CHAPTER II.

STUDIES IN THE SYNTHESIS OF FURO.BENZO.y-PYRONES



CHAPIER II.

/

Studles in the synthesis of furobenzo-y-pyrones.

THEORETICAL.

Furobenzo-y~pyrones are the compounds which are
obtained either by constructing a furan ring on-a suitably
substituted benzo-y.-pyrone derivatives or constructing a
‘ y-pyroné ring on a suitably §ubstituted benzofuran derivatives.
These are mainly grouped into furochromones (1), furoflavones

(2), furoisocflavones (3) and furoxanthones (4) . These may be

linear or angular.

()
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As the present Wwork deals with the synthesks of}
compounds, Which belong to furochromones and furoxanthones,
the detailed description is also limited to these two
gfoups only e . . | *

Purochromones

Five isomeric forms of furochromones are found
in the literature.

A | - (B)

© ®




Furochromones occuring in nature are of the
linear type (&) and are limited in number. Many linear
and anguler furochromones are obtained synthebieally.
Khellin, Visnagin, Khellinin, Ammiol, Khellinol and
Visammiol are the important naturally qccuring furochromone s.
Khellin is the most importent member of this group. Many
physiological activities of Khellin are knoWwn. It has
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and bile duct®. A bronchodilating action of

. ) XY
selective antispasmodic effect upon ureter--

N
bladder i
Khellin has been reported7’8’9. Khellin has specifie

ido0%lisi 2
relaxing effect on the coronary vessles.- ... .. and it can

be used as potent coronary vasodilatori3_2t. It was also
used in whooping cough; The inhibitory action of ghellin
on gastric uleersaa’zs,a& human tumoursz§ and intéstinal
activity26 has also been studied. Synergism‘was observed
between Khellin : and barbiturate, since it shortened the
interval beforg the hypnotic effect of the barbiturate
appeareds Its antispasmodic effect was reinforced by small
dose of papaverine. Khellin combined with barbiturate and

2
papavarine produced a sustained hypotensive action.7

Khellol glucosides, khellinin, possesses a
persistent and rather sélective stimulating action on the
heart, producing a more complete systol and diastole, with
corresponding increase in cardiac output. It gnecreases the
coronary flow, and is not cumulative. Contrary to Khellin
and Visnagin, it afforded no protection against poisoning -

by histemine aerosol. It is not conwerted into Khellin in



o ' 120

L ]

2
the digestive tract or in the body tissue

By studying the chemical constitution and the
antispasmodic activity of a number of furochromones, Schonberg
and co;workersa9 formed the generallisation, whih applies-
to the compounds of the Khellin and of the Visnagin type.
The loss of the furan ring leads to a 70-90 ¢ decrease in
activity. Opening of the y.pyrone ring results in a 75 ¢
loss of activity. Removal of the 8.methoxyl group results
in a 30.50 ¢ loss of activity and removel of both 5 and
8.methoxyl groups reduces the activity by 90 %. Simultaneous
replacement of both 5. and 8.methoxyl groups by hydroxyl
groups reduces the'activity by 90 4, but replacement by
ethoxyl causes only 25 9 loss of activity, whereas highsr
alkoxyl groups reduces the activity by 80-90 7. Replacement
of the 2.methyl group by hydroxyl.methyl group reduces the
activiﬁy more than 50 # but, on the other hand, replacement
of the 2.methyl group-by the glucose radical renders the
compound almost inactive. Replacement of the 2-methyl group'

by hydrogen or by ethyl results in 45 ¢ and 25 ¢ loss of
activity respectively.

Although among the naburally occuring furochromones,
only linear type is known, but many linear as well as

» angular furochromones are prepared synthetically,

30-35
Synthesis of Khellin ° 9 Visnagin and other

naturally occuring furochromones hsve been achieved by many
workers by different routes, however, due to the limited

space, a few synthesis of special interest are reviewed
here.
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3693
Seshadri and co.workers 237 prepared Khellin (9)

as follows :.

2-TosyloXy.3,6-d imethoxy.%-hydroxy.5-allyl-res. u
acetophenone (6) was obtained when 2.tosyloxy .3 ,6-dimethoxy.
4_g21lyloxy resacetophenone (?) was sﬁbjected to Glaisen
rearrangement . Ozonolysis followed by catalytic ﬁydrogenation
of (6) gave the correSponding acetaldehyde derigative (7),
which on cylisation with poiyphOSpﬁoric aclid followed ?y
hydrolysis gave Y%,7.dimethoxy.5.acetyl-6-hydroxycoumarone
(8). Kostanecki.Robinson acetylation of (8) gave Khellin
(9)a

Fayez an&.Badami38 synthe sised 4.methoxy.7-
methyl.5-0xo.5H.furo (3,2.g) benzopyran or visnagin‘by the
condensation of 2.methyl-5ﬁmethoxy_G»formyl_7-hydszychromone
(10) with diethyl bromomalonate 1ﬁ acetone and potassium
carbonate for 30 hr. to give ethyl-k—methoxy-?.methyl-ﬁfoxo-
\-5H-furo (3,2-g) benzopyran-2.carboxylate (1ll). Carefu1'
saponificétion of (11) with- sulphurie acid in acetic acdd
solution gave the 6orresponding acid (12), which was

decarboxylated with copper bromze in duinoline to Visnagin (13).

They ‘also synthesised Visnagin fstart;ng with
2.methyl.5,7-dihydroxy-6-formylchromone (1%), which/was
prepared from phloroglucinaldehyde through condensation
with ethyl acetoacetate‘in diphényl ether according to
Desai, Trivedi and Sethna3?. Condensation of (14) with
diethyl bromomalonate in ethanolic alkall gave (15) , which
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(19) 4

473

H,_SOq

Cu,
Q uineline
VA R—

C'H3 .H‘OQC

(13) ()

on saponification with potassium carbonate aor hydrochloric
acid in acetone solution afforded a mixture comprising (16),

which was then methylated to (17). (17) was transformed into
visnagin as described before.

on

CH - '
OHC¢ + ¥ ?0 ;0 ) OHc

Ho OH | Ho

Coo €, Hg

(14)
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. Seshaéri and.co;workers¥° had alsc synthesised
Visnagin starting with 5,7.dihydroxy-2-methylchromone (18).
They had introduced an allyl group into the 6-position (20)
by Claisen migration of 5-allyl @ther (19). The initial
protection of the 7.-hydroxyl group was‘affecped by tosylation,
which was then removed just before ozonolysis. The previous

methylation of the 5-position was advantageous. This gave

Visnagin in good yield.

O
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2. HY dvogenation.

(13)

Pardanani and Trivediﬁi have recently synthesised
furobenzo.y.pyrones of the above type. Condensation of
2.methylresorcinol with ethyl acetoacetate in boiling
diphenyl ether gave 2,8.dlmethyl.7-hydroxychromone (21).
This on allylation with allyl bromide afforded the allyl

ether, which when subjected to Claisen rearrangement gave
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6-allyl-7-hydroxy.2,8-dimethylchromone (22). Cyeclisation
of (22)'with conc. sulphuric acid gave the dihydrofuro-
benzopyran derivative, which on dehydrogenatdéon with palladised

charcoal furnished 2,7,9-trimethyl-5-oxo-SH-furo (3,2-8)
benzopyran (23) «

Ozonolysis of (22) gave an acetaldehydo derivative,
which was cyclised with o-phosphoric acid to give 7,9-dimethyl-
-5-0%0-5H-furo (3,2-g) benzopyran (23 b)s

W2 “

Shaikh and Trivedl  synthesised 6.acetyl-3,7,9-
trimethyl-5-oxo0-5H.furo (3,2-g) benzopyran (25) by the
following method .

_ Kostane cki.Robinson acetylation of 6.hydroxy-5S.
acetyl-3,7-dimethyl benzofuran (24) with acetic anhydride
and freshly fused sodium acetate gave a product, which was
insoluble in cold diluﬁe alkali and did not develop any
colouration with aleoholie ferric chloride solution. ¢The
compound has been assigned 6-acetyl-3,7,9-trimethyl.5.oxo.
SH-furo (3,2-g) benzopyran (25) structure on the basis of
I.R.Specfra. Attempts to deecetylate this, either by sodium

carbonate or conc. sulphuric acid were unsuccessful,

-

CH%

(24)
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-They have also synthesised 3,6,7,9-tetramethyl.5-
oxo-5H.furo (3,2-g) benzopyran (27) by Kostanecki.Robinson
acetylation of 6-hydroxy.5.propionyl-3,7-dimethyl benzopyran (26) .

COtH,CHY
oH ¢ 1H3€0),0
CHy cooNa
CHy

(26)

Furochromones of type (B) where oxygen atoms which
are involved in heterocyclic ring are para to one another,
was synthesised by Ramage and 5teadu3. Quinol dimethyl ‘
ether (28) underwent reaction with éhloraéetyl chlofidg to
glve 2;hydroxy-5.methoxy.pnenyl-acyl chloride which was
eyclised to S.methoxycoumaran.é-one (29). Hydrogenation of
(29) with Raney nickel gave S.methoxicoumaran t30), which
whén treated with acetyl chloride and aluminiuﬁ chloride
gave 5~hy§roxy_6-acetylcoumaran (31), which on sublimét;on
under redﬁced pressure was dehydfogenated to 5.hydroxy.-6.
acetylcoumarone (320, Claisen condensation of (32) with
ethyl acetate in~the presence of sodiunm, underﬁent

simultaneous cyclisaﬁion and af forded 6.methyl-8..0%o.8H.
furo (2,3-2) benzopyran (33).
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Use of ethyloxalate instead of ethiyl acetate in
Claisen condensation gave the diketo ester (34), which
was cyclised to 8.oxo-8H_furo (2,3-g) benZOpyran-a-cérboxylic
zeid (39). This acid was smoothly decarboxylated in vacuo
to 8-0%0m8Hfuro (2,3-g) benzopyran (36).

| CocHy Ethyl Oxalate l QOCH 00 S Hg
7
Na "/
OH QH
Cycligation

Furochromone of type (C) was prepared by Clarke,
Glaser and Robertsonww Applicai;ion of Hoesch reaction with
acetonitrile or of Friedel.Craft reaction with ac;‘etyl
chloride on 2.-barboethoXy.-t.methoxy.b6-.hydroxycoumarone (37)

where carbethoxXy group served to protect the reaction iﬁ’
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2.position, gave 7.acetyl derivative (38), which on hydrolysis
and seubequent decar‘bo.xylation afforded 4.methoxy.-6-hydroxy.
-7-acetylecoumarone (395. Claisen condensation of (39) wikh
ethyl Zcetate gave the diketone (%0), which was cyclised

to Y.methoxy.7.methyl.S-ox0-9H-furo (2,3-f) benzopyran {#1).

