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CHAPTER II

SECTION -~ I

SYNTHESIS OF PYRANQCOUMESTAN DERIVATIVES

THECRETICAL

Coumestans are a class of naturally occurring

3
compounds ? of heterocyclic four-ring system, also known
as bengzofuro-o~benzopyrone or coumarinobenzofuran, The
. - 10
simple coumestan or 6H=benzofuro(3,2-c¢)benzopyran~-b-one

is represented as (I),

Coumesterol (II) is the estrogenic constituent
of Lading gggggg“, Wedglolactong?3 (III), Erosninh mwy,
Medicag015 (N, Trif0111016 V1), Psoralidin7 (VII), Sativols
(VIII) and Iucernol’ (IX) are the naturally occurring
coumestan derivatives, This class is of particular interest
because of the estrogenic properties‘afis and has

17
relationship to pathogenic attack of plant o
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Few naturall& occurring substituted coumestans
18-2% 25
have been synthesised earlier . BEmerson and Bickoff

condensed 2,H~dimethoxypheny1 acetonitrile (X) with

111

resorcinol and obtained a-(2,4-dimethoxyphenyl)-2,4-dihydroxy-

acetophenone (XI), which on treatment with methylchloroformate

gave 3-(2,4=dimethoxyphenyl)-4,7-dihydroxycoumarin (XII),
This was cyélised by heating wifh aniline hydrochloride to
coumestrol (II) in overall yield of about 17 &,

Mentzer et al.26 synthesised coumestan or 6-o0xo-
6H-benzofuro(3,2-c) benzopyran (I) by the?malbbondensation
of equimolar amounts of o-methoxyphenylmalonate with phenol
giving 3-(2-methoxyphenyl }+=hydroxycoumarin (XIII) followed
by the cyelisation with pyridine‘hydroehloride.

Coumestan (I) was also synthesised by Chatterjee
and Roy?7 by condensing o-methoxyphenyl acetonitrile (XIV)
with ethyl-o=-methoxybengoate (XV) in the presence of sodlium
ethoxide and treating them intermediate ketonitrile (XVI)
with hydrobromie acid,

Jurd28 synthesised coumestrol and related
compounds by hydrogen peroxide oxidation of gppropriately
substituted 2'-hydroxy-3-methoxyflavylium salts, Yoshiyuki
Kawase29 synthesised the same by different route,

vaindaehari and co~worker330’3‘ isolated

Wedelolactone (1II) from the leaves of Wedelia calendulacea

(compositae) and they synthesised substituted wedelolactone
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. 32
derivative, Chatterjea and Prasad reported the synthesis

of tri~0nmethy1wédelolactone (XVII), The ketonitrile (XVIII},
obtained by cordensation of 2,k,5~trimethoxybenzyl cyanide
and ethyl-2,%,06~trimethoxybenzoate in the presence of

" sodium hydride, was treated with pyridine hydrochloride to
yield (XIX), which was readily methylated to trimethoxy-
wedelolactone (XVII),

Oan, Gl
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33
Wanzlick and co-workers prepared wedelolactone
(I1I) by dehydrogenative coupling of catechol with Y, J-di-

hydroxy-7-methoxycoumarin (XX) in the presence of potassium

ferrieyanide or potassium iodate,

oR O
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Trifolilol (VI) was isolated from Ladino clover

by Jurd and co«workers“ and confirmed the structure., They

have synthesised it by peroxide oxidation of 5-benzoyloxy= 4
~7=hydroxy-3-methoxy-2' ' -dibenzpyloxyflavylium chloride (XXI),
followved by methylation and debenzylation to give 7-benzoyloxy-
~3-hydroxy-9~-methoxycoumestan (XXII) and subsequent alkaline
hydrolysis,
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Medicagol (V) was isolated as a mixture with
pistatin from,§l£§;£§' meal and its synthesis is reported
by Jurdas, | ‘

Psoralidine (VII) was first isolated from the
pericarp of the seeds of P,Corylifolia by Chakravartl and

3é 8
co-workers , Later Sengupta and co-workers isolated the
same from the alcoholic extract of the seed kernal of

Psoralea Corylifolia ILinn, and proved that it is the iso-

pentenyl derivative of coumestrol, -

As psoralidin is lisble to aecids, it has not been
synthesised but dihydropsoralidine (XXV) is synthesised by
different workers by different methods, Nasipuri and Pyn337
and Bickoff et afl.,i6 have reported - é’the synthesis of
(XXV), 2,4~Dihydroxy-5-isopentenyl-2,4-dimethoxybenzylketone
(XXI1I),0btained by Hoeseh reaction of 2,4-dimethoxybenzyl
cyanide and W4-isopentenylresorcinol, was treated with ethyl
chloroformate and then subjected with alkali and then with
acid to give 4,7-dihydroxy-6-isopentenyl-3~(2',4! -dimethoxy-
~phenyl) coumarin (XXIV) which on further treatment with
aniline hydrochloride gave dihydropsoralidin (XXV),

They have also reported the synthesis of iso~

‘psoralidin (XXVIII), Hoesch condenéétion of 2,4-dimethoxy-
benzyl eyanide with 7-hydroxy-2,2-dimethylchroman furnished
2,4—dimeth§xybenzy1-7~hydroxy.z,2-dimethy1chroman—ényl—ketone
(XXVI) vhich was converted into the 4-hydroxycoumarin derivative
(XXVII) by sodium and ethyl carbonate, This, on treating with
aniline hydrochloride gave isopsoralidin (XXVIII),
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Similarly, they have condensed methyl-2,2-di-
methyl -7-methoxychromanbenzoate with 2,h-dimethoxybehzyl
cyanide in the pi'esence of éodium hydride followed by the
treatment with pyridine hydrochlofide to yield isopsoralidin,

Chatter jea, Banerjee and Pra.sad38 have pfepared
‘dihydropsoralidin (XXV) and isopsoralidin (XXVIII) using the
method of Ybshiyﬁki Kawasezg. The condensation of methyl-
-2, 4~dimethoxy-5~isopentenylbenzoate and 2,4-dimethoxybenzyl
cyanide in the preseﬁce of sodium hydride gave a=(2,4=di~
methoxy=-5~isopentenylbenzoyl)?2,4=dimethoxybenzyl cyanide
(XXIX) which when reacted with pyridine hydrochloride gave
dihydropsoralidin (XXV), | .

They have also reported the synthesis of iso-
psoralidin (XXWIII) by condensing methyl-2,3-dimethyl-7-

-me thoxychromanbenzoate (XXX) with 2,4-dimethoxybenzyl
cyanide in the presence of sodium hydride to obﬁain keto=
nitrile (XXXI) and subsequent treatment with pyridine

" hydrochloride,

V.K.Karla and co-workers synthesised sativol

. (VIII) and lucernol (IX) and their methylether derivatives,
Simonova ané ShamshurinZ‘ synthesised 7,11-dibydroxycaumestan
by peroxide oxidation of 2',E',6‘-trihydroxyu3-methoxyflavylium
cnloridé; |
| Spencer, Knuckles and Bick»:;ffwO synthesised
.7-hydroxyall,12-dimethoxycoumestan by hydrogen peroxide
oxidation of 6,7,2',4' ~tetrahydroxyflavylium salt and selective

methylation of 7,11,12-trihydroxycoumestan,
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Recently Thomas Kappe-and &chmd_dtM reported a
new method of synthesis of coumestan'derivatives, starting
with Y4-hydroxy-3-phenylcoumarin derivatives, Cyclodehydro-
genation of lU=hydroxy-3-phenyleoumarin derivative (XXXII)
occurred when thé reaction mixture was Tefluxed with
diphenylether and palladised charcoal (10 %) and air belng
bubbled through the reaction mixture giving corresponding

coumestan derivative (XXXIIT),

(a) Ry=Ra=H (e) R‘=RQ=CH3

{b) Ry=CHy3 Rz=H . (@) Ry=0CHy; Rp=H



w2
Dholakia and Trivedi  synthesised coumestan

derivatives by oxidative condensation of catechol with
different W-hydroxycoumarins followed by methylation using
the method Wanzlick%3. They have synthesised 2-methyl-8,9-
dimethoxy-6H-benzofuro(3,2-c)benzopyran-6=-one '(XxX1Va), 2,8,9-
trimethoxy=-6H-benzofurof3,2~¢)benzopyran-é~one (XXXIVb),
k~methyl-3,8,9~trimethoxy~6ﬂ;benzofur0(3,2~c)beﬁzopyran—6w
~one (X¥XIVe), 1,8,9~trimethcxyméﬂ;benéofuro(3,2—0)benzo—
pyran=-b6-one (XXXIVd) and 3,%,8,9—tetramethoxy~6ﬂ;bénzofuro~
~(3,2=¢) benzopyran-6-one (¥XXIVe),

. QCH3

OCH 4

(a) R=Rz=R3y=Hy R,=CH;

(b) R=Ra=R3=H; Ry=0CH;

(¢) R=Ry=F; Ra=0CHs3 R3=CHz
(d)\ R=0CHa3 Ry=R2=R3=H

(e) R=rq=H; R2=R3=0CH

-
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Shalkh and Trivgdiu3 synthesised 1,3,%,8,9-
pentame thoxy-6H-benzofur o 3,2~c) benzopyran-6é-one (XXXV) by
oxidative coupling of 5,7,8-trimethoxy-4-hydroxycoumarin
with catechol in the presence of potassium iodate and sodium
acetate followed by methylation with dimethyl sulphate,
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: N
Subba Rao et al, have also reported similar type

of coumestan derivatives, synthesised using the method of
Wanzlick,

K,Fukui and N.Nakayamau5 synthesised erosnin
(XXXV1) by dehydrogenative coupling of t-hydroxypsoralene
and catachol in the presence of potassium ferricyanide

according to the method of Wanzlick,

Shah and fi?:c':hrediu6 have reported the synthesis
of 5'-methyl-8,9-dimethoxyfuro(2,3-h)coumestan, 4,5 -diméthyl-
-8, 9-dimethoxyfuro( 3,2~-g) coumestan and 5'-methyl-8,9-dimethoxy-
furo(2,3~f)coumestan, They synthesised the furocoumestan
derivatives by the followlng route,
7-Allyloxy-t=hydroxycoumarin (XZXVII) on
dehydrogenative coupling with catachol, according to the
method of Wanzlick, ylelded a coumestan derivative, This
on Claisen rearrangement followed by eyclisation and
dehydrogenation with pailadised charcoal (10 %) gave furc-
coumestan derivative (XXXVIII),
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In continuation of the work on coumestan
derivatives carried out in this laboratory by Dholakia,
Shaikh, Shah and Trivedi, it was thought of interest to
synthesise few more coumeétan derivatives having pyran
ring, to have psoralidin type coumestan derivatives, This

type of coumestans are reported earlier,



Synthesis of 8,9-dimethoxy=2,2~dimethylpyrang-

=(2,3=h) coumestan

v

Seshadri et al.u? prenylated resécetophenone to
get C-prenylated resacetophenone which were further cyclised
to corresponding chromeno derivatives,

3,h—Dihydro~6~acety1—5—hydrqiya2,2-dimethylehromene
(X£XIX), prepared according to Seshadri et al.“7, was treated
with diethyl carbonate in the presence of pulversied sodium,
according to thg method of Boyd and Bobertson&s, to give
corresponding 2,2-dime thyl-3,%=dihydro-8-hydroxy-é-oxo-6H-
pyrano{2,3-h)benzopyran (XL), This on dehydrogenative coupling
with catechol in the presence of potassium iodate and sodium
acetate gave 8,Q-dihydroxth,2~dimethy1—3,h—dihydropyrano-
-(2,3~h)coumestan (XLI),

The above coumestan derivative was then methylated
with dimethyl sulphate and anhydrous potassium carbonate in
acetone to give 8,9—dimethoxy-—2,2~d1methy1-3,Hadihydropyrano—

-(2,3~h) coumes tan (XLII), This on dehydrogenation with DDQ
vin dry benzene or any other solvent like dioxan or chlorobenzene
falled to give corresponding dehydrogenated pyranocoumestan
derivative (XLIII), |
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As above compound could not be converted to the
title compound by different methods of dehydrogenation, the
synthesis of the title compound was finally achieved by the
following route,

2, 2-D1ime thyle8<hydroxy-6-oxo-bH-pyrano(2,3~h)-
benzopyran (XLIV) was prepared from 2,2-diﬁethyl«6~acetyl-5— |
--hy(ircacyc:hrc»zmen<=,=W (XLV) by treating it with sodium énd
diethyl carbonate, 2,2-~Dimethyl-8-hydroxy-6-oxo-6H-pyrano-
(2,3-h)bengopyran (XLIV) was oxidatively coupled with
catechol in the presence of potassium iodate and sodium
acetate to give 8,9~dihydroxya2,2~dimethy1pyrano(2;3~h)—
coumestan (XLVI), which was methylated to 8,9~dimethoxy—
~2,2-dimethylpyrano(2,3=-h)coumestan (LLIII),

IR (nujol) (XLIII) : . 1700 cm:‘ { a=pyrone carbon&l
stretehing frequeney), 1365 cmj1 (geminal dimethyl group
stretehing frequency) and 1280 cm:‘ (aromatic ether linkage),
A band at 3400 cmj‘ iz also observed for water,

The NMR speectrum of the compound (XLIII) in CDC1,
is as under -
¢ 1,50, singlet, geminal dimethyl group at position-2§ 4,00
and %,02, two singlets, two methoxy groups at positions-8 and
~95 5.80 and 6,25, two doublets, J=9Hz, two protons at
positions-3 and -% and 7‘00n7,Q5, mltiplet, four protons
aromatic at positions-7, élQ, -12 and -13. ( Fig. 1)
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Synthesis of 8,9-dimethoxy-2,2-dimethylpyrano-

=(3,2-2) coumestan

3,4~Dihydro-6~acetyl-7-hydroxy-2,2-dimethylchromene
(XLVII), prepared according to Seshadri et él.u7, was condensed
with diethyl carbonate in the preseﬁee pulverised sodium to
give 2,2-dimethyl-3,%~d1hydro~6-hydroxy-3-oxo-8H-pyrano(3,2-g)-
benzopyran (XLVIII), This was coupled oxidatively with catechol
in the presence of potasstug iodate and sodium acetate to glve
8,é-dihydroxy-z,2-d1methy1-3,h—dihgdrbpyrano(3,2-g)coumestan
(XLIX), This was then directly methylated to 8,9~dimethoxy-
2,2-dimethyl-3,4-dihydropyrano(3,2-g) coumestan (L), The IR
spectrum showed a strong band at 1730 cm:‘ for a-pyrone
carbonyl group and a band at 1370 cﬁ:' for a geminal dimethyl
group,

