CHAPTER III
STUDLES TN THE SYNTHESIS OF YANTHONE DERTVATIVES

Section I

A NEW ONE STEP SYNTHESIS OF XANTHONES
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THEORETICAL

A NEW ONE STEP SYNTHESIS OF XANTHONES :

" A number of methods have been reported for the
synthgsis of xanthones and they are recently reviewed1 in the
" Total Synthesis of Natural Products"|. Some general methods
are briefly deseribed here,

Pyrolysis‘of benzoic acid derivatives :

2eﬂ§droxybenzoic acid gnd 2shydioxynaphthoic acid are
converted into xanthone and benzoxanthone by distillation of
the acid either alone2 or in the presence of tungsten oxide or
vanadium pentoxiée3 and the distillation 6f the aryl estt:ar:')+ or
the acetatess. Prepara&ion of simple xanthone from salol by
its dstillation is the best example of this method, Still the

mechanism of this pyrolysis is not clear,
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Many dibenzoxanthones have been prepared by Kamel and

Shoeb® and Parija et al’. In the preparation of hydroxyzanthones
by‘this method, dixanthone(I) is often producéd as a by product.
Moreover, side reactions like decarboxylation and autocondensation

are also possible.
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Kocl:a:l.8 has reported that the alkali salts of 2-halo=-
benzolc acids decompose smoothly at 32'5-80° in vacum to
produce xanthone in 50 to 70 % yield, The synthesis of octa-

fluomxan‘chone9 and other };aloxanthones is repo rtedm.

Sellers and Sm.«s:cxl:l:!.tzky11 have developed a novel
pyrolysis method for the preparation of xanthones, They have
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done pyrolysis of 2-carboxyphenyldiazonium tetrafluorobotate
in,phenols and aryldiazonium tetrafluoroborate in substituted
salicylic acid. In some case xanthones are accompanied by
3,4-benzocoumarins (II). The themmolysis in phenols can be

illustrated as mentioned above,

ia,
TEp

From dfphenyl ether derivatives :

The synthesis starts with preparation of diphenyl
ether-2-carboxylic acid or with diphenyl ether where 2,2-
positions are not occupied., Diphenyl ether-Z—carboﬁrlié acid
or 2-aryloxy-benzoic aclids are prepared directly either by the

n:!'2 or by treating 2<diazoniumbenzolc acid with

Ullmann reactio
pheno113. The cyclization can be carried out in excellent
yields by heat or with sulphuric acid, acetyl chloride, thionyl
chloride, phosphorus pentachloride or ox:{de, oxalyl chloride,

stannic ehloride,

Koelsch and Lucht1!'" carried out the condensation
between 2-chlorobenzoic acid and 3-‘een:i.trophenol in presence of
copper bronze and cuprous iodide in amyl aleohol, The use of -
other solvents like nitrobenzene, hexyl alcohol and ani’sjle was
also reported15 « The synthesis of 2-hydroxyxanthone from lt
methoxyphenol and 2-chlorobenzoic acid was achiéved in a better
yield by Davies and colleaguesl6. The use of potassium
carbohate along with copper bronze and cuprous iodide was

repo rtedl7. ,

Mauthner et,alls. have successively used sodium
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2=chlorobenzoate in place of 2«chlorobenzoic aci‘:; fo? the
synthesis of different xanthones, Later on this method was
adopted by many workers1?=23,

Recently, Okogungh" has prepared 2«methoxyxanthone

and substituted benzoxanthone from 2-(4-methoxyphenyloxy)
benzaldehyde by the-use of copper(II) halides.

. In a second approach, xanthones are directly synthesised
from substituted diphenyl ethers by the action of oxalyl

257 26. 2-Phenoxy-

chloride in presence of aluminum chloride
benzoyl chloride(III) must be the intermediates in the formation
of xanthones by this method. Recently, Gf.zfxioth et 2127,

have synthesised 2-chloro-6=bromo- and 2-fluoro-b6-bromoxanthone
by this method. The synthesis of l-methoxyxanthone can be

113.ustrat§d as 3
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From benzophenone derivétiveé 3

‘ In this method a suitable benzophenone derivative
obtained as an intermediate, can be cyclized further to get
the desired xanthone. It reqpifes usually a salicycl;c aclid
derivative and a sultable pehnol. The equimolecular proportions
of the coﬁponents are merely heated with a condensing agent
such as acetic ahhydride%%, zinc‘chlorid329"31, PPAY? to get
2,2t~dihydroxybenzophenone or xanthone derivative, A
modificaﬁion of this method by Grover, Shah and Shah33’3h
consists ‘in the use of a mixture of phoéphorus oxychloride
and zinc i* chloride as a condensing agent., In this method a
mixture of an o-hydroxybenzoic acid, a phemnol, anhydrbus zine
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 ﬁydroxyxanthone by heating at 200~2200 with
water in a sealed tube35. The hydroxyyxanthones were obtained
directly when the acidic component is a 2,6-dihydroxybenzoic
aclid or phloroglucinol carboxylic acid or when phenol is
phloroglucinol or orecinol i.e, wheﬁ the intemediate hydroxy-
benzophenone carries another hydroxy group at the 6- or 6'=
position, as the alternative site for the cyelization is
available. The method also worked well when one or both the
components are methylated. For example 2-hydroxy-6-methoxy-
benzoic acid on éondensation with phloroglucinol gave 1,3~di-
hydro xy-8-methoxyxanthone,



OCH3 OH |
COOH Heo  ©  OH

Zﬁ\C&Q
—

-+

OH HO o) OH

Kulkarini et 2136, have condensed different acids
like o-vanillic,-o—verat%ic, o-creéotie, m-cresotic with
reactive phenols such as phloroglucinol, oreinol, pyrogallol,
resorcinol to obtain corresponding xanthone derivatives, At
present this method has got greatest popularity among mény

research workers37'h5. Scheinmann and coworkersuo

¥

have
recommanded the use of aluminium chlofide alongwith zinc
chloride and phosphorus oxychloride, when the mixture qgﬁhe

"
two condensing agebts failed.,

A

Gentisic acid(2,5-dihydroxybenzoic acid) provides.
great difficulty to react because'quinol nucleus is resistant
to electrophilic gubétitution. It was reported&é’h7 that
2-hydroxy-5-methoxybenzoic acid condensed with phloroglucinol
using phosphorus oxychloride and zife chloride to give the
corresponding xanthone - derivative(IV). Raso and Seshadrius
condensed 2,5-dimethoxybenzoyl chloride with phloroglucinol
trimethyl ether in presenee-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 qbtained'thrqugh a -
ketimino compound(VI) on alkaline hydx;olysis W 0ewcycl:i.zeda to
xantlmnevk
chlorideso., acetic anhydrlde? 1 or water at 200-220° (in an

autoclave) 3 5. Thus 2,2',L,6-tetrahydroxydiphenylketimine(VI),

? by the use of conc.sulphuric acid, aluminium

obtained By the condensation of salicylonitrile and phloroglucinol,

on treatment with alkali directly gave 1,3-dihydmwxanthoneu9.
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Stout et a1.52’53 have condensed methyl ether of
phenols with acid chloride and the resulting 2-hydroxy-2!-
methoxybenzophenones, were cyclized to xanthone derivatives,
by tetramethyl ammonium hydroxide in pyridine, Scheinmann
and Quillinan.sLF have reported the use of different alkéline
. reagents such as aqueous sodium hydroxide in methanol,aqueous
potassium carbonate in methaﬂol, tetramethylammonium hydroxide
in aqueous pyridine. They have also discussed the use of other
effective reagents like boron,trichlori&e and DDQ., The use of
2 4 ethanolile potassiumbhyﬂxoxide55 and 1N potassium hydroxide
in i nitrogen atmosphere was also reportedsé. The synthesis
of 2,5-dihydroxy~ and k,5-dihydroxyxanthone has been reported57 ’

using such reagents,
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The eyclization of 2«hydroxybenzophenones can also
be achieved by the use of some oxidants, Lewisgl and other
,xaro:r']a;erss'8 have used potassium ferricyanide., Thus 2,3,1,.#1*1-
hydmxybenzophenone (VII)sl and 2,2',k4, S-tetrahydroxybenzophenone
(VIID) 58 have been cyclized to corresponding 2,6-dihydro:w~
xanthone and 1,%,6—tr1hydroxyx@nthone in high yield by oxidative
coupling with potassium ferricyanide.,
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Lewis et a_.159. have also synthesised xénthone
derivatives from benzophenones derivative using DDQ for
oxidative coupling.

Royer et ?'160. 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-chloro-
2'-methoxybenzophenones, by cyclizing them using pyridine-

61

hydrochloride. Bennet et al ", have reported a method to
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convert  2-hydroxybenzophenone=2'-sulphinic acid(IX) into
xanthone by refluxing it with 3 % sodium hydroxide solution.
The intermediate IX was prepared from thioxanthene9-one-10,10-
dioxide (X), by hydrolysing X by 2 % sodium hydroxide in
aqueous dioxane (65 %).
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PRESENT WORK

Fr%rthe 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 zine chloride, aluminium
chloride, Bgon trichloride, zinc chloride and phosphorus
oxychloride mixture or PPA. The condensing agerx 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 aﬁd convenient method to be adopted for the .
general synthesis of xanthones.

The present one step synthesls of xanthones isgs
the outcome of the method developed by Desai, Trivedl and
Sethna®2 for the synthesis of chromones and flavones by
- the thermal condensation of phenols with B-ketonic ester
in bolling diphenyl ether, They condensed ethyl aqetoacetate
and ethyl benzoylacetate with resqrcinol, pyrogallol,
phloroglucinol, 1-naphthol and 2-naphthol in different
solvents like diphenyl ether, nitrobenzene, phenetoleg,
'acetylene tetrachloride. The yields of 2-methylchromones in
the cqndensations with ethyl acetoacetate have been fSund
to be less in comparlison with those of ethyl benzoylacetate,

probably because a part of the ethyl acetoJacetate 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 chf&mones 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 réfluxing the mixture
in diphenyl ether without the use of any condensing agent.
Further 1t was observed that the intermediate phenyl
salicylate derivatives could be isolated, Thus the method
cén also be used to prepare thermaﬁy'more sta?}e ester
derivatives. Where as ;Q‘Grover, Shah and ShiR's :tmathcui.33’3}+
intermediate benzophenones or xanthones could be obtained

depending upon the nature of the phenols.

Condensation of resorcinol with ethyl salicylate :

3'~-Hydroxyphenyl salicylate (XITa) and 2,2!'.4-trihydroxy-
benzophenone (XTa) : '

Resorcinol on thermale - condensation with ethyl
salicylate for 3 to 5 hr. in boiling diphenyl ether afforded
3!-hydroxyphenyl salicy;ate(XIIa), yield 38 %, m.p. 138° and
2,2',h-triﬁydroxybenZOphenone(XIa), yield 2 %, m.p. 133°
(lit.,37 m.p. 133°). Botn were separated by cerystallization
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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 Re 0,65 and

Re 0.40 by using cﬁlorofbrm as a solvent., The 2,2!',h-
trihydroxybenzophenone(XIa) was identical with the one
prepared, according to Grover, Shah and Shah's method3’
f}bm 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 XITa (major product) gave a diacetate
derivative(XIIb) and not triacetate derivative(XIc) or (XId).
This was confirmed by the elemental analysis of XIIb and
also from its NMR spectrum, Thus this excludes the benzm -
phenone structure XIa or XIb for the ") above compound . XIIa,
Finally the structure of XITa was confirmed from.its spectzal
data obtained as follows :

The IR spectrum in nujol (Fig. 1) showed bands at

-} (_c00-Ph phenyl ester group) and two broad bands

1

1675 cm
at 3280 cm”
had structure XIa &r XIb the carbonyl stretching band would

1 instead of 1675 em™t.

and 3420 cm'"i (arpmatic ~0H grouwps). If it

appear around 1650 cm”~

The NMR spectrum of dlacetate derivative(XIIb) of
XIIa in CDCly (Fig. 2) showed following signals : d 2.18 and
2,23, two singlets, each 3H, two -0COCH, groups. This

indicated that resorcinol initially condensed to give the
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product XITa. d6.98-7.14, multiplet, 4H, aromatic protons
at 2'-, 3-, 4'-, and 6'-position ; 7.26, double doublets,
J=9Hz, J=1.6Hz, 2H at 4= and S-position ; 7.5%, triplet,

J=9Hz, J=1.6Hz, 1H at 5St-position ; 8.14, double doublet,

Je5=9Hz, Jg,=1 AuHz, 1H at 6-position.
of }iz1a
The 13«* MR spectruy in DMSO~d6 (Fig. 3): It showed

a down field peﬁgk at d167.206, This confirmed the presence
'of phenyl ester carbonyl group (PH»COO-Ph) and not of the
benzophenone (Ph-C0-Ph)., In case of latter, the signal
would appeared around d200. This proved that the major

product of this condensation had structure XIIa.

1-Ezdiozzxanthone§XIIIa2 :

Resoreinol on prolonged heating with ethyl salicylate
in boiling diphenyl ether for 18 to 20 hr. gave a mixture
of 1-hydroxyxﬁnthone(XIIIa), m.p. 149° (1it.,32 m.p. 148°),
yield 7 % and 3-hydroxyxanthone (XIVa), m.p. 246° (1it.,3’
m.p. 242°), yield 31 4. Both were separated by the treatment
with sodium hydroxide solution (10 %). The compound (XIIIa)
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(XIIIa).

Its IR spectrum in nujol showed bands at 1650 cm'i

(v -pyronyl »C=0 group) and a broad band at 3420 cm'i(chelated
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-0H group). If the compound had «-pyrone structure(XIIIb),
the IR spectrum would have shown thé carbonyl stretching

1 2nd not at 1650 cm'i. The structure

band around 1720 cm”
of XII1Ia was further confirmed on the basis of the NMR spectrum
in CDCl3 (Fig. 4) of its monoacetate derivative(XIIIc) :

d 2.4, singlet, 3H, ~0COCH, group at 1-position. Here the
signal shifted to somewhat downfield, because the -OCOCHj

group was ortho to <Y-pyrone carbonyl group. (In case of

XIVe, the singlet for -0COCH,' group appeared at §2.32,
somewhat upfield). d 6.85, doublet, Jp3=9Hz, Jy,=1.5Hz, 18

at 2-position j 7.12-7.70, multiplet, 5H, aromatic protons

at 3=, 4=, 5-, 6~ and 7-position ; 8.11, doublet, 387=10Hz,
386‘=1.5Hz, 1H, at 8-position. The downfield daublet at

d8.11 integrated for only one proton which indicated that
only one peri-position -8 was free, and second peri-position

-1 carried a ~OCOCH3 group,

It iz 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
difficudlt without a condensing agent. The same was obtained
in good yield when PPA was used for the condensation of
resorcinol with salicyiic acidsz. It was also observed
by Shah and co-worker363 that the ‘Y—substitution in resorcinol
was taking place when anhydrous aluminium chloride was used
as a condensing agent. Desai,z Trivedi and Sethna62 observed

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

flavone in poor yield. While 'I.'rivecii61+

observed that when
resorcinol was condensed with ethyl benz,sylmalonate in
' diphenyl ether, it exclusively gave the 7Y-substituted product

4,5 -dihydroxy-3-benzylcoumarin,.