42 '
Shaikh and Irivedi . synthesised 7,8-dimethyl-9-

P

o¥o-9-H.furo (2,3-f) benzopyran (43) from 6.-hydroxy.F-propionyl.-

benzofuran (42) by Kbstanecki-Roﬁinson acetyléfion.

COLHCHY
O OH ( CH%CO)LQ
CHacoaNa

L (42)

They also synthesised 7.-phenyl8.methyl-9-0%o-9H.
furo (2,3-f) benzopyran (45), 3,7,8-triméthyl-9-0Xxo.9H.
furo (2,3-f) behzopyran (47) from 6-hydroxy.7-propionyl .
benzofuran (44) and 6¢hyﬁroxy-7-pr0pionyl—B_methylbenzofuran
(46) by Kosianecki-Robinson écetylation.



H,SClQOC : O HFCLOOC l O
I .
Hoesch veac wq} coch
O
Friedel - Crakt Hace o
Hs<o OH Yeackion 3
{38)
7
Hy dmolysig
COCHy ~Cog CoeHy
OH
H aco oM
(3%)
Ethyl  acetute
Na
COCH:_(OC”3
Cyelisadiog

OH

(40)




134

COCHaCH,
CeHg (o), 0

OH CgHg cooNar

h4)
H3C CC‘.H?,C'.O):LO
—_—y
l O ol CH3C°0 Na,
COcH, CHay
(4¢6)

The synthesis of furochromone of type (D) was
achieved by Ramehandran and co..wo,rkers-”. Acetylation of
2-car‘betnoxy..S.methoxycoumarone (48) in boron trifluoride
and acetic acid-acetié anhydri:de at room temperature for
80 hr. gave 2.carbethoxy.t.acetyl_5-hydroxycoumarone (49),
which on saponification followed by decarboxylation géve
S5-hydroxy-4.-acetyl benzofuran (50). Claisen condensation '
of (50) with ethyl acetate directly gave 6-methyl-4.-6xo.
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Y

~4g-furo (3,2-f) benzopyran (51). This represented the

first exaﬁlple of the synthesis of furochromone of® type(D).

¢
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’ Na,




Synthesis of furochromone of type (E) was
achieved by many workers, ‘

Rao, Subramanyam and Venkateswarlu“ has
synthesised this type of furochromone by constructing a
furan ring on a suitably substituted chromone . 8-Formyl.7.-
hydroxy-2.methylehromone (52) was condensed with ethyl

bromo acétate, yielding éthyl-S-formyl-e.methyl..‘?-
chromonyloxy acetate (53), which on hydrolysis with cold
dilute alkali gave the‘correSpondi_ng carboxylic acid (54),
’wh’ile hydrolysis, using strong hot alkali gave the cori'eSponding
furochromohe. (55 , decarboxylation. and cyelisation taking

place simultaﬁeously during the coui-se of the hydrolysis,
Furochromone (55) could also be produced by eyelising the

acid _(5#)‘} usihg acetic gnhydride and sodium acetate,

}
by CHiCLOC U

l S

Ho ~0 CHn HrG oo ch ¢

CHD

CHa T

( 529 (53)
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The same authors haye synthesised similar type
of furochromone starting with 2,4.dihydroxy.3-formyl.res.
ace tophenone (Sé) , Which was (condensed with ethyl bromo.
acetate to give k4.0-carbethoxy.methyl-3.formyl-2.hydroxy
acetophenone (957). Hydrolysis followed by cyelisation of
(57) gave 5-aéety1-l+-hyc}roxy benzofuran (58), which on
i(ostaneck;.ﬁobinsqn acetylation gave S.methyl.6-acetyl.7-

oxo-7H-furo (2,3-h) benzopyran (59). Deacetylation of this
was a failure. ' |

e
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‘Puroxanthones

~Xanthones are naturally occuring compounds found
in fungi and plants. A condenszd furan nucleus occur in a
number of related natural products, viz., furocoumarins,
furochromones, furoflavones, etcs Furoxanthones are the
condensed nucleus of furan with xanthones. Sterigmatocys%zﬁ5u
(32, l2a.dihydro.8.hydroxy.6.methoxy-7H-furo (3°,2'-L4,5) furo
(2,3-0) xanthen-?-one)‘(éo)-is‘a naturally océuring furo-
xanthone, Sterigmatocysfin has no significant tuberculostatic

or amoebicidal activity.
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The parent pyrans, the furoxanthenes, are not
lmown to occur in nature. 8ix isomeric forms of furoxanthones

are found in 1itérature.
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(¢) (D)

(F) &)

Furoxanthones of  type (A), was synthesised by
F. Scheinmann and H. Suschitzkyss; by the following methods.

4

1.A11lyloxyxanthone (61) on Clalsen rearrangement
by refluxing in dimedhylaniline afforded 2.allyl-l-hydroxy.
¥anthone (62). Addition of bromine to 2-allyl-l-hydroxy.-
Xanthone gave the dibromo adduct (63), from whicﬁ two
" moleculés of hydrogen bromide were gliminaﬁed by treatment

with ethanolice sodium ethoxide to give a cyclic ether. By
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56 \
analygy with the results of Adams and Rindfusz ', who

eyclised o-allylphenols by the same method, they ®signed

the furano structure (64) to above cyclic ether.

2.A11yl.1.hydroxyxanthone (62) was made to react
with hydrogen bromide to give 2.B.bromopropyl-l.hydroxy.
xanthone (65). Cyclisai:ion of this brc,amo compound by |
refluxing in ethanolic sodium ethoxide gave, a furoxanthoxne

59 _methyl-% ,5?-dlhydrofuro (2?,37-1,2) xanthone (66)

almost quantitatively. The attempts to comvert the furoxanthone

(66) by dehydrogenation into (6’-&5 failed. ~
Seshaéri and co,workérs’ new method” on synthesing

benzopyrono furans has recently been adopted by Scheinmann

5895

and co.workers ?, for the preparation of the furoxanthone .

Ozonolysis of the allyl derivative (67), followed
by eyclisation with polyphosphoriec acid gave 3,5,6-trimethoxy-
furo (2?,3°.1,2) xanthone (68).

”’

O QH
C Hy~cH=2CHy
~ . B ——
<0 OMe MeQ
O

oMe

(67) (c%)‘
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The reaction of 1,-dihydroxy-3,6-dimethoxy-
xanthone (69) with 3,3-dimethyl allyl bromide gave the
gther (70) which rearranged in dimethyl aniline to two

xanthones (71 and 72a). Migration in the other ring occurs

to yield the ortho product, 5-hydroxy-2,6.-dimethoxy-8-
(37,3 °-dimethyl-allyl) -4*,5°.dihydro-?,4*,5 % trimethyl

furo (2?,3'-1,2) xanthone (72), and in addition the para

. isomer (71). Methylation of (722) gave the trimethyl ether

59
(72b) "

O oH ()' ocHycH=CMe
CMezCH:‘.ch_BV
ones 5

; o™
Meo : O OMe Med O €q.
an OCHyCH = ¢ Mgy
(70)
(69
Claigen
Feawyamgement.
~
O Me
Megcm HCH,C e Me, C=HCHyo O ol
™Me,
b Meo O OMe,
oR oH © QHg <H acMgy
(72 71y
72 . R:xn ;  72b,  R=Me,
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Furo xanthones of type (B) was synthesised by

60 ’
‘Davies and his co.workers

This synthesis employs one of the typical methods
for the prepargtioh of benzofuran derivetivesp, viz., a
mixed Claisen type condensation or ixternal addol
condensation using the appropriately substituted aldehyde
or ketone and bromoacetic or bromomalonic ester.

. 2.Hydroxyxanthone Was readily formylated by a

Duf? reactioﬁ to obtain l-formyl.2-hydroxyzanthone (73).
Cyclisation of l.formyl.2.xanthyloxy acetate (74)(obtained
by condensation of l.formyl.-2-hydroxyxanthore and ethyl bromo
acetate) in ethanol with sodium ethoxide at room temperature
gave 5’-carbethoxy-fur9 (3*,2°.1,2) xanthone (75) in good
_ yield, Hydrolysis of this ester followed by decarboxylation,
gave the parent angular furoxgnthone (76), which ws also
obtaiﬁed by ring closure of l.formyl.2-xanthyloxy acetic
acid accompanied by decarboxylation. |

Fe Lamb and H, Suschitgky6i have prepared
%’.methylfuro (3?,2°.1,2) xanthone (78) by the following :.
ilethod s~ -

l.Formyl.2-hydroxyxanthone (73) was made to react
vffith diazomethane yielding 2-hydroxy-l.-x@nthylethylene

oxide (77), which on treatment with 2.N.sulphuric acid
gave the furoxanthore (78) »
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On the other hand, the corresponding ketone, viz.,

2-acetyl.l-hydroxyxanthone , which cgn also be submitted to

a similar internal condsnsation leading to the f ormation

of a furan skeleton, éan be more readily prepared and in
better yield from the hydroxyxanthones by means of the
Friedel.Crafts-Fries rsactions. However, while aldehydo

ester give rise to furo:.: compounds, unsubstituted in the

furan ring. The use of substituted ketones for such internal

', Claisen condensation results in the formation of furo compounds

carrying a methyl substituent in the B.position.

Cyclisation of 1-B.bromopropyl.2.hydroxyxanthone
(80), obtained by tréatment of l.allyl-2.hydroxyxanthone
(79) with hydrogen bromide in ethanol with sodium hydroxide
ylelds 5’.methyl.4’ 57.dihydro furo (3?,2°.1,2) Xanthone(gl) .

B
O CHyCHZCH g , O CH;C‘ZHCHa
O upy oH
—_—
O ORe

(749) ‘ - (30)
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Furoxanthpne of type (C) was synthesised by G.S.
Puranik and S. éajoPaléz. 4.F0rmyl-3.hydroxyxanthone (82
when condensed with bromomalonie ester, which effected
simultaneous esterification and internal aldol condensation

followed by hydrolysis and decarboxylation of 5?.carbethoxy

derivative formed, yielded furo (3’,2°-%,3) xanthone (83).

63
The same authors ~ have also synthesised 5*-

methyl and 5?,6-dimethyl furo (3?,2°-4,5) xanthone.

