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GENBRAL INTRODUCTION

Coumarins or benzo-c-pyrones, are among the
compounds most abundantly occurring in nature, either in
free state or in combined state, Some of them are
pharmacologlcally actlve anticoagulants, rodenticides and
insecticides, Coumarin (I) is a sweet smelling constituent
of white clover and is found in a large variety of plants,
Umbelliferon (II), Scopoletin (III), desculetin (IV),Ayapin
(V), Fraxetin (VI) gnd Daphnetin (VII) are the simple

coumarins occurring in nature,
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Among naturally occurring compounds, most of the
derivatives of benzo~-c-pyrones, a number of them are
essentially non-terpenoid but have isoprene‘units present
in them, The majority are components of higher plants and
very few are metabolic products, Their wide distribution
has been noticed earlier "2. L,Crombie and co—workers3have
1solated four' different Y-alkylated coumarin derivatives,
Mammea B/BA (VIII), Mammea B/BB (IX), Mammea B/BC (X) and
Mammea C/BB (XI) from the seeds of the inseeticidé bearing
plant Mammea Americana L, (Guttiferea),
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Structures of these coumarin derivatives have
heen assigned by the spectx:al data,

Govindachari, Pal and co-worker su isolated
Yalkylcoumarin derivative, ferruol-A, from the trunk-bark
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of Mesua ferrea L, Structure of (XII) was established on

the basis of IRk, UV and NMB spectra and also by degradaticn

methods,
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Chromenocoumarin derivatives are also « naturally
occurring coumarin derivatives group, The first member of
this group }to be isolated was Xanthoxyletin (XIII) from
Zanthoxylum Americannum D,M1115. Xanthyletin (XIV),
Alloxanthoxyletin (XV), Seselin (XVI) and Iuvangetin (XVII)

i

are the examples of 2,2-dimethylchromenocoumarin derivatives,




A new group of lsoprenylated Y4-hydroxy-3-phenyl-
coumarins among the naturally occurring isoflavonoids, have
been reported by Pelter and S?ta,inton6. Scandenin (XVIII),
Lochoecarpic acid (XIX) and Robustic aeid (XX) are the
examples of this group, niainly isclated from the spacies of

Derris,
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Yet, an another group of interesting naturally

798
occurring coumarin derivatives are the furanccoumarins .

They are active as fish poisons. and insecticides, Plants
of Hutageae and Umbelliferae families are the prineiple
sources of the many naturally occurring members of t his
group, Psoralene (XXI), Angeliecin (KII); Bergaptan (XXIII),
Xanthotoxin (XXIV), Pimpinellin (XXV), Isopimpinellin (XXVI)

and Oreoselone (XXVII) are a few mgmbers of this group,
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Murray et al.9 isolated dihydrofurano compounds
in the group of coumarins, e.g, Nieshoutol (XXVIIIa) and
Nieshoutin (XXVIIIb) from the African sneez-wood, Ptaeroxylon
obliguum, Irrie and eo—workersw' isolated similar type
of dihydrofuranocoumarin derivative from rhizomes of
G, _Palmatum, e,g. Glaupalol (XXIX),

X XN
(a) R=uHy Ry=0CH;
(b) K=0CH33 Ry="H



The interest in coumarin derivatives has
considerably increased in recent years because of the
discovery of thelr varied biochemical properties, industrial
uses and analytical applications,

Many natural coumarins affect the living cells
of plants and animals in various ways. Bose" has revieyed
the biochemical properties of natural coumarins,

Link et al,  discovered that the haemorrahagic
principle of t he spoiled sweet clover was 3,3'-methylene-
~bis(4=hydroxycoumarin), also known as dicoumarol, This has
led to the preparation and testing of several 4-hydroxy-
coumarin derivatives as anticoagulant drugs and a number of
very . effective drugs of t his group, such as, warfarin,
tromexsn, coumachlor and marcoumar are on the market, It is
interesting to note that some simple coumarins have the
opposite effect, Herniarin and ayapin have been found to
possess remarkable haemostatic property and are active both
in vitro and vivo‘sf.

Novobiocinm,an antibiotic, i1solated from
streptomycesi SPey has been found to::g coumarin derivative
having the structure (XXX), Tﬁe antibacterial spectrum of
this antibiotic corresponds generally with that of penicillin
and erythromyein,but in vitro,is 1less potent than penicillin
and erythromyein,
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Kawaguchl and co-workers have obtained a new

coumarin derivative; an antibiotic coumermyein, from the
filtrate (pH 5) residue of the fermentation beers of

étregtomxces rigyiriénsgg héving the structure (XXXI),
Coumermyein A, inhibits the growth of gram

positive, gram negative and acid fast bacteria and against

staphyloéocai. It is about 30 times more potent than novobiocin,
Callophyiloid, a naturally occurring Y4-phenyl-

coumarin isolated from Callophyllum inophyllum (XXXII),
. 16
was found to have anticoagulant activity in rabbits

There are number of methods available for the
synthesis of coumarin derivatives, These have been reviewed

8 .17
by Sethna and Shah and Wawzonek .,
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The coumarin derivatives have also been subjected -
- A 18=21
to various substitution reactions such as chlorination ’
22-30 . 31~32 33
bromination s iodination .9 chloromethylation |,
2642893437 ' 27438=42

nitration y Fries and Friedel-crafts,feactions ’
formylationns-us, sulphonation26’“8’h9 and other reactions,

The present work deals with the isoprenylated
coumarins having an isoprenyl unit, which may be attached
elther to oxygen or to carbon or c¢yclised as a neighbouring
hydroxyl groups forming a furan ring or a chromene ring,

Chapter I deals with the studies in the synthesis
of some 5=0x0-5H-2, 2-dimethylpyranc(3,2-¢)benzopyran derivatives,
furanocoumarins formed by an abnormal Clalsen rearrangement and
some other furanocoumarin derivatives, starting with different
h-hydroxycoumarins,

Chapter Il deals with the synthesis of some pyrano-



=Coumestan derivatives, furanocoumarins and’pyranéfnrano-
coumarins and difuranocoumarin.: derivatives,

In Chapter III, different 3-hydroxycoumarins are
condeﬁsed with different isoprenylating reagents giving
furanocoumarin derivatives or acyeclic 1soprénylated coumarin

derivatives,



l.

5(a). -

(b,

7e
9(a)
®

10,

11,
12,

13

REFERENCES

T,A.Geﬁ.ssman and E Hinreiner,, Bot, “e"’-, 18,

77 (1952),

R ,Robinson, The Structural Helations of Natural
Products, Clarendon fress,, Oxford (195%).
L,Crombie, D,E,Games and A MeCormick,, Tetrahedron
Lett., 2, 151 (1966),

T R,Govindachari, B,R,rai, P.S.Subramaniam, UBamdas
Hao and N.Muthukumarswamy., Tetrahedron., 23,, 367
(1958) .

Staples., Am, J, Pharm., 163 (1829).

Gordin,, J, Amer, Chem, Soc,, 28, 1649 (1906),
A,Pelter and P,Stainton,, Tetrahedron Lett,, 19,
1209 (196W).

k. Spath,, Ber,, 470, 83 (1937).

§.Sethna and N.M,Shah,, Chem, Hev., 36, 1 (1945),
/.0, HMarray and M.M.éallantyne., Tetrahedrbn.,
26, W73 (1970),

MM,Ballantyne, P, H,McCabe and R D, H,Marray,,
Tetrahedron,, 27, 871 (1971),

H,1Irrie, K. Kinoshita, H,Mizutani, K,Takanashi,
5,0ye0 and K,Yamamoto,, Yak, Zasshi,, Japan.,

88 _(3), 627 (1968) 3 C.A,, 70, 3741y (1968),

P K. Bose,, J,Indian Chem,Soc,, 39, 367 (1958).
K.P link and co-workers,, J. Biol, Chem., 138,

21 (1941). ' |



13,

14,

15.

16,
17,
18.
19,
20,
21,
22,

23,
2k,

25,
26,

27.

14

Y K. ,Bose et al,, &nn, Biochem, Exprl, Med.,

1, 311 (1941).
E,AKaczka et al,, J.,imer,Chem,Soc,, 78, 4125

© (1956).

H Kawaguehi, ﬁ.Tshkiura, M,0kanishi, T ,Miyaki,
T,0hmori, K.Fujisawa and H/Koshiyama,, J.Antiblotiecs
(Tokyo), Ser, 4., 18 (1), 1 (1965) (kng.),
R,B,Arora and C.N.Matfmr., Br. J-,‘Phéﬂirmu 20,
29 (1963). 4

Sﬁ'Wawzonek., Heterocyclic Compounds.,\Edited by
Elderfield (Wiley), Vol, II, p, 181 (1951),

W, H,Perkin,, J.Chem,Soc,, 24, 37 (1871),
H,Lindemann,, Ann,, 53, 404 (1914).

TR ,Seshadri and co-workers,, «'Ti.Sc;l.Ind.ﬁes.(India).,
11 B, 50 (1952). "
C.,Mentzer and P,Meunier,, Compt, rend,, 225,

1329 (1947).

H,Simonis and G,Wenzel,, Ber., "33, ¥21 (1900),
Read and Reid,, “J.Chem,Soc,, 745 (1928),

VI, Dalvi and S.Sethna,, J. Indian- Chen, éoc.,
26, 359, 467 (1949),

K,Fries andi M,Nohren,, Ber,, .5.§....§.a 1027 (1925),
C,F,Huebner and K.P Link,, J,Amer,Chem,Soc., 67,
99 (1945), |
K,N,Trivedi and S.,Sethna,, J.0rg,Chem,, 25,

1817 (1960),



28,

29.

30,

31,

32.

33.

35.

36,
37.
38.
3%

40,
41,

42,

’

B,B.,Dey and V,i Kutti,, Proe, Natl, Inst, Sei,,
India., 6_4, 641 (194%0),

S.Sethna et al,, J.Indian Chem,Soc.,,. 30

610 (1953). |

S,8,Lele and SS.Séthna.*, J.Seci,Ind Res, (India).,
14+ B, 101 (1955). |

S.S,Lele and S,Setma., J. Org, Chem., 23, 1731
(1958) ,

5.5,lele, M,G,Patel and S.Sethna,, J,Indian Chem,

Soc., 37, 775 (1960).

5,8,Lele, N,G,Sawant and S,S8ethna,, J,0rg,Chen,,
gj,‘ 1713 (1960) 5 J,Indian Chem,Soc,, 38, 975
(1961), - o

Pechmann and Obermiller,, Ber,, 3}_1», 366 (1901),
N,B,Parekh and R.C,Shah,, J.Indian Chen,Soc,,

19, 335 (1942),

W, Borsche,, Ber,, 85, 198 (1952),

N,M,5hah and G,S,Newada., Ber., 89, 2209 (1956),
D,B,Limaye,, . Ber., 375 (1932)3 67, 12 (193%4).
N,M,Shah and R,C.Shah,, J.Chem.soc;., 228; 1424

(1938) 3 1250 (1939),

V.M, Thakor,, OCurrent Sci, India,, 20, 234% (1951),
R.,J.Parikh and V,M,Thakor,, J, Indian Chem, Soc,,
31, 137 (1954), '

‘A, Robertson and co-workers,, J, Chem, Soc,,

903 (1950),



45.

46,

47.

L8,

%9,

16

RN ,Sen and D,Chakravarti,, J. Amer, Cpem,ﬁoc, .

50, 2428 (1928),
E,.Spath and M,Pailer,, J, Chem, Soc., 1987 (1932);
1305 (193w, '

. SRangaswami and T K Seshadri,, Proc, Indian .

Acad, Seci., 6_4, - 112 (1937).

