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GENERAL REMARKS

1.

All chart, scheme, table, structure, figure and
reference

numbers in a part refer to

that

particular part only.
2.

Organic extracts were dried over anhydrous Na2SO4 ,
unlesothrwi aed.

3.

All melting and boiling points were recorded in
degrees celsius and are uncorrected.

4.

Petroleum-ether refers to the fraction boiling
between the range 60 ° -80 ° .

5.

Silica gel used for column chromatography was of
60-120 mesh size and was activated at 110 ° for 5
hours before use.

6.

Thin layer chromatography was done on glass plates
coated with 0.25 mm. layer of TLC grade silica gel
with 13% CaSO4 as binder. Visualisation of the
plates was done by developing the plates in 12
chamber, unless otherwise stated.

7.

Spectral data on compounds were mainly obtained
through the courtesy of various institutions. No
details of individual instruments are therefore
given. These have been suitably acknowledged.

3

8.

The chemical shift parameters in the
13

1

H nmr and

C nmr spectra are expressed in 1 ST ppm, with TMS

as the internal standard. IR absorption bands are
expressed in cm -1 .

UV absorption signals are

expressed in nm. with the molecular extinction
coefficient in logarithum.
9.

All known compounds were identified by direct
comparison of spectral data and physical constants
reported in literature. Molecular formulae of the
compounds were

assigned on the basis of the

molecular weight as

obained by mass spectr-

ometry or elemental analysis.

10.

The 1 H nmr spectra presented are obtained in the
normal form and the J values reported are of the
resolved form.

4

INTRODUCTION
Coumarins, structurally known as 2H-1-benzopyran-2ones are widely distributed in plant kingdom. They are
the secondary metabolites present in living organisms.
They are found in abundance in the Angibsperms but are
comparatively rare in Gymnosperms and Lower plants.
Some are also obtained from micro — organisms.
Umbelliferae, Rutaceae, Leguminosae are among the
important families representing the coumarin containing
plants.
Since the isolation -of simple coumarin by Vogel 1 in
1820 several other coumarin derivatives are similarly
isolated and are classified into simple,
furanocoumarins, pyranocoumarins and coumarins
subtituted in the heterocyclic ring. The chemistry of
these coumarins have been the subject of several
monographs 2
and review articles. Many of these
coumarins possessa wide range of physiological activity 3
such as anticoagulant, antitumor, antibiotic
hepeitetoxicity and carcinogenicity.
coumpri.ns find a wide range of
index trially 4

A variety of
applications

such as fluorescent brightning agents,

optio41 bleaching agents etc. Some may even be used
insecticides and pesticides.

5

as

The 7-hydroxy coumarin commonly known

as

Umbelliferone has often been regarded as the basic unit
both structurally and biogenetically of the more complex

coumarins. The simple coumarin nucleus has been shown
to be derived from a phenyl propanoid precursor (C6-C3
unit).
A large number of methods 5 for the synthesis of
coumarins are known in literature. Amongst

them

Peohmann condensation is the most commonly used method.

prior to the Pechmann condensation coumarins were mainly
synthesised by the Perkin reaction. The methods
employed make use of either phenols or salicylaldehydes.
Many phenols are commercially available. If required,
they can be made available from aromatic aldehydes and
ketones by Baeyer-Villiger oxidation followed by
hydrolysis.
In 1986, Talapatra and co-workers 6

reported; that

the reaction of p-methoxy cinnamic acid and resorcinol
in the presence of PPA gave 7-methoxy coumarin. They
visualised an oxidative biogenetic type self
condensation of p-methoxy cinnamic acid to 7-methoxy
coumarin. The mechanism proposed by they. authors
(Scheme 1) bears a close analogy to the biogenesis of 7methoxy coumarin from p-methoxy cinnamic acid. On going

6

research work in our laboratory on the reaction of
phenols with acids in the presence of PPA drew our
attention to this report of Talapatra and co-workers.
The

Scheme-1 though looked attractive is less

likely based on the previous reports that in

a

acid

catalysed conjugate addition of a phenol to conjugated
carbonyl compounds, a new carbon-carbon bond is formed
which is para or ortho with respect to the phenolic
hydoxyl. No report of addition with the formation of
phenol ether is available.
We, therefore, had every reason to believe that the
aromatic ring of 7-methoxy coumarin formed in the above
reaction must originate from 3-methoxy phenol used in
the condensation reaction. We 7 , therefore, proposed an
alternative mechanism (Scheme-2) which nicely accounts
for the observations of Talapatra and co-workers.
The most noteworthy feature of this mechanism is
that it envisages the fact that the aromatic ring of the
coumarin originates from the phenol and the remaining
three carbons of thecC-pyrone ring come from the pmethoxy cinnamic acid i.e. it is in fact a transfer of a
C-3 unit from the p - methoxy cinnamic acid on to the C-6
unit of the phenol in the presence of PPA.

7

Further investigations on these lines confirmed the
hypothesis and several natural and synthetic coumarins
could be obtained by using different phenols and
different derivatives of cinnamic acid.
PRESENT STUDY
The present investigation was undertaken to find
out the scope and limitations of this method. The structural features of phenols which yield the coumarins or
the intermediate 3,4-dihydro-4-aryl coumarins when
reacted with p-methoxy cinnamic acid in the presence of
PPA and other reagents and the generality of this
reaction for the synthesis of naturally and nonnaturally occurring coumarins forms the subject matter
of the present Thesis.
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P ART CHAPTER - 1

SECTION -

A NEW SYNTHESIS OF 5 9 7-DIMETHOXYifi=HYDROXY

COUMARIN

(FRAXINOL)

1.1 A NEN SYNTHESIS DE 5.7 -DIMETHOXY-6-HYDROXY COUMARIN
(2a L fRAXINOL)

A large number of coumarins having different types
of oxygenation pattern have been found to occur in
nature. These contain a small group having 6,6,7,-trioxygenated pattern having all the possible combinations
of a free hydroxyl functionality with the remaining two
substituents

as

methoxy groups. These combinations are

shown in Chart-1 (R=H).

OR
H 3CO
H 3C0
2

.11•M■1•10111,

a) R = Fl
b) R = p-D-glucosyl
c) R =CH 3

3

Chart -1
It is also observed that the free hydroxyl
coumarin (aglycone) usually co--occurs with the corresp onding glucoside. e.g. autriLli (1113-D-tilucosyl).
12

It may be noted that 5,6,7 -trimethoxy coumarin
(lc, R=CH3) is also a natural product and has been
isolated from Pelargonium reniforme by Wagner and co-workers 1
The synthesis of the 5,6,7-trimethoxy
coumarin is comparatively straightforward and besides
its previously known synthetic routes, we have recently
reported a new synthesis of 5,6,7-trimethoxy coumarin by
reaction of 3,4,5-trimethoxy phenol with p-methoxy
cinnamic acid in the presence of polyphosphoric acid 2 .
In principle selective demethylation of 5,6,7-trimethoxy
coumarin should result in the formation of 1A, ZA, and
IA. However, in practice the selective demethylation
poses practical difficulties. In this section a new
synthesis of 5,7-dimethoxy-6-hydroxy coumarin (2A,
fraxinol) is reported as a further extension of our
coumarin synthesis.
Fraxinol (2A),

was

isolated by Spiith and

$1enkiewiczowa from Fraxinus excelsior3 . Subsequently,
fraxinol was also isolated from other species of the
genus Fraxinus 4 and from Prunus domestica 5 . The assigned structure has been confirmed by synthesis by four
independent routes which are depicted in Scheme-i. rine
first method 3 involves the preparation of salicylaldehyde derivative
affords fraxinol (2A).

A

which on Perkin condensation
The second route 6 uses the 6,713

dimethoxy coumarin (5) as a starting material.

The

desired 6-hydroxy group is introduced by coumarin ring
opening in alkaline medium followed by Elb's persulfate
oxidation and ring closure. In the third method ? , the
furocoumarin bergapten () has been transformed into
apoxanthoxyletin (1) by oxidative elimination of the °(. carbon atom of the furan ring. The formyl group of D is
then transformed into fraxinol by Baeyer-Villiger
oxidation. i The last and chronologically the most recent
synthesis is due to Wagner and Bladt 8

who used phloro-

glucinaldehyde (2) as the starting material and intro'
duction of 6-hydroxy substituent by Biginelli's method
(Scheme-1,

method IV). These authors reported the

spectral data on fraxinol for the first time.
It seemed to us that reaction of 2,6-dimethoxy-p-hydroquinone

(IQ) with p-methoxy cinnamic acid in the

presence of PPA should afford fraxinol (2k) in a single
step.
The synthesis of fraxinol (2A) reported in sequel
is further simplification of the route reported by Spath
and Sienkiewiczowa 3
who
used
2,6-dimethoxy-phydroquinone (la) as one of the intermediates. We,
however, prepared this compound by a different toute.
1,3,5-Trimethoxybenzene (U) on oxidation with 30%

14

nitric acid in ethanol 9a

gave

2,6-dimethoxy-p-benzo-

quinone (12), melting point as reported in literature 3
butinporyeld(6%).Thicouldbenras
considerably (67%) when oxidation of 11 was carried out
in Cr03 - aq.AcOH(80%) reagent 9b . The product obtained
showed identical spectral and physical properties reported for 12. The desirod 2,6-dimethoxy-P-hYdroquinone
(la), m.p. 169 ° was then obtained in excellent yield by
subjecting 12 to catalytic hydrogenation over Pd-C (10%)
in chloroform* . Identity was established by comparison
of melting point (lit. 3m.p. 166-67 ° ; lit. 10 m.p. 159-60 ° )
and IR 'spectrum kindly supplied by Professor H.
Otsuka, School of Medicine, Institute of Pharmaceutical
sniAnces, Hiroshima University, Hiroshima, Japan.

-Firstly,

reaction off, with p-methoxy cinnamic

acid in the presence of PPA at 70 ° for 4 hours gave
after purification by filtration through a silica gel
column and recrystallisation from benzene - petroleum-ether a pure compound, m.p. 171 ° identical with
fraxinol. The whole sequence is shown in Scheme-2.

* 2,6-dimethoxy-p-hydroquinone is easily soluble in
water and hence its preparation by other methods of
reduction!where its isolation requires extraction with
organic solvents results in considerable loss.
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A literature survey on previous work on fraxinol
(2k)

(isolation and synthesis) was mainly done during

the period when the present day spectroscopic methods
were riot available. As mentioned earlier the spectral
data (uv, 1 H nmr) on fraxinol was reported by Wagner and
Bladt 8 and our synthetio nample showed spectral data
(uv,

1 H nmr) virtually identical as reported by them,

thus establishing identity of our synthetic

compound

with fraxinol(,). The characteristic feature of the I H
nmr spectrum (fig. 4)
(J=0.5Hz)

is the long range coupling

observed between C4-H and C8-H

estaarrs-n-Frg—u=r irelbreliatrep
-

ireibibeami

further

Liii■Laad

the spectrum is well resolved as in our case, it can be
taken as a proof for the coumarin to be unsubstituted at
C4 and C8 positions. Such conclusions nave lien before in case of suberenol (11) 11 .

13

19

drawn

In 1977, Nagarajan and P;armar6 reported the isolation of fraxinol (2A) from Prunus domestica (Rosaceae).
However, the spectral data reported by them, though
similar shows some differences in the uv absorption
maxima and

I H nmr chemical shifts. This discrepancy

raises doubts about identification of their natural
product as fraxinol (2A) and warrants further close
scrutiny.
In 1983, Ishii and co-workers 12during their work
on the structure determination of naturally occurring
coumarin toddalenone Proposed a route for the
synthesis of fraxinol (2A).

The route as depicted in

Scheme-3 uses toddalolactone (10, a major component of
Toddalia asiatica as the starting material. However,
they do not provide any spectral data on their synthetic
fraxinol which could be used for comparison.

H 3 CO

14

20

OCH3

OHC

aq. Me OH

H CO
3

15

Lemieux
oxidation
of the mixture
Os 04 N a 104
in act. diox an e
H 2 02
H 2 SO4
CH 3 COOH

Scheme —3
21

Ac0

i

Isopropenyt

acetate
Ts 0H
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H
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P ART - I
CHAPTER - 1

SECT ION
A NEW SYNTHESIS OF

2
6-HYDRO X V=

=METHOXY COUMAR IN ( I SOSCOP OL ET I N

1.2 A BEN SYNTHESIS DE 6zBIDEOXI71 1- -HEIHMY

GOUMARIN

(18a, 1SOSCOPOUTIN)

A large number of oxygen heterocyclic compounds are
known in the living kingdom 14 and coumarins constitute
an important group amongst them. Since the isolation of

the parent compound coumarin (16) from natural sources
several other coumarin derivatives 15 have been isolated
with the pa,sage of time. It is indeed interesting that
all naturally occurring coumarins except the coumarin
(j) and the 4-methyl thio-5-methyl coumarin (11) 16 are
oxygenated at one or more of the six available positions
(0-3 to 0-8).

17

16

The 6,7-dioxygenated coumarins constitute a small
group among coumarins. some typical examples having a
free hydroxyl either at 0-6 or C-7 are shown in Chart-2
1

Synthesis of 6,7-dimethoxy coumarin (11, scoparone)
has been achieved in our laboratory by reaction of 3,4dimethoxy phenol (2Q) with p-methoxy cinnamic acid in
the presence of PPA. While selective mono-

22

R,0

R.0
18
R2

R1
a)
b)

H

c)

H

d)

H

e)

H

p-D-glucosyl
61 -(-

p-D- apiosyl +13-0-glucosyl

H
OH

H
f)

CH3

g)

p-D-glucosyl

H

h) Rutinosyl

Chart -2
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-demethylation 17 of scoparone (12)

should afford

6-hydroxy-7-methoxy coumarin (I8d, isoscopoletin) and/or
7-hydroxy-6-methoxy coumarin (18f).

However, as indi-

cated in Part-I, Chapter 1.1 such selective demethylations have practical difficulties unless the methoxy
group is in close proximity with a carbonyl group.
Alternatively selective mono-methylation of 6,7-dihydroxy coumarin (21, esculetin) should afford
isoscopoletin (180 and/ or scopoletin (18f).

However,

such partial mono-methylations have generated trace
amounts of the other methylated product 18 also. We
envisaged a new synthesis of 6-hydroxy-7-methoxy coumarin (18d, isoscopoletin) as an extention of our method
by treatment of 2-methoxy-1,4-hydroquinone (21) with
methoxy cinnamic acid in the presence of PPA.

H 3 CO

H 3 CO

H 3 CO

H 3 CO
19

20

21

Isoscopoletin (18a) was first isolated by Hahn from
Artemisia messerschmidiana 19 . Subsequently its
isolation from several other sources such as Artemisia
trident,,ta 20 , Arte ► isia scoparid 21 , Artemi id
24

capillaris 22 ,
PachltoaPa 24 ,

.1Q

Bolan=

23 ,

Angelica

azedarach 25 ,
Convolvulus
aevranisis 26 , Afraegle paniculata 27 , Sandia pilotica 28 ,
Diospvros kaki 29 , fl&plovhvllum bungei 30 ,
Coronilla
Melia

elegans 31 , plea papensis 32 , Chloranthaceae JaPonicua 33 ,
Anagyrik foetida 34, Gundelj tournefortii 35
Aesculus
turbinata 36 ,

AG/11110a biebershteinia 37

Achillea

krasheninnikoNdi 57 ,
Fhapeolua aureua n ,
chrysotricba 39 ,
Bupleurum fruticescena 40 ,

HIrdvotis
Vernonia

scorPioide1 41 ,
Tripetaleia Paniculkta 42 ,
Skimmia
malanocarrl43 , and Skimmia laureo1a 44 has been reported.
The assigried structure has been confirmed by its
synthesis by seven independent routes. The method due
to Head and Robertson 45a as well as Seka and Kallir 45b
was the first method reported and employs-

4k-

coumarin, escUIln (az).. The second method 46

prblormed
uses 2,5-

- dihydroxy-74-methoxy benzaldehyde (23) which on Perkin
condensation gives isoscopoletin (11a). In the third
method 4727methoxy-1,4-hydroquinone (2A) is the starting
material. The three carbons of theix-pyrone ring are
introduced using ethyl - p,p-diethoxy propionate or the
acid chloride derived tromp -ethoxY acrylic acid. The
fourth route 48 utilises condensation of 2,5-dihydroxy-4-methoxy benzaldehyde (21) with malonic acid with
simultaneous decarboxylation and cyclisation to
25

isoscopoletin (184). In the fifth route 49 isoscopoletin
(lka) was obtained from methyl ether of umbelliferone
(2k) by Elb's persulfate oxidation. In 1983, Xiaotian
et al. 50 reported the transformation of esculetin (21)
into isoscopoletin (181). In 1992, Ishii and co-workers 51 reported yet another synthetic route to
isoscopoletin (18a) starting with vanillin (2k).

All

these synthetic routes to isoscopoletin (ILA)

are

depicted in Scheme-4.
Method I : Head 's synthesis 45° and
Seka's synthesis 45 b
[3- D-glucosyl - 0
HO
22
-451)--- CF13-1-45a
Dry acetone
Anhy K2CO3

1CH 2 N 2

-D -glucosyl -0
H3 C0

5ZH2SO445°H
• 0

\\ I-120 45b
Scheme- 4

26

0

H3C 0

18a

Method II: Seka' s synthesis 45 b and
Toshr s synthesis 46

HO

CHO

Ac 0

AcONa

OH Ac20

H3 C0

1-13C0

23
20Z HC146
Ethanol

HO

H3C0
18a

Scheme — 4
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H2

45b
SO4
120° — 300

Method 111 : Crosby' s

HO

synthesis 47

( E t0) 2 CHCH 2 COOEt
H3 PO4

OH .

H3 CO
24

18a

EtOCH = CH COC1
H3 PO4

Method 1 : Thakur's synthesis 48

HO

CHO CH2 (COON )2

H3 CO

HO
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On the basis of our previous observations, we
anticipated the formation of isoscopoletin (18a) by the
reaction of 2-methoxy-1,4-hydroquinone (2A) with
p-methoxy cinnamic acid in the presence of ?PA. The
desired 2-methoxy-1,4-hydroquinone (21) was obtained in
good yield by Dakin oxidation of vanillin

(2.).

Reac-

tion of 24 with p-methoxy cinnamic acid in the presence
of polyphosphoric acid at 70 ° for 4 hours gave after
purification by silica gel column chromatography and
recrystallisation from chloroform - petroleum-ether a
pure compound, m.p.180 o (lit. 20 m.p. 185 ° , lit. 23
m.p.185-87 ° ,

lit. 32

m.p. 187-90 ° )

identified

as

isoscopoletin (I8a) The yield of the pure product

1:LA

is, however, comparatively low (18%). It may be noted
that 1 H nmr spectral data of isoscopoletin (18a) measured in different solvents is available in the literature. However, the chemical shifts measured in the same
solvent e.g.CDC13 by different groups are not identical.
As indicated earlier the values for our synthetic
product agree with those reported by Ishii and cot
workers 1 .
In this reaction, we obtained another products m.p.
205 ° which is yet to be characterised.
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7-METHOXY-8-HYDROXY COLMAR IN

A NEW SYNTHESIS

1.3

7 - METNOXY... S_HYj2ItQXX MOHABibi (28a) i. A BEN
SYNTHESIS
The

glycoside originally isolated by Vauquelin 55

Daphne alpina in 1612, was characterised by Wesselyfrom
and Sturm 56 as 7-13-D-glucosyloxy-8-hydroxy coumarin (21)
in 1930 and was called by trivial name_daphnin - 7
Thil
may

be consraered as the rirst member of

.7,8-

dioxygenated coumarin. With the advancement of improved
isolation methods and modern sophisticated techniques
for structure determination several other members
representing 7,6-dioxygenated coumarins have been well
characterised.

13— D
OH

■••■••■!.

Among this group, the coumarins having a methoxy
group at C-77 and a hydroxy or an alkoxy group at 0-6
position derived from natural sources 56 are listed in

Chart-3.
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7-Methoxy-8-hydroxy coumarin (280 was first isolated by Herz and co-workers 58a
from
Artemisia

dracunculoides in 1970. Subsequently Gray and co58f isolated it from Coleonema
-workers
Dainginum. Practical selective methylation of C-7 hydroxyl of 7.8-dihydroxy coumarin to_obtain7-methoxy=8=hydroxy coumarin is
difficult 9 . However, selective demethylation of 7,8-dimethoxy coumarin

(28b) has been reported 59 to give

good yield of 7-methoxy-8-hydroxy coumarin (28a) which
constitute a simple method of its synthesis.
There are two other independent routes in addition
to selective demethylation of 28b. One of these 60
involves the Perkin condensation, of the salicylaldehyde
derivative 21 which inturn was obtained by BaeyerVilliger oxidation and subsequent hydrolysis followed by
formylation of o-vanillin (22). The other route" uses
the preformed coumarin, 7-methoxy-8-acetyl coumarin (22)
which on Pakin reaction yields the desired 7-methoxy-8-hydroxy coumarin (22a). These three routes are depicted
in Scheme-5.
To gain Qredancoe to our synthesis of coumarins
substituted in the aromatic ring we envisaged the

prep-

aration of 28a by reaction of 2-hydroxy-3-methoxy phenol
(3k) and p-methoxycinnamic acid in the presence of PPA.

33
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OCH3

H 3 CO

Dry benzene

OH

OCH3
33

30

PPA
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H3C0
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We did obtain the desired coumarin in this reaction as
anticipated and firmly believe that the present
synthesis of 7-methoxy-6-hydroxy coumarin
(2) (Scheme-6) is much more simple than the
route adopted by Mauthner 60 who also used 2-hydroxy-3-methoxy phenol (30) as one of the intermediates. We
prepared 30 by an independent route. 1,2,3Trimethoxybenzene (33) on selective demethylation 62 with
lithium aluminium hydride in dry benzene gave the
desired 2-hydroxy-3-methoxy phenol

(.aa) in good yield.

However, in our hands this compound was obtained

as a

viscous liquid even on column chromatography and
Purification by distillation (lit. " m.p. 36-41 ° ). The
spectral comparison unambiguously established identity
of our compound with 30. Finally, the reaction of lg
with p-methoxy cinnamic acid in the presence of PPA at
70 0 for 4 hours gave after column chromatography and
recrystallisation from benzene, a pure compound m.i).173 °
identfas7-mhoxy8drcumain(ft).
The
sample

I H nmr spectrum recorded on our synthetic

2 was found to be virtually identical with the

one reported by Dean and co-workers 59 as well as Gray
and co-workers 56f It may be noted that there are
certain discrepances in the reported I H nmr chemical
.

shifts for the same coumarin by Herz and co-workers 58a .
36

The second synthesis of 7-methoxy-8-hydroxy ooumarin
(21a) described in sequel was riot a planned one, but as
it happens in any experimental research it came to us as
a surprise. We were interested in the synthesis of 6,7-dimethoxy-8-hydroxy coumarin (3) and the phenol
required for this purpose was the catechol derivative
Based on the literature precedent" we planned the
synthesis of 15 as shown in Scheme-7.
Reaction

of 1,2,3-trimethoxybenzene (11.11)

with

acetyl chloride and anhydrous aluminium chloride in dry
methylene chloride gave two products purified by column
chromatography having melting points 113 ° and 132 ° in
order of their polarity (TLC). The reported" melting
point of 2-hydroxy-3,4-dimethoxy acetophenone (1.E) is
83° which made clear that we are handling substances
other than 11. Incidentally on an earlier occasion we
had carried out methylation of gallacetophenone a known
substance and prepared by Nencki reaction" on pyrogallol. The product m.p. 113 ° , had identical TLC behaviour with1 one of the compounds (less polar substance,
m.p.113 ° ) 'prepared by acylation of 1,2,3-trimethoxybenzene

(31).