3.A1lyloxy xanthone (84%) on Claisen rearrangemeht
in dimethylahiiine afforded #-éllyl-3.hydroxyxantnone (85)
Two methods for the furan ring closure of 4-a11y1-3.hydroxy,
Xanthones were adopted, The first based on Scheinmann ‘and
Suschitzky ?s workﬁs, which gives dihydro furo compounds,
by the following route. 4%-Allyl.3-hydroxyxanthone was

treateé with hydrogen4bromide gas in the presence of trages

.
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of diphenylamine gave L4.p-bromopropyl-3.hydroxyxanthone (86),
which on tfeatméht with acetone and potassium carbénate éave
%?,5°dihydro.5" methyl-furo (3%,2°-4,3) xanthone (87).
Dihydrofuro xanthone was dehydrogeﬁatéd by treatmeﬁt with
N-bromo succinimide in the presence of benzoyl peroxide,
followed by dehydrg bromination with pyridine64 to 5~
methyl furo (3:2,.%,3) xanthone (88a),

The second route is an adgption of Adams and

\ 6 - ; . -
Rindfuszgs method, involving addition of bromide to 3.acetoxy-
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Seallyl defivatiyes followed by cyeclisation and dehydro

bromination by reaction with alcoholic potassium hydroxide.
3.411yloxy-6-methyl xXanthone, by the same series

_of reaction gave 57,6.dimethyl furo (37,2°-4,3) xanthone (88D).
They " also synthesised 4’-methyl-furo (372°4,3)

xanthone {92) and %?,6.dimethyl-furo (3’,2’-%,3)xanthone ¢95)

starting from 3.hydroxy and 3.hydroxy.b6.methylxanthone by‘

the following route :-

O | O
/LJ\ Acatyt chibrida {
) Alciy ;
oH o
O O

CocHy
€29y



chloride in the presence of aluminium chloride yielded
4Y_acetyl.-3.-hydroxyxanthone (89). 4-Acetyl_3-hydroxyxanthone
(90) condensed with bromo acetic ester in the presence of
potassium carbonate and acetone to yield Ethyl.k.acetyl.9-
0Xo-3-xanthyloxy acetate (90), Which on hydrolysis with
aqueous potassium hydroxide géve Yoacetyl-9.o%o.-3.xanthyloxy
acetic acid (91) . The internal Claisen condensation of

the acid (91) with sodium acetate and acetic anhydride
yielded %’.methyl.furo {3?,2%-%,3) xanthone (92).

O
Ry cHyco0 Et
Acedgme
T :
1&03
O QC“:»COO Et
cocHy
(90)
(¥9)
O .
R
O CeHy cool

CQCH3

a1y (92)
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O O O CHCH Cuz_a
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3-Hydroxy-6.methylxanthone on similar series of
_reactions gave 4’,6-dimethylfuro (37,2°-4,3) Xanthone .
, - Furoxanthone of type (D$ was synthesised by A.
Mustafa and his co.workers“.
4. Allyloxy.-xanth8ne (93) on Clalsen rearrangement
gave 2.allyl-lk-hydroxyxanthone (94). Cyclisation of 3.B-
bromopropyl-t-hydroxyxanthone (95) , obtained by treatment
of 3-a11y1.1+-hydr0§{yxanthone (94) with hydrogen bromide in
ethanol with sodium hydroxide‘, yields 4’,5 .dihydro.5’-
methyl-furo (2,3 ’-%,3) xanthone (96).
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Linear furoxanthore’ of type (EB) was synthesised
66
by Agasimudin and S. Rajopal

R.Acety1-3.hydroxyxaﬁthone (89) obtained by treatment
of 3.-hydroxyxanthone with acetyl chloride in the presence of
aluminuum chloride have been allylated to H-acetylré_alliloxy-
xanthone (97). H_Acetyl-}-allyloxyxanthone on Claisen
rearrangement in dimethyl aniline gave h.acetyl.2-allyl.3-
hydroiyxanthone/(98)3 whieh after acetylation and bromination,
treated with potéssium nydroxidé in ethancl to bring about
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simultaneous dehalogenation and eyclisation with the formation
of Y.acetyl-5’.methyl.furo (4’,5%.2,3) xanthone (99).

L&-Acetyl-B.hydroxy-6—methy1xantlione on similar

series of reactions gave 4.acetyl-5.7-dimethyl-furo (4:512,3)
xanthone .

O O
Acetyl chievide
Alcin
OH
O . O OH
COCH?’
(89
Allylatim
O O

| O CHoGH ey g Ny
- O“E‘btw\dhs! ’ l

@ anilima. N O e QCHsCH = CHy,

coc Hg
99) LA eetyladion ) {9

3, DBreewimatim

% . Aleoholie Kol

q9)
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Linear furo xanthone of type (F) was prepared
. 67
recently by Royer Rene and his co.Wworkers .«

Théy observed that 2,2%-dimethoxy benzophenone
derivative (100) when heated with pyridine.hydrochloric

acid for 24.48 hr., it gave xanthones (101l). The weight
ratio of pyridine-hydrochloric acid to (100) is five.

@)
I
Pyvidime
———
Het
QMe  heied O
~
(too) " (lal)

By uéing this method, furo (2?,3°-2,3) Xanthone derivative
was synthesiseds 2,3-Dimeth§1-5.methoxy-é--(o.methoxy-
benzoyl) benzufuran (102) on treatment with pyridine-
hydrochloric acid ga%e H’,5’-dimethyl-furo (27,31-2,3)
xénthohe (103) »

‘ Substitution in benzoy; ring of (102) gave the
furoxanthore (103) With the substitution in the, benzene

nucleuse. B
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PRESENT WORK

In recent years furobenzo.y-pyrones have received
considerably attention & they not only occur in gature but
also possess therapeutic properties. It was, therefore,
though of interest to synthesise Khellin and Visnagin type
of compounds which are likely to be physioclogieally active
and in an attempt to prepare physiologically active molecules
of simple structure, analogus to biologically active molecules
Khellin, the synthesis of furo xanthones has been also
achieved., The synthesis of furochromones and furoxanthones

1s deseribed here. The following furochromones were
synthesised

l. 9-Methyl.l,2,3,4-tetrahydrocyclopenta (b) furo (3,2-g)
benzopyran .4+.one (108).



2. 7,9-Dimethyl.1,2,3,k-tetrahydrocyclopenta (b) furo
(3,2-g) benzopyran -h-one (110). |

3. 8-Methyl.l,2,3,%,8,9-hexahydrocyclopenta (b) furo
{2,3-h) benzopyran-t.one {114%).

L. 9-Methyl.1,2,3,%-tetrahydrocyclopente (b) furo (2,3-h)
benzopyran -J-one (119).

The following furo xanthones were synthesised.

l. S-Methyl-1,2,3,%-tetrahydro.furo (2?,3°-6,7) xanthone
(12%) .

2. 5%,5.Dimethyl.1,2,3,4-tetrahydro furo (2°,3°-6,7)
xanthone (127)s

3. 9, k-Dimethyl.furo (3?,2°-2,3) xanthone (129).

4. 1,2,3,4-Tetrahydro-furo (3?,2%-5,6) xenthone (133).

5¢ 5'Methyl-furd (2’,3’-3,#) xanthone  (139).

6+ 4’Methyl.furo (2?,3°-3,4) xanthone (141).

Synthesis of 9.methyl.l,2,3,%.tetrahydroeyclopenta (Db)

furo (3,2-8) bengggyran:-H-one (108) :

’Condensation of 2.methyl.resoreinol with ethyl
cyclopentanone 2.carboxylate in the presence of diphenyl
ether according to Desai, Trivedi and Sethna38 gave
7-hyaroxy,8.methyl_l,2;3,4-tetrahydrocyclopenta (b) benzo-
pyran-i.one (104). This on-allylationfwith allyl bromide
in dry acetone and anhydrous potassium carbonate afforded

7-21lyloxy.8.methyl.1l,2,3,4-tetrahydrocyclopenta (b) benzo-
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pyran-4-one (105), which was subjected to Claisen rearrangement

by refluxing it with dimethyl sniline to give 7-hydroxy-6-
‘allyl-B-methyl-l,2,3,h-tgtrahydrocyclOpenta (b) benzopyran-i-
one (106). The structure of {106) was assigned on he Dbasis
of .I.R. spectrum (fig.1 ), which showed a sharp band at
1630 cm:i (y-pyronyl >C=0 group) and a broad band at

3300 cmti (aromatic hydroxy group). 7-Hydroxy-6.allyl-8-
me%hyl-l,2,3,4-tetranydroéycldpenta {b) benzopyran-k.one

. €8
(106) on treatment with-osmium tetroxide, potassium periodate

in ethyl acetate.water medium afforded, 7-hydroxy-8.methyl-6é.
acettaldehydo-1,2,3,4-tetrahydrocyclopenta (b) benzopyran-li-
one (107), the I.R. spectrum of which showed a broad band at

-1

3180 em.-- (aromatic hydroxyl group) a sharp band at 1630 cm.-
-3

(y-pyronyl >C=0 group) and at 1700 cm.- (aldehyde, >C=0 group).

Cyclisation of (107) with polyphosphoric acid gave 9.methyl.
1,2,3,%~tetrahydrocyclopenta (b) furo (3,2-g) benzopyran-h-

one (108), the I.R. spectrum of which showed a band at

1

(Frq.2)

-1 -1
875 em..- (furan ring) and at 1615 cm.-(y-pyronyl >C=0 group).(Fa-2)

Synthesis of 7,9-dimethyl.l,2,3,4-tetrahydrocyclopenta (b)

furo (3,2.g) benzopyran.t.onéi(110): :
UL s 1000 R

Cyclisation of (106) Dby trituration with comec,.
sulphuric acid according to &haikh and Tr1336169 afforded
7,9-dimethyl-l,2,3,%,6,7-hexahydrqbyclqpenta (b) benzopyran-
~t-one (109), the I.R. spectrum of which showed a sharp
band at 1630 cm?» (y=-pyronyl >G=0 group%gig’lsghydrogenation
of (109) with palladised charcoal in boiling diphenyl ether
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furnished 7,9-dimethyl.l,2,3,t-tetrahydrocyclopenta (b)

furo (3,2-g) benzopyran.k-one (110), the I. R. spectrum
s -3 ‘ -1
of which showed a band at 835 em.- (furan), 1630 cm.-

“(y-pyronyl > C=0 group)s (F2-5)

P&m
Ph,,o .