V.D,Sastrl et al., Proc, Indian Acad, Sci.,

37 4, 681 (1953).

R M Naik and V.M, Thakor,, J.0rg.Chem., 22, 1626
(1957) 5 22, 1630 (1957). ,

R,N,Sen and D,Chakravarti,, J. Indian Chem, Soc.,
5, 433 (1928),

J R Merchant and K,C,Shah,, J, Indian Chem, Soc.,

3%, 35 (1957) 5 34, 45 (1957).



CHAPTER T

PRENYLATION OF h»H@ROXYCOUMABII\E




17

CHAPTER I

I T il

PRENYLATION OF 4. HYDR OXYCOUMAR I N&&

THEORBTICAL

Among natural products, a number of compounds are
essentially non-terpencid but have isoprene units present in
them, Such compounds belong to diverse molecular type, The
majority are components of higher plants, a few, however,
are mould metabolic products, Their wide distribution has
earlier been described by Geissmann‘ and Robinson?. Most
of them are derivatives of benzopyrones, though there are
number of examples which are derivatives of benzene,

naphthalene and also of quinoline, Some of them are represented

below :=-
¥ i
on < en,CR=¢ (C::B - oH o
nH G ) metenet "’*33
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About ninety coumarlns or benzo-u-pyrones
compose one of the most 1mportant group of natural produc%ss.
Majority of them are derived fr?m plants, especially
Leguminosae, Orchidaceae, Rutaceae and Umbelliferae, the
other coming from animals or micro—organiéms. Among the
coumarins, many are with isoprenoid chains of one, two or
three isoprene units. The 1so§fene unit may be linked to an
oXygen atom.forming an ether, or to a nmuclear carbon of the
main skeleton, The unit has been encountered in several
modifications differing in state of oxidation and also
involved in ring formation by combination with an adjaeént
hydroxyl, Few examples of such isoprenoids are Suberosin (I),
S-Gerany1-7-methoxyeouﬁarin (1I), Seselin (III), Nieshoutin
(v, |

. o, o
0 CH,y eH = c-aan ez el vy
N
Ho = o H;c 4 o0
T T
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The first-merdber to be isolated was Xanthoxyletin
(V) from Xanthoxylum Americannum Mill6. Subsequently one
of the angular isomerides, alloxanthoxyletin? (VI) and the
parent member of the series, Xénthyletine (VII), were
isolated from the same source, Gordinsa found that the
xanthoxyletin (V) contailns a methoxyl group but no hydroxyl
or keto graup.' The complete structure has been established
by Robertson and his eolleaguesg’w. Xanthyletin (VII) has
been synthesisediby Sipath" in low yield by the condensation
of 2-methylebut~3-yne-2-ol (IX) with 7=hydroxycoumarin
(umbelliferon) (VIII), '

0CYg
= ~
2o
e ]
2 L
AN cH,
+ H’sc——c(‘:—- C ey
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Seshadri and Au.s*t::ln'2 treated sodium salt of
umbelliferon (VIII) with ¥,Y-dimethylallyl bromide, The
neutral fraction yielded two compounds, one is dihydroseselin
(X) and dihydroxanthyletin (XI), Dehydrogenation of these
compounds with DDQ, according to Gardillots, yielded seselin
(III) and xanthyletin (VII),

H,e
N A K \Ic. T e~ CH, BF
Hf'
RO o ~O
<L Nob™Me
Me OR

R
Seshadri et al, also synthesised 2,2-dimethyl-

chromanocauiarins by theﬂeondensation1of§hpmethylumbelliferon
(XII) and 4-phenylumbelliferon (XIV) with 3-chloro-3-methyl-
~but-l-yne (XIII), according to the method of Hlubuck et alis:
The resultaht propargylether was rearranged by.boiling with
dimethylaniline according to the Claisen method, giving

chromenocoumarins (XVa and XVb),
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Seselin (III) occurs in Seseli indicum

Wight and Skimmia_ Japonica thunb, Seselin has been

synthesised by the condensation of umbelliferon and 2-

18 . -
methyl-but-3-yne-2-0l, Iuvangetin (XVI) occurs in the
fruits of Luvanga Scandens Hami alongwith isopimpinellin,

; e
xanthotoxin and xanthyletin, Spath and Schmid = synthesised

luvangetin (XVI) by methylating pyrogallol (XVII) to

2-methylether of pyrogallol (XVIII) and converting it by the

application of Gattermann reaction to an aldehyde (XIX),

21

This aldehyde was cyclised to f orm 8-methoxyumbelliferon (XX)



by Perkin reaction, This 8—methoxyumbe11iferon was reacted

with 2-methyl-but-3~yne-2-01 to give luvangetin (XVI) in

very low yleld,

MQ‘HAv‘cJ‘"‘Q“\‘ >
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Hecently Pelter and Stainton discovered a

group of W-hydroxy-3-phenylcoumarins among the naturally
occurring isoflavonolds in nature, Séven of the eight
natural ones possess isoprene units either in the acylic

or heterocyclic form or both, They have been isolated mainly

, 21422 . 23=25
from two species of Derris « The roots of D,Scandens



contain seandenin (XXI), lonchocarpic aeid (XXII) and
lonchocarpenin, vhereas those of 2£§9§g§3323’26’27 yielded
robustie acld (XXIII), methylrobustate, robustin and

Yt .O-methylrobustin, In nature, isoprenylation may occur at

coumgrin ring stage or before the formation of coumarin ring,

XXM

28
Clarke isolated seandenin from Egggig

together with lonchocarpic acid.\Subbé Rao and Seshadrizg,
also isolated scandenin from an Indian specles of D.Scandens
but were unable to extract lonchocarpic aecid,

Kao and Seshadri3o isolated robustic aeid
together with-robustenip, Johnson and Pelteras proved the



structure of robustic acid by mass speetral data and
chemical degradation, | |

Jomson et al. > obtained dichromans in the
condensation of 4,5,7=trihydroxycoumarin with prenyl
bromide in the presence pf borontrifluoride etherate in
diglyme, Jain and Jain?‘ condensed 3-phenyl='t,5,7=tri-
hydroxycoumarin (XXIV) with prenyl bromide in the presence
of methanolic sodium methoxide, which ultimately afforded
two solid compounds, one was tetraprenyl derivative (XXV)
and the second was the triprenyl derivative (XXVI), They
confirmed the structures of these compounds by spectral
data,

HO




: 2
Seshadri et al.3 isolated selinidin (XXVII)

from the roots of Selimm Vaginatum, as a glucoside, They

synthesised the same by the cyclisation of 8-prenyl-7-

32=34
hydroxycoumarin with perbenzoic acid .
AV
R = angelate
FURANOCQUMARINS ¢
N 35936
The furanocoumarins are fish polsons and

insecticides, Plants of the Kutacese and Umbelliferae

families are the principle source of the many naturally
occurring members of this group, Eight isomeric linear
and angular furanocoumarins are theoretically possible,
but only two of them have been found to occur in nature,
The two catagories are : Furano(3,2-g)benzopyran-2-one,
psoralene derivative (F) and Furano(2,3-h)benzopyran=-2-

one, angelicin derivative (G),
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Spathés in his review of naturally occurring
coumarins, enumerated compounds having Cs units and
the furanocoumarins,

Furanocoumarins of type of (A) are discussed
in Chapter III,

Furanocoumarins of type (B) have been
synthesised by Dholakia and Trivedi 6. Pechmann condensation |
of h—hydrogycoumarin.with malic acid yielded 2,5-dioxo-2H,
5H—pyrano(3,2-c)benzopyran_(XXYIII) wvhich on bromination
gave 3-bromo derivative. This on hydrolysis with 10 %
sodium carbonate soluéion and subsequent decarboxylation
with copper and quinoline yielded H-oxo-hﬂ;furano(3,2~c)-
benzopyran (XXIX),

OH
AN ROCH
cbh-kzsoh
—
oS0 Cweoon
6’3;
a l caok
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Similarly, 3-methyl-%-oxo-4H-furano(3,2-c)=-
benzopyran (XXX3) and 3-phenyl-%-oxo-“+H-furano(3,2-¢)-
benzopyran (XXXb) were synthesised, Here the acid obtained
after the hydrolysis,ofA3-bromo derivative by 10 % sodium
carbonate solution was cyclised by Fefluxing with hydroéhloric
acid, Usgaonka; and Patel37 also synthesised this by the
hydrolysis of 3-bromo derivative with aleoholle potassium
hydroxide and decarboxylating the produet by directly
heating in a metal bath at 300°,

XX
- (a) R = CH3
(b) R = CgHy



They have also synthesised é-methyl-h—oxo-hﬂu
furano(3,2-c) benzopyran (XXXI), Y=-Hydroxycoumarin on
allylation with allyl bromide gave 4~allyloxycoumarin
(XXXII) which on Claisen migration gave 2,3~-dihydrofuranc-
(3,2-c)benzopyran (XXX111), Dehydrogenation of'bhis was
carried out by palladised charecoal (10 %) to give 2-methyl-
Y-oxo=ltH-furano(3,2~c)benzopyran (XX£I), ‘

ow OQM, CR =ity
N Rayeu,en —en, AN
)

gt K-;Co%‘ Beetone S,y
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Furanocoumarins of this type are also a part of

this thesis and so they~;re discussed later on,



Puranocoumarins of type~ (TC) have been synthe,sised:
by several workers, Limaye and- S’ré.these subjected &hydroxy-']-
-acetyl-:;,-methylcoumaron (XXXIV) to Kostanecki-Robinson
acetylation and obtained 3,9-dimethyl-7-oxo-7H-furano(2,3-f)-
benzopyran (XXXV) in poor yield alongwith 3,7-dimethyl=9=-
-0X0=9H~furano(2,3-f) benzopyran (XXXVI)

|

Z‘zs;SQ?f

‘ Shah and Sih.ah':l9 and Chudgar and Sihahuo synthesised
3=-alkylfuranocoumarins, Salvi and S,e‘c.hnmM synthesised this
type of furanocoumarins starting from benzofuran derivative,
ﬁethyl—é—hydroxy—3-methylcouma.rila.te (XXXVII) on reaction
with hexamine gave the 7-formyl derivative (XXXVIII) which
on Perkin acetylation gave 2«carbmethoxy-3-methyl=7=0x0=~7H=-
furano(2,3-f)benzopyran (XXXIX),

30
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Trivedi and Sethna made a new approach in

synthesising 3~alky1furanocoumérins of this type,

Kaufmann et .ﬁl,.m3 developed a new synthetic
route for the furanocoumarins of type (D), They subjected
o-hydroxyallylcoumarin to acetyl#tion followed by
bromination and subsequen# cyclisation to get this type
of furanocoumarins, They also condensed o-hydroxyformyl-
coumarins with methylbromoacetate followed by hydrolysis
and subsequent cyclisation with pértial decarboxylation to
get furanocoumarins,

Salvi and Sbthnauw synthesised this type of
furgnocoumarins by first formylating the hydroxybenzofurans

and then subjecting them to Perkin or Knoevenagel reaction,

31
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3é
Dholakia and Trivedi have also synthesised
Y hydr oxy=2~me thyl-6-0xo=6H~fur ano( 3,2-F) benzopyran (XL),

Furanocoumarins of type~ (E)} are also @ -
reported by Kaufmann et al.ua. .