We took for granted that the reported

m.p. 83 ° of aa is an error and subjected the product
having melting point 113 ° to Baeyer Villiger oxidation
followed by hydrolysis. Crystalline compound m.p. 131 °
37

64
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Scheme —7
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obtained in this reaction was different from the
*
starting material.
Assuming that it was 34 we subject
ted it to reaction with p-methoxy cinnamic acid in the
presence of PPA . To our surprise the coumarin formed in
this reaction showed m.p. 173 ° and proved to be
identical with 7-methoxy-8-hydroxy coumarin (aA). The
identity could be established without difficulty as

we

had spectral data and authentic sample of this coumarin
as described in earlier part of this section.
Identification of

the

coumarin as 7-methoXy-8-

-hydroxy coumarin (2,a4) in the above reaction made it
clear that the phenol used in its reaction with
p-methoxy cinnamic acid in the presence of PPA cannot be
catechol derivative
ture.

but must have a different struc-

It became then essential to characterise it by

routine spectral analysis. We were in for further interesting data. The 111 nmr of compound m.p. 131 ° showed
0
2.57, s, 3H, f6-C113;
the following data :W(CDC13)
3.96, s, 3H, Ar-OCH3;
(J=10 Hz), 1H, Ar-E;

5.62, 8, 1H, Ar-OH;

6.50,d

7.32, d (J=10 Hz), 1H, Ar-B;

12.48, s, 1H, Ar-OH chelated.

* Based on the general outcome
hydrolysis
39

B.V.Oxidation and

The above spectral data suggested structures

la

a/

and

for the compound used in the reaction with p-methoxy

cinnamic acid. This makes clear that the Baeyer.-Villiger oxidation didn't proceed as expected but one
of the methoxy group got demethylated. There are no
literature precedents on the demethylatiori of -OCH3
groups under Baeyer-Villiger conditions. The question
then arises how 7-methoxy-8-hydroxy coumarin is formed.
The simpleSt explanation which we would like to offer is
assignment of structure // to the product used for the
reaction with p-methoxy cinnamic acid. Retro FriedelCraft reaction on acetophenone derivative // then yields
2-hydroxy-3-methoxy phenol

(aa)

transformed into the coumarin

which

38
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turn

gets

28a by the well

established method.
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A NEW SYNTHESIS

4-HYDROXY-5-MRTHYL COUMARTN (41a)

2.1

anus=

A

BEN

4-Hydroxy cournarins form an important group among
substituted naturally occurring coumarins, These
coumarin derivatives have been isolated and characterised from higher plants and owe their importance mainly
due to anticoagulant effects associated with them. Some
of the important members of this group having medicinal
properties such as antiftingal,anticoagulant, estrogenic
etc. are as shown in Chart 4.
-

0
0
H 3CO

NH2
OH

OH

OH

Novobiocin

Warfarin

Dicourrlarol
Ismailin

Chart
41

—
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In view of the reported medicinal properties,
synthetic routes to the parent coumarin belonging to
this group viz.4-hydroxy coumarin (13) were developed by
different groups. While a general method for the
synthesis of 3-substituted 4-hydroxy coumarins by
condensation of o-acetoxY benzoyl chloride with sodium
salts of ethyl aceto acetate, diethyl malonate and ethyl
cyano acetate to produce 3-acetyl, 3-carboethoxY and 3cyano coumarins (X1,12,& .Q) respectively was reported
by Anschutz 67 as early as 1908, the parent coumarin //
was available only by indirect method i.e. by removal of
the 3-substituent as shown in Scheme-8.
0

Noe.-%),==0

Ner-- 0Et

OH

0

Cl

COOEt

'0Ac

'0 0
39

OH 0

' COOEt
0
38

CN
1
HC e

93%
H SO
2
4

COOEt

OH

OH
CN

440
Scheme-8
42
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After a gap of almost five decades, several routes
for the direct preparation of 4-hydroxy coumarin (ii)
were reported mainly during the years 1960-1961. These
routes are summarised in Bcheme-9. It may be noted

that

only the route (viii, Scheme-9) is the most recent one.
With the advent of modern isolation techniques,
spectroscopic methods for structure elucidation and
search

for bio-active substances of natural origin, a

large number of natural products have been isolated and
characterised during the past 30 years. Even among the
coumarins, the number of naturally occurring coumarins
has increased to such an extent that it became necessary
to put thpm together in the

form of a book entitled

"The naturally occurring coumaris" 15 which deals with
all aspepts of coumarins followed by an
equally
exhaustive review article 76 updating the information
upto the end of 1989.
A cursory look at the tabulated information in the
above two references would show that a very large number
of derivatives of 4 -hYdroxY coumarins have been isolated
and characterised (Chart-4A). Among this group,
4-hydroxy-5-methyl

ooumarin (414) and

further

modifications of this disubstituted coumarin

attracted

our attention for two reasonst (i) our own interest in
coumarin synthesis and (ii) previous identification of
43
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* only representative examples are given
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OOH

two unidentified compounds isolated from Diosnvros kaki
77 as 42
and A/Thumband
D„ kaki varsylvestris Makin°
78
from our laboratory. Identity of one of these unidentified products, earlier isolated by Natori and co77 from
-workers
D, kaki with 42 was unambiguously estab-lished by direct spectral comparison and physical constants. The second unknown compound was shown to possess
structure 42 and being a naturally occurring substance a
synthetic support seeie d desirable.*

43

42

•

A literature survey of the previously known synth-

etic

methods for 4•hydroxy - ti - methyl ooumarin (41A) are

depicted in Scheme -

12. As expected these were mearlY

the application of previously known methods and m-cresol
and its derivatives (Scheme-10) were used to obtain the
desired coumarin 414.
* The results were sent for publication but the
referees insisted on the cOnfirmation of the structure
by synthOis before it i8 accepted for publication.
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The most recent method of Chatterjea and co-workers 75 (f3cheme-11) uses 2-Methoxy-6-methyl benzoic
acid (AA) (prepared by six steps from tn-cresol) as
shown. The interesting feat9re Qf this negoenCe is the

1E to Ala

reported conversion of the intermediate

by

boron, tribromide ire methylene chloride. These authors

1313r3 by AlC13

further obseryed that replacement of
results in the formation of

2,5 dimethyl chromone 3 -

-

-

-carboxylic acid (A.a.). Nickisch and co workers" prepa-

red

4 methoxy! 5 methyl coumarin (A/) by application
-

-

-

intramolecular Wittig reaction a8 shown in Scheme la.
-

Nickisch l s

synthesis 83

OMe
0
OH

OMe
Ph3P
47
Scheme-12
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The major drawback in the above methods where
m-cresol is used as a starting material, the desired
4-hydroxy-5-methyl coumarin (41a) is always formed as a
minor compound and its

separation from 4-hydroxy-7-

-methyl coumarin (.41) is very tedious. In other cases,
preparation of the intermediates from m-cresol requires
several steps. These shortcomings in the known methods
and our requirement of 41a for the preparation of

AA

prompted us to explore a new synthetic route for Ala We
have now synthesised 41a by an entirely new method and
the results are described in the following few PageS4
We had observed 04Kier that attempted
of

AR

dearylati3O4

with anhydroUS 11C13 resulted in the loss

of

isopropyl substituent and the reaction product contained
a mixture of

La and a (for details, see Part-ZI,

Chapter 4.2).
OMe

OMe

OH

Anhy.
Alc1 3
0

0

50
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This suggested the use of thymol (L2) as the starting material for the preparation of Algt. We were
preparation of
encouraged to see the reported 74
4-hydroxy-5-methyl-8-isopropyl coumarin (11.3) by reaction
of thymol (L2) with malonic acid in the presence of
anhydrous zinc chloride and phosphorus oxychloride. The
assigned structure
Ll was only tentative and not suppoI
rted by spectral analysis. We thought of preparation of
12 by this method, confirm the structure by spectral
analysis and then subject.it to reaction with anhydrous

AlC13 where we anticipated the loss of isopropyl group
thus leading to the desired 4-hydroxy-5-methyl coumarin
(414). Repeatition of the known reaction sequence posed
no special problems and the product obtained had melting
point 223 ° as reported by Shah and co-workers 74
Measurement of.the 1 H nmr spectrum, however, posed

some

practical difficulties due to its poor solubility but
the spectrum clearly Showed the presence of isopropyl
group confirming the a4s1ghled structure

LA,

COOH ruse0

OH

CH2

ZnCI

COON

POCK
600
53

52
52

•

rt

In order to confirm the above findings, coumarin
was subjected to treatment with acetic anhydridepyridine according to the procedure of AhluWalia and co-workers 85 In this reaction we obtained three compounds
A, B, and C having melting points 125 ° ,196° and 165 0
The 1 H nmr spectrum (CDC13) of compound respctiv.y
"A" showed it to be a mixture of at least two compounds
and was not investigated further. The 1 H nmr spectrum
of compound "B", m.p. 196 ° showed the

presence of

isopropyl group (1.27, 6H 0 d,J=7Hz), acetyl group (2.43,
3H,d,J=1Hz), Ar-CH3 (2.76, 3H,d,J=1Hz), benzylic methine
(3.63,

1H,quintet,J=7HZ),

vinyl

hydrogen

(6.34,

1H,q,J=1Hz) and a pair of doublets for the remaining two
aromatic hydrogens (7.15 and 7.50, 1H each,J=8 Hz).
Structure 54 is assigned to compound "B". The downfield
shift of the aromatic methyl group is highly
characteristic of 5-methyl coumarins with an -OR substituent at C - 4 position (peri effect). The spectral data
on compound "C" could not be collected due to paucity of
the sample.
4-Hydroxy-5-methy1•8-isopropyl coumarin (52)

thus

obtained was heated with anhydrous aluminium chloride in
chlorobenzene at 95 ° for one hour.
product,

The

purified

m.p.235 ° obtained bY recrystallisation from

ethanol, was identifiOd as 4-hydroitY-5-methyl coumarin
53

(it) by a direct comparison with an authentic sample:*
On attempted acetylation with acetic anhydridepyridine

414

gave

Based on the

tlio Products (tin. p. 225 ° and 208 ° ).

previala

reports, formation of two

compounds under these experimental conditions is not
surprising. The major product having melting point 225
has been assigned structure L5 on the basis of spectral
- data (for details see experimental section).
0

55
The present synthetic method offers distinct advantages over previous methods and the coumarin 414 can be
obtained in sufficient quantities from the commercially
available starting material s via. thymol (L2). it may
be noted that in our synthesis, isopropyl group of
thymol functions as a protecting group thus yielding 41.4
withoucnamiofA,themajrpoducbtine
in other methods starting from m-cresol. In conclusion,
we claim to have developed a new synthetic route to
4-hydroxy-5-methyl coumarin.
* An authentic sample of 4-hydroxy-5-methyl coumarin Aia
supplied by Prof. T. Inoue, Faculty of Pharmaceutical Sciences, Roshi University, Tokyo 142, Japan.

was
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Although 4-methyl coumarin and its derivatives have
been synthetically: known for over a century 15 , very few
of the naturally occurring coumarins possess a 4-methyl
substituent 76 . The recent isolation and characterisation
of (-)-6-hydroxy-3,4-dihydro-4,7-dimethyl coumarin

(.5a)

by Cambie and co-workers from Beritiera.orpithoceDhala 86
(Fam sterculiaceae) is perhaps the first representative
of naturally occurring 3,4-dihydro coumarins and is
likely to have a terpenoid biosynthetic origin rather
than the customary biosynthetic derivation from
phenylpropanoid precursor 16 . Because of our continued
interest in modified terpenoids, the structural features
Present in a attracted our attention. Though the
structure assigned seemed unambiguous, a synthetic proof
was considered desirable. In this section, we report a
synthetic confirmation to the assigned structure a. We
also propose a detailed biogenetic pathway Which
accounts for its co-occUtrence with cis-7-hydroxy
calamenene (kl) and explain how four carbon atoms of the
sesquiterpenoid precursor AZ are eliminated resulting in
the formation of

L.E. The

hypothetical biogenetic pathway

(Scheme-13) is mechanistically sound and,has literature
Precedents which

lend further support
55

to the

0

57

0

Cleavage
Cyclisation
= c:4 OH
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56

Scheme 13

56

p — Isopropyl

p — OH , e<— Isopropyl

biosynthetic transformation of a normal sesquiterpwrid.
Compound

ka

represents the first member of

tetranorsesquiterpenoid group.
2-Methyl - p-benzoqUinone (J54), prepared by the Cr03
oxidation of o - toluidine 87 W40 oonvorted into 2-methYl-p-hydroquinone (52) by catalytic hydrogenation over Pd=
-C in ethyl acetate. The hydroquinone 52

was conde0000
with ethyl aceto acetate under Pechmann conditions 88 to
yield 6-hydroxy-4,7-dimethyl coumatin (.0)

(Scheme-1).

1 H nmr) previously not recordedThespctrald(MS,
in the literature confirmed the structure assigned.
Saturation of 3,4•double bond of .0 proved to be
unusually difficult mainly because of its pOor solubility in normal organic solvents and also the known
inertness of the 3,4•double bond of coumarins towards
hydrogenation 16 .
Methylative ring opening 89a of coumarin

followed

by hydrogenation, demethYlation and ring closure was
expected to yield 55 as depicted in Scheme-16 However,
reaction of .Q with NaOH and (CH3)2SO4

(Scheme-14)
gave

crystalline compound m.p. 160 ° which

was

afailedtogvhrinpedouct1b

identified as

methyl ether 61 of LA on the basis of 1 H nmr analysis.
Failure to get the ring opened o-methoxy-p-methyl
57
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cinnamic

acid derivative p is somewhat

surprising

as

this method has been used before by other inVestigators.
Neverthless there are reports in literature 80b wherein
under such experimental conditions methyl ether of the
corresponding

coumarin has

also been formed.

The

(Scheme-Al) could be

desired dihydro derivative

obtained as a crystalline solid m.p. 142 0 by carrying
out the catalytic hydrogenation of aQ over 10% Pd-C at
90 0 in glacial acetic acid containing traces of
perchloric acid 15,90 . The synthetic coumarin 5ja was
found to have identical spectral data when compared to
those recorded on the natural sample.
Gupta et a1, 91 reported the preparation of 5-, band 7-hydroxy-3,4-dihydro coumarins by reaction of
corresponding phenols with methyl acrylate in the Presence of anhydrous aluminium chloride and dry HC1. These
authors further observed that hydroquinone failed to
react under these conditions. An attempt to synthesise
the title compound .5..a by the reaction of 2-methyl-p-hydroquinone (k2) with methyl crotonate in the presence
of anhydrous A1C13 and dry HC1 did not produce any
encouraging result and the starting phenol was recovered
unchanged(TLC, m.p., M.M.p.). Our successful approach
for the synthesis of co0Marins with PPA 2 together

With

previous reports of condensation of phenols With
60

PPA
+ Ho
H

106 1
4 hrs
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59
HO

63

Scheme 16

56

Scheme-17

61

64

crotonic acid 92 prompted us to investigate the reaction
of 2-methyl-p-hydroquinone (51) with crotonic acid in
the presence of PPA at 70 0 . Under these conditions two
compounds 52 and 63 having melting points 119 ° and 184 °

Scheme-16.
Examination of the 1 H nmr spectrum of compound

respctivlywobanedshwi

52

revealed the presence of vinyl methyl. at 6 1.98 (3H, dd,
J=7 & 1.75Hz), a vinyl proton ut 6 6.05 (1H, dq, J=15.5
& 1.75Hz), another vinyl proton multiplet at5 7.2 (1H)l.
clearly indicating the presence of crotyl ester side
chain. The presence of [•O-CH(CH3)-CH2-CO-Ar] grouping
could be seen from the secondary methyl doublet ati
1,50 (3H, J=6.5Hz), a two proton doublet at 5 2.64 (28)
and a multiplet at 6 4.57 (IH) corresponding to the C-2
hydrogen. The two aromatic; protons appeared as singlets
at cr 6.85 and 7.52 having a 1,4 relationship and an
aromatic methyl group singlet at6 2.17(3H). These
chemical shifts were consistent with the structure
6-crotyloxy-2,3-dihydro-2,7-dimethyl benzo-1-pyran-4-orie
(52). In order to support the assigned structure

52,

crotyl ester 64 of coumarin 55 was prepared (Scheme-17).

52 and S4 were found to beAsanticped,rs
different.
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Compound j was analysed for C11111203. Its I H nmr
spectrum

(for chemical shifts refer experimental

section).

lacked the signals due to the crotyl ester

side chain, but showed the presence of -0-CH(CH2)-CH2CO-Ar grouping, two aromatic protons in 1,4 position and
a phenolic proton. These facts are consistent with the
structure 6-hydroxy-2,3-dihydro-2,7-dimethyl
-PYran-4-one

(u).

1)01100-1 -

Formation of benzo-l-PYran-4-one

derivatives by reaction of 2,3- and 2,5-dimethyl phenols
with crotonic acid in the presence of PPA has been
reported by Merchant and Joshi 92*!
The biosyntheSis of 4.6
7-hydroxy calamenene (.$.1)

is thought to involve
48

an

intermediate,

The

sequence of events 104ding finally to the los0 of f our
carbon atoms

most

likely' involves oxidative

Process (Scheme-11). It

is

cleavage

of interest to note that the

compounds D, E and V have been reported to co-occur in
the soft coral Leopalia cervicornis 93 .
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PART CHAPTER - 2

SECTION - 3
A STRAIGHTFORWARD SYNTHESIS OF 4-METHYL-6,7-METHYLENEDIOXY

§OLIMARIN

(4-METHYL AYAPIN) : COMMENTS ON THE STRUCTURE OF

C H 0 ISOLATED FROM ACHILLEA SCHISCHKINii
11 'C8 4

2.3 A BTBATGHTFORWARD SYNTHESIS DE 4-METHYL -6.7(4-METHYL AYAPIN)
HEIHYLEHEDIDU COUMARIN
DOMMEHTZ OH THE HTEUCTUEE OfC1004
ACHILLEA SCMISCRKINII
lawATED
COMPOSITAE)
BONE IEML
While the number of naturally occurring coumarins
having a substituent at C-3 or C-4 position and those
having both these positions substituted has increased
during the past few years, their percentage with respect
to coumarins unsubstituted at C-3 and C-4 positions is
still very meagre. Naturally occurring 4-methyl
coumarins are listed in Chart-5. In contrast to the
requirements for the

synthesis

of 3,4-unsubstituted

coumarins, synthesis of 4-methyl coumarins has been the
most straightforward and usually done by Pechmann
condensation.
Ulubelen and co-workers 94 reported the isolation
and characterisation of a new coumarin, viz. 4-methyl-6,7-mathYlenedioxy coumarin (fink, 4-methyl ayapin) froi
the ethor - petrol extract of the aerial part of AaA

schischkinil sons (Fam compositae) along with some known
flavanoids and 6-methoxy - 7-hydroxy coumarin
.. vin

(181,

(19, scoparon). scopletin)&6,7-dmhoxycua

The structure assignment of was mainly based on

IH

nmr data '(assignments are shown) and further supported
by characteristic uv and mass spectral fragmentation
pattern.
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* only representative examples are given

AcO

HO

HO
0

Me0
OMe
Troupin

ofor in

Me0

0
Me0
OMe
trigocoumorin

Oblongulide

C hart

65

Mee
7.1 ( S)

H

2.2 (S)

HO
6.42(S)

18f

5.95
(S)

H

MeO

6,9 (8)

Me0

Noloal

Ulubelen and co-workers did not report the confirmation

of their 4ssi.gnment by synthesis or refered to

any literature report describing its synthesis.
In the course of our coumarin synthesis by transfer

of the C-3 unit of P - methoxY cinnamic acid to pteno1s,
we had synthesised ayapin (66) star ti ng from sesamol
Since some quantity of sesamol was still
available, we thought of preparing 5L by a straightforward synthesis by Pechmann condensation. There was
no difficulty in getting the desired synthetic a, but
to our surprise, thS spectral data collected on our
synthetic

65 and those reported on natural differed

considerably thus casting doubts about the correctness
of the assigned structure
schischkinii, sons.

to the coumarin of Achilles

The results obtained during this

study are reported in this section.'

66

OH
66

67

Sesamol(67), and ethyl aceto acetate were reacted in
the presence of sulfuric acid (80%) and normal work-up
afforded after purification by column chromatography a
crystalline solid, m.p. 180 ° . Its IR spectrum (CHC13)
showed carbonyl absorption at 1695 cm -1 . In nujol mull
the carbonyl absorption was observed as twin bands at
1720 and 1700 cm -1 . Its UV spectrum (MeOH) showed
absorption maxima at 234, 289 and 343

rim.

The

IH nmr

spectrum (CDC13) showed a doublet atg2.35 (3H, J=1.8Hz;
C4- methyl), a quartet at6 6.15 (1H, J=1.8Hz; C3- H), a
two proton singlet at56.05 (-0-CH2-0-) and two one
proton singlets at56.80 and 6.95 (Ar-H).
The 1 H nmr and uv spectra measured on our synthetic
sample showed differences when compared to the
corresponding data on the natural product. Unfortunately no IR was recorded on the natural product and
hence IR spectral comparison was not possible. However,
it was clear that the synthetic compound m.p. 180 °

67

prepared by us was not identical with the coumarin (4-methyl ayapin) isolated by Tilubelen and co-workers from
A.

sch,ischkinii*. The non identity than raises the

question- what is the correct structure of the natural
product? In order to get the answer we decided to look
into the available data more carefully and collect
additional data on our synthetic sample so that we can
at least be sure of the structure of the synthetic
product.
When phenols are condensed with ethyl aceto acetate
in the presence of sulfuric acid the product is usually
the corresponding 4 - totbyl coumarin. However, there are
scanty reports aboUt the formation of chromones as the
minor products. We Should, therefore, consider
structures 68-71 for the sYnthetic compound m.P,180 ° .
Structures 89 and /1 could be eliminated on the
basis of H1 nmr data Presented above.

* We thank Prof. A. Ulubelen for confirming the non identity of the synthetic and natural product and also
providing copes of the *Rectra of natural product and
measuring IR, 'H nmr and '"C nmr spectra on our
synthetic product.

68

69

71

70

In the case of 4-methY1 coUmarins, H-3 resonates at
6.15 and when the spectrum is well resolved (as in our
case) H-3 appears as a quartet and the C-4 methyl as a
doublet (J=1.5-2.0 He). Similarly in 6,7-disubstituted
coumarins, H-5 and H-8 appear as singlets with H-5
downfield as compared to the chemical shift of H-8.
In the case of 2-Methyl chromones?" the IR
carbonyl is expected to be in the region of 1635-70 cm -1
In addition the chemical shift of C5-H will be

ih

the region 7.8-8.5 ppm 97a.

