanthone 

derivatives. While Pechmann and Simonis reactions of 

hydroxy xanthone s with ethyl acetoacetate wergL_py- failed to 
give such pyronoxanthones^0, ;̂. . r’.2

The IB data of the different condensations products 

are given in the following tables.

I
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EXPERIMENTAL

^C-NMR spectra were measured on 25.2 MHz instrument 

and ^H-NMR spectra were measured on Perkin Elmer 90MHz and 

220 MHz spectrometers using TMS as an internal standard.

IR spectra were recorded on Perkin Elmer 457 grating and on 

Baekmann IR-20 spectrophotometer. UV spectra were takne on 

Beckmann DU-2 spectrophotometer.

Condensation of resorcinol with ethyl salicylate :

3 * -Hydroxyphenyl salicylate (Xlla) :

A mixture of resorcinol (5.5 g j 0.05 mole) and 

ethyl salicylate (8.5 g ; 0.052 mole) ms refluxed in diphenyl 

ether (7 ml) for 3 to 5 hr. The reaction mixture was left 

over night. The separated product was filtered and washed 

sevaral times with petroleum ether, dried and then washed 

with saturated sodium bicarbonate solution (40 ml) and with 

water. The crude product showed two spots on TLC in chloroform,
i

where one has Rf 0.65 and second one has Rf 0.40. They were 

quantitatively separated on preparative TLC in the ratio 44:1. 

Further the crude product was decolourized by activated <j 

charcoal and crystallized from aqueous ethanol and also from 

a mixture of benzene-petroleum ether gave only one product 
3 * -hydroxyphenyl salicylate(XXIIa), 0.65 on TLC, m.p. 138°,

yield 4.0 g, 38

Analysis : Found : C, 67.89 $ H, 4.33 %

G^EfO0!* requires j C, 67.82 ; H, 4.35 %•
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Acetylation of 3* -hydroxyphenyl salicylate (Xlla) :

3* -Acetoxyphenyl 2-acetoxvbenzoate (XIIc) s
The product Xlla (1.5 g) was acetylated with acetic 

anhydride (6 ml) and pyridine (0.1 ml) by heating the reaction 
mixture on a water bath for 10 hr. The content was poured 
into ice cold water (30 ml) containing oonc. hydro chloric acid 
(5 ml). The separated product was filtered, washed with very 
dilute sodium hydroxide solution and with water. It 
crystallized as colourless needles from a mixture of benzene- 
petroleum ether, m.p. 81°, yield 1,6 g.

Analysis s Found z G, 64.49 ; H, 4.59 %
G1?Hllf06 requires z C, 64.96 ; H, 4.40 % .

2.2* .4-Trihydroxybenzonhenone (XIa) :

The second product, 0.40 isolated (2 %) from the 
above crude product by preparative TLC in chloroform was 
found identical (m.p., mixed m.p. and co-TLC) with the reported^'7 

2,2* ,4-trihydroxybenzophenone(XIa), which was prepared as 
follows s

Salicylic acid (5 g), resorcinol (6n‘g), anhydrous 

zinc chloride (20 g) and phosphorus oxychloride (25 ml) were 
heated on a water bath at 75-80° for 1.5 hr. The red reaction 
mixture was poured into crushed ice (300 ml) containing cone, 
hydrochloric acid (30 ml). A orange colour solid product

• 4

separated was filtered washed with water and then transfered 
into a beaker containing saturated sodium bicarbonate solution
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(50 ml), stirred for 15 minutes and the insoluble product 

was collected at the pump and washed with water. It 
crystallized from benzene as colourless plates, m.p. 133° 

and the mixed m.p, with the above isolated product remained 

the same, yield 1,2 g. It gave red colour with ferric chloride 

in water.

Analysis s Found . s C, 68.13 j H, 4.70 %
requires : G, 67.82 ; H, if.35 % .

2,2* ,4-Triaeeto xybenzophenone (Xlb) :

The product XIa (0.5 g), on acetylation with acetic 

anhydride (4 ml) and pyridine (0.1 ml) gave triacetate derivative 

(Xlb) in the usual way and crystallized from a mixture of 
benzene-petroleum ether as colourless needles, m.p. 69-70° 
(lit.,37 m.p. 69-70°).

1-Hydro xvxanthone (XHIa) :

A mixture of resorcinol (5.5 g> 0.05 mole), ethyl 

salicylate (8.5 g ; 0.052 mole) and diphenyl ether (10 ml) 

was refluexed for 18 to 20 hr. The reaction mixture was 

subjected to steam distillation to remove diphenyl ether. The 

separated produet was treated with sodium hydroxide solution 

(10 % ; 400 ml). A yellow insoluble, salt was filtered and 

filterate fA* was collected separately. The yellow coloured 

salt was washed with water, boiled with hydrochloric acid 

(12 % ; 40 ml) for 20 minutes and extracted with ethyl acetate
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and on evaporation of the solvent gave brown solid. It 

was chromatographed over 11 silica gel and eluted with a
t

mixture of petroleum ether-benzene (Is9) gave 1-hydroxy- 

xanthone(xilla). It was crystallized from benzene as yellow 
coloured needles, m.p. l*+9° (lit.,32 m.p. 148°), yield 0.6 g, 7 %•

Analysis : Ibund s C, 73.H-8 ; H, 3.93 %

C13H803 requires : C, 73.58 ; H, 3.80 % .

1-Acetoxvxanthone (XIIIc) :

The product Xllla (6.5 g) was taken in acetic 

anhydride (k ml) and pyridine (0.2 ml) and was heated in a 

water bath for 8 hr. It was worked up as usual. The mono- 

acetate derivative(XIIIc), crystallized from a mixture of 
benzene-petroleum ether as colourless prisms, m.p. 172°

(lit.,32 m. p. 170°), yield 0.*+5 g.

Analysis s ibund - : C, 71.36 ? H, 4.1*f %

C^H^qO^ requires s C, 70.87 ; Hs, 3.9^ % •

3-Hydro xyxanthone (XlVa) :

Acidification of filterate 'A* by ice cold cone, 

hydrochloric acid (30 ml) gave the product which was filtered 

washed with saturated sodium bicarbonate (35 ml) to remove 

any salicylic acid formed during the reaction and finally 

with water. It crystallized from ethanol (charcoal).in 
needles , m.p. 246° (lit.,3'7 m.p. 2*v2°), yield 3.3 g, 31 %•
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Analysis s Found s C, 73.70 ; H, 3.80 %

C^HgO^ requires i C, 73*58 ; H, 3.80 % ;

3-Ace to xyxanthone (XIVc) s

3-Hydroxyxanthone (1,5 g) was heated with acetic 

anhydride (5 ml) and pyridine (0.2 ml) in a water hath for 

5 hr. to obtained monoacetate derivative (XIYc), which 
crystallized from benzene, m*p. 157° (lit.,^ m.p. 156°), 

yield 1.4 g.

Analysis s Found : C, 70*55 ? H, *+.38 %

C15H10°4 requires 1 C, 70.87 ; H, 3.94 % .

Formation of 1-hydro xyxanthone (Xllla) and 3-hydro xyxanthone 

(XlVa) from 31-hydroxyphenyl salicylate (Xlla) :

3'-Hydroxyphenyl salicylate (2.3 g) j 0.01 mole) 

was refluxed in diphenyl ether (8 ml) for 8 to 10 hr. The 

reaction mixture was steam distilled to remove diphenyl ether 

.and the residue! product was worked up as shown above gave 
l-hydroxyxanthone(XIIIa), m.p. 149°, yield 0.18 g (9 %) and 

3-hydroxyxanthone (XlVa), m.p. 246°, yield 1.2 g (56 %).. They 

were found identical with previously obtained xanthones.

Condensation of orcinol with ethyl salicylate s

l-Hydroxy-3-methylxanthone (XVa) :

Dry orcinol (2.48 g ; 0.02 mole) and ethyl salicylate 

(3.32 g ; 0.02 mole) were refluxed in diphenyl ether (7 ml)
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for 8 to 11 hr. The solvent was removed by steam distillation 

The residue obtained was treated with sodium hydro slide solution 

(8 % ; 200 ml)* The separated yellow coloured salt was 
filtered, washed with water and the filterate *A* was 
collected. The salt was then boiled xvith hydrochloric acid 

(10 % ; 80 ml) for 20 minutes, extracted with ethyl acetate 
and washed with water, on evaporation of the solvent gave 

a brown solid* It was chromatographed over silica gel and 
eluted with a mixture of petroleum ether-benzene (1:4) to 

obtained l-hydroxy-3-^ethylxantbone (XVa), which crystallized 
from benzene as orange needles, m.p. 148° (lit.m.p. 148° ; 
lit.,^ m.p* 142-3°), yield 2.4 g, 53 %*

Analysis : Bound : C, 74.80 ; H, 4.78 %
G14H10°3 requires- : C, 74*32 ; H, 4.43 % *

1-Acetoxy-3-*Bethylxanthone (XVc) :

1-Hydroxy-3-me thylxanthone (1.2 g), acetic anhydride 

(8 ml) and pyridine (0.1 ml) were heated in a water bath for
_ o8 hr. The reaction mixture was w^ked up as usual. It 
crystallized from benzene as fine white prisms, m.p. 155°,

a

yield 1.1 g.

Analysis s Bound : 0, 71*97 ; H, 4,61 %
G16H12°4 requires : C, 71.64 ; H, 4.48 % .

3-Hydroxy-I-methylxanthone (nria) :

The alkaline filterate »A* collected with the



removal of yellow sodium' salt, was aeidifiedy/by cold 

cone •hydrochloric acid (30 ml), gave 3-hydro xy-l«me thylxanthone 

(XTIa) as cream coloured solid. It was filtered, washed 
with saturated sodium bicarbonate solution (30 ml) and with 

water, dried and crystallized from ethanol as small needl es 
m.p. 285° (lit.,66 m.p. 285°), yield 0.35 g, 8 % .

Analysis : Found : C, 74.01 ; H, 4-.22 %
C14H10°3 requires s C, 74.32 j H, 4.43 % ,

3-Me tho xy-l-methylxanthone (XVTc) j

A mixture of 3-hydro xy-l-me thylxantho ne (0.2 g), 
dimethyl sulphate (0.3 ml) and anhydrous potassium carbonate 
(8 g) was refluxed in dry acetone (250 ml) on a water bath 

for 6 hr. The solvent was distilled off and the product was 

extracted with ether and washed itfch dilute sodium hydroxide 
solution (2 x 20 ml) and with water. It crystallized from 

a mixture of benzene-petroleum ether and also from aqueous 
ethanol as colourless crystals, m.p. 133° (lit.,66 m.p. 130^32°), 

yield 0.15 g.

