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INTRODUCTION

, Quonilines of. benzo(b)pyridines occur in coal tar.

A large number of alkylquinolines has been isolated from 

California petroleum. The quinoline ring system is the basic 

nucleus of a large group of alkaloids, chief of which are 

the cinchona alkaloids. Many quinoline derivatives have been 

found to possess therapeutic value. Quinine has been the 

standard drug for the suppression and treatment of malaria 

for centuries. It has now been superseded by the synthetic 

drugs such as chloroquine and camoquin. Yioform, chiniofon 

are valuable amebicidal agents.

The literature on quinoline is enormous. It is not 

possible to enumerate all the reactions carried out on 

quinolines in the space of a few pages nor Is such a listing 

of reactions necessary as some of them are quite well known 

and form the subject matter of text books. Brief reviews of 

the work done on quinoline derivatives pertaining' to the 

presdnt work are given under the relevant chapters.

On reviewing the literature it seems that the synthesis 

of furoqui’nolines and pyranoqul no lines is meagre. With a 

view to synthesise furoquino lines and pyranoqul no lines the 

present work was undertaken. There was also controversy 

regarding the position of bromine atom in the bromination of 

acetoacetarylamides and hence in bromoquinolines. In the 

present work the pattern of substitution of bromine atom is 

established and has been confirmed by NMR spectrum. It 

was also thought of interest to utilise these bromoquinoline 

derivatives to synthesise a variety of new quinoline derivatives.
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Chapter I ‘consists of two sections. Section X 

deals with the synthesis of furo(3,2-c)quinoline and furo 

(2,3-b) quinoline derivatives. The structures off furo(3,2-e) 

quinoline (derivatives obtained have been established by 

their synthesis of known pattern from 2-methyl-3-formyl-4- 

quinollnol and ethylbromomalonate and also by its IR 

spectra. Section II deals with the synthesis of quinolino- 

lactones and pyrano(3,2-e)quinoline derivatives by 

application of Perkin reaction.

Chapter II is divided into two sections. Section

I describes the bromination of acetoacetarylamides and 

their cyclisation to bromomethylearbostyrll. derivatives. 

if-Methylcarbostyril derivatives are also brominated with 

bromine in acetic acid and with N-bromosuccinimide. In 

section II, the bromomethylcarbostyril derivatives described 

in section I,have been converted into corresponding cinchoninic 

acid derivatives*

Chapter III deals with the studies on bromometbyl 

carbostyril derivatives described In section I, chapter II.

In section I, the bromomethyl derivatives are reacted with 

primary and secondary bases to obtain Mannich bases. Section

II deals with the synthesis of 1 -cyano-1,2-bis(2-chloro-4- 

quinolyl)ethane derivatives from the bromomethyl derivatives 

by the action of potassium cyanide followed by treatment 

with phosphorus oxychloride. The hydrolysis of the cyano 

derivatives with sulphuric acid was studied in which 

l,2-bis(2-chloro-4-quinolyl)ethane derivatives were obtained.



In section III, the condensation of 2-chloro*4-ehloromethyl- 

quinoline with sodio malonic ester is described. The NMB 

spectrum of 2,2 -d icarboethoxy-1,3 -b is (2-ehloro-4-quinoly 1) 

propane and alkaline hydrolysis were studied.
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CHAPTER I

Studies in the synthesis of furoquinolines,
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CHAPTER1

Studies In the synthesis of furoquinoline s, 

quinolino-lactones and pyranoquinolines

jgect ion I

Synthesis of furoquinolines 

Theoretical

In recent years furoquinolines have received 

considerable importance. They not only occur in nature 

but also possess therapeutic properties# Furoquinoline 

alkaloids are isolated from plants of the Rutaceae 

(especially Australian species). Dietamnine (l) is a simple 

and typical furoquinoline alkaloid1* Fyrano quinoline 

derivatives such as flindersine2 (2) are also Isolated from 

the same species. The majority of compounds in this group 

are alkoxylated dictamnines - maeuline3 (3) a methylenedioxy 

derivative and acronyeidine4 0*) a trimethoxy derivative. 

Several new furoquinoline alkaloids have recently been 

discovered such as kokusaginine (5), evolitrine (65, 

y -fag a nine (7) and skimmlanine (8).
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Chemically the members of this group of alkaloids 

are methoxylated derivatives of furo(2,3-b)quinoline (9). 

All these compounds are very weak bases, hardly soluble in 

water and forming unstable salts.

Dictamnine has the ability to increase the tonus of 

heart muscle and to contract blood vessels. 4-Methyl-2,3- 

dihydrofuroC2,3~b)quinoline (10) has contracting action on 

guinea pig uterus'* about twice that of sparteine sulphate 

and its derivatives6.

The following types of furoquinolines are found in 

the literature of which fiujo(3,2-c)quinoline and furo 
(2,3-b)quinoline derivatives have been synthesised by 

various methods especially the latter in order to 

synthesise naturally occurring furoquincline alkaloids.

CH-3

IT



7

Diet aranine was first isolated from white dittargr
root by Thoms in 1923. Later in 1930 it was isolated from
the leaves of Skimmla repens ?&kaj by Asahira,Ohta and 

7Imbuse who proved its identity with the dietamms root
alkaloid and elucidated its structure as 4-methoxy-furo
(2,3-b)quinoline (1). Hone of the alkaloid of this group
was synthesised upto 1952. ^n attempt by Asahina and 

£Inubuse in 1932 to synthesise dietamnine as described
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below led to an Isomer of the alkaloid which was mined 
•pseudo-dictamnine (18).

2,4-Dlhydroxyquinollne (11) was subjected to 

Heime r-Tiemann reaction in^presenee of alkali and
chloroform to give 3-formyl derivative (12) which was

• lU#-'

further condensed with cyanoacetie acid in^presence of
alkali to nordictamnal-cyanoacet ic acid (13). The product 

on treatment with cone.sulphuric acid afforded 5-hydroxy- 
2-oxe-2H-3-carboxypyrano(3,2-c)quinoline (14). This acid 

was decarboxylated by heating over free flame to 5-hydroxy- 
2-oxo-2H-pyrano(3>2-c)quinoline (15). This on bromination 

gave the 3-bromo derivative (16) which on hydrolysis with 

alcoholic potassium hydroxide gave 4-hydroxyfuro(3,2-e) 
quinoline-2-carboxylic acid (17). This on successive 
me thy la t ion and dry distillation yielded pseudo-dlc tamnlne 
(18). Since this was not identical with isodictamnine(19) 

must be a derivative of furo(3,2-c)quinoline.



9

/



10
die tannine and y-fagarine. To prepare the latter

2,-anisidine was condensed with ethyl-2-ethoxyethyl-
malonate giving the dihydroxy quinolone (20) in one step

which on treatment with phosphorus oxychloride gave the

trihalide (21). Since 2-ehloroqu inclines are much more

labile than ^-chloroqu ino lines towards acid hydrolysis,
»

such treatment afforded the 2-quirelone (22) which was 

converted into an analogue (23) of a dihydrobenzofuran 

and dehydrogenated with N-br o mo sue c i nim id e . The result ir^ 

chloroquinoline was converted into y-fagarine (7) by 

means of sodium methoxlde. Dlctamnine (1) was prepared 

similarly from aniline.
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Cooke and Ifynes have described another 
synthesis of dictamnine and of evolitrine* Price*1 also 

reported the outline of synthesis of dlctamnine upto the 

penultimate stage along with the evidence for the linear 

structure of the alkaloid* The appropriate anthranilic 
ester (25) was converted to the succinanilic ester (26) 

by reaction with succinic anhydride and subsequent 

esterification with diazomethane* Cyclisation with sodium 
(Camps synthesis) then gave the hydroxyquinolone ester(27)
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and another product believed to be (28). The compound(27) 
was methylated by diazomethane to give the 4-®ethoxy-2- 
quinolone derivative (29) which was then reduced with 
lithium aluminium hydride to the primary alcohol (30). 
CSyelisation to the dibydrofuroquinoline (31) by heating 
with polyphosphoric acid was less efficient than 
conversion into the halide and treatment with silver oxide. 
Dehydrogenation of (31) by the bromination-dehydrobromination 
technique (N-bromosuccinimide and collidine), gave 
evolitrine (6).
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Various methods were developed to synthesise furo 
(2,3-h)quinoline and furo(3 ,2-c)quinoline derivatives. The 

important methods involve the preparation of o-hydroxyallyl- 
quinolines. In contrast to the behaviour of the 4-met ho xy- 

quinolines when heated, the 4-allyloxy compounds undergo 

the normal Claisen rearrangement to the 2,-hydroxyallyl- 
quinolines in theoretical yieldsi2

13Rearrangement of allyloxyquinolines were 

carried out as early as in 192**. 2-Allyloxyquinoline was

Co



prepared by reacting 2-chloroquinoline with sodium
allyloxide in allylalcohol. The ether was rearranged by

oheating it to 325-330 • l-Allyl-2-quinolone was isolated 
as the product. Some 8 years later &oier-Jones and

i, (f:>.
Trikojus ‘ investigated the behaviour of 4-allyloxy - 
quinoline derivatives* It is well known that a and y-N- 
heterocyclic enols show a marked tautomeric mobility of 
the enolic hydrogen between oxygen and nitrogen with 
preferential attachment to the nitrogen* The alkoxy 
ethers on heating usually undergo a rearrai^ement of the 
alkyl group, which wanders invariably to the nitrogen 
atom in preference to a nuclear carbon atom. One might 
expect that the allyl group would undergo an analogous

/3
migration • There are reports )in which N-isomeride is 
obtained instead of C-isomeride in ease of &-allyl 
carbostyril. ^-Allyloxyquinaldine (36) pyrolyses almost 
quantitatively on heating for a short time at 200° to 

3-allyl-i*«hydroxyquinaldine (37).