3-Hydroxyxanthone (XIVa) :

‘ Acidification of the sodium hydroxide extz"act gave
3-hydroxyxanthone (XIVa), m.p. 246°, yield 31 4. Its IR
spectrun in nujol (Fig. 5) showed a shoulder at 1632 cm"i
( Y-pyronyl >C=0 group) and a weak band at 3100 en~t
( -0H group). If it had o-pyrone structure XIVb (:I.it.,é5
MePe 2330), the pyrone carbonyl stretching band would have

1 .nd not at 1632 em™1, Ifs mono-

appeared around 1720 cm~
acetate derivative(XIVec) was prepared and characterized by
its IR and NMR spectrum. 7vg

The IR spectrum in nujol (Fig. 6) showed bands at
1650 cm'l (7¥=-pyronyl >C=0 group) and sharp band at 1746 en™t

( -OCOC‘H3 group).

The NMR spectrum in CDCIL3 (Fig. 7) showed following
signals J2.32, singlet, 3H, -OCOCH3 group at 3-position,
The singlet was somewhat upfield as compa\red to that of
~0COCH; group at 1-position in case of XIIIe ( J2.44).
'd7.25, multiplet, 5H, aromatic protons at 2=, 4-, 5-, 6- and
7-position j; 8.20, doublet, J'=10Hz (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 XIVa were
unsubsti.’tuted. d

Formation of 1-hydroxyxanthone(XIIIa) and 3-hydroxyxanthone
(XIVa) from 3'-hydroxyphenyl salicylate(XITa)

3t'-Hydroxyphenyl salicylate(XIIa), when refluxed
alone in diphenyl ether for 8 to 10 hr. gave a mixture of
1-hydroxyxanthone (XIIIa), yield 9 # and 3-hydroxyxanthone
(XIVa), yield 58 %. Both were separated as described before.
The formation of’ 3=hydroxyxanthone (XIVa) along with XIIIa

as a major product is explained in the following mechanism.

Mechanism of the condensation :

~ The formation of phenyl salicylate derivative(XIIa),
2,2' ,4=trihydroxybenzophenone(XTa), 1-hydroxyxanthone(XIIIa)
and 3-hydroxyxzanthone(XIVa) can be explained as follows
Efthyl salicylate when heated with resoreinol, it underwent
trans esterification to- give 3'~hydroxyphenyl salicylatee
. (XIIa), with the liberation of ethanol. The product XIIa,
at high témperature, underwent Fries migration with the
formation of 2,2',4-trihydroxybenzophenone(XIa) and 2,2',6=
trihydroxybenzophenone(XIb), which smult;;xeously cyclized
to corresponding xantﬁongz derivatives XIVa and XIIla '.\
respectively with. the el'mination of water. Thus the
proportion, in which two 'benzophenones formed, will determine

the yield of hydroxyxanthones XIIJa and XIVa. The reaction

scheme is shown on next pagew
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Condensation of orcinol with ethyl salicylate : °

l-Hydroxye3=-methylxanthone (XVa) and 3-hydroxy-l-methylxanthone
(XVIa) :

When a mixture of orcinol and ethyl salicylate was
refluxed with diphenyl ether for 8 to 11 hr. afforded a |
mixture of l-hydroxy-3-methylxanthone(XVa), yield 53 %,

m.p. 8% (11t.,32 m.p. 148° and 1it.,3° m.p. 142-3°) and
3-hydroxy-l-methylxanthone(XVIa), yield 8'%, m.p. 285° (1it.,
m.p. 285°), This indicates that Y-substitution in orcinol

66

took place easily, which is rather difficult without a
condensing agent., The formation of XVIa 1s also interesting
because it is a xanthone derivative, which is not reported in
the literature, Moreover, it cou;.d not be synthesized by

the usual condensing agents like anhydrous aluminium chloride,
zinc chloride or a mixture of zinc chloride and phosphorus

oxychloride.

1-Hydmx$r-3-methylxénthone(XVa) :

The product, obtained after steam distillation was
treated with sodium hydroxide solution (8 %), whereby |
l-hydroxy derivative (XVa) foms a yellow insoluble sodium
salt, which was teeated with dilute hydrochloric acid and
chromatographed over silica gel and eluted with a mixture of
petroleum ether-benzene (1:k4) to obtain l-hydroxy-3-methyl-

xanthone(XVa). .
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The IR spectrum showed bands at 165% cmﬁi“(‘Y-Pyronyl

5C=0 group) and a broad band at 3380 cm—i (intramolecular
hydrogen bonded -0OH group). On the basis of IR spectrum the

' o -pyrone structure XVb was rejected. The NMR spectrum of its
monoacetate derivative(XVe) in CDC14 (Fig. 8) showed the
following signals : d 2,51, singlet, 6H, -0COCH; group at
l-position and -CH3 group at 3-position ; 6.70, singlet, 1H
at 2~-position ; 7.07, singlet, 1H at 4-position ; 7.21-7.60,
multiplet, 3H, aromatic protons at 5—, 6-, and 7-position ;
8.12, dcublet, Jgn=9Hz, Jgg=l. 5Hz, 1H at 8-position.

3-Hydroxy-lnmethylxanthone(XVIa)

Acidificatlon of the sodium hydroxide extract gave
3-hydroxy-1~methylxanthone(XVIa), y1e1d 8 %, m.pe 285°
(11t.,%6, 285°) .

‘ Its monomethyl ether derivative(XVIc) had m.p. 133°
(11t.,%0 . . 130-32°). The IR spectrum of XVIa in nujol
showed bands at-1645 cm'i(’y-pyronyl >C=0 group) and a broad
band at 3215 cm~l (aromatic ~OH group). If the product had
structure XVIb.the carbonyl stretching band would have appeared
around 1720 cn™t

is XVIa and not XVIb.

s thus the possible structure for the product

Condensatibn of4phlorog1ucihoi with ethyl salicylafe :

"1, 3-Dihydroxyzanthone (XVIIa) :

Phloroglucinol was dissolved in minimum quantity of
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hot diphenyl etlier 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°
(11t.,32 m.p. 256°). _
- _ The IR spectrum in nujol showed bands at 1670 em~1
(y -pyTonyl >C=0 group) and two broad bands at 3200 cm™ and
at 3460 en~1 (aromatic ~0H groups at 3= and 1-positi§n). On
the basis of IR spectrum the o(«~pyrone structure XVIIb for the
product is untenable, ) _

| The product XVIIa on acetylation with acetic
anhydride and pyridine gave diacetate derivative(XVIIec),
m.p. 148° (1it.,32 m.p. 148°) and methylation with dimethyl
sulphate in dry acetone gave 1,3-dimethoxyxanthone,..-

mopo 1'-700 (lito’36 m.po 169"700)0

Condensation of pyrogallol with ethyl salicylate :

3,4=Dihydro :gxanthohe (XVIIIa) :

1?& 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 alﬁmina and eluted with a mixture
of benzene-chlérofom (1:‘9) to give 3,4+-dihydroxyxanthone
(XVIIIa), yield 48 %, m.p. 240° (1it.,>3 m.p. 240-41°).

The IR spectrum in nujol showed bands at 1645 cm™
-1

-1

('Y-pymnyl >C=0 group) and two broad bands at 3225 cm anQ,
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at 331+0‘ cm"i (aromatic -0H groups). Theog—pyfone structure
XVIIIb is not tenable on the basis of low carbonyl stretching
in the IR spectrum, The product XVIIIa on acetylation w:i.tm1 |
acetic anhydride and pyridine gave diacetate deriVative(XVI&c),
m.p. 161° and on methylation with dimethyl sulphate in

presence of_amydm{zs potassium carbonate in dry acetone
yielded 3,%~d$netho:qrxanthone(mﬁd), m.p. 157° (11’0.,33

m.p. 156-57°). |

Condensation of l-naphthol with ethyl salicylate :

3, k~Benzoxanthone (Xi:Xa) :

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 wlith water and the structure was assigned as
3,k=benzoxanthone(XIXa), yield '}h R 156° (111;.,32 m.p.155°),
on the basis of-elemental analysis and its IR spectrum in
nujol : 1645 cm~d (Y-pyronyl >C=0 group). Thus other possible
structures XIXb and XIXc are untenable, In this case the
benzoxanthone(XIXa) is obtained in very high yield as compared

to other methods of the synthesis of xanthones.

Condensation of 2-naphthol with ethyl salicylate :

1,2-Benzoxanthone (X%a) :

A mixture of 2-naphthol and ethyl salicylate was
refluxed with diphenyl ether for 8 to 9 hr. The erystalline
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product separated after co@ling the reaction mixture, was washed
with petroleum ether, for several times, sodium hydroxide
solgtion (2 %) and finally with water and was charaéterized as
l,beenzoxanthone(Xxé), yield 65 %, m.p. 141° (lit.,32 M.Pe
138-40%) on the basis of its elemental analysis and its mixed
m.p. 140° with authentic sample32. The IR spectrum in nujol
'showed band at 1648 am™t ( Y=pyronyl >C=0 group)., The o -pyrone
structures XXc and XXd (lit.,11 m.p. 186°, SH-benzo[b]naphtho-
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[3,2-d)pyran-5-one) are untenable on the basis of IR spectrum .

Condensation of 2-methylresorcinol with ethyl salicylate :
2;Methy1:jlhydroxyphenyi salicylate(XXIa) :

A mixture of 2-methylresorcinol and ethyl salicylate
was refluxed in diphenyl ether for 7 to 9 hr., The product
obtained after steam distillation, was chromatographed over
7 gilica gel and eluted with a mixture of petroleum ether-
benzene (3:2) to obta}(aﬁ 5-methyl-3-hydrozyphenyl salicylate
(XXTa), yield 52 %, m.p. 102°,

The IR spectrum in nujol showed bands at 1682 cm
-1

-1

( '~C00-Ph ester group) and two broad bands at 3200 cm™~ and
3460 em™d (aromatic -0F groups). If the product had benzo-
phenone structure XXib, it would have shown carbonyl stretching
band around 1655 cm'; .

The product XXIa 6h acetylation with acetic anhydride
and pyridine gave diacetate derivaetive(XXIc), m.p. e, 1If
it had structure XXId, with one free hydroxy group, which is
ortho to carbonyl group, it would have developed colour with
ethanolic ferric chloride. No 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 (XXIe).

Finally the structure XXIa was confirmed by the NMR
spectrum of its diacetate der1Vative(XXIc) in CDCl (Fig. 9) :
d'2.02, singlet, 3H, CH, group at d-position ; 2.38, two

singlets, 6H, two -0COCH, groups at 3'- and 2-position.
H ? 3
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The presence of two -OCOCH3 groups confirmed the structure
- XXIc and not the benzophenone structure XXIe, which would
have given signal for nine proton of three --OCOCH3 groups.
d6.98-7.42, multiplet, 5H, aromatic protons at 3=, 4=, 5-,
4!, and 6'-position ; 7.65, triplet, J=9Hz, J=1.5Hz, 1H at
5'-position ; 8.25, doublet, J65=10Hz,436h=1.5Hz, 1H at
6-position, The one proton down field doublet also showed
the presence of only one proton ortho to M=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.

3-Hydroxy-li-methylxanthone (XXIIa) :

2-Methylresorcinol on prolonged heating with ethyl

salicylate for 16 to 18 hr. gave directly 3-hydroxy-lt-methyl-
xanthone (XXIIa), yield 37 %,‘m.p.‘268° (lit.,67 MePe 267°),
o Its IR spectrum in mujol showed bands at 1648 et
( Y~-pyTonyl >C=0 group) and a broad band at 3240 cm™t

(aromatic <OH group). On the basis of IR spectrum the
o{~pyrone structure "“XXIIb is found to be untenable. The
structure of X{ITa was also confirmed by preparing its mono-
acetate derivative(XXIIc), m;p. 15&0 and monomethyl ether
derivative(XXIId), m..p. 177° (1it.,68 m.p. 177-80°). The
IR spectrum of XXII& in nujol -(Fig. 10) showed band at 1640 em~1

(Y-pyronyl >C=0 group).
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Formation of 3-hydroxy-t-methylzanthone(XXITa) from 2!-methyl-

3'-hydroxypﬁenyl salicylate(XXIa) :

2t=Methyl=3!-hydroxyphenyl salicylate(XXIa)}, which
was formed as a resilt of trans esterification, when refluxed
alone in-diphenyl ether for 8 to 10 hr. afforded 3-hydroxy-
4-methylxanthone(XxXIIa), yield 55v%, m.D. 268° (1it.,67 Mm.Pe
267°). The fomation of XXIIa from XXIa can be explained by v
high temperature Fries migration followed by cyclization ‘

with elimination of water,

Condensation of hydroquinone with ethyl salicylate :

h'-Hydrbxyphenyl salicylate (XXIITa) :

Hydroquinone on thermmal condensation with ethyl
salicylate in diphenyl ether for 10 to 12 hr. gave k'=
hydroxyphenyl salicylate (XXIITIa) in good yield (55 %), m.Dp.
10283°.

Ite IR spectrum in viujol showed bands at 1698 cm’1
( -C00~ Ph ester group) and a broad band at 3420 cm"1 (aromatic
-0H group). If the product had benzophenone structure XXIIIb,
the IR spectrum would have shown the carbonyl stretching bgnd
around 1655 a~t,

The produqt XXI1Ia, on acetylaﬁion wilth 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 but the

‘product did not develop any colour. Therefore, structure
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XXITIc was assigned for the diacetate derivative. ‘ The
possibility of triacetate structure XXIIIf is rejected on the
basis of elemental analysis. Further the structure of XXITIc
was confimed by its MMR spectrum in CDCI.BK (Fig., 11) : d2.28,
singlet, 6H, twg ~0COCH, groups at 2~ and Ytoposition, This
reslut furbher support the phenyl salicylate structure XXIIic.
§7.16, multiplet, 5H, aromatic protons at 3=, 2'=, 3'=, 5'-
and 6'~position ; 7.38, multiplét; 1H at S-position ; 7.62,
multiplet, 1H at 4-position ; 8,18, doublet, Teg=9Hz, Jg,=1.5Hz,
1H at 6-position. The ongproton down field doublet showed
that there must be one proton ortho to -»C=0 group and if the
product had benzophenone structure XXIIle or XXIIIf then there
should be two protons doublet in the » down fieald region of the
spectrum, |

The product X{TIIIa on methylation with dimethyl
sulphate in presence of anhydrous potassium carbonate in dry
acetone yielded dimethyl ether derivative(XXIIId), m.p. 85°.