In the 13 C nMr spectrum the position of the signal
due to the carbonyl carbon of benzopYran-2-ones and
benzopyran-4-ones may prove to be of some diagnostic
value to distinguish them from each other.
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From the

several examples listed in Table-J, it Can be conOlUded
that the carbonyl carbon. signal in bensop)trat-4-ones is
- 13C
in the region 175-183 PpM 97 ; while the corresponding
signal of'bensopyan-2-ones is found in the region 159 98 .
163pm
The

13 C nmr spectrum of our synthetic sample

m.p.180 ° showed one quartet (19.15), one triplet
(102.28), three doublets (98.33, 102.1, and 112.19) and
six singlets (113.78, 144.86, 150.50, 150.91, 152.40 and
161.23). The chemical shift of the carbonyl carbon
(161.23) shows that it fits well with that of
benzopyran-2-ones and hence we conclude that our
synthetic sample is 4-methyl-6,7-methylenedioxy coumarin

(65, 4-methyl ayapin).
As

indicated before, a very large number

Ot

4methylcouarinsveb ythsidancrteisd

by the application of Pechmann condensation. Although
Ulubelen and co-workers did not refer to any literature
report describing the physical constant/ spectral data
on 4-methyl-6,7-methylenedioxy coumarin (ia, 4 - methyl
ayapin), we were able to trace a literature report
(through chemical abstracts) which is covered under
Japanese patent 99 andA goscribes the preparation of
4

and its 3-nitro derivative.
70

a

54

Unfortunately, chemical

TobleChernical shift of
ihe carbonyl carbon *
hmr spectrum12C

Compound

RefeTe

rite

175.9

97a

182 .62
181 .70

97b
9 7c

1)

3, 3 -Diethoxycarbonyl - 4 -(4-oxo-4H-1- benzopyran-3-yI)1-Pyrozoline

2)
H

2- Methyl - 5, 7-di hydroxy chrOrbone
HO
p
3)
0
Me0
2-Methyl-5-hydroxy
chromone

182.46

97b

178 .4

97d

methoxy

4)
HO

2, 5 - Dimethyl-7- hydroxy- chromone

5)

177.6

HO

ucosyl2-M ethy1-542'-oxd-41)Ydl - oxy pentyl
- D cclucci
7-hydroxy chromonePyrano side

71

97d

..(c 001)
Chemical shift of
tilt carbonyl carbon*
in 13 C nmr spectrum

Compound

OH

6)

1781

97d

175 .8

97e

p-Dilucosyl
2.(2-Hydroxypropyl ). 5-- methyl -7-hydroxy chrornone
7-0-13-D -glucopyranoside

Lonchocarpusone

0

8)

06-156
C7-173

97f

Frutinone A
(chroManocournarin)

1(30 .10

ESia

H Q4<OH
Komalin
Me0
10)

160. 77
HO

0

Me
6, 8 - Dirnethoxy -7- hydroxycoumcirin
72

98 b

Table ,Compound

(Cont.)

Chemical shift of
the carbonyl carbon *
13 C ntnr Spectrumin

Reference

CH CH s C (CH )
11)

162.7

9$c

159.67

98d

0

HO

Pyracanthin B

12)

-Diangeloyl — cis — Khollactone

13)
1 60.88

HO
HO

73

98e

abstracts do not refer to their melting points or
spectral data * . In order to support

our assignment, it

seemed desirable to prepare a nitro derivative

of

our

synthetic coumarin and Characterise it by sPOOteal
analysis. Following the experimental conditions
reported by Parham and Traynelis 100 for nitration of
coumarins, we obtained a crystalline yellow nitro
derivative /2 of 65. Its 1H nmr spectrum (Ds -pyridine)

showed

the presende of olefinic methy1,6(2.37, s, 3H),

methylenedioxy,s(6.20 ) 2H) and two one ar - H singlets
at&6.99 and 7.29. Thia clearly indicates that - NO2 groOP
is introduced

at C-3 ).015ition of the oournarin ring

system.
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The unambiguous establishment of structure 0 for
our synthetic product necessitates structural moditica
tion for the A.schiliglidnii natural product) 0110 04
isolated by Ulubelen and co-workers.
* We failed to get any information from the Japanese
workers as the postal address available in chemical
abstract is not sufficient and our letter did not reach
the concerned investigators.
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The 1 1-1 nmr data recorded on the natural product

to

inconsiatelit with the alternative coumarin structure
or the el romone structure /I. The C-3 hydrogen ()
methyl chromone derivative ha!J been shown to have

of the
natural product is reported to resonate atS6.42. We are
chemical shift85.94, while the olefinic proton

now left with only one theoretical possibility that the
natural product may be an isocoumarin having structure
J. It may be noted that the chemical shifts of the
structurally related isocoumarin /4 show close agreement
with those reported. 101 on the_natural____roduct—
This,however,is only a tentative conclusion and requires
further evidence to support this assignment. Efforts
are being made in this direction.
6 .92

MeO

Me O

73

75

6.34

General, procedure for the preparation spd. DolvPhpsPhoric
&aid

(PPA)

:

A solution of polyphosphoric acid (PPA) was

prepared by stirring a mixture of P205 (10.0 g, 70
mole) and 85% orthophosphoric acid (7 mL) in an oil
bath at 110 0 using an overhead stirrer under anhydrous
conditions until a free flowing clear solution was
obtained. This was then cooled to 70 0 .

1,3,5-Trimethoxvbenzene (11, Phloroalucinol trimethyl
et,her) : Anhydrous K2CO3 111.0 g, 80 mole) was added to
a solution of commercial grade 1,3,5-trihydroxy -benzene
(phloroglucinol, 3.0 g, 24 mmole) in dry acetone (22.5
mL). To this slurry was added freshly distilled
dimethyl sulfate (7.8 mL, 80 mmole) while stirring with
an overhead stirrer over a period of 1 hour. The
reaction mixture was then refluxed for 24 hours' with
simultaneous stirring. This was then cooled and
filtered. The residual K2CO3 was washed with acetone and
filtered. Evaporation of the solvent from the combined
filtrates gave a brown solid. Chromatography on silica
gel using petroleum-ether : benzene (80:20) gave a white
solid. Recrystallisation from petroleum-ether gave
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white needles of 11(3.0 g, 75%), m.p.52 ° . (lit. 13 m.p.
54-5 0 ).
IR (A.rmax, nujol) : 1655, 1630, 1620, 1475, 1390, 1355,
1335, 1210, 1200, 1160, 1075, 950, 820, 785. cm -1 ,

2,6 - Dimethoxv-p-benzoquinone (12) : Oxidation of

1.3.5-

-trimethoxYbenzene (11) using
(A) Nitric asAd : 30% HNO3 (26 mL) was added to a solution of 1,3,5-trimethoxy benzene (II, 2.6 g, 16

mole)

in ethanol (26 mL). The reaction mixture was heated on
a steam bath for 2.5 hours, cooled and extracted with
CHC13 till aqueous layer was colourless. The CHC13
extracts were washed successively with water, 5% NaHCO3
and sat. brine and dried over anhydrous MgSO4. Evaporation of the solvent gave a solid which was recrystallised from petroleum-ether to give the starting
compound, 1,3.5 - trimethoxy benzene (11, 1.8 g, 70%)
(identified by TLC, m.p., m.m.p., and IR). The coloured
aqueous phase (washings) was, therefore, extracted with
CHC13 till colourless. The CHC13 extracts were dried.

over

anhydrous MgSO4. Evaporation of the solvent gave

2,6-dimethoxy-p-benzoquinone

(12), an yellow

solid

recrystallised from EtOAc as yellow needles (0.15

g,

6%), m.p. 250-52 ° .[lit. 3 m.p 255 ° (d)).

(B) Dhromium trioxide in 11(1% aqueolaz AgetiQ acid :
1,3,5-Trimethoxy benzene (11., 1.8 g, 11 mmole) recov7 -r

ered in the above method (A) was dissolved in 80% aqueous acetic acid (10 mL). To this solution was added in
slow portions a solution of chromium trioxide (3.6 g, 36
mmole) in 80% aqueous acetic acid (5 mL). The reaction
became violent and an yellow solid separated out. The
reaction mixture was allowed to cool to room temperature. The solid obtained was filtered under suction,
washed with cold water and dried in an oven at 120 ° .
Recrystallisation from EtOAc gave yellow needles of

12

(1.2 g, 67%), m.p. 252 ° identical (TLC, m.p., m.m.p.,
and IR) with (12) obtained in method (A).
IR (1rmax, nujol) : 1710, 1655, 1650, 1615, 1520,1470,
1460,

1385,

1335, 1260, 1110, 1040,

865,

835,

2.6 - Diraethoxv-p-hvdrouul,none (10) : Reduction ol

2,6-

1010,

810,760, 705. cm -1 .

dimethoxv -p -benzocuinone (12) using

111

Hvdroaen over Pd-C in dioxane

benzoquinone(12, 0.3

g,

2,6-Dimethoxy-p-

1.8 mmole) was dissolved in

dioxane (35 mL) and hydrogenated over 5% Pd-C (0.15 g)
for 4 hours. After filtration through a bed of charcoal, the catalyst-charcoal bed was washed with dioxane.
The combined filtrates were evaporated to give a solid.
Purification by repeated recrystallisation from benzeneEt0Ac gave two compounds melting points 171 ° and 257 ° .
7p

Except for IR

*

of compound m.p. 171 o no other data was

recorded on these two compounds.
IR 61Max,KBr) : 3410, 1690, 1645, 1450, 1370,1345,1325,
1265, 1250, 1235, 1185, 1100, 1020, 985, 975, 915,
860,835,810, 730. cm -1

(B) Hydrogen over Pd-C in chloroform : 2,6-Dimethoxy-pbenzoquinone (12, 0.15 g, 0.9 mmole) was dissolved in
CHC13 (20 mL) and hydrogenated over 5% Pd-C (0.07 g) for
4 hours. The solid obtained after usual work up was
recrystallised from benzene-EtOAc to give silvery white
flakes of 2,6-dimethoxy-p-hydroquinone * (10,

0.14

92%), m.p. 169 ° . (lit. 3 m.p. 166-67 ° .,lit. 1° m.p.

g,

159-

601.
IR ('fmax, KBr) (Fig.1) : 3320, 1640, 1610, 1525,
1465,1445, 1370, 1220, 1185, 1140, 1110, 985, 910,

1485,
810,

795, 725. cm -1

5.7-Dimethoxv-6-hvdroxY coumarin (2a. fraxinoll : 2,6Dimethoxy-p-hydroquinone

(la,

0.09 g, 0.5 mmole) foll-

owed by p-rnethoxy cinnamic acid (0.09 g, 0.5 mmole) were
added to PPA at 70 ° and the solution stirred at
* The IR of 2,6-dimethoxy-p-hydroquinone (10) obtained
in method (B) was superimposable on the IR of 2,6-dimethoxy-p-hydroquinone supplied by Pro s . H. Otsuka. However, the IR of the compound m.p. 171 obtained in method
(A) differed considerably.
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70 ° for 4 hours. The reaction mixture was then cooled to
room temperature and poured over crushed ice (50

g).

This was kept overnight and then extracted with CHC13.
The CHC13 extracts were washed with sat. brine and
dried over anhydrous MgSO4. Evaporation of the solvent
gave a solid which was chromatographed on silica gel
using benzene-Et0Ac (96:4) as an eluent to give 5,7dimethoxy-6-hydroxy coumarin (2A fraxinol). Recrystallisation from benzene - petroleum-ether gave whitish
needles (0.06 g, 51%), m.p. 171 ° . (lit. 8 m.p. 171-73 ° ).
UV ( \max, Me0H) (Fig.2) : 209 rim (log E.

4.80), 231nm

(log e= 4.47), 310nm (loge= 4.34).
IR ( Vmax, KBr) (Fig.3) : 3390, 1710, 1625, 1565, 1510,
1390, 1325, 1280,1185, 1140, 1115, 1080, 1015, 960, 930,
885, 820, 810. cm -1 .

1H

nmr (300 MHz, CDC13,S) (Fig.4) :

3.95

(3H,

s,

-OCE3) ; 4.03 (3H, s, -0CH3) ; 5.46 (1H, s,-011 D20
exchangeable) ; 6.27 (1H, d, J=10 Hz, C3-H) ; 6.63 (1H,
s, C8-H) ; 7.95 (1H, d, J=10 Hz, C4 -H).

2-Methoxy-1.4-hydro4uinone (24) : To a solution of
vanillin (26, 1.0 g, 6.5 mmole) in 2N NaOH (7 mL) was
added 3% H202 (10 mL) slowly with stirring over a period
of 30 minutes and the reaction mixture was magnetically
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stirred for 17 hours. Acidified with dil. HC1 and
extracted with EtOAc. The EtOAc extracts were washed
with sat. brine and dried. Evaporation of the solvent
a

gave a

using

viscous liquid. Chromatography on silica gel
benzene:Et0Ac (95:5) as an eluent gave a liquid

which solidified on cooling. Recrystallisation from
chloroform - petroleum-ether gave

al

as white needles.

(0.5 g, 54%), m.p. 82 ° . (lit. 52 m.p. 84 ° ).
IR (Aimax, nujol) (Fig.5) : 3360, 1630, 1520, 1500,
1460, 1390, 1305,1260, 1230, 1200, 1155, 1120, 1040,
955, 830, 800, 730. cm -1 .

6 - Hydroxv - 7 - methoxv coumarin (18a. Isoscopoletin) :
2-Methoxy-1,4-hydroquinone (2A, 0.2 g, 1.4 mole) followed by p-methoxy cinnamic acid (0.225 g, 1.4 mmole)
were added to PPA at 70 ° and the solution stirred at 70 °
for

4 hours. The reaction mixture was then cooled to

room temperature and poured over crushed ice (50 g).
This was kept overnight and then extacted with EtOAc.
The EtOAc extracts were washed with sat. brine and
dried. Evaporation of the solvent gave a viscous liquid
which was chomatographed on silica gel and eluted with
benzene:Et0Ac (98:2) to give a solid. Recrystallisation
from chloroform - petroleum-ether afforded white needles, m.p. 205 ° . Further elution with benzene:Et0Ac
;81

(95:5) gave another solid recrystallised from chloroform
petroleum-ether as white needles of 18a (0.5 g, 18%),
m.p. 180 ° (lit. 20 mp. 185 ° ).
IR (timax, KBr) (Fig.6) : 3400, 1700, 1640, 1560,

1520,

1470,

1100,

1300, 1270, 1250, 1200,
1050, 1000, 940, 860,820. cm -1 .

IH

1440,1390,

nmr (300MHz, CDC13,

8)

(Fig.7)

1140,

3.98 (3H, s, -OCjj3);

5.58 (1H, s, -011); 6.29 (1H, d, J=10 Hz, C3-H); 6.83
(1H, s, C8-H); 6.97 (1H, s, C5-H); 7.60 (1H, d, J=10 Hz,
C4-H).

1.2,3-Trimethoxv benzene (33. Pvrogallol trimethvl
ether) : Anhydrous K2CO3 (11.0 g, 80 mmole) was added to
a solution of commercial grade 1,2,3-trihydroxy benzene
(pyrogallol, 3.0 g, 24 mmole) in dry acetone (22.5 mL).
To this slurry was added freshly distilled dimethyl
sulfate (7.8 mL, 80 mmole) while stirring with an

overhead stirrer over a period of 1 hour. The reaction
mixture was then refluxed for 24 hours with simultaneous
stirring. This was cooled and filtered. The residual
K2CO3 was washed with acetone and filtered. Evaporation
of the solvent from the combined filtrates gave a brown
solid. Chromatography on silica gel using petroleumether benzene (80:20) gave a white solid.
Recrystallisation from petroleum-ether gave white need-

82

les of

aa

63
(3.0 g, 75%), m.p. 48 ° . (lit, m.p. 47 0 ).

2-Hvdroxv-3 -methoxv Dhenol (30) : To a well stirred
solution of LiA1H4 (0.48 g, 12 mole) in dry benzene
15 mL) was added a solution of 1,2,3-trimethoxybenzene
(1.0 g, 6 mole) in dry benzene (10 mL) over a period of
30 minutes. The reaction mixture was then refluxed for
6 hours and kept overnight at room tempeature, 2N HC1
was added slowly with stirring till a clear solution
resulted. This was extracted with diethyl ether. The
ether extracts were washed with sat. brine and dried
over anhydrous MgSO4. Evaporation of the solvent gave a
viscous liquid which was chromatographed on silica gel
using petroleum-ether : EtOAc (98:2) as an eluent to
give an oil which was distilled under reduced pressure
to

give

.a

as a colourless oil (0,6

g,

72%) (lit. 63

° ).

mp.38-41

IR ( 1.rmax, neat) (Fig.8) : 3380, 1630, 1525, 1490,
1455, 1370, 1305,1260, 1225, 1180, 1090, 940, 830, 770,
720, 710.cm -1 .

7-Methoxv-8-hvdroxv coumarirL (28a) : 2-Hydroxy-3-methoxy
phenol

(aa,

0.12 g, 0.9 mmole) followed by p-methoxy

cinnamic acid (0.16 g, 0.9 mmole) were added to PPA at
70 ° and the solution was stirred at 70 ° for 4 hours.
The reaction mixture was then cooled to room temperature
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and poured over crushed ice (50 g). This was kept
overnight and then extracted with CHC13. The CHC13
extracts were washed with sat. brine and dried over
anhydrous MgSO4. Evaporation of the solvent gave a
viscous liquid. Chromatography on silica gel using
petroleum-ether : EtOAc (96:4) as an eluent gave a white
solid. Recrystallisatio
needles of

►

from benzene furnished white

2au (0.095 g, 57%), m.p. 173 ° (lit. 59m.p.

173-74 0 ).
IR ( V. max, nujol) (Fig.9) : 3400, 1710, 1625, 1510,
1470, 1385, 1295,1210, 1160, 1135, 1085, 1050, 970, 830,
760, 705. cm

-1

.

I H nmr (300MHz, CDC13,S) (Fig.10) : 3.98

(3H,

s,

-0C113); 5.76 (1H, 5,-011); 6.27 (1H, d, J=9.5 Hz, C3-H);
6.87 (111, d,J=9.5 Hz, C6-H); 7.02 (1H, d, J=9.5 Hz, C5H); 7.64 (1H, d, J=9.5 Hz, C4-H)
Mass

m/e (rel.int.) (Fig.11) :

[M+ )

192

(100),

177(11), 164 (11), 149 (42), 136 (6), 121 (1 9 ), 105 (2),
93(H), 79(4), 65 (42), 51 (14), 44 ( 1 ), 39 (22).

Reaction

of

1.2-3-trimethoxvbenzene (33)

with

Aaatvl

chloride in the presence of AlC12 :To an ice cold solution of 1,2,3-trimethoxybenzene (aa, 1.0 g, &rnmole) in
dry CH2C12 (10 mL) was added anhydrous A1C13 (1.29 g,
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9.7 mmole) and acetyl chloride (0.7 mL, 9 mmole). The
reaction mixture was refluxed for 48 hours. After
cooling to room temperature this was carefully acidified
with dil. HC1 and extracted with CH2C12. The organic
phase was then extracted with 10%NaOH and the alkaline
extracts were acidified with conc. HC1. The acidified
aqueous phase was extracted with CH2C12. The CH2C12
extracts were washed with sat. brine and dried over
anhydrous MgSO4. Evaporation of the solvent gave a
viscous liquid which was chromatographed on silica gel
to give two fractions. The first fraction eluted out
with petroleum-ether : EtOAc (90:10) on evaporation of
the solvent gave a solid which on recrystallisation from
petroleum-ether melted at 113 ° (0.8 g). The second
fraction eluted out with petroleum-ether : EtOAc (88:12)
also gave a solid which on recrystallisation from
benzene melted at 132 ° (0.08g ).

Beaction of, above solid m.P.113g1 with m-chloroPerbenzoic
acid
by

j attempted Baever-Villiger oxidation) followed

alkaline hydrolysis : A solution of

m-chlo-

roperbenzoic acid (1.0 g, 5.8 mole) in CHC13 (9 mL) was
added to a solution of the above solid m.p 113 ° (1.14
g.) in CH2C12 (2 mL). The reaction mixture was
magnetically stirred overnight. 10% Na2S2O4 (3 mL) was
then added to this and stirred for another 45 minutes.
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The organic phase was separated and the aqueous phase
was extracted with CHC13. The combined organic phase
was washed with sat. brine and dried. The residue
obtained on evaporation of the solvent was dissolved in
Me0H (3 mL). The solution formed was cooled in ice and
to this was added 5% KOH (8 mL) slowly with stirring.
The reaction mixture was magnetically stirred overnight,
acidified with cone. HC1 while cooling in ice and extracted with CHC13. The CHC13 extracts were washed with
sat. brine and dried. Evaporation of the solvent gave a
solid which was chromatographed on silica. gel using
benzene:EtOAc (95:5) to give a solid. Recrystallisation
from CHC13 - petoleum-ether gave whitish needles (0.25
g), m.p. 131 ° .

1H

0

rimr (90MHz, CDC13,S) (Fig.12)

- 8 - CE3); 3.96 (3H, s, Ar-OCH3);

2.57

( 3H, s,

5.5 2 (1H, s, Ar - OH)',
.

6.50 (1H, d, J=10 Hz); 7.32 (1H, d, J=10 Hz); 12.48 (1H,
.

s, Ar -OH, chelated)

Formation of 7-methoxY-8-hydroxY coumarin (2a) : Reaction oi above compound m.p.131 Q with P-mthoxy
acid

in the presence of PEA :

cinnamic

The above compound

m.p.131 ° (0.1 g, 0.55 mmole) followed by p-methoxy
cinnamic acid (0.1 g, 0.56 mmole) were added to PPA at
70 o and the solution was stirred at 70 o for 4 hours.
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The reaction mixture was then cooled to room temperature
and poured over crushed ice (50 g). This was then kept
overnight and extracted with EtOAc. The EtOAc extracts
were washed with sat. brine and dried. Evaporation of
the solvent gave a viscous liqid. Chromatography on
silica gel using benzene:Et0Ac (90:10) as an eluent gave
a solid which was recrystallised from CHC13 petroleum-ether to give white needles of aa (0.025

g,

23%), m.p. 173 ° (lit. 59m.p.173-74 ° ).
For IR,

1

H nmr and Mass refer fig. nos. 9, 10 and 11

respectively.