- Pscralene or linear furanocoumarinsof type (F)
and the angular furanocoumarins of type (G) are a subject
matter of Chapter II and so it is discussed therein,

Furanocoumarins of type (H)wefe synthesised by
Kaufmann and Russey“ « They carried out the Claisen
rearrangement of 8-allyloxycoumarin (iLI) and obtained
7-allyl-8=hydroxycoumarin (XLII) which on acetylation and
subsequent bromination gave a dibromo derivative (XLIII),
This dibromc derivative was further ireated with sodium
ethoxide in absolute ethanol to give’2-‘methy1-8-oxo-8H-
furano(3,2-h)benzopyran(2t ~-methylfurano-4',5' ,7,8~coumarin)
(x11V) , - o |
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Mehta and Sethna also prepared 3-methyl-8-
-oxo-8H-furano( 3,2-h) benzopyran (XLV),

XV

From the above review, it is revealed that
chromenocoumarins and dihydrofuranocoumarins are widely

distributed in nature and synthesis of them are achieved

Y oL



by o> many workers in different ways., Such type of
chromenocoumarins and dihydrofuranocoumarins of Y=hydroxy-
coumarins are not still been ébtained from nature or not
synthesised, So 1£ was thought of interest to synthesise
such type of i1soprenoids in order to test their therapeutic

properties,

Synthesis of 5-oxo-5H-2,2-dimethylpyrano(3,2-¢)benzopyran
or_2,2-dimethylchromeno(3,2-c) coumarin

Direct prenylation of 2,4-dihydroxyacetophenone
or polyphenols MAA have already been reported earlier,
Same method was used in prenylating h—hydroxycoumarin#.
Y.Hydroxycoumarin (XLVI) was prenylated by heating it
with 2-methyl-but-3-en~2-01 1in the preéence of BFj=-etherate
in dioxan, The reaction mixture was chromatographed oier
silica gel giving 3,4-dihydro-5-oxo=-5H-2,2-dimethylpyrano-
(3,2~c)benzopyran (XLVII), the structure of which was
confirmed by its IR, UV and NMR spectra,

The IR gpectrum in mujol showed the bands at
1700 cm:‘ (a=pyrone carbonyl stretching frequency) and
1390 cmj‘ (geminal dimethyl group stretching frequency).
(Fig., 1),

The NMR gpectrum in CDCly showed the folloﬁing
signals :=
d 1.5, singlet, geminal dimeth#l group at position-23 1,85.
and 2,65, two triplets, J=8Hz, two methylene groups at
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positions-i and =3 respectively and 7.2 - 7,8, mltiplet,

four protons aromatic (Fig, 2).

on
|
™~ 2“3 REz-Bho
HSC—’—CH:CHl -——-—-‘———"""7
>~ OH D'OM“
XLVI
¢ -

From the spectral data, tbe,possibility of
3-prenyl-t-hydroxycoumarin (XLIX) was ruled out, only
3, 4=d1hydro-~5-oxo-5H-2,2-dimethylpyrano( 3,2-c)benzopyran
(XLVII) was isolated directly as the cyelised product,

Dehydrogenation of (XLVII) was carried out by
DDQ in boiling benzene but it did not give 100 % conversion
of (XLVII) to chromenocoumarin (XLVIII), Other solvents
were also tried for the successful maxirum conversion but

falled, Separation of these two products was also found
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difficult and the NMR spectrum of the mixture was recorded
which indicates 30 % (approximately) conversion of dihydro-
chromenocoumarin fo 5~ox0~5H~2 ,2~d1ime thylpyrano( 3,2=~c) benzo~
pyran (XLVIII), Separation of the mixture by column
chromatography or preparative TLC technique, even with
impregnated 10 % silver nitrate solution falled, The NMR
spectrum of this mixture in (DCl; is given below :=
d 1.45 and 1,55, two singlets, geminal dimethyl group at
position-2; 1.80 and 2,40, two triplets, two methylene groups
at positions-3 and =% in compound (XLVII); 5,40 and 6,40,
two doublets, J=9Hz, two protons at positions-3 and -k
in compound (XLVIII) and 7,20-7,60, mmltiplet, four protons
aromatic (Fig, 3),

Dehydrogenation of (XLVII) with palladised
chargoal (10 %) in diphenylether failed to give (XLVIII),
Also, the dehydrogenation of the same compound using
triphenyl methanol in boiling trifluoroacetic a.c'::t.cl)‘\9 failed
to give (XLVIII),

Synthesis of S~0xo=5H~2,2,9~trimethylpyrano(3,2=c)~

benzopyran or 2',2',6-trimethyl(3,2-c) coumarin

YeHydroxy~6-methylcoumarin (L) was directly
prenylated with 2-methyl-but-3-en-2-0l in the presence of
BFj-etherate in dioxan, The reaction mixture was extracted
with ether, The residue after evaporation of ether was
chromatographed over siliea gel, The second‘elut;on with
benzene-fietroleum ether (80:20) gave a solid as 3,4~dihydro-
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~5=0X0~5H~2,2,9=~trime thylpyrano(3,2-c)benzopyran (LI), The
NMR spectrum of (LI) in CDCl, 'is as given below :-

& 1,50, singlet, geminal dimethyl group at posi_i:ion-Z;

" 2.40, singlet, methyl group at position-9; 1,90 and 2,50,

_ two triplets, J=9Hz, two methylene groups at positions=-3
~and’ -4 and 7,20-7,60, multiplet, three protons aromatic,
Ig (oujol) : 1720 cm-..i (a-pyrone earbényl stretching
frequency) and 1355 cm:‘ (geminal dimethyl group stretching
frequeney),

(LI), on dehydrogenation with DDQ in benzene
gave only one product, 5-1oxo-5H-2,2,9-trimethylpyrano(3,2-c)-
benzopyran (LII), the structure of which is confirmed by its
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IR and NMR speectra as éiven below := R
It (nmujol) 1729 cm.at (a=pyrone carbonyl stretching
frequency) and 1355 cm.“ (geminal dimethyl group stretching
frequency), ,

MR (CGDC13) s & 1,52, singlet, geminal dimethyl group at
position-2§ 2,42, singlet, methyl group at position-9;

5.50 and 6,55, two doublets, -J=9Hz, two protons at positions-
-3 and =% and 7,20-?.60;Amnltiplet, three protons aromatie

(Fig, ),

Synthesis of 5-oxo=5H-2,2,7~trimethylpyrano-
«(3,2=¢) benzopyran

YHydroxy-8-methylcoumarin (LIII), 2-methyl-but-

-3«en-2-0l and dioxan were heated on water bath, in the

| presence of BF3~etherate, The reaction»mixture after dilution
with water was extracted with ether, The residue, after |
evaporation of ether,, was chromatographed on giliea gel and
elution with benzene-petroleum ether (80:20) gave 3,4-di-
hydro~5—oxo—5H;2,2,7~trimethy1pyrano(3,2—0)benzopyran (LIv),
The structure of (LIV) was assigned on thé basis of its

NMR spectrum,

NMR (UD013) :_5 1,50, singlet, geminal dimethyl group at
position-2§ 2,38, singlet, methyl group at position-7;

1,95 and 2,60, two triplets, J=8Hz ytwo" ~UHs ‘groups at-positions
-3 and =% and 7,10-7,60, miltiplet, three protons aromatic,
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(LIV) on boiling with DDQ in dry benzene gave a
mixture of 3,h-diﬁydro—5—oxo-5ﬂ;2,2,7—trimethy1pyrano-
(3,2ac)benzop§ran (LIV) and 5-0x0~=5H~2,2,7=trimethylpyrano-
(3,2-c)bengopyran (LV), which could not be separated by
preparative TLU impregnated by 5 % silver nitrate solution,

The NMR spectrum of the mixture in UDUlj showed
the following signals :-
<Sl.52,,singlef, geminal dimethyl group at position-2j
2,40, singlet, methyl group at positlon-7; 1.52 and 2,60,
two triplets, two methylene groups at positions-3 . and i
in compound (LIV)j 5,60 and 6.50, two doublets, J=9Hz, two
protons at positions;3 and <4 in coﬁpaund (LV) and
7.10~7,60, mltiplet, three protons aromatic,

Cxlg
~ erg BFs-E4ao
H C—‘Q“e‘\{:@“g
- BT Dioran
O [o31Y
o

L *
PoR,
.,_B
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Synthesis of 5-o0xo-5H-7,8-benzo-2,2-dimethylpyrano=-

-{3,2=¢) benzopyran

4-Hydroxy-7,8-benzocoumarin (LVI) was reacted
with 2-methyl-but-3-en-2-ol in dioxan, in the presence of
BFg~etherate on a water bath, The reaction mixture was
worked out as before and the residue on_cpromatography over
silica gel gave a product which was givenrstructﬁre as 3 k=
dihydro=5-oxo=5H-7, 8-benzo~2,2~-dime thylpyrano(3,2~c) benzo~
pyran (LVII), This also gave a nonseparable mixture of
3,4~ 1hydro=5=-0xo=5H~7, 8~benzo~2 ,2~dime thylpyrano( 3 ,2~c)-
benzopyran and 5-oxo-5ﬂ;7,8-bénzo-2,Z-dimethylpyrano(3,2-c)-
benzopyran (LVIII), The structure was assigned on the basis
of the NMR spectrum,.
NMR (CDC1l3) s & 1,46 and 1,59, two singlets, geminal dimethyl
group at position-2; 1,50 and 2,60, two triplets, J=7Hz,
two methylene groups at positlons-3 and =i in compound
(LVII)§ 5,46 and 6,55, two doublets, J=10Hz, two protons
at positions-3 and -4 ‘in compound (LVIII) and 7.,45-7,90
and 8.50; mltiplet, six protons aromatie,

LVL LV
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Synthesis of 5-oxo—5H-2;O-benzo—2,2-d;methzlpyrano-

-(3,2-¢)benzopyran

4-Hydroxy-5,6~benzocoumarin (LIX) and 2-methyl-
~but=3-en-2-0l were heated in dioxan in the presence of

BFy-etherate, After working up the reaction mixture as usual

L
DDa
Be’n)_ev;e_
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it gave 3, A 1hydro=~5-0xo-5H~9,10-benzo~2 ,2-dimethylpyrano-
(3,2~c)benzopyran (LX), This on dehydrogenation with DDQ
in dry benzene gave an inseparable mixture of (LX) and
5-oxo-5HF9,10~benzo-2,zfdimethylpyrano(3,2—c)bénzopyran
X1y, | |

‘Synthesig of 3,4-dihydr o=5-0x0~5H-8-methoxy~2,2-dime thyl-

=pyrano(3,2-c) benzopyran

YHydr oxy-7-methoxycoumarin (IXII) was condensed
with 2—methy1-but~3-eh~2-ol in the présenee of BFj-etherate
in dioxan to give 3,4~-dihydrOm=5=0X0=5H<8=me thoxy~2 ,2=31~
methylpyrano(3,2-c)benzopyran (IXIII), The produet (LXIII),
obtained after chromatography over silica gel, failed to

r‘
X
=
-
o
ot |

DHAQ
Bensrene
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undergo dehydrogenaticn when refluxed with DDQ in dry
benzene to give 5-oxe~5H;8~methoxy-2 2—dimethy1pyran0u
(3,2«c)benzopyran (LXIV),

Sypthggié of 2,3:dihydro-4-exo-hﬂ;2,2.3-trimethxl:

=furano(3,2=c)benzopyran

In order to prepare the chromenocoﬁmarins
obtained by the direct condensation of 2-methyl-but=-3-en~
~2-01 1in the presence of BF3-etherate followed by
dehydrogenation, Claisen migration of Y-prenyloxycoumarin
(LXV), was first fried.‘Thé condensation of 4-hydroxy-
coumarin with l-chloro-3-methyl-but-2-ene in acetone, in
the presence of potassium egrbonate and potassium lodide

was first carried out and the product subjected to Claisen

%
OR Ocalch <:\Q:;
. p
AN clor, ez c~f;; . AN
R, Kaloy, ks =~
A cetone >
X LXY

) MQ’ DQNQ‘H\'?,()'
i ) anivine ,
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mjgration to give chromenocoumarin according to Seshadri
et al;so, but surprisingly an abnormal Claisen migration
tock place to give the product 2,3-~dihydrofuranocoumarin
derivative (IXVI) 1né1:ead of chromenocoumarin (IXVII),
The IR spectrum of l«»--pr«anyloxycxmmarin (1xwmy -
in nujol showed the bands at 1720 cm. (c=pyrone
carbonyl stretching frequency), 1360 cm,‘ (geminal dimethyl
group stretching frequency) and 925 cm.:‘ (allylic =C=C
stretching frequency) ‘(Fig. 5) e s
To obtain the intermediate 3-prenyl-it-hydroxy-
coumarin the trapping reagent butyric anhydride was used
during the Claisen migration, but instead of getting
3-prenyl-l-butyroxycoumarin (IXVIII), the same 2,3-~dihydro-
Y-0x0-4H-2,2, 3-tr imethylfurano(3,2-¢)benzopyran (LXVI) was
~obtained, Thus the trapping of the intermediate failed.l

;

C.H3
2] =e’
AN 2 CR ahs

-l

The NMR spectrum of (LXVI) in CDCl3 showed
the following signals :-
d 1,30, doublet, J=8Hz, methyl group at position-3; 1,46
and 1,52, two singlets, geminal dimethyl group at position-2;

i
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3.25, quartate, one proton at position-3 and f,\9h2,70,~M§:;;/
MY, IVER LT
miltiplet, four protons aromatic (Fig, 6), "c:::;/////

A thermally induced rearrangement of a vinyl
allylether to the corresponding homoallylic carbonyl
compound was observed by Claisen in 1912 4 . Such
transformations are known as (3,3) sigmatropic reactigng3,
viz,.,, the familier ortho and para Claisen rearrangement
in aromatic systems,

The overéll mechanism of the C}aisenArearrangement
was specially described by Claisen in 19255“, as a eyclic
process involving similtaneous bond making and bond
bresking processes accompanied by relocation of the
unsaturated bonds, Theor;iical interpretations based on
a varlety of mglecular orbital approaches have been adgg;ggd,

since about 1950,

The normal course of Claisen rearrangement can
be illustrated as, in an aryl allylether, the first cyclic
rearrangement occurs with bonding of the Y-carbon atom
of the allylic proton at the ortho-~carbon atom of the
ring to generate orthodienone A, in which the migrating

allyl group has undergone a structural inversion,
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The abnormal rearrangement leading to structural
65— 67 R
and geometric isomerisation in the migrating allyl

group, is common&pbserved to accompany the ortho~rearrange~
ment of ethers bearing ¥~alkyl substituents on the allyl
group, The abnormal product is produced in a subsequent
rearrangement of the normgl o-allylphen01368 s and 1s
formed through an intermediate spirocyclopropyleyeclo~
hexadienone resulfing from hydrogen transfer from the
phenolic function to the terminal carbon atom of the allyl
group, Reversal of this process, a 1,5~hydrogen shift,
but involving a-hydrogen from the Y=alkyl group, leads to
~ the abnormal productéu’és’ég. Thus, in an abnormal product,
the oriéinal'ﬁ—carbon atom of the side chain is attached
to the ring, the original o-carbon atom appears as a
saturated B-substituent and the double bond has shifted
to a position between the original Y-carbon atom and its

. hydrogen bearing allyl group., The interconversion of



normal and abnormal products through sueh acyleyclopropyl
. 70
intermediates is quite common and is recognised as a

71
'enoline rearrangement ',
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Most abnormal rearrangements are considerably
slower than the formation of the normal o-=-allylphenol,

The 3,3~dimethylallyl éroup? present as such or
as oxygenated form, is a étructural feature commonly found
in coumarins72 and other compounds of natural origin72’73.
Marray and Ballan?yne7h’75’76 investigated the Claisen
rearrangement of 3,3—dimethylether{%—0(3,3—dimethy1a11yl)—

_scopoletin] as a method for synthesising the natural

coumarins, nieshoutol (IXIXa) and nieshoutin (LXIXb),

’



(a) R=Hy Ry=0Me
(b) R=0Me; ﬁ'-“-H

Irrie et a1.77 isolated similar type of dihydro-
coumarin, i,e. glaupalol from rhizomes of G, ,Palmatum and
established its structure on the basis of the products
obtained by chemical degradation and spectral data,

Synthesis of 2,3~dihydro-lt-oxo=itli-2,2,3,8-tetramethyl~

':furano(j,2-e1behzopy;gg

4.Hydroxy-6-methyleoumarin was refluxed in acetone
with 1-chloro-3-methyl-but-2-ene, potassium carbonate and
potassium iodide, te' give 4-prenyloxy-6-methyleébumarin(LXXI)



|
a1

the structure of which was confirmed by its IR and NMR

spectra, as given below :-

IR (nujol) ¢ 1720 cm... (o-pyrone carbonyl
stretehing frequeney), 1600 cm:‘ {(aromatic «C=C. stretching
frequency), 1360 cm:‘ (geminal dimethyl group stretching ‘
frequency) and 930 cm:‘ (allylie =C=0= stretching frequency).

MR (CCly) : & 1.81 and 1.88, two singlets,
geminal dimethyl groupjy 2,40, singlet, mefchyl group at
position-6 5.68,vdoubiet, two protons of methylene group
attached to (=0CH2-CH=); 5,60, triplet, one proton of methine
group attached to (-0CH3-CH=) and 7.,00~7,50, three protons

aromatic (Fig, 7).
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(LXXI) was refluxed with dimethylaniline to undergo
abnormal Claisen migration, The structure of 2,3-dihydro-
~aoxo-ti.2,2, 3, 8~tetramethyl furano(3,2-c)benzopyran
(LXXII) was confirmed by its IR and NMR speetra,

IR (majol) ¢ 1705 cm:‘(aopyrone carbonyl stretching
frequency), 1635 cm:‘ (aroma’c;c -0=C~ gstretching frequency),
1390 cm:'A(geminal dimethyl group stretching frequency) and
975 cm.' (furan).(Fig. 8).

NMR (CDCl3) : 41,30, doublet, J=8Hz, methyl group at
position-3; 1,50, two singlets, geminal dimethyl group at
position-2; 2,40, singlét, methyl group at poéit&on»B; 3.20,
quartate, J=8Hz, one proton at position-3 and 7.27~7.45,
miltiplet, three protons aromatic (Fig, 9),

Synthesis of 2,3«d1hydro-h:oxo—&ﬂ-%i2,3,6—tetramet§yl:

=furano(3,2-¢c) benzopyran

Y4~Prenyloxy-8~methylcoumarin was obtained by
refluxing W-hydroxy-8-methylcoumarin, l-chloro-3-methyl-
but-2-ene, potassium carbonate and potaséium iodide in
acetone, (LXXIII) was then refluxed in dimethylaniline
to get abnormal Claisen migration product, 2,3-dihydroe

~Mmoxo-lt-2,2,3, 6=tetramethylfurano(3,2~c) benzopyran
(LXXIV),
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Synthesls gg_z,3}dihxdro—hnbxo-hﬁ;ﬂlmethnxy—

=2,2,3=trimethylfurano(3,2-c)benzopyran

| 4~Brenyloxy-7-methoxycoumarin (LXXV) was
obtainéd by refluxing’h-hydroxyuzamethoxycbumarin, l-chloro-
~3-methyl-but-2-ene, potassium carbonate and potassium
jodide in acetone, This was then refluxed in dimethylaniline
to get abnormal Ulaisen migration product, 2,3-dihydro='-
~0X0=l4H-7-me thoxy=2,2, 3- trime thylfurano( 3,2-c) benzopyran
(LXXVI), |
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Synthesis of 2, 3=dihydro-4=-oxo-4H-6,7=benzo=

=2,2,3=-trimethylfurano(3,2-¢) benzopyran

threnyloxy-7,8—benzocoumarin. (IXXVII)was
synthesised by refluxing Y-hydroxy-7,8=benzocoumarin with
1-chloro-3-methyl-but-2-ene, potassium carbonate and
potassiym iodide in acetone, This,on Claisen migration in
dimethylaniline, gave 2,3-dihydro-k=-oxo-lti-6,7-benzo-
2,2,3-trimethylfurano(3,2-c) benzopyran (LXXVIII) ,

The NMR spectrum of (LXXVIII) in dDCl3 showed
the following signals := |
d 1,45, doublet, J=8Hz, methyl group at position-3;
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1,59, singlet, geminal dimethyl group at position-2j 3.30,
quartate, J=8Hz, one proton at position-2 and 7,40-7,80,
mltiplet, six protons aromatic, '

3
O, CH = chg

LD

Synthesls of 2,3-dihydro-lt-oxo-4H-2.3, 3-trimethyl-

~furano(3,2=-c)benzopyran and 2,3-dihydro-2,4-dioxo-

-MH;3;3-dimethyifurago(3,2-cybenzogx§an

The neit method to preparec the chromenocoumarin
by condensing 4~hydroxycoumarin with 3-chloro~3-methyl-but-
-l-yne was tried, Sesha&ri ef al.‘u synthesised chromeno-
coumarin by the condensation of Y4-methylumbelliferon and
Y-phenylumbelliferon with 3-chloro;3—methy1~but-l-yne in

acetone in the presence of potassium carbonate and potassium
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lodide according to the method of Hlubucek et al.‘s, folloﬁed
by Claisen migration, When 4-hydroxycoumarin was cond?nsed

- with 3-chloro-3-methyl-but-l-yne as above,it did not give
the expected W-propargyloxycoumarin at the first stage of
the reaction but, instead, gave 2-methylenéfuranocoumarin
deriVative. This is rather an unusual formation of furano-
coumarin derivative, The product was purified by column
chromatography over silica gel and was identified as 2,3-di=
hydro-h-oxo-%H;Z—methylene;3,3-dimethy1fur§no(3,2—c)benzp-
pyran (IXXIX), a

Rx.Pd/c,

Erhlacerate
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The NMR spectrum of this compound showed two
doublets at & 4,50 and 4,85 having coupling constant J=3Hz
for the exocyclic methylene group at position-2 (Fig, 10),
This was also supported by its IR spectrum which showed a
>C=0< (exocyeclic methylene group) stretching frequency at
915 cm:‘ and 898 cm:'. The UV gpectrum did not show any
shift to higher in wavelength so it suggested that the

exocyclic methylene group is not in conjugation with the

double bond of coumarin ring at 3,4’ position, The structure

of compound (LXXIX) was further confirmed by its reduction

to 2,3-dihydro-t=-oxo-4i-2,3,3~trimethylfurano(3,2=-¢)benzo=-
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-pyran (LXXX) by catalytie nydrogenation over palladised .
\charcoal (10 %). The NMR spectrum of (LXXX) shows a doublet
at ¢ 1,46 for one methyl group.at position-z, two singlets
at £1.,22 and 1,42 for geminal dimethyl group at position-3
in the saturated methyl region and a down-field quartate at
d 4,62 for one proton at position~2, This down-field
guartate indicates that the methine proton 1is flanked. by
methyl group and an oxygen atom, (Fig, 11}, If it has
structure (IXXXIII), this quartate for ome proton would have
appeared at 6;3.20 as it is away from the oxygen atom.
Moreover, the NMR spectrum of (LXXXIII) would have shown a
doublet of methyl group atvup-field region and singlets due
to geminal methyl group ét downnfigmd in saturated methyl
region, Secondly, the compound obtained by Claisen
rearrangement of 4-prenyloxycoumarin (1XV) would also be
-identical to (LXXXIII), if the metnyi group obtained by the
reduction'of (LXXXII) is at position-3 in the furan ring,
The structure of (ILXXIX) was'further‘confirmed
by its ozonolysis}52,3-Dihydro—h—oxo-kﬁ#2~methylene—3,3-d1-
methylfurano(3,2-c)benzopyran on ozonolysis and subsequent
reduction with hydrogen over palladised charcoal (5 %) gave
2,3-dihydro—2,h—dioxo-kﬂ~3,3-dimethy1furano(3,2-c)benzopyran
(LXXXI), The NMR spectrum of (LXXXI) in CDCl; showed the
absence of two doublets at 4 4,50 and 4,85 for exocyclic
me thylene group (Fig, 12), but;as expected, the IR spectrum
showed the stretching bands at 1830 cm:I and 1710 cm:‘ for
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five membered lactone and six membered lactone rings °

‘(furanone and a-pyrone) respectively (Fig, 13).