Analysis s Ebund j C, 74.62 ; H, 5*39 %
01?H1203 requires : C, 74.98 ; H, 5.0*f % .

Condensation of phloroglucinol with ethyl salicylate s 

1.3-Dihydroxyxanthone (XVIIc) :

Dry phloroglucinol (1.3 g 5 0.01 mole) was dissolved 

in hot ethyl salicylate (5.9 g $ 0.035 mole) and to this
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solution diphenyl ether (2 ml) was added and refluexed for 
50 minutes. The reaction mixture was subjected to steam 
distillation and the separated product was filtered, washed 
with saturated sodium bicarbonate solution (30 ml) and with 
water, dried and crystallized from aqueous ethanol, gave
1.3- dihydroxyxanthone (XVIIa) as pale yellow needles, 
m.p. 257° (lit.,32m.p. 256°0, yield 1.3 g, 57 % .

Analysis s Found s C, 68.01 5 H, 3*70 %
requires : C, 68A2 ; H, 3*?1 % *

1.3- Diace to xyxanthone (X?llc) j

1,3-Dihydro xyxanthone (0.6 g), acetic anhydride 
( 8 ml ) and pyridine (0.2 g) were heated in a water bath 
for 8 hr. The reaction mixture was worked up as usual. It 
crystallized from ethanol as colourless plates, m.p. 148° 
(lit.,32 m.p. 1^7°), yield 0.75 g«

Analysis s Found : C, 65,63 ; H, 3.38 %
C17H12°6 requires : C, 65.38 H, 3.85 %
Condensation of pyrogallol with ethyl salicylate :

3.41-Dihydroxyxanthone (XVTIIa) s
A mixture of pyrogallol (5 g | 0.04 mole) ethyl 

salieylate (6.8 g ; 0.04 mole) and diphenyl ether (10 ml) 
^as refluxed for 6 to 7 hr. The reaction mixture was 
subjected to steam distillation to remove the solvent. The
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separated dark pasty product was washed with saturated 
sodium bicarbonate solution ( 3 x 40 ml) and with water, 
dried, chromatographed over alumina and eluted with a mixture 
of benzene-chlorofoim (1:9) to obtain 3,4-dihydro xyxanthone 
(XVIIIa). It crystallized from aqueous ethanol as needles 
m.p. 240° (lit.,36 240-41°), yield 4.3 g, 48

Analysis : ibund : C, 67.95 ; H, 3.36 %
C13HgOl(_ requires : C, 68.42 ; H, 3*51 % .

3.4- Piaceto xyxanthone (XTTIIc) :

The product XTTIIa (0.8 g) on acetylation with 
acetic anhydride (10 ml) in pyridine (0.2 ml) on a water bath 
for 6 hr. gave 3,4-diacetoxyxanthone (XFIIIc), which crystallized 
from a mixture of benzene-petroleum ether as colourless long 
needles, m.p. 161°, yield 1.0 g.

Analysis s ibund : C, 65.19 ; H, 3*63 %
Ci7Hi2°6 requires : C, 65.38 ; H, 3.85 % *

3.4- Pimethoxyxanthone (XVIIId) :

A. mixture of 3,4-dihydro xyxanthone (1 g), dimethyl 
sulphate (1.4 ml) anhydrous potassium carbonate (6 g) and 
dry acetone (150 ml) was refluxed on a water bath for 10 hr.
The solvent was distilled off and the product was extracted 
with ether (3 x 40 ml) and washed with dilute sodium hydroxide 
solution and with water . On evaporation of ether gave
3.4- dhnetho xyxanthone (XVTIId), which crystallized from a



mixture of benzene-petroleum ether as colourless needles, 
m.p. 157° (lit.,33 m.p. 156-7°), yield 0.8 g.

Analysis s Found i C, 69.85 ; H, 4.78 %
C15H12°4 requires : C, 70.33 5 H, ^*69 % *

Condensation of 1-naphthol with ethyl" salicylate : 

3.4-Benzoxanthone (XlXa) :

1- Naphthol (4.4 g ; 0.03 mole) and ethyl salicylate 

(5 g » 0.03 mole) were refluxed in diphenyl ether (10 ml) 
for 8 hr. The reaction mixture was cooled and diluted with 

petroleum ether (100 ml) and kept at room temperature for

3 hr. The crystalline white solid separated, was filtered

and washed successively with petroleum ether, and then

with sodium hydroxidd solution (2 % ; $0 ml) and with water.
It crystallized from ethanol and also from benzene as
colourless long needles, m.p. 156° (lit.,3^ m.p. 155°), 

yield 5»? g , 74 % •

Analysis : Found : C, 82.47 5 H, 4.52 %
C17H10°2 requires s C, 82.91 ? H, 4.07 % .

Condensation of 2-naphthol with ethyl salicylate s 

1.2-Benzoxanthone(XXa) :

2- Naphthol (4.3 g ;'0.03 mole) and ethyl salicylate 

(5 g ; 0.03 mole) were refluxed in diphenyl ether (8 ml)
for 8 to 9 hr. The crystalline product separated, after 

the addition of petrolum ether was dried, washed with 

sodium hydroxide solution (2 % ; 80 ml) and with water. It
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(lit,,^2 m.p, 138-¥0°), yield ¥.8 % g , 65 % .

Analysis s Ibund : C, 82.83 ; H, ¥.22 %
C17H1002 requires : C, 82.91 5 H, ¥.07 % .
Condensation of 2-methylresorcinol with ethyl salicylate :

2*-Methyl-3 *-hydroxyphenyl salicylate (XXIa) ;

A mixture of 2-methylresorcinol (6,2 g ; 0.0.5 mole), 
ethyl salicylate (8.3 g ; 0.05 mole) and diphenyl ether (10 ml) 
was refluxed for 7 to 9 hr. The reaction mixture was 
subjected to steam distillation and the separated product 
was extracted with ether (120 ml) and washed with saturated 
sodium bicarbonate solution (2 x 50 ml) and with water. The 
red colour pasty product thus obtained was chromatographed 
over silica gel and eluted with mixture of petroleum ether- 
benzene (3:2) to obtain 2*-methyl-3'-hydroxyphenyl a salicylate 
(XXIa), It crystallized from petroleum ether (b.p. 80-120°) 

as a colourless needles m.p. 102°, yield 6.2 g ; 52 % • It 
developed red colour with ethanolic ferric chloride.

Analysis : Ibund : C, 69.3¥ ; H, ¥.80 %
°1¥H12°¥ requires : C, 68.85 ; H, ¥.92 % . .
Acetylation of 21-methyl-31-hydroxyphenyl salicylate(XXIa) :

2*-Me thyl-31-ace to xyphenyl 2-acetoxybenzoate (XXIc) :

The product XXIa (2 g), acetic anhydride (15 ml)
(4)&)£-and pyridine (0.2 ml) wrehHaeated on a water bath for 12 hr.
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at 75°• The reaction mixture was poured into crushed ice 

(60 ml) containing cone, hydrochloric acid (5 ml). The 

separated pasty product was extracted with ether (80 ml) 

and washed wSfch sodiim hydroxide solution (1 % 5 2 x 40 ml) 

and with water. Evaporation of the' solvent gave a product 

with crystallized from a mixture of benzene-petroleum 
ether as colourless plates, m.p. 61+°, yield 1.9 g. It 

gave no colour with ethanolic ferric chloride.

Analysis s Found s C, 66.27 ? H, 5.06 %

C18H16°6 requires : C, 65.85 ; H, 4.88 % .

3-£ydroxy-4-methylxanthone (XXIIa) :

2-Methylresoreinol (6.2 g 5 0.05 mole) ethyl 

salicylate (8.5 g ; 0.052 mole) and diphenyl ether (13 ml) 

x^ere refluxed for 16 to 18 hr. and subjected to steam 

distillation to remove diphenyl ether. The red pasty product 

obtained was washed with saturated sodium bicarbonate 

solution (80 ml) and with crater. It was ,decolourised by 

activated charcoal and crystallized from ethanol and also 
from benzene as colourless small needles, m.p. 268°(lit.,67 

m.p. 267°), yield 4.2 g, 37 % .

Analysis : Found * C, 74.25 j H, 4.28 fa

requires : C, 74.32 ; H, 4.43 fa .

Fo mat ion of 3-hydro xv-4-methylxanthone (XXIIa) from 2* - 

methyl-3'-hydroxvphenyl salicylate (XXIa) j

y21-Methyl-3*-hydroxyphenyl saliajtlate (2.5 g)
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was refluxed in diphenyl ether (6 ml) for 8 to 10 hr. and 

the reaction mixture was worked up as described before to 

obtain 3-hydroxy-4-methylxanthone (XXIIa), which was found 
identical (m.p., mixed m.p. 268° and co-IR) with the above 

product, yield 1.8 g, 55 % •

Analysis ; Bound j C, 74.47 ; H, if.11 %
clifH10°3 requires : G, 74.32 ; H, if.if3 % .

3-Ace to xy-4-methylxanthone (XXIIc) :

3-Hydroxy-if-methylxanthone (1.5 g), acetic anhydride 

(12 ml) and pyridine (0.5 ml) were heated on a water bath 

for 8 hr. The reaction mixture was worked up as usual. It 

crystallized from a mixture of benzene-petroleum ether as 
colourless plates, m.p. 154°, yield 1.2 g.

Analysis : Bound : G, 72.14 ; H, 4.32 %
C16H12°4 requires : C, 71.64 ; H, 4.48 % .

3-Methoxv-4-methylxanthone (Mid) :

A mixture of 3-hydroxy-4-methylxanthone (1 g), 

dimethylsulphate (1.5 ml), anhydrous potassium carbonate 

(6 g) and dry acetone (120 ml) were refluxed on a water bath 

for 5 hr. The reaction mixture was worked up as described 

before1. It crystallized from ethanol as colourless crystals, 
m.p. 177° (lit.,68 m.p. 177-8°), yield 0.7 g .