2.3,4-Trihvdroxv acetoPhenone

i_lallacetophenone

Freshly fused and powdered ZnC12 (2.8 g, 21 mmole) was
dissolved by heating at 135-40 ° in glacial acetic acid
(3.8 mL). To this was added acetic anhydride (4.0 g, 37
mole) and freshly distilled 1,2,3-trihydroxybenzene
(5.0 g, 40 mmole) in one lot. The reaction mixture was
heated at 140-45 °. for 45 minutes with frequent and
vigorous shaking. Unused acetic acid and Ac20 was
removed by distillation under reduced pressure. The redbrown cake was broken up by water (30 mL) with stirring
and cooling in ice water. The solid was filtered over
suction, washed with cold water and dried at 120 0 in an
oven. Recrystallisation from ethyl alcohol gave
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whitish needles (3.7 g, 55%), m.p. 169 ° (lit. " m.p.17172 ° ).
IR (V- max, nujol) : 3430, 3340, 1610, 1455, 1375, 1315,
1290,1240, 1200, 1165, 1035, 975, 900, 805. cm -1 .
Flethvlatiort Di
(3.0

g,

gallacetoDhenone

Anhydrous K2CO3

22 mmole) was added to a

solution

of

gallacetophenoae ( 2.0 g, 12 mmole) in dry acetone
(30 mL). To this slurry was added freshly distilled
dimethyl sulfate (2.26 mL, 23 mmole) while stirring with
an overhead stirrer over a period of 1 hour. The
reaction mixture was then refluxed for 24 hours with
simultaneous stirring. This was cooled to

room

temperature and filtered. The residual K2CO3 was washed
with acetone and filtered. Evaporation of the solvent
from the combined filtrates gave a brown liquid. This
was washed with 10% NaHCO3 and extracted with diethyl
ether. The ether extracts were washed with sat. brine
and dried over anhydrous Mg604. Evaporation of the
solvent gave a liquid which was chromatographed on
silica gel using petroleum-ether : EtOAc (90:10) to give
a solid. Recrystallisation from petroleum-ether gave
whitish needles (0.4 g), m.p. 113 ° .
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4-Hvdroxy-5-methv1-8-isopropyl

(53)

coumarin

A mixture of thymol (52, 3.75 g, 25 mmole), malonic
acid (2.5 g, 24 mmole), anhydrous zinc chloride (9.8

g,

70 mole) and phosphorus oxychloride (6.5 mL, 70 mmole)
was stirred with an overhead stirrer at 60-65 ° for 35
hours under anhydrous conditions. The reaction mixture
was cooled to room temperature, decomposed with

i-e

and

water and allowed to stand. The resulting crude solid
was filtered under suction, dissolved in 10% Na2CO3 and
acidified with dil. HC1. This was then extracted with
EtOAc.

The EtOAc extracts were washed with sat. brine

and dried.

Evaporation of the solvent gave a sticky

solid which was chromatographed on silica gel using
benzene:EtOAc

(75:25)

to

give

the

coumarin 51.

Recrystallisation from ethanol gave whitish needles of
53 (2.3 g, 42%), m.p. 223 ° (lit. 74 m.p. 223 ° ).
4 - Acetoxv-5-methv1-8-isopropyl coumarin (54) : To a
solution of 4-hydroxy-5 -methyl-8-isopropyl-coumarin (53,
g,

45 mmole) in dry pyridine (2 mL) was added Ac200.1

(3 mL, 32 rnmole). The reaction mixture was ref luxed in
an oil bath for 5 hours, cooled to room temperature and
kept overnight. This was then extracted with diethyl
ether. The ether extracts were washed successively with
2N HC1, 2N Na2CO3 and water and dried. Evaporation of
the solvent gave a viscous liquid which was

Pq

chromatographed on silica gel to give two fractions. The
first fraction eluted out with benzene:EtOAc (97:3) was
a solid recrystallized from petroleum-ether to give
whitish needles, m.p.165 ° . No data was recorded on this
compound due to very small quantity obtained and as such
could- not be identified. The second fraction eluted out
with benzene:Et0Ac (50:50) . was also a solid.
Recrystallisation from CHC13 — petroleum-ether gave
whitish needles of LA

IH

(0.03 g, 25%), m.p. 198 ° .

nmr (300MHz, CDC13, S ) (Fig.13) : 1.27 (6H, d,

J=7

Hz, CH3 - CH - CH3); 2.43 (3H, d, J=1 Hz, -0-CO-CH3); 2.76
(3H, d, J=1 Hz, - CH3); 3.63 (1H, quintet, J=7 Hz,-611-.);
6.34 (IH, q, J=1 Hz); 7.15 (1H, d, J=8 Hz); 7,50
(1H, d, J=8 Hz)
The HC1 washings of the ether extracts on standing
overnight gave a red coloured solid which was filtered
under suction and dried at 120 ° in an oven. Chromatography on silica gel using petroleum-ether gave a pale
yellow solid which was recrystallised from petroleumether to give whitish needles (0.025 g),m.p. 125 ° . Its

1H

nmr indicated it to be a mixture of at least two

compounds. It showed TLC pattern identical to the least
polar compound m.p. 165 ° obtained from the ether
extracts.

9 0,

4-Hydroxv-5-methvl coumarin (41a) : To chlorobenzene (24
mL) was added 4 -hydroxy-5-methyl - 8 - isopropyl coumarin
(.51, 0.8

g,

3.6 mole). To this was added finely

powdered anhydrous AIC13 (2.4

g,

18 mmole). The reac-

tion mixture was then heated on an oil bath at 95 ° for 1
hour. Cooled and poured over crushed ice (50 g)
containing dil. HC1. This was extracted with EtOAc. The
organic phase was then extracted with sat. NaHCO3 (3x10
mL). Acidification of the NaHCO3 layer with dil. HC1
gave a solid which was filtered under suction, dried in
an oven at 120 ° and recrystallised from ethanol to give
white needles of 41a, m.p. 235 ° . (lit. " m.p. 232-33 ° ).
UV

(Amax, Me0H) (Fig.14) : 206 rim (loge= 4.65), 289

11111 (

log E. = 4.32)

Acetvlatiori of 4 -HYdroxv-5-methyl coumarin (41a) : To
solution of 4 -hydroxy-5-methyl coumarin (41a,

0.1 g,

,55 rnmole) in dry pyridine (2 mL) was added Ac20 (3
mL, 32 mmole) and the reaction mixture was refluxed at
140 ° while monitoring the progress of the reaction over
TLC after every 30 minutes. The reaction was stopped
after 2 hours, cooled to room temperature and kept
overnight. This was then extracted with diethyl ether.
The ether extracts were washed successively with dil.
HCI, sat. Na2CO3 and water and dried. Evaporation of
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the solvent gave a viscous liquid which was
chromatographed on silica gel using benzene:Et0Ac (99:1)
to give a solid. Recrystallisation from CHC13 petroleum-ether gave white needles, m.p. 208 0 .
The HC1 washings of the ether extracts on standing
overnight gave a red coloured solid which was filtered
under suction and dried in an oven at 120 0 . Recrystallisation from ethanol gave an yellow crystalline solid
which on further recrystallistion from CHC13petroleum-ether gave white needles
m.p. 225 o

1H

nmr (90 MHz, CDC13,6 ) : (Fig.32) : 2.48

(3H,

s,

-0-CO-CU3); 2.80 (3H, s, -CH3); 6.37 (1H, s, C3-H);7.147.66 (3H, m, ar-H).
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2-Methyl-D-benzoguinone J581 : Conc. H2SO4 (8.0 g) was
added slowly to water (30 mL) with stirring and
cooling. 0-toluidine (1.0 g, 9.2 mmole) was added to
this diluted H2SO4 with magnetic stirring and cooling
in ice. To this solution was added powdered K2Cr207
(1.0 g, 3.4 mole) in portions over a period of 1 hour;
taking care that the temperature does not exceed 10 ° .
The reaction mixture was kept overnight. Further
K20r207 (1.6 g, 5.5 mmole) was added under the same
previous conditions. The reaction mixture was allowed
to stand for 5 hours and extracted with diethyl ether.
The ether extracts were washed with sat. brine and
dried. Evaporation of the solvent gave a greenish solid
recrystallised from petroleum-ether to give yoUow:,
needles of I& (0.75 g, 66%), m.p. 67 ° (lit. 87 m.p.67 ° ).

2 -Methyl-p-hydroquinone (59) : 2-Methyl-p-benzoquinone
(58, 0.61 g, 5 mmole) was dissolved in EtOAc (30 mL) and
hydrogenated over 5% Pd-C (0.65 g) at room temperature
until absorption of H2 ceased (4 hours). After
filtration through a bed of charcoal the catalyst
charcoal bed

was

washed with EtOAc (2x10 mL).

Evaporation of the solvent from the combined organic
fractions gave a solid recrystallised from benzene to
give white ne edles of

fa
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(0.6 g,96%), m.p. 126 ° .

Formation of 6-hvdroxY-2 i 3-dihydro-2,7-dimethv1 chromone
(63) and 6-croldyloxv-2,3-djllYdro-2.7-dimethvl ohromone
(52) :

Bea•tion of 2:methvl-p-hvdroguinone 159) with

crotonic acid the Preaencie Ka PEA 2-Methyl-phydroquinone (59, 0.42 g,3.4 mmole) followed by crotonic
acid (0.29 g, 3.4 mole) was added to PPA at 70 0 and the
solution was stirred at 70 0 for 4 hours. The reaction
mixture was cooled to room temperature and poured

over

crushed ice (100 g). This was kept overnight. The solid
obtained was suction filtered and found to be a mixture
of two compounds (TLC). The filtrate was extracted with
EtOAc.

The EtOAc extracts were washed with sat. brine

and dried.

Evaporation of the solvent gave a liquid

from which the more polar component, 6-hydroxy-2,3dihydro-2,7-dimethyl chromone (63) was precipitated out
by the addition of petroleum-ether.

Recrystallisation

from benzene - petroleum-ether gave white needles of

(63, 0.062 g, 10%), m.p. 184 0 .
IR ( Ar max, KBr) (Fig.15) : 3390, 1685,

1625, 1470,

1435,

1045,

1400,

1365, 1260,1210, 1110, 1065,

1030,

940, 875, 815, 755. cm 1 .
1 H nmr (80 MHz, CDC13
,S ) (Fig.16) : 1.48

(3H, d,

J=7

Hz, -CH-CE3);2.24 (3H, s, Ar-CE3 ); 2.60 (2H, d, J=9 Hz,
0=C-CE2i; 4.54 (1H, m,

- 6E -CH3); 5.60 (1H, 8, -OH);
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6.76 (1H, s, Ar-H); 7.28 (1H, s, Ar-H);
Elemental analysis : Found: C, 68.48; H, 6.34; C11H1203
Requires: C,68.75; H,6.25
Concentration of the petroleum-ether soluble portion
(motherliquor) gave a viscous liquid. Chromatography on
silica gel benzene:Et0Ac (99:1) gave a solid.
Recrystallisation from petroleum-ether gave white
needles of( .2, 0.035 g, 4%), m.p. 119 ° .
IR ( Armax,

KBr) (Fig.17) : 1745, 1695, 1665, 1635,

1495, 1455, 1395, 1315, 1260, 1205, 1165, 1105, 1045,
980, 895, 865, 820 cm -I .

IH

nmr (300 MHz, CDC13,S) (Fig.18) : 1.50 (3H, d, J=6.5

Hz,-bH-CU3); 1.98 (3H, dd, J=7 & 1.75 Hz, -CH=CH-CE3);
2.17 (3H, s, Ar-CE3); 2.64 (2H, d,J=7 Hz,

- CO - CE21;

4.57 (1H, m, - CH - CH3); 6.05 (1H, dq,J= 15.5 & 1.75 Hz,
-CIF=CH-CH3); 6.85 (1H, s, Ar-H); 7.20 (1H, m, -CH=CECH3); 7.52 (1H, s, Ar-H)

6 -Hydroxy-4,7-dimethvl coumarin (60) : To a thoroughly
cooled and well stirred mixture of 2-methyl-phydroquinone (L2, 0.5 g, 4 mole) and ethyl twat°
acetate (0.53 g, 4 mmole) was added 80% H2SO4 (2.5 ml.)
over a period of 1 hour. The temperature was not
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allowed to rise above 5 ° during the addition.

The

reaction mixture was further stirred for 24 hours at
room temperature. It was poured over ice water (30 mL)
and the solid formed was filtered over suction, dried at
120 ° and recrystallised from ethanol using activated
charcoal to give shining white needles of 60 (0.55 g,
72%), m.p. 210 ° (lit. 88m.p.208 ° ).
IR

( -trmax,

1662, 1567,
1271, 1207, 1167, 1015,939, 894, 860. cm -1 •

1

nmr ( 90 MHz, CDC13, S )

H

KBr) (Fig.19) : 3177,

(Fig.20) : 2.34

1418,

(3H,

s,

6H3); 2.37 (3H, s, -CH3); 4.90 (1H, s); 6.24 (1H, br s,
-OH); 6.95 (1H, s, Ar-H); 7.12 (1H, s, Ar - H)
Mass m/e (rel. int.) (Fig.21) : M+ 190 (80), 162 (70),
161 (100).
Formation Q. 6-methoxv-4.7-dimethvl coumarin i 61) :

An

attempted lactone ring opening reaction of the colImaria
6-Hydroxy-4,7-dimethyl coumarin ( 60, 0.19

g,

1 mole) was dissolved in 1% NaOH (2.5 mL) by heating on
a steam bath. Further 2N NaOH was added and heating
continued till a clear solution resulted. This was
cooled to room temperature and to this solution was
added freshly distilled (CH3)2SO4 (1 mL,10 mole) while
magnetically stirring over a period of 2 hours. Care
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was taken not to allow the temperature to rise above 50 °
duringtheao.Trectinmxuwasthen
stirred for 1 hour with the temperature not rising above
500. The resulting solution was cooled to room
temperature and acidified with dil.HC1 with cooling in
ice. This was then extracted with CH2C12. The CH2C12
extracts were successively washed with NaHCO3 and water
and dried. Evaporation of the solvent

gave

a solid which

was chromatographed on silica gel to give two fractions.
The first fraction eluted out with benzene:EtOAc (95:5)
was a solid. Recrystallisation from CHC13 - petroleumether gave white needles of a (0.060

g,

29%), m.p.160 ° .

Further elution with benzene-EtOAc (92:8) also gave a
solid. Recrystallisation from ethanol gave white needles
(0.125

g),

m.p.210 ° and identical

coumarin ft (TLC, m.p.,

with

1420,

1390,

starting

m.m.p.).

(11- max, nujol) (Fig.22) : 1740, 1570,

IR

the

1280,1250, 1230, 1200, 1180,

1510,

1470,

1070,

1040,

930, 900, 860. cm -1 .
1

H

nmr (90 MHz, CDC13, S

-CH3);

2.44

(3H,

s,

) (Fig.23) :2.32 (3H,

-CH3);

3.92

(3H,

6.20 (1H,$); 6.84 (1H, s); 7.08 (IH, s).
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s,

s,

- 0CH3);

6-Hvdroxy-3.4-dihvdro-4.7-dimethv1, coumarin (56)
solution of 6-hydroxy-4,7-dimethyl coumarin

(u,

: A
0.304

g, 1.6 mmole) in glacial AcOH (30 mL) containing 70%
HC1O4 (10 drops) was hydrogenated at 90 ° using 5% Pd-C
(0.1 g) until absorption of H2 had ceased (3 hours).
After filtration through a bed of charcoal the catalyst
charcoal bed was washed with AcOH. Practically all AcOH
was distilled out and the residue was neutralised with
solid NaHCO3. This was then extracted with diethyl
ether.

The ether extracts were washed with sat. brine

and dried.

Evaporation of the solvent gave a solid

which was chromatographed on silica gel using
benzene:Et0Ac (95:5) to give 56. Recrystallisation from
EtOAc - petroleum-ether gave whitish needles of (0.19
g,

62%), m.p. 142-3 ° .

IH

nmr (90 MHz, CDC13,S ) (Fig.24) : 1.23 (3H, d, J=

7Hz, -H-CH3); 2.20 (3H,s, Ar-CH3); 2.50 (1H, dd, J=16 &
8 Hz, -CO-CH ); 2.78 (1H, dd, J. 16 & 6 Hz, -CO-CH 2i;
3.06 (1H, m, -611-CH3); 4.95 (1H, s,-01:1); 6.62 (1H, s,
Ar-H); 6.80 (1H, s, Ar-H)

Preparation of

Crotonsrl chloride from Crotonic acid
Crotnicad(4.3g,50mole)washtdinol

bath at 100 ° . To this was added dropwise redistilled
thionyl chloride (5 mL,67 mmole) over a period of 45
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minutes with intermittent shaking. The reaction mixture
was refluxed for 30 minutes, cooled and distilled.
Crotonyl chloride distilled out at 120-30 ° .

6-crotvloxv-3,4-dihvdro - 4,7 - dimethvl coumarin S.

.A1

A mixture of 6-hydroxy-3,4-dihydro-4,7-dimethylcoumarin
(ta, 0.1 g, 0.52 mole) and crotonyl chloride (0.06 g,
0.57 mmole) was heated under reflux at 100 0 on an oil
bath for 2 hours. The reaction mixture was then cooled
to room temperature and extracted with CHC13. The CHC13
extracts were washed successively with 2N NaOH and water
and dried. Evaporation of the solvent gave a viscous
liquid which was chromatographed on silica gel using
benzene and subsequently distilled under reduced
pressure to give an oil of Crotyl ester 64., (0.08 g,64%).

I H nmr (90 MHz, CDC13,S) (Fig 25) : 1.32 (3H,d,J=6.5
L.., -6H-CH3); 2.04 (3H, d, J=6.5 Hz,

- CH=CH - CH3);

2.18 (3H, s, Ar-CE3); 2.70 (2H, m, -00-CH24; 3.12. (1H,
m, -CH-CH3) 6.13 (1H, s, -CH=CH-CH3) 6.32 (1H, s, Ar-H)
7.1 (1H, s, Ar-H) 7.4 (1H, m, -CH=CH - CH3).

4-Methyl-6.7 -methylenedigxY coumariA
avapin) :

4-MethY1

To a thoroughly cooled and well stirred

mixture of sesamol (67 0.28 g, 2 mole) and ethyl aceto
acetate (0.26 g, 2 mmole) was added 80% H2SO4 (1.2 ml.)
99

over a period of 1 hour.

The temperature was not

allowed to rise above 5 ° during the addition.

The

reaction mixture was further stirred for 24 hours at
room temperature. This was then poured over ice water
and the solid obtained was suction filtered. The solid
was dried at 120 ° in an oven and chromatographed on
silica gel using benzene:Et0Ac(95:5)as an eluent to give
a solid. Recrystallisation from CHC13 - petroleum-ether
gave whitish needles of

EL, (0.27

g, 66%), m.p. 180 ° .

UV ( A max, Me0H) (Fig.26) : 343 rim (logE.= 3.9), 289 nm

(log = 3.4), 234 rim (log E= 4.0).
IR (Armax, CHC13) (Fig.27) : 1695, 1580, 1500, 1440,
1390, 1340, 1260,1210, 1140, 1120, 1040, 940, 920, 880,
800. cm

IR
1515,

-1

(Iimax, nujol) (Fig.28) : 1720, 1700, 1635, 1600,
1450,

1430,1410,

1360,

1280,

1230,
1130,1055, 955, 940, 900, 850, 820,760. cm -1

1160,

I H nmr (300 MHz, CDC13,S) (Fig.29) : 2.35 ( 3H, d, J=.8'
Hz, -CH3); 6.05( 2H, s, -0-CH2-0-);6.15 ( 1H, q, J=7S0z,
C3-H);6.80 ( 1H, s, C8-H);6.95 (1H, s, C5-H).

13 C nmr (CDC13 ,S)(Fig.30) : 19.15 (q), 98.33 (d),
(d),

102.28

(t),112.19 (d), 113.78

(s),

144.86

150.50 (5), 150.91 (s),152.40 (s), 161.23 (s).

100

102.10
(s),

-

)3

o - 4 - methv l _,6.7-metl v_leriedioxv coumarin 172.
^

3-

NitroA avaPin) : A nitrating solution was prepared by
mixing conc. HNO3 (3.15 mL), powdered urea (0.05 g), and
glacial acetic acid (5 mL). To a solution of 4-methyl6,7-methylenedioxy coumarin

(65, 0.1 g, 0.5 mole) in

Ac20 (5 mL) was added slowly while stirring the above
nitrating mixture (2 mL) at room temperature. The
progress of the reaction was monitored by TLC after
every 10 minutes. After 1 hour the reaction mixture was
poured into water (10 mL) and extracted with EtOAc. The
EtOAc extracts were washed with sat. brine and dried.
Evaporation of the solvent gave a solid which was
chromatographed over silica gel and eluted with benzene
to give an yellow solid. Recrystallisation from acetone
- petroleum-ether gave yellow needles of 12

(0.045 g,

37%) m.p.247 ° (d).
nmr (300 MHz, C5D5NUFig.31) :

2.37 (3H, s, -CE3)

6.20 (2H, s, -0-CH2-0-); 6.99 (1H, s, C8- H); 7.29 (1H,
s, C5-H)
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PART - I!
CHAPTER - 3

SECTION SYNTHESIS OF 7-METHYL; 6 1 7=DiMtfOL
AND 7,8-DIMETHYL COUMARINS

3.1
SYNTHESIS OF 7-METHYL. 6.7-DIMETHYL. AND
7.8-DIMETHYL COUMARINS :
Compared to the total number of natural
coumarins only a few are known to possessa methyl
substituent on the aromatic ring

(Chart-1).
Practily hescompundarxyget

C

and/or C . Alkylated coumarins without an
7

4

oxygen function at C and/or C have been prepared
7
4
by condensation of cresols, xylenols with malic
1
acid in the presence of H SO or PPA.
Similarly
2 4
synthetic coumarins having methyl substituent/s on
the aromatic ring and also at C

position are
4

known

(Chart-2). In this section a new prepara-

tion of (i) 7-methyl, (ii) 6,7-dimethyl and (iii)
7,8-dimethyl coumarins is reported.
Condensation of m-cresol with

p-methoxy
0

cinnamic acid in the presence of PPA at 70 for 4
hours, gave after usual work up and purification
by column chromatography, a crystalline solid m.p.
o
2
126
(lit . m.p. 124-26 ) and was identified as
7-methyl coumarin (1). Under identical experimental conditions 3,4-dimethyl phenol(2) and 2,3dimethyl phenol (3) gave coumarins 4 and 5 respectively. These were characterised by spectral data
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which is presented in Tables-1 and 2.

In the

reaction of 3,4-dimethyl phenol, the coumarin 4
was accompanied by the intermediate 6. The spectral data were found to be consistent with its
formulation as 6.

OH

OH

2
OMe

5

6

Although the new method developed cannot be
claimed to be superior to the previously known
methods, it does confirm the generality of our new
3
method of coumarin synthesis.
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f

only representative examples are given ,

OH

OH

HO
OMe
OH
Me0

Me

OH
es

HO

Me0
Char t —11(
1 43

0 •

* only representative examples are given

HO

HO

Chart — 2
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*

Table -1
Compound

1

IR
v- max, cm- 1
1725 (Nujol))

1 H nmr
s ppm (CDC13)
2 . 452 (3H, s, C7 - CLI3)
6.352 (1H, d, T=9.5Hz,C3 - H )
7.09 (1H, dd, 1=8 & 2Hz,C6 -H)
7•142 (1H, dd, T=2 &0.4Hz,C8 - H )
7.360 (1H, d, T=8Hz, C5 -H)
7.668 (1H, dd, I= 9.5&0.4Hz,C4 - H )

1725 (Nujol )

2.293 1e (3H, s, C6-CH 3 )
2 342*(3H, s, C7 - CH
6 .330 (1H, d, 1=9.5Hz, C 3 - H )
7 10 (1H, s, C5 - H )
7 21 (1H, d,I=.0 .4Hz, C 8 -H )
7 623 (1H,dd,T=9•5 &O 4Hz,C41 -1)

5

1730(KBr)

2 38 a (3H, s, CB- CLI3 )
2 42a (3H, s, C 7 -C1j 3 )
6 34 (OH, d, T=10Hz,C3- H )
7 08 (1H, d, J= 8Hz, C6- H)
7. 22 (1H, d,

C 5-H)

7 66 (1H, d, T=10Hz,C4-H)

*, a: values may be interchanged
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13
Table-2

C Chemical shifts CDCl3

( in S, ppm ) of methyl coumarins . 1 and 4

Carbon
Number

1
(multiplicity)

4
(multiplicity)

2

160.75 (s)

160.98 (s)

3

115.12

(d)

115-08(d)

4

14301 (d)

142•95(d)

5

127.15 (d)

127 54(d)

6

12 5 •24 (d)

132.79 (s)

7

142.75 (s)

141.55 (s)

8

1 16 , 73 (d )

117.05(d)

4a

116. 12(s)

11 6 . 26 (s)

8a

153 . 83 (s)

152 .12 (s)
a
18 . 80 (ci, )

6-CH 3
7-CH3

21

43 (cv)

19 97 c1 (q)

a : assignments may be interchanged
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PART - II
CHAPTER - 3

SECTION -

2

ATTEMPTED PREPARATION OF 6-BENZYL-7=METHYL

NUMARiN

3.2 ATTEMPTED PREPARATION OF
COUMARIN.

6—BENZYL-7—METHYL

4-6
Several benzylated flavanoids

have been

found to be biologically active compounds.

