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GENERAL __INTRODUCTION

Oxygen heterocycles form an important group of
organic compounds which occur widely in nature and some of
them are substances of commercigl and medicinal importance,

Among the important oxygen heterocycles are furan,
o= and Y-pyrones and their derivatives such as benzofurans,
coumarins, chromones,:;.': flavones, isoflavenes-- and xanthones,

A number of naturally occurring oxygen heterocycles
also have two or more similar or dissimilar oxygen heterocyclic
rings.sTarocoumarins, furochromones, furoflavones, commarino-a-
pyrones and coumarino-Y-pyrones are a few &= examples,

As the present work deals mainly with coumarins
some aspects of the chemistry of coumarins are discussed here,
Several coumarin derivatives are found to be widely distributed
in the plant kingdom, Coumarin, Scopoletin, Aesculetin, Fraxetin,

Daphnetin are a few of the simple coumarins found in nature,

K Ry Ra
R Coumarin H H H
R TN Scopoletin H OH OCH;
R, Aesculetin H OH OH
Fraxetin OH OH OCH3
Daphnetin OH 0H H

A wide variety of structural units are found to be

associated with coumarin ring system, For example, among
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those derived from Y4-hydroxy-3-phenylcoumarins are coumestrol
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(Ia), coumestan (Ib) and wedelolactone (II),
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A group of interesting naturally occurring coumarin
derivatives are the furocoumarins, which are discussed in
Chapter III,

In recent years the interest in coumarin chemistry
has increased considerably becsuse of the discovery of their
varied biochemical properties, analytical applications and

their industrial and medicinal uses,

General methods for the synthesis of coumarins

The most important and extensively applied method
for the synthesis of coumarins is Pechmann reactionu. It
consists in the condensation of phenols with 8-ketonic esters5
or mglic acid6 to give a variety of coumarin derivatives, with

or without the methyl group in the pyrone ring,
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A variety of condensing agentgﬁased in the
Pechmann reaction such as: sulphuriec acid, phosphoric acid,
phosphorus oxychloride, zinc chloride, stannic chloride,
sodium ethoxide, boric anhydride, hydrogen fluoride7, boron
trifluoride etherate8 and polyphosphoric acidg. The course
of this reactlion depeﬁds on all the»three factors, viz,
the nature of the 8-ketonic ester, nature of the phenol and
the nature of the condensing agent, The earlier work on this
reaction has been reviewed by Sethna and Phadke‘o.

An interesting observation was made by Mentzer",‘z"3
and his coworkers that the B-ketonic estefécomdense with
phenols to give chromones on prolonged heating between

14
200-250° without using any condensing agent, LateT”Desai et al.

A
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found that the same condensatic;;x takes place in 20 min, to
2 1/2 nr,, if the phenol and the f-ketonic ester are heated
in a high boiling solvent such as diphenyl ether, phenetol,
nitrobenzene or acetylene tetrgehloride,

Among the other convenient methods generally used
for the coumarin synthesis are Perkin J:'eaction‘5 and
Knovenégal reaction,‘é.

- In Perkin reaction,a coumarin is formed when an

o~hydroxy aldehyde is heated with an aeid .-' . anhydride
and its sadium salt at 175-80° for 5-6 hr,

oH AconNa

CHO Acgo

v

A method developed by Knoven&é;i is the condensation
of an o-hydroxy aldehyde with esters containing a reactive
methylene group such as diethyl malonate, ethyl acetoacetate
and ethyl cyanoacetate in the presence of pyridine, piperidine

and other organic bases,
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Besides these general methods there are others
which have beén developed for the synthesis of specific
types of coumarins such as t=hydroxycoumarins and these have
been reviewed 17,18:

Bxtensive work has been done on the application of
various reactions to simple and substituted coumarins with
a view to study the pattern of substitution or to synthesise
substituted coumarin derivatives of potential biological,
industrial or further synthetical importance,

As the present work involves the application of

some substitution reactions to coumarins some of the previous

work is reviewed here,

Hglogenation @

(a) Cnlorination : Coumarin on chlorination gives 3-chloro-

coumarin.Dey et al.‘9 obtained two products from 7-methyl-
coumarin-t-gcetic acid viz, 7-methylcoumarin-4-chloroacetic
acid and the decarboxylated pfoduct 7-methyl-lt~chloromethyl-
coumarin, Seshadri and coworkerszo chlorinated 7-hydroxy-tt
methylcoumarin, its methyl ether and its acetoxy derivative
and obtained the corresponding 3-chloro derivative, Lindemannzf
had earlier given the 8-chloro structure to the chlorination
product of 7-hydroxy-“4~methylcoumsrin, 4-Hydroxycoumarin gives
the 3-<chloro deriVativezzv