Lt.Hydroxyphenyl salicylate(XXIIIa) on treatment
with sulphuric acid (80 %) at 70° for 15 minutes or by refluxing
1t alone in diphenyl ether for 9 to 10 hr, decomposed to give
salicylic acid, Thus in this condensation 2-hydrozxyxanthone
could not be 1sola£ed.

Condensation of 3,4=o0-xylenol with ethyl salicylate :
3t,4'wDimethylphenyl salicylate(XXIVa) :

A mixture of 3,k~0-xylenol (3,4-dimethylphenol),



1866

" (ZHW 02¢) mSao Ut (PIIIXX)
9j3eOozZUBqLx 0leDe~g TAUsUdiXoqady=H Jo unajdads YuN * LI °*8Tq
? g 4 5 s .mm. NS ~m
—r : Y T T .» N
) ) } po—— - w‘l!\llllil PRI —y j 'f ﬁ "
AL £YERy
~m.
w2030
n:ucuol@lo/ HS
.
H3- | Hy
: HY
M Hy
(! dh " 3 J o s "

L




167

ethyl salicylate and diphenyl ether was refluxed for 12 to
15 hr. The reaction mixture was steam distilled to give an
oily produet 3',4'-dimethylphenyl salicylate(XXIVa), yield 40 %.

The IR spectrum in nujol showed bands at 1700 en™t

( -C00~ Ph ester group) and a broad band at 3440 cm™+(chelated
-0H group).

It on acetylation with acetic anhydride and pyridine
gave a monoacetate derivative(XXIVe), m.p. 82.1° and this did
not give any colour with ethanolic ferric chloride, therefore,
structure XXIVd was ruled out and diacetate‘ structure XXIVe
was also ruled out on the b;@s of elemental analysis., Further
the stfucture of XXIVe, was confirmed by the NMR spectrum in
‘CDCI3 (Fig. 12) :d2.25, overlapping of two singlets, 9H,
two Ar-CH3 groups at 3'e~ and Y4'«position and one --OCOCH3 g roup
at 2-position j; 6.90, overlapping of a doublet and a singlet,
2H, at 2'- and 3-position j 7.15, doublet, J=10Hz, 2H, at
5t and 6'-position 3 7335, triplet, J=10Hz, 1H at Sposition ;
7.58, triplet, J=10Hz, 1H at k-position ; 8,22, doublet,
J=10Hz, (ortho coupling), J=1l.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 saturated.sodium bicarbonate
solution, yield 12 %y MeDe 160-61°,

N The IR spectrum in nujol showed band at 1670 cm™
(Y ~pyronyl »>C=0 group). The NMR spectrum in CD013 (Fig. 13) :

1 L3

6(2.#5, two overlapped singlets, for 63, correspond:; to two
GH3 groups at 2« and 3-position ; 7.25-7.85, multiplet, 4H,
aromatic protons at Y-, 5-, 6~ and 7-position 3 8.05, singlet,
1H, the peri~proton at l-position, Here the singlet due to
periwproton, revealed that ortho position to peri-proton,

i.e. 2-position is substltuted by one CH3 group and the second
CH, group must be at 3-position. & 8.25, doublet, Jg,=10Hz,
J86=1.5Hz, 1H, at 8Bsposition.

éondeﬁsat;bﬁ of catechol with ethyl salicylate :

2t-Hydroxyphenyl salicylate(XXVIa) :

Catechol on thermal condensation with ethyl salicylate
in diphenyl efher_for 10 to 12 hr. gave 2&hydroiyphenyl
salicylate(XXVIa), yield 48 %, m.p. 80-81°. :

The IR spectrum in nujol showed bands at 1699 cm™Y

1 and

( =~CO0- Ph ester group) and two broad bands at 3207 cm” _
at 3360 cm"1 (aromatic «0H groups). If the product had benzo-
phenone structure XXVIb, it would have shown carbonyl stretching
hand around 1660 cm™t,

The product XXVIa on acetylation with acetie
anhydride and pyridine gave diacetate derivative(XXVIc),

m.p. 108-10°, It did not give any colour reaction with ethanolic
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ferric chloride., The triacetate structure XXVIe was
untenable on the basis of elemental analysis. The structure
of XXVIa was also confimmed from the NMR spectrum in CDC;L3
(Fig. 14) of its diacetate derivative :d 2,17, singlet, 3,
-OCOCH3 group at 2'-position ; 2.28, singlet, 3H, -0C00H3
group at 2-position j 7.14-7.40, multiplet, 6H, aromatic
proton at 3-, 5=y 3'-, 4'+, 5'~, and 6'~position ; ~ 763,
triplet, J=10Hz, 1H at 4-position ;3 8.20, doublet, J¢5=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 thg structure XXvVIe. If the product had
either XXVId or XXVIe, a benzophenone structure then there
should be two protons doublet in the down field region of

the spectrum.

4-~Hydroxyxanthone (XXVIIa) :°

The salicylate derivative XXVIa, when further refluxed
in diphenyl ether for 8 to 9 hr. or catechol on prolong
condensation with ethyl salicylate 1nApheny1 ether nfor 19 to
21 hr. afforded W-hydroxyxanthone(XXVIIa), yield 12 %, m.p.
2?+0o (1it.,69 MeDe M0-41°) along with the formation of
salicyliec acid.

" The IR spectrum in nujol showed band at 1641 en~l
(Y=-pyronyl »C=0 group), and a broad band at 3190 cm"i(arumatic
~-0H group), If the ﬁroduct‘hadAg-pyrﬁne structure XXVIIb, -

it would have shown the carbobylfstretéhing around 1720 gm“i.
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The product XXVIIa on acetylation with acetic
anhydride and pyridine gave monoacetate derivative, m.p. 141°

(1it.,% m.p. 139°).

Condensation of m-cresol with ethyl salicylate :

3'-Methylphenyl salicylate(XXVIITa) :

m-Cresol when condensed with ethyl sallcylate in
boiling diphenyl ether for 13 to 16 hr. gave 3‘-methylphenyl
salicylate(XXVIIIa), yield 50 %, m.p. 76-8°.

The structure of XVIIIa was confimed from the
spectral data shown as below : 1 .

~ The IR spectrum in nujol showed bands at 1695 cn™t

( -C00- Ph ester group) and a broad band at 3140 an™l (aromatic
-0H group). On the basis of the IR spectrum the bengophenone
structure XXVIIIb was untenable. The NMR spectrum of XXVIIIa
in CDCl, (Fig. 15) showed the following signals :d 2.36,
singlet, 3H, CH3 group at 3'-position ; 6,90-7.13, multiplet,
5H, aromatic protons at 3%, 5-, 2'=, 4'= and 6t=position ;
7.29, triplet, J=10Hz, 1H at 5Z-position s 7.50, triplet,
J=10Hz, J=1.5Hz, 1H at Lt---'pos.‘i.t:i.or.x ; 8.06, doublet, J=10Hz,
(ortho coupling), J=1.5Hz (meta coupling), 1H at é-position ;
10.53, singlet, 1H, «OH group at 3‘'~-position. The down field
signal at ‘J10.53,, integrating only for one proton, showed
that the product had one ~0H group, therefore, the structure
XXVIITa is assigned for the product and the structure XXVIITb

with two ~0H groups is not tenable,
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Tﬁe product XXVIIIa, on treatment with svlphuric
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.

COOCGHg
OH HO CH

A Phgo 13-16 ha.

Q-

CHj

(oamt o (>oovmi b)
b
" PhpO OR
e-10 M. €0 7. MpSoy Acg0, CghHgN
L Q0 @
OH ~ oW o CH
cocH3
: coo (:ocy:ma.)
S
(oavine) % S5
CH3 QH3

(XXv1ne)
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The product XXVIITa on acetylation with acetic
anhydride and pyridine, yielded a monoacetate derivative
(XXVII1Ic), m.p. 82°. It did not develop any colouration with
ethanolic ferric chloride and therefore, structure XXVIIId,
with one free ~0H gmui) was rejected. The elemental analysis
agreed with monoacetate derivative. Finally the structure
of XXVIIIc was confirmed from the NMR spectrum in GDCJ. (Fig. 16)
d2.29, singlet, 3H, ~0COCH, group at 2-position ; 2. 37,
singlet, 3H, Ar-CH3 group at 3'-position j 7.00-7.70, multiplet,
7H, aromatic protons at 3=, W=, 5=y 2=, 4'a, 5'. and 6'-
position 3 8.20, doublet, Jg5=10Hz, Jg,=1.6Hz, 1H at
6-position, This down field doublet, which appeared only for
one proton“was agreed with phenyl salicylate structure XXVIIIc
and not with bengophenone structure XXVIII4 or XXVIIIe. |

Condensation of' 7-hydro:q~h—methylcoumarin with etﬁyl sélicylate :

Lt Methyle2!=pyrono(6',5'=1,2) xanthone(XXIXa) :

A equimolar mixture of 7-hydroxy-i-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 %).
Alkall soluble product on acidification gave unreacted coumérin
back, while alkali insoluble residue was washed with hot and
cold water, dried and chromatographed over alumina and eluted
with benzene gave 4temethyl-2'=-pyrono(6!,5'-1,2)xzanthone
(XXIXa), yield 35 %, m.p, 280°. |

The IR spectrum in nujol (Fig. 17) showed bands at
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1670 en™! (Y<pyronyl >C=0 group) and 1735 em~1( ol~pyronyl
>C=0 group). If the product had dibenzo-o{ =pyrono structure
(XXIXb), the IR spectrum would have shown two carbonyl

1 only. Further the absence

stretching bands around 1730 cm™
of -0H group band in the IR spectrum showed that the intemediate
coumaryl salicylate(XXIXe) or benzophenone(XXIXd) structure

is not tenable. . \
c0O C2H5 HO o o

+ ~

CH3

OH

A PhoO  9-12 ha.

‘ OR o
cOO, 0, 0 f 0 |
s - co CH3
OH
CH3 :
OH wo

(xx1X0)
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\

The formation of 2'-pyronoxanthone in the present

condensation is of great interest. Scheimmann et al. have

Tepo rted70 that the condensation of l-hydroxyxanthone with
ethyl acetoacetate under the conditions of either Pechmann

reaction or Simonis react;ton was unsuccessful,

Condensation of 7-hydroxy=i,8-~dimethyl coumarin with ethyl

salicylate :

l;,li' ! ~Dimethy1;-2'-;py:~ono (5,6 -2_, 35 kanthone(m) :

A mixture of 7-hydroxy-lt,B8-dimethylcoumarin and

ethyl salicylate was refluxed in diphenyl ether for 11 to 13
hr., On working up the reaction mixture an alkali insoluble
product was obtaineti. It was chromatographed over alumina
and eluted with a mixture of benzene«chloroform (9:1) gave
pure 4,4'-dimethyl-2t=pyrono(5t,6t=2,3)xanthone(XXxa),
yield 30 %, m.p. 287-8%,

o The IR spectrum in nujoi (Fig. 18) showed bands at
1660 cnl (Y ~pyronyl >C=0 group). and 1735 an~t (o -pyronyl

20=0 gwup). Thus on the basis of IR spectrum dibenzo-o{ -
pyrono structure(XXXb) is rejected. Further the structure of
XXXa was confirmed from the NMR spectrum in CF3COOH (Fig. 19):
52 75, singlet, 6H, two CH3 groups at 4~ and Lt'-position ;
6.60, singlet, 1H at 3'-position ; 7.30=8,10, multiplet, 3H,
~ aromatic protons at 5-, 6- and 7-positidn s 8.40, doubiet,
Jgr=10Hz, Jg¢=1.5Hz, 1H, peri-proton at 8-position ; 8.76,
singlet, 1H, peri-proton at l-position. The appearance of a
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down field singlet, at 4 8,76 showed that dibenzo-x -pyrono
structure(XXXb) is untéenable.

CH3
C0062H5 HO o) 0

-~

OH

-Condensation of §-hydroxy-h,7-dimethylcownarin with ethyl

séiiczlat;e :

1,4 t=Dimethyl-21! -pyi*ono (67,5'-3,L) xanthone (XXXTa) :

A mixture of S-hydroxy-i,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 chlorofomm-methandl mixture (4+931), to
give pui‘e 1,4 1'=-dimethyl-2'-pyrono (6',5'=3,k%) xanthone (XXXIa),
yield 40 %, m.p. 299-300°,
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The TR spectrum in nujol showed bends at 1665 cm™t

(7Y -pyronyl »>C=0 group) and 1752 cm"i (o{ =-pyronyly C=0 group).
The structure XXXIb was rejected on the basis of IR spectrum,
Further the structure of XXXIa was confirmed by the NMR
spectrum in CF,CO0H (Fig. 20) 1 d 3.15, two overlapped singlet,
6H, two CH3 groups at l-position and L4'~position ; 6,67,
singlet, 1H, at 3'-position ; 7.36, singlet, 1H at 2-position ;
7.48-8.08, multiplet, 3H, aromatic protons at 5-—, 6~ and
7-position ; 8.38, doublet, 1, 1387=103z, Jge=1.5Hz at

8-position
H
€00c2ks H.C 0 O
+ 3
OH -

OH CH3

A Phoo 12-13 ha,
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«

It is interesting to note here that Gaekwad72 has
tried to condense\ e}i‘é‘yl acetoacetate with 2-hydroxyxanthone,
3-hydroxyxanthone and 3,6~dihydroxyxanthone under different
conditions. 1like hydrochloric acid gas in methanol71, 80 %
sﬁlphuric acid at 0-50, conc. sulphuric acid at room temperature
or heating the mixture in diphenyl ether, but no condensation
occurred to give 2'-pyronoxanthones. While by using this méthod

!

similar 2'-pyronoxanthones could be synthesised.

Condensation of 7-hydroxy-5-methylcoumarin with ethyl salicylate:

3-Methyl-2!'-pyrono(6',5!-1,2) xanthone (XXXII) :

Se———

A mixture of 7-hydroxy-5-methylcoumarin and ethyl
salicylate was refluxed in diphenyl ether for 13 to 15 hr.
The reaction mixture was . 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 chlorofom-methanol (4+9:1) to give pure
3-methyl-2'=-pyrono(6',5'=1,2)xanthone (XXXI1), yield 35 %,
m.p. 316°.

The IR spectrum in nujol showed bands at 1652 em™t

(Y-pyronyl >C=0 group) and 1750 an~t (o =pyronyl >C=0 group).
The dibenzo-p-pyrono structures(X¥XXIIIa) and (XXXIIIb)
were rejected on the basis of IR spectrum. Further the

structure of XXXITI was confimmed by its NMR spectrum in
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CF,C00H (Fig. 21) : § 3.28, singlet, 3H, CH, group ab
3-position ; 6.72, doublet, J=10Hz, 1H, at 3'-position ;
7.45-8.06, multiplet, 4H, aromatic protons at 4=, 5-, 6~
and 7-position ; 8.28, doublet, Jg=10Hz, 386=1.5Hé, peri-
proton at 8-position ; 8.55, doublet, J=10Hz, 1H at,

Lt.position.