0 off



The constitution of 3-allyl-4-hydroxy quinaldine (37) has 
been proved by its synthesis from a-allyl-jB-phenylamino- 
crotonie ester# This is interesting since, in the case of
4- methoxyquinaIdine ^migration of the methyl group takes 

place to the nitrogen atom*
The allyl ethers were also obtained by 

reacting hydroxyquinoline with allylbromide in acetone in 
the presence of potassium carbonate* Bone of the product 
from such a reaction was examined to verify if they were 
N-allyl or g.-allyl derivative. These were then subjected 
to rearrangement in alpha methylnaphthalene and the 
products of rearrangement were assumed to be the 
corresponding G-allyljhydroxyquinolines, Thus 2-methyl-3- 
allyl-4-quinolone ; 7-methoxy-2-methyl-3-ally1-4-quinolo ne $
5- methoxy-2-methyl-3-aHy 1 -4-quinolo ne ; 7-methoxy-2-methyl-
3(l-miethylallyl)-4-qulnolone were prepared. The most
thorough and systematic investigation into behaviour of
allyloxyquinolines has been carried out by Makisumi ' in
last 5> years. He studied the Claisen rearrangement of
allyi,methyllal and erotyl ethers of 2-methyl-4-quinollnols.
These investigations have thrown much light into the
mechanistic features of the Claisen rearrangement as
applicable to nitrogen heterocyclic systems. All the
rearrangement in the quinoline series were effected

0
without solvent at 200 . Yields were almost quant itative 
in almost all instances although more than one product 
often resulted from a single starting material. The conmion 
feature of allylic inversion was clearly established in
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these investigations* The intermediacy of the 

eyclohexadienone type structure (#8) was also demonstrated.

f? .<V** = C*2_

( h*)

It was established that 3-substituted-4--allyl 

ethers of quinoline rearrange to the nitrogen atom rather 

than to the benzene ring*

Synthesis of furo(3 ,2-c)quinoline derivatives

hakisuml17 synthesised 2,3“dihydro-2,4-dimethyl 

furo(3, 2-c) quinoline (§6) by condensing hydroxy-2-methyl- 
quinoline {h°0 with allyl bromide followed by Claisen 

rearrangement and subsequent cyclisation with pyridine

au

v2,3-Dihydro-2-methyl furo(3,2-c)quino 1 ine (S')) was 

synthesised by condensing 4-chloroquinoline with sodium 

allyloxide followed by migration and subsequent cyclisation 

by the same author. Similarly methyllalchloride was 

condensed with the silver salt of 4-hydroxy-2-methylquinoline



which rearranged to 3-methyllal derivative (-S'2-) and eyclised 

to 2,2,1+-trimethyl-2,3-dihy£ro furo(3,2-c)quinoline ($"3),

i B
Andersag and Timmle® prepared 2,3-dihydro-4-methyl 

furo(3,2-c)quinoline (s^) by boiling aniline with a-acetyl - 

y-butyrolactone in tetraline in the presence of phosphorus 

pentoxide.

CHt»
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2-*fethyl~3-phenyl furo(3,2-c)quinolin-4-one*9 (55) 

was synthesised by condensing 4-hydroxycarbostyril with (56)
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In the presence of cone.sulphuric acid or boron 
trifluoride e the rate in acetic acid.

off

(rs-j
Sypfrliesls, of furp (g13-b)9ulpolIne derivatives 5

Haman et ^1. synthesised 2,3-dihydro-4-methyl 
furo(2,3-b)quinoline (60) and 2,3-dihydro-2,4-dimethyl furo 
(2,3-b)quinoline (62) as follows s

Sodium derivative of acetoacetanilide was condensed 
with bromoacetic ester to give an intermediate which on 
cyclisation with cone.sulphuric acid gave 4-methyl-2- 
quinolone-3-acetic acid (57)* This on esterification with 
ethanol and. sulphuric acid gave ethyl 4-methyl-1,2 -dihydr o - 
2-oxo-quinoline-3-acetate (58). This ester with lithium 
aluminium hydride on reduction yielded 3-(2-hydroxyethyl)- 
4-methyl-l,2-dihydro-2-oxoquinoline (59). This was then 
eyelised with carbonyl chloride in chloroform as well as 
with polyphosphoric aeid to dihydro furoquinoline 
derivative (60). When sodium derivative of acetoacetanilide 
was condensed with allylbromide it gave a-ally1 derivative(61)
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which with polyphosphorle aeid gave 2,3-dihydro-2, *f- 
dins©thy 1 furo(2,3”b)quinoline (62)* However, attempts to 
dehydrogenate both the furoquinoline derivatives were 
unsuccessful*

Shanmugam prepared ^-methyl-2-qui no lane -3- 
acetic acid (57)by refluxing £-aminoacetophenone and 

succinic anhydride in benzene and hydro lysing the product 
with 2 % potassium hydroxide. Thus acid obtained was 
esterified,reduced with lithium aluminium hydride in 
tetrahydrofuran and cyclised to furoquinoline derivative (60)



91

Pal et al. synthesised 6-methoxydletamnine as follows : 

Condensation of p-anisidine with ethyl 2-ethoxy- 

5-d ihydro -4-oxof uran-3-carboxylate (61*) (prepared in 

situ from chloroacetyl chloride and sodio malonic ester) 

yielded ethyl 4-,5-dihydro-2-(p-methoxyanilino) -4-oxo 

furan-3-carboxylate (65). On heating this ester in 

paraffin 2,3-dihydr©-1*-hydroxy-6-me thoxy-3-oxo furo(2,3-b) 

quinoline (66) was formed* ethylation with diazomethane 

yielded a mixture of o-methyl (67) and N-methyl (68) 

compounds* Sodium borohydride reduction of (67) gave 

2,3-dihydro-3-hydroxy-1*,6-4imethoxy furo(2,3-b)quinoline 

(69) • Dehydration of (69) with potassium bisulphate 

yielded 6-methoxy dictamnine (70), identical with natural
2 if,

product isolated from Platydesma Campanulata Mann*

H**) C te)

0
v°r^y .//

UCJj & - OH 

C67, - fL ^

_/ OH

U1)(10)



22
The present work deals with the synthesis of 

furo(2,3-b)quinoline and furo(3^2~c)quinoline derivatives.

On reviewing the literature, it has been observed that all 

naturally occurring furoquinoline derivatives have 

unsubstituted furan ring and this has been built up generally 

from the dihydrofuroquinolines by making use of the 

bromlnation-dehydrobromination technique in very poor yields.

| - N~6rv»jp -

CrOu

The other method makes the use of building up of 
■«»the a-pyrone ring on o-hydroxyaldehydes or by Peehmann reaction 

on hydroxvquinoline derivatives followed by bromination

and ring contraction by alcoholic potassium hydroxide 

solution.

OH OH

C&,.



Both these methods suffer from the same disadvantage 
of very poor yields of the final furoquinoline derivatives.

In 1958, Aneja, Iftikherjee and Seshadri developed 
a good method for the synthesis of naturally occurring 
unsubstituted furocoumarin angelicin by subjecting
7- hydroxy-3~allylcouraarin to ozonolysis to give 7-hydroxy-
8- aeetaldehydocoumarin which underwent cyclisation in the 
presence of o- phosphoric acid to angelicin (71).

Using this procedure, Seshadri and coworkers have 
synthesised several naturally occurring furocoumarins and 
furochromones. It was, therefore, thought of interest to 
apply this method of building up of the furan ring from 
o-hydroxyallylquinoline derivatives as no work has been 
reported.so far using this procedure on quinoline 
derivatives.

2-Methy1-3-ally1-4-hydroxyquinoline was subjected
•%sto ozonolysis according to Seshadri et al. This ozonised
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product, on hydrogenation in the presence of palladised 
charcoal afforded the corresponding 2-methyl-3-acetaldehydo- 
4-hydroxyquinoline which was cyclised with polyphosphoric 
acid to 4-methylfuro(3,2-c)quinoline (72) as follows :

Another method which has been used for building up 
of the unsubstituted furan ring makes the use of 
o-hydroxyaldehydes. as starting product.. This is reacted 
with ethyl bromoacetate followed by hydrolysis and ring 
closure to furan ring. Ho work is so far reported of using 
this procedure on o-hydroxyaldehydoquinoline derivatives. 
2-Methyl-3-formyl-4-hydroxyquinoline was reacted with ethyl 
bromoacetate in the presence of potassium carbonate ih 
boiling ethyl methyl ketone to give 2-methy1-3-formyl-4— 
carboethoxymethoxyquinoline. This on hydrolysis did not 
give the corresponding acid (73) but original 2-methyl-3- 
formyl-4-hydroxyquinoline was obtained back.

oh o h

ft A

O

cn»



9
hJ i

OH
iX'Xn cHo

Oq~0 CyJ\ y~ y ^ j
^e^co-o^Hs- 

(LHO
o«,

i-fyct^t-jSA

X 
*?*■ / Oxa^oH

CMO 
/JCM%

[VV

In view of the failure of this method in the quinoline
u.zseries, the method developed by Tanaka to build up 

unsubstituted furan ring by making use of ethyl bromomalonate 
was next tried. When 2-methyl-3-formyl-4-hydroxyquinoline 
was condensed with ethyl bromomalonate in the presence of 
potassium carbonate in refluxing ethyl methyl ketone for 
35 hr., it gave 4-methyl-2-earboethoxy furo(3,2-c)quinoline 
(74). IR spectra (nujol) showed a strong ester carbonyl 
band at 173° cm . This (74) was then hydrolysed to 4-methyl 
£uro(3,2-c)quinoline-2-carboxylic acid (75). This acid (75) 
underwent decarboxylation to 4-methyl furo(3,2-c)quinoline 
(72) when heated with copper bronze above its melting point 
under vacuum. The mixed m.p. of this product with the 
product obtained by ozonolysis of 2-methyl-3-allyl-4-hydroxy- 
quinoline followed by ring closure with poly phosphoric acid 
was not deoressed.
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11%)
6-Dimethyl furo(3,2-c)quinoline

2,8-Dimethyl-4-hydroxyquinoline on allylation with 
allyl bromide in ethyl methyl ketone in the presence of 
anhydrous potassium carbonate gave the 4-allyloxy 
derivatives (76) which on Claisen rearrangement by heating

vin an oil bath at 200° afforded 2,8-dimethyl-3-ally1-4- 
hydroxyquinoline (77). TJiis was then subjected to ozonolysis 
followed by hydrogenation with palladised charcoal in 
ethyl acetate to give 2,8-dimethyl-B-acetaldehydo-^-hydroxy- 
quinoline (78) which on cyclisation with polyphosphoric 
acid gave 4,6-dimethyl furo(3,2-c)quinoline (79).
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The same furoquinoline was prepared for comparison 
by an alternate method as follows :

2, 8-Dimethyl-4-hydroxyquinoline was subjected to 
Reimer-Tiemann reaction with excess of alkali and chlordform. 
The 3-formyl derivative (80) obtained, on condensation with 
ethyl bromomalonate in ethyl methyl ketone in the presence 
of anhydrous potassium carbonate afforded 4,6-dimethyl-2- 
carboethoxy furo(3,2-c)quinoline (81). The ester(Bl) on 
hydrolysis gave 4,6-dimethyl furo(3,2-c)quinoline-2-
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carboxylic acid (82) which on decarboxylation by heating 
above its m.p„. under vacuum with copper bronze yielded 
4,6-dimethyl furo(3,2-c)quinoline (79). M.P. and mixed m.p. 
with the compound described above was not depressed.