This failed to give its dehydrogenated derivative,
8,9-dimethoxy-2,2-dime thylpyrano(3,2-g)coumestan (LI), by
different methods of dehydrogenation, To synthesise thig, the
following alternative route was adopted :- ‘

2 y2~-Dime thyl-6~hydr oxy-8-0x0-8H-pyrano(3,2-g)-
benzopyran (LIII) was prepared from 2,2-dimethyl-6-acetyl-7-
hydroxychromene“7 (LII)by treating it with sodium and diethyl-
carbonate, (LIII) was coupled oxidatively with catechol in
the presence of potassium iodate and sodium acetate to give
8,9~d1 hydroxy-2,2-dime thylpyrano(3,2~g) counestan (LIV), This
was then methylated with dimethyl sulphate to 8,9-dimethoxy-
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-2,2-d1methylpyrano(3,2-g) coumestan, (LI). The IR spectrum
-1 -y
showed bands at 3400 em, for water, 1740 em, for a-pyrone
-1
carbonyl’ group and 13595 em, for geminal dimethyl group,
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Synthesis of 8,9-dimethoxy-2,2, 13-trimethgl: '
-pyrano(3,2-g) coumestan

2,4-Dihydroxy-3~methylacetophenone (LV) when
condensed with 2-methyl-but-3-en-2-0l 1in the presence of
BF3-etherate gave 2 l+—<1ihydro:ty--3-m«athyl-5---preny1acetopl'xen:‘mne
(LVI), The IR spectrum showed a broad band at 3280 cm.‘ for
hydroxyl groups, a’band: at 1630 cm.‘ for a carbonyl group and
a band at 1350 cm.‘ for a g_expinal dimethyl group, This, (LVI),
was converted to 3,Hﬁihydro—é-acetyl—?—hydroxyé,2,8-tri;-
methylchromene (LVII) by heating it with formic acid on a
steam bath, This was further reacted with diethylcarbonate
in the presence of pulverised sodium to give 3,4~dihydro=be
hydr oxy=-8-0x0-8H2,2,10-trimethylpyrano(3,2-g) benzopyran
(LVIII), This on oxidative coupling with catechol in the
presence of potaséium iodate and sodium acetate gave 8,9-di-
hydroxy-3, hfdihydfo;a y2413=-trimethylpyrano(3,2-g) coumestan
(LIX}), which was methylated with dimethyl sulphate to 8,9-
dimethoxy-3,%-dihydro-2,2 13—trimethy1pyrano( 3,2-g) coumestan
(LX), The IR spectrum showed the following bands t=
1740 cm. (a-pyrone carbonyl group), 1360 cm. (geminal
dimethyl group) and 1280 cm. (aromatic ether linkage).

' The NMR spectrum of (LX) showed the following
signals ¢~ )

é 1,35, singlet, geminal dimethyl group at position-23

1.85, ahd 2,87, two triplets, J=7Hz, two methylene groups



139

L

at positions-3 and =4 2,08, singlet, methyl group at
position-~133 3.96 and 3,95, two singlets, two methoxy groups
at positions-8 and =93 52.0‘-\-, singlet, one proton aromatic
at position~5 and 7,30 and 7,41, two singlets, two protons
aromatic, at positions-7 and -10 (Fig.2).
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Dehydrogenation of (LX) failed to give 8,9-di-
methoxy-2,2,13—trimethylp§rano(3,2-g)boumestan (LXI), The
followlng alternative route was then adopted to synthesise
(IX1), ,

2,%-Di hydroxy-3-methyl-S-prenylacetophenone (LVI)
on refluxing with DDQ in dry benzene yielded 6—acety1-7-
hydroxy-2,2,8-trimethylchromene (LXII), The structure was
confirmed by its IR and NMR Specira $-

IR (nujol) : 3200 cm:' (hydroxyl group), 1630 cm:'
(earbonyl group) and 1370 cm:‘ (geminal dimethyl group).(Fiq4.3)

NMR (CCly) ¢ & 1,42, singlet, geminal dimethyl
group at position-2; 2,02, singlet, methyl group of -COCH;
at position-63 2,48, singlet, methyl group of at position-8;
~.1 5,50 and 6,24, two doublets, J=9Hz, two protons at positions
-3 and -4 and 7.10, singlet, one proton aromatic, (Fig.4)

(LXII) on treatment with diethyl carbonate in the
presence of pulversied sodium ggve 6-hydroxy-8-o0x0-8H-2,2,10-
trimethylpyrano(3,2-g)benzopyran (LXIII), This on oxidative
coupling with catechol in the presence of potassium iodate
and sodium acetate gave 8,9—dihydroxya2,2,13-trimethy1pyiano—
(3,2-g) coumestan (ILXIV) which on methylation with dimethyl
sulphate géve 8,9-dimethoxy=2,2,13-trimethylpyrano(3,2=-g)=
coumestan (LXI), The structure of (IXI) was confifmgd by its
IR and NMR spectra,
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-y . '
IR (mzjol) ¢ 1735 em,  (o-pyrone carbonyl group.
-' ’
stretching frequency), 1365 cm, (geminal dimethyl group
. -1
stretching frequency) and 1278 cm, (aromatic ether linkage).

NMR (CDC13) = & 1,50, singlet, geminal dimethyl
group at position-2; 2,35, singlet, methyl group at position
-133 3.92 and 3,98, two singlets, two methoXy groups at
positions=8 and =93 5,70 and 6,30, two doublets, J=9Hz,
two protons at positions-3 and % and 7,00-7,80, miltiplet,
three protons aromatic at positions-5, =7 and -10,



EXPERIMENTAL

§,Q-Dime§g95z~2.Z-d;gethzigzggno(2.3—h)coumestgg (XLIII)
2,2-Dimethyl-3,4-d1ibhydr 0-8~hydroxy-6-0xo-6H-pyrano(2,3-h) =~

benzopyran (XL)

3,4=Di hydro-6-ace tyl-5~-hydroxy-2,2 , ~dimethyl~
chromene was prepared according to Seshadri et al.u? _
‘ ‘ " A mixture of 3,u—dihydro;é—acetyle5—hydroxya2,2—
dimethylchromene (2,0 g,), die’chyi carbonate (10 ml,) and
pulverised sodium (2,0 g,) was heated on a water bath for
16 nr, After completion of the reaction, aleohol (10 ml,)
was added to decompose the unreacted sodium and then the
mixture was added to ice~cold water, The solution was then
extracted with ether and the aqueous layer was acidified, a
The separated product was filtered and again treated with
sodium bilecarbonate solution, The sodium bicarbonate soluble
fraction on acidification gave a solid, 2,2-dimethyl-3, k-
d1hydro-S-hydroxyaé-oxd-éﬂ;pyrano(2,3eh)benzopyran,
crystallised from dilute aleohol, m.p. 172°, Yield 0.8 g.
Analysis s Found : G, 6%.21 $ Hy 5.72 %
CyuHyuOu ,H2O requires : C, 63,63 ; H, 6,06 %,

849-Dihydroxy=~2,2~dimethyl-3,%-d1 hydropyrano(2,3-h)=

coumestan (XLI) :

- Catechol (0,11 g,) was added to a solution of
2,2-dimethyl-3,4~d ihydro~8-hydroxy-6-0x0-6H-pyrano(2, 3-h) =~

147
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~benzopyran (0,23 g.) and sodium acetate (0.25 g.) in aqueous
acetone (1:1 3 25 ml,), To this solution, aqueous solution
of potassium 1odate (0,65 g,) and sodium acetate (0,25 g,)
was added dropwise with constant stirring, After 15 minutes
the separated product was filtered, washed with water several
times and dried, The product 8,9-dihydro-2,2-dimethyl-3,l4-di-
hydropyrano(2,3-h)coumestan could not be erystallised, but it
gave green colouration with alecoholic ferric chloride .
solution, M,p, above 300°. it was theﬁ directly methylated,

849=Dime thoxy~2,2. ~dime thyl-3,4=d1hydropyrano(2,3=h)-

-coumestan  (XLII) s

A mixture of 8,9-dihydroxy-2,2-dimethyl-3,4-di-
hydropyrano(2,3~h) coumestan (0,3 g,), dimethyl sulphate
(0.25 g,), dry acetone (100 ml,) and anhydrous pétassium
carbonate (1,5 g,) was refluxed on a water bath for 6 hr, On
evaporation of acetone the separated product was filtered,
washed with dilute sodium hydroxide solutionand crystallised
from benzene-petroleum ether mixture, m,p. 207-8°, Yield 0,3 g.
Anglysis : Found : G, 68,99 5§ H, 5,21 %.
Cz2H200¢ requires s C, 69,47 5 H, 5,26 %,

2,2-Dime thyl-8-hydr oxy-6-oxo-6H-pyrano(2,3-h) benzopyran (XLIV) :
--  -2,2-Dimethyl-6-acetyl-5-hydroxychromene -(1,0 g,).

was condensed with diethyl carbonate (6 ml,) and pulverised

sodium (1,0 g,) on a water bath for 16 hr, at 60-70°, After

completion of the reaction, the aleohol (10 ml,) was  added
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to decompose the unreacted sodium and then the mixture was
gddqd to ice-cold water, The solut;on was then extracted
with ether and the aqueous layer on acidification gave a
solid, whieh was further dissolved in sodium bicarbonate
solution, The sodium bicarbonate soluble fraction on acldi-
fication gave a solid, 2,2-dimethyl-8-hydroxy-6-oxo-6H-pyrano~
~-(2,3-h)benzopyran, crystallised from dilute aleohol, This
was further methylated to its methylether by refluxing with
dimethyl sulphate in the presence of anhydrous potass;um
carbonate in acetone, The solid, 2,2-dimethyl-8~methoxy-6-
~0xo~6H-pyrano(2,3~h)benzopyran, crystallised from benzene-
petroleum ether miiture, m.p. 150°, Yield 0.5 g.

Analysis : Found : G, 69.85 § H, 5,26 %

CysHyyOy  requires : €, 69,77 ; H, 5,42 %,

(2]

8,9=-Dihydroxy-2,2~dimethylpyrano(2,3-h)coumestan (XLVI)

~ Catechol (0,11 g.) was added to a solution of
2,2-diméthyla8—hydroxya6-oxof6ﬁhpyrano(2,3-h)benzopyran (0.25 g.)
and sodfum acetate (0,25 g,) in adueous*acetone (1:1 ; 25 ml.,),
To this, a solution of potassium iodate (0,65 g,) and sodium
acetate (0,25 g,) was added slowly with constant stirring, The
product separated after 15 minutes was filtered, washed with
water and dried, The product was directed methylated to its |
methylether.‘lt gave green colouration with alcoholic ferric
chloride solution, M,p. above 300%, |



8,9-Dimethoxy-2,2-dimethylpyrano(2,3-h)coumestan (XLIII) =

A mixfure of 8,9—dihydroxy52,2—dimethy1pyrano-
(2,3-h)coumestan (0,3 g.), dimethyl sulphate (0,25 g.), dry
acetone (100 ml,) and anhydrous éotasstum‘carbonate (1,5 ge).
was refluxed on a water bath for 6 hr. The solid separated
after evaporation of acetohé was filteréd, washed with dilufe
sodium hydroxidé solution and erystalxised from benzene~
petroleum sther mixture, m.,p, 214°, Yield 0,25 g,

Analysis s Found s Cy 67.95 3 Hy 4,79 %
Ca22Hyg0g,1/2 H20 requires : C, 68,2% ;3 H, 4,94 %,

§L9~Dimethoxyp2,2-dimetggggzgano(3,2:52coggeétan (L1)
g,z-Dimeth11-3,hfg;gxgro-é-hxggoiy—8—pxo~8ﬂ-pxrggo(3,2-52—
=benzopyran (XLVIII) |

dime thylchromene (2,0 g,), diethyl carbonate (10 ml,) and
pulveriséd sodium (2,0 g,) was heated on a water bath for 16
hr, After completion of the reaction it was worked out as
before, The solid, 2,2—dimethyl-3,h-dihydroaé-hydroxy;S-oxo—
8H-pyrano(3,2—g)benzopyran, obtained aftgr.acidification of
sodium bicarbonate filtrate, was crystallised from aqueous
alecohol, m,p, 138°, Yield 0.6 g. |
Analysis  : Found  z C, 64.55 ; H, 5.79 %
CruHyuOu Ho0  requires : C, 63.63 5 H, 6.06 7,

The methoxy derivative of the above coumarin was

prepared by refluxing it (0,2 g,) with dimethyl sulphate (0,2 ml,)

i



=
for 3 hr, Water was added to the solution and the solid;a? 2 /jﬁ//
dimsthy1-3,h—d1hydro—6—methoxy~8—oxo-BHprrano(3,2-g)benzo-

and anhydrous potassium carbonate (1.0 g.) in acetoﬂ§q§5$

pyran, separated was filtered and crystallised from benzene~
petroleum ether mixtu&e, m,p, 218-20°, TYield 0.1 g,
Analysis ?bund | : C, 68,7% 3 By, 5.93 %

c,ia.sou 'requireé :C, 69,23 3 H, 6,15 %,

8,9-Dihydroxy-2 2-dimg§_11-334~d1hg; opyrano(3,2-g) counestan
(XLIXy)

Catechol(0.11 g,) was added to a solution of 2,2
dimethy1-3,h—d1hydr096~hydroxy~8—oi6-83;pyrano(3,2-g)benzo-

pyran (0,3 g.) and sodium acetate (0,25 g,) in aqueous acetone
(1:1 5 25 ml.), To this solution, équeous solution of potasgsium
1odate (0,65 g.) and sodium acetate (0.25 g.) was added drop-
wise with constant stirring, The stirring was continued for

15 minutes and the produeﬁ separated was filtefed, washed ’

and dried, It gave green colouration with alcoholic ferric
chloride solution, M.p, above 300°, The product was directly
methylated to its methylether,

819e91ﬁethoxy—Zia-diﬁethz;:Q,%-d1§g§32233§92g342-g2cougggggg
(L) :

A mixture of 8,9-d1hydroxy-2,2-dimethyle3,k%=dl-
hydropyrano(3,2-g)§oumestan (0.3 g.), dimethyl sulphate
(0 .25 g.), dry acetone (100 ml,) and anhydrous potassium
carbonate (1,5 g.) was refluxed on a water bath for 6 hr,

Acetone was evaporated and the solid, 8,9-dimethoxy-2,2-d1-



~methyl-3,4%-dihydropyrano(3,2-g) coumestan, separated was
filtered, washed with dilute sodium hydroxide solution and
crystallised\from benzene-petroleum ether mixture, m,p. 234-35°,
Yield 0,3 g,

Analysis s Found s C, 69,71 3 Hy, 5,45 %,

C22H200¢ requires : C, 69,47 § H, 5,26 %,

2,2fQ;ggth11-6-hydroxy-a-oxo;eﬁmpyr§§9331g:§l§gg§9233§5 (LIII)

2,2-Dimethyl-7-hydroxy-6-acetylchromene (2,0 g,)
was heate@ with diethyl carbonate (10 ml,) in the presence
of pulverised sodium (2,0 g,) on a‘watar bath for 6 hr,
Alecohol was added to the reaction mixture to destroy the
unreacted sodium and diethyl carbonate was removed by ether,
The alkaline solution was acidified and the solid obtained
was crystallised from alcohol, The product, 2,2-dimethyl-6-
hydroxy-8=0x0-8H=pyrano(3,2-g) beﬁzopyran, was soluble in
sodium bicarbonate solution, As the analysis of this compound
did not agree with the molecular formila, its methylether was
prepared by methylating it (0,2 g,) with dimethyl sulphate
(0,2 ml,) in the presence of anhydrous potassium carbonate
(1.0 g.) in acetone (20 ml,) and the mixture was refluxed
for 3 hr, The product 2,2-dimethyl-6~methoxy-8-oxo~8H-pyrano~-
-{3,2-g)benzopyran, obtained was erystallised froﬁ.benzene~
petroleum ether mixture, m,p, 185°, Yield 0,15 g,
Anglysis : Found : C, 69,49 5 H, 5,88 %
CigHiuOu  requires : C, 69,77 5 H, S.Ré %e
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~-ox0-8H-pyrano( 3,2-g) benzopyran, m.p. 185-86°,

153

242-D1 e thyl~6~me thoxy-8~oxo-8H-pyrano(3,2-g) -

n was also obtained by refluxing 2,2-dimethyl-3,kU-
_me thoxy~8-oxo-8H-pyrano( 3,2=g) benzopyran (0.5 g.)