Synthesis of 2,3-dihydro-Y-oxo-H-2,3,3,8-tetramethyl-
~furano(3,2~-¢)benzopyran_and 2,3~dihydro=-2,M-dioxo-l+i-
=333,8-trimethylfurano(3,2-¢c)benzopyran

Y-Hydroxy-6-methylecoumarin on refluxing with
3-chloro~-3~-methyl-but~-l-yne, anhydrous potassium carbonate
and potassium iodide in acetone, gave 2,3-dihydro-t-oxo~
4H-2-methylene-3,3,8~trimethylfurano(3,2~c) benzopyran
(LXXXV), The NMR spectrum in CCly showed the signals at

& 1,99, singlets, geminal dimethyl g roup at position-3;
2,42, singlet, methyl group at position-8; 4,45 and 4,85,
two doublets, J=3Hz, two protons of methylene group at
position-2 anmd 7,25-7,45, mltiplet, three protons aromatic
(Fig, 14), The IR spectrum in mujol showed a band at
1730 cm:‘ for o-pyrone carbonyl group streteching and a band
at 900 em:' for YU=C{ (exocyclic methylene group) stretching
(Fig, 15), ’

This was reduced with hydrogen in the presence
of palladised charcoal (10 %) as a catalyst, to 2,3-di=
hydro-lk-oxo-4H-2, 3, 3, 8~tetramethylfurano{3,2-c) benzopyran
(LXXXVI), |

The NMR spectrum of (LXXXVI) in CCl, showed the
following signals :- |



71

$§ 1.25 and 1,28, two singlets, geminal dimethyl group at
position=33 1,45, doublet, J=7Hz, methyl group at position-2;
2.37, singlet, methyl group at position-8; 4,58, quartate,
J=7Hz, one proton at position-2 and 7,02-7,52, multiplét,

three protons aromatic (Fig, 16).

L RzoT

Ozonolysis of (IXXXV) gave a keto-lactonyl
derivative, 2, 3—dihydro~2;’+—-dioxo~il-ﬂ-3, 3,8~$rimethylfurano-
(3,2-c)benzopyran (LXXXVII) and the structure oi‘ it was
confirmed by its NMi, It showed the absence of two signals
at d 4,35 and 4,85 for two protons of exocyclic methylene
group (Fig, 17). The IK speetrum in mujol showed a band at



72

uexfdozuaq (o~g ¢ € youranI TAU3owWTI3~3 tCtC—auaTiUs mssm..m:..oxolﬁ.on@hﬁmnm.m : (R * m.ﬁ_ﬁ

02

oy

(9)Wdd  OF

_

|

SINL

“H<

IH O




73

weaddozueq (9-g ¢ vocm.naﬁhﬁmaﬂnpcw ¢ €t C-pUD TAY] Ol =g = H~OXO—+~0IPAUTG~E o s A,,m.m *8T3)

UISANNIAYM

R - T e o s _

A “ T )

T (L INO) H3ENNN
o0t .

[+

I
riey]t

+

T

s
i

i

F

H0 o 3 > - = o8

R
=

T T EFR T TR T
‘‘‘‘‘ T B b e

Tt B T 1:
T TRt :
Spt ey .
R = T " . Lot
RS REN] T T T T

T
L.




74

.cmnhmownmﬁolm,mvonmna@ﬁmsmnpmp:w»m.m.wdm:uowoe:..on@hnﬁmumﬁm : (9T *813)

2

£ »

$

>

< ]

o

S,

o

W




tuealdozueq (o-g

‘€ yourangTAygemt a3-g ‘€€
: ¥

1

“.m:..owoﬁvl: ¢

Z2=-0IpiyTa~-¢ ¢z

o=

H

- e

T
T

=

£

4

T
g

T
2

i
&

: (4T "8Ta)

)




76

weafdozuaq (o~z *€ Jouran3 TAYzeuTa3=g ¢ € ¢ E~p#~0XOTP—H'g-0apAutg-tz ¢ (8T *3T1)

T T 7 9 L]
4 —\ —
009 008 0004 a0zt oo 0091 008t 0007 008K o0d “l

AN

b ™




77

1835 em, for five membered lactone (Fig, 18).

Synthesis of 2,3-dihydro -4-oxo-WH-2,3,3, 6-tetramethyl-

~furano(3,2-c) benzopyran

4-Hydroxy-8-methylcoumarin was refluxed with
3-chloro-3-methyl-but-l-yne, anhydrous potassium carbonate
and potassium iodide in acetone to give 2,3-dihydro-i-oxo-
-4H-2-methylene-3, 3, 6-tr imethylfurano( 3,2-c)benzopyran ‘
(IXXXVIII), This was further reducéd to 2,3~dihydro-4-oxo=~
-48-2, 3, 3, 6~tetramethylfurano(3,2-¢)benzopyran (LXXXIX)
with hydrogen in the presence of palladised charcoal (10 %),

oH
N :ji‘fgq -ezen
R
S
LI # LR
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Synthesis of 2,3-dihydro-i-oxo~-tH-2,3,3-trimethyl-

-6, 7~benzofuranof 3,2~c)benzopyran

4-Hydroxy-7,8~benzocoumarin was condensed with
3=-chloro-3-methyl-but-l-yne 1in the presénce of anhydrous
potassium carbonate and potassium icdide in acetone, to
give 2,3-dihydro-t-oxc-4H-2-methylene-3,3-dimethyl~6, 7~
-benzofurano(3,2-c)benzopyran (XC), This on reduction with
hydrogen in the presence of pailadised charcoal (10 %) gave
an oil whieh could not be identified as 2,3-dihydro-lt-oxo-4H-
-2,3,3~trime thyl-6,7-benzofurano(3,2-c)benzopyran (XI),

o Peife”

xXcex



Synthesis of 2,3~-dihydro-i-oxo-4H-2,3,3-trimethyl~

=8 ,9-benzofurano(3,2~-c) benzopyran

i

4-Hydroxy-5, 6~benzocoumarin was condensed with
3-chloro-3-methyl-but-l-yne in the presence of anhydrous
potassium carbonate and potassium icdide in‘acetgne to give
2, 3~d1hydro~i=-oxo=-4H-2-methylene-3,3~dimethyl-8, 9~benzo-
furano{3,2-c)benzopyran (XCII), This on reduction with
hydrégen in the presence of palladised charcoal (10 %)
failed to give 2,3-dihydro-4-oxo-4H-2,3,3-trimethyl-8,9~-
-benzofurano(3,2~c)benzopyran (XCIII), but gave an oil
which eould not be identified,
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EXPERIMENTAL

1

5-0x0-5H-2 ,2-dimethylpyrano(3,2~c) benzopyran (XLVIII)
3, =D hydro-5=0x0=5H~2 ,2~d1ime thylpyrano( 3,2-c) benzopyran
(XLVII) ¢

To a solution of 4~hydroxyecoumarin (1.1l g.) in
dry dioxan (12 ml,) was added graduall& BFj~etherate
(0.6 ml,) at room temperature, To this was added a solution
of 2-methyl-but-3-en-2-01 (0.6 g.) in anhydrous dioxan (5 ml.)
and the whole solution was heated on a water bath for 8 hr,
The solution was cooled and diluted with ether (100 ml,),
The solution was washed with water (3x50 ml,) to discharge
the colour, The solution was then extracted with sédium
carbonate solution (15 % § 3x50 ml,), which on acidification
gave unreacteé 4-hydroxycoumarin (0,8 g.), The ethereal
solution was evaporated and the residue was dissolved in
chloroform, which showed the presence of two compounds, Hence,
it was subjected to qolumn chromatography over silica gel
and the column eluted successively with (i) benzene-light
petroleum ether (25:75) and (ii) benzene-~light petroleum
ether (70:30), Fraction (i) was an oily produet, which was
not identified, Fraction (ii), on evaporation of the solvent,
gave a solid(XLVII), crystallised from petroleum ether, m.p,
124°, Yield 0.2 g.

UV (methanol) : X max, (log e), 270 (3,98),
282 (4,08), 30% (4,0) and 318 (3.79).



Analysis : Found : G, 73,05 5 H, 5,97 %
CinHyuO03 requires : C, 73.04 3 H, 6,09 4%.

5—0xo~5H-2,2-d1methylpyg§§o(3.2-c)benzdpifan (XLVIII)

DDQ (Dichlorodiceyanobenzogquinone) (0.2 g,) was
added to a solutionof 3,4~dihydro-5-oxc~5H~2,2-dimethyl-~
pyrano(3,2-c)benzopyran (0,2 g.,) in dry benzene (5 ml.)
and was refluxed for 50 hr,, when the yellow coloured hydro-
quinone separated out, It was filtered hot and the residue
was ﬁashed with hot ary benzene, The solvent was removed
byiidistillation and the residue was chromatographed on
silica gel, and elution with benzene-peirbleum ether (2:1)
gave a product,which according to its NMR spectrum was a
mixture of 3,4%-dihydro-5-oxo-5H-2,2~dimethylpyrano(3,2~c)-
benzopyran and 5-oxo~5ﬂ;2,é-dimethylpyrano(3,2-0)benzopyran,
which could not be separated even oh preparative TLC,
tmpregnated with silver nitrate solution (10 %), crystallised
from petroleum ether, m.p. 95—965. |

UV (methanol) : A max (log e), 270 (3.98), 282
(%,0), 304 (3.99), 318 (3.82), 332 (2,78) and 340 (2.91),
Analysis : Found : C, 73.78 § H, 5-“7-,%

CinHy203 requires : G, 73,67 3 H, 5,30 %,

2=0x0-5H~2,2,9=trime thylpyrano(3,2=c) benzopyran (LII) :
3a4=-Dihydro~5-0x0~5H-2,2, 9~trime thylpyrano(3,2=~c) benzo=

Pyzan (1)
.To a solution of 4-hydroxy-6-methylcoumarin
(1,2 g,) in dry dioxan (15 ml,), was added gradually
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BFj-etherate (0,6 ml,) at room temperature, To this was
added. a solution of 2-methyl-but=3-en-2-0l (0,6 g,) in dry
dioxan (5 ml,) and the whole solution was heatéd on a water
bath for’é hr, The SOIQtion was cooled and diluted with ether
(100 m1,)  The solution was washed with water (3x50 ml,) and
then with sodium carbonateiéolutioﬁ (15 % 3 3x50 ml,), which
on acidification gave unreacted Y4-hydroxy-6-methylcoumarin,
The ethereal solution was evaporated and the residue was
dissolved in benzene and on examination by TLC showed the
presence of two compounds, Hence it was subjected to the
column chromatography, and the column eluted successively
with (1) benzene-petroleum ether (25:7%), to yleld an
unidéntifiable oily product and (ii) beﬁzene-petroleum ether
(80:20), yielded a solid, 3,4-d1ihydro-5-0xo~5H-2,2,9=tri~
methylpyrano(3,2—c)benzopyran, erystallised from petroleum
ether, m.p. 157-58°, Yield 0.25 g,

UV (methanol) : A\ max (log e)272 (3 98)
284 (4,00) and 310 (3,86),
Analysis s Found : G, 73.58 5 H, 6,52 %
Cr5H1603  requires : C, 73.77 5 H, 6,56 %,

(¥ 13

9=0x%0=5H~2,2, 9=trimethylpyrano(3,2-c) benzopyran  (LII)

- bpQ (0,20 g.) was added to a solution of 3,%-di-

in dry benzene and was refluxed for ¥8 hr, The solid
separated was filtered hot and washed with hot benzene, The
filtrate' . was concentrated by distilling off the solvent



and was chromatographed om:giliea;gél,Blution with benzene-
petroleum ether (75:25) gave a solid, 5-oxo-5H-2,2,9-tri-
methyipyrano(3,24c)ben30pyran, crystallised from petroleum
ether, m.p. 136-37°, Yield 0,15 g.