In

view of our current interest in the synthesis of
natural and non—natural coumarins, it seemed
worthwhile to prepare some benzylated coumarins
and study their biological properties. It was
observed by us that 3,4—dimethyl phenol(2) on
reaction with p—methoxy cinnamic acid in the
presence of PPA gives 6,7—dimethyl coumarin

(4).

(Part—II, Chapter 3.1). Based on these observations it seemed possible to prepare 6—benzyl-7methyl coumarin (7) under identical experimental
conditions mentioned above by replacing 2 by 3methyl-4—benzyl phenol (8).

Ph

Ph
OH

8
.1•11.1.111M

In order to prepare 8, m—cresol was heated
with benzyl chloride at reflux temperature for 8
147

hours.

The reaction product on chromatography

over silica gel gave two crystalline substances A
0

0

and B having melting points 95 and 109
tively4

respec0
The IR spectrum of compound m.p. 109

showed the presence of hydroxyl group as desired.
1
Its
H nmr spectrum, however, showed it to be
dibenzylated m-cresol 9. The assignments are as
shown.

ar—H 7.09 —7.31

6.90
3.95

H

3.90

Ph

Ph
OH
4.50 (D20 exchangeable)

2.15

H
6,62

9
A literature search indicated that monobenzylated and dibenzylated m-cresol 8 and 9 respectively have been prepared before by Huston and
*,7
Houk
. The compound having higher melting point
0

(109 ) compared' well with the literature value
7
(lit. m.p.
106-107 ).
The lower melting point
0

compound (m.p. 95 ) corresponded to 3-methyl-47
benzyl phenol (lit. m.p. 93-94 ).
It was, there
*Experimental procedure used by these authors was
different than our method of preparation.
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fore, subjected to the treatment with p-methoxy
0

cinnamic acid in the presence of PPA at 70 for 4
hours. Surprisingly, no compound having either
structure 7 or 10 could be isolated from the
reaction mixture. The reasons for failure to get
7 or 10 are not clear. It may be possible to get
the desired coumarin 7 by carrying out PPA reaction at higher temperatures. However, no attempt
has been made so far in this direction. It would
be interesting to see whether 11 can be obtained
by using TFA as catalyst or using our
own
8,9
method
for preparing 3,4-dihydro-4-aryl coumarins (12). Preparation of 7 would then be possible by using dearylation procedure of Manimaran
10
and Ramakrishnan .

Ph

Ph

10

Ph

12
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CHAPTER - 3

SECTION - -T.4
A SIMPLE AND CONVENIENT WINTHF5I5
A-METHOXY-7-ETHOXY COUMARIN

AF

3.3 A

DE

SIMPLE ABD CONVENIENT SYNTHESIS
6-METHOXY-7-ETHOXY COUMARIN

Although the natural occurence of 6-hydroxy-7-methoxy coumarin (13, isoscopoletin) and 6-methoxy-7-hydroxy
coumarin (14, scopoletin) is known, there is no report
so far on the natural occurence of the corresponding
ethyl ether derivatives. However, ethyl ether 15 of 11
has been prepared before and well characterised 11 . In
view of the absence of any previous synthesis of 15,

we

thought it worthwhile to prepare it using our coumarin
synthesis. The phenol required for this purpose could
be prepared by the sequence shown (Scheme-1). The starting material, 3-ethoxy-4-hydroxy benzaldehyde (commercially known as ethyl vanillin )

(17) was methylated

with anhydrous K2CO3, (CH3)2SO4 to give 3-ethoxy-4methoxy benzaldehyde (18), m.p.52 o which when subjected
to Baeyer7Villiger oxidation followed by hydrolysis gave
the desired phenol 19, m.p.81 ° .
3-Ethoxy-4-methoxy phenol (12) on reaction with pmethoxy cinnamic acid at 70 ° for 4 hours in the presence
of PPA gave a viscous liquid which on chromatography
with silica gel and elution with EtOAc:Benzene (5:95)
gave a solid C12H1204, m.p. 143 ° (crystallised from
* We thank Reckitt & Colman of India,
India Ltd.
Ltd. for a gift
sample of'Ethyl vanillin

benzene - petroleum-ether). The IR spectrum showed a
band at 1715 cm -1 characteristic of 0C -benzopyrone
grouping. Its 1 H nmr spectrum showed the presence of
all the characteristic signals expected on the basis of
structure 1¢. The 1 H nmr data and assignments are given
in Table-3.
Table-3

E nmr LittL

PPM. .0a1.11 lar 14;

.pr9ton,

Chemical .shiLt ' S '

-0-CH2-CH3

1.47, t (J=7 Hz)

-0-CH3

3.88, s

- C1j2 - CH3

4.11, q (J=7 Hz)

C3--H

6.30, d (J=9 Hz)

C6-H

6.82, s

C8-H

6.82, s

C4-H

7.63, d (J=9 Hz)
The present work further demonstrates the synthetic

utility of the coumarin synthesis developed by us. We
have no doubt that it would be possible to synthesise
ethyl ether of i oscopoletin by carrying out the analogous sequence of reactions starting from vanillin.
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HO
Me0
13

14

Et0

Me0

Me0

Et 0
15

16

HO A

Me0
(CH 3 ) 2 SO4

CHO

E tO

Et0

anhy K2CO3
dry acetone

17

CHO
18

(i) Baeyer-villiger
oxidn
0 KOH/ HOH
Me0
OH

Et0
19
Scheme —1
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SECTION - 4
EXPERIMENTS DIRECTED TOWARDS THE SYNTHESIS

OF PYRANO

XANTHONE : SYNTHESIS OF PYRANO C2,3-a] XANTHENE

3.4 ExpERIMENTB DIRECTED TOWARDS THE SYNTHESIS QE

XANTHONE : SYNTHESIS DE PYRANO

PYRANO

12.3-al

XANTHENE

Although a large variation of structural types in
naturally occurring coumarins is known, we haven't come
across any report on the natural occurence of pyranoxanthones (xanthano coumarins) having basic skeleton

2DA(R=11), 20b(R=R1=H) and 20c(R=Ii1=H)
0

R1
20b

20ct

R
20 c

There are, however, some reports of synthesis of
derivatives of 20a(R=CH3), 2a(R=R1=CH3) and
20c(R=R1=pH3) in order to find out biological activity
if any, resulting out of combination of xanthone nucleus
coupled to a coumarin ring system. Patolia and
Trivedi 12 reported obtaining 2DA(R=CH3) by means of
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heating 7-hydroxy•4-methyl coumarin with ethyl salicylate (9-15 hours) in diphenyl ether (Scheme-2).
0

0

0 0
21

m. p. 280°
no spectral data
given (Ref. 12)
Scheme-2

In connection with our work involving thermal reactions of salol, we attempted the preparation of
aga(R=CH3), by heating salol and 7-hydroxy-4-methyl
coumarin (21) with or without diphenyl ether. In all
the experiments carried out so far we failed to isolate
any product identical with the one reported by Patolia
and Trivedi. Identical observations were made independently by Paradkar and co-workers * . However, Kondedeshmukah and Paradkar 13 reported the preparation of
200.(R=CH3) by using Wittig synthesis of coumarins on
appropriately synthesised starting compound, viz. 1hydroxy-2-acetyl-xanthone(22) (Scheme-3). There exists
some discrepancy in reported melting points of
2.WR=CH3), m.p. 12 280 ° , m..p. 13 259 ° . Kondedeshmukah and
Paradker have also synthesised 20b(R=111=H) 14.
* Dr. M. V. Paradkar, personal communication.
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Ph3P.CHCOOEt
Me0H, 0,150-60°

0
m. p. 259°

22

1 1-inmr (CDCI3
given ( Ref .13)
Scheme-3

By using our coumarin synthesis, we thought of preparing the parent pyranoxanthone 20a(R=H) by reaction of
1-hydroxy xanthone (2.2) with p-methoxy cinnamic acid
in the presence of PPA. The reaction, however, was
not successful and the starting materials were practically recovered quantitatively. 3-hydroxy xanthone
(a) also failed to give any pyranoxanthone under these

24

23

experimental conditions. It has been already reported
before that pyranoxanthone derivatives are not obtainable by the Pechmann 15 or the Simonis 16 reaction.
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These observations made before by other investigators
led us to believe that the xanthone carbonyl may be
deactivating the substrate used for Pechmann
condensation. If true,it seemed possible to synthesise
the desired pyranCxanthone zaa(R=H) by suitable modifications as shown in Scheme-4.
0

I0
25

23

20 (a)

0
R= H
Scheme—Li

27

1-Hydroxy xanthene(2k) required for this synthesis
was prepared by reductive conversion of xanthone carbonyl to methylene group by reaction of 1-hydroxy
xanthone (23) (prepared by literature procedure 17 ) with
LiA1H4/ether. The spectral data and physical constants
matched well with those previously reported. Reaction
,

of 1-hydroxy xanthene (2k) with p-methoxy cinnamic acid
in the presence of PPA gave after usual work up and
purification by column chromatography three componds D,
E and F having melting points 150 ° , 170 o and 209 ° respectively in increasing order of polarity. Compound
'D'(m.p. 150 ° ) was proved to be 1-hydroxy xanthone(2a)
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by comparison (TLC; m.p., m.m.p., IR) with an authentic
specimen. Formation of 23 can be explained as air oxidation of 2k.
The compound 'P(m.p. 170 ° ) analysed for C23H1804
-1 indicand showed in its IR spectrum a band at 1780 cm
ating it to be the intermediate Z. This conclusion was
further confirmed by examining its 1 nmr spectrum which
was consistent with its formulation as 26. The assignments are as shown.

H 2.95 (t)
4.05

4.15(m)
40

ar— H m

Olt

OMe
3.72

to
26

The most polar compound 'F'(m.p. 209 ° ) was proved to
be the desired pyranoxanthene 2/. Its IR and 1 H nmr
fully supported its formulation as 27. There are several reports of oxidation of xanthenes-----0xanthones Conversion of 27 to pyranoxanthone 20a(R=H)
should pose no difficulty but has not been achieved
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so far as the intermediate

21 obtained during the

present study was just sufficient for collecting
spectral data on it.
Attempted preparation of 284 and/or 28b by the
reaction of 3-hydroxy xanthene (29) with p-methoxy
cinnamic acid in the presence of PPA gave

only

3-hydroxy xanthone (2.) identified by comparison (TLC,
m.p., m.m.p.) with an authentic sample and we could not
detect the formation of 284 or 28b.

28a

28b

29
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SECTION — 5

A CONVENIENT SYNTHESIS OF NATURALLY AND

NON—NATURALLY

ARINO COUMARINS s REPLACEMENT OF PPA BY 75% H SO
2

4

3.5
A CONVENIENT SYNTHESIS OF NATURALLY AND
NON-NATURALLY OCCURRING COUMARINS : REPLACEMENT OF
PPA BY 75% H SO .
2 4
A new synthesis of coumarins involving
transfer of a C-3 unit of p-methoxy cinnamic acid
on to phenols in the presence of PPA has been
described in earlier sections. (Part-I, Chapter
1.1 to 1.3 and Part-II, Chapter 3.1 to 3.4).
There have been inherent drawbacks in carrying out
reactions with PPA. Several—alternate procedures
have been shown to be better than those involving
the use of PPA, such as..replacement of polyphosphoric acid by methanesulfonic acid. We were
interested in developing a further simpler method
for coumarin synthesis where we can transfer C-3
unit of p-methoxy cinnamic acid on to phenols
under experimental conditions other than PPA.
Several combinations were tried (e.g. Dioxane/BF ,
3
BF -etherate/THF) but the results were not encour3
aging. Surprisingly we could arrive at the solution under a much more simple, inexpensive and
straightforward process. The process involves
heating a mixture of phenol and p-methoxy cinnamic
acid with 75% H SO for 2 hours on steam bath. It
2 4
is of interest to note that under these
18
mental conditions Shiba and co-workers
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experiobtained

4-aroyl-5,6-benzocoumarins(30)

r

by

condensing

anaphthol and aroyl acrylic acids. These investigators did not observe the formation of 5,6-benzocoumarin (31) in these reactions

(Scheme-5)•

75% H 2 SO4
OH 2 hrs 100°

30
Scheme-5

The coumarins prepared by this procedure
are (0 7-methyl coumarin (1), (ii) 6,7-dimethyl
coumarin(4), (iii) 7,8-dimethyl coumarin (5), (iv)
5,6-benzocoumarin (31),
(32)

(v) 7-methoxy coumarin

(vi) 5,7-dimethoxy-6-hydroxy coumarin (33,
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fraxinol), and (vii) 6,7-methylenedioxy coumarin
(34,

ayapin).

(i) to

Coumarins

( vii) were

identified by routine techniques (IR, m•p • ,
m.m.p., CO-TLC with reference samples prepared by
us earlier). The reaction involving phenols 35
and 36 with methoxy and methylenedioxy groups
respectively resulted in the formation of tarry
materials but the formation of fraxinol (33) and
ayapin (34)could be established unambiguously by
CO-TLC under different solvent systems and by
short-wave UV illumination.

5

4

OMe

Me0
33

32

31

OMe

OH

Me0
34

35

1 60

'

0

OH
36

The interesting feature of this method is
the

insitu

dearylation

of

4-(p-methoxypheny1)-3,4-dihydro coumarins yielding
the coumarins as end products. Previously dearylations were observed when PPA or A1C1 /chloroben3
zene was used.
In conclusion, we claim that we have developed yet another simple procedure for the
synthesis of coumarins where transfer of C-3 unit
of p-methoxy cinnamic acid on to phenols is shown
to occur in presence of 75% H SO and heating the
2 4

*

mixture on steam bath for 2 hours.

* Since all the coumarins reported in this section
were previously characterised no details regarding
their'spectral properties are presented.
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CHAPTER - 4

SECTION - 1

SYNTHESIS OF SOME NON-NATURALLY OCCURRING
g44=DIHYDRO-4-(P-METHOXYPHENYL) COUMARINS

4.1 SYNTHESIS OF SOME NON-NATURALLY OCCURRING
3.4- DIHYDRO-4-(P-METHOXY PHENYL)- COUMARINS :
While several 4-aryl coumarins (Chart-3) are
known to occur naturally, there is no report so
far on the isolation of 3,4-dihydro-4-aryl-coumarins

as natural products. There are however,

some reports of characterisation of
3,4-dihydro-4-aryl coumarins as intermediates in
the synthesis of coumarins.
19

Simpson and Israelstum
confirm the formation of

were the first to
3,4-dihydro-4-phenyl

coumarin (37) by heating equimolar quantities of
0

cinnamic acid and phenol for 30 minutes at 130-40
in the presence of conc.H SO . They also reported
2 4
the formation of 37 by refluxing phenyl cinnamate
with 70% H SO for 30 minutes.
2 4

37
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OMe

OMe

0
Nivegin
(Ref. 31)

( Ref. 32)

OH
OH

p- D-glucosylHO

HO

Me0

0 Me0

Melanettin
(Ref. 35,36)

v 0 0 H

Stevenin
(Ref. 37, 38)

( Ref. 32)

(Ref. 3 9)

Melannein
(Ref. 41)

(Ref. 40)

HO

Fi-D-glucosyl-0

Me0

OH
OHC

0
(Ref. 33,42)

(Ref. 43)

Voludal
(Ref. 44)

Chart-3 *
* Only some representative examples are listed
1 63

r

20
In 1962, Crosby and Berthhold
formation

of

observed the

3,4-dihydro-4-(3 ,41 -methylene

dioxy-6 -hydroxy phenyl)-6,7-methylene dioxy
coumarin (38) when 3,4-methylene dioxy phenol (36)
and ethyl 3,3-diethoxy propionate were added to
85% phosphoric acid at room temperature followed
by heiting on steam bath for 1 hour (Scheme-6).
Formation of 38 was considered to be the result
of Michael addition of 3,4-methylene dioxy phenol
(36) to the initially formed ayapin (34).
These authors further made an interesting
observation that 38 formed ayapin (34) when heated
in vaccuo above its melting point. Thermal dearylation which is observed in this case appears to
be specific for this coumarin and the position of
the phenolic hydroxyl group is very important for
the thermal dearylation. Though Crosby and Berthhold did not comment on its mechanism, a rational
mechanism has been proposed for this reaction
(scheme-7).
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r

C 2 H S O ) 2 CH CH 2 COOEt
OH

36

C I ) 85% 1.13 04
( i i ) .6. , 100 °

34

38
Scheme —6

38

Scheme-7
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34

21
Smith and Bealor

observed that reaction of

two moles of 2,4-xylenol with one mole of diethyl
keto succinate and dilactonisation results in the
formation of they-S-spirodilactone 39. Isolation

39
of 3,4-dihydro-4-aryl coumarins as intermediates
10
was also reported by Manimaran and Ramakrishnan
during their coumarin synthesis by the condensation of cinnamoyl derivatives of phenols with
anhydrous aluminium chloride (scheme-8). These
3,4-dihydro-4-aryl coumarins have been shown to
undergo dearylation on further heating with anhy0

drous A1C1 in chlorobenzene at 95 .
3

Ph

Ph
Anhydrous
Al%
Scheme —8
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22
Ramana and Kudav

reported the formation of

7-hydroxy-3,4-dihydro-4-phenyl coumarin (40) in
the reaction of N-formamido-3-phenyl-2-propanamide
0

with resorcinol in the presence of PPA at 130 for
5 hours. Lastly the publication of Talapatra and
23
which led to our coumarin synthesis
co-workers
also describes the formation of 7-methoxy-3,4dihydro-4-(p-methoxyphenyl)coumarin (41) as one of
the products.

OMe

0 0 Me0

HO

40

41

0
32

24
Very recently, Kirtany

on the basis of

reinterpretation of the published spectral data
has shown that the reaction of phenols with cinnamic acids in the presence of trifluoroacetic
acid (TFA) yield 3,4-dihydro-4--aryl coumarins and
not benzofuranones as proposed earlier by Chatur25
vedi and Mulchandani
As mentioned before several 4-aryl coumarins
have been isolated as natural products. In principlei introduction of C -C double bond (dehy3 4
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drogenation) in the 3,4-dihydro-4-aryl coumarins
should be possible using quinones such as DDQ,
chloranil etc. thus providing an alternative
method of synthesis of 4-aryl coumarins.
While clarifying the mechanism of the formation of 7-methoxy coumarin (32) in the reaction of
3-methoxy phenol and p-methoxy cinnamic acid in
the presence of PPA we had proposed that 3,4dihydro-4-aryl coumarins are obligatory intermediates and further dearylation of these intermediates finally results in the formation of couma3
In the course of our studies we could
rins .
isolate 3,4-dihydro-4-(p-methoxy phenyl) coumarins
only or accompanied by the corresponding coumarins
in few cases having different substituents on the
benzenoid ring. The details of this work where
only 3,4-dihydro-4-aryl coumarins were formed are
reported in this section. The reactions wherein
both the intermediates and coumarins were formed
and characterised are reported under a separate
section (Part-II, Chapter 3.1 and 3.4). The compounds obtained during this study are listed in
(Table-4). 3,4-dihydro-4-aryl coumarins could be
easily distinguished from the corresponding couma-
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Table— 4
Product

Acid

Phenol

Ref.

m.p.

OMe

OMe

147°

Present
study

OH

42
OMe

MeO

161 °

II

Ph

OH

43
0 Me

115°

OH

163°
OH

* All the reactions were carried out in the presence of PPA
at 70° for 4 hours
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II

rins by the absence of characteristic fluorescence
under short-wave UV illumination, presence of
-1
infra red carbonyl band around 1770 cm
and
1
presence of
H nmr signals for the grouping
ar-CH-CH -C-0-. Whenever these 3,4-dihydro-4-aryl
I
2 II
0
or
coumarins were accompanied by the corresponding
coumarins, the Rf value and blue fluorescence on
the TLC plate was of great help in their identification.
The 3,4-Dihydro -4-aryl coumarins obtained
during the present studies were characterised by
spectral analysis

(Table-5).

1 70

Table - 5
Compound

1 H nmr (CDC13 )

IR
\r- cm -1

8

max

1780

42

a

PPm

3 071 (2H, d, T=7Hz, - CH - CH2 - )
3.91 (3H, S, -OCH3 )
4.37 (1H, t , TQ 7Hz, CH- CH2-)
7.00-7.627 (7H, m, Ar-H )

43

1770 b

2.98 (1H, dd,

7.5& 14Hz, C3Hd )

3 083 (1H, dd, T=6 & 14Hz, C3-Hb)
3 66 (3H, s, -OCH3 )
3 82 (3H, s, -OCH3 )
4. 32 (1H, dd, T=6 & 7 5Hz, C4 - H )
6 56 (1H, d,T=0 . 5Hz, Ar - H.)
6 • 91 (2H, d, T=9Hz,C.3 ,- H & C5rHs)
7 • 1 3 ( 1 H , s, Ar - H )
7 • 14 (2H, d, T=9Hz,
C2/ - H & C5• - H s )
7.32-7.54 (5H, m, Ar-H)

b:

in nujol
in K Br
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Table- 5 (contd•)
Compound

1 H nmr (CDCl 3 )

IR
V- cm -1
max

44

1770

a

S ppm

1'22 (3H, d,

7Hz, CH3-CH-CH3 )

1.28 (3H, d, J-7Hz,CH 3- CH-CH 3 )
2 11 (3H, s,-CH3)
2.97 (2H, d, J= 5Hz,-CH -CH2 )
3•42 (1H, quintet I=7Hz,
CH3- CH-CH3 )
3.71 (3H, s, -O CH3 )
4 33 (1H, t, J=5Hz,-H-CH2)
6.71-7 233 ( 6H, m, Ar-H )

45

1750

b

2.26 ( 3H, s, - CH3)
3 . 00 ( 2H, m,-61-1-CH2 )
3 88 ( 3H, s, -OCH3 )
4 •29 (1H, t, I= 6.4 Hz,-CH -CH2-)
4.84 (1H, s, -OH)
6.48

(11-1, s, Ar -H )

6. 96 - 7.54 (5H, m, Ar -H )

a •. in nu jol
ID: in KBr
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SECTION - 2

REACTION OF 5-METHYL-8-ISOPROPYL-4(P-METHOXYPHENYL)=

=§0=DIHYDRO COUMARIN WITH A1C1 IN CHLOROBENZENE
3

4.2 REACTION OF 5 - METHYL-8-ISOPROPYL-4-(P-METHOXY
PHENYL)-3,4-DIHYDRO COUMARIN WITH AIM. It' CHLORO3
BENZENE
26
In 1975, Manimaran and Ramakrishnan
showed that the reaction of phenyl cinnamates with
anhydrous A1C1 either neat or in chlorobenzene
3
affords coumarins via insitu dearylation of 3,4dihydro-4-aryl coumarins. The solvent used
(chlorobenzene) plays a very important role as no
dearylation was observed when chlorobenzene was
replaced by carbontetrachloride. This method of
dearylation of 3,4-dihydro-4-aryl coumarins has
been used by us successfully to prepare substituted coumarins.
During the course of present investigation,
we had prepared 5-methy1-8-isopropy1-3,4-dihydro-4-(p-methoxyphenyl) coumarin (44). By using the
1

0

dearylation method of Manimaran and Ramakrishnan
we

thought of preparing

5-methyl-8-isopropyl

coumarin (16) from 44. Treatment of 44 with
anhydrous A1C1 in chlorobenzene, however, did not
3
afford the desired coumarin 46, but the reaction
product was found to be a mixture of two compounds
0

0

X, m.p. 100 and Y, m.p. 184 .
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0

The IR spectrum of compound 'X', m.p.100
1

showed the presence of carbonyl band at 1770 cm
indicating that the 4-aryl substituent is still
intact but the product is certainly different from
1
44 (IR,.TLC, m.o.). , Its H nmr was found to be
more us e ful and showed the absence of isopropyl
substituent.