Synthesis of 8.methyl.l,2,3,4,8,9-hexahydrocyclopenta (b)

furo (2,3.-h) benzopyran.lr.one (11lk) )

Condensation of resorecinol with ethyl cyclopentanone

-2~carboxylate in the presence‘ of diphenyl ether according to
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39 :
Desai, Trivedi and Sethna gave 7-hydroxy-l,2,3,k.tetra.

hydrocyclopenta (b) benzopyran.li-one (111l). This on

allylation with allyl bromide in dry acetone and anhydrous

potassium cgrbonate afforded 7-allyloxy.l,2,3,4%-tetrahydro-

cyclopenta (b) benzopyren.it-one, which was subjected to

Claisen rearrangement by refluxing it with dimethyl ailire

to give 7.hydroxy-8.allyl.l,2,3,k.tetrahydrocyclopenta (b)

benzopyran.t-one (113). TwWo ortho position are free for

Claisen migration,'the migration took place at 8.position,

was supported by the NMR spectrum of (113). The NMR of (I13)

(Fa-6)
showed the following signals :a
Chemical Coupling Signals
shift (dJ) constant
ppm. J (Cps)
2.68 - Doublet
6.1 - Multiplet
5.22 - Doublet
3.3-400 - Multiplet
7.82 6Hz Doublet
8.3 6Hz Doublet,

Assignments

2H, CH, * group of allyl
group at position 7.

AT-0.CH ,CH=CH,

1H, 1H of allyl group at
position 7.

Ar-0-CHCH=CH,

2H, =CH, gfoup of allyl
group at position 7.
Ar.o-CH,CH=CH,

6H, protoné of eyclopentana.
Aromatic proton at 6-position.

Aromatic proton at S-position.
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The migrated compound (113) was inscluble in éthyl acetate
and tetrahydrofuran hehce the reaction with osmium tetroxide
was not possible.

Cyclisation of(113) by trituration With econc,
sulphuriec acid according to Shaikh and Trivedi afforded
8-methyl-1,2,3,k% 8,9.hexahydrocy010penta (b) furo (2,3«h)
benzopyran.t-one (11h). Kttempts to dehydrogenate (114)
either with palladised cnarcoal in diphenyl ether or DbQ in

benzene met with failure.

As the above method to build up the furan ring om
7-hydroxy-1,2,3 ,4-tetrahydrocyclopenta (b) benzopyran-l-one
did not succeed, the following route was tried with success;

Synthesis of 9.methyl.l,2,3,4-tetrahydrocyclopenta (b)
benzopyrén.k.one (119) s

_ 7-Hydroxy-1,2,3,k% tetrahydrocyclopenta {b) benzo-
pyren.l.one (111), on acetylation with acetic anhydride and
fused sodium~acetate, gave 7-acetoxy.l,2,3,k.tetrahydro.
cyclopenta (b) benzopyran-%.one (115). Fries migration of
7-acetoxy_1;2,3,k-tetrahydrdcyclbpenta (b) benzopyran.h.-one
(115) afforded 7-hydroxy-8-acetyl-1,2,3,4%-tetrahydrocyclo.
benta (b) benzopyran.4.one (116); Two ortho position are
free fér migration. Migration took place at 8-position.
The structure of (116) was supported by its NMR spectrum

(R .72)
which showed the follow1ng signals :.
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Chemical . Coupling Signals Assignments.
shift (d) constant
ppii. J (CpSo)o
2.8 - Singlet 3H, -COCHj3 group at

position 8.
7.0 9Hz : Doublet 1H, Aromatic proton
' at position 6.
8133 9Hz Doublet 1H, Aromatic proton
_ at position 5.
2.2-3.2 - Multiplet 6H, pProton of ecyclo.

pentane ring.

7-Hydroxy-8-acetyl-1,2,3,4%-tetranydrocyclopenta
(b) benzopyran-#.one (116) condensed with ethyl bromo acetate
in the presence of anhydrous potassium carbonate and dry
acetone gave ethyl-8-aeetyl.-%.oxo.l,2,3,4-tetrahydrocyclo.
penta (b) benzopyranyloxy.7-acetate (117), which was
hydrolysied by refluxing it with acetic acid-hydrochlorie
acid (1 : 1) to give corresponding carboxyliec acid, 8-acetyl.
-h-oxb_l,z,B,%-tetrahydrocyclopenta (b) benzopyranyloxy.7.
acetic acid (118). " (118) was cyclised to 9-methyl.l,2,3 k4.
tetrahydrocyclopenta (b) furo (2,3-h) benzopyran-i-one (119),
when refluxed with acetic anhydride and sodium acetate,
Synthesis of S.methyl-1,2,3,k-tetrahydro furo (2%,3'-6,7)

Xanthone (124)
Condensation of 2.methyl.resorcinol with ethyl
cyclopexanone.2-carboxylate in the presence of diphenyl ether
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according to Desai, Trivedi and Sethnaag, gave @.hydroxy-
,-S.methy1-1,2,3 J4-tetrahydroxanthone (120). This on
allylation with allyl bromide in dry acetone and anhydrous
potassium earbonate afforded 6-allyloxy-5-methyl.l,2,3,k-tetra.
hydroxanthone (121), which was subjected to Claisen
rearrangement by refluxing it with dimethyl aniline to give
6.hydroxy-7-a11y1-5.metnyl-l,2,3,4_tetrahydro xanthone (122) .
b=Hydroxy.7-allyl.5.methyl.1,2,3 k-tetrshydroxanthone (122)
‘on treatment with osmium tetroxide, potassium per iodate in
othyl acetate - Water medium afforded 6.hydroxy.5-uethyl.?-
acetaldehydo-1,2,3,k-tetrahydroxanthone (123), eyclisation
of which with polyphosphoric acid gave 5S.methyl.1,2,3,k4.
tetrahydro.furo (2,39-6,7) xanthone (124), the I.R. spectrum

of which showed a sharp band at 870 em.- (furan), 1640 cm.-
(y-pyronyl >C=0 group). (F3-¥) '

Synthesis of 5°,5.dimethyl-1,2,3,4-tetrahydro-furo (29,31

4

6,7) xanthone (127)

59,5-Dinethyl-1, 2,3,4-tetranydro furo (2?,3%.6,7)
xanthone (1245 éas prepared according to the metﬁod developed
by Kaufmamn' Ce 6.-Hydroxy.7-allyl-5.methyl-l,2,3 4.tetrahydro.
xanthone (122) on acetylation with acetic anhydride and
fused sodium acetate, gave 7-a11y1-5-methyl-é-acétoxy-l,2,3,u,
tetranhydroxanthone (125), which on bromination with bromine
in acetic acid afforded 7=(2?,3?-dibromopropyl) ~H.methyl.g-

acetoiy.i,2,3,4.tetrahydroxanthone (126) « (126$ When refluxed
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. with alcoholic potassium hyd mxide furnished 57,5-dimethyl-

1,2,3,k-tetranydro fure (2?,3?-6,7) xanthone (127).

C=H
He=HeHe teHacoze HacaHely ¢
CHpcaoNy *
Ho HBCQCQ O
cH3 ' CH3
Ciza
) (125)
Aorordimadtion
By By O
]
HLC.' H é"Hg_C
Hyoycocen l
, O
CHy
(l12¢)
Alccholic

KoM

Ctay)
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Synthesis of 59,k.dimethyl.furo (3?,222,3) xanthone (129)

6-Hydroxy .7.-allyl-5.me thyl.l, 2,3 ,4.tetrahydro.-
xanthone (122) was triturated with conec. sulphurie acid
to give 5,5-dimethyl.1,2,3,4,47,57-hexahydro furo (27,37-6,7)
xanthone (128), which was dehydrogenated with palladised
charcoal in boiling diphenyl ether to 5?,k.dimethyl-furo

(3%,2’-2,3) xanthone (129).

O
Hyt= HeHye Come.
[ Rysoy
He
O
<Hy
(122)

(128)

P‘rc_

Phyo
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Synthesis of 1,2,3,4-tetrahydro furo (3’,2’-5,6) xanthone (133)

K

Resorcinol was condensed with ethyl eyclo hexanone.-
-2-carboxylate in diphenmyl ether to give 6_hydioxy-1,2,3,#_
tetrahydroxanthone (130), which was previously prepared by

Charles, Mentzer and his coworkers -« (130) on allylation
with allyl bromide in the presence of anhydrous potassium
carbonate and dry acetone afforded 6-allyloxy-1,2,3,k-tetra-
hydroxanthone (131), whiéh was subjected to Claisen
rearrangement by refluxing it with dimethyl aniline fo give
6-hydroxy.5-allyl-l,2,3 k-tetrahydroxanthone (132). (132)
on treatment with osmium tetro®ide, potassium beriodaﬁe in
ethyl acetate.water medium afforded 6.hyd mxy.5.acetaldehydo-
1,2,3,%.tet rahydroxanthone, which was directly cyclised
with polyphosphoric acid to give 1,2,3,4,t§trahydro furo
(3?,2'.5,6) xanthone (133).

Synthesis of 5’.methyl.furo (2°,3°'.3,4) =xanthone (135)

Cyclisation of 6.hydroxy.5-allyl.l,2,3,4-tetra.
hydroxanthoné (132) by trituration Wwith conc. sulphuric
acld afforded 5’.methyl-1,2,3,4y%%45  hexahydro (3?,27.5,6)
xanthone (134%), which was dehydrogenated with palladised
charcoal in boiling diphenyl ether to 5%.methyl furo
(2?,3°-3,4) xanthone (135);

Synthesis of 4?.methyl-furo (2’,3'-3,4%) xanthone (141)

6-Hydroxy-1,2,3,4%-tetrahydro xanthone (130) on
acetylation with acetic anhydride and fused Sodium acetate
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gave 6.acetoxy-l,2,3,4.tetrahydroxanthone, Fries migration

of 6.acetoxy-1,2,3,4k-tetrahydroxanthone (136) afforded
6-hydjoxy-5-acetyl.l,2,3,4-tetrahydroxanthone (137), which

was condensed with ethyl bromo acetate in the presence of
anhydrous potassium carbonate and dry acetone gave ethyl.
-S-acetyl-1,2,3,k-tetrahydro-6-xanthonyloxy acetate (138).

(138), was hydrolysed by refluxing it with acetic acidy
hydrochloric acid (1 :°1) to give corresponding carboxylic ’
acid, 5-acetyl-1,2,3 ,lt--tetrahydro-6-xanthonyloxy acetic acid (139).
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(139), when refluxed with sodium acetate and acetic anhydride
gave 4'methyl.l,2,3,k-tetrahydro.furo (37,2'.5,6) xanthone
(140). (140) was dehydrogenated with §alladised charcogl
in boiling diphenyl ether to give 4?.methyl-furo X(2’,3’_3,3+)
xanthone (141). '

O S O
{CHyCo) 0
J:::::::lx —= '
———)
HO H3CocCo
‘ O * O

(130) (13¢) N
lFﬁcs migradion
BecHycoalymg
Accteme, Kacoy |
" O
QCHg
(137)

(1)
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“EXPERIMENTATIL

I.R. spectra were determined with Perkin.Elmer
457 grating spectrophotometer in nujol.