OH

til.
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CHC£3

N^vOH

OH
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5- Methoxy-'-t-me thyl furo( 3,2-c)quinoline

6- Methoxy-2-methyl-3-allyl-’+-hydroxyquinoline on 
ozonolysis followed by hydrogenation in the presence of 
palladised charcoal afforded 6-methoxy-2-methyl-3-
acetaldehydo-4-h.ydroxyquinoline (83) which with



polyphosphoric acid gave &-methp£y-4-methyl furo(3,2-c) 

quinoline (84).
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The same furoquinoline nwas prepared by an alternate 

method as follows:

6-Methoxy-2-methyl-3-formyl-4-hydroxyquinoline 

was prepared by 'Reimer-Tiemann reaction on 6-methoxy-2- 

methyl-4-hydroxyquinoline with chloroform and alkali. It 

was condensed with ethyl bromomalonate to give 8-methoxy- 

4-methyl-2-carboethoxy furo(3,2-c)quinoline (85). IR spectra 

(nujlol) showed a strong ester carbonyl band at 173° cm 

This on hydrolysis gave the corresponding acid (86) which 

when heated with copper bronze above its melting point gave 

a oroduct identical with furoquinoline (84) described above.

C
U

3



7 
r°

n

o

WP
tv
£l
'£
N&
TH
 (
 M
e 
Ro

m)



UroH

Hyd‘urf>i fv,

t*l)

'v

As 2-hydroxy-3-allyl-4~methy1 quinoline could not 
he obtained from the corresponding a-allyl acetoacetanilide,
an attempt was made to prepare unsubstituted furo(2,3-b) 
quinoline derivative by subjecting this a-allyl derivative 
of acetoacetarylamide^ to ozonolysis followed by ring 
closure with sulphuric acid. When a-allylacetoacetanilide 
was subjected to ozonolysis followed by hydrogenation it did 
not give the corresponding acetaldehydo derivative but 
instead a-propyl acetoacetanilide (87) was isolated. The
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° same propyl derivatives was also obtained when a-allyl- 
acetoacetanilide was subjected to hydrogenation in the 
presence of palladised charcoal. This product on 
cyclisation with concentrated sulphuric acid gave 4-methyl- 
3-propylcarbostyrii (88).

U13

J Clf-Wf^CHsCIc^ P4/c
Ntf/Ce'
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t%t)
4,8-Dimethyl-3-propylcarbos tyril 
Sodium salt of acetoacet-o- toluidide prepared by 

reacting sodium with acetoacet-o-toluidide,on condensation 
with allyl bromide gave a-allylaeetoacet-o-toluidide. This 
on hydrogenation in the presence of palladised charcoal in 
ethyl acetate gave a-propyl acetoacet-o-toluidide which on 
cyclisation with concentrated sulphuric acid gave 4,8- 
dime thy 1-3-propylcarbostyril (89).
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6-Me thoxy-Amethyl-l-propylcarbos tyril

Sodium salt of acetoacet-p-anisidide prepared by- 

reacting sodium with acetoacet-p-anisidide, on condensation 

with allyl bromide gave a-allyl acetoacet-p-anisidide. This 

on hydrogenation in the presence of palladised charcoal 

gave o-propyl acetoacet-p-anisidide which on cyclisation 

with concentrated sulphuric acid afforded ^methoxy-U- 

methyl-3-propylcarbostyril (90).
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Raman synthesised 2,3-dihydro-2,4-dimethyl 

furo(2,3-b)quinoline from o-allylacet<i>acetanilide. This 
type of dihydrofuroquinoline derivatives were also 
prepared in the following cases :

2,3-Dihydro-2,4-,8-trimethyl furo(2,3-h)qa inoline

a-Allylacetoacet-o- toluidide described earlier 
was cyclised with concentrated sulphuric acid to 2,3- 
dihydro-2,4-,8-trimethyl furo(2,3-h)quinoline (91). The 
structure was assigned on the basis of analytical results. 
Attempts to dehydrogenate by refluxing with palladised 
charcoal in diphenyl ether met with failure.

✓X 06 -CM,

oCH-*
(<H)

2.3-Dihydro-2,4-dimethyl-benzo(h) furo (2,3-b] p.i 

quinoline

Acetoacet-o-naphthylamide with sodium gave its 
sodium derivative which on condensation with allyl bromide 
gave a-allylacetoacet-c-naphthylamide. This with 
concentrated sulphuric acid afforded 2,3~dihydr0-2,4- 
dime thylbenzo(h) furo(2,3-b] quinoline (92).
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2,3~Dihydro--2,lf,5T8-tetramethyl furo(2,3-b) 
quinoline

-fc

Acetoacet-p-xylidide with sodium gave)sodium 
derivative which on condensation with allyl bromide gave 
a-allylacetoacet-TD-xylidide. This on cyclisation with 
concentrated sulphuric acid gave 2,3-dihyd.ro~2,1+,5?8- 
tetramethyl furo(2,3-b)quinoline (93).

(^v



6-Methoxy-2,3-dihydro-2,4-dimethyl furo(2,3-b) 

quinoline

a-Allylacetoacet-p-anisidide described above on 

cyclisation with concentrated sulphuric acid gave 6-methoxy- 

2,3-dihydro-2,4-dimethyl furo(2,3-b)quinoline (q4).
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(UChloro-2,3-dihydro-2,4-dimethyl furo(2,3-b) 

quinoline

a-Allylacet6acet-p-chloroanilide x^ras prepared by 

reacting sodium with aeetoacet-p-chloroanilide followed 

by condensation with.rallyl bromide. This on cyclisation 

with concentrated sulphuric acid gave 6-chloro-2,3- 

dihydro-2,4-dimethyl furo(2,3-b)quinoline (95).
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Having synthesised dihydrofuro(2,3-b)quinoline 

derivatives, it was thought of interest to synthesise 
dihydrofuro(3»2-e)quinoline derivatives from 2-methyl-3- 
allyl-4-hydroxyqulnollne derivatives.

The following dihydrofuroC 3,2-c)quinoline 
derivatives were prepared in the present work'.

2,3-Dihydro-2,4,6-trimethyl faro(3,2-c)quinoline

2,8-Oimethyl-3-allyl-4-hydroxyquinoline described 
earlier on cyelisation with concentrated sulphuric acid 
gave 2,3-dihydro-2,4,6-trimethylfuro(3,2-c)quinoline (96). 
Attempts to dehydrogenated this by refluxing with palladised 
charcoal (5 %) in diphenyl ether met with failure.

(W

2,3-Dihydr o~2,4-dime thyl-bengo( h) furo( 3,2-c) quinoline

2«yMethyl-7,,8-benzo-4-hydroxyquinoline. on allylation 
with allyl bromide in the presence of anhydrous potassium 
carbonate gave 4-allyloxy derivative which on Claisen 
rearrangement yielded 2-me thy 1-3-ally 1-7,8-benzo-4-hydroxy- 
quinoline. This on cyelisation with concentrated sulphuric 
acid gave 2,3-dihydro-2,4-dimethyl-benzo(h)furo(3,2-c) 
quinoline (97).
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EXPERIMENTAL

Ozonolysls of 2-methyl-3-»allyl-4-hydroxyquinoline :

2-Me thyl- 3- ac e taldehydo-4-hydroxyquinol Ine

2-Methyl-3-ally 1-4-hydroxyquinoline (1 g.) was 

dissolved in formic acid (30 ml.) and the solution was cooled 

to 15°. Ozone was passed through this solution for 1 hr.. It 

was then hydrogenated vath room temperature with palladised 

charcoal (0.5 g.$ 5 ^) with continuous stirring in the 

atmosphere of hydrogen for 1.1/2 hr.. The reaction mixture 

was filtered and neutralised with sodium carbonate. The 

product which separated crystallised from-ethyl acetate, 

m.p. 230°. Yield 0.3 g..

Analysis : Pound : C, 71.80$ H, 5".51$ N, 6,58

C12HHO2N requires: C, 71.64$ H, 5.49$ N, 6.96 %.m

4-Methyl furo (3.2-c) quinoline

2-Methyl-3-acetaldehydo-4-hydroxyquinoline (0.5 g.) 

was treated with polyphosphorie acid (5 g. phosphorous 

pentoxide and 3 ml. of o-phosphoric acid) and heated on a 

water bath for 3 hr,. The reaction mixture was diluted with 

water and neutralised with sodium carbonate. The separated 

product crystallised from ether petroleum, m.p. 89°. Yield

0.2 g.

Analysis Pound : C, 78.87$ H, 4.81$ N, 7.4l

C12H90N requires: 0, 78.6g$ H, 4.91$ N, 7.64^.