HO o0
+
OH ~
CHy
A PhoO [3~i5 ha.
Y

(co¢xrtlb)
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Conelusion

Highly reactive phenol such as phloroglucinol
condensed with ethyl éalicylate in very short period 40 to 60
minutes, to give corresponding xanthones(XVIIa) in very
good yield (50 %). Pyrogallol, orcinol, l-naphthol and
2-naphthol condensed with ethyl salicylate to give directly
the correspbnding xanthone derivatives when rgfltgiéd for a
period of 8 to 12 hr, In case of orcinol a mixture of
ll-shy,dromr-}methylxanthqne (XVa) and 3-hydroxy=-l-methylxanthone
(XVIa) was obtained in which XVa was preponderant,
Resorcinol when condensed with ethyl salicylate for a short.
period of time 3 to 5 hr, gave 3'~hydroxyphenyl salicylate
(XII2) in very good yield (38 %) along with 2,2'¢limtri-
hydroxybenzophenone (XIa) in traces (2 4). The reaction
mixture on refluxing for a longer pez;iod (18-20 hr.) gave a
mixture of l-hydroxyxanthone(XIIIa) and 3-hydroxyxanthone
(XIVa), where latter was obtained as the major product.
2-Methylresorcinol initially condensed with ethyl salicylate
to give’ 2'-methyl-3'~hydro;qrphen¥1 salicylate(XXTa) an ester
derivative as an intermediate, while the reactiom mixture on
further refluxing for a longer period (16«18 hr.) yielded
3-hydroxy-l-methylxanthone (¥XITa) in better yield (38 7).
Catechol also behaved similarly to give 2'-ﬁydmxyphenyl
salicylate(XXVIa) as an intemmediate product and finally
L ehydroxyxanthone (XXVITa) in very poor yield (12 %).
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Hydrogquinone, 3,h—o-mlenol and m~cresol condensed with

ethyl salicylate to give only the corresponding phenyl
salicylate derivatives which on further heating gave
salicylic acid and phenols back and not the corresponding
xanthone derivatives, 1In case of 3,k-o=-xylenol, 2,3-dimethyl-
xanthone (XXV) was obtained in poor yield (12 %), when the
phenyl salicylate derivative(iO{IVa) was treated with sulphurdie
acld (80 2). | | “

] Monohydroxycoumarins viz., 7=-hydroxy~lk-methyl=,
7-hydroxy=li,8-dimethyl-, Sg-h;y"dro Xy=lt,7=-dimethyl- and
7~hydroxy-5-methylcounarin, when condensed with ethyl salicylate’
for 10 to 15 hr. gave the corresponding pyronoxanthone a
derivatives. While Pechmann and Simonis reactions of
hydroxyxanthones with ethyl acetoacetate wers—py failed to

give such pymnoxanthones7o’72’.’??.

The IR data of the different condensations products
are given in the following tables,
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EXPERIMENTAL

lBC-I\IMR spectra were measured on 25,2 MHz instrument
and 1H-NMR spectrs were measured on Perkin Elmer 9OMHz and
220 MHz spectrometersusing TMS as an internal standard.
IR spectra were recorded on Perkin Elmer 457 grating and on
Backmann IR-20 spectrophotometer. UV spectra were takne on

Beckmann DU~-2 spectrophotometer,

Condensation of resorcinol with ethyl salicylate :

3'-Hydroxyphenyl salicylate (XIIa) :

A mixture of resorcinol (5.5 g ; 0.05 mole) and
ethyl salicylate (8.5 g 3 0.092 mole) was refluxed in diphenyl
ether (7 m1) for 3 to 5 hr. The reaction mixture was left
over night., The separated produét was filtered and washed
sevaral times with petroleum ether, dried and then washed
with saturated sodium biéarbonate solution (40 ml) and with
water. The crude product showed two spots on TLC in chlomform,
where one has R 0.65 and second one has Ry 0.40, They ’v;rere
quantitatively separated(o'n preparative TLC in the ratio Lk:1.
Further the crude product was decolourized by activated j
charcoal and crystallized from agueous ethanol and also from
a mixture of benzene~petroleum ether gave only one product
3t-hydroxyphenyl salicylate(XXIIa), Ry 0.65 on TLC, m.p. 138°,
yield %.0 gz, 38 Z. ‘ ~
C, 67.89 5 H, 4.33 %
C13H100,+ " requires : C, 67.82 3 H, 4,35 %.

Analysis Found

e
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Acetylation of 3'whydroxyphenyl salicylate (XIIa)

31_pcetoxyphenyl 2-acetoxybenzoate (XIIe) :

The product XITa (1.5 g) was acetylated with acetic
anhydride (6 ml) and pyridine (0,1 ml) by heating the reaction
mixture on a wate? bath for 10 hr, The content was poured
into ice cold water (30 ml) containing conc.hydrochloric acid
(5 m1). 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 Found. : C, 64,49 ;5 H, 4,59 %

gﬁh%&mﬂmymmwmmm(ﬁﬂz

The second product, Rp 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 reported37
2,2% 4-trihydroxybenzophenone(XIa), which was prepared as
follows
\ Salicylic acid (5 g), resorcinol (6rig), anhydrous
zine 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 conc.
hydrochlor%c acid (30 ml). A orange colour solid product
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 inéoluble product
was collected at the pump and washed with water.. It
crystallized from benzene as colourless ﬁlates, MeDe 133°
and the mixed m.p., with the above isolated product remained

the same, yield 1.2 g. It gave red colour witljz ferric chloride

in water.
Analysis Found .+ Cy 68,13 3 H, 4.70 %
0133100’-1— requires : G, 67.82 ; H, 4.35 % .

2,2t .h-griacetoxybenzbghenone (X_i’o) :

The product XIa (0.5 g), on acetylation with acetic
anhydride (4 ml) and pyridine (0.1 ml) gave triacetate derivative
(XIb) in the usual way and crystallized from a mixture of
benzene-petroleum ether as colourless needles, m.p. 69-700

(1it.,37 m.p. 69-70°).

1-Hydroxyxanthone (XIITa) :

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

- salicylate (8.5 g 3 0.052 mole) and diphenyl ether (10 ml)
was refluexed for 18 to 20 hr. The reaction mixture was
subjected to steam distiliation to remove diphenyl ether. The
separated product was treated with sodium hydroxide solution
(10 2 3 400 m1). A yellow insoluble, salt was filtered and
filterate 'A! was collected separately, The yellow colouréd '
salt was " washed with water, boiled with‘hydrochloric acid
(12 7 3 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 X1 silica gel and eluted with a
mixture of petroleum ether-benzene (1:9) gave l-hydroxy-
xanthoﬁe(XIIIa). It was crystallized from benzene as yellow

coloured needles, m.p. 149° (1it.,32 m.p. 148°), yield 0.6 g, 7 %.

Analysis Found "1 Cy, 73.48 3 H, 3.93 %
6133803 requires : C, 73.58 ; H, 3.80 % .

1l-Acetoxyxanthone (XIIIc) :

The product XIIIa (0.5 g) was taken in acetic
anhydride (% ml) and pyridine (0.2 ml) and was heated in a_
water bath for 8 hr, It was worked up as ususl, The mono-
acetate glerivative(XIIIc), crystallized from a mixture of
benzene-petroleum ether as colourless prisms, m.p. 172°

(1it.,32 m. p. 170°), yield 0.45 g.

Analysis : ‘Found - : C, 71,36 3 H, &.14 %

Gy o0y requires : C, 70;87 s Hy 3.94 % .

3-Hydroxyxanthone (XIVa) :

Acidification of filtefate 'A' by ice cold conc.
hydrochloric acid (30 ml) gave the product which was filtered
washed_ with sapurated sodium bicarbonate (35 xﬁl) to remove
any salicylic acid formed during the reaction and finally
with water. It crystallized from ethanol (charcoal) in
needles , m.p. 214760 (1it.,37 m.p. 242°), yield 3.3 g, 31 %.
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Analysis s Found : C, 73.70 3 H, 3.80 %
C43Hg03 requires : C, 73.58 3 H, 3.80 % ;

J-Acetoxyxanthone (XIVe)

3-Hydroxyxanthone (1.5 g) was heated with acetic
anhydride (5 ml) and pyridine (0.2 z’i;l) in a water bath for
5 hr. to obtained monoacetate derivative (XIVc), which
crystallized from benzene, m.p. 157o (lit.,37 MeDe 1560),
vield 1.% g.

C, 70.55 3 H, k.38 %

Analx» gis Found H

Formation of l-hydroxyxanthone (XIIIa) and 3-hydroxyxanthone
" (XTVa) from 3'-hydroxyphenyl salicylate (XITa) :

3'-Hydroxyphenyl salicylate (2.3 g) j 0.0l 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 residusl product was worked up as shown above gave
1-hydroxyxanthone(XIIIa), m.p. 149°, yield 0.18 g (9 %) and
3-hydroxyxanthone (XIVa), m.p. 246°, yield 1.2 g (56 %). They

were found identical with previously obtained Xanthénes.

Condensation of orcinol with ethyl salicylate :

;—Hydmxi—3-gethy;§anthone (XVa) :

Dry orcinol (2.48 g ;5 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 hydmxﬁ.ée solution
(8 4 3 200 m1), The separated yellow coloured salt was \
'filtered, washed with water and the filterate 'A' was
collected, The salt was then boiled with hydrochloric acld
(10 4 3 80 ml) for 26 minutes, extracted with ethyl acetate
and washed with water, on eveporation of the solvent gave

a brown solid. It was chromatographed over silica gel and
eluted with a mixture of petroleum ether-benzene (1:l+) to
obtained l-hydroxy-3-methylxanthone(XVa), which_'crystallized
from benzene as orange needles, m.p. 11;-80 (111:.,32 m.pe 148° ;

1it.,3% m.p, 1M2-3%), yield 2.4 g, 53 %.

Analysis : Found : C, 74.80 3 H, 4.78 %
C11+H1003 ’ requireS' H C’ 7"!’032 H g’ ll'ol‘i‘B % .

l-Acetoxy-3-methylxanthone (XVe) :

1-Hydroxy-3-methylxanthone (1.2 g), acetic anhydride
(8 m1) and pyridine (0.1 ml) were heated in a water bath for
8 hr. The reaction mixture was wrked up as usual. It
crystallized from benzene as fine white prisms, in.p. 155°,
yield 1.1 g. ’

Analysis s Found : Cy 71.97 3 H, 4,61 %
Cjéﬁwoh V requires ¢ C, 71.64% 3 H, 4 43 % .

3~Hydroxy-l-methylxanthone (XVIa) :

The alkaline filterate 'A' collected with the
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removal of yellow sodium salt, was acidified /{ by cold
conc.hydrochloric acid (30 ml), gave 3-hydroxy~l-methylxanthone
(XVIa) 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° (11t.,66 m.p. 285°), yield 0.35 g, 82%.

Analysis Found : Cy 74,01 5 Hy 4422 %
CyHy03 requires 3 C, 74.32 § H, k.43 % .

3=-Methoxy=lesmethylxanthone (XVIe) :

A mixture of 3-hydroxy~le-methylxanthone (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 with dilute sodium hydroxide
solution (2 x 20 ml) and with water. It crystallized from
a mixture of benzenespetroleum ether and also from aqueous
ethanol as colourless erystals, m.pe 133° 61113.,66 m.p. 130-32°),

yield 0 015 Ee

Analysis : Found : G, 4,62 3 H,y 5.39 %
Cy5H4203 requires s C, 74,98 ; H, 5,04 % .

Condensation of phloroglucinol with ethyl salicylate :

1,3-Dihydroxyzanthone (XVIIec) :

Dry phloroglucinol (1.3 g 5 0.01 mole) was dissolved
in hot ethyl salicylate (5.9 g 3 0.035 mole) and to this
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solution-diphenyl ether (2 ml) was added and refluexed for
50 minutes. The reéction mixture was subjected to steam
distillation and the separated product was filtered, washed
with saturated sodium bicarboﬁate solution (30 ml) and with
water, ﬁried and crystallized from agueous ethanol, gave
1,3~dihydroxyxanthone (XVIIa) as pale yellow needles,

m.p. 257° (1it;,32 MmePa 25660, yield 1.3 g, 57 % .

Analysis : Found : C, 68,01 3 H, 3.70 %
C13H804 _ requires : C, 68,42 5 H, 3.51 % .

1,3-Diacetoxyxanthone (XVIIc) :

1,3-Dihydroxyxanthone (0.6 g), acetic anhydride

( 8 m1 ) 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°

(1it.,32 m.p. 147°), yield 0.75 g.

Analysis Found : Cy 69,63 5 Hy 3.38 %
01731206‘ requires : C, 65.38 5 H, 3.85 % .

Condensation of pyrogallo; with ethyl salicylate :

3,43Dihyaroxyxsnthone (XVIIIa) :

A mixture of pyrogallol (5 g ; 0.0k mole) ethyl
salicylate (6.8 g ; 0.0k mole) and diphenyl ether (10 ml)
was refluxed for 6 to 7 hr. The reaction mixture was

subjected to steam distillation to remove the sqlvent. The
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separated dark pésty pmduéf.&as {srashed with séfur;.ted
sodium bicarbonate solution ( 3 x 40 ml) and with water,
dried, chmmatographéd over alumina and eluted with a mixture
of benzene-chlorofom‘(l:‘}')\ to obtain 3,4-dihydroxyxanthone
(XVIIIa). It crystallized from aqueous ethanol as needles
m.ps 240° (1it.,3° 20419), yield k.3 g, 48 7.

Analysis 3 Found : Cy 67.95 3 H,y 3.36 %
C43Hgd, requires 3 C, 68,42 3 H, 3.51 % .

’

3,4=Diacetoxyxanthone (XVIIIc) :

' The product XVIIIa (O 8 g) on acetylation with
acetic anhydride (10 ml) in pyridine (0.2 ml1) on a water bath
for 6 hr. gave 3,4-diacetoxyxanthone (XVIIIc), which crystallized
from a mixture of benzene-petroleum ether as colourless long

needles, m,p. 161°, yield 1.0 g.

Analysis Found : Cy, 65.19 5 H, 3.63 %

3,%-Dimethoxyxanthone (XVIIIA) :

A mixture of 3,R~dihydroxyxanthone 1 g), dimetﬁyl
sulphate (l.,4 ml) anhydrous potassium carbonate (6 g) and
dry acetone (150 ml) was refluxed on a water bath for 10 hr.
The solvgnt waé distilled off and the product was extracted
with ethe:cl (3 x 40 ml) and washed with dilute sodium hydroxide
so;ution and with water , On evaporation of ether gave

3,k=dimethoxyxanthone (XVIIId), which erystallized from a
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mep. 157° (1it.,5° m.p. 156-7°), yield 0.8 g.