(0,5 g.) in dry benzene (10 ml,) for 70 hr, on a
1, The solid separated’during the refluxion was

hot and the filtrate on concentration followed by
romatography over silica gel gave 2,2-dimethyl-6-

3 8.

The mixed m,p, with the product obtained by the

hod did not depress,

-
L 4

Catechol (0,11 g,) was added to a solution of

2,2-d1m§thyl-é—hydroiya8~cxo—8H~pyrano(3;2-g)benzopyran (0,3 g.)

and sodium acetate (0,25 g,) in aqueoué‘acetone (1:1 3 25 ml,),

To this, s

olution of potassium iodate (0,65 g,) and sodium

acetate (0,25 g,) was added slowly with constant stirring,

The produc
dried, M,p
alcoholiec

8,9-Dimeth

( 3,2"g) cou
acetone (1
refluxed

evaporatio

't separated was filtered, washed with water and

« above 300°, It gave green colouration with

ferric chloride solution,

oxy=2,2=dimethylpyrano(3,2-g) coumestan (LI) :
A mixture of 8,9~d1hydroxy-2,2-dimethylpyrano~
mestan (0,2 g,), dimethyl sulphate (0,25 ml,), dry

00 ml,) and potassium carbonate (1.5 g.) was
a water bath for 6 hr., The product, after
n of acetone, was filtered, washed with dilute




sodium hydroxide solution and then crystallised from bepzeﬁé—
petroleum ether mixture to give 8,9-dimethoxy-2,2-dimethyl-
pyrano(3,2-g) coumestan, m,p, 140-42°, Tield 0,2 g,

Analysis ‘ + Found C, 68,64 3 H, 5,32 %

' C22Hyg0¢,1/2 Hz20 requires : C, 68,24 5 H, 4,94 %,

(1)

849-Dimethoxy-2,2,13-trimethylpyrano(3,2~g) coumestan (LKI) :

2,h~D1ggdroxze3~methzl—S-Qrenxléggggggenone (LVI)

To a stirred solution of 2,4~-dihydroxy-3-methyl-
acetophenone (1,2 g,) in dry dioxan (10 ml,) was added a
solution -of 2-methyl-but-3-en-2-0l (0,6 g.) in dioxzan (5 ml.)
in the presence of BFj=-etherate (0,5 ml,) and the whole
solution was stirred for 1 hr, at room temperature, The
solution was then diluted with ether and the ether layer was
washed with water (3x100 ml,) to discharge the colour, The
solution was then washed with sodium cgrbonate solution (10 %j
3x100 ml,) which on acidification gave unreacted 2,1+-d1hydroxy-;
~-3-methylacetophenone (0,5 g.), The ethereal layer on
examingtion by TLC (ehloroform) showed the presence of two
compounds, This was then subjected to the column chromatography
over silica gel and the column successively eluted with (1)
benzene-petroleum ether §8Q320) and (i1) benzene-ethyl acetate
(80:20), Fraction (1) gave a solid 2,h—dihydroxya3—methy1;5-
-prenylacetophenone, crystallised from benzene-petroleum ether
mixture, m,p, 117-18°, Yield O,% g, Fraction (ii) gave the
original ketone, m,p. 150-51°,



IR (nujol) : 3280 em:‘ (hydroxyl group), 1630 cﬁj'
(carbonyl stretching frequency) and 1350 cﬁ:' (geminal dimethyl
group stretching frequency),

MM (CCly) ¢ & 1.80 and 1,82, two singleté,
geminal dimethyl groupj; 2,10, singlet, methyl group at pgsition
—1’ of GQCH3 3 2.52, singlet, methyl group at position-3;
3.30, doublet, two protons of -UH2=UH § 5,30, triplet, one
proton of -CHza=CH 3 5,60, singlet, one proton of -OH group
and 7,25, singlet, one proton aromatic at position-é.

Analysis : Found : C, 70,80 3 H, 72,45 %
CyuHyg03 requires : C, 70,59 5 H, 7,56 %,

344-Dihydro-2,2,8-trinethyl-7-hyroxy-6:acetylehronene (LVII) :
- 2,4=Dihydroxy-3~methyl-5-prenylacetophenone (1.0 g.)
was heated on a steam bath with formic acid (10 ml,) for 1 1/2
hr, The solution was then poured into the water and the solid
was filtered, washed with water and erystallised from.
petroleum ether %o give 3,%~dihydro—2,2;8-trimethy1-7-hydraxy-
-6-acetylchromene in white plates, m,p, 11é°. Yield 0,8 g,
IR (nujol) s 3260 cm:' (hydroxyl group), 1730 cm:‘
(carbonyl stretehing frequency) and 1370 em:‘ (geminal dimethyl
group stretching frequency),
NMR (CCly) 3 & 1.35, singlet, geminal dimethyl .
group at position-2; 2;00, singlet, methyl group of COCH3 at
position-6; 2.45, singlet, methyl group at position-8; 1,80
| and 2,73, two triplets, J=8Hz, two methylene groups at



positions-3 and -4 and 7,20, singlet, one proton aromatic

at position=5,

*"”

¢, 70,80 ; H, 7,6+ %
C, 70.59 3 Hy 7.56 %,

3,4-Dihydro~6-hydroxy-8-oxo-8H-2,2,10-trimethylpyrano(3,2-g)-
-benzopyran (LVIII) : |

Analysis s Found
CinHyg03 requires

~ e

A mixture of 3,h-dihydrq-7-h§dr9xyz2,2,8-trimethy1-
-6-acetylchromene (2.0 g,), diethyl carbonate (10 ml,) and
‘pulveriséd sodium (2,0 g,) was heated on a water bath for 16
nr. Alcohol was added to the reaction mixture to destroy the
the unreacted sodium and diethyl carbonate was removed by
ether, The alkaline solution on acidification, gave a solid,
3,=dihydro-6-hydroxy-8-oxo-8H-2,2,10-trime thylpyrano(3,2-g)-
" benzopyran, crystallised from aqueous alcohol, m.p, 191-93°,
Yield 01.0 g.

This coumarin'(O,z g.) was refluxed with dimethyl
sulphate (0,2 g,) and anhydrous potassium carbonate (1;0 g.)
in‘dry acetone (10 ml,) for 3 hr, on a water bath, The

!

solvent was removed and water was added to the residue, The
solid separated was filtered, and erystallised from benzene=~
petroleun ether mixture to give 3,h-d1hydro-6-methuxv—8-oxo~
'-8H-2,2,10~trimethy1pyrano(3,2-g)benzopyran, MeDo 178—80°.
(Analysis s Found . s C, 70,45 ; B, 6,67 3% |
CyeHygOy ‘requires : U, 70,07 3 H, 6,56 4.
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8,9-Dihydroxy~2,2,13=trimethyl~3,b=dihydropyrano(3,2=¢)~

-coumestan (LIX)

Catechol (0,11 g.) was added to a solution of
3, t=dihydro=-6-hydr oxy=8-0xo-8H-2,2,10~trimethylpyrano(3,2-g)-
benzopyran (0,3 g.) and sodium acetate (0,25 g,) in aqueous
acetone (1:1 ; 25 mi.)?. To thié,héqueous sélution of potassium
iodate (0,65 g,) and sodium acetate (9.25 g.) was -added drop-
wise with constant stirring, After 15 minutes the solid,
8,9-dihydroxyh2,2,13-£rim§t$y1-3,hudihydropyrano(3,2—g)-
counmestan, separated» waé filtered, washed with water and
dried, It gave green colouration with alecoholic ferric
chloride solution and it could not be crystallised from any
organic solvent, so was directly methylated to its methyl-

ether,

849-Dimethoxy=-2,2,132¢r ime thyl-3,%-dihydropyrano(3,2=g)=
soumestgn (1X) : |

A mixture of 8,9~dihydroxy-2,2,13~trimethyl-
;3,h~dihydropyrano(3,?-g)coumestan (0,2 g,), dimethyl sulphate
(0,25 g.), dry acetone (100 ml,) and anhydrous potassium
carbonate (1.5 g.) was refluxed on a vater bath for 6 hr,
After evaporation of the solvent, the solid separated was
filtered, washed with diluter solution of sodium hydroxide
and crystallised from benzene-petroleum ether mixture, to
give 8,9-dimethoxya2,2,13-triﬁethy1-3,hudihydrcpyrano(3,2-g)-
coumestan, m,p, 232-33°, Yield 0,15 g,



"

4dnalysis s+ Found Cy, 69,72 3 H, 5,97 %
C23H220¢ requires : C, 70,07 § H, 5,58 %,

\-e

2,2, 8-Trimethyl-7~hydroxy-6-acetylchromene (IXII)

To a solution of 2,4=-dihydroxy-3-methyl=5-prenyl-
acetophenone (0,2 g,) in dry benzene (10 ml,) was added DDQ
(0.2 g.) and the solution heated on a boiling water bath for
.15 minutes, when the solid hydroquinone derivative separated
out, i1t was filtered hot, and the‘residue washed with benzene,
The solvent was distilled off and the residue on chromatography
on silica gel gave a solid, 2,2,8-trimethyl-7-hydroxy-6-acetyl-
~chromene, crystallised from petroleum ether, m,p, 81°, Yield
0.1 g.

*

Analysis : Found C, 72,32 ; H, 6,68 %
U'uH'§03 requires : C, 7201“'173 H, 6,89 %.

. 6=Hydroxy-8-ox0-8H-2 2, 10-trime thylpyrano(3,2-¢) benzopyran
(LXIII)

2,2,8~Trimethyl-7-hydroxy-6-acetylchromene (2,0 g,)
was condensed with diethyl carbonate (10 ml,) in the presence
of pulverised sodium (2,0 g,) on heating in a water bath for
12 hr, Alcohol was added to the reaction mixture to destrey
the unreacied sodium and diethyl carbonate was‘removed by
ether, The alkaline solution, on acidifieation, gave 6-hydroxy-
-8-0%0-8H-2,2,10-trimethylpyrano(3,2-g)benzopyran , crystallised
from aqueous alcohol, m,p, 210-12°, TYield (0.6 Ee



This was directly refluxed with dimethyl sulphate
- (0,5 ml,) in the presenée of anhydrous potassiuﬁ carbonate
(2,0 g.) in acetone (20 ml,), The solid obtained after
working up the reaction, crystallised from benéene-petroleum
ether mixture, to give 6-methoxy-8-oxo-8H-2,2,10-trimethyl-
pyrano(3,2-g)benzopyran, m.p, 174-76°,  Yield 0.5 g.
Analysis :. Found C, 71,04 5 H, 5,69 %

CreHyg0w requires : C, 70,58 5 H, 5.88 7.