NMR spectra were recorded on Varian A-60 spectro.

e 9\—{ ( F\’di E)
¢Deiz(Wa.7)
The ultra.violet absorption spectra were measured

photometer using TMS as internal standard, Sovewr ©F»

with Beckmann DU &Spectrophotometer.

Synthesis of 9.methyl.l,2,3,k-tetrahydrocyclopenta (b)

furo (3,2-8) benzoEyran.k-one (108) : 7-Hydroxy-8.methyl-

*
.

1,2,3,%-tetrahyﬁrocyOIOpenta (b) benzopyran-i-one (104%)

»A mixture of 2=ﬁethylresorcinol (3 g+) and ethyl
eyclopentanone.2.carboxylate (4 ml.) was réfluxéduwith'
diphenyl ether (10 ml.) for three hrs. with a short
péndenSer to facilitate the removal of alcohol fomed. After
cooling the separated product was filtered and washed
several times with petroleum ether. It crystallised:from
dimethyl formamide, m.p. 309°. Yield 2.0 g.

Analysis ¢ Found s C, 71.54
C;3H1203 H requiras s C, 7é 21

Hy, 5.47 4.
H H 5¢55 %e
Allylation’ 6f’7.hydrozy~8.methyl.l 2,3, 4_tetrahydrocyclopenta-

e

(by benzopyran.h-one : 7¢“llyloxy-8.methyl-1 2.3, k-tetra-

hydrocyclogenta (b) benzopyran_k-one (105) :

A mixture of 7.hydroxy-8.methyl-1,2,3,4-tetra-
hydrocycloéenta (b) benzopyran.k.one (2 g.), allyl bromide



(132 g.) and anhydrous potassium carbonate (8 g.) was
refluged in dry dimethyl formamide (150 ml.) in a water
bath for 10 hr. The reaction mixture was poured into water.
The separated product was filtered, washed With very dilute
sodium hydroxide solution to remove unreacted compound

and crystallised from alechol, m.p. 1370. Yield 1.3 g.
Analysis : Found :.C, 74.86 5 H, 5.95 %

Cy ¢H1 603 : requires 3:.C, 75.00 ; Hy 6.25 Z.

Claisen rearrangement of 7-a11y103y-8;methy1-1,2,3,4.tetra-

hydrocyclopenta (b) benzopyran.ﬁ-one : 7.Hydroxy.b6-2allyl-

-8.methyl.l,2,3,k-tetrahydroeyclopenta (b) benzopyran-tt-
one_  (106) -

7-Allyloxy.-8.methyl-1,2,3 ,k-tetrahydrocyclopenta
() benzopyrén.k-pne (2 g.)'Was refluxed with dimethyl
aniline (10 ml.) for 8 hr. After cooling, the reaction
mixture was poured into cone. hydrochlorie acid (50 ml.)
containing pieces of ice. The separated product was filtéred
and dissolved In sodium hydroxide solutioﬁ;‘The solut ion
was filtered. The filtrate on acidification with cone.
hydrochloric acid gave the prodw t which was filtered and
crystallised from acetic acid, m.p. 2227 Yield 1.5 ge

Analysis : Found : Cy 74,74 3 H, 6.28 4.
c;éHx 603 R requires C, 75.00 H H, 6.25 %

- e : .{x -

I.Respectrum . 1630 cme+ (y~pyronyl > C=0 group) and

-i‘ ~
a broad bgnd at 3300 cm.-- (aromatic hydroxy group)e.
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7-Hydroxy -8-me thyl.6.ace taldehydn.l,2,3,4-tetrahydrocyclo-

penta (b) benzopyran.t.one (107)

. 7-Hydrogy.6-allyl-8.methyl-l,2,3, Y-tetranhydro.
cyclopenta (b) benZOpyran-k-one (106) (500 mg.) was
vigorously shaken with osmium tetroxida (50 mg.) and water
(100 ml.). To the dark solution was added potassium
;‘)e'riodate (2 g.) in 100 m1, water) dropwise over a period
of 3 hre. The ethyl acetate layer was separated, dried and
evaporated, The residue was dissolved in chloroform and
the clear solution was percolated through a shox;t columx; '
of alumina., The residue left after evaporation of chloroform
crystallised from alcohol, m.pe 260 (deicomp.). Yield 0.3 g.
Analysis : Found - ¢ B, 69.76 3 H, 5.51 ¢
Cy 5Hy 4,04 : requires : C, 69.69 ; H, 5.42 4.

Cyclisation of 7.hydroxy.8.methyl.6-acetaldehydo-1,2,3,%.

tetrahydrocyclopenta (b) benzopyran.h.one s 9-Methyl.

=1,2,3,-tetrahydrocyclopenta (b) furo (3,2-g) benzopyran.
-4..one (108) :

7-Hydroxy-8..methyl..é-acetaldehydo..l 2,3,4%-tetra.
hydroeyclopenta (b) benzopyren-4-one (107) (250 mg.) was
heated with polyphosphoric acid (10 ml.) in 2 water bath
. for 1 1/2 hr. and then poured into ice water. The solid
separated was filtered and washed with dilute sodium hydroxide
solution to remove uncyclised compound. A chloroform extract

of the dried residue was passed over a short column of



alumina. Evaporation of solvent left a product which
0

crystallised from benzene, m.p. 266 « Yield 100 mg,

Anzlysis

[ 1]

L]

C1 5Hy 203

»n

requires : C, 7500 ; H, 5.00 3.

-3
I.R. spectrum 875 cm..- (furan ring) and at 1615 cma -
(lactonyl >C=0 gréup). |

Ch £ .
)\ LOTOTOM ' a6 mm (log e 4.76), 278 m
maXe : i

(log e 4.17), 314 nm (log e 3.99).

Synthesis of 7,9-dimethyl.1,2,3,4-tetrahydrocyclopenta (b)

furo (3,2-g) benzopyran.h-one (110) : Cyclisation of

7-hydroxy-6.allyl.8.methyl.l,2,3,%-tetrahydrocyclopenta (D)

furo (3,2-g) benzopyran.4.one : 7,9-Dimethyl.1,2,3,%4,6,7-

hexahydrocyciopenta (b) benzopyran.t.one (109) -:

7.Hydroxy-6-a11y1-8.methyl-l,2,3,%.tetrahydro~
eyclopenta (b$ furo (3,2.g) benzopyran-4-one (1 g.) was
triturated.with conc. sulphuric acid (5 ml.) in a water ,
bath for 10 minutes. The contents were poured into crushed
ice. The separated product was filtered and washed with
dilute sodium hydroxide solution to remove uneyelised
compound. It crys@allised from benzene, mepe \5W:-Yie.d 0.8 ge
Analysis : Found : C, 75.0L ; H, 6.45 %.
CLgHigO03  : requires : C, 75.00 ; Hy 6425 4.

.w e

-3
I.R. §pectrum 1630 cme- (y.pyronyl »C=0 group).
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>\ Methanol 249 nm (log e %.19), 256 nm (log e
Max. ‘

)‘1‘023) and at 300 nm (log e )"'018)0

Dehydrogenation of 7,9-d4imethyl-l,2,3,4%,6,7-hexahydrocyclo.

penta (b) benzopyran.4.one : 7,9.Dimethyl.-l,2,3,4%.tetra.

hydrocyclopenta (b) furo (3,2-g) benzopyran-t-ome (110P :

A mixture of 7,9-dimethyl.l,2,3,4%,6,7-hexahydro.
eyclopenta (b) benzopyran-i.one (0.5 g.) and palladised
charcoal (10 ¢ ; 0«3 g.) and diphenyl ether (4 ml.) was
refluxed for 10 hr. The reaction mixture was filtered hot
and after cooling, pefroleum ether was added to the filtrate.
The separated product was filtered and washed several times
with petroleum ether; The benzene solution of the product
was passed over a short columm of alumina. EVaporation of
solvent left a product, which crystallised from benzene,

M.ps © . Yield 0.2 g.
' Analysis

L]

Found : Cy 76.17 5 Hy 5.53 ¢
C;}H;,,_os 3 requires : C, 76.00 ; H, 5.51 Z.
I’.'R.Mslaectrum : 835 cm:‘- (furan), 1630 cm-.-l- (y-pyronyl
>C=0 grbup). |

Max,
I+.19),u29‘8 nm (log e U4.11) and at 320 rm (log e k4.03).

>\ Methanol 246 nm (log e 4.82), 290 nm (log e

Synthesis of¢8amethyl.1,2,3,4,8,9-hexahydrocyclopenta (b)

£ uro'gz, 3-h) benzopyran_.ome (11lk) Z=Hydroxy.l,2,3 b

tétrahydrocy_clopenta (b) benzopyran_h.one (111l) 3
A mixture of resoreinol (3 g.) an& ethyl eyclo.




1890
|

pentanone.2.carboxylate (4.5 ml,) was refluxed wiS$h diphenyl
ether (10 ml.,) for 3 hr. with a short condenser to facilitate
the removal of alcohol formed. Afted cooling, the separated
product was filtered and washed séveral times with petroleum
ether. Tt crystallised from alcohol, m.p. 288°. Yield 2 g.
Analysis : Found : C, 7152 5 Hy 5.35 2

Cy 2, 403 : requires : C, 71.29 ;H, 4.95 . 4.

Allylation of 7-hydroxy-1,2,3,*-tetrahydrocyclopenta (b)

benzopyran.t.one ¢  7.Allyloxy.l,2 3 R ) trahydrocyclope}xta
(b) benzopyran-t.one (112) :

‘ A mixtur_e of 7.hydroxy..1,2,3,4.tetrahydrocyclo-
penta (b) benzopyran-lt-one (2 g.), allyl bromide (l.2.g.)
and hy anhydrous potassium éarbqnate (8.0 g.) was refluxed
in dry acetone (200 ml.) in a water bath for 10 hr. The
reaction mixture was worked up a5 described earlier. The

product crystallised from benzene-petroleum ether, m.p. 1120-
Yield 105 Se

A nalysis

L1

Found . : C, 74.33

e

Hy 5476 . %
Cy 5Hy 4,03 Hy 5.78 2%.

Claisen rearrangement of 7-allyloxy-l1,2,3,4-tetrahydro.

requires’ : C, 74.39

e

cyclopenta (b) benzopyrdn.i.one : 7.Hydroxy-8-allyl..