41The same furoquinoline was prepared for comparison 
by the method given below :

Condensation of 2-methyl-3-formyl-4-hydroxyqulno11ne with 
ethyl bromomalonate : 4-Methyl-2-carboethoxy furo(3,2a-c) 
quinoline

2-Methyl-3-formy1-4-hydroxyquinoline (3.7 g.) was \
I

dissolved in ethyl methyl ketone (200 ml.) and refluxed with 
ethyl bromomalonate (4.8 g.) in the presence of anhydrous 
potassium carbonate (10 g.) for 35 hr. on a steam bath. The 
ethyl methyl ketone was removed and the reaction raixtuee was 
added to water. The product which separated crystallised 
from benzene petroleum ether mixture ( 1:1), m.p. 115°. Yield
2.0 g.
Analysis : Pound t C, 70.21$ H, 4.87$ N, 5.31 %•
Cj 5H13O3N ■ requires: C, 70.60$ H, 5.09$ N,- 5.49

4-Methyl furo(3,2-c)quinoline-2-carboxylie acid :

The above ester (1 g.) was treated with alcoholic 
potassium hydroxide solution (20 ml.$ 10 %) and left 
overnight. The resulting solution was just acidified with 
hydrochloric acid (50 %). On cooling in refrigerator the 
product which separated crystallised from alcohol, m.p.
280°. Yield 0.6 g.
Analysis : Pound : C, 68.55$ H, 3.55$ N, 5.78
Cl3H903If requires C, 68.71$H,3.o6$ N, 6.16$.
(Analysed after heating in vacuum at 110° for 4 hr.)

Decarboxylation of 4-methyl furo(g,2-c)quinoline- 
2-carboxyllc acid : 4-Methyl furo(j,2-c)quinolines

The above acid (0.5 g.) was mixed with copper bronze



' (1 g.) and heated in an oil bath above its melting point 
(280°) with vacuum till the effervescence ceased (10 min.). 
After cooling the product was extracted with benzene. On 
evaporation of the solvent the product obtained crystallised 
from benzene petroleum ethgr mixture (1*2), m.p. 89°.
Mixed m.p. with 4-methyl furo(3*2-c)quinoline described 
before was not depressed.

2.8- Dime thy 1-4-allyloxyqulnollne *

2.8- Dimethy1-4-hydroxyquinoline (3.4 g.) was dissolved 
in ethyl methyl ketone (200 ml.) and refulsed with anhydrous 
potassium carbonate (7 g.) and allylbromide (2.4 g.) on a 
water bath for 6 hr.^ The ethyl methyl ketone was removed
and the reaction mixture was added to water. The product 
which separated crystallised from ether petroleum, m.p. 6l°. 
Yield 1.5 g.
Analysis : Found : C, 78.70; H, 6.6?; N, 6,55 %,
Ciu-HtjON requires : 0, 78.87; H, 7.04; N, 6,5?%,

Claisen rearrangement of 2,8-dlmethyl-4-allyloxy- 
quinoline ; 2.8-Dimethyl-3-ally1-4-hydroxyquinoline

2.8- Dimethyl-4-allyloxyquinoline (1 g.) was heated 
in an oil bath at 200 - 210° for 3° mih.^The product after 
washing with benzene crystallised from dilute acetic acid, 
m.p. 254 - 55°, Yield 0.6 g.
Analysis ' : Found s C, 78.56; H, 6.88; N, 6.52 %,
Ct*H150N requires : 0, 78.87; H, 7.04; W, 6,57%,

Ozonolysis of 2.8-dimethy1-3-ally1-4-hydroxyquinoline;
2,8-Dimethyl-3-ac etaldehydo-4-hydroxyquinoline

2.8- Dimethyl-3-allyl-4-hydroxyquinoline (1 g.) was
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dissolved in ethylacetate (200 ml.) and the solution was 
cooled to 15°. Ozone was passed through this solution for 
1 hr... It was then hydrogenated with palladised charcoal 
(0.5 g.; 5 %) with continuous stirring in the atmosphere of 
hydrogen for 1.1/2 hr'.i After filteration the solution was 
concentrated to a small volume by distillation and mixed 
with ether petroleum. The product which separated crystallised 
from xylene, m.p. 233°. Yield 0.4 g.
Analysis : Pound s C, 72.59; H, 6.33; 6.44
C13H,302N requires : C, 72.56; H, 6.04; N, 6.51 Jg.

4.6-Dimethyl furo(3.2-c)quinoline :
2.8- Dimethyl-3-acetaldehydo-4-hydroxyquinoline (0.5 g.) 

was heated in a water bath with polyphosphoric acid (5 g. 
phosphorus pentoxide and 3 ml. of o->phosphoric acid) for
3 hr./ The reaction mixture was diluted with water and 
neutralised with sodium carbonate. The product obtained was 
filtered and crystallised from ether petroleum, m.p. 123°. 
Yield 0.15 g.
Analysis t Pound : C, 79.32; H, 5.76; N, 6.99
Cl3Htt0N requires : C, 79.17; H, 5.58; N, 7.10 %.

The same furoquinoline was prepared for comparison 
as described below s

2.8- Dime thyl-3-formyl-4^hydroxyquinoline

2,B-Dimethyl-4-hydroxyquinoline (5 g.) was mixed 
with sodium hydroxide solution (50 ml.; 25 %.) and chloroform 
(10 ml.). The reaction mixture was refluxed on a water bath 
for 10 hr./ After removing chloroform it was diluted with 
water and filtered. The clear filtrate on acidification with
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glacial acetic acid gave the product which was filtered and 
crystallised from alcohol, m.p. 258°. Yield 1.5 g.
Analysis : Pound : C, 71.96; H, 5.58; N, 6.9% |[.
C^HtiOaN requires : C, 71.$4; H, 5J+7; N, 6.96%.

The 2.h-.Dini tr ophenylhydrazone

2.8- Dimethy1-3-formyl-4--hydroxyquinoline (0.2 g.) 
was dissolved in acetic acid (10 ml.) and then added to a 
solution of 2,4’-dlnitrophenylhydrazine (0.2 g.) in acetic 
acid (5 ml.) The product separated at once, was filtered 
and crystallised from glacial acetic acid, m.p. 31°°.
Analysis : Pound ! N, 17.95 $.
CigHjjOiyNj requires : Y, 18,37$.

Condensation of 2,8-dime thy l-B-formyl-M--hydroxy- 
quinoline with ethyl hromomalonate : b, 6-Dimethyl-2- 
c arboe thoxy furo(3,2-c)quinoline :

2.8- Dime thyl-3-formyl-4-hydroxyquinoline (3 g.) was 
dissolved in ethyl methyl ketone (250 ml.) and refluxed with 
anhydrous potassium carbonate (7 g.) and ethyl hromomalonate 
(3.6 g.) on a steam bath for 35 hr.. The ethyl methyl ketone 
was removed and the reaction mixture was added to water. The 
product which separated crystallised from benzene petroleum 
ether mixture (1:1), m.p. 128®. Yield 1,5 g.
Analysis : Found : C, 71.33*, H, 5.22; N, 5.28 %.
C16H1 503N requires : C, 71.36; H, 5.57*, N, 5.20$.

4-,6-Dimethyl furo(3.2-c)qulnoline-2-.carboxylic acid :

The above ester (1 g.) was treated with alcoholic 
potassium hydroxide solution ( 20 ml.; 10 $) and left 
overnight. The resulting solution was .just acidified with



hydrochloric acid (50 %), On cooling in refrigerator the 
product which separated crystallised from dilute alcohol, 
m.p. 248°. Yield 0.5 g. '
Analysis : Pound : C, 69.58$ H, 4.22$ N, 5.69 %,
C1M.Ht|03N requires : 69.71, H, 4.56$ N, 5.80$.
(Analysed after heating in vacuum at 110° for 4 hr.)

Decarboxylation of 6-dimethyl furo(3.2-c)quinoline-
2-carboxylic acid : 4.6-Simethyl furo(3.2-c)quinoline

The above acid (0.5 g.) was mixed with copper bronze 
(1 g.) and heated in oil bath above its melting point (248°) 
with vacuum till the effervescence ceased (10 min.). After 
cooling the product was extracted with benzene. On 
evaporation of the solvent the product obtained crystallised 
from ether petroleum, m.p. 128°. Mixed m.p. with 4,6- 
dimethyl furo(3,2-c)quinoline described earlier was n6t 
depressed.

Ozonolysis of 6-methoxy-2-mathyl-8-ally 1-4-hydroxy- 
quinoline i 6-Methoxy-2-methyl-3-acetaldehydo-4-hydroxy-

6-Methoxy-2-methyl-3-ally1-4-hydroxyquinoline (1 g.) 
was dissolved in formic acid (30 ml.) and the solution was 
cooled to 15°. Ozone was passed through this solution for 
1 hr.. It was then hydrogenated with palladised charcoal 
(0.5 g.| 5 %) with continuous stirring in the atmosphere of 
hydrogen at room temperature for 1.12 hr,. The reaction 
mixture was filtered and neutralised with sodium carbonate. 
The product which separated crystallised from ethyl acetate,



48m.p. 235°. Yield 0.3 g.
Analysis : Found j C, 67.37; H, 5.56; H, 5.05 %•
C13H1303N requires : C, 67.53, H, 5.62; N, 6.06 %.

8-Methoxy-4-roethyl furo( 3 ? 2-c) quinoline :

6-Methoxy-.2-.methyl-.3.-acetaldehydo-4-hydroxyquinoline 
(0.5 g.) was treated with polyphosphoric acid (5 g. phosphorus 
pentoxide and 3 ml. of o-phosphoric acid) and heated on a 
water bath for 3 to.. The reaction mixture was diluted with 
water and neutralised with sodium carbonate. The product 
which separated crystallised from ether petroleum, m.p. 81°. 
Yield 0,1 g.
Analysis : Found : C, 73.07; H, 4.38; N, 6.43 %•
C|3H1t02N requires : 0, 73.23; H, 5.16; N, 6.57%.

The same furoquinoline was prepared for comparison 
as described below :

Reimer-Tjemann reaction on 6-me thoxy-2-methyl-4- 
hydroxyquinoline t 6-Me thoxy-2-methyl-3-formyl-4-hydr oxy- 
qulnoline

6-Methoxy-2-methyl-4-hydroxyquinoline (5 g.) was 
treated with sodium hydroxide solution (50 ml. ; 25 $.) and 
chloroform (10 ml.). It was refluxed on a water bath for 
10 hr. Chloroform was removed and the reaction mixture was 
diluted with water and filtered. The clear filtrate on 
acidification with acetic acid gave the product which 
crystallised from glacial acetic acid, m.p. 290®. Yield 2 g. 
Analysis : Found : C, 66.18; H, 5.20; N, 6.71 %.
C12H11O3N requires : C, 66.35; H, 5.06; N, 6.45??.