(b) Bromination : The bromination of coumarins has been
very extensively studied, The first bromine atom usually

enters the 3-position, The- second one enters the 6~ or the



8-fosition, Where there is a reactive methylene group as
in the case of coumarin-4-acetic acid one of these hydrogens
may be replaced by bromine and coumarin-4-bromoacetic acid

23
may be obtained,

Peters and Simonizkobtained 3-bromo-, 3,6-dibromo-,
and 3,6,8-tribromo derivatives from Yemethyl coumarin, 4,7-Di-
methylcoumarin gave the 3-bromo derivative25. Seshadri and
coworker326 obtained the 3,6-dibromo derivative from 4,7-
dimethylcoumarin, %,5,7-Irimethylcoumarin brominated in the
3-position27. Dey and Hadhabaizs obtained 7-methylcoumarin-
~4-bromoacetic :acid along with 7-methyl-k-bromomethylcoumarin
in the bromination of 7-methylcoumarin-i4-acetic.azcid,

éeveral hydroxycoumarins have been brominated,
Dalvi and Sethna29 brominated 7-hyiroxy-h-methylcoumarin,
its b=carboxy= and 6-carbmethoxy derivatives and their methyl
~ethers and found that in all caseé the first bromine atom
enters the 3-position, 7-Hydroxy-4-methylcoumarin on further
bromination gave a mixture of the 3,6~ and 6,8-dibromo
derivatives but the acld and the ester gave the 3,8-dibromo
derivative, )

Borsch93° assigned the 5,7-dibromo structure to
the bromination product from 6-hydroxy-t-methylcoumarin,
3-Hydroxycoumarin has been found to give the Y4~bromo
der1Vative3' and 8~hydroxycoumarin and its methyl ether gave
the S5-bromo derivative32.

The bromination of 5~hydroxy-l-methyl- and
5-hydroxy-4,7-dimethylcoumarin and their methyl ethers has



been studied under different conditionsaa, The first
bromine atom was found to enter the 8-position, Un further
bromination both the coumarin derivatives gave the 6,8-di-
bromo= and the 3,6,8-tribromo derivatives,

Lele and Sethnan in their study of bromination of
dihydroxycoumarin derivatives found that in the bromination
of k;7—dihydroxycoumarin the 3-bromo derivative was obtained
and thus the 8=bromo structure earlier assigned by Bauer
and ﬁchoder35 was incorrect., They brominated 7,8-dihydroxy-
~b-methylcoumsrin and its methyl ether and obtained the
3-bromo derivatives, On further bromination they obtained a
dibromo derivative which they found was the 3,6~ and not the
3,4-dibromo derivative as reported by Sakai and Katoaé.

Some work has been carried out using N-bromo-
suceinimide gs the brominating agent and interesting results
have beeﬁ obtained, Molho and Mentzer37 obtained 3-bromo-
methylcoumarin and 7-methoxy-3~bromo-t-methylcoumarin by the
action of N-bromosuccinimide on 3-methylcoumarin and
7-methoxy-4-methyl coumarin respectively, 7-Methoxy-3-ethyl-
~lGamethylcoumarin gave a mixture of 7-methoxy=-3~(l-bromogethyl)-
~Ymethylecoumarin in good yield and 7-methoxy-6-bromo=3-
ethyl-l-methylcoumarin in poor yield. Lecocq and Buu-H0138
studied the action of N-bromdsuceinimide on methylcoumarins
and found that it reacts only with methyl groups in the
benzene ring and not with methyl groups in the heterceyelic
ring, Thus 6-methyl-, Y,6-dimethyl- and Y%,7-dimethylcoumarin
gave 6-bromomethyl-, 4-methyl-6-bromomethyl- and 4-methyl-



~7-bromomethyl coumarin respectively. Lecocq39 obtained
3-bromo-t-methyl coumarin from 4-methylcoumarin on reaction
with N-bromosuccinimide, Molho and Mentzeruo observed
halogen migration in certain bromidations, Thus bromination
of 3-ethyl- and 3-propyl-i-methyl-7-methoxycoumarin with
N-bromosuccinimide gave 3-ethyl-6-bromo- and 3=-propyl-6-
browo-4-methyl-7-methoxycoumarin, the 3-(a-bromo-alkyl)
compound Eeing the intermediate, Bromination of 7-hydroxy-
~Yamethyl-8-acetyl and 5~hydroxy-U-methyl-b6-acetylcoumarin
with cupric bromide in dicxane has been found to provide
the &© -bromoacyl derivativeu'.f