Analysis Found : Cy 69,85 5 H, 4,78 4
015’1‘1120}_1_ 1?9quires H C, 70033 b3 H, }+069 % .

Condensation of l-naphthol with ethyl saliecylate :

3;1:--Benzoxanthone (XIXa)

) 1-Naphthol (4.4 g ; 0.03 mole) and ethyl salicylate
(5 g 3 0.03 mole) were feﬂuxed 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 erystalline white solid separated, was filtered
and washed successively with petroleum ether, and then
with sodium hydroxidé solution (2 % 3 50 ml) and with water,
It crystallized from ethanol and also from benzene as

colourless long needles, m,p. 15’6° (111:.,32 MeDe 1550),
yield 5.5 g8 M % .

C, 82,47 5 Hy 4,52 %

Analy;s is Found $
C47H4002 requires s C, 82,91 ;5 H, 4.07 % .

Condensation of 2-naphthol with ethyl salicylate :

1,2~Benzoxanthone(XXa)

~ 2-Naphthol (4.3 g 370.03 mol\e) and ethyl salicylate
(5 g 35 0.03 mole) were refluxed in dipbenyl 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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erystallized from ethanol as colourless needles, m.p. 1:1°
(1it.,32 m.p. 138-40°%), yield 4.8 % g , 65 % .

Analysis Found : C, 82,83 5 Hy, 4,22 %

Condensation of 2-methylresorcinol with ethyghsaligxlate :

21.Methyl-3'~hydroxyphenyl  salicylate (XXIa) :

A mixture of 2-methylresorcinol (6.2 g ; 0.05 mole),
ethyl salicylate (8.3 g 3 0.0 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 Qith saturated
sodium bicarbonate solution (2'x 50 ml) and with water. The
red colour pasty product thus obtained was chromatographed
over siliqa gel and elutediwith miﬁtqre of petroleum eﬁher—
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. 1020, yield 6.2 g 53 52 % . It
developed red colour with ethanolic‘ferrie chloride.

Analysis : Found : Cy 69.3% 3 H, 4.80 %
Cn, Hq20, !requires : Cy 68.85 5 Hy k92 %

Acetylation of 2'-methv1—3;-hvdroxyphenv;, salicylate(XXIa) :

gi;Methyl-3'-acefoxyphehyl 2-acetoxybenzoate QXXIci s

The product KIa (2 g), acetic anhydrlde (15 ml)
wealt
and pyridine (0.2 ml) heated on a water bath for 12 hr.
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at ?50 +» The reaction mixture was poured into crushed ice
(60 ml) containing conc. hydrochlox"ic acid (5 ml). The
separated pasty product was extracted with ether (80 ml)
and washed with sodium hydroxide solution (1 % j 2 x 40 ml)
and with water, Evaporation of the’ splvent gave a ;)roduct
with erystallized from a mixture of benzene~petroleum
ether as lcolourleés plates, m.p. 64°, yield 1.9 g. It

gave no colour with ethanolic ferric cehloride.

Analysis Found : C, 66,27 3 Hy 5.06 4

3-Hydroxv-l+;-meth“v_lxanthone (XXIIa) :

2-Methylresorcinol (6.2 g ; 0.05 mole) ethyl
salicylate (8.5 g ; 0.052 mole) and diphenyl ether (13 ml)
were 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 water, It was .decolourised by
activated charcoal and crystallized from ethanol and aiso
from benzene as colourless small needles, m,p. 268°(11t.,67

m.p. 267°), yield 4.2 g, 37 % .

Analysis : ~ Found : Cy 74.25 3 H, 4.28 %
‘ 011‘_1{1003 requires : C, 74.32 3 H, kL3 Z .

Fomation of 3-hydroiv-h-methy;|._ganthone (XXIIa) from 2!~
methyl-3'-hydroxyphenyl salicylate (XXIa)

Yy
2'~Methyl-3!-hydroxyphenyl sali%late (2.5 g)
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was refluxed in diphenyl ether (6 ml) for 8 to 10 hr. and

the reaction mixbure was worked up as déscribed before to

obtain 3=-hydroxy-i-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 : Found : Gy 447 3 H,y b1l %
C1,+H1003 requires s ?, 7%.32 3 Hy W 43 % .

3-Ace toxy-li-methylzanthone (XXIIc) :

3-Hydroxy~l+—zpethylxanthone (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
erigstallized from a mixture of benzene-petroleum ether as

colourless plates, m.p. 151+°, yield 1.2 g.

Analysis : Found : C, 72.1% 5 H, k.32 4

3-~Metho xy=-l-methylxanthone (XXITd) 3

A mixture of 3-hydroxy-b-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 mixtur® was worked up as deseribed
before, It crystallized from ethanol as colourless crystals,
n.p. 177° (111;.,68 m.p. 177-8%), yield 0.7 g .
A‘.nalz“sis‘; Found : C, 7%-.’4-8\ s H, 5';09 %

Cq5H1203 “ requires : C, 74.98 5 H, 5.04 % .
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Condensgtion of hydroquinone with ethyl salicylate :

Lt Hydroxyphenyl salicylate (XXIIIa) :

- A mixture of hydroquinone (5.5 g ; 0.05 mole) and
ethyl salicylate (8.5 g 3 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
sodimm bicarbonate solubtion (2 x 60 ml) and with water. The
crude product thus obtained was decolourised by activated
charcoal and crystallized from a mixture of benzene-petmleqm
ether and also from ethanol as colourless needles, m.p. 102-3°,
yield 6.3 g, 55 % . It developed red colour with ethanolic

ferric chloride.

Analysis Found s C, 68,17 5 Hy 4,11 %
013H100’+ requires : C, 67.82‘; Hy, 4.35 % .

Acetylation of 4!'-hydroxyphenyl salicylate (XXIIIa) :
\

I 1-Acetoxyphenyl 2-acetoxybenzoate (XXIITe) :

g-Hydmxyphenyl salicylate (2 g) acetiec anhydride
(12 m1) and pyridine (0.2 ml) were heated on a water bath
for 10 hz;. at 75°., The reaction mixture was poured into
erushed ice (80 ml) containing conc .hydro;ehloric acid (5 ml),
IThe' separated solid product was filtered and washed with

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

chloride.
Analysis Found t Cy 65.40 5 Hy 4,64 %

Methylation of 4t!'~hydroxyphenyl salicylate

(1]

4t Methoxyphenyl 2~zgethoxybenzoate (XXITId)

14_—'-Hydroxyphenyl salicylate (1.5 g), dimethyl sulphate
(2 ml),anhydrous potagsium carbonate (9 g) and dry acetonee
(80 ml) were refluxed on a water bath for 12 hr., The solvent
was distilled off }J and the product was extracted with ether
(3 x 30 m1l) and the organic layer was washed with dilute \
sodium hydroxide solution (1 % ; 40 ml) and with water, _
BEvaporation of the ether gave L'-methoxyphenyl-2-methoxybenzoate
(XXI1Id), which crystallized from ethanol as colourless plaﬁes,
m.p._85°, yield 1.2 g. It gave no colour with ethaﬁolic

ferric chloride,

Analysis 3 Found s Cy 70.15 5 Hy 5.45 %

Treatment of W!-hydroxyphenyl salicylate with sulphuric acid :

1{!~Hydroxypheny1 salicylate (1.5 g) was taken
with sulphuric acid (80 Z ; 20 ml) and the content was heated
on a water bath at 70° for 20 minutes, The reaction mixture
was poured into erushed ice (40 ml) and the separated solid

product was filtered and washed with water. The product on
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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. 157o and it was characterized

as salicylic acid.

Salicylic acid was also isolated, when L4!-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 3,4-o-xylenol with ethyl salicylate :

3tk '-Dimethylphenyl salicylate (XXIVa) :

A mixture of 3,4-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‘w separated oily
product was extracted with ether (120 ml) and washed
thrice with saturated sodium bicarbonate solution‘(30 ml)
and with water, BEvaporation of ether gave a pale yellow
colour oily residue, yield 3.0 g, 40 %#. It developed red

colour with ethanolic ferric chloride,

Acetylation of 3',)'-dimethylphenyl salicylate (XXIVa)

31 4 '-Dimethylphenyl 2eacetoxybenzoate (XXIVe) :

The above oily product (2 g), acetic anhydride
(10 m1) and pyridine (0.2 ml) were heated on a water bath for
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8 hr. The content was poured into crushed iée {60 ml)
containing conc,hydrochloric acid (4 ml), The separated solid
product was filtered, washed with sodium hydroxide solutlon

(L 4 3 60 ml) and with water, dried and crystallized from

a mixture of benzene-petroleum ether as colourless shining
needles, m.p. 82—49, yield 2.1 g. It gave no colour with

ethanolic ferric chloride,

Analysis s - Found : Cy 71.37 5 H, 5.59 %
0173160)_" I‘equires H c’ 71.83 H I?, 5.63 % .

Treatment of 3!,4'~dimethylphenyl salicylate (XXIVa) with

sulgﬁuric acid :
2,3-Dimethylzanthone (XXV) :
The oily'pro&uct XXIva (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 reaétion mixture

was poured into crushed ice (50 ml), The seﬁarated'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 4. It gave no colour with ethanolic ferric chloride,

Analysis Found : Cy, 80.87 5 Hy 5.76 %4

Condensation of catechol’with ethyl salicylate :

21 -Hydroxyphenyl salicylate (XXVIa) : .
A mixture of catechol (5.5 g ; 0.05 mole), ethyl
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salicy}.a’ce (8.5 g 5 0.052 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 ‘{ras
extracted with ether (150 ml) and washed with saturated

so@ium bicarbonafe solution (3 x 40 ml) and with water., The
pasty product obtained on evaporation of ether,was chromatographed
over glumina and eluted with a mixture of petroleum ether-

benzene (9:1), to obtain 2'-~hydroxyphenyl .salicylate (XxXvIa),
which crystallized from petroleum ether (b.p. 60-80°) as
colourless prisms, m.p. 80-10, yield 5.5 g, 48 %. It gave

red colour with ethanoliec ferric chloride-.

¥

Analysis Found : C, 68,30 3 Hy .22 %

Acetylation of 2'-hydroxyphenyl salicylate (XXVIa) :

2'-Acetoxyphenyl 2-acetoxybenzoate (XXVIec)

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 (XXVIc), which erystallized from a mixture of
benzene-petroleum ether as colourless needles, M.De 108-100,
yielﬁ 2.1 g, It gave no colour with ethanoiic ferric chloride., -
C, 65.09 ; H, k.52 % '
C4oHq,0¢ requires : C, 64.96 ; H, 446 % .

Analysis s Fgund

*8
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YHydroxyxanthone (XXVIIa) :

A mixture of catechol (5.5 g ; 0.05 mole) ethyl
salicylate (8.5 g 3 0.052 mole) and diphenyl ether (12 ml)
was refluxed for 19 to 21 hr. The reaction mixture was
subjected to é’lsteam distillation to remove diphenyl ether .
The dark pasty product obtained was washed with saturated
sodium bicarbonate solution- (60 mlgﬁ) and -with water, giried,
chromatographed over alumina and eluted with a mixture of
bénzene-chloroform (1:1). It crystallizéd from ethanol as

white plates, m.p. 2h-0¢'(111;.,,69 MeDe 2’+0-1°), yield 1.3 g, 12 %.

Analysis : Found : C, 74,03 5 H, 4,25 %
013H803 requires ¢ C, 73.58 5 H, 3.80 % o

Fomation of h-hydroxyxanthone (XXVIIa) from 2'-hydroxyphenyl
salicylate (XXVIa) E

2t -Hydroxyphenyl salicylate (XXVIa) / 4+ g) was
refluxed in diphenyl ether (10 ml) for 8 to 9 hr., and the

reaction mixture was worked up as usual., It gave W-hydroxy-
xanthone (XXVIIa), which was found identical (m.p., mixed
m.p. 240° and co-IR) with the above product, yield 0.9 g .

Anal;!s.is H Found H C’ 73093 ] H, 1"".27 %
C,3Hg03 ‘requires : C, 73.58 ; H, 3.80 % .

Acetylation of h—-hydro},uxgﬂthone (XXVITa) :

Y Acetoxyxanthone (XXVIIc)

‘E-Hydroxy'xanthone (1 g),acetic anhydride (6 ml) and
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pyridine (0.4 ml) were heated on a water baph for 6 hr. The

reaction mixture on working up as before gave u~acethyxanthone
(XXVIIle). It cerystallized from a mixture of benzene~petroleum
ether as colourless prisms, m.p. 11° (1it.,69 M.De 1390),

yield 0.9 % g.

Analysis s Found : Gy 70.84 3 H, 4,28 %

Condensation of -mecresol with ethyl salicylate :

3t-Methylphenyl salicylate (XXVIITa) :

A mixture of w~-cresol (5.% g'; 0.05 mole) and ethyl
salicylate (8.5 g 3 0.052 mole) was refluxed in diphenyl
ether (10 ml) for 13 to 16 hr. The éolvent 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 crystallizgd 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,

C, 73,60 3 H, 4,80 %

Analysis Found s
Caqufly 204 requires : Cy 73.68 5 H, 5.26 % .

Acetylation of 3'-methylphenyl salicy;afe (XWIilla) :
3'-Methylphenyl 2~acetoxybenzoate (XXVIIIc) s
3'-Methylphenyl salicylate (2 g) was heated with
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acetic anhydride (12 ml) and pyridine (0.3 ml) on a water
bath for 8 hr. The reaction mixturé;aai“worked up as
described before, to obtain monoacetate derivative (XXVIIIc),
which erystallized fromja mixture of benzene-petroleum ether
as fine colourless needles, m.pe. 81~2°, yield 1.8 g. It gave

no colour with ethanolic ferric chloride.

Analysis Found : Cy 70.99 3 Hy 5.03 %
C16H1)+0)+ ) I‘equiI‘eS H C, 71011 ; H, 503—8 % .

Treatment of 3f-methylphenyl salicylate with sulphiruc acid :

r

géMethylphenyl,salicylate (1.2 g) was dissolved

in sulphuric acid (80 %.; 14 ml) and heated on a water bath
at 70° for 20 minutew., 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 viddet colour with ethanolic ferric chloride
and characterized as salicylic 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 deseribed before gave only salicylic

acid, m.p. 157°.
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Condensation of 7-hydroxysismethylcounarin with ethyl
salicylate :

Yt.Methyl-2t~pyrono(6',5'=1,2)xanthone (XXIXa) :

A mixture of 7-hydroxy-h-methylcoumarin (4.8 g 3
0.03 mole) and ethyl salicylate (5 g ;3 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 % 5 3 x 30 ml) and with water, On evaporation of
ethyl acetate gave pasty product, which was c:h:romz?d:c»9 aphed
over alumina and eluted with benzene to obtain L'.methyl-
2'.pyrono (6!',5'~1,2)xanthone (XXIXa) which crystallized
from bengene as colourless fine needles, Mm.p. 2800, yield 2.9 g,

35 %. It gave no colour with ethanolic ferric chloride.