The 2,4-Dinitrophenylhydrazone

6-Me thoxy-2-me thy 1-3- fo rmyl- 4- hy dr oxyqui nol ine 

(0.2 g.) was dissolved in glacial acetic acid (10 ml.) and 
then added to a solution of 2,4-dinitrophenylhydrazine (0.2 g.) 
in acetic acid (5 ml.). The product separated at once, was 

filtered and crystallised from glacial acetic acid, m.p. 320°. 
Analysis s Pound i N, 17.4-3 %m

C18Ht506% requires s N, 17.63 %.

Condensation of* 6-methoxy-2-methyl-3-formyl-4- 
hydroxyquinoline with ethyl hromomalonate : 8-Methoxy-4- 

methyl-2-carboethoxy furo(3.2-c)quinoline

6-Methoxy-2-methyl-3- formyl-4- hydroxyquinoline 

(2.2 g.) was dissolved in ethyl methyl ketone (300 ml.) 
and refluxed with anhydrous potassium carbonate (5 g.) and 
ethyl bromomalonate (2.4- g.y for 35 hr. on a steam bath.

The ethyl methyl ketone was removed and-the reaction mixture 
was added to water. The separated product crystallised from 
benzene (charcoal), m.p. 182°. Yield 0.8 g.
Analysis : Pound i C, 67.19$ H, 5.11$ N, 4-.85 %•

requires : C, 67.37$ 5.26$ N, 4-.91 %,

8-Methoxy-4-methyl furo(3.2-c)quinoline-2- 

carboxylic acid

The above ester (1 g.) was treated with alcoholic 
potassium hydroxide solution (20 ml.$ 10 %,) and left 
overnight. On working up as before the acid crystallised 
from alcohol, m.p. 277-8®. Yield 0.5 g.
Analysis : Pound : C, 65.22$ H, 4-,10$ N, 5.00

C^HnO^N requires : C, 65.37$ H, 4-.28$ N, 5.44$.
vU VM.KUK fj- \t» fvu if J



Decarboxylation of S-methoxy-^-methyl furo(3,2-c) 

quinoline-2-.carboxylic acid : B-Methoxy-^-methyl furo 

(3,2-c)quinoline

The above acid (0.5 g.) was mixed with copper bronze 

(1 g.) and heated in an oil bath above its melting point 

(278°) with vacuum till the effervescence ceased (10 min,).

On working up as before the product crystallised from 

ether petroleum, m.p. 81°. Mixed ra.p, with 8-methoxy-4- 

methyl furo(3,2-c)quinoline described earlier was not 

depressed.

Condensation of 2-methyl-3-formyl-1fr-hydroxyquinoline 

with ethyl bromoacetate : 2-,Methyl-3-formyl-4--carboethoxy- 

methoxyqulnoline

2-Methyl-3-formyl-lf-hydroxyquinoline (1.8 g.) was 

dissolved in ethyl methyl ketone (100 ml.) and refluxed 

with ethyl bromoacetate (1.6 g.) in the presence of 

anhydrous potassium carbonate (5 g.) for 12 hr. on a 

steam bath. The ethyl methyl ketone was removed and the 

reaction mixture was added to water. The product which 

separated crystallised from benzene, m.p. 180°. Yield 0.8 g. 

Analysis : Pound i C, 65,80; H, 5.1+5? N, 5.60 f0.

CjjHtjOi^N requires : C, 65.9*f; H, 5.^9, N, 5.12 fo9

Attempted hydrolysis of 2_methyl-3-formyl-4— 

carboethoxymethoxyqulnollne ; 2-Methyl-3-formyl-4>- 

hydroxyquinollne

2-Methyl-3-formyl-1+'-earboethoxymethoxyquinoline (1 g.) 

was mixed with alcoholic sodium hydroxide solution



(20 ml.; 10 %) and left overnight. The resulting solution 

was neutralised with dilute hydrochloric acid and the 

product which separated crystallised from alcohol, m.p.

2730. Mixed m.p. with an authentic specimen of 2-methyl-3- 
formyl-4-hydroxyquinoline was not depressed.

Condensation of 2,8-dimethyl-3-formyl-4.-hydroxy- 
quinoline with ethyl bromoacetate : 2,8-Dimethy1-3-formyl- 
4-carboethoxymethoxyqulnoline

2,R-Dimethyl-3-formyl-^hydroxyquinoline (2 g.) 

was dissolved in ethyl methyl ketone (150 ml.) and refluxed 
with anhydrous potassium carbonate (5 g.) and ethyl 

bromoacetate (1.67 g.) for 12 hr. on a steam bath. The 
ethyl methyl ketone was removed and reaction mixture was 
added to water. The product which separated crystallised 
from benzene, m.p. 108°. Yield $.8 g.

Analysis : Found : C, 67.11; H, 5.99? N, **.83
C-,6H,704N requires : C, 67.38; H, 5.96; N, 4.91 %.

Attempted hydrolysis of 2,8-dime thyl-3-formy 1-4- 
c arboe thoxyme thoxyquinoline : 2,8-Dimethy1-3-formy1-4- 

hydr qxyquinoline

2,8-Dime thyl-3-formyl-4-c arboe thoxyme thoxyquinoline 

(1 g.) was mixed \d.th alcoholic sodium hydroxide solution 
(20 ml.; 10 %) and left overnight. The resulting solution 
was neutralised with dilute hydrochloric acid and the product 
which separated crystallised from alcohol, m.p. 258°. Mixed 
m.p. with 2,8-dimethyl-3-formyl-4-hydroxyquinoline described 

earlier was not depressed.
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Attempted ozonolysis of g-allylacetoacetanilide :

g-Propylacetoacetanilide

g-ALlylacetoaeetanilide (1 g.) was dissolved in 
ethyl acetate (40 ml.) and the solution was cooled to 15°.
Ozone was passed through the solution for 45 minutes. It 

was then hydrogenated at room temperature with palladised 
charcoal (0,5 g,*, 5 %) with continuous stirring in the 
atmosphere of hydrogen for 1.1/2 hr. The reaction mixture 
was filtered and the solvent was evaporated. The product 

separated as thick oil (0.? g.)

^-■Methyl-ypropylcarbos tyr il
«

The above oily product (0.5 g.) was heated with 
cone.sulphuric acid (2 ml.) on a water bath for 2 hr. The 

reaction mixture was added to water and neutralised with 

sodium carbonate. The product which separated crystallised 
fromVbenzene, m.p. 175°. Yield 0.2 g.

Analysis s Found s G, 77.87; H, 7.20* N, 7.20 %
C'13H150If requires : G, 77.60; H, 7.46; 6.96 %,

This waa also obtained when a-allylacetoacetanilide 

(1 g.) was subjected to hydrogenation with palladised charcoal 
(0.5 g.; 5 %). followed by treatment with con.sulphuric acid 
(2 ml.) .

a-Allylace toac et-o-toluidide

Acetoacet-o- toluidide (3.8 g.) in dry benzene (50 ml.) 
was refluxed with pulverised sodium (0.46 g.) on a water bath 
for 5 hr. To this was added allyl bromide (2.4 g.) and the
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reaction mixture was refluxed further for 6 hr .fit d?
? $$ s 1poured in water and benzehe layer was separated and 'dried 

with anhydrous calcium chloride. Removal of the solvent 
gave the product which crystallised from ether petroleum, 
m.p. 90°. Yield 2.5 g.
Analysis : Found : s C, 72.63$ H, 7.27$ N, 6,47 %.
C,*Hl702N requires : C, 72.73*, H, 7.35*, N, 6.06 %.

a-Propylacetoacet-o- toluidide

ar-Allylacetoacet-o-toluidide (1 g.) was dissolved 
in ethyl acetate (30 ml.) and the solution was stirred with 
palladiaed charcoal (0.5 g.$ 5 %.) in the atmosphere of 
hydrogen for 1.1/2 hr. Removal of the solvent after filteration 
gave the product which crystallised from ether petroleum, 
m.p. 97°. Yield 0.5 g.
Analysis : Found : C, 71.91$ H, 8.14$ If, 5.71 %,

C,4.Hl902N requires : C, 72.05$ H, 3.15$ N, 6.00$.
jjig-^mg^^B^rojylc^rbostyril :

The above a-propyl derivative (0.8 g.) was heated dn 
a water bath with con. sulphuric acid (2 ml.) for 2 hr. It 
was poured in ice water and neutralised with sodium carbonate. 
The product which separated crystallised from benzene, m.p. 
187°. Yield 0.2 g.
Analysis: Found : C, 78.02$ H, 7.70$ N, 6.16 %,

C1i4.H,701 requires : C, 78.13$ H, 7.90$ N, 6.51 %.

q-Allylacetoacet-p-anisidide :

Acetoaeet-p-anisidide (4.1 g.) in dry benzene (50 ml.) 
was refluxed with pulverised sodium (0.46 g.) for 6 hr. on a



water bath. Allyl bromide (2.4 g.) was added and the reaction 

mixture was refluxed further for 8 hr. On working up hsfbefore 

the product crystallised from benzene petroleum ether mixture 

(1:2), m.p. 99°. Yield 2.5 g.

Analysis: Found : C, 67.92-, H, 6.55*, N, 5.70 %.

Ct^Hi703N requires : C, 68.01$ H, 6.885 5.66 %,

q-Propylacetoacet-p-anisidide

a-Allylacetoacet-p-anisidide (1 g.) was dissolved 

in ethyl acetate (40 ml.) and was stirred with palladised 

charcoal (0.5 g.5 5 f°.) in the atmosphere of hydrogen for 

1 hr. The product obtained on evaporation of the clear 

filtrate, crystallised from ether petroleum, m.p. 80°.

Yield 0.5 g.

Analysis : Found : C, 67.675 H, 7.39f>* M, 5.98 %»

01ij.Hi 903N requires : 0, 67.465 H, 7.675 N, 5.62

6-Methoxy-4-methyl-8-nropylcarbostyril :

The above a-propyl derivative (0.5 g.) was heated 

with con.sulphuric acid (1 ml.) on a water bath for 1 hr.