Analysis : Ibund j C, 74.48 $ H, 5.09 %
C15H12°3 requires s C, 74.98 ? H, 5.04 % .
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Condensation of hydroquinone with ethyl salicylate :

4-1 -Hydroxyphenyl salicylate (XXIIIa) :

A mixture of hydro quinone (5.5 g ; 0.05 mole) and 

ethyl salicylate (8.5 g ; 0.05 mole) was refluxed in diphenyl 

ether (9 ml) for 10 to 12 hr. and the reaction mixture was 

steam distilled to remove diphenyl ether. The separated 

product was extracted with ether and washed with saturated 

sodium bicarbonate solution (2 x 60 ml) and with water. The 

crude product thus obtained was decolourised by activated 

charcoal and crystallized from a mixture of benzene-petroleum 
ether and also from ethanol as colourless needles, m.p. 102-3°, 

yield 6.3 g, 55 % • It developed red colour \dth ethanolie 

ferric chloride.

Analysis s ibund s C, 68.17 ; H, 4.11 %
C^H-jqOj^ requires : C, 67.82 j H, 4.35 % .

Acetylation of 41-hydro xyphenyl salicylate (XXIIIa) s
\

41 -Acetoxvphenyl 2-acetoxybenzoate (XXIIIc) ;

^-Eydro xyphenyl salicylate (2 g) acetic anhydride 

(12 ml) and pyridine (0.2 ml) were heated on a water bath 
for 10 hr. at 75°. The reaction mixture was poured into 

crushed ice (80 ml) containing cone .hydrochloric acid (5 ml). 

The' separated solid product was filtered and washed with

sodium hydroxide solution (1 % ; 60 ml) and with water.
It crystallized from benzene as colourless prisms, m.p. 146-8°,
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yield 1.8 g. It developed no colour with ethanolie ferric 

chloride.

Analysis s ibund t C, 65.40 ; H, 4.64 %
requires t C, $+.96 5 H, 4,46 % .

Methylation of 41-hydroxy-phenyl salicylate :

4 * -Metho xyphenyl 2-methoxybenzoate (XXIIId) :

l/-Hydroxyphenyl salicylate (1.5 g), dimethyl sulphate 

(2 ml),anhydrous potassium carbonate (9 g) and dry acetonee 

(80 ml) were refluxed on a w&ter hath for 12 hr. The solvent 

was distilled off jL and the product was extracted with ether 

(3 x 30 ml) and the organic layer was washed with dilute 

sodium hydroxide solution (1 % ; 40 ml) and with water. 
Evaporation of the ether gave 4,-methoxyphenyl-2-methoxyhenzoate 

(XXIIId), which crystallized from ethanol as colourless plates, 
m.p. 85°, yield 1.2 g. It gave no colour with ethanolie 

ferric chloride.

Analysis s Ibund s C, 70.15 ; H, 5.45 %
C1requires t G, 69.76 ; H, 5.42 % .

Treatment of 4*-hydroxyphenyl salicylate with sulphuric acid s

4^ Hydro xyphenyl salicylate (1.5 g) was taken 

with sulphuric acid (80 % ; 20 ml) and the content was heated 
on a water hath at 70° for 20 minutes. The reaction mixture 

was poured into crushed ice (40 ml) and the separated solid 

product was filtered and washed with water. The product on



treatment with saturated sodium bicarbonate, dissolved 
completely and repricipitated with addition of dilute 

hydrochloric acid. The product developed violet colour with 
aqueous ferric chloride, m.p. 157° and it was characterized 
as salicylic acid.

Salicylic acid was also isolated, when M-hydroxy- 
phenyl salicylate (XXIIIa) (2.5 g) was refluxed in diphenyl 
ether (6 ml) for 9 to 10 hr, and the reaction mixture was 
worked up as usual.

Condensation of 3«V-o~xylenol with ethyl salicylate :

31 *b1-Dimethylphenyl salicylate (XXIVa) :

A mixture of 3,ih-o~xylenol (3.7 g ; 0.03 mole), 
ethyl salicylate (5 g ; 0.03 mole) and diphenyl ether (8 ml) 

was refluxed for 12 to 15 hr. The reaction mixture was steam 

distilled to remove diphenyl ether and the v separated oily 
product was extracted with ether (120 ml) and washed 
thrice with saturated sodium bicarbonate solution (30 ml) 

and with water. Evaporation of ether gave a pale yellow 

colour oily residue, yield 3.0 g, bo It developed red 
colour with ethanolic ferric chloride.

Acetylation of V -dimethyiphenyl salicylate (XXI7a) :

3 * .4»-Dime t liylnhe nyl 2-ace to xybenzoate (XXIVc) :

The above oily product (2 g), acetic anhydride 
(10 ml) and pyridine (0.2 ml) were heated on a water bath for



8 hr. The content was poured into crushed ice (60 ml) 
containing cone, hydro chloric acid (if ml). The separated solid 

product was filtered, washed with sodium hydroxide solution 
(1 % ; 60 ml) and with water, dried and crystallized from 

a mixture of benzene-petroleum ether as colourless shining 
needles, m.p. 82-4-°, yield 2,1 g. It gave no colour with 

ethanolic ferric chloride.

Analysis : Pound : C, 71.37 ; H, 5*59 %
g17h16°4- requires : C, 71.83 ; H, 5*83 % *

Treatment of V .M-dimethvlnhenyl salicylate (XXIVa) with 

sulphuric acid :

2.3-Dimethylxantbone (XX?) :

The oily product XXIPa (1.5 g) was dissolved in 
sulphuric acid (80 % ; 15 ml) and the content was kept on 
a water bath at 75° for 20 minutes. The reaction mixture 

was poured into crushed ice (50 ml). The separated white 

product was filtered, washed with saturated sodium bicarbonate 
solution (50 ml) and with water. It crystallized from 

aqueous ethanol as colourless plates, m.p, 160-1°, yield 0.16 g 

12 %. It gave no colour with ethanolic ferric chloride.

Analysis : Pound s C, 80.87 ; H, 5.76 %
C15H12°5 requires s C, 80.37 ; H, 5.36 % .

Condensation of catechol with ethyl salicylate :

2*-Hydroxyphenyl salicylate (XXVTa) i
A mixture of catechol (5.5 g ; 0.05 mole), ethyl



salicylate (8.5 g ; 0.0^2 mole) and diphenyl ether (9 ml) 

was refluxed for 10 to 12 hr. The reaction mixture was steam 

distilled to remove diphenyl ether. The oily residue was 

extracted with ether (150 ml) and washed with saturated 

sodium bicarbonate solution (3 x 40 ml) and with water. The 

pasty product obtained on evaporation of ether,was chromatographed 

over alumina and eluted with a mixture of petroleum ether- 

benzene (9:1), to obtain 2*-hydroxyphenyl salicylate (XXVIa), 
which crystallized from petroleum ether (b.p. 60-80°) as 

colourless prisms, m.p. 80-1°, yield 5*5 g, 48 %» It gave 

red colour with ethanolic ferric chloride-.

Analysis : Bound s C, 68.30 ; H, 4.22 %

C'13H10°4 requires : C, 67.82 ; H, 4.35 % «

Acetylation of 21-hydroxyphenyl salicylate (XXVIa) :

2’'-Aceto xyphenyl 2-acetoxybenzoate (XXVIc) :

2*-Hydroxyphenyl salicylate (2 g) was acetylated 

with acetic anhydride (12 ml) in presence of pyridine (0.2 ml) 

by heating the reaction mixture on a water bath for 8 hr. .

The reaction mixture on working up as before gave diacetate 

derivative (XSTIc), which crystallized from a mixture of 

benzene-petroleum ether as colourless needles, m.p. 108-10 , 

yield 2.1 g, It gave no colour with ethanolic ferric chloride. 

Analysis : Bound : C, 65.09 ; H, 4.52 %

C'-j7H-jlf°^ requires : C, 64.96 ; H, 4.46 % .
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4-Hydro xvxanthone (XXflla) :

A mixture of catechol (5*5 g j 0.05 mole) ethyl 

salicylate (8.5 g ; 0.052 mole) and diphenyl ether (12 ml) 

was refluxed for 19 to 21 hr. The reaction mixture was 
subjected to j^steam distillation to remove diphenyl ether .

The dark pasty product obtained was washed with saturated 
sodium bicarbonate solution (60 mid) and with water, dried, 

chromatographed over alumina and eluted with a mixture of 

benzene-chloroform (1:1). It crystallized from ethanol as 
white plates, m.p. 24o°(lit.,^ m.p. 240-1°), yield 1.3 g, 12 %,

Analysis : Found : C, 74.03 ; H, 4.25 %
0-j2H8°3 requires : C, 73.58 ; H, 3*80 % .

Formation of 4-hydroxvxanthone (XXVIIa) from 2* -hydroxyphenyl 

salicylate (XXFIa) :

2*-Hydroxyphenyl salicylate (XXVIa)j (4 g) was 
refluxed in diphenyl ether (10 mi) for 8 to 9 hr. and the 

reaction mixture was worked up as usual. It gave 4-hydroxy- 

xanthone (XXVIIa), which was found identical (m.p., mixed 
m.p. 240° and co-IR) with the above product, yield 0.9 g • 

Analysis : Tbund : C, 73.93 ; H, 4.27 %
C13H8°3 requires : C, 73.58 ; H, 3.80 % .

Acetylation of 4-hydroxvxanthone (XXVIIa) : 

4-Acetoxyxanthone (XXVTIc) :

4-Hydroxyxanthone (1 g),acetic anhydride (6 ml) and
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pyridine (0.4 ml) were heated on a water bath for 6 hr. The 

reaction mixture on working up as before gave 4-ace to xyxanthone 

(xmic). It crystallized from a mixture of benzene-petroleum 
ether as colourless prisms, m.p. 141° (lit.,^ m.p. 139°)> 

yield 0.9 % g*

Analysis : Found : C, 70.84 ; H, 4.28 %
C^RjqO^ requires : C, 70.87 ; H, 3.94 % .