-

6-Méthoxyb8-9xo-83#2,2,10-trimethy1pyrano(3,2-g)-
benzopyran was also obtained by refluxing 3,W-dihydro-6-
—methoxyaB-oxo—BHQé,a,lﬂ-trimethylpyranoﬁ3,2-g)benzopyran
(0.5 g.) in dry benzene (20 ml,) with DDPQ (0,5 g.) for 70
hr, and working up the reaction was carried out by filtering
it hot and concentrating the filtréte. The solid obtained after
chromatography over silica gel, crystallised from benzene-
petroleum’ether nixture, m,p, 175%, Yield 0,2 g,

The gixed m,p. of this compound did not depress
with the compound prepared by the above method, '
8,9-Dihydroxy-2,2,13-trimethylpyrano(3,2=g) coumestan (LXIV) :

Catechol (0,11 g,) was added to a solution of
6=hydroxy-8-0x0=-8H-2,2,10-trimethylpyrano(3,2-g)benzopyran
(0.2 g.) and sodium acetate (0,25 g,) in agqueous acetone
(1:1 3-25 ml.)., To this, a solution of potassium iodate (0,65 g,)
and sodium acetate (0,25 g.) was added drepwisé with constant
stirring. The solid separated after 15 minutes, was filtered,
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washed with water and dried, 8,9-Rihydroxy-2,2,13~trimethyl-
-pyrano(3,2~g)coumestan,‘g;ve green colouration with
alcoholic ferric chloride solution, m.p, above 300°, It was
directly methylated to its methylether,

849-Dimethoxy-2,2,13-trimethylpyrano(3,2=¢)counestan (IXI) :
_A mixture of 8,9-dihydroxy-2,2,13-trimethylpyrano-
-(3,2~g)coumestan (0,2 g.), dimethyl sulphate (0,25 g.), dry
acetone (100 ml,) and anhydrous potassium carbonate (1.5 g.)
was refluxed on a water bath for 6 hr, The residue ‘after
evaporation of solvent was diiuted with water, filtered ,
washed with dilute sodium hydroxide solution and crystailised
from benzene-petroleum ether mixtufe to zive 8,9-dimethoxy-
-2,2,13-trimethylpyrano(3,2-g)coumestan, m,p, 220-222°,
Yield 0,2 g,: )
Analysis ¢ Found C, 68,66 § H, 5,07 %
C23H200¢,1/2 H20 requires ¢ C, 68,82 § H, 5,27 3%,

e
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CHaPTBR II°

SECIION 1II

SYNTEESIS OF FURANOCOUMARING

The review of the introdﬁctqry“furanocoumarins
of other types, except types (F) and (G), being the matter
of Chapter I 1is described therein, The methods for the
synthesis of furanoeccumarins of types (F) and (G) are as
given below := . -

Psoralene or linear furanocoumarin of type (F),

also known as ficusin, occurs in Ficus Carica Linn, and

'
pscralea Uorylifolia Linn,. has been synthesised by Spath

from 6-hydroxybenzofuran (I)_which’was hyﬂrogénated to

Ol OH

H
H

Malic aciy
Mo SO

<
=
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coumaran (II) followed by condensation with maliec acid in the
presence of sulphurie aeid according to the von Pechmann
procedure, giving 4',5'-dihydropsoralene (III), which on.

dehydrogenation gave psoralene (IV),
701 e

Later, Horning and Reisner prepared different
34495
S5-substituted psoralenes, Bergaptol " (V) 1is of this

é
type and was synthesised by Spath ,

OH

Lanthotoxin (VI) or 8-methoxypsoralene occurs
in the seeds of Fagara xanthoxyleids Lam, *7 which was
synthesised by &path?'g and later by Rodighiero and
Antonello'o by first preparing 7-hydroxy-8-methoxy-6«formyl-
coumarin (VII) and then treating it with ethylbromoacetate
followed by hydrolysis, cyclisation and decarboxylation,

™~ By, COG e

»
s

HO ~0 ngoockgo
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~ Ray, S1looja and Vaid“ synthesiged 3-methylpsoralene
from umbelliferon, Limaye and Gangal‘z and Foster et al.'3
also synthesised‘some psoralene dgrivatives.
Kaufmann'u prepared 4,5',8-trimethylpsoralene (Xa)
and 5',8«dimethylpsoralene (Xb) by first carrying out Claisen
migration of 7-allyloxy-W,8-dimethyl- (VIII3) and 7-allyloxy-

——

\ X

-

O Beesyladon
?

A Bxprminanicy
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~8-nethyleoumsrin (VIIIb) to 7-hydroxy-6-allyl-l,8-dimethyl-
(IX3) and 7-hydroxya6-a11y1—8-methy1coumarin (IXp),
respectively, These were then acetylated, brominated and
cyclised to obtain psoralene derivatives (Xa and Xb).

Using similar method Kaufmann synthesised 4,5 =di-
methylpsoralene, Kaufmann and coworkers‘s synthesgised
psoralene derivatives having different substituents in
8-position using 8-aminopsoralene as an intermediate product,

Seshadri and co'w:»r!z:ers.'6 have obtained psoralene
by ozonolysis of 6-dimethylallyl-7-hydroxycoumarin, followed
by cyclisation of the aldehyde with o-phosphoric acid. Using
_ the same-method they have also synthesised xanthotoxin (VI).

Goudou and Blanchecotte‘v have condenseé¢ 6-hydroxy-
coumaran and phenyldiethylmalonic»ester in diphenylether and
obtained 4,5 -dihydro—#—hydrgxy—3;phenylfurano-2' $3',6,7~
coumarin (XI) which was then dehydrogenated over palladised
charcoal to give 4~hydroxy-3-phenylpsoralene (XII),

Pheuc cantang)s. S YOk

OR 9516
o o}
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18
Kaufmann and coworkers

have developed a new

synthetic route to synthesisé psoralene, Bromination of

ethyl(2«formyl-5-methoxyphenoxy)acetate gave the

Y.bromo

derivative (XIII) which was saponified and simultaneously

cyclised and decarboxylated to 5-bromo-6-methoxybenzofuran
(XIV), Lithium bromide interchange and then formylation and

Oone 7 () Saponifiiavon
_ >
HGoocue o Oeng WV ®yelisaton
QW) —¢o.,
X

l/\\
i) WCOGO}."«S)»
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demethylation gave 5-formyl-6-hydroxybenzofuran (XV) which
was condensed with diethyl malonate to furnish péoralene(IV),
after ‘hydrolysis and decarboxyla%ion-of the Knoevenagel'
product,

Pardanani and Trivedi‘9 synthesised psoralene and
alkyl psoralene, Pechmann condensation of 2-bromoresorcinol
with malic acid gave 7-hydroxya8—bromocoumarin (XVI), wﬁich
was allylated to 7-allyloXy:8ebromocoumarin (XVIiI), This was

By &n cooH

4 e Soy ~
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RO ot Gty Loo N , Bo ey,
o
(ol s
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beomide
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refluxed with dimethylaniline in an atmosphere of nitrogen to |
give 6-allyl-7-hydroxycoumarin (XVIII), Ozonolysis of (XVIII)
gave an acetaldehydo derivative ‘whieh on cyclisation with
o-phosphoric acid gave psoralene (XIXa), (XVIII) on
eyclisation with conc, sulphuric acid gave dihydro derivative
(XX) which was subsequently dehydrogenated by refluxing with
diphenyl ether in the presence of palladised charcoal (10 %)
to glve 2-methyl=7-oxo=~7H-furano(3,2~g)benzopyran (XIXb),

= C - f
H,C =tk ~ RoSos . l m
‘ SRt -
e - -~
W o fe) RaC o o (o}
W_X_ )

pSYATY -

X%

(a) R=R,=Rp=H

(b) R=CHyy Ry=Rp=H

(¢) R=Rp=Hy Ry=CH,
+ (8)R=R=CHy3 Ro=H

(e) R=Hy Ry=C¢Hg; Ra=CHj,
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Peehmain condensation of 2-bromoresoreinol with ethyl
acetoacetate and ethyl benzoylacetate gave 7—hydroxy-8-
bromo-h-methylcoumérin and 7-hydroxy-8-bromo=+-phenylcoumarin
respectively: These were subjected to the above series of
reactions to give (XIXe, XIXd and XIXe),

Pardanani and Trivediao have also carried out
the Pechmann condensation of 2-methylresorcinol with ethyl
benzoylacetate to give 7-hydrox§—8—methy1—#-phenylcoumarin
(XXI), This on acylation and subsequent Fries migration gave
7-hydroxy=beacyl=8~me thyl-#=phenyleoumarin (XXII), which on
condensation with ethyl bromoacetate followed by hydrolysis

and eyclisation gave the corresponding psoralene derivative
(XX111), |

C{,HS
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Shah and T;t:':l.w‘ledi21 ~ have recently synthesised
2-methyl-5~-phenyl-7H-furano(3,2~g) benzopyran-7-one (XXIV),
9-me thyl-5H-benzofurano(6,5~c) benzopyran=5-one (XXV ) s 9=methyl-
-i', 2,3,4=tetr ahydro-5H—i:enzofurano( 6,5=C) benzopjran- 5-one(XXVI)

i .
E——[ ~
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XX< " XX

and 8-methyl-1,2,3,%-tetrahyiroeyclopenta(C)furano(2,3-g)-
benzopyran--one (XXVII) by the same method as deseribed
above, *

Dholakia and 'I‘rivgdi22 synthesised h;methoxy-
5¢ ,8-dimethylpsoralene (XXVIII) and 4-hydroxy-5',8-dimethyl-
psoralene (XXIX), 2,4-Dihydroxy-3-methylacetophenone (XXX)
was allylated with allyl bromide to #-allyloxy-2-hydroxy-3-
-me thylacetophenone (Xiﬁl) which on condensation with dietﬁyl
carbonate in the presence of pulverised sodium ylelded
%-hydrOX§-7-a11y10xy—8-methylcoumarin (XXXI1), This was
methylated to its methylether derivative (XXXIII) which was
subjected to Claisen rearrangement by refluxing it with
diethylaniline to give 4-methoXy-6-3llyl=7-hydroxy-8-methyl-
coumarin (XXXIV), The cyclisation of (XXXIV) gave 4-methoxy-
-5t ,8-dimethyl-4' ,5' ~dihydropsoralene (XXXV) by triturating
it with cone, sulphuric acid which was further dehydrogenated
to %»methoxy-5‘,S-Gimetﬁylpsoralene (XXVIII) by refluxing it
with diphenylether in the presence of palladised charcoal (10 %).
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3

It underwent demethylation when refluxed with cone, hydrochloric
acid to give 4-hydroxy-5',8-dimethylpsoralene (XXIX),

cCOCR
3 Pragcmcon cocks
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23
Shaikh and Trivedi =~ prepared h-hydroxy—h-/' 4 8=d1-
methylpsoralene (}xayand -hydroxy-3,8,,4! ~trimethylpsoralene
(x‘)'(y';};,), 4, 8-Dime thyl-7-hydroxy-6~acylcoumarin (XXXVI) on
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bromination fol}owed by hydrolysis with sodium carbonate

(10 %) yielded 3,7-dimethyl-6-hydroxy-5-acylcoumarone (XXXVII)
and 3,7-dimethyl-é-hydroxy-5-acylcoumaron-2-carboxylic acld
(XXXVIII), (XXXVII), on condensation with diethyl carbonate
in the presence of pulversied sodium gave (XXXIXa) and
(XXXIXp),

Esterification of (XXXVIII) with dimethyl sulphate
in the presence of sodium ﬁicarbonate and acetone followed by
the condensation with diethyl carbonate in the presence of
pulverised sodium gave (XLa) and (XLb), .

Shaikh and Tr;vediz“have also prepared 2,9-d1ime thyl-
~7-oxo-7H-furano( 3,2-g) benzo( ¢) benzopyran (XLI), 9-methyl~5, 6=
~cyclohexano~7=oxo-7H-furano( 3,2-g) benzopyran (XLII), 2,9~di~
rethyle5, 6=cyclopentano=7-o0zo-7H-furano(3,2-g)benzopyran (XLIII)

and 9-methyl-5,6-cyclopentano~7-oxo-7H-furano(3,2-g)benzopyran
(XLIV), "
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Chy
X LT EARLY;

Angelicin (XLVII), a naturally occurring furanos
coumarin « an angularrone of type (G), was first synthesised
by Spath and Pa\.'LIL&:z'@5 by condensing sodium salt of umbelli-
-Peron-8-aldehyde with iodoacetic aester under pressure and
the product thus obtained was subjected to hydrolysis followed
by eyclisation, ,

Naik and 'I'ha'km'ez6 synthesised this using ethyl
bromoacetate and acetone, Using the same method Shah and
Shah.z7 prepared 3-mefhy1—5—oxq-EHefurano(2,3-h)benzopyran
(furano-3' -methyl-4',5',8,7=coumarin) from 7-hydroxy-8

aeetylcoumérin.
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Limayeaa synthésised Angelicin by préparing
Y~hydroxy-5-formylcoumarone from 4_hydroxycoumarone and
subjectiﬁg it to Perkin reaction,

Ane la, Mukherjeé and ﬁeshadr1'6 synthesised
angelicin by subjecting first 7-hydroxy-8-allylcoumarin (XLV)
to ozonolysis and subsequent cyclisation of 7-hydroxycoumarin-=
-B~gcetaldehyde (XLVI) with polyphosphoric acid,

>
wo o Ho- o
(o) o
CH, tH= cHo GHycHo
V3 X1\T

In continuation of the work on the synthesis of
furanocoumarins carried out in our laboratory, the following
furanocoumarins, both angular as well as linear, are

synthesised to study their photodynamic activity.



181

(1) 7-Hydroxy-2-methyl-6~phenyl-5-oxo=-5H-furano(2,3=h)benzo=-
pyran (LV), |

(2) 7-Hydroxy-2-methyl-6-(p-methoxyphenyl)=5=0x0-5H-furano~
-(2,3-h)benzopyran (IXIV),

(3) 2 9~Dimethy1—SLhydroxya6—pheny1~7—oxo-7ﬂéfurano(3,2-8)—
benzopyran (LXXJ.

Y

§1nthesis of 7-hydroxy-2-methyl-6-phenyl~5=0Xo=5H~

=furano(2, 3-h) benzopyran

- 22
Using the procedure of Dholakia and Trivedi |,

synthesis of 7—hydrpxy~2-methyl-6—pheny1-5—oxo~Sﬁ;furano-
-(2,3=h)benzopyran (ILV) is achieved as under :-
2,hwﬁihydfoxyphenylbenzyl ketone (XLVIII) was
allylated with allyl bromide in the presence‘of anhydrous
potassium carbonate ‘in acetone, 4-Allyloxy-2-hydroxyphenyl-
benzyl ketone (XLIX) was then condensed with diethyl carbonate
in the presence of pulverised sodium to give 7-allyloxy-3-phenyl
~4-hydroxycoumarin (L) o This was then methylated to 7-allyloxy-
=lt-methoxy-3-phenylcoumarin (LI) which on Claisen rearrangement
‘gaée three products, The ethereal solution on washing with
sodium bicarbonate solution yielded 8-ally1-h,7-d1hydroxyaj-
-phenylcoumarin (LII) on acidification, The ethereal solution
on washing with dilute sodium hydroxide :solution gave S-allyl-
«7=hydr oxy-t=methoxy-3~phenyl coumarin (LIII) and the ethereal
solution on evaporation gave an original allyloxy derivative

(LI), The products (LII and LIII), on eyclisation with cone,
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sulphuric acid gave the same product which was soluble in
sodium bicarbonate solution, and it was aésigned the structure
2,3~d1hydro-7-hydroxy~2-methyl~6b-phenyl=5=0xo~5H-furano(2, 3-h) -
~bengopyran (LIV), This was refluxed with palladised charcoal
(10 %) in diphenylether to give 7=-hydroxy-2-methyl-6-phenyl=-
w5=0x0=5H-furano(2,3=h)benzopyran (LV), Attempt to carry out
oxidative dehydrogenation with palladised charcoal and air

of (LIV) to furanocoumestan derivative according to the
procedure of Thomas Kappe et al.z? failed, only (LV) was
obtained,

NS T Ag R — C.OcHy—
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RN OH b‘f""’“‘.d‘g Hzc‘o - O K
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Synthesis of 7-hydroxy-2-methyl-6-(p=methoxyphenyl)=
‘-5-oxo-5H;rurano(2.3-h)bénzogygan