UV (methanol) : Amax (log e), 272 (3,99),
28% (4,02) and 32% (3,92).
Analysis : Found 3 G, 74,66 5 Hy 5,54 %
H, 5.58 %.

L 1]

CigHyu0g requires : C, 74,36

5-0x0-5H-2,2 7-trimethylpyrano(3,2-c¢)berzopyran (LV)
31#:21hydro-5—oxo~§ﬂ;2,2,7—trimethylgyrano(3,2-c)benzg:'

pyran. (LIV) s

fo a solution of H—hydrox§a8-methy1coumarin (1.2 g.)
in dioxan (15 ml,) was added gradually BF3-etherate (0,6 ml,)
at room temperature, To ihis'was added a sélution of 2-methyl-
~but=3-en-2-0l (0,6 g,) in dry  dioxan (5 ml,) and the whole
solution heated on a water bath for 8 hr. The reaction mixture
was worked up as before, The product,‘3,h-dihyd?o—5-oxo-5H.
-2,2,7-trimethy1pyrano(3,2-c)bgnzopyran, crystallised from
petroleum ether, m,p. 156“.'Yiéld 0.2 e

IR (nujol) . 1726 cﬁ:"(a-pyrone carbonyl stretching
frequency) and'1370-cm:“(gemiﬁai'&iméthyl group stretching
frequency). : | B e

UV (methanol) : A max (log e), 272 (3.92),
284 (4,02) and 308 (4,00), .
Analysis : Found : C, 73,&1 s Hy 6,47 4
CysHy 603 requires : C, 73.77 5 H, 6,56 %,
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S-Oxo-jﬂ;z,_47-tr1methyipyrano(3,2-c1benzogzran (LV)

To a solution of 3,h-dihydro-5~oxo-5H—2 2,7=tri-
methylpyrano(3,2-c}benzopyran (0,2 g,) in dry benzene (10 ml,)
was added DDQ (0,2 g.) and the mixture was refluxed for
48 nr, when a solid hydroquinone separated., It was filtered
hot and the residue was washéd with hot benzene, The
filtrate was distilled to‘rempve the solvent and the residue
chromatog;aphed on silica gel; Elution with benzene-petroleum
ether (75:25) gave. a solid which crystallised from petroleum
ether, The NMR spectrum of the product 1ndicated it to be a
mixture of 3,#—dihydro-5~oxo-55;2 2 7-trimethy1pyrano(3,2-c)-
benzopyran and 5-oxo-5H;2,2,7—trimethy1pyrano(3,2-0)benzo-
pyran which could not be separated by TLC impregnated by
silver nitrate solution (5 %) ‘or colum chromatographic
methods, M.p. 137°, Yield 0,15 g,

uv (méthanol) s A max (log e), 245 (3.98)
and 355 (14,00}, ‘

The NMR spectrum of the mixture 1s discussed on
page 4% , ’ ;

Analysis 3 Found 2 Cy 74,37 5 B, 5,72 %
CisHpyO03  requires : C, 7%.36 § H, 5.83 %.

5.0xo-5H;718-bengo-2,2-diméthy19yrano(312-g;penzopyrgg (LVIII) :
34 !=Dihydr 0=5-0x0-5H-7, 8~benzo-2,2-dimethylpyrano(3,2-c) =

=benzopyran (LVII) :

To a solution of =hydroxy-7,8-benzocoumarin (1,6 g,)



in dry dioxan (20 ml,) was added gradually BFj-etherate
(0.6 ml,) at room temperature, To this was added a solution
of 2-methyl-but-3-en-2-0l (0,6 g,) in dry dioxan (5 ml.),
and the whole solution waé heated on a water bath for 8 hr,
The reaction mixture was worked up as before, The ethereal
solution left a residue on evaporation of the solvent which
was found to be a mixture of more than two compounds on
TLC, This was subjected to column ch;omatography on silica
gel, Elution with benzene-petroleum ether (25:75) gave an
oily product, Second elution with benzene-petroleum ether,
(75:25) yielded a soiid, 3,h~ﬁihydro—5-oxo-5ﬁ—7,8—$enzo-2,2~
dimethylpyrano(3,2-c)benzopyrgﬁ, erystallised from petroleum
ether, m,p, 134=36°, Yield 0,3 g.

UV (methanol) : A\ max (log e), 252 (2,98),
264 (3.90), 27% (3.98), 292 (4,02) and 314+ (3,92),
Analysis : Found s G, 77.3% 5 H, 5,70 %
CygHy 603 requires : C, 77.1% ; K, 5.7i %.

§~0X0-5H-7;8—benzo-2i2-digethylgyrggo(3.énc)benzogyran (LVIII) s

DDQ (0,16 g.) was added to a solution of 3,4-di-
hydro-5-oxo—5ﬂk7,8—beﬁz6-2,2-dimethylpyrano(3,2—c)benzo~
pyran (0.2 g,) in dry benzene and was refluxed for 48 hr,
The solid separated was filtered when hot and the solid was
‘washed with dry benzene. The filtrate vas é;étiiledAto

remove the solvent, and the residue was chromatographed on

silica gel, The NMR spectrum of the product indicated it
to be a mixture of 3,4=dihydro-5-0x0=5H-7,8-benzo-2,2-d1i~
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—.me thylpyrano( 3,2-¢) benzopyran - and 5-0X0-5H~7,8-benzo-2,2-
dimethylpyrano(3,2-c)benzopyran (pageihhj, erystallised
from petroleun ether; M.,p, 159-61°, Yield 0,15 g.

UV (methanol) : A\ max (log e), 233 (2.80),
282 (3.98), 294 (4,02), 358 (3.80) and 372 (3.82).
Analysis : Found : G, 77.39 3 H, 5.39 %
CygHyn03 requires : C, 77,68 3 Hy 5,07 7,

5-0x0~5H-9, 10=benzo~2,2-dimethylpyrano(3,2=c) benzopyran
(IXI) : 3,%=-Dihydro=5=-ox0=5H-9,10~benzo-2,2~dimethyl~

pYrano(3,2-¢)benzopyran (IX)

To a solutién of 4=hydroxy~5,6~benzocoumarin

(1.6 g.) in dry dioxan (20 ml,) was added gradually BF3=-
etherate (0.6 ml,) at room temperature, To this was added
a solution of 2-methyl-but-3-en-2-0l (0,6 g,) in dry dioxan
(5 ml,) and the whole solution was heated on'a water bath
for 8 hr. The reaction was worked up as before and the
residue obtained, on examination by TLC showed more than
two compounds, It was, hence, subjected to .column -
chromatography on silica gel, Pirst fraction was eluted
with petroleum, ether-benzene (75:25) which gave an oily
substance. The second fraction, on elution with benzene-
petroleum ether (80:20) gave a solid,3,4-dih§dr6-5—oxo—5ﬁ-
9,10-benzo-2,2-dimethylpyrano(3,2~c)benzopyran, crystallised
from petroleum ether, m.p. 133-34°, ¥ield 0.2 g.

UV (methanol) : A max (log e), 242 (3.99),
268 (4,00) and 306 (3.82),
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Analysis : Found’ C, 77.1% 3 H, 5,62 %
ngHgﬁOB requires : U, 77¢1h‘ [ H, 5.71 %-

-

§-0xo—53~9Llo-beggo-zﬁé-dimethyigyranog3,2-cibenzépxrag
(LXI) s | {

To a solution of 3;§-dihydrq-5-oxo$534é,10-
-benzo-2,2-dimethylpyrano( 3,2-¢)benzopyran (0,2 g,) in dry
benzene, was added DDQ' (0,15 g.) and was refluxed for 60
hr, The solid separated was filtered and the residue was
washed with hot benzene, The filtrate was distilled to
remove the solvent and- the residue«was:chromatographed on
silica gel, The product appeared to be a mixture of 3,4~
dihydr o~5=-0x0=5H~9,10=benzo-2,2~dimethylpyrano(3,2-c)-
benzopyran and 5-oxo~5H-9,10-benzo-2,zpdimethyipyrano-
(3,2-¢)benzopyran, crystallised from petroleum ether, m,p,
129°, Yield 0,1 g,

UV (methanol) : A max (log e), 232 (3.80),
242 (3,90), 306 (4,02) and %340 (3,98).

Analysis : Found 1 G, 77,61 3 H, 547
CygHynO3 . requires : C, 77,68 ;3 H, 5,07 %,

3,M—Dihlgpo~5-oxo~SH;S-methoxﬁ;Q,2~dimeth&lgxg§go(3.2-c)-
benzopyran _ (LX11I) . -

To a solution of %~hydraxy-?#ﬁethoxycéuﬁarin
(1.2 g.) in dry dioxan (12 ml,) was added gradually BFy-
etherate (0,6 ml1,) at rboﬁ téﬁﬁerature. To this was added

a solution of 2-methyl-but-3-en-2-ol (0.6 gi) in dibxan;(i ml,).
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The whole sclution was heated on water bath for 8 hr, The
reaction was worked up as before and the residue obtained
was subjected to column‘chromatography on silica gel and
the column elﬁted sﬁcceééiﬁéiy ﬁith‘benzehé;petroleum ether
(25:75) and benzene-petroleum efher (70:39). The second
fraction gave a solid, 3,h-dihydro-5-6xo—5HA8umethoxya2,2-
dimethylpyrano(3,2-c) benzopyran, crystallised from petroleum
ether, m,p. 90-92°, Yield 0.2 g,

Analysis : Found ~ : C, 69.13 ; H, 6,58 %

CisH160n  requires : C, 69.23 5 H, 6,15 7.
2,3-Dihydro-k-oxo-4H-2,2 3-tr1methglfurano(3;2~c)benzogggan
(IXVI) : 4-Prenyloxycoumarin (LXV)

A solution of Y=hydroxycoumarin (1,58 g.), anhydrous
potassium carbonate (3.0 g.), potassium iodide (1,0 g.) amﬁ
l-chloro-3-methyl-but-2-ene (1,0 g,) in acetone (100 ml,)
was refluxed on g water for 10 hr, Acetone was distilled
off and water was added to the residue to dissolve potassium
carbonate and potassium iodide, The residue was extracted
with ether and ethereal solution was .evaporated, The residue
was then chromatographed on alum;na and eluted with benzene.
The solid h-prenyloxycoumarln, crystallised from petroleum
ether, m,p, 98°, Yield 0.2 g,

Analysis : Found ': c, 73.26 ; H, 5.96 %
CiuHyu03  requires : G, 73,04 ;5 H, 6,09 %.
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Claisen migration of 4-prenyloxycoumarin : 2,3-Dihydro-i-

~0X0-4H-2 .2 3-trimethylfurano(3,2~c)benzopyran (LXVI)

‘ kuPrenylbxycoumarin (0.5 g.) was refluxed with
dimethylaniline (3 m. ) for 6 hr, The solution was cooled
and added to ice-cold hydrochloric acid solution. The
solution was, extracted with ether and the ethereal solutlon
was evaporated to give a solid, after washing with sodium
hydroxme solution (l 7) . The solid was then crystallised
from petroleum ether, .p. 85-86"- Yield 0 .3 8.