Condensation of -nveresol with ethyl salicylate :

3 *-Methyl-phenyl salicylate (XXFIIla) :

A mixture of ere sol (5.4 g ; 0.05 mole) and ethyl

salicylate (8.5 g ; 0.052 mole) was refluxed in diphenyl 

ether (10 ml) for 13 to 16 hr. The solvent was removed by 

steam distillation. The oily residue was extracted with ether 

(80 ml) and washed' with saturated sodium bicarbonate solution 

(3 x 40 ml) and with water, dried and chromatoraphed over 

silica gel and eluted with a mixture of petroleum ether- 

benzene (9:1). It crystallized from aqueous ethanol and also 
from petroleum ether (b.p. 60-80°) as colourless plates, 

m.p. 76-8° , yield 5.7 g , 50 % . It developed red colour 

with ethanolic ferric chloride.

Analysis : Found : C, 73.60 ; H, 4.80 %
CllfH1203 requires : C, 73.68 ; E, 5*26 % .

Acetylation of 3,-methylnhenyl salicylate (XXFIIIa) :

3 * -Methyl-phenyl 2-ace to xybenzo ate (XXyillc) :

31-Methylphenyl salicylate (2 g) was heated with
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acetic anhydride (12 ml), and pyridine (0*3 ml) on a water
washath for 8 hr.. The reaction mixtur§^e»'worked up as 

described before, to obtain monoacetate derivative (XXVIIIc), 
which crystallized from a mixture of benzene-petroleum ether 
as fine colourless needles, m.p. 81-2°, yield 1,8 g. It gave 

no colour with ethanolie ferric chloride.

Analysis j Found : C, 70.99 ; H, 5.03 %
requires s C, 71.11 ; H, 5.18 % .

Treatment of 3! -methyl-phenyl salicylate with sulphiruc acid :

S-Methylphenyl salicylate (1.2 g) was dissolved 
in sulphuric acid (80 %\\ 14 ml) and heated on a water bath 
at 70° for 20 minutes'. The reaction mixture was poured into 
crushed ice (40 ml) and the separated solid product was 
filtered and washed with water. The product dissolved in 
saturated sodium bicarbonate solution (30 ml) and was 
repricipitated with addition of dilute hydrochloric acid.
It developed vidlet colour with ethanolie ferric chloride 
and characterized as salicylie acid, m.p. 157°.

3-Methylphenyl salicylate (2.5 g) was refluxed in 
diphenyl ether (7 ml) for 8 to 10 hr. On working up of 
the reaction mixture as described before gave only salicylic 
acid, m.p. 157°*

\
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Condensation of 7-hvdro xy--4*me thylcoumarin with ethvl 

salicylate s

b«-Methyl-2* -pyrono(6«.5»-1,2)xanthone (XXIXa) :

A mixture of 7-hydroxy-lf-methyleoumarin (b,Q g 5 

0.03 mole) and ethyl salicylate (5 g ; 0.03 mole) was 

refluxed in diphenyl ether (12 ml) for 9 to 12 hr. The 

reaction mixture was subjected to steam distillation to 

remove diphenyl ether and the residue was extracted with 

ethyl acetate (120 ml) and washed with sodium hydroxide

solution (1 % ; 3 x 30 ml) and with water. On evaporation of
9ethyl acetate gave pasty product, which was chromatographed 

over alumina and eluted with benzene to obtain M-methyl- 

2’-pyrono (6*,5’-1,2)xanthone (XXIXa) which crystallized 
from benzene as colourless fine needles, m.p. 280°, yield 2.9 g, 

35 It gave no colour with ethanolic ferric chloride.

Analysis : ibund : C, 72,91 | H, 3.80 %

C^H^O^ requires i C, 73.38 ; H, 3.59 % •

Condensation of 7-hydroxy-5.8-dimethylcoumrin with ethyl 

salieylate :

bA1-Dimethyl-2*-pyrono (5*.6’-2.3)xanthone (XXXa) j

7-Hydroxy-4,8-dime thylcoumarin (5.2 g ; 0,03 mole) 
and ethyl salicylate (5 g ; 0.03 mole) were jjf refluxed in 

diphenyl ether (12 ml) for 11 to 13 hr. The solvent was 

removed by steam distillation and the residual product was
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extracted with ethyl acetate (14-0 ml), washed with sodium 

hydroxide solution (1 % ; 3 x 30 ml) and with water, dried 

over anhydrous sodium sulphate and solvent was distilled off. 

The crude dark product obtained was chromatographed over 

alumin and was eluted with a mixture of benzene-chloroform 

(9:1) to obtain 4-,4-,-dimethyl-2*-pyrono(5%6,-2,3)xanthone 

(XXXa), which crystallized from benzene and also from acetic 
acid as colourless needles, m.p. 289° , yield 2.6 g, 30 

It developed no colour with ethanolic ferric chloride.

Analysis : Sbund : C, 73.64- ; H, 4-,32 %
Gl8H120lf . requires : C, 73-98 *, H, 4-.11 % .

Condensation of 5-hydroxv-4-.7-dimethylcoumarin with ethyl 

salicylate :

1.4-1 -Dimethyl-21 -pyrono (61.5* -3.4-)xanthone (XXXIa) :

A mixture of 5-hydro xy-4-j7-dimethyleoumarin (2.6 g ; 

0.015 mole) ethyl salicylate (2.5 g ; 0.015 mole) and diphenyl 

ether (8 ml) was refluxed for 12 to 13 hr. The reaction 

mixture was subjected to steam distillation and the product 

obtained was extracted with ethyl acetate (70 ml) and 

washed with sodium hydroxide solution (1 % ; 3 x 20 ml) and 
with water. It. was chromatographed over silica gel and 

eluted with a mixture of chloroform-methanol (4-9:1) to 

give pure 1,4-*-dimethyl-2*-pyrono(6‘,5'-3>4-)xanthone (XXXIa), 

which crystallized from acetic acid as colourless shining
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needles, m.p. 299-300°, yield 1.75 g, 40 %» It developed 

no colour with ethanolic ferric chloride*

Analysis s Pbund s C, 74.44 ; H, 4.13 %
C18H12°4 requires s C, 73.98 j 1, 4.11 % .

Condensation of 7-hvdioxy-5-methyleoumarin with ethyl 
salicylate :
3-Me thyl-2*-.pyrono(61.5«-1.2)xanthone (XXXII) s

7-Hydro xy-5-m©thyleoumarin (3.2 g ; 0,02 mole) 
and ethyl salicylate (3.35 g ; 0.02 mole) were refluxed in 
diphenyl ether (10 ml) for 13 to 15 hr. The reaction mixture 
was steam distilled and the oily product obtained was 
extracted with ethyl acetate (90 ml) and washed with sodium 
hydroxide solution (1 % ; 3 x 25 ml) and with water. It 
was dried, chromatographed over alumina and eluted with a 
mixture of chlorofoim-methanol (49 : 1) gave 3-®ethyl-2'- 
pyrono(6* ,5*-l*2)xanthone (XXXII). It crystallized from 
acetic acid as colourless crystals, m.p. 316°, yield 1.9 g,

35 %• It developed no colour with ethanolic ferric chloride.

Analysis : Ibund s C, 73.80 ; H, 3.91 %

C17H1004 requires : C, 73.38 ; H, 3.59 % .
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SYNTHESIS OF FDROXANTHONES
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STUHES IN THE SYNTHESIS OF FCJK) XANTHONES!
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Xanthones have been found In plants and in fungi,

but the furoxanthones are not known to occur in nature,
9 1 2

except sterjjmatocystin * 3a, 12a-dihydro-8-hydroxy-6-methoxy-

7H-furo (3',2*-4,5)furo(2,3-c)xanthen-7-one (1), which is 

isolated as a metabolite of Aspergillus verisicolor from 

mycelium.

At present, many simple, 4*-methyl-, 4*-phenyl-, 

and 5*-methyl- synthetic furo xanthones have .been prepared so 

far from the corresponding o-hydroxyfo rmyl-, - o-hydroxyacetyl-, 

o-hydroxybenzoyl- and o-hydroxy allylxanthones and 4’,5'-di- 

phenylfuroxanthones were reported from hydroxyxanthones by 

direct condensation with benzoin. The literature survey 

about the synthesis of furoxanthones is reviewed here :

By Claisen or internal aldol condensation s

In this approach o-hydroxyaldehyde or ketone 

derivative is treated with bromoacetie or bromomalonic ester 

to get xanthyloxy ester, which either on hydrolysis followed 

by cyclization with sodium acetate and acetic anhydride or 

on cyclization with sodium ethoxlde in ethanol followed by
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hydrolysis and decarboxylation gives simple, 41-methyl- or 

4 • -phe nyl furo xanthone,

Devies et al^ have condensed 1- fo rmyl-2-hydro xy- 

xanthone with ethyl bromacetate to obtain l-formyl-2-xanthyl- 

oxyacetate (II). This was cyclized in ethanol with sodium 

ethoxide to yield 5*-earbethoxyfu.ro(3*,2*-1,2)xanthone. 

Hydrolysis of this ester, followed by decarboxylation gave 

furo(3’,2*-1,2)xanthone (III). This ms also obtained by 

hydrolysis of II in alkali, followed by ring closure of acid 

accompanied by decarboxylation. Similarly, 4-formyl-3- 

hydro xy xanthones when condensed with bromomalonic ester, 

which effected simultaneous esterification and internal aldol 

condensation followed hydrolysis and decarboxylation, yielded 
furo(2,,3*-3»4)xanthones (IVa)^

4-Acetyl derivatives of 3-hydroxy xantho nes condensed 

with ethyl bromacetate to yield the corresponding 3-o«earb- 

ethoxy derivatives, which on hydrolysis followed by internal 

Glaisen condensation with sodium acetate and acetic anhydride, 
was converted into 4,-methylfuro(2' ,3*-3»4)xanthones (IVb)?>6.

Similarly from 4-benzoyl derivatives of 3-hydro xy- 

xanthones the synthesis of 4 * -phenylfuro (2 ’, 31 -3,4) xantho nes (IVe)
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is reported,

O

(IVa) R = H, R1 = H or CH3 

(IVb) R = CH3, R1 = H, or CH3 

(I?c) R = Ph, R1 = H or CH3

The synthesis of a few angular furo(2’,3*-l,2)- 

xanthones (V) earring a methyl or phenyl grot?) in if’-position 

of furan ring, starting with a hydro sy xanthone is also reported'
ft

8

R = CEL, R.1 "

R = R1 = CH3

(a)

(b)

(c) R = Ph, R1

(d) R = Ph, R1

H
CH-

H
CH-

Cb) R = H, R1 

(c) R-j = OH, R^ = H

The synthesis of linear fuxo xanthones viz,, if’-methyl- 

furo(3»,2‘-2,3)xanthone (Via), V»T7-dtoethylfuro(3|;,2»-2,3)- 
xanthone (Vlb)^ and if ’-methyl-l-hydroxyfuro(3* ,2’-2,3)xanthone 

(Vic)10 is also reported.