1,2,3 ,k-tetr ahydroéyclopenta (b) benzopyran.4t.one (113) :

 7-Allyloxy-l1,2,3 ,*.tetrahydrocyclopenta (b) ‘
benzopyran-%.one (2 g.) was refluxed with dimethylA,aniline

(10 ml,) for 8 hr, The reaction mixture was worked up as



described earlier. The product crystallised from alsohol,
mepe 2677+ Yield 1.5 ge
Analysis Found : C, 73.92 5 H, 5.84% %

requires : C, 74%.39 3 H, 5.78 4.

[ 1]

Cy 5H1 03

23 ,
I.R. spectrum: 1620 cm..- (y-pyronyl >C=0 group) and
-L . -
a broad band at 3400 ocm.-- (aromatic hydroxy group).

Cyclisation of 7.hydroxy-6-allyl.l,2,3,4-tetrahydrocyclo-

penta (b) benzopyran-lt-ome : 8-Methyl-1,2,3,%,8,9-hexa-

hydrocyclopenta (b) furo (2,3.h) benzopyrant.one (1I4) -

7-Hydroxy.6-allyl-1,2,3,4-tetrahydrocyclopenta
(b) benzopyran.lt-one (1 g.) was triturated with conc.
églphugie acid (5 m;.j’in water bath for 15 minutes; The
reaction mikture was worked up és descéibed'earlier; The
product crystallised from aleohol, m.pe 190  Yield 0.8 g.
Analysis : Found s Cy 74,06 3 Hy 579 %
reéuires : C, 74.39/; H, 5.78 Be

Cys5Han03
s .o .‘
I.Respectrum : 1635 cm..- (y-pyronyl >C=0 group).

th ‘
>\ Methanol 248 nm (log e 14.29), 256 nm (log e 4.32),

300 nm (log e 4312).

Attempted synthesis of 8.methyl.l,2,3t.tetrahydrocyclo..

penta (b) furo (2,3-h) benzopyran-i-one Attempted

dehydrogenation of 8.methy1-1,2,3,4;Blg.hexanydrocyclqgenta

(b) furo (2,3.h) benzopyran.i.one 3

(1) A solution of 8.methyl.l,2,3,%,8,9-hexahydro.-
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cyclopenta (b) furo (2,3-h) benzopyran-t-one (11k4) (0.5 g)
‘1n diphenyl ether (6 ml.) was refluxed With palladised
charcoal (O g.; 10 4) for 6 hr. to 30 hre The reaction
mixture was filtered hot and the filtrate was allowed to
cool. The separated product was filtered and erystallised
from alcohol, me«pe 1900. It was found to be original
compound. Mixed m.p. with (114) d:.d not depress.

(2) A solutiond 8.methyl-1 2,3 i 8,9..hexahydro-
cyc}_openta (b) furo (2,3.h) benmpyran..’-t.one (0.5 g.) in
dry benzene (50 ml.) was refluxed with DDQ (0.5 g.) for
35 hr. The reaction mixture was. filtered hot and benzene was
evaporated. Evaporation of solvent left a red colour residue,
which was dissolved in chloroform and passed over a-short
column of alumina. Evaporation of solvent left a colourless
product which was crystallised from alcohol Mep e 190 .
Yield 0.3 g. It was found’-to be original compound. Mixed
m.p. with (114) did not depress..

Synthesis of 9.methyl.l,2,3,%-tetrahydrocyclopenta (b)

furo (2,3.h) benzopyran-t.one (119) .: Acetylation of

7-hydroxy.l,2,3, l}-tetranydrocYCIopenta (b) benzopyran.t.one

LJ

7-5cetoxy-l,2,3 1+..tetralwdrocyelopenta (b) benzopyran.
toone (115) s

A mixture of 7..hydroxy-1 2 3 Jk-tetrahydrocyclopenta
(b) benzOpyran.li--one (2 g+), acetic anhydride (10 ml,) and
a few crystals, of sodium acetate was heated gently on a

wire gauze with a low flame flor‘2 hr. The reaction mixture



s
es)
o

was poured into crushed ice. The product was filtered
and washed with dilute sodium hydroxide solution to remove
unreacted compound. It crystallised from alcohol, m.pe

e
41 . Yield 1.6 g.

Analysis - : Found : C, 68498 5 Hy 4.73 7.
Cxuﬁazou s requires : C, 68.85 ; H, 4.92 4.

LX)

Fries migration of 7.acetoxy.l,2,3,%.tetrahydrocyclopenta

(b) benzopyran.i.one : 7.Hydroxy.8-acetyl-l, 2,3 4. tetra.

hydrocyclopenta (b) benzoEyran.k.one (116) s

An intimate mixture of 7-acetoxy-1,é,3,#-tgtra_
hydrocycloﬁenta (v) benzopyraﬁ-%-one (é g+) and powdered
anhydrous aluminium chloride (6 g.) was heated in an oil
bath at 140° for 3hr. After éooling,/it was decomposed
with ice and conc. hydrochloric acid. The product was
filtered and treated with sodium hydroxide solution, The
product is soluble in sodium hydroxide solution, it wasé‘
filtered, acidified witn hydrochloric acid gnd crystallised
from acetlc acid, m.p. 215 « Yield 1.5 ge

The compound was soluble in alkali and developed
red colouration with alcoholic ferric chloride solution.
Analysis : Found s C, 68.80 5 H,y 5489 4. -
C;uH120u ot :requires s C, 68;85 s Hy 492 4.

s

Ethyl-8-acetyl-#.oxo.llg,3 4_tetrahydrocyclopenta (b)

benZOpyranyloxy-7-acetate (117) :

A mixture of 7-hydroxy-8.acety1-1 2,3, %-tetra-
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hydrocyclopenta (b) benzopyran-4-one (1 g.), ethyl bromo
acetate ( 1 ml.)' and anhydrous potassium carbonate (5 g.)

" was refluxed in dry acetone (100 mi.) for 6 hr. in a water

bath. The acetone was evaporated and the residue was treated

with watér. The separated product was filtered and washed

with dilute sodium hydroxide solution to remove unrgacted

compound. It crystallised from alcohol, m.p. 1630. Yield 0.7 g

Analysis ¢ Found

Cs gHig0¢ ¢ requires : C, 65 &5 H H? 5«45 Ze

Hydrolysis of ethyl.8.acetyl-4.o0xo-1l,2,3,4,-tetrahydro- .

cyclopenta (b) benzopyranyloxy.7-acetate 3 8£céty;.’-&-oxo-

~1,2,3 ,4-te£rahydrocyc lopenta (b) benzo‘p_granyloxy -7-acetic
acid (118) :

A mixture of ethyl-8.acetyl-t.oxo-1,2,3,4-tetra.
| hydrocyclopenta (b) benzopyranyloxy.7-acetate (1 ge),
distil}éd acetic acid (20 ml.) and A.R. Hydrochloric acid
(20 ml.) was refluxed for & hr. The reaction mixture was
éiiluted with water anAd allowed to stand, The product which
separated was filtered and dissolved in Sodium bicarbonate
solution and filtered, The filtrate was acidified and the
separsted product was filtered., It crystallised from alcohol,
m.p. 245° (decomp.). Yield 0.7 g. ,

Analysis : Found : C, 63.5% 3 Hy, 447 ¢

Cy ¢Hiu,0¢ ¢ required : C, 63457 ; Hy 463 %«

X -
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Cyclisation of 8.acetyl-4-oxo-l,2,3,4-tetrahydrocyclopenta

(b) benzopyranoloxy.7-.acetic acid 9-Methyl.1,2,3,-tetra.

hydrocyclopenta (b) furo (2,3-h) benzopyran-i-one (119) :

8-Acetyl-4-0x0.1,2,3,4+-tetrahydrocyclopenta (b)
benzopyranploxy.7-acetic acid (0.5 g.) was cyclised by‘
refluxing it with acetic anhydride (6 ml.) and freshly fused
sodium acetate (1 é.) on a sand bath for % hr. After cooling,
the ﬁixture was poured into crushed ice. The separated
product was filtered and wasked with sodium bicarbonate
solution to remove uncyclised acid, ‘It erystallised from
acetic acid, m;p, 281°% Yield. 0.3 g.

Analysis. : Found 2 C, 7452 5 Hy %95 3z
CisHiz03 ¢ requires : C, 75.00 ; H, 5.00 g.
I.R. spectrum 3 1625 cm:i'(yfpyronyl >C=0 group),

-1
825 cme- (furan).

Chloroforn :
Max 245 mm (log e 4.60), 30% nm (log e

’ oy

3.85);:350 nm (log e 2.87). _
Synthesis of S-methyl-1,2,3,4-tetranydro-furo (2°,3°-6.7)

xanthone (1l24) §.szro§g-§.methx;-1,2,5;4-tetra-
gzdroxanthbne (120)

“ A mixture of 2.methy1resorcinol (3 g.) and ethyl- |
cyclohexanone-2-carboxylate (4 mll) was refluxed with
diphenyl ether (10 ml.) for three h:s. with a snprt
condenser to facilitate the removal'of alcohol formed.

After cooling, the separated product was filtered and washed



Several times with petroleum ether. It cryst2llised from
dimethyl formamide, meps 270 e Yield . 2 ge

Analysis ¢ Found : Q, 72;90'; Hy 6407 Ze
c;uﬂgu03 t requires : G, 73.65 § H, 6,08 2.

LYY

Allylation of 6.hydroxy-5.methyl.l,2,3,%.tetrahydroxanthone :

. 6.A11yloxy.-5-methyl.l,2,3 ,%-tetrahydroxanthone (121) :

A mixture of 6.hydroxy.b.methyl.l,2,3,k.-tetrahydro-
xanthone (2 g.), allyl bromine (1 g.) and anhydrdus
potassium.carbonate (8 g.) was refluxed in dry acetone
(200 ml,) in.a water.bath for 10 hre The reaction mixture
was worked up as deseribed earlier. The product erystallised
from benzene.petroleum ether mepe 110°. vield 1.5 ge’
Analysis : Found : C, 75. 68 3 Hy 6.3% %
cﬁ?Hiaos . ¢ requires : C, 75.53 ; H, 6.66 % e 7

Claisen rearrangement of 6;a11yloxy_5.methy1—l,2,3,4-tetra-

hydroxanthone - 6-Hydroxy.7-allyl-S.méthyl,l,2l3,3§tetra_.
hydroxanthone (122) s - g '

6.Allyloxy-5.methyl-1 2,3 h-tetrahydroxanthone
(2 .) was refluxed.with dimethyl aniline (10 ml,) for 8 hr,
The reaction mixture was worked up as usual. The product
crystallised from alcohol, m.p; 221°. Yield 1.5 g.
C, 75.26 ‘
CizBigs requires : C, 75.53 ; H, 6466 % :
I R. Spectrum : 1625 cm-:& (y-pyronyl >C=0 group), and

»
*»

Analysis : Found H, 6:.20 ¢

~“e

—1 . , -
a broad band at 3500 cm.-- (aromatiec hydroxy group) .



s
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6-Hydroxy.7-acetaldehydo-5-methyl.1,2,3,%-tetrahydro.

xanthone (123) :

6-Hydroxy.7-allyl-S5.methyl.1l,2,3,b-tetrahydro.
xanthone (500 mg.) was vigorously shaken with osmium
tetroxide (50 mg.) and water (100 ml.). To the dark solution
was added potassium periodate (2 8+ in 100 nml. Water) drop-
wige over a period of 3 hre The ethyl acetate layer was
separa. ted, The residue was dissolved in \chl’orofbrm and
the clear solution was percolated through a short column
of alumina. The residue-left after evaporat:.on of chloroform

ccrystallised from acetic ac:.d mepe 267 o Yield 300 mg.