Analysié : Found : C, 73.02 y Hy 6,17 4
Ctuﬁgéoé requires ¢ C, 73.04 § H, 6.09 %. e

2,3-Dihydro-t-oxo=4B-2,2,3, 8-tetrame thylfurano(3,2-c) benzo-

pyran (IXXII) : 6-Methyl-“-prenyloxycoumarin (IXXI)

‘ ( A solqtion‘éf 6~methy1—h-hydroxycoumarin (i.? €e)9
anhydrous potassium carbonate (3.0 g.), potassium iodide

(1.0 g.) and 1-chloro-3-methy1~bu¥-2-ene (1,0 g.) in acetone
(100 ml,) was refluxed on a water bath for 8 hr, Acetone

was distilled off and the res;ﬁue was diluted with water and
extracted with ether, The ethereal layer was evaporated and
the residue was chromatographed on alumina, Elution with ‘
benzene géve a solid, 6—methy1-h—prenyloxycaumafin, erystallised
frqm'petioieum éther, m.D. 1%0?, Yie}d 0.3 g.
G, 74.04 3 H, 6.2é %
CysHy603 requires : U‘, 73.77 3 H, 6.56 %.

e

Analysis : Found
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Ulaisen migration of 6-methyl-U-prenyloxycoumarin : 243-Di-

hydro-4-oxo-4H-2,2, 3,8-tetramethylfurano(3,2-c)benzopyran
. (IXXII) s

é=-Methyl-4-prenyloxycoumarin (0.5 g.) was
refluxed in dimethylaniline (5 ml.) on a wire gauze for
6 hr, The solution was cooled and added to ice«cold dilute
hydrochloric acid solution, The solution was extracted with
ether and the ethereal solution on evaporation gave a solid,
2,3-dihydro-4-oxo-4H-2,2,3, 8~-tetramethyl furano( 3,2~-c) benzo-
pyran, crystallised from petroleum ether, m.p.'115°. Yield
0.35 g.
Analysis : Found : G, 73.26 5 H, 6,56 %
CysHig0;  requires : G, 73.75 ;3 H, 6.56 3.

2,3-Dihydro-t-oxo=tH-2,2,3, 6-tetramethyl furano(3,2-¢) benzo-~

pyran (LXXIV) : 8<Methyl-Y-prenyloxycoumarin (LXXIII) :

A solution of 4-hydroxy-8-methylcoumarin (1,7 g.),
anhydrous potassium carbonate (3,0 g,), potassium iodide
(1.0 g.) and l-chloro-3-methyl-but-2~ene (1,0 g,) in acetone
(100 ml,) was refluxed on a water bath for 8 hr, Acetone
was distilled off and the residue was diluted with water and
extracted with ether, The ethereal layer was evaporated and
the residue was chromatographed on alumina, Elution with
benzene gave a solid, 8-methyl-h-prenyloxycoumarin,
crystallised from petroleum ether, m.p. 92°, Yield O,k g,
Analysis : Found ¢ C, 73,91 ; H, 6,80 %

Cy5Hy603 requires : C, 73,77 3:H, 6,56 %,
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Claisen migration of 8~methyl-Y-prenyloxycoumarin

2, 3-Dihydro-t-oxo-4H-2,2, 3, 6-tetramethylfurano(3,2=c)~

.benzopyran (ILXXIV)

8~Méthy1-%;prenyloxycoumarin (0.5 g.) was refluxed
in dimethylaniline (5 ml,) on a wire gauze for 6 hr, The
solution was cobled and added to ice-cold dilute hydrochloric
acid solution, The solution was extracted with ethgr and
the ethereal solution on evagporation gave a solid, 2,3=-
dihydro-t-oxo-4H-2,2, 3, 6-tetramethylfurano(3,2-c) benzo-
pyran, crystallised from petroleum ether, m,p, 105-6°,
Yield 0,25 g,
Analysis ¢ Found s C, 73.69 $ H,_é.&? %
CysHye03 requires s C, 73.77 3 H, 6.56 %,

2, 3-Dihydr o=lt-oxo-4H-7-me thoxy-2,2, 3~trimethyl furano(3,2-c)-

~benzopyran (IXXVI) : 7-Methoxy-M-prenyloxycoumarin
(LXXV) H )
4 solution of 4~hydroxy-7-methoxycoumarin (1,75 g.),

anhydrous potassium carbonate (3.5 g.), potassium iodide

(1.0 g,) and 1l-chloro-3-methyl-but-2-ene (1.0 g.) in acetone
(100 ml.) was refluxed on a water bath for 8 hr, The solvent
was removed by evaporation and the residue was dilﬁted with
water, The solution was then extracted with ether and the
ethereal layer was evaporated, The residue was passed
through alumina column and eluted with benzene, The solid,
7~methoxy—%»prenyloxycoumarin,obtained‘after evgporation of

the solvent, crystallised from petroleum ether, m.p. 76-8°.
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Yield 003 Ea X .
Analysis : Found C, 68,77 5 H, 5.9% %
CysHy 60y  requires : U, 69.2% 3 H, 6,15 4.

Y Y

Claisen migration of 7-methoxy-4-prenyloxycoumarin :

2,3-Dihydro-lt-oxo-tH-7-methoxy-2,2,3-trime thylfurano-

={3,2-c)benzopyran (LXXVI)

7-Methoxy-+-prenyloxycoumarin (0,5 g.) was
refluxed in dimethylaniline (5 ml,) for 6 hr, The reaction
mixture was poured into ice-cold dilute hydrocizloric acld
solution and extracted with ether, The ethereal solution
was evaporated and the solid, 2,3-dihydro-4-oxo-4tH-7-
-methoxy~2,2,3,tfimethylfurano(3,2—c)benz0pyran, erystallised
from petroleum ether, m,p, 96-7°. Yield 0,3 g.
Analysis : Found s ¢, 69,31 3 H, 6,05 <%.
CysHyeOy reqﬁires s C, 69;2h.; H, 6.15 4. ‘

243=Dihydro-tt=oxo-tH-6, 7-benzo=2,2, 3-trime thyl furano-

={3,2=¢c)benzopyran (LXXVIII) : k4-Prenyloxy-7,8-benzos
coumarin (LXXVIT) s '

A mixture of 4-hydroxy-7,8-benzocoumarin
(1.8°g,), anhydrous potassium carbonate (3,0 g.), potassium
iodide (1,0 g,), l-chloro-3~-methyl-but-2-ene (1.0 g.) and
acetone (100 ml,) was refluxed on a water bath for 8 hr,
The solvent was evaporated and the residue was diluted

with water, It was then extracted with ether and the

"ethereal solution was evaporated, The residue obtained

was passed over alumina, Elution with benzene gave a solid,
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4prenyloxy-7,8~benzocoumarin, crystallised from petroleum
ether, m.,p. 147°, Yield 0,5 g.

C, 77.20 3 Hy, 5.29 %

CysHy03 requires : G, 77.1% 5 H, 5.71 %.

Analysis : Found

L2

Claisen migration of t.prenyloxy-7,8~benzocoumarin :

213-Dihzdro-ﬁmcxo-%ﬁké;7:benzo:242.3,trimathylfuran0:
={3,2~c) benzopyran (LXXVIII)

4-Frenyloxy-7,8-benzocoumarin (0,5 g.) was
refluxed in dimethylaniline (5 ml,) for 6 hr, The solution
was poured into the lce-cold hydrochloric acid solution
and was exﬂracted with ether, The ethereal solution was
evaporated and the solid, 2,3-dihydro-lt-oxo=iH-6,7~benzo~
‘2,2,3-trimethylfurano(3,2—c)benzopyran, cfystallised from
petroleum ether, m,p, 108°, Yield 0,4 g, '
Analysis : Found : C, 77;%9 3 Hy 5,52 %
CygHi603 requires : C, 77,14 ; H, 5,71 %.

2;3~Dihydro-h-oxg:hH.21243-trimeféylfvngggg31§;glggggg:
-pyran (LXXX) 2,3—Dihydro—%—oxo~&§-é-methxlene-3,3—

g}methglfurano-(312~c)ben§ggzg§§ (LXLX) s

A mixture of Y4-hydroxycoumarin (1.0 g, ),
anhydrous potassium carbonate (3.9 8oy pofassium iodide
(1.0 g.) and 3-chloro-3-methyl-but-l-yne (3 ml,) was
refluxed in acetone (50 ml,) on a water bath for 2% hr,
3~-Chloro-3-methyl-but-l-yne (3 ml,) was added to the above

mixture again and refluxed for 30 hr, 4cetone, then was
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distilled off and water was added to the regidue and it

was then extracted with ether, The ethereal solution was
evaporated and the resi&ue on examination by TLC (chloroform)
showed a number of compounds, Hence, it was subjected to the
column chromatography on silica gel and was eluted
successively with (i) benzene-petroleum ether (25:75) and
{11) benzene-petroleum ether (Hd:GO); Fraction (i) gave

an oil which could not be identified, Fraction (11) gave

a solid, 2,3-d1hydro-l-oxo-4H-2-methylene-3, 3-dimethyl-
furano( 3,2-¢) benzopyran, crystallised from petroleum ether,
m.,p. 80-2°, Yield 0,1 g,

IR (nujol) 1720 cm:iiaepyrone carbonyl
stretching fre[;uency), 1630 cm_..‘, 160('3; cm:' (aromatic -C=Ca
stretching frequeney) and 915eom‘.-‘ (exocyelic >C=C
stretehing frequency). ) |

NMR (CCLy) :JQS 1,50, singlet, geminal dimethyl
group at position-3; 4,45 and 4,85, two doublets, J=3Hz,
two protons of methylene group at position—z and 7 20—7 70,
multiplet four protons aromatic
Analysis : Found ¢ G, 73 38 3 H, 5, 10 7
CynHy203 requires 3 C, 73,68 ,-H, 5.26 4.