From o-hydroxyallylxanthone derivatives s

There are three different approaches leading to
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the formation of a furan ring and in the present worts one 
more is added to it. In the first approach Scheinmann and 
Suschitzky sported11 the formation of dihydro furo compounds^ 

which were hrominated by treatment with N-bromosuccinamide in 
the presence of benzoyl peroxide and dehydrobrominated with
pyridine to 5' -methyl furo xant hones. The second approach by

12Adams and Rindfusz , involving the addition of bromine to 
o-aeetoxyallyl derivative, followed by cyelization aid dehydro- 
bromination. The thir^j approach by Scheinmann and coworker -3 
for the preparation of simple furoxanthones consisted of 
ozonolysis of the o-hydroxyallyl derivatives followed by 
cyelization with polyphosphoric acid. The fourth one which is 
the part of the present work consists of cyelization of the 
o-hydroxyallylxanthone into dihydro furo xanthone, by trituration 
with cone, sulphuric acid followed by it dfjhydrogenation. This 
method is very convenient and gives quantitative yields of 
dihydro derivatives, This was initially developed by Shaikh 
and Trivedi for the synthesis of furoeoumarins . The dihydro 
derivStives on dehydrogenation with DDQ or with palladized 
charcoal gave 5'-methyl furoxanthones.

4-Allyl derivatives of 3-hydroxy- and 3-hydroxy-6- 
methylxanthone were converted into 5,-methylfuro(2*,3*-3,4) 
xanthone (Vila) and 5*,6-dimethylfuro(2' , 3'«3,^) xanthone (Vllb)1'’ 

respectively using first two approaches.

The synthesis of linear 5'-raethylfuro xanthones (VIII) 
was reported by Rajagopal and his coworkers16*17. 2-Allyl



derivetives of 3-hydro xy-4-methyl- and 3-hydroxy-4—acetyl- 
xanthones on acetylation followed by bromination and cyclization 
c:.witb ethanolic potassium hydroxide were converted into 
corresponding 5*-methylfmro(3* ,2*-2,3)xantbones (VIII R = CH^ 
or C0CH3 and R1 * H, CH^ etc.)16*17.

230

O

(13C-)

They have also synthesised three different 5‘-methyl-
40

furoxanthones (IX, X and XI) 1 from 1-hydroxy-3-tosyloxy- 

xanthone by combination of allylation, Claisen migration, 
methylation, detosylation, acetylation, bromination and 
cyclization reactions.
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of 51 -methyl-6-methoxyfuro(2* ,3'-3xanthone (XII) and 

5*,5n-<iimetliyldifuro (2*,3*-3,^) and (3"»2"-?,6)xanthone(XIII) 
adopting the method of Adams and Rindfusz^.

of 1,3-dihydroxy-xanthone and -benzo xanthone with benzoin in 

presence of PPA.

Q OH

(XSI) Ph
PV.
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Present work :

The linear and angular type of furoxanthones, 
synthesised in the present woift are as follows :

1. Furo (2*, 3 * -3,4) xanthone (XIX)
2. ?* -Methylfuro (2* ,31 -3,*f) xanthone (XXIII)
3. 1,5*-Dimethylfuro (21,3'-3,4) xanthone (XXVII) 
if. lf-Methylfuro(3*»2 ‘-3»V)xanthone (XXX)
?. ^?*-Dimethylfuro (3% 2 *-2,3) xanthone (XXXV)

6. b,4»-Dimethylfuro (3 *,2 *-2,3)xanthone (XXXIX)
7. 4,?*,?"-Trimethyldifuro(3S2‘-2,3) and (3",2"-?,6)- 

xanthone (XLH)

Synthesis of fhro(2*.3*-3.4)xanthone (XIX) :

?-Allyl-6-hydro xy-1,2,3,4-tetrahydro xanthone (XVII), 
prepared as described in Chapter.-;:IT-of the thesis, starting 
from resorcinol and ethyl cyclohexanone-2-carboxylate, was 
subjected to oxidation with osmium tetroxide-potassium periodate 
in ethyl acetate-water to give corresponding 6-hydroxy-?- 
acetaldehydo derivative, which was cyclized to 1,2,3,4-tetra- 
hydrofuro(3%2*-5,6)xanthone (XVIII) with PPA. The structure 
of this was confirmed by its MMR spectrum in (CDCl^ (Fig, 1) :
£ 2.0? and 2.63 two broad signals, each corresponds to 4h, 

methylene groups in cyclohexane ring at 1-, 2-, 3-, and 
4-position 5 7.08, doublet J=2.2Hz, 1H at 4*-position ; 7.46, 
doublet, J=10Hz, 1H at 7-position ; 7.70, doublet, J=2.2Hz,
1H, at ?*-position ; 8.1?, doublet, J=10Hz, 1H, at 8-position.
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The compound XVTII, on dehydrogenation with palladized charcoal 
(10 %) in diphenyl ether afforded furo(2*,3'-3,4)xanthone
(XIX) . The structure of which was confirmed by its independent 
synthesis and its ME spectrum in CDCl^ (Pig# 2): f? .10, 

doublet, J=1.8Hz, 1H, at M-position ; 7*78-7.68, multiplet,
**-H, aromatic protons at 2-, 5-* 6- and 7-position ; 7,75> 
doublet, J=1.8Hz, 1H, at, 5*-position ; 8.20, overlapping two 
doublets, J=10Hz, 2H, aromatic peri-ptotons at 1- and 8-position.

The synthesis of XIX was also achieved by carrying 
out allylation of 3-hydroxyxanthone (prepared as described in 
section I), with allyl bromide in presence of anhydrous 
potassium carbonate in dry acetone to give 3-allyloxy xanthone
(XX) , which on Claisen rearrangement in dimethylaniline afforded

JUL
4-allyl-3-hydroxyxanthone (XXI). IR spectrum in.nujol (Pig.3) : 
1632 cm"* (*Y -pyronyl >C=0 groi^p), and a broad band at 3120 cm"* 

(aromatic -OH group). This on treatment with osmium tetroxide 
potassium periodate followed by cyclization with PPA afforded 
the same XIX.

O O
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Synthesis of S'-aethylfuroCg' .V-^.lQxantlione (mil) :

4-Allyl-3-hydroxyxanthone (XXE), was cyelized to 
4*, 5• -dihydro-5 • -me thylfuro (2 *, 3 * -3,4) xanthone (XXII), by 
triturating with sulphuric acid (85 %) . This method is very
convenient and gives quantitative yields of dihydrofuroxanthones. 
The structure of XXII was confirmed on the basis of its NME 
spectrum in CDC13 (Fig. 4) t 61.54, doublet, J=7Hz, 3H, CH3 
group at 5'-position ; 2.80*3*62, two symmetrical quartets,
2H, methylene group at 4’-position ; 6.70, doublet, J=9Hz, 1H, 
at 2-position ; 7*20-7*30, multiplet, 3H, aromatic protons 
at 5-, 6-, and 7-position ; 8.06, doublet, J=9Hz, 1H, at
1- position ; 8.25, doublet, J=9Hz, 1H, at 8-position. This on 
dehydrogenation with palladized charcoal (10 %) in diphenyl 
ether gave 5 * -methylfuro (2 *, 3 ‘ -3 A) xanthone (XXIII). The NME 
spectrum in CDG13 (Fig. 5) *tf2.6, singlet, 3H, CH3 group at 

5'-position ; 6.84, singlet, IS, furan ring proton at 4'-
position ; 7*45-7.80, multiplet, 4H, aromatic protons at

•*' \

2- , 5-, 6- and 7-posltion 5 8.30, doublet, J=9Hz, 1H, at 
1-position ; 8.50, doublet, doublet, J=9Hz (ortho couppling), 
J=1.5Hz (meta couppling), 1H, at 8-position. The same was also 
prepared by Ha^agopal et al.1 J by a different route as described 
before.

Synthesis of 1,5*-dimethylfuro(21,3t-3,4)xanthone (XXVII) :

The synthetic work on 3-hydroxy-l-methyl-xanthone 
(XXIV) is not reported in the literature. The starting compound
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XXIV for the synthesis of title compound is obtained in poor 
yield as discribed in earlier section, was subjected to 
allylation with allyl bromide in presence of anhydrous 
potassium carbonate in dry acetone, followed by Claisen 
rearrangement gave 4-allyl-3-hydro2y-l-methylxanthone(XXVb). 
This wasrcyclized to h* ,5*-dihydro-1,5'-dimethylfuro (2* »3’-3,5*)-
xanthone (XXVI). The structure of which was confirmed on the

*basis , of its HMR spectrum in CDCl^ (Pig. 6) s c( l.*f2, doublet, 

J=7Hz, 3H, GH^ group at 5*-position ; 2.83, singlet, 3H, 
slightly overlapped with the multiplet, Ar-CH^ groi^», which is 
remarkably down field due to its attachment to the peri position 
-l.<£ 2.50-3.55* two symmetrical quartets, 2H, methylene group
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at ¥»-position ; ¥*83-5.13» multiplet, 1H, methine proton at 

5*-position ; 6.¥0, singlet, 1H, aromatic proton at 2-position ; 

7.25-7-52, multiplet, 3H» aromatic protons, at 5-» 6- and 

7-position ; 8.08, doublet, Jg^lOHz, Jg^=l,5Hz, 1H, peri-proton 

at 8-position. This was dehydrogenated to 1,5’-dimethylfuro- 

(2*,3*-3,4)xanthone (XX7II) with palladized charcoal. The
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structure of XXVII was confirmed from its MMR spectrum in 
CDCl^ (Fig. 7) : <T2.40, singlet, 3H, CH^ groi5> at 5*-POsition 

2.90, singlet, 3H, GH^ group, which is remarkably down field 
at 1-position ; 6.58, singlet, 1H, proton at 2-position ; 
6.95, singlet, lH,/j8-proton of furan ring at 4*-position ; 
7.20^7.55, multiplet, 3H, aromatic protons at 5-, 6- and
7- position ; 8.15, doublet, J8?=10Hz, Jg6=1.5Hz, 1H, at
8- position.