Anglysis : Found : C, 70.71 Hy 6,18 ¢

9 5'88 %.
1.R. spectrum : 1630 cm REW (y..pyronyl >C=0 group),

e

C“H,_(,O., : requires : C, 70.58

1700 cm.-- (aldehyde >C=0 group), a broad band at 3350 Ol 4+
(aromatie hydraxy groupi .

Cyclisation of 6.hydroxy.7.acetaldehyds.5-methyl.l,2,3,4.-

tetr anydroxanthone : 5.Methyl.l,2,3,k-tetrahydro furo

(2’,3 -6,‘7) "xXanthone (12#) :

6-Hydroxy.7-acetaldehydo- S_me thyl..l 2,3, botetra.
hydroxanthone (250 mg.) was treated with polyphosphoric
acid (10 ml.) in a water bath for 1 1/2 hr. and poured
into ice water. The solid separated was filtered and washed
with dilute sodium hyd mx:.de solution to remove uncycllsed

compound., A chloroform extract of the dried residwe was passed



i

over a short column of alumina. Evaporation of solvent
lefit a product, which was crystallised from alcohol, m.p.
198°. Yield 100 mg. ,

Analysis s+ Found : C, 75.15 3 H, 5.37 %
Ci¢Hyiu03 ¢ requires : C, 75.55 5§ Hy 5.50 %

e | ‘ - -
I.Rs spectrum : 870 cm.- (furan), 1640 em.(y-pyronyl

>C=0 group).
’ \
/>\ hloroform 246 nm (log € 4.74%), 278 om (log e
Max., .
4.60) o

Synthesis of 5'.5.Dimethyl.l,2,3,4-tetrahydro furo (2?,3'.

6,7) Xanthone (127) : chcetylation of 6-hydroxy.7.-allyl.

~5-methyl-1,2,3,k-tetrahydro xanthone : 6.Acetoxy.7-allyl.

' S.methyl-l,2,3,4.tetrahydroxanthone' ¢125)

A mixture of 6-hydroxy-7_allyl-S_methyl-l,2,3,4.tetra-
hydroxanthone (2 g.) and acetic anhydride (10 ml.) containing
a few crystalshof fused sodium acetate was heated uﬁder
reflux for 5 hr: The reaction mixture was ﬁoured into erushed
icé and was shaken for about 15 minutes. The compound which
separated on standing was filtered and crystallised from
aleohol, m.p. 128°. ¥iéld 1.8 g.
Analysis 3 Found = 3 \c,, 7264 § Hy 6,40 24
CigH 240, : requires : C, 73.07 ; H, 641 4.

Bromination of 6-acetoxy-7-allyl-5.methyl-1,2,3,k4,-tetra.

hydroxanthone : 7-(2 ,3 -DibromoProgyl)-5.methy1-6-acetoxy-




pa
oo
e

-1,2,§,k-tetrahydréxanthong (126)

A solution of bromine (1.6 8.5 0.01 M) in acetic
acid (25 ml.) was added dropwise to a well stirred solution
of 6.acetoxy-7.atlyl-S.methyl-1,2,3,k-tetrahydroxanthone
(3e1 go3 0.01L M) in acetic acid, (35 ml.) during a period
of 1 hr, The solution was poured into crushed ice and
allowed to stand. The product which sebarated'was collected
by filtration. 4 solution in chloroform of the dried product
was run over a short column of alumina. Evaporétion of
solvent left a residue which crystallised from methanol,

mp. 146", Yield 2 g. '

Analysis

"

Found . : C, #8.29 ; Hy 4,085 Bry 33.53 2

C;éHzOO)‘Bra ‘requireg FH c' ]“'8.31 H H’ 1"‘.2“'5 Br, 33¢90 %o -

Cyelisation of 7-(2’,3’_dibromog;0pyl)-5.methyl-6*acetoxy-

=1,2,3,-tetrahydroxanthone : 5°,5.Dimethyl.1,2,3,4.

tetrahydrofuro (2?,3'-.6,7) xanthone (127) :

' 7.(2’,3’ DibromOprOpyl)-S.methylaé-acetoxy,l 2 33y b=
tetrahydroxanthone (2 ge) Was heated under reflux for 2 hr,
with a solution of potassium hydroxide (2.6 g.) in absolute
aleohol (75 ml.). The reaction mixture was conceﬁtrated to
one-third of its volume, diluted with water (25 ml.) and
was immediately acidified with dilute hydrochloric acid

-and was ether extracted. EvapSration of ether left a pasty
product'ﬁhich was washed with liquid ammonia (10 ml.; 10%)
and then with water. A chloroform solution of the .dried
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solidlproduct was run over a short column of alumina,
Evaporation of the solvent gave the brqdﬁct which
crystallised from acetic acld, m«p. 2230. Yield 0.7 g.
Analysis 13 Found s Cy 76.07 5 H, 5.52 4
" CigHpg03 @ requires : C, 76.12 3 Hy 597 %
I:R..SPectrumys 850 cm:t (furan), 1630 cm:i (y-pyronyl
>C=0 group)e. ) ‘ ‘
) Chloroform

Max,
4,26y, 326 nm (log e 4.38).

252 nm (log e H%49%), 290 nm (log e

Sunthesis of 5',4._dimethyl furo (3°,2°.2,3) xanthone (129) :

Cyclisation of 6_hydroxy.7.allyl.5- methyl-1l,2,3,k_tetra.

hydrozanthone : 5,5 Dimethyl.l,2,3,4,’,5-hexahydro~ -
furo (2°,3’.6,7) Xanthone (128)

6-Hydroxy-7-ally1;S.methyl-l,2,3,h-tetrahydro-
Xanthone (122) (1-g.) was triturated with cone. sulphuric
acid (5 mi.) in a water bath for 15 minutes. The éontents
were boured into crushed ice; The separated product was
filtered and washed with dilute sodium hydroxide solution

to remove uncyclised compound. It crystallised from aleohol,
mep. 200°. Yield 0.8 g.

Aﬂ&l}’Sis t Found : C, 75018 H, 6.35 %o )

H, 6466 %.

ke

Ci7H1 803 ¢ requires : C, 75:53

e

, ”
I.Re spectrum : 1635 cm..- (y-pyronyl >C=0 group).
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>\ Chloroform
: Max,
-] l+o‘2l+), 30)'} rm (log e 1{-.18).

248 mm (log o ¥.22), 255 m (log

Dehydrogenat ion of 5% _5.dimethyl.1,2,3,4,4’,5 .hexahydro.

furo (2,3'.6,7) xanthone : 5’,4’.Dimethyl.furo (3°,2'.2,3)

xanthone (129)‘ :
’ A mixture of 57,5.dimethyl.1,2,3,4,4?,5.hexa.
hj;a}\ofuro (2)326,7) xanthone (0.5 g.) and palladised charcoal
(10 7,' 5 0.3 g.) and diphe'nyl‘ether ( 5 ml, ) was = refluxed
for 10 hre The reaction mixture was filtered hot and after |
cooling, petrolem ether was added to the filtratel. The i
~ separated prod‘ucf. was filtered and washed several times
with petroleum ether. It crystallised from acetic acid, '
m.p. 5% Yield 0.25 g.
Analysis - : Found

c, 77.00 ; H, o34 g

CagHs 203 s requires : C, 77.27. 3 H, %.55 4.
I.R. ,s;;ectrum H 1640 cm?- (y-pyronyl >C=0 group),

880 cm? (furan). | ~

Methanol ’ - )
) >\Max. , 256 nm F]:og e 3.9'0), 290 nm glog e
3.10), 300 nm (log e 3.12), 360 nm (log e 2.84).
Synthesls of 1,2,3,4-tetrahydro.furo (3,2’.5,6) xanthone
(133) : 7.Hydroxy-1,2,3t-tetrahydroxsnthope (130) ¢

A mixture of resorcinol (3 g+) and ethyl cyclo.-

hexanone.2-carboxylate (4 ml.) was refluxed with diphenyl
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ether (10 ml.) for 3 hr. with a short condenser to facilitate
the removal of alcohol formed. After cooling, the separated
product was filtered and washed several times with petroleum

o
ether. It crystallised from alcohol, m.p. 278 « Yield 2.8 g.

Analysis . Found

*4
.

C, 72.38 3 Hy 5.79 ¢

C13H; 203 : requires : C, 72.21 ; H, 5.55 %.

K

Allylation of é.hydrexy.-l1,2,3,%-tetrahydroxanthone : 7.411lyloxy-

1,2,3,tatetrahydroxanthone (131) :

' A mixture of 7.hydroxy.1,2,3,k-tetrahydroxanthoﬁe
(2 g.); allyl bromide (1 g.) and anhydrous potassium
carbonate (8 g.) was refluxed in dry acetone (200 ml.) in
'a water bath for 10 hr. The reaction miiture was worked up
as deseribed éarliér. The produét crystalliséd_from‘petroleum

ether, m.p. 88°. Yield 1.5 ge

Analysis 3 Found s C, 74.98 ; H, 6.2 g

Ci¢H1403 s+ requires :C, 75.00 5 H, 6.25 4.

s

L an

Claisen rearrangement of 6.allyloxy.l,2,3,4-tetrahydro.