Such elimination of isopropyl sub-

stituents has been observed before by other inves27,28
tigators!
under these experimental conditions.
1
The H nmr data (Table-6) clearly showed structure
47 for )('. The structure assigned was further
13
confirmed by
C nmr data (assignments are as
shown ).

OMe

46

44

OMe 37.50

167.25

114.40
123.48 18-79.

127.90

. 136.81
55 2 7

131. U67-.
30

3788

127.94
11498
151.96
47
1 74

0
158.69

Table- 6
1H nmr (CDC( 3 ) f or compound 47

Proton

S ppm

s

C5—

2.19 2

C3 — 2 H

3 02 , m

C41 -0 CH3

3 752, s

C4 — H

4365, dd, T=6 &3 Hz

Cy— H

6 80, d, T=9Hz

C51 — H

6 , 80, d, T=9Hz

C2'- H

6• 98 , d, T=9Hz

C61— H

6 98, d, T= 9Hz

or- H

6. 95-7.25 1 m
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The second compound, the higher melting
0

point and the polar substance having m.p.184
was
1
assigned structure 48 on the basis of
H nmr
(Table-7) spectral analysis and further supported
13
by its
C nmr spectra (refer experimental sec-

tion).
10
While Manimaran and Ramakrishnan

observed

dearylation of the 4-aryl substituent of 3,4dihydro--aryl coumarins in the presence of anhydrous A1C1 in chlorobenzene, the observations of
3

the present study clearly show that elimination of
isopropyl substituent takes place in
to dearylation.

preference

The demethylation of the 4'-

methoxy substituent rather than dearylation after
the elimination of isopropyl substituent appears
to be interesting. Isolation of 48 is important
from mechanistic point of view as in all the
previous studies cleavage of the alkoxy substituent has not been reported. It is quite likely
that dearylation is preceded by demethylation the
net elimination being the phenol and not anisole.
However, we do not have any evidence in support or
otherwise of this pathway at this stage.
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Table - 7
1 H nmr (CDC1 3 ) for compound 48

Proton

8 Opm

C5 - CL13

2.17 s

C3 - Ha

2.89, dd, .T=2.5 & 16 Hz

C3 - Hb

3.11, dd, T=7 & 16 Hz

C4 - H

4.45 dd,I=2.5 & 7Hz

C4' - OH

4 b7, s

C3 & C 5'-2 H

6. 67, d, J=9Hz

C2' & C6'-2H

6 84, d, J=9Hz

ar-H

6. 95 - 7 25, m

13c

nmr (CDC13) for compound 48

OH
169.84
116.72
12544
129.11
1'138 •44

18.68
132 .5 -4129.49

w- 38 . 48
38 84

127 47

0
11566
153.54
48

177

157.79

The deisopropylation observed in the present
study has been used by us successfully to develop
a new improved synthesis of 4-hydroxy-5-methyl
coumarin using the isopropyl substituent of thymol
as blocking group. Deblocking takes place under
the experimental conditions used and provides a
better method for the synthesis of 41a. The details have been incorporated in this Thesis
(Part-I Chapter 2.1).

41a
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PART - II
CHAPTER - 4

SECTION
A

SIMPLE ONE STEP PREPARATION OF

g § 4=DIHYDRO -4(P-METHOXYPHENYL) COUMARINS

ONE-STEP
PREPARATION QE
3.4-DIHYDRO-4-(P-METBOY PHENYL) COUMARINS

4.3 A ;SIMPLE

We had suggested earlier that the reaction of phenols with p-methoxy cinnamic acid in the presence of PPA
gives coumarins as a result of insitu dearylation of
the 3,4-dihydro-4-aryl coumarin intermediates
(Part-I, Chapter-1.1). Isolation of these intermediates
in certain cases was taken as an additional proof in
support of our mechanism. It was of interest to see
whether we can find out experimental conditions where we
can stop the reaction yielding only 3,4-dihydro- 4-aryl
coumarins. Variation of temperatures and the reaction
periods in the PPA reaction did not yield any encouraging results. In fact in one case where Talapatra et
•a1. 23 had reported the formation of 7-methoxy-4-(pmethoxy phenyl)-3,4-dihydro coumarin (Al), we obtained
directly 7-methoxy coumarin (32) even when the reaction
time was reduced to 30 minutes in place of 4 hours. In
a similar way, our attempt to prepare 5,7-dimethoxy-4(p-methoxy phenyl)-3,4-dihydro coumarin (A2) by the
reaction of phloroglucinol dimethyl ether (kQ) and pmethoxy cinnamic acid in the presence of PPA at 70 0 for
15 minutes failed to-give the desired product .12 and we
obtained only 5,7-dimethoxy coumarin (a). Lowering
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Me0
32

51

41

Me0
MeO

OH

! 0

50
49
the temperatures in the case of PPA poses practical
difficulties because of the viscosity of the reaction
mixture. We, therefore, considered to carry out the
reaction of phenols with p-methoxy cinnamic acid using
the Pechmann reaction conditions. Considering the
poor solubility of p-methoxy cinnamic acid in aqueous
medium, we selected dioxane as co-solvent and carried
out the reaction at room temperature for 2 hours. Under
these conditions it was found that besides unchanged pmethoxy cinnamic acid only 3,4-dihydro-4-(p-methoxy
phenyl) coumarins were formed. We could not detect any
dearylation product (absence of any fluorescent spot on
TLC, UV visualisation).
The reaction of four phenols viz. 3,4,5-trimethoxy
phenol, resorcinol
monomethyl ether, m-cresol, and 3,4=
methylenOioxy phenol (sesamol) yielding the corresponding 3,4-dihydro-4-(p•methoxy phenyl) coumarins
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is

described in this section. Besides finding out suitable experimental conditions to yield the intermediates

12a-12d, the other purpose of this investigation was

OMe
a : R1 0 R 2 = R3 = OMe

b R 1 - R2- H ; R3 = OMe
c : R1 = R 2 = H R 3 - Me
d

= H ; R2 R3 = -0-CHT0-

12

that these intermediates can be converted by further
oxidation (dehydrogenation) with DDQ or equivalent to 4aryl coumarins. It may be mentioned here that several
4-aryl coumarins have been isolated as natural products
and hence synthesis of this group of naturally occurring
coumarins would be possible by a relatively simple and
new method. Few representative naturally occurring 4aryl coumarins are shown in Chart-3(Part-II, Chapter

4.1).
The general procedure is as follows. To an equimolar mixture of phenol and p-methoxy cinnamic acid
dissolved in minimum volume of dioxarie, 75% H2SO4 is
181

added and the resultant solution is stirred vigorously
at room temperature for 2 hours. The reaction mixture
is then poured over crushed ice and extracted with CHC13
or EtOAc. Removal of organic solvent after drying over
anhydrous Na2SO4 followed by chromatography gives the
3,4-dihydro-4-(p-methoxyphenyl) coumarin (with different
substituents on the aromatic ring depending on the
structure of phenol used).
By using this procedure we have prepared the dihydrocoumarins

124 to 12d. All these have been characte-

rised by spectral analysis (IR,

1 H nmr) further supple-

mented by molecular weight determination either by mass
spectrometry or elemental analysis. The spectral details are presented in Table-8. We were able to collect
13 C nmr data on 12c
which is fully consistent with the
assigned structure.
After completion of 'this work, we came across a
paper by Chaturvedi and Mulchandani 25 reporting the
condensation of phenols and cinnamic acids in the
presence of trifluoroacetic acid. These authors characterised the products of this reaction as 2 (3H) benzo-

furanones

-

In a recent communication the spectral
data has been reinterpreted by KirtanY 24 and the
52.

products have been shown to be 3,4-dihydro-4-aryl coum-
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Table-8
Compound

1

IR
\r, c m
max

12a

H nmr ( CC:IC(3)
,

1780( nu jo()

ppm

2.95 (2H, d, T-4Hz,-CH- CH 2-)
3.65 (3H, s,-0CH 3 )
3.73 (3H, s,-OCH3)
3.81 (3H, s,-0Cd3)
3 • 85 (31-1 , s,-OCH3 )
4.50 (1H t, J-4Hz,- CH - CH 2 -)
6 48( 11-1, s, C8-H)
6 78 (2H, d, J- 8Hz, C3`&C5 1-H s )
7 00 (21-1, d, J=8Hz, C2i&C6i-H s )

12b

1780 (nujo()

2. 95 (11-1, dd, J=8 & 14Hz, C3-Ha )
3. 04(1H, dd,J=6 & 14Hz,C3-Hb)
3 .79 (3H, s, -0 CH3 )
3 81 (31-1, s, -0 033 )
4. 24 (11-1, dd, J=6& 8Hz, CH
6 62(1H, d, J= 2 5 Hz, C8- H )
6.66 (1H, dd,T=2.5& 9Hz, C6-H)
6 87 (3H, d, J-9Hz, C5,C3& C 5/- H)
7065 ( 2H, d, I=9Hz, C2i&C 6'
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)

Table-8 (contd.)
Compound

12 c

IR
-1
V cm
max
1770
(nujol)

1 H nmr (CDC13 )
S ppm
2.35 (3H, s,-CH3 )
2 .95 (1H, dd, 1-8 &15.5 Hz,

)

3.029 (1H, dd, J=6& 15.5Hz,C3- Hb)
3.79 (3H, s, -0 CH3 )
4.25 (1H, t J=6 Hz,-CH -CH2)
6.83-7.25 (7H, m, Ar-H )

12d

1760

3.007 (1H, dd, J=88,16Hz, C3 - Ha)

(nujol)

3.06 (1H, dd, 3=6 & 16 Hz, C3 - Hb)
4.05 ( 3H, s,-OCH3 )
4.24 (1H, t, J= 6Hz,--1-1 -CH2)
6'57( 2H, s,-0-CH2- 0)
6•79(1H, s, C8-H)
6.92 (1H, s, C5- H )
7.04 ( 2H, d, J= 9Hz, C3&C5/-H)
7'13 ( 2H, d, J= 9Hz, C5' 24C6'-F1)
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arias.
OMe

52
OH
53
M e0

OH
54

It may be mentioned that the acidic portion though
mainly contained the unchanged p-methoxy cinnamic acid,
we could isolate and characterise

AR

-

(2 methoxy 4
-

-

-

hydroxYphenYL)-p-methoxyphenyl propionic acid (L1) in the
reaction of 3-methoxy phenol (,.A) and p-methoxy cinnamic
acid. The isolation of this can be explained by
formation of a new C-C bond, p- with respect to phenolic
hydroxyl and o- to the methoxy substituent of

5A in an

alternate mode of conjugate addition.
Because of the simplicity and inexpensive nature of
the reagents used compared to TFA, our procedure is
superior to that of Chaturvedi and Mulchandani 25 Etna we
believe that it can serve as a general method for the
preparation of additional compounds pf this group. We
185

are currently engaged in developing a further simpler
method fpr the synthesis of 3,4-dihydro-4-aryl
coumarins.

186

PART -

II

CHAPTER - 4

SECTION REACTION OF 3- AND 5-HYDROXYBENZISOXAZOLES AND 2-ACETYL

RPAORCINOL WITH P METHOXY CINNAMIC ACID IN THE PRESENCE
-

OF PPA

HYDROY BENZISOXAZOLES AND 2=
ACETYL 'RESORCINOL WITH F-METHOXY CINNAMIC ACID Ili

4.4 REACTION QE 3-AND

THE PRESENCE QE EPA

In connection with our studies towards preparation
of pyranoxanthones (xanthano coumarins), it

was

observed that. 1-hydroxy xanthone (23) and 3-hydroxy
xanthone (24) do not produce the corresponding pyranOxanthones 2(R=H) and 20b(R=111741) and/or 200(11411=H)
respectively when condensed with p-methoxy cinnamic acid

23

24

R1
20 a

20 b

20 c
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in the presence of PPA. Similarly phenols with electron
withdrawing substituents are found to be inert and do
not give either 3,4-dihydro-4-aryl coumarins or the
coumarins when reacted with p-methoxy cinnamic acid in
the presence of PPA. In this connection the previous
observatiOn from this laboratory seemed of particular
interest because, resacetophenone (,kE) gave 5-hydroxy-6acetyl-3,4-dihydro-4-(p-methoxyphenyl)

coumarin

(k.6)

on reaction with p-methoxy cinnamic acid in the presence
of PPA at 70 o for 4 hours. Resacetophenone (,EL) is also
reported to react with ethyl aceto acetate (.1) in the
presence of conc. H2SO4 to give 4-methyl-5-hydroxy-6acetyl coumarin (La).
OMe

OH
55

56

cy)'
Ft 0"0
57

58
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These two reactions show that the new C-C bond is
formed ortho to both phenolic hydroxyls and meta with
respect to the acyl group. It was, therefore, of interest to see whether protecting together the o-hydroxy
acetophenone grouping in any form and then subjecting
the product for condensation with p-methoxy cinnamic
acid would afford 6-acetyl-7-hydroxy coumarin (.52) or
the intermediate U.

59

60

Literature survey indicated that o-hydroxy acetophenone oximes on treatment with base afford isoxazoles.
Although under acid conditions, isoxazoles are

expected

to revert back to o-hydroxy acetophenone (via oxime
intermediates) or produce the corresponding Beckmann
rearrangement product/8 we still considered it worthwhile to study the reaction of isoxazoles 11 and B.2

with

p-methoxy cinnamic acid in the presence of PPA.

'111ft

products formed in the above reaction were expected to
throw light on the reactivity of hydroxy benzisoxazoles
189

r

when compared to the resacetophenone (MA) and 2-acetyl
resorcinol (.E1).
Isoxazoles El and Ea were prepared by reaction of
oximes of resacetophenone and 2-acetyl resorcinol with
KOH using literature procedure 30 and characterised by
their physical constants.
Treatment of isoxazole 61 with p-nethoxy cinnamic
acid in the presence of PPA gave only 5-hydroxy-6-acety1-4-(p-methoxypheny1)-3,4-dihydro coumarin (5..Q) with
trace quantities of other compounds (TLC). The purified

OH
62

61

OMe
OH 0

63

56
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product m.p. 177 ° was found to be identical in all
respects with k5 prepared earlier by using resacetophenone as starting material. Formation of only kfi
clearly shows that isoxazole a first gives resacetop-.
henone which inturn reacts with p-methoxy cinnamic acid
in the manner observed earlier. The reaction of 3-hydroxy benzisoxazole 52 under identical experimental conditions gave a crystalline product m.p. 155 ° which is yet
to be characterised.
In the case of reaction using 2-acetyl resorcinol as
starting; material, the product m.p. 228 ° , did not
contain the acetyl grouping indicating the initial loss
of {-CO-FH3 group prior to ga4 after the formation of
coumarin. The product of the reaction turned out to
7-hydroxy coumarin (EA).

be

since dearylation also takes

place, in all probability the loss of {-CO-CH3 group
takes place
prior to the condensation with pi
methoxy 'cinnamic acid. In short 2-acetyl resorcinol
gets converted to resorcinol first by a retro-FriedelCrafts acylation reaction and then follows the normal
course. Talapatra and Co-workers have reported the
formation of 7-hydroxy coumarin (5.) in the reaction of
•••

and p-methoxy cinnamic acid under the at'ave
reaction conditions, 23

resorcinol
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64

In conclusion, we can state that blocking of ohydroxy acetophenone grouping by converting it into
isoxazole derivative is not useful in the above condensation reactions. The alternative method for the preparation of 59 appears to be the preparation of 6-ethyl-7-hydroxy coumarin and then oxidation of the Ar-CH2CH3
to Ar-CO-CH3 by known oxidation methods * .

* Paradkar and co-workers have observed this conversiy4 in excellent yields (>90%) by oxidation with
CAN
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EXPERIMENTAL
Synthesis of coumarins by the condensation of
phenols and p-methoxy cinnamic acid in the presence of
PPA.

General Procedure
A solution of polyphosphoric acid (PPA) was
prepared by stirring a mixture of P2O5 (10.0 g, 70
mole) and 85% orthophosphoric acid (7 mL) in an oil
bath at 110 ° using an overhead stirrer under anhydrous
conditions until a free flowing clear solution was
obtained. This was then cooled to 70 ° .
An appropriate phenol (1 mole) and p-methoxy
cinnamic acid (1 mole) were then added in quick succession to the above solution of PPA and the resulting
solution was stirred at 70 ° for 4 hours. The reaction
mixture was then cooled to room temperature and poured
over crushed ice (50 g). This was kept overnight and
then extracted with CHC13 or EtOAc.

The organic

extracts were washed with sat. brine and dried.
ration of

the

Evapo-

solvent gave a viscous liquid which was

chromatographed on silica gel using benzene containing
increasing amounts of EtOAc to give several fractioris
which were monitored by TLC, the plates visualised under
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short wave UV illumination. The fractions containing
the coumarins and the 3,4-dihydro coumarins were
combined separately and concentrated. The solid
coumarins were recrystallized from benzene - petroleumether or CUC13 - petroleum-ether.
Spectral data of individual coumarins synthesised
by the above method

7-Methyl coumarin (1) : 54%, m.p. 126 ° . (lit. 2 m.p.12426 ° ).
(rur max, nujol) : 1725, 1710, 1635, 1485, 1395,
1150, 1125, 905, 865, 830, 770. cm -1

IR

I H nmr (300 MHz, CDC13, S ) (Fig.1) : 2.452

(3H, s,

-C113); 6.352 (1H, d, J=9.5 HZ, C3-H); 7.09 (1H, dd, J=8
& 2 HZ, C6-H); 7.142 (1H, dd, J=2 & 0.4 Hz, C6-H); 7.360
(1H, d, J=8 Hz, C5-H); 7.668 (1H, dd, J=9.5 & 0.4 Hz,

(3 4"H ) .
13 C nmr (300 MHz, CDC13, 8 )

ppm;

(multiplicity)

(Fig.2) :21.43 (q), 115.12 (d), 116.12 (s), 116.73
125.24

(d), 127.15 (d), 142.75 (s), 143.01 (d),

(5), 160.75 (s)
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(d),
153.83

6.7-Dimethyl coumarin (4) : 55%, m.p. 153 ° .
IR ("4"- max, nujol) : 1725, 1635, 1570, 1475, 1395,1280,
1260, 1205, 1130, 1030, 925, 890, 875, 850, 790. cm -1

1 H nmr (300 MHz, CDC13, 8 ) ( Fig.3) : 2.293

(3H, s,

-CH3); 2.342 (3H, s, -CH3); 6.330 (1H, d, J=9.5 Hz, C3-H); 7.10 (1H, s, C5-H); 7.21 (1H, d, J=0.4 Hz,C8-H);
7.623 (1H, dd, J=9.5 & 0.4 Hz, C4-H)

13 C nmr (300 MHz, CDC13,
4)

:

18.80

117.05

8)

ppm; (multiplicity) (Fig.

(q), 19.97 (q), 115.08

(d),

116.26

(d), 127.54 (d), 132.79 (s), 141:55 (s),

(s),
142.95

(d), 152.12 (s), 160.98 (s)

6,7 - Dimethill - 3,4-dihydro-4-(D-methoxv vhenv1) coumarin
(6) : 14%, m.p. 116 °

(,,,r

IR
1330,
cm

max, nujol) : 1770, 1530, 1480, 1420, 1395,

1265, 1190, 1155, 1060, 1045, 980, 920 900,

835.