2, 4=Di hydroxy( p-methoxyphenyl Ybenzyl ketone (LVII)
was condensed with allyl‘bromide in the presence of potassium
carbonate to give W-zllyloxy-2-hydroxy({p-methx y-phenyl)benzyl
ketone (ILVIII) which was further reacted with ethyl carbonate
in the presence of pulverised sodium to give 7-allyloxy-l-
hydroxy=-3-(p-methoxyphenyl) coumarin (LIX), This was then:
methylated to 7=allyloxy-4-methoxy-3-(p-methoxyphenyl)e
coumarin (LX) with dimethyl sulphate, (IX) was subjected to
Claisen rearrangement by refluxing it with dimethylaniline,
Three products were obtained by separating chemically, The
etherealxébluttonmwaSwwashad successively with sodium
bicarbonate solution and dilute sodium hydroxidé solution,
Sodium bicarbonate solution on acidification gave 8-allyl-
-h,7—dihydroxya3-(p-methoxyphenylcbumarin (IXI) and sodium
hydroxide solution on acidification gave 8~allyl-7-hydroxy-i-
~me thoxy=3-( p-me thoxyphenyl)coumarin (LXII), The.ethereal
solution on evaporation gave unchanged (LX)} . (IXI and IXII)
were triturated with cone, sulpluric acid to give 2,3-dihydro-
-7—hydroxya26methy1-6—(p—methoxyphenyl);5-oxo—5ﬂkfufa?o(2,3~h)
benzopyran (IXIII), This.did not undergo dehydrogenation with
palladised charcoal (10 %) to give 7-hydroxy-2-methyl-6-
~(p-me thoxyphenyl ) £5a0x0~5H~fur ano(2, 3-h) benzopyran (LXIV),
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Synthesls of 219-dimethy1—5—hydroxya6—phggxl—?-oxo-?ﬁé
~furano( 3 s Z-g )benzopyran

Gondensation of Y-allyloxy-2-hydroxy-3-methyl-

phenylbenzyl ketonezz (LXV) with.@iethyl carbonate in the
presence of pulverised sodium gave 7=allyloxy=-8-methyl-3-
~-phenyl-4~hydroxycoumarin (LXVI), This was methylated %o its
4.methoxy derivative (LXViI). The Claisen rearrangement of
7-allyloxy~t-me thoXy~3-methyl-3-phenylcoumarin gave three
products, The separation was affected by treating tﬁé etpareal
solution of the mixture, first with sodium bicarbonate solution,
which on acidification ylelded 6-allyl-,7=-dihydroxy-8-methyl-
«3=phenyl coumarin (LXVIII) and second with sodium hydroxide
solution on acidification gave 6-allyl-7-hydroxy-8-methyl=3-
‘phenyl—h-methoxycoumarin (1XIX), The ethereal solution on
evaporation gave an unconverted (LXVII), (LXVIII and LXIX)
were then eyeclised with cone, sulphuric acid to give 2,9-di-
methy1-5-hydrOqué-phenyl;Z,3~dihydro-7—oxo—7ﬁ-fufano(3,2-5)-
benzopyran (LXX), This was then dehydrogenated in the presence
of palladised chareoal (10 %) by refluxing it with diphenyl-
ether to give 2,9-dimethyl=5=-hydroxy-6-phenyl-7=0xo~7t=1urano-
-(3,2=g)benzopyran_ (LKXI),

cocugf[:::::] W
i M‘;ﬁ

Cashonate

du Lz<._\z
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EXpERTMENTAL

7=Hydr oxy-2-me thyl-6-phenyl-5-0xo=5H-furano(2,3~h) benzopyran
(LV) : 2-Allyloxy-3-phenyl-“-hydroxycoumarin (L) :
k.411yloxy=-2-hydroxyphenylbenzyl ketone was

prepared by the allylation of 2,h—dihydroxyphen&lbenzyl ketone
according to the method of Dholakia and Trivediaz,

A solution of Y=allyloxy-2-hydroxyphenylbenzyl
ketone (2,0 g,) in diethyl carbonate (15 ml,) was added slowly
to the pulverised sodium (2,0 g,) and the mixture was heated
on a water bath for 12 hr, Alcohol was added to the mixture
to décompdse the unreacted sodium and the solution was added
to the crushed ice, The solution was filtered and the filtrate
on acldification gave a solid, 7-allyloxya3;phenyl-%—hydroxya
coumarin, cr}stallised from chloroform, m,p. 195°, Yield
- 2,0 g '

Analysis : Found C, 73.05 5 H, 4,93 %
C1gHyuOy requires : C, 73,47 5 H, 4,78 4%,

Methylation of 7-allyloxy-3-phenyl--hydroxycoumarin
7=Allyloxy-“-methoxy=-3=-phenylcoumarin (LI)

*

7-A11yloxy~3-phenyl-t-hydroxycoumarin (2,0 g,)
was refluxed with dimethyl sulphate (2 ml,) and anhydrous
potassium carbonate (6,0 g,) in dry acetone (50 ml.)‘on a
water bath for 3 hr, Acetone was removed by distillation and
the residue was diluted with water, The solid separated was
filtered and crystallised from benzene-petroleum ether mixture,



mnp. 85“860. Yield 200 g. .
Analysis ¢ Found s G, 73,52 j H, 6L %
CygHy 04  requires : C, 73,05 5 H, 5.19 %.

-

Llaisen rearrangement of Z-allzloxy-%-ﬁethoxy—3—g§enxlcougggin

8-411yl4,7-dihydroxy-3-phenylcoumarin (LII) : 8-allyl-7-
=hydroxy-4-methoxy-3-phenylcoumarin (LIII) =

7~A11yloxy-%-methaxy—3-pheny1coumarin (2.0 g,)
was refluxed with dimethylaniline (;5 mi,) for 6 hr, The
reaction mixture was added to the ice-cold dilute hydrochloric
acid solution, The whole solution was then extracted with
ether, The ethereal layer was first extracted with sodium
bicarbonate solution (3x100 ml,) which on acidification
with hydrochloric aecid gave a solid, 8«allyl-%,7-dihydroxy-
-3-phenylcoumarin, crystallised from methanol, m,p. 193°, -
Yield 0,06 g, R
Gy 73.69 3 H, 4.93 '%

CrgHyu0u requires : ¢, 73,47 5 H, 4,78 4.

Analysis : Found

The ethereal solﬁtion was washed‘with sodium
hydroxide solution which on acidification with hydrochloric
acid gave 8-allyl-7-hydroxy-4-methoxy-3~phenylcoumarin,
erystallised from aleohol, m,p. 191-2°, ' Yield 0,8 g,

Ik (mjol) : 3400 cm:' (hydroxyl group), 1680 cm:'
(carbonyl stretching frequency), 1610 cm:‘ {aromatic =C=Ca
stretching frequeney) and 910 cm:‘ ( >C=CHz stretching
frequency).,
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Analysis : Found. C, 74,22 5 H, 4,92 %
CygHy6Oy rTequires ¢ G, 74,02 5 H, 5,19 %,

[ 2]

A The ethereal solution on evaporation yielded
unchanged 7-allyloxy-l-methoxy-3-phenylcoumarin, The4compound
was characterised by its mixed m,p. with the orig;nal compound,
Cyclisation of 8-allyl-Y,7-dihydroxy-3-phenylcoumarin and_
8-allyl-7-hydroxy-l-methoxy-3-phenylcoumarin : Z-Hydroxy=
4-2-meggg}-é-pheny1-2i3~diggdro-f—axo-SH-furano(2.3:h1bengg:
pyran (LIV) ¢

8-411yl-%,7-dihydroxy-3-phenylcoumarin (0.5 g,)

was triturated with sulpburic acid (80 % ; 5 ml,) on a water
bath for 10 minmutes and the solution was poured into the
crushed ice, The solid separated was filtéred and purified
by dissolving in sodium bicarbonate solution, The filtrate:on
acidification- gave a solid, 7-hydr oxy-2-methyl-6-phenyl-2,3=-
31 hydro=5-0x0~5H-furano(2, 3-h)benzopyran, crystallised from
aqueous alcohol, m,p. 224-25°, Yield ‘0.2 g,

IR (nujol) ¢ 3300 cm. (hydroxyl group), 1660 cm.'
(carbonyl stretching frequeney) and 1620 cm, (aromatic
-U=Ca gtretching frequency),-
Analysis ¢+ Found s C, 71,80 3 H, 4,73 %
GygHyuOy,1/2 HoO  requires s G, 71,22 3 H, 4,95 %,

8=411yl~7~hydr oxy~t=me thoxy-3=-phenylcoumarin also
gave the same product (LIV), on treating it with sulphuriec
acid (80 %), The m.,p. and mixed m,p, with the above compound

remained the same, i.,e, 225°,
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7=Hydroxy-2-me thyl-6=~phenyl-5-0x0=-5H-furano(2,3~h) benzo-_
zpyzan (V) s
7-Hydroxy-2-methyl-6=phenyl-2, 3-d1ihydro=5-oxo~

~5H.furano(2,3-h)benzopyran (0.5 g.) was refluxed with
diphenylether (10 ml,) and palladised charcoal (10 % 5 0.3 g.)
for 10 hr, on a wire gauze, The solution was cooled and
petroleum ether was added after the removal of the catalyst.
The solid separated, 7-h3rdroxy-?.-methyl-é-—phenyl-é’-o:ﬁoaSH-;
furano(2,3-h) benzopyran, was erystallised from ethyl acetate~
petroleum efher mixture, m,p. 208°, Yield 0,2 8«

Analysis ¢ Found - 2 C, 73,50 3 H; 4,62 4%

CigHy20y  requires s C, 73,97 3 H, 4,19 4.

7=Hydr oxy=2-methylef-( p-me thax yphenyl) -5-0xo=5H-furano(2,3~h)=~

-bengopyran’ (LXIV) : 97-Allyloxy-3-(p-methoxyphenyl)-‘-

hydroxycoumarin (LIX) . s

| A solution of l+-;-a,1]‘.4y].mcy—é-:hydrox'y(15--2:19'q‘nm::y-;
phenyl)l;enzyl ‘ketonge (2.5.g.) in diethyl carbonate (15 ml,)
was added to the pulverised sodium (2,5 g.) and the mixture
was heated on a water bath for 12 hr, The mass was diluted
with aleohol and the solutioﬁ was poured into the ice-cold
water. The solution was filtered and the filtrate on
acldification with hydrochloric acid gave a solid, 7-allyloxy-
-3-(p-me€hoxyphenyl) -#-hydroxycoumarin, crystallised from ‘
alcohol, m.,p, 166-68°, Yield 2,0 g,
¢, 71.03 ;5 H, 4.89 %
¢, 70,40 3 H, 4,92 3,

[ 1]

Anglysis : Found

*»

Cy9H160g requires
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Methylation of 7-allyloxy-3-(p-methoxyphenyl)-4~hydroxy-

-coumarin ¢ 7¥Allxloxy-4-meggggyh3;§g~me£hoxg2§ggzl2g_

cgoumarin (1X) =

| 7-411yloxy-3~( p-methoxyphenyl)-t-~hydroxycoumarin
(2,0 g.) was refluxed with dimethyl sulphate (3 mi,) and
anhydrous potassium carbonate (6,0 g,) in dry acetone (50 ml,)
for 3 hr, on a water bath, The solid obtained after evaporation
of the solvent and subsequent dilution with water, was
érystallised from benzene—petfoleum ethef mixture, m.,p, 110°,
Yield 2.0 g. ‘
Analysis : Found : G, 71,46 3 H, 5,62 %

C20Hy1g05 requires : Cj 71}00 ;s Hy 5.32 %

e

Claisen rearrangement of 7-allyloxy-4-methoxy-3-(p-methoxy=-

-phenyl) coumarin : 8~A11y1-%,7—dihydroxy~3-(p-ﬁethogyphenyl)-

~coumarin (IXI) and B-Q;lz}-zahydroxybh-methoxy;3-(E;gethoxx:

=khenyl)coumarin (IXII) = -

7-Allyloxy-t-methcx y-3-( p-methox yphenyl) coumarin
(2,0 g.) was refluxed with dimethylan}line {15 m1,) for 6 hr,,
The mixture was then added to the dilute hydrochloric acid
solution and extracted with ether, The ethereal solution was
then extracted with sodium bicarbonate solution which on
acidification gave 8-allyl-l,7-dihydroxy-3-(p=-methoxyphenyl)--
~coumarin, crystallised from aqueous alecohol, which decomposes
at 184° and melts-at 210°, Yield O,k g,

IR {nmujol) : 3400 cm:‘~(hydioxy1 group), .1655 cm:'
(carbonyl stretching frequency) and 940 cﬁ:‘( 7 6=(la stretching

frequency),
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Analysis : Found : G, 71,03 5 H 5,26 %

CygHy1605 requires ¢ C, 70,40 3 H, 4,92 7%,

. (1]

The ethereal solution on extraction with sodium
hydroxide solution followed by its acidification gave 8-allyl-
~7=hydr oXy=4-me thoxy=-3-( p-methoxyphenyl) coumarin, crystallised
from aleohol, m,p. 207-8°, Yield 0,8 g,

IR (mujol) :_3460 cm:' (hydroxyl group) and
1665 cﬁ:‘ (carbonyl stretching frequency)., .