Synthesis of V.methylfuro(3t.2<-2.3)xanthone (XXX) :

7-Allyl-6-hydro xy-5-methyl-1,2,3,4-tetrahydro xanthone 
(XXVIII) synthesised according to Sanghvi and Trivedi22 by 
condensing 2-methylresorcinol with ethyl eyelohexanone-2- 
carboxylate followed by allylation and Claisen rearrangement 
of the xanthone formed, was- subjected to oxidation with osmium 
tetroxide-potassium periodate in ethyl acetate-water to give 
corresponding 7-acetaldehydo-6-hydroxy- derivative, which was 
cyclized to 5-methyl-l,2,3,4-tetrahydrofuro (2‘,3' -6,7)xanthone

f(XXIX) with PPA. The structure of which, was confirmed on the 
basis of its HMR spectrum in CDCl^ (Fig. 8) :<^l»57-2.03, a 
broad multiplet, 4H, two methylene groups at 2- and 3-position ; 
2.55, singlet, overlapped with a broad signal, 3H, CH^ group 
at 4-position ; 2.40-2.80, a broad multiplet, 4h, two methylene 
groups at 1- and 4-position. Two doublets at <(6.82 and 7.68, 

having J=2.2Hz, are assigned for £- and o£- proton of furan ring 
at 4'-and 5‘-position 5 and one singlet atJ8.25, is due to 
peri-proton at 8-position. The furoxanthone XXIX, was treated
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with palladized charcoal in diphenyl ether to give dehydro

genated product ^-methylfuroO1,2'-2,3)xanthone (XXX). Its 

MB spectrum' In ODOlj (Big. 9) , S 2.71, singlet, JH, CHj 
group at ^-position ; 6.89, doublet, J=2Hz, 1H, at V-position ; 

7.75, doublet, J=2Hz, 11, at 5*-position ; 7*30-7.68, multiplet, 

3H, aromatic protons at 6- and 7-position. The down field 

signals around £ 8.40 are due to overlapping of one doublet, 
J=10Hz and one singlet, integrating for two peri-protons at 

8- and 1- position respectively. The product XXX was also 

synthesised from 3-hydroxy-4-methylxanthone which on allyl- 

ation and Glaisen rearrangement gave 2-allyl-3-hydroxy-4- 

methylxanthone (XXXII). This was subjected to osmium tetroxide- 

potassium periodate oxidation followed by cyclization with PPA 

to obtain the same product if-methylfuro(3’ ,2*-2,3)xanthone(XXX).

O

O

Ph2o\ opd/c n
ch3

(dcdctx)

o
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Synthesis of 4,5t-dimethylfuro(3> >2)-2>3)xanthone(XXXI?) s

2-Allyl-3-hydroxy-^-aethylxanthone (XXXII) obtained 

as above was triturated with sulphuric acid (85 $) for 15 minutes 
at. 70° to obtain 4*^-dihydro-^^t-dimethylfuroO',2*-2,3)- 

xanthone (XXXIII). The structure of which was confirmed by 

its HMR spectrum in CDCl^ (Fig. 10) : & 1.65, doublet, J=7Hz,
3H, GH^ group at 5*-positionj 2.47, singlet, 3H, CH^ group at

4- position ; 2.90-3.70, two symmetrical quartates, 2H, methylene 

group at 4*-position 5 5»15>» multiplet, 1H, methine proton at

5'-position ; 7.30-7.80, multiplet, 3H, aromatic protons at

5- , 6- and 7-position ; 8.00, singlet, 1H, at 1-position ;
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8.35* doublet, Jg^=9Hz, Jgg=l.!?Hz, 1H, at 8-position. This on

detiyd.rogenation with DDQ in dry benzne yielded i+^-dimethyl-

furo (31,2'-2,3)xanthone (XXXTV). The same was also prepared
22

by Sanghvi and Trivedi . They condensed 2-aethylresorcinol 

with ethyl eyclohexanone-2-carboxylate to get 6-hydroxy-5- 

methyl-1,2,3jV-tetrahydroxanthone, which on allylation with 

allyl bromide in presence of anhydrous potassium carbonate in 

dry acetone followed by Claisen migration in dimethylaniline, 

cyelization.with cone.sulphuric acid and dehydrogenation with 

palladized charcoal (10 %), yielded the same furoxanthone 
(XXXIV)16. ^
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Synthesis of V-dimethyli^iro(3*,2«-2,3)xanthone(XXXIX) :

3-Hydro xy-4-methylxanthone on acetylation with 

acetic anhydride and pyridine followed hy Fries migration with 
anhydrous aluminium chloride gave 2-acetyl-3-hydroxy-4-methyi- 

xanthone (XXXVI). This was condensed with ethyl bromoaeetate 

in presence of anhydrous potassium carbonate in dry acetone to 

give ethyl 2-aeetyl-4-methyl-3-xanthonyloxyacetate(XXXVTI), 

which was hydrolysed by sodium hydroxide solution,to corresponding 

acid derivative (XXXVIII). This on internal aldol condensation 

with sodium acetate and acetic anhydride furnished 4,4'- 

dimethylfuroG’ ,2‘-2,3)xanthone (XXXIX). Its structure was 

confirmed on the basis of its NMR spectrum in CDCl^ (Fig. 11) : 

2.30, singlet, 3H, J=0.8Hz (meta coupling), CH^ group at 

4'-position of furan ring ; 2.6?, singlet, 3H, GH^ group at 

4-position j 7.32-7.82, multiplet, 4H, at *>«, 6- and
7-position, A down field signal around <T8.35 is due to 

overlappling of a doublet,J=9Hz and a singlet and is assinged 

for the peri-protons at 8- and 1-position.

(XXXV)
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Synthesis of ^-t5\5,t~trimethyldifuro(3t ,2«-2,3) and (3»,2»-5,6)- 

xanthone (XI3V) s

Methyl 2,U-dihydroxybenzoate on thermal condensation 

with 2-methylresorcinol in diphenyl ether afforded 3,6-dihydroxy- 

4-methylxanthone (XL). This on allylation with allyl bromide 

in dry acetone, yielded 3,6-diallyloxy-4-methylxanthone (XLI), 

which was subjected to Claisen rearrangement in dimethyl aniline 

to give 2,5-diallyl-3, 6-dihydroxy-if-methylxanthone (XLII).

This was triturated with cone, sulphuric acid to obtain a 

eyclized product 4,5* ,5,,-tri3lethyl-4, ,5’ ,4M,5"-tetrahydrodifuro- 

(3,,2’-2,3) and (3",2"-?,6)xanthone (XLII). The MR spectrum of 

XLII in GDCl^ (Pig. 12) : Two doublets having J=7Hz are slightly
overlapped at <$ 1.56, integrating for six proton of two CH^ 

groups at 5’- and 5”-position of furan rings. £ 2.31, singlet, 
3H, CH^ group at 4-position ; 2.88-3.58, multiplet, 4h, two 

methylene groins at 4’- and ^"-position of furan rings ; 4.95- 

5.30, multiplet, 2H, two me thine protons at 5'- and 5M-POSition 

of furan rings 5 6.78, doublet, 1H, J=10Hz, at 7-position ;

7.97, singlet, 1H, peri-proton at 1-position ; 8.18, doublet, 

J=10Hz, 1H, peri-proton at 8-position. The compound XLIII, 

on dehydrogenation with palladized charcoal in diphenyl ether 

gave 4,5 *, 5M-trimethyldifuro (3',2'-2,3) and (3w,2*‘-5,6)~ 

xanthone (XLIY).
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EXPERIMENTAL

Synthesis of faro(2* ,3t-3«4)xanthone (XIX) :

1,2,3,4-Tetrahydrofuio(3*^-St^xanthone (XITIII) :

5~Allyl-6-hydroxy-1,2,3,4-tetrahydioxyxanthone (0,7 g) 

in ethyl acetate (180 ml,) and osmium tetroxide (50 mlp in 

water (60 ml) were vigorously stirred for 20 minutes. Potassium- 

periodate (1.5 g) was added in small quantity to the dark 

solution over period of 1.5 hr. The reaction mixture was 

stirred for 2 hr. more. The acetate layer a was separated, 

washed with water, dried with sodium sulphate and distilled.

The resudue left, was dissolved in chloroform (3 ml) and the 

clear solution was percolated through ar short column of alumina 

and eluted with benzene-chlorofoim r, mixture (3*7)* The crude 

product obtained after evaporation of solvents, was treated with 
PPA (15 ml) for 4 hr.at 130°. I to was then poured into ice cold 

water. The separated solid was filtered, washed with dilute 

sodium hydroxide solution and finally with water. It crystallized 
from benzene as fine needles, m.p. 205°, yield 0.160 g.

Analysis : Found :C, 74.84- 5 H, 4.82 %

C15H12°3 - requires *c, 75,00 . H> 5,00 % ,

Furo ( 21,3' -3>4) xanthone (XIX) :

l,2,3,4-Tetrahydrofuro(3*,2'-5»6)xanthone (0.25 g) 

and palladized charcoal (10 % 5 0.5 g) were refluxed in diphenyl 

ether (10 ml) for 12 hr. It was filtered hot and the solvent
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was removed by steam distillation. The residue was extracted
with ethyl acetate and thessolvent was distilled off. The

cotcrude product was chromatograpi^over silica gel and eluted 
with benzine. The product crystallized from ethanol as 
colourless needles, m.p. 191°, yield 0.08 g.
Analysis s Ibund : C, 75*86 $ H, 3.56 %
C^HgO^ requires i C, 76.28 ; H, 3*26 % .

3- Allylo xyxanthone (XX) :

A mixture of 3-hydroxy xanthone (2 g) allyl bromide 
(1.6 g) and anhydrous potassium carbonate (8 g) was refluxed 
in dry acetone (200 ml) in a water bath for 14- hr. The 
solvent was distilled off and reaction mixture was poured into 
water. The separated product was filtered, washed with very 
dilute sodium hydroxide solution to remove unreacted compound.
The product crystallized from benzene petroleum ether, 5 
m.p. 136° (litlf m.p. 13?°), yield 2.4 g.

Analysis s Tbund t C, 75.69 ; H, 4.53 $
°16h12°3 requires % C, 76.19 ; H, 4.76 % .