-1

1 H nmr (90 MHz, CDC13, S ) ( Fig.5) :

2.171

(3H, s,

-CH3); 2,285 (3H, s, -CH3); 3.00 (2H, d, J=6,4 Hz, -CH- CH2;
-1 3.827 (3H, s, -00E3); 4.285 (1H, m, -CH-CHz1;
6.855-7.370 (6H, m, ar - H)
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7.8-Dimethyl coomhrin (5) : 59%, m.p. 134 ° .
KBr)

IR

: 1730, 1620, 1575, 1430, 1395,

1255, 1190, 1165, 1135, 1090, 1050, 945, 860, 845,
815, 765, 705 cm -1

IH

nmr (90 MHz, CDC13,

6)

(Fig. 6) : 2.38

( 3H,

1280,
830,

s,

-CH3); 2.42 (3H, s, -C113); 6.34 (1H, d, J=10 Hz, C3-H);
7.08 (1H, d, J=8 Hz, C6-H); 7.22 (1H, d, J=8 Hz, C5-H);
7.66 (1H, d, J=10 Hz, C4-H)

3-Methyl-4-benzvl (8) And 3-methv1-4.6-dibenzvl phenol
(9) from m-cresol : A mixture of benzyl chloride (1.15
mL, 10 mmole) and m-cresol (1.10 mL, 10 mmole) was
refluxed for 8 hours while monitoring the progress of
the reaction on TLC after every 1 hour. The reaction
mixture was then cooled to room temperature and extracted with diethyl ether. The ether extracts were
washed with 2N NaOH (3x25 mL), water and sat. brine and
dried. Evaporation of the solvent gave a gummy liquid
which was chromatographed on silica gel using benzene as
an eluent to give an oil. The oil was distilled under
reduced pressure. The distillate on standing at room
temperature for over 20 days gave a solid. Recrystallisation from benzene - petroleum-ether gave white
(0.12 g, 10%), m.p. 95 ° . (lit 7 . mp.93needles of

a

94 ° ).
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(nd- max, KBr) (Fig.7) : 3300, 1610, 1590, 1510,

IR
1500,

1470,

1455, 1360, 1320, 1315 1295,

1260,

1215,

1190,

1160, 1100, 1080, 1030, 1010, 960,950, 940,
820, 780, 730, 700. cm -1

I H nmr (60 MHz, CDC13, S ) (Fig.8) :

2.25

860,

(3H, s,

-CH3); 3.95 (2H, s, ar-CH2-ar); 4.63 (1H, a, -OH); 6.65
(1H, s, C2-H); 6.8-7.5 (7H, m, ar -H)
The undistilled portion of the oil on cooling to room
temperature generated solid which on recrystallisation

2

from CHC13 - petroleum-ether afforded

as white

needles (0.820 g, 54%), m.p. 109 ° .(lit. 7 m.p.106-107 ° ).
IR

1600,

1580,

1500,

1440, 1415, 1340, 1290, 1260, 1220,

1180,

1140,

max, KBr) (Fig.9) : 3475,

1450,

1060, 1020, 940, 880, 860, 840, 780, 740, 720, 700.cm -1

1 H nmr (300 MHz, CDC13,

)

:

2.15

(3H, s,

CH3); 3.90 (2H, s, ar-CH2-ar); 3.945 (2H, 8, ar-C42-ar);
4.50(1H, s, -OH, D20 exchangeable); 6.62 (1H, s, C5-H);
6.90 (1H, s, C2-H); 7.09-7.31 (10H, m, ar-H)

3-Ethox - 4-methoxY -benzaldehvde (18). from ethyl vanillin:
,

Anydrous K2CO3 (1.66 g, 12 mmole) was added to a
soluficn of commercial grade ethyl vanillin (17, 2.0 g,
12 mmole) in dry acetone (20 mL). To this slurry was
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added freshly distilled (CH3)2804 (1.15 mL, 16 mmole)while stirring with an overhead stirrer over a period of
1 hour. The reaction mixture was then refluxed for 15
hours with simultaneous stirring and monitoring the
progress of the reaction on TLC after every 1 hour.
Since no change was observed on TLC, after 15 hours of
stirring,10% methanolic K0H 45 (0.5 mL) was added to the
reaction mixture and it was stirred while refluxing for
another 10 hours. This was then cooled and filtered.
The residual K2CO3 was washed with acetone and filtered.
Evaporation of the solvent from the combined filtrates
gave a viscous liquid which was chromatographed on
silica gel using petroleum-ether : benzene (75:25) to
give a white solid. Recrystallisation from petroleumether afforded white needles of j (1.4 g, 65%),
m.p.52 ° .
IR

('max, nujol) : 1705, 1610, 1615,

1600,

1530,

1455, 1405, 1285, 1260, 1175, 1150,
905, 870, 820, 785, 755. cm -1

1050,

1035,

1480,

Further elution using benzene:EtOAc (95:5) gave another
white solid which was recrystallized from petroleumether to give white needles (0.5 g), m.p. 95 °
IR (fmax, nujol) : 1725, 1680, 1660, 1635, 1610, 1535,
1475,

1460, 1445, 1375, 1275, 1245, 1175, 1150,
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1115,

1050, 1030, 1020,985, 890, 815, 805, 785, 760. cm -1

3-Ethoxv-4-methoxv phenol
aldehyde

(la,

: 3-Ethoxy-4-methoxy benz-

0.8 g, 4.5 mole) was dissolved in CH2C12

(2 mL). To this was added freshly prepared perbenzoic
acid 46 (1.2 g, 8 mmole) in CHC13 (5 mL). The reaction
mixture was magnetically stirred overnight. 10% Na2S204
(3 mL) was then added to this and stirred for another 45
minutes.

The organic phase was separated and the

aqueous phase was extracted with CHC13.

The combined

organic phase was washed with sat. brine and dried. The
residue obtained on evaporation of solvent was dissolved
in Me0H (3 mL). The solution formed was cooled in ice
and to this was added 5% KOH (8 mL) slowly with
stirring. The reaction mixture was magnetically stirred
overnight, acidified with cone. HC1 while cooling in
ice and extracted with CHC13. The CHC13 extracts were
washed with sat. brine and dried. Evaporation of
solvent gave a solid which was chromatographed on silica .
gelusinptrom-eh:bnz(50)togivea
solid. Recrystallisation from EtOAc gave white needles
(1 g) identified as benzoic acid (TLC, m.p., m.m.p.,
IR). Further elution with benzene gave another solid
i<sich on recrystallisation from benzene afforded white
needles of 12 (0.23 g, 31%), m.p. 81 ° . (lit. 11 b.p.
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175 ° ; crystals from water gives a hydrate m.p.

IR

92 ° ).

(f\f" max, nujol) (Fig.11) : 3550, 3180, 1625,

1480,

1395,

1330,

1300,

1265,

1240, 1200,

1530,

1180,

1135,

1050, 1030, 995, 905, 830, 815, 780, 725. cm-1 .

6-Methoxv-7-ethoxy coumarin j : A mixture of 3-ethoxy-47methoxy phenol (12, 0.166 g, 1 mmole) and p-methoxy
cinnamic acid (0.178 g, 1 mmole) was stirred in PPA at
70 ° for

4 hours.

Usual work up and purification by

chromatography on silica gel using benzene:EtOAc

(95:5)

gave a solid which on recrystallisation from benzene
afforded whitish needles of la (0.08 g, 31%), m.p. 143 ° .
IR

(max, nujol) (Fig.12) : 1715, 1625,

1475,

1435, 1400, 1290, 1260, 1205, 1180,

1045, 1025, 935, 920, 885, 815. cm

1570, 1530,
1150,

1100,

-1

1 H nmr (90 MHz, CDC13, 8 )

(Fig.13) : 1.47 (3H, t, J=7

Hz, CH3-CH2-0-); 3.88 (3H,

8,

Hz, -CH3-C112-);

-0C113); 4.11 (2H, q, J=7

6.30 (1H, d, J=9 Hz, C3-H); 6.82 (2H, s,

C8-H & C5-H); 7.63 (1H, d,

J=9 Hz C4 - H).

I-Hvdroxv xanthone (23) and 3-hvdroxv xanthone (24)
mixture of salol (4.28 g, 20 mmole) and resorcinol
g,

mmole) was pyrolysed at

20

product
then

325 ° .

A•
(2.2

The reaction

obtained was cooled dissolved in benzene and

washed with sat. NaHCO3 and water and finally
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extracted with 2N NaOH. The alkali extract on acidification with dil. HC1 gave 3-hydroxy xanthone which was
recrystallised from ethanol using activated charcoal to
give whitish needles of 24 (1.80 g, 43%), m.p. 248 ° .
IR

(,-.Jr max, nujol) : 3140, 1650, 1620,

1485,

1460, 1385, 1345, 1320, 1285, 1265,

1185,

1165,

1120,

1110,

975,

930,

1570, 1520,
1230,

855,

825,

1215,
775,

750,700. cm -1
The organic phase was washed with sat. brine and dried.
Evaporation of the solvent gave a viscous liquid which
was

chromatographed

on

silica

gel

using

petroleum-

ether:benzene (70:30) to give a yellow solid.

Recryst-

allisation

afforded

from

benzene

-

Petroleum-ether

Yellow needles of 23 (0.76 g, 19%), m.p. 150 ° .
IR

max, nujol)

1650, 1620,

1560,

1490,

1470,

1385,

1360, 1340, 1295, 1245, 1220, 1180,

1160,

1120,

1065,

1050,

1020, 965, 935, 875, 865, 820,
776, 765, 730. cm -1

810,

765,

1 - Hydroxv xanthene' (25) : To a stirring solution of
LiA1H4 (0.76 g, 20 mole) in sodium dried diethyl ether
(50 mL) was added a solution of 1-hydroxy xanthone

(23,

0.97 g,4.5 mole) in sodium dried benzene (30 mL) over a
period of 30 minutes. The reaction mixture was refluxed
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for 3 hours and left overnight at room temperature. 10%
cold NH4C1 was then added slowly with stirring till a
clear solution resulted and organic layer separated out.
The residue was extracted with petroleum-ether. The
combined extracts and organic phase were washed with
sat.

brine

and

dried.

Green

solid

obtained

after

evaporation of the solvent was chromatographed on silica
gel using petroleum-ether - benzene (50:50) as an eluent
to

give

colourless

solid.

Recrystallisation

from

benzene - petroleum--ether gave white needles of 25 (0.55
g, 60%), m.p.

IR

145 ° .

Kjrmax, KBr) : 3460-3140, 1645, 1625,

1595,

1520,

1485, 1470, 1440, 1420, 1355, 1325,

1295,

1265,

1505,

1190, 1165, 1155, 1115, 1040, 1020, 970, 930, 890,

875,

785, 760, 720. cm-1
Elsa=

r2,3-al xanthene

A mixture of 1-hydroxy

xanthene (25, 0.198 g, 1 mole) and p-methoxy cinnamic
acid (0.178 g, 1 mmole) was stirred in PPA at 70 ° for

4

hours. Usual work up and purification by chromatography
on silica gel gave three fractions. The first fraction
eluted out using petroleum-ether - benzene (50:50) was
a yellow solid recrystallised from benzene to gime
yellow needles of 23 (0.018 g, 8%), m.p. 150 °, identified
by comparison (TLC, m.p., m.m.p., IR) with an authentic
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sample prepared earlier. The second fraction was eluted
out with benzene as a white solid which on
recrystallisation from benzene - petroleum-ether
afforded white needles of 26 (0.067 g, 18%), m.p. 170 ° .
1R
1495,

(-.Jr" max, KBr) (Fig.14) : 1780, 1625,

1590,

1525,

1455, 1370, 1320, 1285, 1270, 1245,

1210,

1190,

1180, 1145, 1115, 1060, 1035, 1005, 975, 930, 885,
830,815. cm -1

855,

I H nmr (90 MHz, CDC13, b ) (Fig.15) : 2.95 (2H, t, J=6.4
Hz, - 6H - CB2 - ); 3.72 (3H, s, -OCff3); 4.05 (2H, s, - CB2 - );
4.15 (1H, m,-6E-CH2); 6.64-7.32 (10H, m, ar-H).
The third fraction eluted out with benzene: E tOAc (98:2)
was also a solid. Recrystallisation from acetone
afforded white needles of 21 (0.04 g, 17%), m.p. 209 ° .
IR (^.57 max, nujol) (Fig.16) : 1730, 1685,
1495,

1470, 1415, 1385, 1370, 1315, 1265,

1115,

1065, 1035, 1000, 980, 950, 940, 885,

1615,1520,
1225,
850,

1175,
835,

810,760, 750. cm -1

I H nmr (CDC13, 8 ) (Fig.17) : 4.2 (213, s, - C112 - );

6.3

(1H, d, J=9 Hz, C3-H); 6.96 (1H, d, j=8 Hz, C6-H); 7.027.24 (4H, m, ar-H); 7.31 (1H, d, J=8 Hz, C5-H); 7.64
(1H, d, J=9 Hz, C4-H).
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.1:-Acetoxy xanthclne : 3-Hydroxy xanthone (24, 0.95 g, 4.5

mole) was dissolved in dry pyridine (10 mL). To this
was added Ac20 (1.0 mL, 10. mmole). The reaction mixture
was ref luxed for 6 hours and kept overnight at room
temperature. This was then extracted with diethyl
ether. The ether extracts were washed successively with
5% HCl (3x20 mL), 2N Na2CO3 (3x10 mL), water (2x20 mL)
and dried. Evaporation of the solvent gave a solid
which was recrystalllsed from benzene to give silvery
white flakes of 3-acetoxy xanthone ( 0.91 g, 80%),
m. p. 160 ° .
IR
1385,

(-J- max, nujol) : 1760, 1665, 1615, 1475,
1325,

1255, 1205, 1150, 1105, 1030,
930, 905, 865, 835, 795, 775, 760. cm -1
3-Hvdroxy xanthone

(0.28

2a :

1015,

1440,
985,

To a stirring solution of LiA1H4

g, 7.3 mmole) in.sodium dried diethyl ether (15

mL) was added a solution of 3-acetoxy xanthone (0.82 g,
3.2 mole) in sodium dried benzene (40 mL) slowly over a
period of 30 minutes. The reaction mixture was refluxed
for 8 hours. Cold 10% NH4C1 was then added slowly with
stirring followed by cold dil. HC1 till the solution
became clear. This was extracted with diethyl ethtr.
The ether extracts were washed with sat. brie and
dried. Evaporation of the solvent gave a red coloured
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solid which was chromatographed on silica gel using
benzene:EtOAc (99:1) to give a white solid.
Recrystallisation from benzene - petroleum-ether gave
white needles of 29 (0.4 g, 62%) m.p. 126 ° .
IR

max, nujol)

1475,

1395,

3570,
1640, 1620, 1595, 1525, 1505,

1325, 1250, 1155, 1125, 1105,

1085,

990,

865, 870, 855, 815, 765, 755, 705. cm

3-Acetoxv xanthene EL, : Ac20 (0,44 mL,0-4 mmole) was added
to

a solution of 3-hydroxy xanthene(29,0.035 g, 0.18

mmole) in dry pyridine (0.4 mL). The reaction mixture
was refluxed on an oil bath for

3 hours and left

overnight at room temperature. Usual work up gave a
shining solid.

Recrystallisation from benzene

petroleu ► -ether afforded silvery white crystals of

66

g, 75%), m.p. 121 ° .

IR

(0.3

(-Nf-' max, nujol) : 1755, 1610, 1585, 1495, 1465,

1380,

1310, 1285, 1265, 1220, 1190, 1135,
1080, 1015, 980, 910, 815, 755. cm -1

IH

1110,

1095,

nmr (90 MHz, CDC13, b ) (Fig. 18) : 2.25 (3H, s, - 0 -

-00-0113); 4.0 (2H, s, -0112--); 6.76-7.32 (7H, m, ar-H).
Synthesis of coumarins by reaction of phenols and pmethoxy cinnamic acid in the presence of 75% H2SO4.
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General Procedure : 75% H2SO4 (3.2 mL) was added in one
lot to a mixture of appropriate phenol (1 mmole) and pmethoxy cinnamic acid (1 mmole). The reaction mixture
was then heated on a steam bath for two hours with
intermittent shaking. This was cooled and poured into
cold water (8 mL).

The solid obtained was suction

filtered and dried in an oven at 120 ° . It was recrystallised either from benzene - petroleum-ether or CHC13
petroleum-ether.
Data of individual coumarins synthesised by the above
method.

7-Methyl coumaria (1) : 63%, m.p. 126 ° .
For 1 H nmr and 13 C nmr refer Fig.nos. 1 and 2

6,7-Dimethvl coumarin (4) : 60%, m.p. 150.
For 1 H nmr and 13 C nmr refer Fig. nos. 3 and 4

coumarin (5) : 60%, m.p. 132 ° .
For 1H nmr refer Fig. no. 6
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5.6-Benzocoumarin (31)

*

7-Methoxv coumarin (32)

: 55%, m.p. 1160 .
*

: 50%, m.p. 117 0 .

Synthesis of 3,4 - dihydro-4-(p-methoxyphenyl) coumarin by
reaction of phenols and p-methoxy cinnamic acid in the
presence of PPA.
General procedure : Refer the general procedure for the
synthesis of coumarins by reaction of phenols and pmethoxy cinnamic acid in the presence of PPA
Data of individual

3,4 -dihydro-4-(p-methoxyphenyl)

coumarin synthesised by the above method.

6 -bromo - 3,4 - dihvdro - 4-(p-methoxvPhenv1) coumarin (42)

:

30%, m.p. 147 ° .
IR

(.(max, nujol) : 1780, 1530, 1490, 1420, 1395, 1275,

1235, 1195, 1150, 1130, 1080, 1040, 1025, 900, 885, 850,
825, 770. cm -1

1H

nmr (90 MHz, cpc1 3 ,

6)

(Fig.19) : 3.07 (2H,

d,

J=7

Hz, -6H-CH2); 3.91 (3H, s, -OCH3); 4.37 (IH, t, J=7

Hz,

-611-CH2); 7.00-7.627 (7H, 111,' ar-H).

*These coumarins were identified by (CO-TLC, m.m.p., and'
IR) comparison with the corresponding synthetic samples
prepared 'in our laboratory by reaction of I3

-

naphthol

and resorcinol monomethyl ether respectively with pmethoxy cinnamic acid in the presence of PPA.
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1-Methoxy-7-Phenv1-3.4 - dihydro-4-(p-methoxvphenv1)
coumarin (43) : 33%, m.p. 161 ° .
IR

(-Ni- max, KBr) (Fig.20) : 1770, 1615, 1520, 1490,

1410, 1260, 1230, 1190, 1180, 1145,
945, 905, 885, 850, 830, 810, 765. cm -1
1470,

1110,

1025,

1 H nmr (300 MHz, CDC13, 8 ) (Fig.21) : 2.98 (1H, dd,
J=7.5 & 14 Hz, C3-H a ); 3.083 (1H, dd, J= 6 & 14 Hz, C31b); 3.66 (3H, s, -OCH3); 3.82 (3H, s, -0CH3); 4.32 (1H,
dd, 3=6 & 7.5 Hz, -6H-CH2-); 6.56 (1H, d, J=0.5 Hz, CgH); 6.91 (2H, d, J=9 Hz, C3 , and C5 , -H8 ); 7.13 (1H, s,
ar-H) 7.14 (2H, d, J=9 Hz, C2 , and C6 , -115 ); 7.32-7.54
(5H, m, ar-H)
5-Methv1-8-isoProPv1-3,4-dihydro-4-(p-methoxyphenv1)
L'oumarin (44) : 25%, m.p. 115 ° .
IR

(--j. max, nujol) (Fig.22) : 1770, 1610, 1585,

1515,

1495, 1465, 1425, 1385, 1350, 1290, 1250, 1175, :1135,
1065, 1035, 980, 965, 950, 880, 855, 825, 810, 775, 750,
705. cm

-1

1 H nmr (90 MHz, CDC13, S )(Fig.23) : 1.22 (3H, d, J=7
Hz, CH3-6H-CH3); 1.28 (3H, d, J=7 Hz, CH3-6H-CH3); 2.11
(3H, s, -CH3); 2.97 (2H, d, J=5 Hz, -6H-CH2); 3.42 (1111
quintet, J=7 Hz, CH3-4I-CH3); 3.71 (3H, s, -OCH3); 4.33
(1H, t, J=5 Hz, -CH-CHO; 6.71-7.233 (6H, m, ar - H)
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6-Hvslroxv-7-_methv1-3,4 - dihvdro - 4 -_ip-methoxvphenyl)
coumarin (45) : 35%, m.p.163 ° .
IR

(,..rmax, KBr) : 3660-3220, 1750, 1620, 1590, 1520,

1425, 1320, 1270, 1185, 1160, 1110,

10:35, 965, 920, 875,

835, 815, 785, 760. cm

LH

nmr (90 MHz, CDC13,

) (Fig.24) :

2.26

(3H,

s,

-CH3); 3.00 (2H, m, -6-C112-) 3.88 (3H, s,-OCH3); 4.292
(1H, t, J=6.4 Hz, -CH-CH2-); 4.84 (1H, -OH); 6.48
(1H, s, at-H) 6.96- 7.542 (5H, m, ar-H)
Acevlation of 2-phenyl phenol : Ac20 ( s'mL,

75mmole)

was added to a solution of 2-phenyl phenol (5 g, 30
mole) in dry pyridine (10 mL). The reaction mixture
was refluxed for 6 hours and left overnight at room
temperature. This was extracted with diethyl ether.
The ether extracts were washed successively with 5% HC1,
2N Na2CO3, water and dried. Evaporation of the solvent
gave a liquid which was chromatographed on silica gel
using benzene as an eluent to give an oil, 2-phenyl
phenol acetate.
IR

(rmax, neat) ;

1775, 1490, 1450, 1385, 1230, 1190,

1115, 1055, 1015, 915, 830, 785, 765, 745, 705. cm -1
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Fries reaction

2-phenyl phenol acetate : 2-phenyl

phenol acetate (3.4 g, 16 mmole) was mixed with finely
crushed anhydrous AlC13 (3.4 g, 26 mmole) and heated at
130 °for 3 hours. The reaction mixture was then cooled
and quenched with dil. HC1 (50 mL) and left overnight.
The solid obtained was suction filtered and washed with
water. Chromatography on silica gel using benzene as an
eluent gave a liquid. Further elution using
benzene:EtOAc (80:20) gave a solid which was recrystallised from EtOAc to give white needles of 2-phenyl-4acetyl phenol (2.2 g, 65%), m.p. 170 ° . (lit. 47 m.p 1723° .
IR

(-J7 max, nujol) : 3210, 1675, 1600, 1485, 1405,
1300, 1260, 1160, 985, 830, 790, 710. cm -1

Methvlation of 2-Pheuv1-4-acetvl phenol : Anhydrous
K2CO3 (1.5 g, 10 mmole) was added to a solution of 2phenyl-4-acetyl phenol (2.2 g, 10 mmole) in dry acetone
(10 mL). To this slurry was added freshy distilled
(CH3)2SO4 (1.5 mL, 16 mmole). The reaction mixture was
refluxed for 8 hours while simultaneous stirring. This
was then cooled and filtered. The residual K2CO3 was
washed with acetone and filtered. Evaporation of the
solvent from the combined filtrates gave a brown solid.
Chromatography on silica gel using benzene:EtOAc (95:5)
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(..1- max, neat) : 3560-3120, 1605, 1575, 1495,

1465,

1310, 1275, 1230, 1200, 1175, 1130, 1040,
895, 870, 810, 770, 745, 720, 710, 700.cm -1

1030,

IR

1435,

5-MethY1-3,4-dihvdro-4-(p-methoxYphenv1) coumarin 47 land
5-methv1-3,4-dihYdro-4-(p-hvdroxYPhenv1) coumarin
To chlorobenzene (8 mL) was added 5-methy1-8-isopropy13,4-dihydro-4-(p-methoxyphenyl)coumarin (AA 0.3
mole).

0.96

g,

To this was added finely powdered anhydrous

A1C13 (0.75 g, 5.6 mmol). The reaction mixture waa
then heated on an oil bath at 95 ° for 1 hour. This was
cooled, poured over crushed ice (20 g) containing dil,
HC1 and extracted with EtOAc. The EtOAc extracts were
washed with sat. brine and dried.

Evaporation of the

solvent gave a viscous liquid which was chromatographed
silica gel using petroleum-ether - benzene (80:20)

on

to give a solid. Recrystallisation from petroleum-ether
gave white needles of Al (0.07 g, 27%), m.p. 100 °

(,-.1 max,

IR

riujol) (Fig.25) : 1770, 1600, 1570,

1500,

1450, 1360, 1270, 1240, 1170, 1120, 1010, 960, 880, 830,
'io0, 740. cm -1

IH

nmr (300 MHz, CDC13, 8 )(Fig.26) :

-CH3);
4.365

3.02

(2H, m, - CH-CH2 - ); 3.752

2.192
(3H, s,

(1H, dd, J=6 & 3 Hz, -CH-CH2-); 6.8 (2H,
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(3H,

- OCH3);
d,

J=9

Hz, C3. & C5. -H8 ); 6.98 (2H, d, J=9 Hz, C2 , & C6' - H 3 );
6.95-7.25 (3H, m, ar-H)
13 C nmr (CDC13,

37.88

(t),

(s),126.30

8)

(Fig.27) : 18.79 (q), 37 50 (q),

55.27 (d) 114.4 (d),
(d),

114.98

(d),

127.90 (d), 127.94 (d),

123.48

131.86

(s),

136.81(s), 151.96 (s), 158.69 (s), 167.25 (5).
Further elution with benzene:EtOAc (96:4) gave a viscous
liquid which solidified on addition of petroleum-ether
and on recrystallisation from EtOAc - petroleum-ether
gave white needles of 48 (0.04 g, 16%), m.p. 184 ° .
IR

(r‘fsmax,

1510,

nujol) (Fig.28) ; 3240, 1740, 1610,

1570,

1150,

1100,

1450, 1370, 1340, 1260, 1240, 1170,

1030, 960, 890, 840, 820, 780, 750, 720. cm-1
1 H nmr (300 MHz, CDC13,) (Fig.29) :

2.17 (3H,

s,

-CB3); 2.89 (1H, dd, J=2.5 & 16 Hz, C3-Ha ) 3.11 (1H, dd,
7 & 16 Hz,C3-Hb); 4.45 (111, dd, & 7 Hz, -6H-CH2);
4.87 (1H, s, -0)1); 6.67 (2H, d, J=9 Hz, C3 ► & C5.-H 5 );
6.845 (2H, d, J=9 Hz, C2. & C6.-0); 6.95-7.25 (3H, m,
ar-H)
13 C nmr (CDC13,

38.84

(t),

127.47(d),

6)

115.66
129.11

(Fig.30) : 18.68 (q),
(d),

116.72

(d),

(d), 129.49 (d), 132.5

(s), 153.54 (s), 157.79 (s), 169.84 (s).
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38.48 (d),
125.44
(5),

(s),
138.44

Synthesis of 3,4-dihydro-4-(p-methoxyphenyl) coumarins
by

reaction of phenols and p-methoxy cinnamic acid in

the presence of 75% H2SO4-dioxane.