Analysis s Found : Cy 7147 5 Hy, 5.3% %
C20Hyg0s requires : C, 71,00 5 H, 5,32 4%,

The ethereal solution on evaporation gave unchanged
7-a11yloxy;h-methoxya3-(p-methoxyphenyi)coumarin. The compound
was cﬁaractegised,by its mixed m,p, with the original compound,

Cyclisation of 8-allyl-'+,7-dihydioxy-3-(p-methoXxyphenyl)-_

coumarin -and 8-2llyl-7-hydroxy-ltemethoxy-3=(p-methoxy=
=phenyl) coumarin 7—Hydroxya2-methyl~6-(p-hethoxvphsgy}l:
:g;B-dihlﬂro—5~OXO*SH-furanoiE.3-h)bqggggzggg (LXIII)

\ 8~-A11yl-t, 7-d1hydroxy-3-( p~methoxyphenyl) coumarin -
(0.5 g.) was triturated with sulpmric geid (5 ml.; 80 %) on
a water bath for 10 mimutes, The solution was then added to
the crushed ice and the solid separated was filtered, .
crystallised from ethyl acetate-petroleum ether mixture, m.p.
212°, Yield 0.2 g,

' Similarly, 8-a11yl-7—hydrox§~%—methoxy~3-(p-methoxy—
phenyl) coumarin (0,5 g,) was cyciised by triturating with
sulphuric acid (5 ml.; 80 %) and worked out as above, It gave
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7-hydroxy=-2-methyl-6-(p~methpxyphenyl)=2; 3=dihydro-5-oxo=
-SH-furano(2,3-h)benszyran, m,p, 210-11°, The mixed m.p.
did not depress with the product obtained as above,
Analysis ¢ Found : G, 68,77 3 H, 5.02 %
CyoHy¢05,1/2 H20 requires : ©, 68,46 3 H, 5,10 3%,

Attempted dehydrogenation of 7-hydroxy-2~methyl-&-(p=methoxy-
-phenyl)-5;oxo-5HA2,3—d1hydrofurano(2L3-h1ben20pyr§g

7=-Hydroxy-2-methyl-6=(p-methoxyphenyl) 5-oxo=-5H-furano(2,3=h)~

—benzopyran (LXIV)

A mixture of 7-hydroxy-2-methyl-é-(p-methoxyphenyl)~
2, 3~-d1 hydro-5=-oxo-5H-fur anof2;3-h) benzopyran (0.5 g,) and
palladiged charéoal (104 5 0,3 g.) in diphenylether (iS ml,)
was fef;uxed on a wire gauze for longer period. The reaction
mixture was filtered hot to remove the catalyst,‘The:mothgr
liquor on dilution with petroleum ether .gave the original

dihydro derivative which was characterised by its mixed m,p.
and TLC,

2 9=Dimethyle5~hydroxy=6-phenyl-7-oxo=7H~furanof 3;2-g) benzo~
=pyran . (LXXI) 7-A1;y;oxy-8-methx1~3~ghenyl;=’+-hzdroxy~

-coumgrin (LAVI) s

A solution of W-allyloxy-3~-methyl-2-hydroxyphenyl~
benzyl ketone (2,0 g,) in diethyl carbonate (1% ml,) was
carefully added to the pulverised sodium (2,5 g,) and the
whole mixture was heated on the water bath for 12 hr. Alcohol
was added to the reaction mixture to decompose the unreacted
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sodium and the solution was added to the ice-cold water, The

solution was filtered and the filtrate on'acidifi§ation

gave a s&lid, 7-a11yloxya8—methy1—3aphenyl-h-hydroxycoumarin,

erystallised from benzene-petroleum ether mixture , m.p.
212-14°,  Yield 2,0 g,

Analysis ¢ Found s G, 74,49 5 H, 5.66 %

Crglyg0u = requires 3 U; 7‘;.02 f H; 5.19 %,

-

Methylation of 7-allyloxy-8-methyl-3-phenyl-4-hydroxycoumarin :

7-A11yloxy-t=-methoxy-8-methyl-3-phenylcoumarin (LXVII) 3

7411y oxy~8~-me thyl-3~phenyl-t-hydr oxycoumarin

(2,0 g.) was refluxed with dimethyl sulphate (2 ml,) and

anhydrous potassium carbcnate.(é.olé.) in dry acetone (80 ml,)

on a water bath for 40 hr, The acetone was distilled off and
the residue was treated with water, The solid separated WyS

filtered and washed with water, The solid, 7-allyloxy-l-methoxy-

-8-methy143-phenylcoumarin, erystallised benzene-petroleum

ether mixture, m,p, 130-31°, Yield 1.8 g.

Analysis : Found G, 7,92 5 Hy 6,02 7

CangeOu» .feéuirésiz C,‘7H;534; H, 5.59 4.

Claisen rearrangement of 7-allyloxy-4-methoxy-8-methyl-3-
=phenylcoumsrin @ 6~A1;31-#,zpdihyﬁroxya8~meth¥1-3-Qhenx;-

coumarin (LXVIII) and 6-allyl-7-hydroxy-U-methoxy-8-methyl-

~3-phenylcoumarin (LXIX) s

7-A11 yloxy=t=methoxy=8~methyl~3-phenylcoumarin
(2,5 g,) was refluxed with dimethylaniline (15 ml,) for 6 nr,
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The reaction mixture was poured into the iée-éold hydrochloric
acid solution, The compound was extracted with ether and the
ethereal solution was first washed with sodium b;carbbnate
solution which on acidification with hydrochloric acid gave
6-allyl-k, 7-dihydroxy-8-methyl=-3-phenylcoumarin, crystallised
from benzene-petroleum ether mixture, m,p, 174-=76°, Yield
Ok g.

‘Anglysis s Found : G, 74.22 5 K, 5.6 %

Crofyely  requires : G, 74.02 3 H, 5.19 . %.

The ethereal solution was then washed with sodium
hydroxide solution which on acidification gave 6-allyl-7-
.hydroxyuh«methoxyh8~methy1~3—phepylcoumarin, crystallised
from benzene-petroleum ether mixture, m,p, 215-16°, Yield
0,6 g, ‘

Analysisi ¢ Found 2 C,‘74.h2 ; H, 5.80 %
C2oHy 804 requires s G, 74,53 3 H, 5.59 %.

]

The ether layer on evaporation gave unchanged
compound characterised by its mixed m.p., with the original

compound ,

Cyelisation of 6-gllyl-4,7-d1hydroxy-8=tiethyl-3-phenylcoumarin

and 6-allyl-7-hydroxy-l=methoxy-8-methyl-3-phenylcoumarin s
glg-ﬁimgthyl~5;hxdroxgwé-phenyl-Z,3:d1hydro—7—ox0-7H;furgnc-

=(342=g) benzopyran (LXX)

6-411yl-lt, 7-dihydr oxy-8~methyl-3-phenylcoumarin
(0,5 g.) on triturating with sulpmric acid (10 ml, ; 8% %)
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on a water bath for 10 minutes gave 2,9-dimethyl-5-hydroxy-
~-6-phenyl-2,3-dihydro-7~oxo-7H-furanol3,2-g) benzopyran,
crystallised Q from benzene, m,p, 214-15°, Yield 0.3 g,

| Similarly, 6-allyl-7-hydroxy-t-methoxy-8-methyl-
~3~phenylcoumarin (0,5 g.) was triturated with sulphurie
acid (10 ml, 5 8% %) on a water béth for 10 minutes, Ihe
mixture was then poured into the crushed ice and the product
separated was crystallised from benzene, m.,p. 213-14°, Yield
0.25 g. | ‘
Analysis @ Found ¢, 73.52 ; H, 5.67 %
CyoHy 604 requires ¢ C, 73,02 3 H, 5,29 4%,

-0

2,9-Dime thyl-5-hydroxy-6-phenyl=7-o0xo-7H-furano(3,2-g) -

~bengopyran (IXXI) s

2, 9~Dimethyl-5-hydroxy-6-phenyl-2,3-dihydro-7-
-oxo-7H-furano(3,2-g)benzopyran (0,5 g.) was refluxed with
diphenylether (10 ml.) and palladised gharcoal (10 % 3
0.3 g.,) for 10 hr, on a wire gauze, The catalyst was removed
by filteraticn and the filtrate on dilution with petroleunm
ether gave a soiid, 2,9—dimethyl-5tharoxy~6-phenyl-?-oxO-7H?
furano(3,2-g)benzopyran, crystallised from alcohol, m.p.
25, meld 02e
Analysis : Found

b L

(1]

©, 74,70 5 H, 4,66 %
C, 74,50 H Hg 4,57 %,

L L

CigHyuOu  requires
=

H
M Iy
qﬂj}f k\"
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CHAPTBH II

SuCTION III

SYNTHsSIS OF PYRANOFURANOGOUMANING:
AND DIFUK ANOGOUMARIN

THEORBTICAL

Furanocoumarins are of interest due to their .
valuable therapeutic properties and applicability in drugs,
Furanocoumarinsihéving furan ring fused with coumarin ring
is reviewed in Chapter I, a part of it in Section II of
the Chapter II and Chapter III,. ' |

Seshadri et al.' have synthesised few difurano-
coumarin derivatives, They have studied the Clgisen migration
of 5,7-dihydroxy-l=phenylcoumarin. and obtained bis-2'!a-methyl-
dihydrodiruranﬁi:k',S' ¢ 5,6 and W ,5" 7,5]-%—phenylcoumarin,

the structure of which 1s represented as follows :=-




04

{:‘“

4 Sanghvi and Trivedi*2 have also synthesised few
diﬁuranocoumarin derivatives, Y-Hydroxy-7-allyloxycoumarin

(I) on allylation with allyl bromide gave Y,7-diallyloxy-
coumarin (II), This was subjected to Claisen rearrangement

by refluxing it with dimethyleniline to give (III) which on
cyclisation with cone, sulphuric acid followed by
dehydrogenation with palladised charcoal (ié %) in diphenyl-
ether afforded 2,7—dimethy1—%—oxo—%ﬂ—d1fgrano(3,2—0 3 2',3'=h)~

benzopyran (IV),

Al b'rb’m‘\é);: )

\—\%:HC“\,‘C o

DMp




2

Pdlc

v

Similarly, they have synthesised 2,6,8-trimethyl-
S-oxo-UH-d1furano(3,2-c § 3',2'-g)benzopyran (V) and 2,9~
dime thyl-%-oxo~4H-difurano(3,2-¢ 3 3',2'~f)benzopyran (VI),

In the present work the synthesls of few pyrano-

" furanocoumarins and a difuranocoumarin is reported, The
following pyranofuranocoumarins and difuranocoumarin
derivatives are synthesised 21—

(1) 2,8,8-Trimethyl-4-oxo-ltH-furano(3,2-c)pyrano(2!,3'-h)~

benzopyran,

A




¢2) 2,8,8-Trimethyl-4-oxo~4H-furano(3,2~c)pyrano{3',2'-g)~
benzopyran, A o

(3) 2,6,8,8,~-Tetramethyl-l-oxo-4H-furano( 3,2~c)pyrano=-
-(3*,2'-g)benzopyran and \

(4) 2,3-Dihydro-t-oxo-4H-2,2,3,6,8-pentamethyldifurano-

-(3,2-c § 3',2'=g)benzopyran,

Synthesis of 2,8, 8~trimethyl-4-oxo-tH-furano{3,2-c)-

~pyrano(2! .3 -h) benzopyran

3,MQDihydr0-2,2-dimethy1—8—hydroxy-6-oxo-6H-
-pyrano(2,3-h)ben209&ran,(VII) (prepared as described in
Section I) was allylated with allyl bromide in the presence
of anhydrous potassium carbonate and acetone to give
8-a11yloxy-3, 4-d1hydro-2,2-d1imethyl-6-oxo-§H-pyrano(2,3-h)-
benzopyran (VIII), This on Claisen rearrangement by
refluxing it with dimethylaniline yielded 2,3,6,7-tetrahydro-
—2,8,8—trimethyl~%-ox5~hﬂ;furano(3,2-c)pyrano(2',3'-h)benzo-
pyran (IX), This could not be éehydrogenat@da either with
DDQ ar palladised charcoal (10 %) to 2,8,8-trimethyl-i-oxo-
-hH-furaho(3,2-c)pyranc(2',3i-h)benquyran X).

ﬂTo prepare (iC), 2% 2~dime thyl=-8=-hydr oxy=6-0x0~6H-
-pyrano(E’,3'-h)benzop&ran was allylated with allyl bromide
to 8-allyloxy-2,2-dimethyl-6-o0xo-6H-pyrano(2',3!-h)benzo-
pyran (XII), This on Claisen migration by‘refluxing it with
dimethylaniline gave 2,3-dihydro-2,8, 8~tr ime thyl-4-oxo-l+H-
-furano{3,2-¢)pyrano(2' ,3'-h)benzopyran (XIII)‘which could



or
~ BrCHacHzcH, ~
o o ° Ree vene o °
o v
it
Drevp
N

not be further dehydrogenated to (X). Wirh DOD& oy Pdle.

Ll R PAE R T 2.7

\4')‘(_()3

Acevone

X
|



208

DCHyEH=CH,

2-Hydroxy-4~prenyloxyacetophenone (XIV) was
condensed with diethyl carbonate in the presence of pulverised
sodium to give W-hydroxy-7-prenyloxycoumarin (XV), This was
allylated with allyl bromide to 4-allyloxy-7-prenyloXycoumarin
(XVI) which on Claisen rearrangement by refluxing with
'dimethylaniline gave 2,3-dihydro<2-methyl-7=-prenyloxy-4-oxo-
-4H-furano( 3,2-¢)benzopyran (XVII), The structure of (XVII)
was confirmed by its NMR spectrum in UDUl3 which showed
the signals at & 1,78, doublet, J=7Hz, methyl group atz
position-2 § 2,00, singlet, geminal dimethyl group; 3.295,
multiplet, methylene grqupeat;position-3 of furan ringj
4,80, doublet, J=8Hz, two protons of CH2=CH group; 5.40,
miltiplet, one proton at position-2; 5,65, multiplet, one
proton of bﬂé"CH group and 7,0047,70, multiplet, three
protons aromatic. This (XVII) on further migration with
dimethylaniline gave 2,3,6,7-tetrahydro-~2,8,8-trimethyl-t+-
~oxo-tH-furano(3,2-c)pyrano(2t,3' ~h) benzopyran (IX), This
could not be dehydrogenated to (X),
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Synthesis of 2,8,8—trigethyl—h—oxé-%H-furano(3.2-0):

1
’

=pyrano(3',2! -g)benzopyran

3,h~Dihydro-2 2-dlmﬁ??yl-é—gz?roxy-B-oxo—BH#

pyrano(3,2-g)benzopyran (XVIII) was allylated with allyl
bromide in the presence of ~gnhydrous potassium carbonate
in acetone to give 3,%-dihydro-2,2-dimethyl-6-allyloxy~8-oxo-
-8H-pyrano(3,2~-g)benzopyran {XIX), This on Claisen
rearrangement in dimethylaniline gave 2,3,9,10-tetrahydro-
‘ —2,8,8—trimethy1—huoxo-kﬁufurano(3,2-c)pyrano(3',2‘-g)-\
benzopyran (XX), This could not give the dehydrogenated
product (XXI), The NMR spectrum of {(XX) in CDCl3 showed
the following signals 3= \

41,50, singlet, geminal dimethyl group at position-8;
1,68, doublet, J=7H%, methyl group at pésition-Z; 1,98 and
2.98,‘tw0 triplets, two methylene groups af position~9 and
-105 3,35, doublet, methylene group at position-3; 5.35,
miltiplet, one proton at position-2 and 6.85 and 7.40, two
singlets, two protons aromatic at positions-6 and -11,(fig.%)

Ok ‘ 0 CH,CH=CH y

xXvil
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To synthesise the dehydrogenated product (XXI),
2,2-dimathyl—6—hydroxy-8-oxo-83-§yrano(3,2—g)benzopyfan (XX1I)
was first allylated with allyl bromide which gave an oily
product (XXIII) which on Clalsen migration gave an
unidentifiaﬁle oily product,
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Synthesis of 2,6,8.8~tetrﬁm§thy1—%-oxo-hﬁ-fugggg:

-(3,2-c)pyrano(3’ ,2' -g) benzopyran

3,hmDihydroaa,2,10-trimethyl-é-hydroxyaB-oxo—BH-pwmmw-
-(3,2-g)benzopyran (XXIV) (prepared according to the me thod
desceribed in Section I) was condensed with allyl bromide
in the presence of anhydrous potassium carbonate in acetone
to give 3,4-dihydro-2,2,10-trimethyl-é-allyloxy-_8-oxo-8i-
~pyrano(3,2-g)benzopyran (XXV), This on Claisen rearrangement
in dimethylaniline gave 2,3,9,10-tetrahydro-2,6,8,8~tetra-
~methyl-t-oxo-4H-furano( 3,2-c)pyrano{3',2' -g) benzopyran
(XXVI), The NMR spectrum in CDCl; showed the signalé at
61,38, singlet, geminal dimethyl group at position-8;
1,55, doublet, J=8Hz, methyl group at position-23 1.82 and
2,82, two ptriplets, J=7Hz, two methylene groups at positions-
-9 and =103 2.25, singlet, methyl group at position-6; 3.25,
multiplet, methylene group at position-3; 5.20, multiplet,
one proton at position-2- and 7,20, singlet, one proton
aromatic at position-11,(¢cg.3)

This (X¥XVI) on refluxing with DDQ in dry benzene
gave 9,10-dihydre-2,6,8,8-tetramethyl-t-oxo-4+H-furano(3,2-c)-
~pyrano(3',2'-g)benzopyran (XXVII), The NMR spectrum showed
the signals atd1,50, singlets, geminal dimethyl group at
position-85 1.90 and 2,98, two triplets, J=7Hz, two methylene
group at positions-9 and -10; 2,40, singlet, methyl group at
position-65 2,50, singlet, methyl group at position-2; 6.50,
singlet, one proton at position-3 and 7.35, singlet, one
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proton aromatic, (Fig.A ). (XXVII) on further refluxion
"with DDQ in dry benzene gave 2,6,8?8—tetramethyl-1+—-oxo-h~ﬁ-
furano(3,2-c¢)pyrano(3',2' -g)benzopyran (XXVIII), which showed
two doublets at & 5,45 and 6,55 having coupling constant
J=10Hz for %twei protonsat positions~9 and -10,

CGCH, BT,
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Synthesis of 2,3-dihydro-4-oxo-4H-2.2,3,6,8-pentamethyl -

i

=difurano(3,2=-c 3 3',2‘-glbengogyr§§

7-411yloxy-U=hydroxy-8-methyl coumarin (XXIX) was
prepared according to Dholakia and Trivedi3. This was
condensed with l-chloro-3-methyl-but-2-ene in‘the presence
of anhydrous potassium carbonate and potassium iodide in
acetone to give 7-allyloxy=-8~methyl-4-prenyloxycoumarin
(XXXy, This on boiling with dimethylaniline gave 2,3-dihydro-
-7=~31lyloxy-lreoxo-tH-2,2, 3, 6=tetrame thyl furano(3,2-¢) benzo~
-pyran (XXXI) and 2,3-dihydro-7-hydroxy-8-allyl-lt-oxo=ltH-
2,2,3,6=~tetramethyl furano(3,2~c)benzopyran (XXLII), The IR
speetrum of (XXXI) in nujol showed the bands at 1720 cm:'
(a-pyrone carbonyl stretching frequency), 1620 cm:‘(aromatic
C=C stretching frequency), 1280 cmj‘ ( >Cm0 stretching
frequency) and 900 cm:' (allylic YC=C stretching frequency),
The NMR spectrum in CDCl; showed the signals, at & 1,30,
doublet, J=8Hz, methyl group at position-33 1,38 and 1.42,
two singlets, geminal dimethyl group at position-2; 2,29,
singlet, methyl group at position~6;5 3,10, quartate, J=8Hz,
one proton at position-3; .55, doublet, two protons of
~CHz-CH= § 5,15-5.40, triplet, one proton of -CHz~CH=; 6,70
and 7.30, two doublets, J=9Hz, two protons arcmatic at
positions-8 and -9,(tig9.5)

The IR spectrum of (XXXII) showed the -bands at
3200 cm:‘ (broad), for hydroxyl group, 1695 cm:‘ for
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s-pyrone carbonyl stretching frequency, 1370 cm, for geminal
dimethyl group, 1270 cﬁj‘ for -C~0-C- stretching frequency
and 930 cﬁt‘ for allylic -0C=C- stretching frequency,
(XXX1I) was cyclised by heating with sulphuric
acid (8% %) to 2,3,8,9-tetrahydro-t-oxo-4i-2,2,3,6,8~penta~
methyldifurano(B,Z-c $ 3',2'-g)benzopyran (XXXIII) The IR
spectrum in nujol showed the bands at 1705 em, (a-gyrone
carbonyl stretching frequency) and §70 cm. (furan ring). The
NMR spectrum of (XXXIII) in CDCl3 showed the signals at & 1,30,
doublet, J=8Hz, methyl group at position-3; 1,48 and 1,50,
two singlets, geminal dimethyl group at position-2; 1,50,
doublet, methyl group at position-83 2,28, singlet, methyl
group at position-6y 2,75, quartate, one proton at position-3;
2.97-3,50, multiplet, two protons at position-9; 5,00,
quartate, one proton at positiog-8 and 7,30, one proton

aromatic at position-1l, ¢ ~(g.8)

QH3
~ Clenaus ¢ (g3 ~
Heo o oy ex He o — ~0
' C Rceione 3 o
CH CH
W C'R-B iy CH:‘)
T, r CH,
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(XXXIII) was further refluxed with DDQ in benzene
to give 2,3-dihydro-4-oxo-i-2,2,3,6,8-pentamethyldifurano-
(3,2-¢ : 3',2'~g)benzopyran (XXXIV), The NMR spectrum
showed a doublet at & 2,59, for a methyl group at position
-8 and a signal at & 5.05, as quartate, for one proton-at

position-9,
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Synthesis of 2,3-dihydro-lt-oxo-4-7-hydroxy-2,6-dimethyl- -

=8-prenylfuranoc{3,2-c) benzopyran

2,k-Dihydroxy-3-methylacetophenone {XXXV) was
prenylated with l-chloro-3-methyl-but-2-ene in the presence
of anhydrous potassium carbonate and potassium iodide to
Y-prenyl oxy-2-hydroxy-3-methylacetophenone (XXXVI), Thigs
was further condensed with diethyl carbonate in the presence
of pulverised sodium to give Y~hydroxy=-8-methyl-7-prenyloxy-
coumarin (XXXVII), This was refluxed with allyl bromide in
the presence ofi:anhydrous pptassium carbonate in acetone to
obtain 4=allyloxy-8-methyl-7-prenyloxycoumarin (XxXVIII), The
IR spectrum in nmujol showed the bands at 1700 cmtt(a—pyrone
carbonyl stretching frequency) and 920 em-.-t ( allylie C=C
stretehing frequency), This on refluxing with dimethylaniline
gave 2,3-dihydro-4-oxo-UH-7-hydroxy-2,6-dimethyl=-8-prenyl-
furano(3,2-c)benzopyran (XXXIX), The corresponding cyclised
or dehydrogenated product could not be obtained by the
usual methods, The NMR spectrum of (XXAIX) in CDC1l;3 showed
the signals at ¢ 1,50, doublet, methyl group at position-2;
1,60 and 1,70, two singlets, geminal dimethyl group; 2.40,
singlet, methyl group at positbon-6; 2,60-2,80, mltiplet,
methylene group at posifion~3 and two protons of -CHz-UH=
group; 5.20, triplet, (broad), two protons, -UHz=UH group
and -O0H group, 6,50, singlet, one proton at position-2 and

7.40, singlet, one proton aromatic at position-9, (£:9.3)
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EXPERIMENTAL

BBl U e O 8 22

2,8,8-Trimethyl-lt-oxo-ItH-furano(3,2-c)pyrano(2' ,3' -h) benzo=

pyran (X) & 8-Allyloxy-3,4-dihydro-2,2-dimethyl-6-oxo-
=68-pyrano(2,3-h) benzopyran (VIIL) =
3,%-Dihydro=2,2-dimethyl-8-hydroxy=&-oxo~6H~
pyrano(2,3-h)benzopyran (0,8 g.), anhydrous potassium
carbonate (2.0 g.} and allyl bromide (0,5 g.) were refluxed
in acetone (50 ml,) for 10 hr, The solvent was removed by
distillation and the residue was :diluted with water, The
vhole solution was then extracted with éthsr. A seml solid
mass was obtained on evagporating the ether which on passing
through alumina and eluting with benzene gave a solid,
8-allyloxy-3,4~dihydro-2,2-dimethyl-6~0x0~bl-pyrano(2,3~-h)-
benzopyran, crystallised from benzene~-petroleum ether, m,p,
150-51°, Yield O,% g,
Anglysis t¢ Found : G, 70,89 5 H, 6,65 %
CipHygOuw  requires :° Cy 71,32 5 H, 6,29 %,

Claisen migration of 8-allvloxy-3,4-dihydro-2,2-dimethyl-

=6-0x0-6H-pyrano(2,3~-h)benzopyran : 2,3,6,7-Tetrahydro-

20

=2,8,8=trimethyl -4-oxo=ttt-Ffurano(3,2=¢)pyrano(2* 3! -h) -

shenzopyran (1X)
§-Allyloxy-3,4-dihydro-2,2-dimethyl-6=-0x0~6H-
~-pyrano{2,3-h)benzopyran (0,3 g.) was refluxed with dimethyl-

aniline (5 ml,) for 2 hr, The solution was cooled and poured

into the dilute hydrochloric acid solution. The solid

op’
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separated was filtéred, washed with watgr and erystallised
from benzene-petroleum ether, as 2,3,6,7-tetrahydro-2,8,8~
~-trimethyl-4-oxo-4+H-furano(3,2-c)pyrano(2',3' -h)benzopyran,
m.p, 190°, Yield 0,15 g,

Analysis : Found : G, 70,88 3 H, 5,89 %

Ci7H1804  requires : C; 71.32 j H, 6,29 %,

{
2,3-Dihydro=2, 8, 8-trimethyl-t—oxo-4H-furano(3,2=-)pyrano=~

~{21,3'~h) benzopyran (XII) :

2 ,2-Dimethyl-B=hydroxy-E-oxo-6H~-pyrano(2' 3" ~h)-
benzopyran (0.5 g.) was refluxed with allyl bromide (0.3 g.)
and anhydrous potassium carbonate (1.5 g.,) in acetone (50 ml,)}
for 8 hr, The solvent was removed by distillation and the
residue was diluted with water, The product obtained was
directly refluxed with dimethylaniline (2 mi,) for 4 hr,
The reaction mixture was poured into the dilute hydrochlorie
acid solution, The solid obtained was filtered and washed
with dilute sodium hydroxide solution and crystallised from
benzene-petroleum ether mixture to give 2,3-dihydro-2,8,8s
-trime thyl-%-oxo-tH-furano(3,2-c)pyrano{2',3' ~h) benzopyran,
m,p. 140-42°, Yield - 0,20 g,
Analysis : Found : U, 71.33 5 Hy 6,22 %
CigHy 60w  reguires : ¢, 71,83 5 H, 5,463 %;

4-Hydroxy-7-prenyloxygoumarin (XV) s

2-Hydr oxy--prenyloxyacetophenone (5,0 g.),

dlethyl carbonate (20 ml,) and pulverised sodium (4,0 g.)
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were heated on a water bath for 12 hr, Alcohol (50 ml,) was
added to the reaction mixture to decompose the unreacted
sodium and the whole solution was added to the ice-cold
water, The solution was then extracted with ether and aqueous
solution on acidification with hydrochloriec acid gave a solid,
Y-hydroxy-7-prenyloxycoumarin, crystallised from aleohol,

m.p. 183-84°, Yield 0,3 g.

¢, 68,80 3 H, 5,71 %

CouHyuOy  requires : C, 68,30 § H, 5,79 3%,

.

Analysis ¢ Found

4-411yloxy-7-prenyloxycoumarin (XVI)

A mixture of Y-hydroxy-7-prenyloxycoumsrin (1,0 g,),
anhydrous potassium carbonate (3,0 g.) and allyl bromide

(0,5 g.) was refluxed in acetone (50 ml,) on a water bath

for 12 hr, The solvent was evaporated and water was added to

the residue, The whole solution was extracted with ether and

the residue obtained after the evaporation of ether,

crystallised from petroleum ether, as t-allyloxy-7-prenyloxy-

-coumarin, m,p. 80-2°, Yield 0,2 g.

Analysis ¢ Found : U, 71.25 ; Hy 6,29 4%

CipHygOun  requires : C, 71,32 3 H, 6,29 4%,

Claisen migration of 4-allyloxy-7-prenyloXycoumarin :

§¢3—Dihydro-2:gg§§zl~7~prenyloxyuh»g§gzkﬁ-furano(3,2;91;

-benzopyran (XVII)

4.Allyloxy~7-prenyloxycoumarin (0,15 g,) was

refluzxed with dimethylaniline (3 ml,) for 2 hr, The solution
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was added to the dilute hydrochloric acid solution and
the solid obtained was filtered and crystallised from benzene-
petroleum ether mixture to give 2,3~dihydro-2~methyl~7-prenyloxy-
“4-oxo-tH-furano(3,2~-c)benzopyran, m,p, 126-27°, Yield 0,05 ¢g.
Analysis : Found : C, 71,52 3§ H, 5.91 %
Cy9Hyg0y  requires : G, 71,32 § H, 6.29 %.

This on prolonged refluxion with dimethylaniline
gave 2,3,6,7-tetrahydro-2,8,8-trimethyl-4-oxo-4H-furano-
-(3,2~c)pyrano{2',3' -h)benzopyran, m.p. 188°. The mixed m,p.
of this compound did not depress with the compound prepared

earlier,

2,8, §-Trimeth;‘;}_:’+~o:{g:‘+ﬁufurano( 3;2=c)pyrano{3’ ,2'=g)~

X v

benzopyran (XLI) : 6$Allyloxy~3ihmdihydro—212-dimg§hxl;

~8~0x0=8H~pyrano(3,2-g)benzopyran (XIX) =

3,4-Dihydro-2,2-dimethyl-6-hydroxy=3a--oxo~3gH=
~-pyrano(3,2-g)benzopyran (0.8 g,), anhydrous potassium
carbonate (2.0 g,) and allyl bromide (0,5 g.) were refliuxed
in acetone (50 ml,) for 10 hr, The solvent was evaporated
and the water was added to the residue, The solution was
extracted with ether and the ether layer on evaporation
gave a residue which gave a solid on passing through alumina,
was crystallised from bengene-petroleum ether mixture to
give 6-allyloxy-3,W=dihydro-2,2-dimethyl-8-oxo=-8H~pyrano-~
(3,2-g)benzopyran, m,p. 140-42°, Yield 0,5 g.
H, 6,32 %
CipHygOy  requires ¢ C, 71,32 3 H, 6.29 4.