(c¢) Iodination : The iodination of various coumarins with
different iodinating agents such as iodine monochloride,
icdine and iodic aeid, icdine and ammonia has been studied
by Sethna and his coworkersuz’u3 . 7-Hydroxy~it-methylcoumarin
gave first the 8-iodo derivatige and then with more of the
iodinating agent the 3,8-diiodo and the 3,6,8~triiodo
derivatives. Its methyl ether, howédver, gave first the
3-iodo and then 3,6gdiicdo derivative with more of‘the
iodinating agent, S5-Hydroxy-t-methylcoumarin and its methyl
ether gave first the 8-iodo derivative., Further iodination
led to the 6,8-diiodo derivative in the case of 5-hydroxy-l-
me thyl coumarin, The authors have converted some of these {odo
coumarins into the eyanocoumarins by Rosenmnd regetion i,e,

by heating with cuprous cyanide,



Nitration :

Several studies on the nitration of coumarins have

"

L )
been made, Morgan reported the formation of 6-nitrocoumarin

in the nitration of coumarin, Dey and Krishmamm'’(:h.ya5 found
that in the nitration of coumarin, both the (S and 8-isomers
were formed, Claytonw6 observed that further nitration of
6-nitrocoumarin and 8-nitrocoumarin yielded first the 3,6
dinitro and the 3,8-dinitrocoumarin respectively and then
the 3,6,8—trinifrocoumarin. élayton¥7 also studied the
nitration of 7-methyl-, 6,7-dimethyl- and 4,6,8-trimethyl-~
coumarin and obtained various nitro derivatives, The ease

of nitration was found to increase with the introduction of
alkyl groups,

Several hydroxycoumarins have also been nitrated,
5-Hydroxy-W-methylcoumarin gave the 8-nitro and the 6,8~di-
nitro derivatives while 5~hydroxy-é-carboxy-U-methylcoumarin
and its esters gave the 8-nitro derivativehs. 7-Hydr oxy-t-
methylcoumarin and its methyl ether gave the 6-nitro and the
3,6,8-trinitro derivativesug.

The nitration of 8-hydroxycoumarin and its methyl
ether gave the 7-nitro- and the 5-nitro derivative respectivelyfo
and the 5,7-dinitro derivativesi. Y_Hydroxycoumarin gave the
3-nitro and 3,6~dinitro derivatives52. The nitration of
6-hydroxy;%~methy1coumarin gave the 5-nitro and the 5,7-di-

53
nitro derivgtives
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Sulphongtion :

Krugersu gtudied the sulphonation of some methyl
coumarins and assumed that the sulphonic acid group had
entered the 6é-position in each case, Coumarin on sulphonation
with chloro sulphonic acid gave the 6-sulphonyl chloride
derivatiVess. h~Hydr§xycoumarin on suiphonation with fuming
sulpluric acid gave the 3-sulphonic acid56. Merchant and
Shahs7 in an extensive stﬁdy of the sulphonation with chloro-
sulphonic aeid of various 7-hydroxy-4-methylcoumarins with
alkyl, bromo and carboxy groups in different positions found
that the 6-sulphcnic acid derivative was obtained where the
6-position was free, When it was occupied by another
substituent the sulphonation took place in the 8-position,

In the case of 6-nitrocoumarin, however, the sulphonic acid
group entered the 3-position, With larger amounts of chloro-
sulphonic acid they obtalned the 3,6-disulphonic acid
derivatives from coumarin and 7-methoxy-W4-methylcoumarin, .
7-Hydroxy-t-methyl coumarin and 7-hydroxy-3,4-dimethylcoumarin
gave the 6,8-disulphoniec acids, The former also ggve the
3,6,8-trisulphonic acid, 5-Hydroxy-l-methylcoumarin gave the
8-sulphonic acid, the 3,6-disulphonic aeid and the 3,6,8-tri-
sulphonic acid derivatives, -

. 58
Frieg mieration and Friedel—crgfts reaction : Limaye ecarried

out the Fries migration of various esters of 7-hydroxycouma§in
and in all cases obtained the 8-acylcoumarins accompanied in

some cases with traces of the 6—écy1 isomers, The same 8-aecyl
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derivatives were also obtained in the friedel-Crafts acylation
of 7-hydroxyeoumarin derivatives, These 8-acylcoumarins on
hydrolysis with hot alkali gave 2-acyl resorcinols, Shah and
b»'ll'xahs9 studied the Fries migration of 5-acetoxy, 5-benzoyloxy,
S-propionoxy and 5-butyroxy-l-methylcoumarin and obtained
the corresponding 6-acyl derivatives which were also obtained
from the Friedel-Crafts acylation of 5-hydroxy-4-methyl-
coumarin, Thakoréostudied the F:ies migration of 6-acetoxy
and 6-benzoyloxycoumarin and obtained the corresponding 5-acyl
defivatives which were also obtained in the Friedel-Crafts
acetylation and bengoylation of 6~-hydroxycoumarin,