General procedure = p-methoxy cinnamic acid (1 mole)
was first dissolved in minimum volume of dioxane. To
this solution was then added an appropriate phenol (1
mmole) and 75% H2SO4 in quick succession. The

reaction

mixture was stirred for 2 hours at room temperature and
poured into cold water.. This was extracted with EtOAc.
The EtOAc extracts were washed with sat. brine and
dried. Evaporation of the solvent gave a semi solid
which was chromatographed on silica gel using benzene
containing increasing amounts of EtOAc. The various
fractions collected were monitored by TLC, the plates
visualised by developing in 12 chamber. The fractions
containing the 3,4-dihydro coumarin were combined and
concentrated.

The solid 3,4-dihydro coumarins were

recrystallised

from

CHC13 - petroleum-ether.

In the

reaction of resorcinol monomethyl ether and m-cresol
along with the 3,4-dihydro coumarin, fractions containing an acid were collected separately
and
*
concentrated. The solid acids were recrystallised
from CHC13 - petroleum-ether.
*The solid acid m.p.134 Q obtained in the reaction of mcresol by the above method is yet to be characterised.
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Spectral data of individual 3,4-dihydro coumarins

and

ppf2 -methoxy-4-hydroxyphenyl)-p-methoxyphenyi propionic
acid synthesised by the above method.

5,6.7 - Trimethoxy - 3,4 - dihYdro - 4-(p-methoxvaAnY1)
Doumarin 12.4 : 23%, m.p. 91 ° .
IR (Nrmax, nujol) (Fig.31) : 1780, 1620, 1520, 1500,
1470,

1440, 1420, 1390, 1340, 1310, 1290,

1190,

1140,

1260,

1110, 1040,1010, 990, 980,950,
880, 840, 800. cm -1

1240,

940,

910,

1 H nmr (300 MHz, CDC13,S ) (Fig.32) : 2.95 (2H, d, J=4

Hz, - 6H-CE2-i; 3.65 (3H, s, -0C113); 3.73 (3H, s,
3.81
J=4

-OCH3);

(3H, s, -OCE3); 3.85 (3H, s, -0C113); 4.50 (1H,
Hz, -hi-CH2); 6.48 (1H, s, C8-H); 6.78 (2H, d,

t,
J=8

Hz, C3 , & C5 , -H3 ); 7.00 (2H, d, J=8 Hz, C2 , &
13

C

(t),

nmr (CDC13,
C4-37.39

150.48 (s),

) (Fig.33) : C2-158.66 (s),
(d), C5 - 133.75 (8), C6 - 147.60

C8-96.77 (d), C4 a-111.29 (s),

C3-34.65
(s),

07-

C8 a -153.57

(s), C1 , -138.96 (s), C2 , & C6 , -127.78 (d), C3 , & C5 ,
, -167.57 (s), -OCH3-61 .
(q), -OCH:3-56 J1

(q), - OCH3 - 55 ,2 2 (q)

3

(q),

-0CH3-60,97-14.29(d),C4

.

Elemental analysis : Found: C, 66.31; H, 5.79; C19H20 0 6
Requires: C, 66.27; H, 5.81.
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na) goum4x. in

7-Methoxy-3,4-T.thydro-4-(p_ag

12b:

21%, m.p. 134 ° .
IR

max, nujol) : 1780,

1470,

1630,1620,

1600,

1520,

1450, 1390, 1340, 1330 , 1300, 1270, 1250,

1230,

1200, 1190, 1170, 1140, 1120, 1050, 990, 980, 900,
840, 830. cm

860,

-1

1 H nmr (300 MHz, CDC13, 8 ) (Fig.34) :

2.95 (1H, dd, J=8

& 14 Hz, C3-H a ); 3.04 (1H, dd, J=6 & 14 Hz, C3-Hb); 3.79
(3H, s, -OCH3); 3.81 (3H, s, -OCH3); 4.24 (1H, dd, J=6 &
8 Hz, -H-CH2-); 6.62 (1H, d, J=2.5 Hz, C8-H); 6.66 (1H,
dd, J=2.5 & 9 Hz, C6-H); 6.87
C5 , -H ); 7.065 (2H, d,

(3H, d, J=9 Hz C5, C3 , &

J=9 Hz, C2 , & C8 , -Hl.

7 - Methv1 - 3,4-dihYdro-4-(P-meltho4Y -Pherwl) coumarin 12c:
29%, m.p. 87 ° .
IR

(Nrmax, nujol) (Fig.35) : 1770, 1630, 1620, 1590,

1520, 1470, 1430, 1390, 1350,

1340, 1320, 1300, 1290,

1260, 1230, 1200, 1190, 1150, 1120, 1040, 990, 980, 950
900, 890, 860, 840, 830, 750, 700. cm -

1 H nmr (300 MHz, CDC13,S ) (Fig.36) :
-CH3);

2.35

(3H, s,

2.95 (1H, dd, J=8 & 15.5 Hz., C3-Ha ); 3.029 (1H:

dd, J=6 & 15.5 Hz, C3-Hb); 3.79
(1H, t, J=6 Hz, -

(3H, s, -OC13);

CH - CH2-); 6.83-7.25 (7H, m, ar-H).
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4.25

-4

Elemental analysis : Found: C, 75.70; H, 6.06; C17H1603
Requires : C,76.10; H, 5.9

.E.7 -Methylen.fzdioxv-3.4 - dihydro-4-Lp-methoxvpherLY11
coamarin 12d : 23%, m.p.130 ° .
IR

(mil max,nujol) (Fig.37) : 1760, 1610, 1580, 1510,

1480,

1440, 1380, 1340, 1240, 1180, 1140,
970, 940, 900, 860, 830, 750, 730. cm -1

1 H nmr (CDC13,

1080,

1040,

) (Fig.38) : 3.007 (1H, dd, J=8 & 16

Hz, C3-Ha ); 3.06 (1H, dd, J=6 & 16 Hz, C3-H1,); 4.05 (3H,
s, -OCjj3); 4.24 (1H, t, J=6 Hz, -611-CH2-); 6.57 (2H, s,
-0-CH2-0-); 6.79 (1H, s, C8-H); 6.92 (1H, s, C5-H); 7.04
(2H, d, J=9 Hz, C3' & C5 , -H5 ); 7.13 (2H, d, J=9 Hz, C5'
& C6 , -H8 )
Elemental analysis : Found: C, 68.33; H,4.74;

C17H1405

Requires: C, 68.45; H,4.69

pj5212zEstiagAy_L-1-1ydrkxyphgnyllap-=thDAynkenyi

ProPionic

Auld 53 • 24%, m.p. 145 ° .
IR

34 00,

(e..1- max, nujol) (Fig.39) : ^ 1700, 1620, 1610, 1520,

1480,

1390, 1340, 1320, 1280, 1230, 1200,
1130, 1040, 980, 840, 830, 820. cm -1
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1190,

1160,

1 H nmr (300 MHz, CDC13,

8 ) (Fig.40) : 2.95 (1H, dd, J=0

& 15 Hz, '---C-H a ); 3.03 (1H, dd, J=7 & 15 Hz, 'it-C-4);
3.73 (3H, s, -OCH3); 3.76 (3H, 8, -OCH3); 4.75 (1H, dd,
J=7 & 8 Hz, - 6H- CH2); 6.29 (1H, d, J=2.5 Hz, C3-H); 6.34
(1H, dd, J=2.5 & 8 Hz, C5-H); 6.8 (2H, d, J=9 Hz, C3 ,
, -10); 6.91 (1H, d, J=8 Hz, C6-H); 7.16 (2H, d, J=9C5
Hz, C2 , and C6 , -H8
Elemental analysis : Found: C, 66.74; H, 5.67; Ci7H1805
Requires: C, 67.55; H, 5.9

3‘4.5-Trimethoxv

phenol

from

3,4.5-trimethoxv

benzaldehvde : To a solution of 3,4,5-trimethoxy benzaldehyde (1 g, 5.1 mmole) in CH2C12 (2 mL)was added a
solution of m-chloroperbenzoic acid (1.5 g, 8 mmole) in
CH013 (9 mL). The reaction mixture was magnetically
stirred overnight. 10% Na2S204 (3 mL) was added to
this and stirred for another 45 minutes. The organic
phase was separated and the aqueous phase was extracted
with CHC13. The combined organic phase was washed with
sat. brine and dried. The residue obtained after evaporation of the solvent was dissolved in Me0H (3 mL).
The solution formed was cooled in ice and to this was
added 5% KOH (8 mL) slowly with stirring. The reaction
mixture was magnetically stirred overnight, acidified
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with cone. HC1 while cooling in ice and extracted with
CHC13.

The CHC13 extracts were washed with sat. brine

and dried.

Evaporation of the solvent gave a solid

which was chromatographed on silica gel using
benzene:Et0Ac (90:10) to give a solid. Recrystallisation from CHC13 -. petroleum-ether gave white needles
of 3,4,5-trimethoxy phenol (0.3 g, 32%), m.p.146 ° .

4-Methv1-7-hydroxv coumarin : A

solution of freshly

distilled resorcinol (2 g, 18 mmole) in ethyl aceto
acetate (2.6 mL, 20 mmole) was added slowly while stirring to ice cold cone. H2SO4 (20 mL). The temperature
was not allowed to rise above 10 ° during the addition.
The reaction mixture was stirred for 2 hours and left at
room temperature for 16 hours. It was then poured while
stirring vigorously into a mixture of crushed ice (40 g)
and water (60 mL). The solid obtained was suction
filtered and washed with cold water. This was dissolved
in 5% NaOH (30 mL) and reprecipitated with 2M H2SO4.
This solid was suction filtered, dried at 120 ° in an
oven and recrystallised from ethanol to give white
needles of 4 - methyl- 7 - hYdroxy coumarin (1.8 g, 70%), m.p.
185° . (lit. 48 m.p. 185 - 6° ).
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4-Methyl-7-acetoxv
COU ► arin

(1.2

g,

coumarin

4-Methyl-7-hydroxy

6.8 mmole) was dissolved in dry

pyridine (20 mL). To this was added Ac20 (1,7 mL, I 7
The reaction mixture was refluxed for 1 hour,

mmole).

cooled and poured into cold water. The solid formed was
suction filtered, dried at 120 ° in an oven and
recrystallised from CHC13 - petroleum-ether to give
white needles of 4-methyl-7-acetoxy coumarin (1.2 g,
81%), m.p. 150 ° . (lit. 48 m.p.150 ° .)

4-Methyl-7-hvdroxv - 8 - acetyl coumarig
acetoxy. coumarin

4-Methyl-7-

g, 4 mmole) was intimately mixed

with anydrous A1C13 (2.7 g, 20 mmole) and heated rapidly
at 130 ° . Heating was continued slowly to 175 ° over a
period of 2 hours. The reaction mixture was then
cooled, quenched with dil.HC1 (20 mL) and ice (2 g)

and

kept overnight at room temperature. The solid formed
was

suction filtered and chromatographed on silica gel

using petroleum-ether:CH2C12 (70:30) to give a white
solid which was recrystallised from CHC13 - petroleumether to afford white needles of 4-methy1-7-hydroxy-8acetyl coumarin (0.7 g, 77%), m.p. 168 ° .
°)

(lit:49
m.p168
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2-ActIvl rasorcinol

:

4-Methyl-7-hydroxy-8-acetyl

coumarin (0.29 g, 1.3 mole) was boiled with NaOH (0.1
g, 2.5 mole) in water (2.5 mL). The reaction mixture
was then cooled and acidified with dil. HC1. The solid
thus obtained was suction filtered, dried at 120 ° and
recrystallised from CHC13 - petroleum-ether to afford
white needles of 2-acetyl resorcinol (0.13g, 64%), m.p.
157 0 .(lit. 50
m.p.157 ° )

kkA

reaction of 2-acetyl resorcinol

1112A

p-methoxy

cinnamic acid : A mixture of 2-acetyl resorcinol (0.2 g,
1.3

mole) and p-methoxy cinnamic acid (0.235 g, 1.3

mole) was stirred in PPA at 70° for 4 hours.

Usual

work up in EtOAc gave a viscous liquid which

was

chromatographed on silica gel using benzene:EtOAc (92:8)
to give a solid. Recrystallisation from EtOAc-petroleum
ether gave white needles of

aA

(0.05 g, 23%), m.p. 229 °
identfbycomparisn(TLC,.mp)with7-

hydroxy coumarin prepared from resorcinol and malic acid
under pechmann conditions.
7-HydroxY coumarin : A mixture of commercial grade
resorcinol (1.5 g, 13 mmole) malic acid (1.5

g,

9.3

mmole) and conc H2SO4 (3m1) was heated at 120 ° till
effervescence ceased. The reaction mixture was cooled
and poured over crushed ice. This was extracted with
221

Et0Ac.

The EtOAc extracts were washed with sat. brine

and dried.

Evaporation of the solvent gave a solid

which on reCrystallisation from EtOAc - petroleum-ether
afforded white needles of 7-hydroxy coumarin (1 g, 45%),
m.p. 228 ° .

Oxime of 2-acetyl resorcinol : 2-acetyl resorcinol (0.75
g, 5 mmole) was added to a solution of hydroxylamine
hydrochloride (0.75 g, 10 mmole) and sodium acetate (1
g, 12 mmole) in water (2m1). To this was added methanol

(3m1) and the reaction mixture was refluxed for 3 hours.
This was then cooled, methanol removed under reduced
pressure and extracted with EtOAc. The EtOAc extracts
were washed with sat.brine and dried. Evaporation of
the solvent gave a solid which was chromatographed on
silica gel using benzene:EtOAc (95:5) to give a pale
yellow solid. Recrystallisation from chloroform
petroleum-ether gave whitish needles of 2-acetyl
resorcinol oxime (0.45 g, 54%), m.p 175 0 (lit. 30 m.p.
177 ° ).

Isoxasole 62 from 2-acetyl resorcinol oxime : To a
solution of 2-acetyl resorcinol oxime (0.6 g, 3.3 mmole)
in methanol (36m1,1:1) was added 85% KOH (0.237g) and
the reaction mixture was ref luxed for 24 hours. This
was cooled, methanol was removed in vacuo and the
222

residual solution was made strongly basic by adding
excess of 2N alkali. This was extracted with EtOAc.
The aqueous phase was acidified with dil. HC1 and the
product was extracted with EtOAc. The EtOAc extracts
were washed with water and dried . Evaporation of the
solvent gave a red solid which was chromatographed on
silica get using benzene:Et0Ac (95:5) as an eluent to
give pale yellow solid. Recrystallisation from EtOAc petroleum-ether gave whitish needles ofisoxazole

aa (0.3

g, 56%), m.p.219 ° m.p. 219-21 ° ).

ati reaction sal 1soxazole _6.2 Ansi P-methoxy .QinnAm'c Aci4.
A mixture of isoxazole 62 (0.14 g, 0.9 mmole) and pmethoxy cinnamic acid (0.17 g, 0.9 mmole) was stirred in
PPA at 70 ° for 4 hours. Usual work up in EtOAc gave a
semi solid which was chromatographed on silica gel using
benzene

as

an eluent to give a solid which was

recrystallised from CHC13 - petroleum-ether to give
whitish needles (0.08g), m.p. 155 ° .

Resaceto-ohenone from resorcinol : A mixture of freshly
distilled resorcinol (4 g, 36 mmole), anhydrous zinc
chloride (4 g, 29 mmole) and acetic anhydride (5.6 mL,
59 mmole) was refluxed for 30 minutes. The reaction
mixture was then cooled and poured into di1. HC1 (40 mL)
while stirring. The solid obtained was suction filtered
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recrystallised from CHC13 - petroleum-ether to give
white needles of .51 (0.1 g, 22%), m.p 177 ° identified by
comparison (TLC, m.p., m.m.p.) with an authentic sample
prepared earlier in our laboratory by reaction of
resacetophenone and p-methoxy cinnamic acid in the
presence of PPA.

1 1-1 nmr (CDC13, 8 ) (Fig.41) : 2.62 (3H, s,

- CO - CH3);

3.06 (2H, d, J=5 Hz, -6H-C/12-); 3.77 (3H, s, -OCkj3);
4.69 (1H, t, J=5 Hz, - 6E- CH21; 6.71 (2H, d, J=11 Hz, C3 ,
, -H s ); 6.82 (1H, d, J=10.5 Hz, C8-H); 7.11 (1H, d,&C5
J=10.5 Hz, C7-H); 7.74 (2H, d, J=11 Hz, C2 , &
12.36 (11-,s,Ar—OHChelated).
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1,

ZDMMARY
The Thesis is divided into two parts
Part I : This contains the synthesis of naturally
occurring coumarins and is classified into two chapters.
Chapter 1 : It deals with the synthesis of natural
coumarins by the transfer of C3- unit of p - methoxy
cinnamic acid onto phenols using PPA. Most of the
naturally

occurring coumarins have

a

oxygen

functionality at C7. In our methodology we have
observed that a meta-oxygen functionality in the phenol
assists the reaction and further the same functionality
appears at C7 of the coumarin nucleus. Following
naturally occurring coumarins have been synthesised and
the details are incorporated sectionwise.
Section-1:

It describes a new synthesis of 5,7

dimethoxy-6-hydroxy coumarin commonly known as fraxinol.
The present synthesis is much shorter compared to the
previous synthetic routes.
Section-2:

This deals with the synthesis of 6-

hydroxy-7-methoxy coumarin (isoscopoletin), a coumarin
first

isolated

from

Artemisia

it

111.

(compositae) having biological activity. The present
synthesis is an extension of our new coumarin synthesis
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and makes use of 2-methoxy-1,4-hydroquinone as the
starting material.
Section-3:

A natural product isolated from

Artemisia dracunculoids (compositae) has been shown to
be 7-methoxy-8-hydroxy coumarin on the basis of spectral
analysis. The assigned structure is now confirmed by a
straight forward synthesis.
Chapter 2 : This chapter includes the synthesis of
4-substituted naturally occurring coumarins and is subdivided into three sections. Each section describes
the synthesis of one naturally occurring coumarin.
Section-1: This deals with the synthesis of 4hydroxy-5-methyl coumarin, a naturally occurring
coumarin having antibacterial activity.
Our interest in the synthesis of this coumarin was
two fold. Firstly, because it is a natural product and
secondly a large number of other natural products having
medicinal value could be synthesised from it.
The present method offers a special advantage over
previous synthetic routes where 4-hydroxy--7-methyl
coumarin has been always found to be major product. In
our synthesis 4-hydroxy-7-methyl-coumarin is not formed
at all.
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The isopropyl group of the starting phenol, thymol
served as a blocking group thus yielding only 4 -hydroxy5-methyl-coumarin after deisopropylation with AIC13 in
chlorobenzene.
The product obtained on acetylation of 4-hydroxy-5methyl-8-isopropyl coumarin has also been fully
characterised.
Section 21 This describes the synthesis of (.14 6-

hydroxy-3,4-dihydro-4,7-dimethyl coumarin, a naturally
occurring coumarin isolated by Cambie and co-workers in
its laevorotatory form from the heart wood of

Beritiera

ornithocephda (Fam sterculiaceae). In view of its structural similarity with its congener cis-7-hydroxy
calamenene they suggested that these compounds may share
a common biogenetic precursor. Because of our continued
interest in modified terpenoids, the structural features
present in this coumarin attracted our attention and a
straightforward synthesis of 6-hydroxy-3,4-dihydro-4,7dimethyl coumarin has been achieved. A detailed
biosynthetic scheme depicting the manner in which the
four carbon atoms of a sesquiterpene precursor are lost
is also presented.

273

Section 3: This incorporates the synthesis of 4methyl-6,7-methylenedioxy coumarin from 3,4methylenedioxy phenol (sesamol) and ethyl aceto acetate
using pechmanri conditions. The method exclusively
gives 4-methyl-6,7-methylenedioxy coumarin. The
synthetic coumarin was found to have different physical
& spectral properties than those reported on the natural
product. The structure assigned to the natural product
isolated from Achillea schischkinii by

Ulubelen and

co-workers therefore needs revision.

A tentative

structure is proposed for the natural product.

Part II
In order to study the generality of our coumarin
synthesis, a large number of non naturally occurring
coumarins have been synthesised and characterised.
Formation of 4-aryl-3,4 -dihydro coumarin as
intermediate is established beyond doubt. It is observed

that in some cases only 4 - aryl-3,4-dihydrocoumarins are
formed while in some reactions 3,4-unsubstituted
coumarins are exclusive products. This part is divided
into two chapters.
The individual chapters are further subdivided into
sections inorder to have continuity in presentation.
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Chapter 3 : It describes the synthesis of
three methyl substituted coumarins viz 7-methy1;6,7dimethyl and 7,8 - dimethyl coumarins. 6,7-Dimethy1-3,4dihydro-4-(p-methoxyphenyl) coumarin has also been
characterised

(section-1).

Benzylated flavanoids have been found to be biologically active compounds. However, naturally occurring
benzylated coumarins are yet unknown. An attempted
synthesis of 6-benzy1-7-methyl coumarin is described in
(section-2).
A convenient synthesis of 6-methoxy-7-ethoxy
coumarin is reported in (section-3).
Xanthanocoumarins are yet to be discovered as
natural,products but there are scanty reports about the
synthesis of few representatives of this group.
Experiments directed towards synthesis of compound of
this group using our C3 - transfer coumarin synthesis are
incorporated in (section-4).
Considering the practical difficulties in handling
PPA, the reaction of phenols with p-methoxy cinnamic
acids were carried out by replacing PPA by 75% H2504 and
the results obtained are presented in(section-5).
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Chapter 4 : This deals with the synthesis of 3,4dihydro - 4 - (p-methoxyphenY1) coumarins that are
considered as intermediates in the reaction of phenols
with p-methoxy cinnamic acid using either PPA or 75%
H2SO4-dioxane reagents.
Various

4-(p-methoxypheny1)-3,4-dihydrocoumarins

have been obtained and their characterisation by special
methods is described. These were found to be the only
products when 75% H2SO4 -dioxane combination was used in
place of PPA.
Contrary to the finding of previous investigators,
no dearylation was observed when 5 - methy1-8-isopropy1-4(p-methoxypheny1)-3,4-dihydrocoumarin was treated with
anhydrous AlC13 in dry chiorobenzene. Only
deisopropylation was observed and the results are
presented.
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