Cy, 72,91 ; H, 3.80 %

Analysis : Found $
CqmHy00, 5 requires q, 73.38 5 Hy 3.59 % .

Condensation of 7=hydroxy-5,8-dimethylcounrin with ethyl

sail.:lcz~ late @

g b 1-Dimethyl-2'~pyrono (5',6'-2,3)xanthone (XXXa) :

7~Hydroxy=k,8-dimethylcoumarin (5.2 g 3 0,03 mole)
and ethyl salicylate (5 g 5 0.03 mole) were # 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 (140 ml), washed with sodium
hydroxide solution (1 % 3 3 x 30 ml) and with water, dried
over anhydrous sodium sulphate and solvent was distilled off,
The crude dark product obtainéd was chromatographed over
alumin and was eluted with a mixture of benzene-chlorofomm
(9:1) to obtain li,h'-dimethyl-z‘-pyrono(‘5',6'-2,3)xanthone
(XXXa), which crysta_,ilined from benzen;a 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 : Found P Cy 73.6 3 Hy 4,32 %
CqgHioly . requires : C, 73.98 ;3 H, 4,11 % .

Condensgﬁion of 5-hydr6x§-h.7-d_§1nethy;comarin with ethyl
salicylate : '
1,4'-Dimethyl=2'~pyrono (6! ,5'-3,h)kaﬁthone (XXXTa)

A mixture of S-hydroxy-lt,7-dimethylecoumarin (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 m1) and

washed with sodium hydroxide solution (1 % ;5 3 x 20 ml) and
with water. It was chromatographed over silica gel and
eluted with a mixture of chlovrofom‘-metl;aﬁol (49:1) to

give pure 1,1+'-d;imethy1-2'~pyrom (6*,5'-3,4)xanthone (XXXIa),‘

which erystallized from acetic acid as colourless shining
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needles, Mmep. 299-3000, yield 1.75 g, 40 %. It developed

no colour with ethanolic ferric chlorides

Analysis Found s Cy 7 5 Hy 4,13 %
618H1201+ reQUiTes H C’ 73098 H H, li'oll % .

Condensation of 7=hydroxy=S=methylcoumarin with ethyl
salicylate : ’

3-Methyl-2'=pyrono(6',5!-1,2) zanthone (XXXII) &

7-Hydroxy-5-methylecowmarin (3.2 g ; 0,02 mole)
and ethyl salicylate (3.35 g ;3 0.02 mole) were refluxed in
diphenyl ether (10 ml) for 13 to 1% hr, 'The reaction mixture
was steam dlstilled and the olly product obtained was
extracted with ethyl acetate (90 ﬁl’) and washed with sodium
hydroxide solution (1 % 3 3 x 25 ml) and with water., It
was dried, chromatographed over alumina and eluted with a
mixture of chlomfozm-methaﬁol (49 : 1) gave 3-methy1-2'-‘
pyrono (6_',5"-1,2)xanthone (XXII)., It crystallized from
acetic acid as colourless crystals, m.p. 316°, yield 1.9 g,
35 4, It developed no colour with ethanolic ferric chloride.

Analysis Found s Cy 73.80 5 H, 3.91 2

CqrH400 requires : C, 73.38 ; Hy 3.59 % .
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CQETER III
Séction II

SINTHESIS OF FUROXANTHONES



THEORETICAL , ~0

Y

STUIL ES IN THE SYNTHESIS OF FUR XANTHONES:

Xanthones have been found in plants and in fungi,
but the furoxanthones are not known to occur in nature,
except sters atocystin1’2 3a, lQa-dihydm-S-hydmxy-6-meth6xy—
7H-furo (3',é?-h,5)ﬁ1ro(2,3-c)xanthen-7~one (1, Wl}ich is
isolated as a metabolite of Aspei‘gillus verisicolo;' from

myce 11111:3 .

At present, many simple, 4'-methyl-, 4!'-phenyl-,
and 5" -methyl- synthetic furoxanthones have been prepared S0 \
far from the corresponding o-hydroxyfommyl.-,- o-hydroxyacetylw,
o-hydroxybenzoyl- and o-hydroxyallylxanthones and L4',5'-di-
phenyl furoxanthones wé re reported from hydroxyxanthones by
direct condensation with benzoin. The literature survey

about the synthesis of furoxanthaﬁes is reviewed here :

By Claisen or internal aldol condensation :

In this approach o-;hydroxyaldehyde or ketone
derivative is treated with bromoacetic 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 ethoxide in ethanol followed by
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hydrolysis and decarboxylation gives simple, 4'-methyl- or
4! .phenylfuro xantho’ge .

Devies et a13 héve condensed le-fomyl-2-hydroxy-
xanthone with ethyl bromacetate to obtain' 1-formyl-2-xanthyl-
oxyacetate (II). This was cyclized in ethanol with sodium
ethoxide to yield S'-carbethoxyfuro(3t',2'-1,2)xanthone,
Hydmlyéis of ’c_his ester, followed by“decarﬁoxylation gave
furo(3',2'-1,2)xanthone (III), This was also obtained by
hydrolysis of II in alkali, followed by ring closure of acid
accompanied by decarboxylation, Similarly, Lt-formyl-3-
hydroxyxanthones when condensed with bromomalonic ester,
which effected simultaneous esterification and internal aldol
condensation followed hydrolysis and decarboxylation, yie&d.ed
furo(2',3'-3,4)xanthones (IVa).

o CHO
‘ O CHy COOCHg

o
(11) (xr1)

LeAcetyl derivatives of 3~hydroxyxanthones condensed
with ethyl bromacetate to yield the corresponding 3=o-carb-
ethoxy derivatives, which on hydrolysis followed by internal
Claisen condensatic;n with sodium acetate and acetic anhydride,
was converted into L tmethylfuro(2t,3'=3,4)xanthones (IVb)b:’e’.

Similarly from 4ebenzoyl derivatives of 3«hydroxy~
xanthones the synthesis of W'-phenylfuro(2',3'-3,l4)xanthones(IVe)
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1s reported’.
o

(Iva) R=E,R1=HOI‘CH3
(Ib) R = CH3, Ry = H, or CH3
(IV¢) R=Ph, Ry =H or GH3

The synthesis of a few angular furo(2',3'-1,2)-

xanthones (V) carring a methyl or phenyl group in h'-posiﬁion

of furan ring, starting with a hydroxyxanthone is also reporteds.

O R
Thek
o o
| V1)
(a) R=CHy, Ry = H (a) R=R, =H
(b) R= Ry = CH, (b) R=H, B, = CH,
(¢) R=Ph, By =H (¢) Ry=0H, By =H

(&) R=Ph, R

9 = CHg

The synthesis of linear furoxanthones viz., hf—methyl-‘
furo(3',2'«2,3)xanthone (VIa), 4'y7-dimethylfuro(3},2'-2,3)-
xXanthone (VIb)9 and Wtemethyl-lehydroxyfuro(3',2'-2,3)xanthone
(VIc)10 is also reported.

From o-hyﬁrozyallzlxanthqgg deri&atives s

There are three different approaches leading to

il
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the formation of a furan ring and in the present work one

more ‘1s added to it. In the first approach Scheimmann and
Suschitzky :msaport:ed11 the formation of dihydro furo compounds,
which were brominated by treatment with N-bromosuccinamide in
‘the presence of benzoyl peroxide and dehydroﬁmminated wifh
pyridine to 5'-methylfuroxanthones. The second approach by
Adams and Rindfusz'2, involving the addition of bromine to
o-acetoxyallyl derivative, followed by cyciization and dehydro=-
bromination, The thir% approach by Scheinmann and' coworke r13
for the preparation of simple furoxanthones consisted of
ozonolysis of‘ the o<hydroxyallyl derivatives followed by
cyclization with polyphosphoric acid. The fourth one which is
the part of the present work consists of cyclization of the
o-hydroxyallylxanthone into dihydro furoxanthone, by trituration
with conc. sulphuric acid follov;ed, by it dghydrogenation. This
method is very convenient and gives quantitative yields of

" dihydro derivatives, This was initially developed by Shaikh
and Trivedi for the synthesis of furocoumarins'h. The dihydro
derivitives on dehydrogenation with DDQ or with palladized

cha rcoal' gave 5'-methylfuroxanthones.

h=Allyl derivatives of 3=~hydroxy- and 3-hydroxy=-6-
methylxanthone were converted into 5temethylfuro(2t,3'=3,4)
xanthone (VIIa) and 51,6-dimethylfuro (2! ,3'-3,h)xantho_ne(VII'b)15

respectively using first two approaches,

The synthesis of linear 5'emethylfuroxanthones (VIII)
was reported by Rajagopal and his coworkers16’17. 2-Allyl
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derivetives of 3-;hydmxy-i%~methyl- and 3-ﬁydmmr-’+—-acety1-
xanthones on acetylation followed by bromination aml eyclization
owith ethanolic potassium hydroxide were converted into
corresponding 5'-methylfuro(3!,2'-2,3)xanthones (VIII R = OHB

or COCH:‘3 and R, = H, GH3 ete.)16’17.

They have also synthesised three different 5'-methyl-
furoxanthones (IX, X and XI) 18 from ‘l-hydroxy=3-tosyloxy-
" xanthone by‘combination of allylation, Clalsen migration,
methylation, detosylation, acetylation, bromination) and

¢yclization reactions.
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Gaekwad and Sethna19 recently reported the synthesis
of 5t-methyl-6-methoxyfuro(2t,3'-3,4)xanthone (XII) and
51,5". dimethyldifuro (2!',3'-3,4) and (3",2"-5,6)xanthone (XIII)

adopting the method of Adams and Rindfusz 2.

0 OH

Oio

XI5

Rao and Rajagopal \have prepared l-hydroxy-h!,5'«
diphenylfuro-xanthone (XIV)2° and -benzoxanthones (XV)and
(XVI)QJ‘ with possible antifertility activity by.condensation

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

presence of PPA.

@

o OH
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Present work :

The linear and angular type of furoxanthones,
syntheslised in the present work are as follows :

1. Furo(2',3!'-3,k)xanthone (XIX)

2, 5t-Methylfuro(2',3'-3,4)xanthone (XXIII)

3. 1,5'.-D1methy1fum(2',3;-3,1+)xanthone (XXVII)

4. L-Methylfuro(3%,2'-3,4)xanthone (XXX)

5. Y4,5'-Dimethylfuro(3',2'-2,3)zanthone (XXXV)

6. l,4'-Dimethylfuro(3',2'~2,3)xanthone (XXXIX)

7. 4,5!,5%-Trimethyldifuro(3',2-2,3) and (3",2"-5,6)-
xanthone (XLIV) o

Synthesis of fu'ro‘g.?.’:,3"~3,h2xanthone (XIX) :

5-A11yla6-hydroxy-1,2,3,4=~tetrahydroxanthone (XVII),
prepared as described in Chapter.-:II-of the thesis, starting
from resorcinol and ethyl cyclohexanone-Z-carboxylate, was
sufjected to oxidation with osmium tetroxide-potassium periodate
in ethyi acetate~water to give corresponding 6=hydro Xy =5m
acetaldehydo derivative, which was cyelized to 1;2,3,h~tetra-
hydrofuro(3',2'~5,6) xanthone (XVIII) with PPA. The structure
of this was confimed by its NMR spectrum in (GD013 (Fige. 1) :
S 2.05 and 2.63 two broad signals, each corresponds to hiH,
methylene groups in cyclohexane ring at l-, 2-, 3-, and
Y-position j 7.08, doublet J=2.2Hz, 1H at 4'-position ; 7.46,
doublet, J=10Hz, 1H at 7=-position j; 7.70, douﬁlet, J=2,2Hz,
1H, at 5'-position ; 8,15, doublet, J=10Hz, 1H, at 8-position.
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" The compound XVIII, on dehydrogenation with palladized charcoal
(10 %) in diphenyl ether afforded furo(2',3'-3,k)xanthone
(XIX). The stmctﬁre of which was confirmed by its inde)pemdent
synthesis and its MR spectrum in CDCl, (Fig. 2):4 7.10,
doublet, J=1.8Hz, 1H, at 4'-position j 7.78-7.68, multiplet,
4H, aromatic protons. at 2=, 5=, 6~ and 7-position ; 7.75,
doublet, J=1.8Hz, 1H, aﬁi‘S’-position 3 8.20, overlapping two
doublets, J=10Hz, 2H, aromatic peri-ptotons at l- and B-position.

The synthesis of XIX was also achieved by carrying
out allylation of 3-hydroxyxanthone (prépared as described in
section I), with allyl bromide in presence of anhydrous
potassium carbonate in dry acetone to give 3-allyloxyxanthone
(XX), which on Claisen rearrangement in dimethylaniline afforded
heallyl-3=hydroxyxanthone (XXI), IRvspehctI?m in nujol (Fige3) :
1632 en~ (% -pyronyl >C=0 group), and a broad band at 3120 em™3

(aromatic «-0H group). This on treatment with osmium tetroxide
potassium periodate followed by cyclization with PPA afforded
the same XIX.

Li) 0504~ KIOy,
AcOCaHg~-H O
—p

i) PPA
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(i) OSOH:RiOq
AcOcCgHg ~-Ha O
@) PPA

1‘5.' o ‘IiltDH

BQCHQCH=CH2-

C-R.
PhNMey Ky €Oy, Meyco
O
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Synthesis of §'-methylfuro(2',3'-3,4)zanthone (XXIII) :

L4-Al11lyl-3-hydroxyxenthone (XXI), was cyciized to
4t 5t.dihydro-5t-methylfuro(2t,31-3,4) xanthone (XXII), by
triturating with sulphuric acid (85 #)™. This method is very
convenient and gives quantitative yields of dihydrofuroxanthones.
The structure of XXII was confimmed on the basis of its NMR
spectrum in CDCl, (Fig. k) : d 1.5, doublet, J=7Hz, 3H, CH,
group at 5'~-position j; 2.80¢3.62, two symmetrical quartets,
2H, methylene group at W'-position ; 6.70, doublet, J=9Hz, 1H,
at 2-position j 7.20-7.30, multiplet, 3H, aromatic protons
at 5-, 6-, and 7~-position ; 8.06, doublet, J=9Hz, 1H, at
l-position 3 8.25, doubiet, J=9Hz, 1H, at 8-position. This on
dehydrogenation with palladized charcoal (10 %) in diphenyl
ether gave 5'-methylfuro(2t,3t-3,4)xanthone (XXIII). The NMR
spectrun in CDCly (Fig. 5) :d 2.6, singlet, 3H, CHy group at
5t.position ; 6.8%, singlet, 1H, furan ring proton at h'-
position ; 7.45-7.80, multiplet, WH, aromatic protons at
2-, 5=, 6~ and 7-position j; 8,30, doublet, J=9Hz,‘1H, at
l-position 3 8.50, double® doublet, J=9Hz (ortho couppling),
J=1.5Hz (meta cou?bliné), 1H, at 8-position. The same was also
prepared by Rajagopal et al.15 by a different route as described

before.