Analysis ¢ Found : ©, 71,77

e
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Glaisen migration of 6-allyloxy=-3,4-dihydro-2,2-dimethyl-

=8-0x0~8H-pyrano(3,2-g) benzopyran : 2,3,9,10-Tetrahyiro-

=2, 8,8-trimethyl-t-oxo-4H-furano(3,2-c)pyranol3! 2'-g)=_
benzopyran (XX) s

6-a11lyloxy-3,%=dihydro-~2,2-dime thyl-2-oxo=-8H~
pyrano(3,2-g)benzopyran (0,2 g,) was refluxed with dimethyl-
aniline (5 ml,) for 2 hr, The mixture was pouréd into dilute
hydrochlorie acid solution, The solid separated was filtered
and washed and crystallised from benzene-pefroleum’ether
mixture, m,p, 191=92°, Yield c.1 ¢,
H, 646 ¢

CipH1gOu  requires : U, 71,32 5 H, 6.29 %,

Analysis ¢ Found s Gy 71.41

L 2]

2,6,8,8-Tetramethyl-teoxo-UH-furano(3,2-c)pyranol3’ 2! -g) -
=bengopyran  (XXVIII) :  3,4-Dihydro-2,2,10-trimethyl-

=6=3llyloxy=-8-ox0=-8H-pyrano(3,2-g) benzopyran (XXV)

3,4~Dihydro-2,2,10-trimethyl-6=-hydroxy-8~oxo-8H~
~pyrano(3,2-g)benzopyran (1,0 g.), anhydrous potassium
carbonate {2,0 g,) and allyl bromide (0.5 g.) were refluxed
in acetone (50 ml.) on a water bath for 10 hr, The solvent
was removed by distillation and the residue was extracted
with ether, The ether layer was washed with water and the
residue, obtained after evaporation of the solvent, was,
crystallised from petroleum ether to give 3,4-dihydro-
2,2,10-trimethyl-6-allyloxy-8-oxo-8H-pyrano(3,2-g) benzopyran,
m.p. 171-72°, Yield 0,6 g,
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Analysis s Found
CygHa o0y requires : C, 72.00 3 H, 6,66 %,

C, 72,41 3 H 6,59 %

Claisen migration of 3il-dihyiro-2,2,10-trimethyl-¢-allyloxy:

Q-2 - I

-8-0x0-8H-pyrano(3,2-g)benzopyran :  2,3,9,10-Tetrahydro-

«2,6,8.8»te§game%bz}:&:ggg—%ﬁ:furano(312-c)pyrano(31&2'«g)—
benzopyran (XXVI) | |

3,4-Dihydro-2,2,10-trimethyl-6~allyloxy-8-oxo~GH-
~pyrano(3,2-g)benzopyran (0,5 g.) was refluxed with dimethyl-
aniline (5 ml,) for 2 hr, The solution was cooled and poured
into the dilute hydrochioric acid solution, The s0lid separated
was filtered and crystallised from bengzene-petroleum ether
mixture to give 2,3,9,10-tetrahydro~-2,6,8,8-tetramethyl-l-
_oxo~hH;furano(3,2-c)pyrano§3',2'~g)benzopyran, m,p, 140-42°,
Yield 0,3 g.

£ ]

dnzlysis : Found G, 72,36 5 H, 6,61 4
C1gHao0y  requires 3 U, 72,00 3 H, 6,66 4.

9,10-Dinydro-2,6,3,8-te tramsthylM-oxo-4H-furano(3,2-¢)~

zpyrane(3' 2l -g)benzopyran (XAVIL) =
2,3,9,10-Tetrahydro-2,6, 8, 8-tetramethyl -4-oxo~
~4H~furano(3,2=-c)pyrano(3!,2' -g)benzopyran (0,2 g,) was
refluxed in dry benzene with DDQ (0,2 g.) for 40 hr, The
801id separated was filtered hot and washed with hot benzene,
The filtrate was concentrated and the residue on ecolum
chromatography over silica gel gave a solid, 9,10-dihydro-

2,6,8,8-tetrame thyl=tt=oxo-4H-furano(3,2-c)-pyrano(3' 2'-g)~
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benzopyran crystallised from benzene-petroleum ether mixture,
m,p. 159~60°, Yield 0,15 g,

Analysis of this product did not agree with the
molecular formilae, but the structure was confirmed on the

basis of its BMR spectrum,

2,6,8,8=Tetramethyl-4-oxo-4H-furano(3,2~¢)pyranol3’ 2! =)~

=benzopyran (XXVIII)

$,10-Dihydro-2, 6,8, 8yte tramethyl-4-oxo-kil-furano-
-(3,2-¢)pyrano(3',2' ~g) benzopyran (0,1 g,) was refluxed
with DDQ (0,1 g.) in dry benzene (10 ml.) for 70 hr, The
solid separated was filtered hot and washed with benzene,
The filtrate was concentrated and the regidue was eluted
with benzene over the column of silica gel, The solid, 2,6,8,8-
-tetramethyl-4-oxo-tH-furano(3,2~-c)pyrano(3*,2' -g) benzopyran,
erystallised from benzene~petroleum ether mixture, m.,p. 177-78°,
Yjeld 0,03 g,
Analysis : Found : C, 72,6+ 3 H, 6,26 %
CygHy60n réquires 3 0; 72.§7 ;-H, 5;46 %.'

2,3-Dihydro-k-oxo-lH-2,2,3, 6, 8~pentame thyldifurano(3,2-c s

3'.2'=g)benzopyran (XXXIV) : 7-Allyloxy-8-methyl-4-prenyl-

—oxycoumarin (XXX)

4-Al1lyloxy=3=-methyl-2-hydroxyacetophenone (5,0 g.)
was heated on a water bath with diethyl carbonate (15 ml,)
and pulverised sodium (5,0 g.) for 10 hr, The mixture was
added to the cold water and the solution was filtered, The
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alkaline filtrate was acidified with dilute hydrochloric
acid to give 4-hydroxy-7-allyloxy-8-methylecoumarin (2,0 g.)
which was further refluxed with l-chloro-3-methyl-but-2-ene
(2 ml,), anhydrous potassium carbonate (6.0 g,) and potassium
iodide (1.0 g.) in acetone (50 ml,) on a water bath for 8 hr,
The solvent was removed by distillation and water was added
to the residue, The solid separated was filtered and
crystallised from benzene-petroleum ether mixture to glve
7-311yloxy-8-methyl-4-prenyloxycoumarin, m,p, 142-44°, Yield
1.0 g.

Analysis s Found s G, 72,16 3 H, 6,60 %

CygHz2004 requires : C, 72,00 3 H, 6,66 3%,

Llaisen migration of 7-allyloxy-S-methyl-b-prenylcoxycoumarin :
7-Allyloxy-2,3-dihydro-t-oxo-tH-2,2,3, 6=tetrame thyl furano-
-(3,2-c)benzopyran (XXXI) : and 8-allyl-2,3-dihydro-7=
hydroxy—%~oxo-hﬁ;252,3,6—tetramethylfurano(3,2-c)bénzopy:gg
(XXX1II) s

7-411yloxy-S8-me thyl-4-prenyloxycoumarin (0,8 g,)
was refluxed with dimethylaniline (5 ml,) for 3 hr, The
so;utiop was added to dilute hydrocﬁloric acid solufion and
extracted with ether, The ether layer was washed with dilute
sodium hydroxide solution which on acidification gave a solid,
8-allyl-7-hydroxy-2,3-dihydro-t-oxo-4+H-2,2,3, 6-tetramethyl-
furano(3,2-¢)benzopyran, crystallised from benzene-petroleum
ether mixture, m,p, 180-81°, Yield O.% g,
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H, 6.52 %
H, 6,66 %.

Analysis ¢ Found

C, 72,46

LY 1]

CygH200u requires : C, 72,00

L 1}

' The ether layer on evaporation gave a solid,
7-311yloxy=2, 3-d1hydr o-li-oxo-tH-2,2, 3, 6~te tramethyl furano-
-(3,2-c)benzopyran, crystallised from petroleum ether, m.p.
105-6°, Yield 0,1 g,

Analysis : Found : G, 72,11 3 H, 6,59 %
CygH2004 requires : C, 72,00 5 H, 6,66 %,

¥ L4

2.3t8,9—Tetr§hydro~¥~oxo—hH;2,2,3.6,8~pentamethyldifurano—

-(3,2-ci3' ,2'-g)benzopyran (XXXIII)

8-A11yl-7-hydroxy-2,3-d1hydro-t-oxo-4H~2,2,3, b~
tetramethylfurano(3,2~c)benzopyran‘ (0.3 g.j was heated with
sulphuric acid (8 % 5 5 ml,) on a water bath for 15 minutes,
The solution was added to the ¢old water and the solid’
separated was filtered and crystalliSed from benzene-petroleum
ether mixture to give 2,3,8 9»tetrahydro-%—oxo—hﬂ;2 2,3,6,8«
pentamethyldifurano(3,2-c : 3',2V-g)benzopyran, m.p. 188-89°,
Yield O, 2 2. '
Analysis : Found C, 72.43 5 H, 6,44 ¢
CygH200y Tequires : C, 72,00 3 H, 6,66 %,

L2

l3—Dihydro-h-oxo~hﬁ-2 2,3,6,8-pentamehhyldi furano(3,2=c 2

3'42' -g)benzopyran (ZXXIV) ¢

2,3,8,9-Tetrahydro-lt-oxo-4H-2,2,3,6,8~penta~
methyldifurano(3,2-¢ ¢ 3',2'=g)benzopyran (0,15 g,) was
refluxed with DDQ (0.15 g.) in dry :benzene (10 ml,) for 2% hr,
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The solution was filtered hot and the residue washed with
hot benzene., The solvent was evaporated and the residue was
chromatographad over silica gel, Elution with benzene gave a
product, 2;3-d1hydro—h-oxo~HH~2,2,3,6,8~pentamethy1difurano-
(3,2-c 3 3',2'=g)benzopyran, erystallised from benzene-
petroleum ether mixture, m.p. 182-83°, Yield 0,07 g.
Analysis : Found s C, 72,23 5 H, 5.85 %

CygHygOn rTequires : C, 72,48 3 H, 6,02 %,

2,3-Dihydro-ti-oxo-4H-7-hydroxy-2,6é-dimethyl-8-prenylfurano-

~£312‘c)ben302223n (XXXIX) 2 2~Hy§rg§yh3-methxl-kfggenzlogx:
-acetophenone (XXXVI) '

2,4-Dihydroxy-3-methylacetophenone (5.0 g.),
anhydrous potassium carbonate (15.0 g.), potassium iodide
(2.0 g.) and l-chloro~3-methyl-but-2-ene (6 ml,) were refluxed
in acetone (1C0 ml,) for 3 hr, on a water bath, The solvent |
was evaporated and the residue was diluted with water, The
solution was then extracted with ether, The ether layer on
evaporation gave a solid, 2-hydroxy-3-methyl-i-prenyloxy-
acetophenone, crystallised from petroleum ether, m.,p. 70%,
Yield 4.0 g,
Analysis ¢ Found : G, 70,86 3§ H, 7,70 %
CiuHyg03 requires : C, 70.59'; Hy, 7.56 %.

E:Hydroxyh8—methyl-?:grenyloxgcoumarin (XXXVII) =

2~Hydr oxy-3-methyl-t-prenyloxyace tophenone (4,0 g.)
was dissolved in diethyl carbonate (10 ml,) and the solution
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was added to the pulverised sodium (}+.0 g.). The whole
mixture was then heated on a water bath for 10 hr, The excess
of sodium was destroyed by the addition of alcohol (10 m1.,)
and the mixture was added to the cold water, The solution
was filtered and the filtrate, on acidification, gave a
soiid, hnhydrdxya8-msthy1-7nprenyloxycoumar1n, crystalliged

from ethyl s==fmacetate-petroleum ether mixture, m.p. 184-§6°,

Y{ield 4,0 g. '
E-Allz;ogz-s-methg;-zagregxioxgcoumarin (RXVIIT) =

a ﬁixtﬁre of Y=hydroxy-8-methyl-7-prenyloxy=-

coumarin (2,0 g,), anhydrous potassium carbonate (5.0 g.) and

allyl bromide (1,5 ml,) in acetone (100 ml,) was refluxed on
a water bath for 6 hr, The solvent was evaporated and water
was added to the residue, The solid separated was filtered
and erystallised from“benzene-petrdléum ether mixture to
give Y=allyloxy-8-methyl-7-prenyloxycoumarin, m,p. 146-48°,
Yield 1.5 g.
Anzlysis : Found

C, 72,21 ; H, 6,59 %
CygH200y Tequires : C, 72,00 3 H, 6,66 %.

Claisen migration of Y-allyloxy-S-methyl-7-prenyloxycoumarin
2l3-D1hzdro—h~oxo-hﬂ-z:hydrox1»2.6-dimethgl-S—prenglfurano~

-(3,2~c)benzopyran (XXXIX)

4-411yloxy~-8-methyl-7=-prenyloxycoumarin (1.0 g.)
was refluxed with dimethylaniline {10 ml,) for 6 hr, The
solution was added to the dilute hydrochloric acid solution
and the whole solution was extracted with ether, The ethereal

<o



layer was first extracted with sodium bicarbonate solution
(10 %)which on acidification gave a trace of Yhydroxy-
coumarin derivative, It was again washed with'dilute sodium
hydroxide solution which on acidification gave a solid,
2,é—dihydro~h~oxo~kﬁu7-hydroxyaz,6~dimethy1~8-prenyifurano-
-(3,2-c)benzopyran, crystallised from benzene~petroleum ether
mixture, m.p. 189-90°, Yield O.% g.

Anglysis ¢ Found : C, 72,33 5 H, 6,35 %

CygHeoOw  requires s C, 72,00 3 H, 6,66 %.

The ethereal solution on evaporation gave t=allyloxy-

-8=methyl=7~prenyloxycoumarin,
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