Xanthone : 6-Hydroxy-5-allyl.l,2,3,%.tetrahydroxanthone(132) :

6-A11yloxy.1,2,3,+-tetrahydroxanthone (2 gi) was
refluxed with dimethyl aniline (10 ml.) for 8 hr. The
reaction mixture was worked up as described earlier, The
product crystallised from alcohol, m;p. 2360- Yield 1.5 g
Analysis \:‘ Found : C, 745% 5 H, 6.47 <.
CigHyg03 ¢ requires : C, 75.00 3 H, 6.25 %«



s
e
<o

-l :
I.R, Speetrum : 1620 ecme+ (y-pyronyl >C=0 group),
A -t ~
and a broad band at 3400 cm..- (aromatic hydroxy group).

1,2,3,4.Tetranydro furo (3’,2’.5,6) xanthone (133) :

6-Hydroxyw~5.-allyl.1,2,3,t.tetrahydroxanthone
(500 mgy) was vigorously shaken wifh osmium tetroxide
(50 mg.) and water (100 ml.). To the dark solution was
éddednpotassium/periodate (2 g« in 100 m1, water) dropwise
over a period of 3 hr. The ethyl acetate layer was separated,
dried and evaporated. The residue was dissolved in
chlorof@rm and the clear solution was percolated through
a short column of aluminae. The residue left after evaporation

of chloroform was used for further reaction.

The pasty product was heated with polyphosphoric
acid (10 ml.) in a water bath for 3 2 hrs. The reaction
mixture' was poured into ice.water. The solid separated was
filtered and washed with dilute sodium hydroxide solution
to remove uncyclised compound. A benzene solution of the
dried product w#s passed over a short column of ;1umina. ’
Evaporation of solvent left a product which was crystallised

from benzene, m.p. 205%. Yield ‘50 mg.

Analysis : Found : C, 74+.85 ; H, 4.82 ¢,
CisHy 203 : requires C, 75.00 s H, 5.00 4.
A B -??

- -1
I.Re spectrum : 840 cm.i {furen). 161S  Cllign»

(y-pyronyl >C=0 group).



Synthesis of 5' _methyl-furo (2°,37-3,4) xanthone (135)

Cyclisation of 6-hydroxy-5-allyl-1,2,3.4-tetrahydro xenthome :
5' Methyl.1,2,3,4,4*,5 . hexahydro (3 42 =9,6) xanthona(13%) :

6.Hydroxy-5-ally1-1 2,3 4-tetrahydroxanthone °
(1 g.) was triturated.with conc . sulphuric acid (51mta
in a water bath for 15 mlnutes. The reaction mixture was
worked up as described earlier. It crystallised from alcohol,
m.p. 180°. Yield 0.8 g.

Analysis : Found : Cy 75.23 j H, 6,40 2.
C15H1563 : requires : 'C, 75.00 ; H, 6.25 #.
I.Rs spectrum : 1635 cm:i (y~pyronyl >C=0 group). .
Methanol . "
_— %8 m _(1og e %,32), 255 nm (log &

%.35), 302 nm (log e k.12,
Dehydrogenatioﬁ of 5’-methyl-l,2,3,4,4',5’.hexahydro

(3 ,2%.5, 6) xanthone ¢ 5'.Methyl.furo (2’,3 -3,4) =xanthone g135),

A mixture of 5v.methyl.l, 2,3 i %’,5’.hexahydro
xanthone (0.5 g.) and palladised charcoal (10 g ; 0.3 g.)
and dipheﬁyl_ether (& ml.) was refluxed for 10 hr, The
reaction mixture waélfiltered hot and after cooling, petroleum
ether was added to the filtraté. Tﬂeréparéted product was
filtered and washed several times with petroleun ether. The
beqzene solution of the product was run over a short column
of alumina. Evaporation of solvent 1eftwa product which

crystallised from benzene-petroleum ether, m.p. 1720.
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Yield 0.3 g. The mixed m.p. with (13%) was depressed by

250. The m.pe of (135) previously prepared by Puranik and
63
Rajopal ™  1is 170 .«

Analysis : Found : C, 76.81 ; H, 3.95 2

L]

Cs ¢H1 003 : requires : C, 76.80 3 H, %.00 Z.
X A .-1
I.R.Spectrum « 1645 em.+ (y- pyronyl »C=0 group), and

-3
at 829 em..» (furan).
Methanol

Max. ]
3 #6), 293 nm (log e 3.M46), 340 nm (log e 3.%3)-

-

255 nn (log e 4477, 282 nm (log e

Synthesis_of 4’.methyl.furo (2’,3’.4,3) xanthone (141) :
Acetylation of 6-hydroxy.l,2,3,4-tetrahydroxanthope : 6-Acetoxy-
-1,2,3,,-tetrahydroxanthone (136)

6-Hydroxy-1,2,3 4-tetrahydroxanthone (2 g.),
acetic anhydride (10 ml.) and a few crystals of sodium
.acetate was hea‘bed gently on a wire gauze with a low flame _
for two hours, The reaction mixture was worked up as described
earlier, The product erystallised from alcohol, m.p. 106° ’
¥leld 1.6 g. ‘ -

Analgsis ¢ Found .s C, 69.72 ;s Hy S5 ¢4
fequires : C, 69.78 3 Hy 5.43 Z.

Cy 5Hy 4y Oy
ITR."Qp;ctrum : 1750 cm:i (acetoxy ggohp),41630 cmti
(y-pyronyl >C=0 group). ‘ | )
Fries mggratgpﬁ of 6-acetoxy-1,2 <A§-tetrahggroxanthone':
6-Hydroxy.5-acetyl-1,2,3 4-tetrahydroxanthone (137) :
An intimate mixture of 6-acetoxy-1,2,3,4-tetra.




hydroxanthone (2 g.\) and powdered anhydrous aluminium
chloride (6 g'.) was heated in an oil bath at 1400 for

3 hr, After cooling, it was decomposed with ice and conc.
hydrochloric acid. The product was filtered and treated
with sodium hydroxide solution. The product is soluble. It
was_'filtered, acidified with hydrochloric acid and crysta.
llised from alcohol, m.pe 218°. Yield 1.5 g. The compound
was soluble in alkali and develo;;ed red colouration with _

alcoholic ferric chloride solution.

Analysis

*»

Found : C, 69.58 3 H, 5.17 %.

Cy 5Hz 0y : requires : ¢, 69.78 3 H, 542 4%.

I.R. spectrum: 1715 cm..q' (ketonic >C=0 group), 1615 cm:i
(y-pyronyl >C=0 group) ' and a broad band at 3500 cm?~(aromat ie
flydroxy group) . "

Ethyl-S-acetyl.1l,2,3,k-tetrahydro.6-xanthonyloxy acetate (138)

L4

A mixture of 6.hydroxy.5-acetyl.l,2,3,t-tetrahydro-
xanthone (1 g.), ethyl bromo acetate ( 1 ml. ) and anhydrous
potassium carﬁonate (5 g.) was refluxed in dry acetone (100 ml.)
for 6 hr. in a water bath. The acetone was evaporated and 4
the residue was treated with water. The separated product
was filtered and washed with dilute sodium hydroXide -solution
to remove unreacted compound. It crystallised from aleohol,
mepe 155« Yield 0.7 ge
Analysis : Found : C,°69480 3 Hy 5.67 %o
CigHpo0g =~ ¢ reqﬁires" : C, 66.26 5 Hy 5.81 %,



[
(25
N

-3
I.R. spectrum ¢ 1630 cm..- (y-pyronyl >C=0 group),
-y . -3
1695 em. - (ketonic >G=0 group), 1730 cm.- (ester > C=0

-

group) s |

. HydroXysis_of ethyl.5.acetyl-1,2,3,4-tetrahydro_xanthonyloxy-

acetate s S.dcetylul,2,3,4-tetrahydro_6-xanthonyloxy acetic
acid (139)

A mixture of ethyl-5-acetyl-1,2,3,4k-tetranydro-6.

xanthonyloxy acetate (1 g.), distilled acetic acid (20 ma)

and conc, hydrochloric acid (20 ml.) was refluxed for &4 hr,

The reaction mixture waskdilufed with water and allowed to
stand. The product which separated was filtered, dissolved

in sodium bicarbonate solution and filtered, The filtrate

was acldified and the separated product was filtered . It
erystallised from alcohol, m.p. 216°. (melt with effervescence).
Yigld 0.7 Be

Analysis : Found :C:64.97; Hy 467 ¢

(After heating

in vacuug at
1109,

CapHi60¢ ¢ requires s C,64.55 ; Hy 5.06 %

01 ’ ’1
I.R. spectrum : 1620 cme+ (y-pyronyl >C=0 group), 1700 cm.--
(ketonie >C=0 group). )
Cyclisation of S5-acetyl.l,2,3,4-tetrahydro-6-xanthonyloxy.

acetic acid : 4'~Methyl.1,2,3 kotetrahydro furo (3] 2'.5,6)

xanthone (140) s

S.Acetyl-l,2,3,%-tetrahydro-é—xanthonyloxy acetic



Acid (0.5 g.) was eyclised by refluxing it with acetic
anhydride (6 ml,) and freshly fused sodium acetate (1 g.)

on a sand bath for 4 hr. After cooling, the mixture‘was
poured into crushed ice, The separated product was filtgred
and washed with sodium bicarbonate solution to remove
uncyclised acid. It crystallised from acetic acid, m.pe. 2260.
Yield 0.3 zg.

Analysis : Found C, 7561 3 Hy 5,47 ¢

c, 75060 3 H, 5051 %o

- g -3
I.R. spectrum : 1620-cme- (y-pyronyl >C=0 group), 815 cm.-
(furan), N

Chlorof
/>\ orotoma 24 om (log e 4.64).
Max ™ R

»e

Csy 6H1- “03 s requires

L 14

Dehydrogenation of 4lmethyl.1,2,3,4-tetrahydro furo (3°,2°.

5,6) xanthone : 4'_Methyl-furo (3’,2°-4,3) xanthone (1u4l) :
L7 Methyl-l,2,3,4-tetranydro furo (3’,2’-5,6)
xanthone (0;3 g.) and palladised charcoal (10 4 3 0.2 g4),
and diphenyl ether (3 ml.) was refluxed for 10 hr, The reaction
| mixture Wwas filtered hot and after cooling, petroleum ether
was add to the filtrate and washed several times with
petroleum ether. The chloroform solution of the product was
passed over a short column of alumina.»It crystallised from

acetic acid, m.p. 215 . Yield 0.1 g.THe :m.p. of (1k1)
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64 J
previously prepared by puranik and Rajopal 1is 216 .

Analysis : Found : C, 7635 5 Hy 3475 %

CieHio03 : requires : C, 76.80 5 Hy 4,00 4.

e

-1
I.Re spectrum : 885 cm.- (furan).

Chloroform

256 nm (log e k4.79), 338 nm (log e
Max. .

4.87)
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