Synthesis of 1,5'-dimethylfuro(2',3'-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 alliyl bromide in presence of anhydrous
potassium carbonate in dry aceﬁone, followed by Claisen
rearrangement gave h-ally1-3~hydroxy-l—methylxanthone(XXVb).
This was.cyelized to 4',5t-dihydro-1,5'~-dimethylfuro(2t,31-3,4)~
xanthone (XXVI). The structure of wh%ch was confirmed on the
basis of 1ts MMR spectrum in CDCl, (Fig. 6) :§ 1.2, doublet,
J=7Hz, 3H, CH3 group at S'eposition ; 2.83, singlet, 3H,
slightly overlapped with the multiplet, Ar'-CH3 group, which is

remarkably down field due to its attachment to the peri position
-1.4 2.50-3.55, two symmetrical quartets, 2H, methylene group
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at 4'-position ;' 4,83-5.13, multiplet, 1H, methine proton at
5t.position ; 6,40, 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,*10Hz, Jg¢=1.5Hz, 1H, peri-proton
at 8-position. This was dehydrogenated to 1,5'-dimethylfuro-
(21,3'=3,t)xanthone (XXVII) with palladized charcoal. The

(9] CH3 .
0 BACHyCH= cH2
O OH H2C03 MGQCO

(¢ V)

(o] CH3 .
?5 /. HQSOL'
IS Y™miW. O
25° (o] OH
(X XV L)
/

PdfC , Php O
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structure of XXVII was confimed from its NMR spectrum in
GDCJ.3 (Fig. 7) : 2.1+9, singlet, 3H, CH3 group at 5'-position ;
2.90, singlet, 3H, CH3 group, which is remarkablf down field
at l-position ; 6.58, singlet, 1H, proton at 2-position ;
6.95, singlet, 1H,/g-proton of furan ring at 4'-position ;
7.2047.55, multiplet, 3H, aromatic protons at 5-, 6= and
7-position ; 8.15, doublet, Jg,=10Hz, Jge=1.5Hz, 1H, at
8~position,

Synthesgis of Y-methylfuro(3',2!-2,3)xanthone (XXX) :

7=A11y1l-6-hydroxy-5-methyl-1,2,3,4=-tet rahydroxanthone
(XXVIII) synthesised according to Sanghvi and Trivedi®? by
conderising 2-methylresorcinol with ethyl cyclohexanone~2-
carboxylate followed by allylatioh and Claisen rearrangement
of the xanthone formed, was. subjected to oxidation with osmium
tetroxide-potassiun periodate in ethyl acetate~vater to give
corresponding 7-acetaldehydo-S-hydroxy- derivative, which was
eyelized to S-méthylal,_2,3,!+-tetrahydrofum (2¢,31-6,7) xanthone
C(XIX) with PPA. The si:ructure of which, was confimmed on the
basis of its NMR spectrum in CDCl, (Fig. 8) :51.57-2.03, a :
broad multiplet, 4H, two methylene groups at 2- and 3-position ;
2.55, singlet, overlapped with a broad signal, 3H, CH3 group
at W-position 5 2.40-2.80, a broad multiplet, WH, two methylene
groups at 1- and h-position. Two doublets at 6.82 and 7.68,
having J=2,2Hz, are ’assigned for jp~ and &= proton of furan ring
at bt-and 5'-po;itiori s and one singlet at § 8.25, is due to
peri-proton at Saposition. The furoxanthone XXIX, was treated
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with palladized charcoal in diphenyl ether to give dehydro-
genated product W-methylfuro(3',2'-2,3)xanthone (XXX). Its

NMR spectrum in CDC1l, (Pig. 9) s § 2.71, singlet, 3H, CH,

group at W-position ; 6,89, doublet, J=2Hz, 1H, at W'-position j -
7.75, doublet, J=2Hz, 1H, at 5'-position ; 7.30-7.68, multiplet,
3H, aromatic protons at 5-, 6~ and 7-position. The dovn field
signals around § 8,40 are due to overlapping of one doublet,
J=10Hz and one singlet, ir;tegrating for two peri-protons at

8~ and 1- position respectively. The product XXX was also
synthesised from 3-hydroxy-l-methylxanthone which on allyl-
ation and Claisen rearrangement gave 2-a11y1-3-h&dro;cy-h-
methylxanthone (XXXII). This was subjected to osmium tetroxide-
potassium periodate oxidation followed by cyclization with PPA
to obtain the same product h-methylfuro(3',2'-2,3)xanthone(XXX).

(i) Os0y~— KIO4
AcOCaHg~H20

Liv) PPA



o
B2 CH,CH=CHj
— |
o) on K2€03 Me,co
CH,
C.R.
PhNMey
0
' +AC O Czﬁs "'Hﬂq
e No~ (i) ppa B
CH3 O OH
CH3
(Po0x) (cacx11)

Synthesis of Y4,5'-dimethylfuro(3',2'~2,3)zanthone (XXXIV) :

2-A11y1~3<hydroxy-li+-methylxanthone (XXXII) obtained
as above was triturated with sulphuric acid (85 %) for 15 minutes
at 70° to obtain 4!,5'.dihydro-k,5'~-dimethylfuro(3!,2'~2,3)-
xanthone (XXXIII). The structure of which was confirmed by
its WMR spectrum in CDCl, (Fig. 10) : § 1.65, doublet, J=7Hz,
3H, CH3 group at 5"-pqsition; 2.47, dinglet, 3H, CH3 group at
L.position j; 2.90-3.70, two symmetrical quartates, 2H, methylene
group at 4'-position s 9.15, multiplet, 1H, methine proton at
5\‘-position 3 7.30-7.80, multiplet, 3H, aromatic protons at
5-y 6~ and 7-position j; 8,00, singlet, 1H, at l-position ;
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8.35, doublet, Jg,=9Hz, Jg¢=1.5Hz, 1H, at 8-position. This on
dehydrogenation with DDQ in dry benzne yielded 4,5'-dimethyl-
furo (3',2'-2,3)xanthone (XXXIV). The same was also prepared
by Sanghvi and Trivediza. They condensed 2-methylresorcinol
with ethyl cyclghexanone-f’z-carboxylate to get 6-hydroxy~S-
methyl-1,2,3,k-tetrahydroxanthone, which on allylation with
allyl bromide in presence of anhydrous potassium carbonate in
dry acetone followed by Claisen migration in dimethylaniline,
cyclization with cone.sulphuric acid and dehydrogenation with

palladized charcoal (10 %), yielded the same furoxanthone
16
(XxxIv) '~ o

|

o OH
(>xxxcrr)

CHg

§5 /- Hp50,
16 wniv. 70°

CH
(coocIu) 3

Pd/;, PheO
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Synthesis of Y,4'~dimethylfuro(3',2'~2,3)xanthone (XXXIX) :

3-Hydroxy-it-methylxanthone on acetylation with
acetic anhydride and pyridine followed by Fries migration wi’clg
anhydrous aluminium chloride gave 2-acetyl-3~hydroxy-i-methyl-
xé.nthone(mvn. This was condensed with ethyl bromoacetate
iﬁ presence of anhydrous potassium carbonate in dry acetone to
give ethyl 2-acetyl-lt-methyl-3-xanthonyloxyacetate(XXXVII),
which was hydrolysed by sodium hydroxide solution to corresponding
acid derivative (XXXV’III). This on internal aldol condensation
with sodium acetate and acetic anhydride furnished 4,4'-
dimethylfuro(3',2'-2,3) xanthone (XXXIX)., Its structure was
confirmed on the basis of its NMR spectrum in CDCl3 (Fig. 11) :
§ 2.30, singlet, 3H, J=0.8Hz (meta couppling), CH3 group at
htaposition of furan ring ; 2.65, singlet, 3H, CHy group at
Laposition 3 7.32-7.82, multiplet, 4H, at 5-, 5'-, 6. and
7-position., A down field signal around J 8.35 is due to
overlappling of a doublet,J=9Hz and a singlet and is assinged

for the peri-ﬁrotons at 8- and l-position.,

1

o -
Acg0 , CsHsn '
_* v
o OoH o ©COCH,
CH3 C‘.H3

(coccv)




Buuz COOCy Hg ', Kp CO3 , Me,co

s COCHg ‘
| (s0oant)

CH_B

NoOH C% %)

i
COCH} .
| (oomnrL)
(o] O CH, cOOY
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Synthesis of %,5',5"-trimethyldifuro(3',2'~2,3) and (3",2"-5,6)-
xanthone (XLIV) :

Methyl 2,4-dihydroxybenzoate on thermmal condensation
with 2-methylresorcinol in diphenyl ether afforded 3,6-dihydroxy-
Lemethylxanthone (XL). This on allylation with allyl bromide
in dry acetone, yielded 3,6-diallyloxy-4+-methylxanthone (XLI),
which was subjected to Clalsen rearrangement in dimethyl aniline
to give 2,5-diallyl-3,6-dihydroxy-t-methylxanthone (XLII).

This was triturated with conc. sulphuric acid to obtain a
cyclized product 4,5',5"trimethyl.l!,5! 4" Sv.tetrahydrodifuro-
(3',2'-2,3) and (3",2"-5,6)xanthoneV(XLII). The NMR spectrum of
XLITI in CDcl3 (Fig. 12) : Two doublets having J=7Hz are slightly
overlapped at d 1.56, integrating for six proton of two CH,
groups at 5'~ and 5"-position of furan rings. é 2.31, singlet,
34, CH3 group at L-position ; 2.88-3.58, multiplet,\hH, two
methylene groups at W'= and W".position of furan rings ; 4,95-
5.30, multiplet, 2H, two methine protons at 5'- and 5".position
of furan rings ; 6.78, doublet, 13, J=10Hz, at 7-position j
7.97, singlet, 1H, peri-proton at l-position ; 8.18, doublet,
J=10Hz, 1H, peri-proton at 8-position. The compound XLIIT,

on dehydrogenation with palladiged charcoal in diphenyl ether
gave 4,5',5"~trimethyldifure (3',2'-2,3) and (3",2"-5,6)-
xanthone (XLIV).
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EXPERIMENTAL

Synthesis of furo(2',3'-3,4)xanthone (XIX) :

1,2,3,4-Tetrahydro furo (3/,3'-§,5) xanthone (XVIII) :

5=A11y1l-6~hydroxy=<1,2, 3,+~tetrahydroxyxanthone (0.7 g)
in ethyl acetate (180 ml.) and osmium tetroxide (50 m3) 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 react:liom mixtﬁre was
stirred for 2 hr, more. The acetate layer . was separated,
washed with water, dried with sodium sulphate and distilled.
The resudue 1efﬁ, was dissolved in chlorofomm (3 ml) and the
clear solution was percolated through é:* short colunn of alumina
and eluted with benzene-chloroform ¢ mixture (3:7). The érude
product obtained after evaporation of solvents, was treated with
PPA (15 ml) for % hr.at 130°. Ithb 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°, vield 0.160 g.

Analysis : Found :C, 74.84 ; H, 4.82 %
C15H1203 , requires ¢, 75.00 ; H, 5.00 % .

Furo(2',3'~3,%)zanthone (XIX) :

1,2,3,4=Tetrahydrofuro(3',2'-5,6) xanthone (0.25 g)
and palladized charcoal (10 % ; 0.5 g) were refluxed in diphenyl
ether (10 ml) for 12 hr. It was filtered hot and the solvent
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wasl removed by steam distillation., The residue was extracted
_with ethyl acetate and the.solvent was distilled off, The
crude product was chmmatograpkid'ever silica gel and eluted
with benzéne, The product crystallized from ethanol as
eolourless }ieedles, m.p. 191°, yield 0.08 g.

Analysis s Found . : C, 75.86 ¢ H, 3.56 %
C15H803 requires : C, 76.28 ; H, 3.26 % .

3-Allyloxyxanthone (XX) :

A mixture of 3-hydro}§rxanthone (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 1% 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 crystalliized f;:om benzene petroleuwn ether,,
m.p. 136° (1187 m.p. 137°), yield 2.1 g.

Analysis : Found : Gy 75.69 5 H, 4,53 %
016H1203 requires H C, 76.19 H H, 1"076 % .

h;nlyl-g-hydrdxyxénthone (XI)

3=-Allyloxyxanthone (2 g) was refluxed with dimethyl-
aniline (10 ml) for 5 hr., After cooling, the f 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 acidifiqation with conc.hydrochloric
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acid gave the product which crystalligzed from ethanol, m.p.
20° (1it, 17 225%°), yield 1.8 g.

Analysis s . TFound : Cy 75.78 3 H, W76 %

Cyet4203  requires : C, 76.19 3 Hy 4.76 % .

Furo (2',3'~3,4) xanthone (XIX) :

4-A11yl-3-hydroxyzanthone (0.5 g) and osmium tetroxide
(40 mg) were dissolve in ethyl acetate (200 ml) and water
(50 m1l). Potassium periodate (1.2 g) was added in small
quantities as usual, The intemmediate W~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
before, The product crystallized from ethanol, m.p. 191° (1:i.tlt,
m.p. 192°). The mixed m.p. with the above obtained product

remained undepressed, mixed m.p. 1910. Yield 0.1 g.

Analysis s Found : C, 76.65 3 H, 3,26 %
C,58g04 requires : C, 76.28 5 H, 3.39 % .

Synthesis of 5'-methylfuro(2!,3!'-3,4)xanthone (XXIII) :

41,51-Dihydro-5'-methyl (2* L3"--3,h)x::ufi;*;hone (XXII) :

4-A11yl-3-hydroxyxanthone (1 g) was triturated with -
sulphuric acid (85 4 ; 6 ml) in a water bath for 15 minutes.
The content was poured into crushed ice, tr;e separated product
was filtered and washed with dilute sodium hydroxide solution
to reméve uneyclized compound. It cz;ystallized from ethanol

and also from benzene-petroleum ether mixture, m.p. 181°
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(111;.35.m.p. 1800),‘ yield 0.8 g.

Analysis ] Found 1 C, 76,40 3 H, 4,66 %
- s 6.19 3 H, 4.76 % .

§1_methyl furo (2! ,3'~3,%) xanthone (XXIII) :

A mixture of )4" y5t=dihydro- 5'-—methy1furo(2',3'-3 u)-
xanthone (0.5 g) and pallaélzed 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 (3:7) gave the
product, which crystallized from ethanol, m.p. 172° (lit.,15
m.p. 170°), yield 0.3 g.

Analysis : Found : G, 76,37 5 H, 3.87 %
4684003 requires : C, 76,81 3 H, 4.00 % .

IR spectrum))p. . (nujol) : 825 cm"i(furan ring), 1645 et
(Y =pyronyl »C=0 group).