On working up as before the product crystallised from benzene, 

m.p, 195°. Yield 0.1 g.

Analysis : Found : C, 72.535 H, 7.19; N, 5.90 %m

Cii4.Ht702N requires : C, 72.735 H, 7.355 N, 6.06 %.

a-Allylacetoacet-o-toluidide (1 g.) described earlier 

was heated with con.sulphuric acid (2 ml.) on a water bath
t

for 1 hr. The reaction mixture was added to water and the 
solution made alkaline with sodium hydroxide. The product



which separated crystallised from ether petroleum, m.p. 107°. 

Yield 0.3 g.

Analysis : Found : C, 73.70; H, 7.53; N, 6.10 $.

requires : C, 78.87; h, 7.04; N, 6.57 $.

q-Allylacetoace t-q-naphthylamide :

Acetoacet-a-naphthylamide (4.4 g.) in dry benzene 

(50 ml.) was refluxed on a water bath with pulverised sodium 

(0.46 g.) for 3 hr. Allyl bromide (2.4 g.) was added and 

the reaction mixture was refluxed further for 6 hr. On 

working up as before the product crystallised from benzene, 

m.p. 117°. Yield 2 g.)

Analysis : Found : C, 76.03:, H, 6.71; N, 5.21 %.

Ct7Ht70aN requires : 0, 76.40; H, 6.36; Ii, 5.24$.

2,3-Dihydro~2,4-dimethyl-benzo(h) furo(2,3-b)quinoline

The above a-allyl derivative (0.5 g.) was heated on a 

water bath with con.sulphuric acid (1 ml.) for 2 hr. On 

working up as before the product crystallised from ether 

petroleum, m.p. 145°. Yield 0.2 g.

Analysis : Found : C, 81.85; H', 6.16; N, 5.28 $.

al7H15OI requires : (5, 81.91;-H, 6.02; 8, 5.62 $.

a-Allylacetoac et-p-xylidlde :

Acetoacet-p-xylidide (4.1 g.) in dry benzene (50 ml.) 

was refluxed on a water bath with pulverised sodium (0,5 g.) 

for 4 hr. Allyl bromide (2.4 g.) was added and the reaction 

mixture was refluxed further for 6 hr. On working up as 

before the product crystallised from benzene petroleum
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ether mixture (1:1), m.p, 123°. Yield 2,5 g. 
Analysis : Found : C, 73.IS; H, 7.54* N, 5.75$.

Ci5H1 902N requires : C, 73.^6; H, 7.75*, N, 5.71 %.
4,5,3-tetramethyl

Theaabove a-ally1 derivative (0,5 g.5 was heated 

with con.sulphuric acid (1 ml.) on a water bath for 1 hr.

On working up as before the product crystallised from benzene 
petroleum ether mixture (1:1), m.p, 14-7°. Yield 0,2 g. 

Analysis : Found : C, 79.27*, H, 7.21-, N, 5.75 %.
C15H17OH requires : C, 79.29; H, 7.48; N, 6.16$.

6~Methoxy~2,3-dihydro-2,4-dimethyl furo(2,3~b)quinoline

a-Allylacetoacet-o-anisidide (o.5 g.) described earlier 

was heated on a water bath with con.sulphuric acid (1 ml.) for 

1 hr. On working up as before the product crystallised from 
ether petroleum, m.p, 122°. Yield 0.1 g.
Analysis : Found : C, 73 .18; H, 6.44; N, 5.93 $.

Ci^HijOaN requires : C, 73.35; H, 6.55; N, 6.11 $.

q-Allylacetoacet~p~chloroanilide :

Acetoacet-p-chloroanilide (4.2 g.) in dry benzene 

(50 ml.) was refluxed with pulverised sodium (0.46 g.) on
i

a xtfater bath for 6 hr. Allyl bromide (2.4 g.) was added and 

the reaction mixture ,was refluxed further for 3 hr. On 

working up as before the product crystallised from ether 
petroleum, m.p. 95°. Yield 2.5 g.
Analysis : Found : C, 61.90; H, 5.4l; N, 5.69 $. 
Cl3Htij.02NCl requires: C, 62.01; H, 5.56; N, 5.56 $.
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6-Chloro-2,3-dihydro-2,4-dimethyl furo(2 , 3-b)quinoline

The above a-allyl derivative Cl g.) was heated on a 
water bath with con.sulphuric acid (2 ml.) for 1 hr. On 
working up as before the product crystallised from ether 
petroleum, m.p. 130°. Yield 0.3 g.
Analysis : Found. s C, 66.68; H, 4.78; 9,65.66 %,

»

CijHtaONCl requires : r, 66.80; H, 5.13? 9, 5.99

8,3-Dihydro-2,4,6-trimethyl furoC 3,2-»c) quinoline

2,8-Dimethyl-3-allyl-4-hydroxyquinoline (0.? g.) 
described earlier was heated on a water bath with con. 
sulphuric acid (1 ml.) for 1 hr. On working up as before 
the product crystallised from ether petroleum, m.p. 68°.
Yield 0.2 'g.
Analysis : Found : C, 78.57; 9, 6.80; N, 6.13 %,
Ct*H150N requires ; C, 78.87*, H, 7.04; N, 6,57%,

2-Methyl-4-allyloxy-7,0-benzoquinoIine 

2-Methyl-4-hydroxy-7,8-benzoquinoline (3 g.) was 
dissolved in ethyl methyl ketone (200 ml.) and refluxed 
with ally! bromide (1.8 g.) in the present of anhydrous 

potassium carbonate (8 g.) on a water bath for 8 hr. The 
ethyl methyl ketone was removed and the reaction mixture 
waa added to water. The product which separated crystallised 
from ether petroleum, m.p. 80°. Yield 1.2 g.

Analysis : Found j 0, 8,1.47; H, 6.4l; N, 5.45 %•

CjyH,5ON requires : C, 81.91; H, 6.02; I, 5.62 %,
2-Methyl-3-ailyl-4-hydroxy-7.8-benzoquinoline

The above 4-allyloxy derivative (1 g.) was heated



in an oil bath at 200-10° for 3° minutes. The product after 
cooling and washing with benzene was crystallised from 

dilute acetic acid (charcoal), m.p. 289°. Yield 0.6 g.
Analysis : Found : C, 81.665 H, 6.26$ N, 5.12

C1?H150N requires : C, 81.01$ H, 6.02$ N, 5.62 f0,
2«3-Dihydro-2,4-dimethyl-benzo(h) furo(3.2-c)quinoline

The above 3-ally1 derivative (0.5 g.) was heated on 
a water bath with con.sulphuric acid (1 ml.) for 1 hr. On 

working up as before the product crystallised from ether 
petroleum, m.p. 128°. Yield 0.2 g.
Analysis : Found : 0, 81 .*4-3$ H, 5.63$ N, 5.13

C17H1?0N requires : C, 81.91$ H, 6.02$ N, 5.62 f0.
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Section II

Synthesis of quinoliao-lactones and pyranoqulnollnes—Tfe i^ii.■ ■""■■iw »"'HP ii'■ iiri"* kjm mi» ji>i" ■' ■■ <r-nay«""Winiw n— m ■ i#! ■ Bui m< m m >■' ■ ■■

Theoretical—' ■ .q ■ m> e.we -rtsi

Naturally occurring furoquinoline alkaloids are 
furo(2,3-b)quinoline derivatives with unsubStituted furan 

ring* An attempt to prepare such furoquinolines met with 
failure as ozonolysis of o-allylaeetoacetanilide did not 
succeed, Raman synthesised 2,3-dlhydro-4-methyl-furo 
C 2,3-b) quinoline (1) from *4-methyl-2~hydro:xyquinollne-3- 
aeetlc acid (2), Cyclisation of (2) with acetic anhydride 
gave a lactone of 4->aethyl-2-.hydroxyquinoline-3-acetle 
acid (3). It was therefore, thought of interest to prepare 
a series of qulnoline-3-acetlc acid derivatives having
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different substituents in the benzene nucleus and convert 
them into lactone of I+-methyl-2-hydroxyquinoline-3-acetic 
acid derivatives and 2,B-dihydro-^-methyl furo(2,3-b). .
quinoline derivatives. As dehydrogenation of dihydro 
furoquinoline derivatives* was unsuccessful and the rtyield 
in the reduction of ester of quinoline-3-acetic acid 
derivative was very poor, the furo(2,3-b)quinoline derivatives 
could not be synthesised. Therefore, the present investigation 
describes only the synthesis of lactone40f 4-methyl-2- 
hydroxyquinoline-3-acetic acid derivatives.

Lactone of 4,S-dimethyl-2-hydroxyquinoline-2- 
acetic acid

' m I Hi I - »■■■■»- r. —.1 - nil m «

Sodium salt of acetoacet-o-toluidide on condensation 
with ethyl bromoacetate gave a-carboethoxymethylacetoacet-

i

(Ut>
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o- toluidide which was then cyclised with concentrated 
sulphuric acid to *f,S-dimethyl-2-hydroxyquinoline-3- 
acetic acid C^). This on heating with acetic anhydride 
in an oil bath at 110° gave a lactone of 4,8-dimethyl-2- 
hydroxyquinoline-3-acetic acid (5). IR spectrum showed a 
characteristic lactonyl carbonyl band at 1830 cm'1.