2,B-Dihydro-hmoxa-hﬁ;a,3,3-trimethy1furano(§i2—c;benzo—
pyzan (IXXX) |

2,3-Dihydro-l-oxo-4H-2-methyl ene-3,3~-dimethyl-
~furano(3,2-¢)benzopyran (0,1 g.) was dissolved in ethyl
acetate (10 ml,), This was added to prehydrogenated



palladised charcoal (10 % 3 0,05 g,) in ethyl acetate

(20 mi,). The mixture was stirred for '3 hr, in an atmosphere
6f hydrogen for catalytic hydrogenation, The catalyst was
filtered off and the solvent was removed by distillation,

The solid, 2,3~dihydro-i-oxo-Ui-2,3,3-trimethylfuranc(3,2-c)-
benzopyran, crystallised from petroleum ether, m,p. 62-3°,
Yield 0,05 g,

NMR (GLly) ¢ & 1,22 and 1,42, two singlets,
geminal dimeth§l group at positiqn—3; 1.45,(doub1et, J=7Hz,
methyl group at position-2; 4,62, quartate, J=7Hz, one
proton at position-2 and 7,20-.7,50, multiplet, four protons
aromatic,

Analysis s Found C, 73.11 3 H, 5.96 %
CeuHyu03 requires : C, 73,04 ; H, 6,08 %,

-8

2,3=Dihydro=2,4-dioxo-4H-3,3-dimethyl furano(3,2=c) benzo~ _

pyran ( LXXXT) ]

Ozonolysis of 2,3-dihydro-t-oxo-lUtH-2-methylene-
-3,3-dimethy1furano(3,2~c5benzopyran (0,2 g,) in eth&l
acetate (IOQ ml,) was carried out by passing ozone gas for
- 30 minutes, The reaction mixture was worked out by reducing
it with hydrogen in the presence palladised charcoal (5 % 3
0.05 g.) for 2 hr, The catalyst was filtered off and the
solid obtained after evaporating the solvent, 2,3-dihydro-2¢i-
dioxo-hﬂ;3,3;dimethy1furano(3,2-c)benzopyran, erystallised
from benzene-petroleum ether, m,p. 15%-5°, Yield 0,15 g,

»
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IR (nujol) s 1830 cm:‘ (furancneg), 1725 cm:' f
(a-pyrone carbonyl stretching frequehcy), 1640 cm',.,1 (aromatic
-C=C~ sgtretching frequeney) and 1370 cﬁj' (geminal dimethyl
group stfetehing frequency), ‘

NMR (LDC13) : & 1,65, singlet; geminal dimethyl
group at position-3 and 7,30-7,80, multiplet, four protons
aromatic,

Analysis : Found s+ C, 67,47 3 H, 3,37 %
Cy3HyoOw  requires : ©, 67,82 3 H, 4,35 7.

2,3=Dihydro-4-oxo~H-2,3, 3, 8-te tramethylfurano(3,2=~c) benzo~
pyzan (LXXXVI) & 2,3-Dihydro-'-oxo-'tH-2-methylene-3,3,8~

~trimethylfurano(3,2-c)benzopyran (LXXXV) s

A mizture of 4-hyiroxy-é-methylcoumarin (1.1 g.),
anhydrous potassium carbonate (3,0 g,), potassium iodidel
(1.0 g.) and 3-chloro-3-methyl-but-l-yne (3 ml,) was refluxed
in acetone on a water bath for 24 hr, 3~Chloro-3~methyl-but-
-1-yne (3 ml,) was added again: and refluxed for 24 hr, The
reaction was worked out as before, The product on examination
by TLC (chloroform) showed a number of products, It was ’
subjected to column chromatography on silica gel and the
column was eluted successively with (i) benzene-petroleum -
ether (1:2) and (ii) benzene-petroleum ether (2:3), Fraction
(1) gave an oil which could not be identified and fraction
(i1) gave a solid, 2,3-dihydro-%-oxo-}H-2-methylene-3,3,8-tri-
methylfurano{3,2~-c¢)benzopyran, crystallised from petroleum
ether, m,p. 136~-38°, Yield 0,2 g,
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Analysis : Found s C, 7h.§6 ; Hy 6.26 %

Cy5H1u03  requires : C, 74.36 § H, 5.83 %.
2,3=Dihydro-l4-oxo-4H~2,3,3,8~tetramethylfuranc(3,2=-c)benzo=
pyran (ILXXXVI) s ‘

2,3-Dinhydro-lt-oxo-tH-2-me thylene-3,3, 8-trime thyl-
furano(3,2-c) benzopyran (0.1 g.) was dissolved in ethyl
acetate (10 ml,) and was added to prehydrogenated palladised
charcoal (10 % 5 0,05 g.) in ethyl acetate (20 ml,) for
catalytic~ hydrogenation, The mixiure was stirred for 3 hr,
in the atmosphere - of hydrogen,-The reaction was worked out
as before and the solid,-2,3-dihydro-'-oxo-4H-2,3;3,8~tetra-
methylfurano(3,2-c)benzopyran,Aerystallised from petroleunm
ether, m.,p, 120°, Yield -0,05 g,
Analysis : Found : C, 7%.20 § H, 6,30 %
CisH1603 requires : U5 73.77 5 H, 6,56 %.
2,3-Dihydro-2,4-dioxo-4H-3,3,8-trimethylfurano(3,2=¢)-benzo=~
pyran (QQ(XVII) s

Ozonolysis of 2,3~-dihydro-t-oxo-lti-2-methylene~
-3,3,8-trimethy1furano(3,2hc)benzopyran (0,2 g,) in ethyi
acetate (100 ml,) was carried out by passing ozone gas for
30 minutes and the reaction was worked as before, The: solid,
2,3-d1hydro-2,%-dioxo-lt-3, 3, 8=trime thyl furano( 3,2-c) benzo-
-pyran, crystallised from benzene-petroleum ether, m.p.>ih6—47°.

Yield 0.15 g.
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n -1
IR (rnujol) s 1835 cm.' (furanone), 1740 cm,

(a-pyrone carbonyl stretehing - frequency), 1650 cm,
(aromatic =C=C~ stretching frequency) and 1370 cn:'
(geminai dimethyl group stretching frequency).

NMR (CDC13) ¢ & 1,65, singlet, geminal dimethyl
group at position-3j 2,48, singlet, methyl grbup at position-8;
and 7,30-7,55, multiplet, three protons aromatic,

Analysis : Found : C, 68,35 3 Hy, 4,72 4
CinHe20u  requires :‘c, 68.81 3 H, ¥,91 %,

2,3-Dihydro=l-oxo=tH-2,3, 3, 6-tetramethyl furano(3,2~¢)benzo=~

pyran (LXXXIX) 2;3-Dihydro~4~oxo~4H;2-mefhyleqe-3,316-
trimethylfurano(312-g1§enzopyran (LXXXVIII) s

A mixture of 4~hydroxy-8-methylcoumarin (1,1 g.),
anhydrous potassium carbonate (3,0 g.), potassium iodide(1,0 g,)
and 3-chloro-3-methyl-but-l-yne (3(m1.),in acetone was refluxed
for 2% hr, The refluxion was further continued for 2% nr, after
the addition of 3-chloro-3-methyl-but-l-yne (3 ml,), The
reaction was worked out as before, The residue was subjected
to column chromatography on silica gel, Elution with benzene-
petroleum ether (1:1) gave a solid, 2,3-dihydro-Y4-oxo-MH-2.
methylene=~3,3,6-trimethylfuranc(3,2-c)benzopyran, crystallised
from petroleum ether, m,p, 152-54°, Yield 0,15 g,

NMR (CDCl3) : 81,55, singlet, geminal dimethyl group
at position-35 2,45, singlet, methyl group at position-6;
4,5 and 4,95, two doublets, J=3Hz, two protons of methylene



group at position-2; 7.20-7,59, multiplet, three protons
aromgtic,

Analysis : Found

(2]

¢, 74.82 5 H, 6,26 4
CygHyu03 requires : C, 74,36 s H, 5.83 %.

2,3-Dihydgg-h-oxo—kﬁkgi3,3,6~tetramethy1furano(3.2-c)benzo-
pyTan (IXXXIX)

2,3~Dihydro-l-oxo-4H-2-methylene-3, 3, 6-trime thyl-
furanoi3,2-c)benz0pyran (0.1 g.) was dissolved in ethyl
acetate (10 ml,) and added to prehydrogenated palladised
hydrogenation, The mixture.was stirred for 3 hr, in the
hyﬂrégen atmosphere, The reaction was worked out as before
and the~solid,}é,3-dihydro~4-oxo—%ﬁ—2,j,3lé-tetramethyl-
furano(3,2-¢)benzopyran, crystallised from petroleum ether,
m,p. 135°, Yield 0,05 g, ‘
G, 74,27 § H, 6.61 %
C, 73.77 5 H, 6.56 %.

L 1]

Analysis : Found

ok

CisH1603 requires

2,3-Dihydro-4~-oxo-4t-6, 7-benzo-2,3, 3~trime thylfurano(3,2-¢) -
=benzopyran (XCI) : 2,3-Dihydro-l-oxo-4H-6,7-benzo-2-

gethylene-3,3~dimethy1fur§no(3.2-c2benszyrgg (X¢y s

A mixture of ﬁ-hydroxy«?,8-benzocoumarin (1,25 g.),
anhydrous potassium carbonate (3.9 g2.), potassium iodide
(1.0 g,) and 3-chloro-3-methyl-but-leyne (3 ml,) was refluxed
in acetone forl2hi'hr, Lxcess of 3-chloro-3-methyl-but-l-yne
(3 ml,) was added-aﬁd continued the refluxion for further 24

hr, The reaction was worked out as before, The residue on
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chromatography over silica gel and subsequent elution with
benzene-petroleum ether (2:1) gave a solid, 2,3-dihydro-
~H-oxo-4H-6,7-bengo=2-methylene-3, 3=d ime thyl furano( 3,2-c) -
benzopyran, crystallised from petroleum ether, m.,p. l9i—93°.
Yield 0,1 g,

bnalysis : Found : C,. 77,25 H, 4,87 4

CygHyy03 requires ¢ ¢, 77,68 3 H, 5,07 2.

1)

2,3-Dihydro-4-oxo-4H-6, 7-benzo-2,3,3=trimethylfuranog(3,2-¢c)-

cbenzopyran  (XCI) ¢
2y 3=Dihydro=lt-oxo-il-6, 7-benzo-2-me thylene=-3, 3~

dimethylfurano(3,2-c)benzo§yran (0.1 g.), was dissolved

in ethyl acetate (10 ml,) and was added to prehydrogenated
palladised charcoal (10 % § 0.05-g.) in ethyl acetate for
catalytie hydrogenation, The mixture was stirred for 3 hr,
in the hydrogen atmosphere, The reaction was worked out as.
before, It gave an 0il which could not be identified as
2,3-dihydro-"~oxo-4i-6,7-benzo-2, 3, 3~-trimethyl furano(3,2~-c)-~
-benzopyran, \ .

J3--Dih.ydro«§-oxo-‘+H—8l9-benzo~2l3,3~trimethy1furano(3,2-c)--
—benzopyran (XbIII) 3 qL3--D1h._3gdro--h~-oxo-lrﬁ—8 9=benzo=

-2-methylene-313-d1methz_furano(3.2-c)ben__gvran (XbII) :

4 mixture of #—hydroxy;S,6~benzocoumarin (1.25 g.),
anhydrous potassiﬁm carbonate (3.0 g.), potassium iodide
(1.0 g.) and 3-chloro-3-methyl-but-l-yne (3 ml,) was refluxed
in acetone for 24 hr, 3-Chloro~3-methyl-but-l-yne (3 ml,)

was added again and the reaction was further continued for
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24 hr, The reaction was worked out as before and the residue
was subjected to column .chromatography over silieca gel,
Blution with benzene gave a solid, 2,3-dihydro-4-oxo-'+i-
~8,9—benzo—2-methy1ene-2,3~dimethylfurano(3,2Lc)benzopyfan,
erystallised from petroleum ether, m,p, 95-7°. Yield 0,08 g.
Analysis : Found : G, 77,20 3'H, 5.52 4%

CygHy03  requires : C, 77,68 3 H, 5,07 %.

2,3-Dihydro-k—oxo;4H-8L9~§gg§o;2;3,3;§rimethy1furéno(3L2-ql:

=benzopyran (XCIII) =

2, 3-Dihydro-l-oxo-4H-8, 9=benzo-2-me thylene=~3, 3~
dimethylfurano(3,2;c)benzopyran’(0.1 g.) dissolved in ethyl
acetate and added to prehydrogenated palladised charcoal
(10 %); 0.05 g.) in ethyl acetate for catalytie hydrogenation,
The mixture was stirred for 3 hr,in the hydrogen atmosphere,
The reaction was worked out as before and the oily product
obtained could not be identifiéd as 2,3-dihydro-l-oxo-tH-
8,9—benzo~2,3,3-triméthyifuranb(3,2—é)bénzopyrén. .
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