4- Aliyi-3-hydroxyxanthone (XXI) :

3-Allyloxyxanthone (2 g) was refluxed with dimethyl- 

aniline (10 ml) for 5 hr. After cooling, the t reaction 
mixture was poured into cone, hydrochloric acid (40 ml) kept 
with crushed ice. The separated product was filtered and 
dissolved in sodium hydroxide solution. The solution was 
filtered and the filterate on acidification with cone, hydro chloric
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acid gave the product which crystallized from ethanol, m.p.
240° (lit.J* 2253°), yield 1.8 g.

Analysis : Found : C, 75.78 ; H, 4.76 %

°16h12°3 requires s C, 76.19 5 H, 4.76 % .

Furo(21,3’-3 »4) xanthone (XIX) i

4-Allyl-3-hydroxyxanthone (0.5 g) and osmium tetroxlde

(40 mj) were dissolve in ethyl acetate (200 ml) and water

(50 ml). Potassium periodate (1.2 g) was added in small

quantities as usual. The intermediate 4-acetaldehydo product

obtained on working up of the reaction mixture as described
before, was taken in.PPA (12 ml) and the reaction mixture was
heated at 130° for 3 hr. The reaction mixture was worked as

o 4before. The product crystallized from ethanol, m.p. 191° (lit., 
m.p* 192°). The mixed m.p. with the above obtained product 

remained undepressed, mixed m.p. 191°. Yield 0.1 g.

Analysis t Found : C, 76.65 ; H, 3.26 %

^15H8°3 requires : C, 76.28 ; H, 3*39 % •

Synthesis of 51-methylfuro(21,3 *-3.4)xanthone (XXIII) :

4*.5>~Dihydro-5t-methyl(2t.3*-314)xanthone (XXII) :

4-Allyl-3-hydroxyxanthone (1 g) was triturated with 
sulphuric acid (85 % ; 6 ml) in a water bath for 15 minutes.

The content was poured into crushed ice, the separated product 
was filtered and washed with dilute sodium hydroxide solution 

to remove uneyclized compound. It crystallized from ethanol 
and also from benzene-petroleum ether mixture, m.p. 181°
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(lit.J* .m.p. 180°), yield 0.8 g.

Analysis s Ibmid s C, 76.40 ; H, 4.66 %
c16H12°3 requires s C, 76.19 ; H, 4.76 $ .

5«-methylfuro (21,3'-3.4) xanthone (XXIII)

A mixture of 4*,5*-dihydro-5'-methylfuro(2»,3'-3,4)- 
xanthone (0.5 g) and pallatized charcoal (10 % ; 0.3 g) and 

diphenyl ether (8 ml) was refluxed for 12 hr. The reaction 

mixture was filtered hot and the solvent was removed by steam 

distillation. The product chromatographed over alumina and 

eluted with benzene-petroleum ether mixture (3 s7) gave the 
product, which crystallized from ethanol, m.p. 172° (lit.,^ 

m.p. 170°), yield 0.3 g*

Analysis s Tbund : 0, 76.37 5 H, 3*87 %
C16H10°3 requires s C, 76.81 $ H, 4.00 % .
IR spectrumy^ax (nujol) s 825 cm“i(furan ring), 1645 cm"1,

('Y-pyronyl >C=0 group).

Synthesis of 1.5*-dimethylfuro (2*.3*-3.4)xanthone (xmi) s 

3-A1lyloxy-l-methylxanthone (XXFa) s

3-Hydroxy-l-methylxanthone (0.6 g), allyl bromide 

(0.5 g), anhydrous potassium carbonate ( 4 g) and acetone 

(350 ml) were refluxed in a water bath for 3 days. The solvent 

was distilled off and the reaction^was poured into water aid 

the separated product was extracted with ether and washed 

with dilute sodium hydroxide solution and with water. It
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crystallized from petroleum ether (60-80°) as colourless
needles, m.p. 114°, yield 0.8 g

Analysis :
c17H*°3

Found « C, 76.23 ; H, 5.38 %
requires : C, 76.67 ; H, 5*26 %

4-Allyl-3-hydro xy-l-me thylxanthone (XXVb) :

3- Allyloxy-l-methylxanthone (0.8 g) was refluxed with 

dimethylaniline (5 nil) for 6 hr. She reaction mixture was 

worked up as described before. The product crystallised from
aqueous ethanol and also from benzene as fibrous crystallls, 
m.p. 234-5°, yield 0.5 g.

Analysis s Found s C, 76.74 5 H, E>.l6 %
C17H1^°3 requires s C, 76.67 » H, 5*26 % .

IR spectrumy^a:x(mi3ol) s 1642 cm ( ^C=0 group),
and a broad band at 3120 cm"* (aromatic -OH group).

4», 51-Dihydno-1,5*-dimethylfuro (2*,3*-3,4)xanthone (XXVI) :

4- Allyl-3-hydro xy-l-me thylxanthone (0.4 g) was 

dissolved in sulphuric acid (85 % ; 3 ml) and heated in a water 
bath for 15 minutes at 75°. The content was poured into 

crushed ice, the separated product was extracted with ether 

and washed with dilute sodium hydroxide solution and with water.
gdL

The crude product was chrpmatograph^pver silica gel and then, 
eluted with petroleum ether-benzene mixture (7s 3)* It crystallized 

from petroleum ether-benzene mixture as colourless shining 
needles, m.p. 178-9°, yield 0.3 g.
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Analysis

C17H14°3

Ibund * C, 76,37 ; H, 5.06 @ $.

requires : C, 76.67 ; H, 5*26 $ •

1,5*-Dimethylfuro( 2 S 3 * -3 xanthone (XXVII) :

A mixture of 4%5,-dihydro-lT5,-diip>thylfhro(2S3,-3»lO-

xanthone (0.25 g), f passladized charcoal (ulO % 5 0.3 g) and

diphenyl ether (5 ml) was refluxed for 10 hr. The reaction

mixture waa filtered hot and the solvent was removed hy steam

distillation. The separated product was extracted with ethyl

acetate, washed with water, dried with anhydrous sodium sulphate.

The solvent on evaporation gave XXVII (0.1 g), which was purified 
hy passing through the column of silica gel and eluted with

petroleum ether-benzene mixture (1:1). It crystallized from
ethanol, m.p. 160°,

Analysis : Ibund : C, 76.80 5 H, lf.75 %

C^12°3 requires : C, 77.27 ,* H, *f.55 %..

Synthesis of H-Hgethylfurp (3* .2*-2.3)xanthone (XXX) :

5-Metfayl~l,2,3^-tetrahydrdfuro (2«,3*-6,7)xanthone (XXIX) :

7-Allyl-6-hydrox^.l,2,3,lf-tetrahydroxanthone (0.8 g) 
prepared according to Sanghvi and Trivedi22, was dissolved in 

ethyl acetate (230 ml) and j osmium tetroxide (70 mg) in water 

(80 ml) were mixed and vigorously stirred for 15 minutes.

Potassium periodate (1.8 g) was added in small quantities to 

the dark solution over a period of 1.5 hr. The reaction mixture 

was stirred for 2 hr. more and worked up as usual. The
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intermediate 7-acetaldehydo product was treated with. PPA (12 ml) 
in an oil bath at 110° for 2 hr. It was poured into ice cold 

water. The solid separated was filtered, washed with dilute 
sodium hydroxide solution and finally with water. It/ 
crystallized from benzene as fine small in needles, m.p. 206°, 
yield 0.12 g.

Analysis s Bound s C, 75.19 j H, 5.51 %

C16H14°3 requires : C, 75*55 5 H, 5»50 % .
IE spectrum(nujol) s 870 em"* ( furah ring), 1640 cm"* 

(7-pyronyl>C=0 group). xN/\m&x (chloroform) s 246 nm 
(log e 4.74), 278 nm (log e 4.60).

4-Methylfuro (3,,2<-.2,3)xanthone (XXX) :

5-Methyl-l,2,3,4-tetrahydrofuro (2' ,3 ,-6,7)xanthone 
(0.25 g) and palladized charcoal (10 % ; 0.3 g) were taken in 
diphenyl ether (8 ml) and the mixture was refluxed for 10 hr.

eIt was then filtered hot and the solvent was removed by steam 
distillation. The residue was extracted with ethyl acetate.
The evaporation of the solvent gave the product which 
chromatographed over 1 silica gel and eluted with petroleum- 
ether-benzene mixture (Is 9), The product crystallized from 
benzene as small seeds, m.p.216°, yield 0.09 g.

Analysis s Bound . s 0, 76.37 i H, 3.87 %
G16h10°3 requires s C, 76.81 ; H, 4.00 % •
3-Allyloxy-4-methylxanthone (XXXI) :

A mixture of 3-hydroxy-4-methylxanthone (2.5 g),
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allyl bromide (2 g) and anhydrous potassium carbonate (12 g) 

was refluxed in dry acetone (300 ml) in a water bath for 11 hr. 

The reaction mixture was worked up as usual. The product 
crystallized from benzene-petroleum ether mixture ,m.p. 1^9° 
(lit.,1^ m.p. lW3), yield 3 g.

Analysis : Found : C, 76.19 5 H, 5*02 %

cl7Hiif03 requires , t Cf 76.67 ; H, 5.26 % .

2-Allyl-3-hydroxy-V-methylxanthone (XXXII) :

3-Allyloxy-4--methylxanthone (2.5 S) in dimethylaniline 

(8 ml) was refluxed for 4 hr. The reaction mixture was worked 

up as described before. The product crystallized from ethanol 
m.p. 168°, yield 2.2 g.,(lit.,16 m.p. 165°).

Analysis s Sbund s C, 76.^7 ; H, 5*56 %

G17Hllf03 requires s 0, 76.67 ; H, 5.26 % .