Lactone of 6,8-'trimethyl-2-hydroxyquinollne-3--
acetic acid

Sodium salt of acetoacet-m-xylidide on condensation 
with ethyl bromoaeetate gave a-carboethoxymethylacetoacet- 
m-xylidide which on cyclisation with concentrated sulphuric 
acid gave , 6,3-trimethyl-2-hydroxyquinoline-3-acetic acid 
(6). This on heating with acetic anhydride gave a lactone 
of l+,6,8-trimethyl-2-hydroxyquinoline-3-acetic acid (7).
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Lactone of- h-methy 1-2-hydroxy-7^-benzoquinoline- 
3-acetic acid

Sodium salt of acetoacet-a-naphthylamide on
condensation with ethyl bromoacetate gave a-earboethoxy-
methylacetoacet-a-naphthylamide. This on cyclisation with
concentrated sulphuric acid afforded ^raethyl-2-hydroxy-
758-benzoquinoline-3-aeetic acid (8), which on heating
with acetic anhydride yielded a lactone of 4--methyl-2-
hydroxy-7,8-benzoquinoline-3-acetic acid (9). IR spectrum

—1showed a characteristic lactonyl carbonyl band at 1825cm.
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Lactone of 4.5<8-trimethyl~2-.hydroxyquinollne-3 
acetic acid

Sodium salt of aeetoacet-p-xylidide on condensation 
with ethyl bromoacetate gave a-carboethoxymethylacetoacet-
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p-xylidide. This on eyelisation with concentrated sulphuric 
acid gave 4,5,8-trimethyl-2-hydroxyquinoline-3~acetic acid 
(10) which on heating with acetic anhydride gave a lactone
of 4f 8-trimethyl-2-hydroxyquinoline-3-acetic a<Jid (H).
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Lactone of 4,6-dime thy 1-2- 
acetic acid

Sodium salt of acetoaeet-p-toluidide on condensation 
with ethyl bromoacetate gave a-earboethoxymethylacetoacet- 
p-toluidide. This on eyelisation with concentrated sulphuric 
acid gave 4,6-ydi methy1-2-hydroxyquino 1 in e- 3- ae e t i c acid 
(12) which on heating with acetic anhydride gave a lactone 
of 4,6-dimethyl-2-hydroxyquinoline-3-acetic acid (13).



Ci-L
lo c

,<^0
H,ck^N oe

kA u>

HjSCtf
H*

Condensation of sodium salt of acetoaeetanilide 
withethyl bromopropionate

It was also thought of interest to prepare lactones 
having 6 membered ring by introducing one more methylene 
group. To prepare this, ethyl bromopropionate was condensed 
with sodium salt of acetoacetanilide. c-Carboethoxyethyl-

l*r*s*^acetoacetanilide (14) was obtained and^cyelised with 
concentrated sulphuric acid to 4-methyl-2_hydroxyquinoline- 
3-propionic acid (15). Cyclisation of (15) to a lactone of 
lf-methyl-2-hydroxyquinoline-3-pyopionic acid (16) with 
acetic anhydride, acetic anhydride and fused sodium acetate 
or polyphosphoric acid was unsuccessful.
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In an attempt to cyclise (15) with thionyl chloride 

followed "by treatment with anhydrous aluminium chloride in 

dry benzene, the product obtained was assigned (^-methyl- 

2-hydroxy-3-quinolyl) ethyl phenyl ketone (17) structure 

on the basis of analytical results. IR spectrum (nujol)
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69showed a characteristic carbonyl band at 1680 cm . Thus 
it indicated that the cyclisation did not take place but 
instead Firiede 1-Craft reaction took place between benzene 
and acid chloride.

(h,6-Dimethyl-2--hydroxy-3-quinolyl) ethyl phenyl
ketone

Sodium salt of acetoacet-p-toluidide on condensation 
with ethyl bromopropionate gave a-carboethoxyethylacetoacet- 
p-toluidide which on cyclisation with concentrated sulphuric 
acid gave lf,6-diraethyl-2-.hydroxyquinoline-3-propionic acid 
(18). This on treatment with thionyl chloride followed by 
benzene and anhydrous aluminium chloride gave (lf,6-dimethyl- 
2-hydroxy-3-quinolyl) ethyl phenyl ketone (19).
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)+.8-»Difflethyl-2-hydroxyqulnoline~3~propionic acid

Sodium salt of acetoaeet-o-toluidide on condensation 
with ethyl bromopropionate afforded a-carboethoxyethylacetoacet- 
o-toluidide. This on cyelisation with con.sulphuric acid gave 
1+,8-dimethyl-2-hydroxyquinoline-3-propionic acid (20) .

cMi
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Pyrahoqulnolines s

s/
tcrbH

C2-°>

If an c-pyrone ring is build on a suitably substituted 
quinoline derivative, it leads to the synthesis of pyrano- 
quinolines. Alternatively, one can start with an appropriate 
eoumarin derivative and build up the quinoline ring on it.
The following pyranoquinolines are found in the literature.

O
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The methods of synthesis of pyranoquinolines are 
briefly reviewed here.

2Dey, Sarkar and Seshadri synthesised 2-methyl- 
quinolino-6,5-ja-pyrone (21) 1 8-methyl-3-oxo-3H-pyrano(3',2-f)

O')



quinoline] by reacting 6-aminocoumarin with paraldehyde in 
the presence of hydrochloric acid.

3Chakravarti, Ahuja and Siddiqui prepared ethyl 
p-(2-oxo-l,2H-benzopyran-2-ylamino) crotonate by warming 
6-aminocoumarin with ethylacetoacetate and a drop of 
hydrochloric acid. This when cyclised in paraffin preheated 
to 260° gave 5+-hydr oxyqui naldino-6,5-a-pyrone (22) fs-methyl- 
10-hydroxy-3-oxo-3H-pyrano(3,2-f)quinoline^ .

3

(22.)
M.Dey and Ammallcutti prepared 2-methylquinolino-7,B- 

c-pyrone (23) 6-me thoxy-2-me thyl-3-oxo-KH-pyr ano( 2,3-h) 
quinolin<£j from 5-amino-2-methoxy coumarin and paraldehyde.

jVHj,

C13)
, 5Bobranski and Kochanska carried out the condensation

of 7-hydroxyquinoline with malic acid in the presence of cone.
sulphuric acid and obtained 2A,3*-pyrido-5,6-coumarin (2^)
J^B-oxo-SH-pyrano(2,3-h)quinolinej which was also prepared
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from 7-hydroxy-8-formylquinoline by Perkin reaction.

f^V^N
N

Uio

6
Fiedler synthesised 3-acetyl-2-oxo-2H-pyrano 

(3,2-h) quinoline (25) and 3-carboethoxy-2-oxo-*2H-pyrano-". V 

(3,2-h)quinoline (26) from 8-hydroxy-7-formylquinoline with 

ethylacetoacetate and diethyl malonate in the presence of 

piperidine respectively.
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Brown et al carried out the Pechmann reaction on 

2,*f-dihydroxyquinoline with malic acid in the presence of 
cone, sulphuric acid and obtained 5-hydroxy-2-oxo-2H-pyrano 
(3,2-c)quinoline (27). {

OW

OH *

(2.7;
llliott and Tittensor synthesised M-oxo-61-phenyl 

pyrano(3f:2*-3:4)quinoline (28)f 2-phenyl-4-oxo-4H-pyrano 

(3,2-c)quinolinejf from 3-acetyl-'n—hydroxyquinoline by 
application of Kostanecki-Robinson reaction with benzoic 

anhydride and triethylamine.

as)
The present work deals with the synthesis of the 

following pyranoquinoline derivatives from 2-methy1-3-formyl- 
hydroxyquinoline derivatives which were prepared for the 

synthesis of furo(3,2-c)quinoline derivatives.
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(a) 5-Methyl-2-oxo-2H-pyrano(3,2-c)quinoline (29),
(b) 5-Methyl-3-phenyl-2-oxo-2H-pyrano(3,2-c)quinoline (30),
(c) 5,7-Dimethyl-2-oxo-2H-pyrano(3,2-c)quinoline (31),
(d) 5,7-Dimethyl-3-phenyl-2-oxo-2H-pyrano(3,2-c)quinoline (32),

(a) ?-Methyl-2-oxo-2 H-pyrano(3<2-c)quinoline

2-Methyl-3-formyl-’-f-hydroxyquinoline was subjected 
to Perkin reaction using acetic anhydride and triethylamine.
The product obtained was assigned 5-methy1-2-oxo-2 H-pyrano 

(3,2-c)quinoline (29) structure on the basis of analytical 
results which was also supported by IR spectrum, IR spectrum 
showed a characteristic lactonyl carbonyl band at 1725 cnf^.

Off

(O.°0
(b) 5-Methyl-3-phenyl-2-oxo-2H-pyr ano(3,2-c)quinoline
2-Methyl-3-formyl-4-hydroxyquinoline on treatment 

with acetic anhydride, phenylacetic acid and triethylamine 

gave a product to which 5-methyl-3-phenyl-2-oxo-2H-pyrano 
(3,2-c)quinoline (30) structure was assigned on the basis of

oh
LUO

o







analytical results. IR spectrum showed a characteristic 
lactonyl carbonyl band at 1735 cm'"'*'.

(c) 5<i7-Pimethyl-2-oxo-2H-pyrano(3«2-c)quinoline

2,8-Dime thy l-3-formyl-,+-hydroxyquinoline on treatment 
with acetic anhydride and triethylamine gave a product to 
which 5,7-dimethyl-2-oxo-2H-pyrano(3,2-c)quinoline (31) 
structure was assigned. IR spectrum showed.a characteristic 
lactonyl carbonyl band at 1740 cm"'*'.

(d) 5*7-Dimethyl-3-phenyl-2-oxo-2H-pyrano(3*2-c) 
quinoline

2,8-Dimethyl-3-formyl-4-hydroxyquinoline on treatment
with acetic anhydride, phenylacetic acid and triethylamina
gave a product to which 5,7-dimethyl-3-phenyl-2-oxo-2H-pyrano
(3,2-c)quinoline (32) structure was assigned on the basis of
analytical results. IR spectrum showed a characteristic

—1lactonyl carbonyl band at 1725 cm .

%
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BXPERIMEBm

IR spectra (nujol) were recorded on Perkin Elmer 
237 grating spectrophotometer.

Condensation of sodium salt of acetoacet-o-toluidide 
with ethyl bromoacetate: q-Carboethoxymethyl acetoacet-o- 
toluidide

Acetoacet-o-toluidide (5.7 g.) in dry benzene (70 ml.) 
was refluxed with pulverised sodium (0.7 g.) for 5 hr. and 
cooled to room temperature. Ethyl bromoacetate (4-.8 ml.) was 
added and the reaction mixture was refluxed further for 4- hr. 
It was cooled and diluted with water. The two layers were 
separated and aqueous layer was extracted with benzene. The 
combined benzene extracts were washed with water and dried 
with anhydrous calcium chloride, The solvent was removed 
and the product obtained crystallised from benzene petroleum 
ether mixture (1:1), m.p, 82°. Yield 4-.5 g.
Analysis : Pound : C, 64-.89? H? 6.71; N, 5.14- $.
C15H190*R * requires : C, 64-.99; H, 6.86; N, 5.05^.