Synthesis of 1,5'-dimethylfuro (2',3'-3,4)zanthone (XXVII) :

3~-A1l1yloxy=-l-methylxanthone (XXVa) :

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 reactig?a";r*;gl oured into water amnd
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. 111+°, yield 0.8 g.
C, 76.23 ;3 H, 5.38 %

Analysis - Found :

4-A11y1-3-hydroxy-l-methylxsnthone (XXVb) :

3-A11yloxy-l-metﬁylxanthone (0.8 g) was refluxed with
dimethylaniline (5 ml) for 6 hr. The 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. o
Cy 76.7% 3 H, 5.16 %

Analysis Found H
017&!903 requires : C, 76.67 ; H, 5.26 % .

IR spectrum)}’max(m;jol) s 1642 cm"i ('Y‘PYronyl >C=0 group),
and’a broad band at 3120 cm™+ (aromatic =OH group).

41,51-Dihydro~1,5'~dimethylfuro (2',3'-3,4)zanthone (XXVI) :

LoA11yl-3=-hydroxy=-l<methylxanthone (O.4+ g) was
dissolved in sulphuric acid (85 % 3 3 ml) and heated in a water
bath for 195 minutes at 750. The content was poured into
crushed ice, the sepaiated product was extracted with ether
and washed with dilute sodium hydrozide solution and with water.
The crude product was chmmatoglraplf(éyer silica gel and then
eluted with petroleum ether-‘qenzen‘e mixture (7:3), It crystallized
from petroleum ether-benzene mixture as colourless shining

needles, m.p, 178-90, yield 0.3 g.
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Cy 7,6937 ; Hy 5.06 @ %,

Analysis Found s H
017H1)+03 requireS— H C, 76067 H H, 5026 ' % PS

1,5!-Dimethylfuro(2',3'-3,4)xanthone (XXVII) :

A mixture of 4!,5'-dihydro~ly5'~dimethylfuro(2!',31=3,k)~
xanthone (0.25 g), ¥ passladized charcoal (010 £ ; 0.3 g) and
diphenyl ether (5 ml) was refluxed for 10 hr. The reaction
mixture waa filtered hot and the solvent was removed by steam
distillation. The separated product was extracted “w:i.th ethyl
acetate, washed with water, dried with ‘anhydrous sodium sulphate,

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

petroleum ether-benzene mixture (l:1). It erystallized from
ethanol, m.p. 1600, ,
4,75 %

Analysis : Found : Cy 76.80 3
Cq7t4203 requires : C, 77.27 3 Hy, %.55 % .

Synthesis of h;methylfuro (3',21'-2,3)xanthone (XXX)

5-Nethyl-l,ZQ,h-tetrahydrofuro (2',3'-—6 7)xanthone (XXIX)

~5-wmethyi-
7-Allyl-6-hydroxy‘-1,2 3,l+~tetrahydroxanthone (0.8 g)

;22

prepared according to Sanghvi and Trived g Was dissolvéd in
ethyl acetate (230 ml) and i osmium tetroxide (70 mg) in water.
(80 ml) were mixed and:vig_drously stirred for 19 minutés. ‘
Potassium périodate (1.8 g) was added in small quentities to
the dark solution over a period of 1.5 hr, The reaction mixture

was stirred for 2 nr, more and worked up as usual. The
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intermediate 7-acetaldehydo product i‘fés treated with PPA (12 ml)
 in an oil bath at 110° for 2 hr. It was poured into ice cold
water, The so0lid separated was filtered, washed with dilute.
sodium hydroxide solution and finally with water. It- 1
crystallized from benzene as fine small m needles, m.p. 206°,
yield 0,12 g.

Analysis Found : Cy 79.19 5 Hy 5.51 %
C16§1l+°3 requires : C, ‘75.‘5'5 ; Hy 5.50 % .

IR spectrum Vmax (nujol) : 870 ™t ( furan ring), 1640 an~d

(Y -pyronyl »C=0 group). UV /\max (chlorofom) : 246 nm
(log e %.74), 278 nm (log e 4.60),

Y-Methylfuro (3',2'-2,3)xanthone (XXX) :

5=Methyl-~1,2,3,4-tetrahydro fure (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.
It was then filtered hot and the solvent was removed by steam
distillation, The residue was extracted with ethyl acetate.
The evaporation of the golvent gave ‘x;he; produet which _
chromatographed over 7 silica gé; and eluted with petroleum-
ether-benzene mixture (1:9). The product crystallized from
benzene as small seeds, m.p.216°, yield 0.09 g.

Analysis : Found 3 C, 76,37 5 H, 3.87 %
c.-‘6H1003 o I‘equires H C’ 76081 H H, 1+.00 % .

3=Allyloxy-l-me thylkanthone (XXXI) :

A mixture of 3ahydroxy-i+-methylxantﬁone (2.5 g),
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allyl bromide (2 g) and anhyﬁrous potassium carﬁonate (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°
(2it.,76 m.p. 144°), yield 3 g. _

Analysis s Found : C, 76,19 3 H, 5.02 %

17 1,_1_03 requires ,: C, 76.67 3 H, 5.26 % .

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

3«A11ylo xy—‘&-—methylxanthqne (2.5 g) in dimethylaniline

(8 m1) 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.,(1it.,'° m.p. 165°).

Analysis Found : Cy, 76,47 3 Hy 5,56 %

IR spectrum )r (nujol) : 1632 cm™t (Y -pyronyl )C=0 group),
and a broad band at 3260 en~> (aromatic -OH group)l Fig.13),

&-Methylfuro (3, '-2,3)_:_c_a_pthcne (XXX) @

2=A11yl=3«hydroxy-ltt-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
- worked up as before and the 2~acetaldehydz derivative so ‘
obtained was treated with PPA (15 ml) for 3 hr. at 120° to
obtalned furoxanthone XXX (0.1l g). It crystallized from bengene,
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M.De 2160. The mixed m.p. with previously synthesised px:oduct
was not depressed.

C, 77.21 3 H, 4.36 %

Analysis § Found  :
C16H1903 requires : G, 76,81 ; H, 4+.00 % .

Synthesis of & 5‘-dimethylfuro (3',2'-2 3)zanthone (XXXIV) :

h*,S'—Dlhydm-h 5'~dmethylfum (3‘,2'-2,3)xanthone (XXXIII)

2-A11y1-3-hydroxy-—h-methylxanthone (1.5 g) was
triﬁurated with sulphuric acid (85 % 5 9 ml) in a water bath
at 75° for 15 mimites. The reaction mixture was worked up as
described before. The product crystallized from ethanol as

well as. from benzene-petroleum ether mixture, m.p. 171+°,

yield 1 g. : .
A-nalySiS H Found H C, 77-13 H H, 501‘4‘ %
1731,+0 requires : C, 76,67 3 H, 5,26 & .

h- 5t=Dimethylfuro (3'12'-3,’+)xanthone (XX)C[V)

A mixture of h",5_'-dihydro~ll—,5'-dimethylfum(3'-«,2'-2,3)-—
xanthone (0.6 g) and DDQ (0.535 g) was réfluxed in sodium
dried benzene (30 ml) in a water bath for 6 hr. The separated
product was ffi.iu‘.e;EL off and filtdrate on evaporation gave the
solid, which crystallised from acetic acid as fine needles,
m.p. 22° (1it.,"® m.p. 235°), yield 0.4 g.

Analysis s Found : Cy 77.29 3 H, 440 %
C17H1203 requires : C, 77.27 3 H, 4.55 % .

IR ;’spectrum ));lax(nujol) 880 cm"j' (furan ring), 1640 cm™2
(’Y-pyronyl >C=0 group).
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Synthesis of 4,l4'~dimethylfuro (3',2'-2,3)xanthone (XXXIX) :

3-Acetoxy-M-methylxzanthone (XXXV) :

A mixture of 3-hydroxysh-methylxanthone (2.5 g)
acetic anhydride (6 mk) 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, %hed with dilute sodium
hydroxide solution, dried and crystallized from ethanol as
shining plates, m.pe. 15)+°, yield 2.2. g.

Analysis s Found : Cy 72,1+ 3 H, 4+.32 %
Cq6H120, requires : C, 71,64 3 H, 4.48 % .

2—Acety1—3phydromr-.-l+~methy;ixanthone (XXXVI)

3~Acetoxy-4-methylxanthone (2.5 g) and anhydrous
alluminum chloride (4 g) was heated at 120° for 1.5 hr. and
then the temperature was raised to 14%° and kept for 2 hr. at
this temperature., The reaction mixture was cooled and poured
into crushed ice containing hydrochloric acid (15 ml), The
separate& product was filtered, wasl:;ed with water and dissolved
in sodium hydroxide solutioha (6 %), filtered and acidified.
The product crystalllzed from benzene as fine colourless

needles, m.p. 229°, yield 1.8 g.

Analysis : © Found : Cy 71.29 ; H, 4.83 %
0163120)4' I‘equires H c’ 71.‘6)"' 3 H, )“"0)“'8 % .

IR spectrumyy, (nujol) s 1641 cn“l(’Y-pymnyl >C=0 group),
and 1685 en™t ( ~COCH, group), and a broad band at 3220 em™1
(aromatic -0H group).
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Ethyl 2-acetyl-4-methyl-3=xanthonyloxy acetate (XXXVII)

A mixture of 2~acetyl-3-hydroxysl-methylxanthone
(2 g), ethyl bromoacetate (1.5 g), anhydrous potassium carbonate
(9 g) and dry acetone (250 ml) was refluxed in é. water bath
for 15 hr., The solvent was distilled off and the product was
extracted with ether, washed with verg%%g;—um hydroxide solution

and with water, It erystallized from aqueous ethanol as

shining rectangular plates, m.p. 154°, yield 2.2 g. e
Analysis : Found s Cy, 68,23 5 Hy 4.96 %

2..-.Acetyl—-h#methyl@&xynthonyloxyacet/ic acid (XXVIII):

The ester XXXVII (2 g) was treated with potassium
hydroxide solution (8 % 5 20 ml) and stirred for 2 hr., and
then kept over night, The red coloured solution was acidii‘ied
and separated product was dissolved in sodium bicarbonate
solution, filtered and acidified, It erystallized from acetic
acid, m.p. 237-8° (decom.), yield 1.2 g.

Analysis Found : C, 66,81 5 Hy 4,21 %
C,8H4,0¢ requires : G, 66,27 ;3 H, 4,20 % .

IR spectmm))’;nax (mijol) : 1646 e~ ('y-pyronyl )c“zo group),
1735 et ( =COOH group), and a broad band at 3350 cn™t
~ ( ~OH group)., |

'Y 4 *oDimethyl furo 63!,2"-2,3)xanthone (XXXIX) :

A mixture of 2-acety1-.1+-methyl~3-xanthonyloxyacetic
.aecid (0.8 g) in acetic anhydride (6 ml) and sodium acetate(2.5 g)
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was heated under refluxedfor 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. 2110,

Yield 00)'"' %o |

*e

G, 77.02 3 H, 4.73 %
CqrHy03 requires : C, 77.27 3 H, %.55 % .

3,6=~Dihydroxy-t-methylxanthone (XL) :

Analysig Found

A mixture of 2-methylresorcinol (6.2 g 3 0.05 mole),
methyl 2,1+-éihydro:qrbenzoate (8.4 g 3 0.05 mole) and diphenyl
ether (15 ml) was refluxed for 13 to 16 hr. The reaction
mixture wés 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 4 3 80 ml), filtered and acidified. The separated product
was filtered,' dried and crystallized from acetic acid, m.p.
above 325°. IR spectrum Vmax (nujol) : 1646 cm"i ('Y -pyronyl
)C:O group) and a‘broadr band at 3280 cm"’ (aromatic ~0H groups).

A'mixture‘of the above compound (1 g), ac#tic
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-diaceto :qr-‘+-mett;y1xanthone, which
crystallized from benzene as colourless needles, m.p. 19°,

yield 0.8 g.
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Analysis : Found

: Cy, 66,65 3 H, 4.18 4
Cy8H4406 requires : Cy 66,27 5 Hy 4,29 % .

IR spectrum)j‘max (nujol) : 1658 a2 (’Y-pymnyl >C=0 group)
and 1745 em"i (-OCOCH3 groups).

3,6-Dial lyloxy~t-methylxanthone (XLI) \

A mixture of 3,6=-dihydroxyxanthone (2.5 g\?,
allylbromide (3.2 g) and anhydrous potassium carbonat‘ige (8 g)
was refluxed in dry acetone\s\ (400 ml) in a water bath\ for
20 hr, The solvent was distilled of and the reac‘cion\mixture
was poured into water, The separated product was extracted
with solvent ether and washed with dilute sodium hydroxide
solution and with water, It crystallized from a mixture of
benzene~patroleunm e;x;her as colourless long needles, m.p. 128°

yield 2.2 g,

Analysis Found : C, 7%.16 § H, 5.4k %
2

2,5=Diallyl-3, 6~dihydroxy-t-methylxanthone (XLII) :

3,6~Diallyloxy-t-methylxanthone (1.8 g) was refluxed
with dimethylaniline (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.
C, 74.92 5 H, 5.51 %

Analxs;hs H Found
2
CooHqgly requires : C, 7’+.2¢ s Hy, 5.9 % .
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IR spectrum )Enax (nujol) : 1642 cn™d (Y «pyronyl )c=o' group)
and a broad band at 3160 em™ (aromatic ~OH groups).

4,5, 5% Trimethyl-k!,51 4" ,' SW=tetrahydrodifuro (3!',2'~2,3
3", 215, 6) xanthone (XLITI) : '

2,5=Diallyl-3,6~dinydroxy-k-methylxanthone (0.6 g)
was dissolved in sulphuric acid (85 % 3 6 ml) and heated on
a water bath for 15 mintes at 75°., The 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 : 4). It crystallized ‘from benzene~-petroleun ether

mixture as colourless shining needles, m.p. _198-90, yvield 0.k g,

Analysis : Found : C, 75.00 3 H, 5.77 %
CooHqg0y requires : C, 74.52 3 H, 5.59 % .

L, 51, 5" Trimethyldifuro(3',2'-2,3 : 3",2"-5,6)xanthone (XLIV) :

A mixture of XLIII (0.5 g), palladized charcoal
(10 % 3 0.9 g) and diphenyl ether (10 ml) was refluxed for
1% hr, The reaction mixture was filtered hot and solvent was
removed by steam distillation, The separated product was
extracted with ethyl acetate, washed Wl th water, dried w¢fht wilh
anhydrous sodium sulphate. The solvent was rgmoved by
evaporation and the residue was chromatographed over siliga gel
and eluted with a mixture of benzene-chloroform ( 2:3 ). It

erystallized from acetic acid as colourless needles, m.p. 254°,
yield 0.2 g.



Analysos
€20t

*

\

Found

requires

(14

C, 75.’"‘2
C, 75.26

?

.
?

s H, 4.83 %

H, k.40 % .
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