IR spectrum y^ax(nu5ol) : 1632 cm"* ('Y-py^’o^yl >C=0 group), 

and a broad band at 32§0 cm'*i (aromatic -OH group)

k-Methylfuro (3» .2»-2.3)xanthone (XXX) :

2-Allyl-3-hydroxy-^-methylxanthone (0.5 g) in ethyl 

acetate (200 ml) and osmium tetroxide (65 mg) in water (70 ml) 

were vigorously stirred for 15 minutes. Potassium periodate

(2 g) was added in small quantities. The reaction mixture
oworked up as before and the 2-acetaldehydi| derivative so 

obtained was treated with PPA (15 ml) for 3 hr. at 120° to
1

obtained furoxanthone XXX (0.11 g). It crystallized from benzene,
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m.p. 216°. The mixed m.p. with previously synthesised product 
was not depressed.
Analysis I Found ; C, 77.21 ; H, ̂-.36 %
°16h1©°3 requires s C, 76.81 ; H, k.OQ % .
Synthesis of 4-t5«-dimethylfuro (3S2,-2>3)xanthone (XXXIV) :

V«, 5 * -Dihydro-4,5«-dinethylfuio (3»,2'-2,3) xanthone (mill) %

2-Allyl-3-hydroxy*^-“ffiethylxanthone (1.5 g) was 
triturated with sulphuric acid (8? % ; 9 ml) in a water bath 
at 75° for 15 minutes. The reaction mixture was worked up as 
described before. The product crystallised from ethanol as 
well as from benzene-petroleum ether mixture, m.p, 17^°, 
yield 1 g.
Analysis s Found : C, 77.13 ; H, 5.11* %

C17H1lf03 requires s 0, 76,67 5 H,, 5.26 % .

k95<»Pimethylfuro (3*.2t-3,lf)xanthone (XXXI?) j

A mixture of ^S^’-dihydro-^j^'-dlfflethylfuTOCS^ »2'-2,3) 
xanthone (0,6 g) and DDQ (0.535 g) was refluxed in sodium 
dried benzene (30 ml) in a water bath for 6 hr. The separated

4product was filter, off and filtarate on evaporation gave the 
solid, which crystallised from acetic acid, as fine needles, 
m.p, 2^2° (lit.,16 m.p. 235°), yield 0A g.
Analysis s Found : C, 77.29 ; H, %

requires : C, 77*27 ; H, lf.55 % .
IR }5spectrum^ax(nu3ol) s 880 cm**1' (furan ring), 1640 cbT*
('Y-pyronyl >C=0 group).
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Synthesis of 4,4«-dimethylfuro (3» ,2,~2,3)xanthone (XXXIX) s

3-Ace to ay-4-aiethylxanthone (XXX?) :

A mixture of 3-hydro xy*4-methylxanthone (2,5 g) 

acetic anhydride (6 mi) and a few drops of pyridine was heated 
in a water bath at 85° for 6 hr. The content was poured into 

ice cold water o containing hydrochloric acid (3 ml). The 
separated product was filtered, w^hed with dilute sodium 

hydroxide solution, dried and crystallized from ethanol as 
shining plates, m.p. 154°, yield 2.2. g.

i

Analysis : Found s C, 72.Ik 5 H, 4.32 %

C16H12°4 requires : G, 71.64 ; H, 4.48 % .

2-Acetyl-3-hydro xy-4-me thylxanthone (XXXVI) :

3-Ace to xy-4-me thylxanthone (2.5 g) and anhydrous 
alluainum chloride (4 g) was heated at 120° for 1.5 hr. and 
then the temperature was raised to 145° and kept for 2 hr. at 

this temperature. The reaction mixture was cooled and poured 
into crushed ice containing hydrochloric acid (15 ml). The 

separated product was filtered, washed with water and dissolved 
in so dir© hydroxide solutioha (6 %), filtered and acidified.

The product crystallized from benzene as fine colourless 
needles, m.p. 229°, yield 1.8 g.

Analysis ; Sbund i C, 71.29 ; H, 4.83 %

C16H12°4 requires s C, 71.64 ; H, 4.48 % ,
IB spectrum(nujol) s 1641 cm“*'(,Y-pyronyl >C=0 group), 

and 1685 eat-* ( -COCH^ group), and a broad band at 3220 cm"1 

(aromatic -OH group).
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Ethyl 2-acetyl~4.methyl..3»xanthonyloxy acetate (XXXVII) : ■

A mixture of 2^acetyl«3-.hydroxy4f-methylxanthone 

(2 g), ethyl hromoacetate (1.5 g), anhydrous potassium carbonate 

(9 g) and dry acetone (250 ml) was refluxed in a water bath

for 15 hr. The solvent was distilled off and the product was
dU'M*-

extracted with ether, washed with very^sodium hydroxide solution 

and with water. It crystallized from aqueous ethanol as
shining rectangular plates, m.p. 154°, yield 2.2 g. /

/

Analysis : Found : C, 68.23 ; H, 4.96 %
C20H18°6 requires s C, 67.80 ; H, 5*08 % .

2-Acetyl~4~methyl^3~xynthonyloxyacetic acid (XXXVIII):

The ester XXXVII (2 g) was treated with potassium 

hydroxide solution (8 $ ; 20 ml) and stirred for 2 hr. and
!

then kept over night, The red coloured solution was acidified 

and separated product was dissolved in sodium bicarbonate 

solution, filtered and acidified. It crystallized from acetic 
acid, m.p. 237-8° (deeom.), yield 1.2 g.

Analysis s Found : C, 66.81 ; H, 4.21 %
°18H14°6 requires : G, 66;27 ; H, 4.20 % .
IR spectrum Cnujol) s 1646 cm"2, ("j'-pyronyl^>C=0 group), 

1735 cm“* ( -C0GH group), and a broad band at 3350 cm"2,

( -OH group),

4%4M3igtethylfuro (3»,2«-2,3)xanthone (XXXIX) s

A mixture of 2-acetyl-4-methyl-3-xanthonyloxyacetic 

acid (0.8 g) in acetic anhydride (6 ml) and sodium acetate(2.5 g)
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was heated "under refluxs^bfor 2 hr. The reaction mixture 

was diluted with water and the separated product was filtered, 

washed with sodium bicarbonate solution and with water, dried 
and crystallized from ethanol as colourless needles, m.p. 211°, 

yield 0.4

Analysis : Ibund : C, 77.02 ; H, 4.73 %

C17H1203 requires : C, 77.27 *, H, 4.55 % .

3.6-Dihvdroxy-4-methylxanthone (XL) ;

A mixture of 2-methylresorcinol (6.2 g j 0.05 mole), 

methyl 2,4-dihydro xybenzoate (8.4 g ; 0.05 mole) and diphenyl 

ether (15 ml) was refluxed for 13 to 16 hr. The reaction 

mixture was subjected to steam distillation to remove diphenyl 

ether. The residue was washed with saturated sodium bicarbonate 

solution (50 ml) and dissolved in sodium hydroxide solution 

(8 % ; 80 ml), filtered and acidified. The separated product 

was filtered, dried and crystallized from acetic acid, m.p. 
above 325°. IR spectrum ymax Cnujol) : 1*6 cm"1 (Y-pyronyl

^C=0 group) and a broad band at 3280 cm” (aromatic -OH groups).

A mixture of the above compound (1 g), aefctic 

anhydride (8 ml) and pyridine (0.3 ml) was heated on a water 

bath for 6 hr. *The reaction mixture on working up as 

described before gave 3,6-diacetoxy-4-methylxanthone, which 
crystallized from benzene as colourless needles, m.p. 194°, 

yield 0.8 g.
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Analysis : Ibund : c, 66.65 ; H, 4.18 %
ci8Hl4-06 requires : C, 66.27 ; H, 4,29 % .

IH spectrum (nujol) s 1658 cm"1 {y -pyronyl >0=0 group)
and 1745 cm”i (-OCOCH^ groups).

3. 6-Piallylo xy-4-me thylxantho ne CXLI) s \

A mixture of 3,6-dihydroxyxanthone (2.5 g0»
\

allylbromide (3.2 g) and anhydrous potassium carbonate (8 g) 
was refluxed in dry acetone^ (400 ml) in a water batt\ for 

20 hr. The solvent was distilled of and the reaction mixture 

was poured into water. The separated product was extracted 

with solvent ether and washed with dilute sodium hydro Side 

solution and with water. It crystallized from a mixture of 
benzene-petroleum ether as colourless long needles, m.p. 128° 

yield 2*2 g.

Analysis j Sbund : C, 74.16 ; H, 5.44 %
C20H18°4 requires s C, 74.^ ; H, 5.59 % .

2,5-Diallyl-3.6-dihydro xy-4-me thylxan thone (XLII) s

3,6-Diallyloxy-4-methylxanthone (1.8 g) was refluxed

with dimetiiylaniline (10 ml) for 7 hr. The reaction mixture

was worked up as described before. The product crystallized
from ethanol as small prisms, m.p. 221°, yield 1.2 g.

Analysis s Sbund s C, 74.92 ; H, 5.51 %■
%

C20H18°4 requires i C, 74.^ 5 H, 5.59 % .
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IB spectrum )fmax (nujol) : 1642 cm’ ■i (T-pyronyl ^C=0 group)
4

and a broad band at 3160 cm (aromatic -OH groups).

4-,5» ^"-Trimethyl^1 ,5* ,4-^5,t-tetrahydrodifuno(3t ,2«-2.3 ;

3». 2»-5.6) xanthone(XUII) *.

2,5-Eiallyl-3»6-dihydroxy-4--methylxanthone (0.6 g) 

was dissolved in sulphuric acid (85 % 5 6 ml) and heated on
a water bath for 15 raintes at 75° • Ihe reaction mixture was

worked up as usual. The crude product was chromatographed 

over silica gel and eluted with a mixture of petroleum ether- 

benzene (1 : if). It crystallized from benzene-petroleum ether 
mixture as colourless shining needles, m.p. 198-9°, yield 0.4- g.

Analysis s Found : C, 75.00 ; H, 5.77 $

Cgo*,^ requires : C, ?b^2 ; H, 5*59 % .

4-,5S5,1-Tr^ethyldifuio(3,,2'-2,3 : 31,,2t,-5,6)xanthone(XLIV) :

A mixture of XLEII (0.5 g), palladized charcoal 

(10 $ ; 0.9 g) and diphenyl ether (10 ml) was refluxed for 

14- hr. The reaction mixture was filtered hot and solvent was 

removed by steam distillation. The separated product was 
extracted with ethyl acetate, washed with water, dried with

anhydrous sodium sulphate. The solvent was removed by 

evaporation and the residue was chromatographed over siliga gel 

and eluted with a mixture of benzene-chloroform ( 2:3 )• It
crystallized from acetic acid as colourless needles, m.p. 254-°, 

yield 0.2 g.



Analyses s , Found ; C, 75.42 ;-H, 4.83 % 

: G, 75.26 ; H, 4.40 %C20H14°4 requires
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