Bhavsar and Desaié' studied the Fries migration
of Y4-methylecoumarinyl-7-p-toluene sulphonate and obtained
the 8- and the 6~p-toluene sulphonyl derivatives, The Fries-
migration of 4,7-dimethyl-5-coumarinyl-p-toluene sulphonate
yielded the 6-p-toluene sulphonyl derivative, The Fries
migration of 4-methyl-7-coumarinylbenzene sulphonate yielded
the 8-phenyl sulphonyl derivative but when the isomerisation
was carried out in nitrobenzene’t the 6-isomer was also obtained
along with the 8-isomer 62.

3-Aeyl derivatives were ohtained from W-aecyloxy-
coumarins on Fries migration, which were also obtained by

eondensing W-hydroxycoumarin with various organic acids in

63 '
the presence of phosphoryl chloride , The Fries rearrangement
of 5,7-diacetoxy-3-chloro-lt-methylecoumarin in the presence of

boron trifluoride gave the 8-acetyl derivative and that of
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5,7-diacetoxya3~chloro-4,8;dimethylcoumarin in the presence
of "aluminium chloride gave the b-gcetyl derivativeéu. The
Frieé rearrangement of 3-acetoxycoumarin gave the W-acetyl
derivative which was also obtained on the Friedel-Crafts
acetylation of 3~hydroxycoumarin65.

The natural coumgiin Geijerin which is 7-methoxy-
-6-isova1er§1coumarin ﬁas synthesised by Shah and coworker366
by the Fries migration of 7-isovaleroxycoumarin and subsequent
methylation of the 6;isomer which was obtained in g very poor
yield the main product being the 8-isomer,

67
Formylation ¢ Sen and Chakravarti  prepared 6-formyl-

coumarin by heating coumarin with aqueous potassium hydroxide
solution and chloroform, Spath and Pailer68 obtained the
8-formyl derivative from 7-hydroxycoumarin by the Duff and
Bilds method. 6-Hydroxy- and 6-hydroxy-t-methylcoumarin gave
the S—formylcoumafin69 and 5-hydroxy-t-methyl and 5-hydroxy-
%,7-dimethylcoumarin with hexamethylene tetramine gave the

6, 8-~diformyl derivative and 7,8-dihydroxyahamethylcoumarin
gave the 6-formyl derivative7o. Formylation of 5-hydroxy-'t-
methyleoumarin with N-methyl formanilide furnished the 6-formyl
and the 8~formyl derivative7!. Ziegler and Maier?2 formylated
Y hydroxycoumarin in chlorobenzene with N-methylformanilide
in the presence of phosphorus oxychloride and obtained the

3-formyl derivative,

Claisen rearrangement : 7-Allyloxy- and 7-allyloxy-k-

methylcoumarin gave the 8-allyl derivative on Claisen

739 7%
rearrangement ? and 5eallyloxy-t,7-dimethylcoumarin gave
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the 6= or the 8~-allyl derivative depending on the temperature
of the reactionvs. The Claisen migration of Y=dimethyl allyl
ether of 5-hydroxy-, 6-hydroxy- and 8~hydroxycoumarin did
not give the C-allyl derivatives, Only degradation to the
correspodnding hydroxycoumarins and isoprene took place76,

Elbs persulphate oxidation : A number of coumarin

derivatives have been subjected to this reaction, 6-Hydroxy-
coumaring are invariably obtained in this reaction if that
position is free, If it is occupied, then the reaction usually
does not take place, Bargellini and Monti?7 B oxidised
simple coumarin and its 7-methoxy derivative, 7.8—Dimethoxy38
and 8—methoxycoumarin79 were also oxidised, Sethna and his
coworkerseo,a‘ applied this reaction to Yomethyl-, 7-methoxy-
~Yomethyl-, 5-methoxy-+-methyl-, 5-methoxy-4,7-dimethyl-,
5,7-dimethoxy-'t-methyl- and 7,8-dimethoxy-l-methylcoumarin,
In all the cases, the corresponding 6-hydroxycoumarin
derivatives were obtained, Bhavsar and Desa182 applied this
reaction to several coumarins after protecting the hydroxy
group by preparing its p-toluene sulphonyl derivatiVe.EThey
could prepare isomeric methoxy hydroxycoumarins by this
method, Oliverio et al.83 oxidised 5-hydroxy-6-acetyl-lt-
~methylcoumarin and obtained 5,8-dihydroxy~6—acetylnhamethyl-
coumarin, This reaction has been very useful in the synthesis

of natural and new coumarins,

. 849889
Chloromethylation : ©Sethna and coworkers studied the

chloromethylation of a number of coumarin derivatives,
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Coumarin, W-methylcoumarin and 7,8-dimethoxy-4-methyl-
coumarin gave the 3-chloromethyl derivatives, 7-Methoxy-l~
~ methylcoumarin gave under different conditions 6-chloro-
methyl-, 3,6-dichloromethyl-, 3,8-dichloromethyl~ and 3,6,8-
trichloromethyl derivatives, 5-Methoxy-W-methylcoumarin gave
the 3,8-dichloromethyl derivative and 6—hydr5xya%~methyl—
coumarin gave the 5~chlorome€hy1 derivative, The chloro-
methylation of some other substituted coumarins such gs
methyl-7-hydroxy-t-methyl— and methyl-5-hydroxy-t-methyl-
coumarin-b-carboxylate and 4'-methyl-},2-naphtha-a-pyrone have
. also been studied, Further discussion is given in °
Chapter II of this thedis,

. 86
Mannich reaction : KHobertson and Link prepared a series

of 3-~substituted aminomefhyl—%thdroxycoumarins from
LY-hydroxycoumarin by réacting it4with paraformaldehyde and
aminohydrochlorides, Gupta et al.é? sysnthesised Mannich
bases from 7-hydroxy- and 7-hydroxy-4-methyl coumarin and
found them to be powerful nervous system and respiratory
stimulants, Da He et al.a8 found that of the 50 coumarin
derivatives examined, 6-methoxy-5-dimethylaminomethyl-
- coumarin was the most active in stimulating the central
nervous system, They fuffher found that the Mannich basés
from coumarins were less active than those from the corresponding
chromones and flavones,

- 5-Hydroxy-, 6~hydroxy- and 7-hydroxy-4-methyl-

coumarin were found to give the oxazino derivatives when



the primary amines were usedee. 6-Hydroxy-, 7-hydroxy- and
8-hydroxycoumaring gave Mannich bases with secondary amines
and oxazinocoumarins (III) with primary aminesgo’91. The-
oXazino derivatives were decomposed with dilute hydrochloric
acid and the Mannich bases (IV) obtained. Mannich bases were
converted into the corresponding formyl derivatives (V) by

3

Sommelet reaction,

R,

CHINHR:
O
Q O HO A

Ht

CHO
HO A Y

v

In addition to the reactions desceribed above

coumarins have been subjected to a number of other reactions

924939944995 969979984999

such as coupling reaction y Meerwein reaction
1019102

100
Nuclear methylation , Diels<Alder reaction and Michael

. 1035104410%,106
reaction .

b
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Further, a good deal of work has been done on
the synthesis of coumarino-o-pyrones, coumarino~Y-pyrones
and furocoumarins in which the a- and Y-pyrone or the furan
ring has been built up on the benzenoid or the heterocyclic

part of the coumarin ring system,

i

Present work

For the past several years extensive work has been
going on in our laboratories on {i) the synthesis of various
oxygen heterocycles from different types of phenolic compounds
such as dihydro#y naphthalenes, anthrols, hydroxy derivatives
of fluorene, acenaphthene., biphenyl, biphenyl methane,
benzophenone and biphenyl sulphone and (ii) on the
application of the various reactions discussed above to
study the pattern of substitution ':im: wﬁ oxygen hetercecycles
such as benzofurans, coumarins, chromones, flavones, iso=-
flavones and xanthones,

The present work is a part of these studies and
dezgls with the following

Chapter I deals with the bromination. of some
alkyl coumarins with N-bromosuccinimide, establishment of
the structures of the compounds formed and further synthetical

work on the bromomethylcoumarins obtained,

Chapter II deals with the chloromethylation of
several alkyleoumarins with and without a %-methyl group
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and some further reactions on the 3-chloromethylcoumarins
obtained,

Chapter III deals with the synthesis of some
furocoumarins, coumarino-a~pyrones and coumarino-Y-pyrones

from some alkyl coumsrins,

Appendix I deals with the attempts to synthesise
6,7- and 5,7-dimethylchromone from 3,4~ and 3,5-xylenol

through cyanoethylatlon,
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