4k,8-Dimeth.yl-2-hydroxyquinoline-3-acetic acid

a-Carboethoxymethyl acetoacet-o-toluidide (4-.5 g.) 
was treated with concentrated sulphuric acid (12 ml.) and 
left overnight. It was heated on water bath for 4-5 min. The 
reaction mixture was added to water and the product which 
separated crystallised, from glacial acetic acid, m.p. 295°. 
field 3 g.
Analysis : Pound : C, 67.4-3; H, 5.50? N, 5.95 %•
C,3H1303H requires : C, 67.53? H, 5.62; W, 6.06%.
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Lactone of 4.8-dimethyl-2-hydroxyqulnoline-3- 

acetic acid

4.8- Dime thyl-2-hydroxyquinoline-3-acetie acid (2 g.) 
was heated with acetic anhydride (5 ml.) in an oil bath at 
110° for 4 hr. The cooled mixture was diluted with ice water 
and stirred well. The separated product was filtered and 
washed with water. The product was stirred with sodium 
bicarbonate solution and the insoluble solid crystallised 
from dilute acetone, m.p. 199°. Yield 1.1 g.
Analysis : Pound : C, 72.86; H, 5.01$ N, 6.12 %,
C^HnOaH requires" ; C, 73.23; H, 5.16; N, 6.57 %.

Condensation of sodium salt of acetoacet-m-xylidide 
with ethyl bromoacetate : q-Carboethoxymethyl acetoacet 
-m-xylldide

Pulverised sodium (0.7 g.) in dry benzene (80 ml.) 
and acetoacet-m-xylidide (6,1 g.) were heated on a water 
bath for 5 hk. and cooled to room temperature. Bthyl 
bromoacetate (4.8 ml.) was added and the reaction mixture 
was refluxed further for 4-5 hr. The product obtained on
working up as before crystallised from benzene-petroleum

*ether mixture (Isl), m.p. 126°. Yield 5 g.
Analysis : Found s C, 65.84; H, 7.10; N, 4.40 %.
C16H21O4.N requires 1 C, 65.97; H,. 7.21; N, 4.81 %.

4.6.8- Trifflethyl-2-hydroxyquinoline-3-aeetie acid

a-Carboxyethoxymethyl acetoacet-m-xylidide (5 g.) 
was treated with concentrated sulphuric acid (12 ml.) and
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left overnight. It was then heated on a water bath for 1 hr.

The reaction mixture was added to water and the product which 

separated crystallised from glacial acetic acid, m.r. 308°. 
Yield 3.5 g.
Analysis : Found : C, 68.365 H, 5.96$ If, 5.55 $.
C|'^H|503N requires 1 C, 68.57; H, 6.125 If, 5.17$.

Lactone of 4,6,8-triinethyl-2.-hydroxyquinoline-3- 

acetic acid

4,6,8-Trimethyl~2-hydroxyquinoline-3-.acetic acid (2 g.) 

was treated with acetic anhydride (6 ml.) and heated in an 
oil bath at 110° for 4 hr. The product separated on dilution 

with xfater was taken in sodium bicarbonate solution and the 
insoluble solid crystallised from acetone, m.p. 268°.
Yield 1 g. . ’
Analysis : Found : C, 74.4-35 H, 5.965 N, 6.30 %,

requires : C, 74.OO5 H, 5.72; N, 6.16$.

Cpnddnsatlon of sodium salt of acetoacet-a- 
naphthylamide with ethyl bromoacetate i c-Carboethoxymethyl 
ac etoacetMa-naphthylamlde

Acetoaeet-o-naphthylamide (6 g.) in dry benzene (60 ml.) 
was refluxed with pulverised sodium (0.6 g.) for 5 hr. Ethyl 

bromoacetate (4.1 ml.) was added and the reaction mixture was 

refluxed further for 6 hr. On working up as before the product 
crystallised from methyl alcohol, m.p. 130°. Yield 4.5 g. 
Analysis : Found : C, 68,895 H, 6.215 N, 4,07 $.
C18H190*N requires s C, 69,035 H, 6.075 F, 4.47$.
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4-Methyl->2-hydroxy-7.3-benzoquinoline-3-acetic acid

a-Carboethoxymethylfacetoacet-o-naphthylamide (4.5 g.) 
was treated with concentrated sulphuric acid (12 ml.) and 
left overnight. It was heated on a water bath for 1 hr. The 
reaction mixture was added to water and the product which 

separated crystallised from glacial acetic acid, m.p, 303°. 
Yield 2 g.
Analysis : Pound : C, 71.68*, H, 4.97*, W, 4.92 %.

Ci$Ht203N requires ; .C, 71.91$ H, 4.86$ N, 5.24$.
Lactone of 4-methyl-2-hydroxy-7-r8~benzoqulnoline-3- 

acetic acid
The above acid ^2 g.) was treated with acetic 

anhydride (6 ml.) and heated in an oil hath at 110° for 4 hr. 
The reaction mixture waa added to water and the product 
which separated was washed with sodium bicarbonate solution 
to remove unreacted product. The cyclised product crystallised 
from dilute acetone, m.p, 256°. Yield 1 g.
Analysis : Pound : C, 77.63$ H, 4.37$ N, 5.36 %,
C, fiHnOgN requires : C, 77.73$ H, 4.45$ bT, 5.66 %.

Condensation of sodium salt of acetoacet-p-xylidide 
with ethyl bromoacetate; 
xylidide

Acetoacet-p-xylidide (4.1 g.) in dry benzene (80 ml.) 
and pulverised sodium (0.5 g.) were refluxed on a water bath 
for 5 hr. Ethyl bromoacetate (3.2 ml.) was added and the 
reaction mixture was refluxed further for 4 hr. On working 
up as before the product obtained in liquid form ( 3 g.).
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4,5,8-Tr imethyl-2-.hydroxyquinoline-3-ac etic acid

The above oily product (3 g.) was treated with 
concentrated sulphuric acid (3 ml.) and left overnight.
It was then heated on a water bath for 1 hr. The reaction 
mixture was added to water and the product which separated 
crystallised from glacial acetic acid, m.p. 2780. Yield 1.5 g. 
Analysis Pound : C, 68.53* H, 6.04; N, 5.37 $.
Cfl+H1 503N requires : C, 68.57*, H, 6.12; N, 5.17$.

Lactone of 4,518-trimethyl-2..hydroxyquinoline-3~ 
acetic acid

The above acid (1 g.) was heated with acetic 
anhydride (5 ml.) in an oil bath at 110° for 4 hr. On working 

' up as before the product crystallised from acetone, 
m.p. 2380. Yield 0.4 g.
Analysis : Pound ; C, 73.64$ H, 5.64; N, 6.46^.
Ci*H1302N requires : C, 74.00; H, 5.73*, N, 6.16$.

Condensation of sodium salt of acetoacet-o-toluidide 
with ethyl bromoacetate : q-Carboethoxymethyl acetoacet-p- 
toluidide

Acetoacet-p-toluidide (5.7 g.) in dry benzene (80 ml.) 
was refluxed with pulverised sodium (0.7 g.) for 5 hr. Ethyl 
bromoacetate (4.3 ml.) was then added and the reaction 
mixture refluxed further for 5 hr. On working up as before 
the product obtained in liquid form (3.5 g.).

4,6-Dimethyl-2-hydroxyquinqline-3-acetic acid

The above oily product (3 g.) was treated with 
concentrated sulphuric acid (3 ml.) and left overnight.
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It was then heated on a water bath for 1 hr. The product 
which separated on dilution with water crystallised from 
glacial acetic acid, m.p. 3°5°. Yield 2 g.
Analysis : P0und s C, 67.98; H, 6,00*, N, 6,4-3 %.
C13H1303N requires : C, 67.53*,' H, 5.62; N, 6.06#.

Lactone of 4-16-dime thyl-2-.hydroxyquinoline-3- 
acetic acid

The above acid (2 g.) was heated with acetic 
anhydride (5 ml.) in an oil bath at 105-10° for 4 hr. On 
working up as before the product crystallised from acetone, 
m.p. 230°. Yield 0.9 g.
Analysis s Pound C, 73 M; H, 5.12*, I, 6.10 J&.
C,3Hn02N requires s C, 73.23*, H, 5.16; N, 6.57%.

Condensation of sodium salt of acetoacetanilide with 
ethyl bromopropionate : a-Carboethoxyethyl acetoacetanilide

Acetoacetanilide (5.1 g.) In dry benzene (50 ml.) 
was refluxed on a water bath with pulverised sodium (0.7 g.) 
for 6 hr. To the cooled solution was added ethyl bromo
propionate (5.4- ml.) and the reaction mixture was refluxed 
further for 5 hr. It was added to water. The two layers 
formed were separated and the aqueous layer was extracted 
with benzene. The combine benzene extracts were dried over 
anhydrous calcium chloride. On removal of benzene the product 
separated in a liquid form ( 5 g.).

4-, Methyl-2-hydroxyquinqline-3-propionic acid

The above oily product (5 g.) was treated with 
concentrated sulphuric acid (10 ml.) and left overnight.
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It was then heated on a water bath for 1 hr, and poured 
over ice water. The product which separated crystallised 
from alcohol, m.p. 237°. Yield 3 g.
Analysis : Pound : C, 68.82; H, 5.53; N, 6.30^.

C^H^OjN requires : Cr 68.43; H, 5.70; N, 6.l4 %.
Attempted cyclisation

3-propionic acid

(a) With acetic anhydride
The above acid (1.5 g.) was heated with acetic 

anhydride (5 ml.) in an oil bath at 110°"for 4 hr. On 
dilution with water the product which separated was found 
to be original acid.
(b) With acetic anhydride and fused sodium acetate

The above acid (1 g.) was treated with acetic 
anhydride (5 ml.) and fused sodium acetate (1.5 g.) and 
refluxed for 4 hr. On dilution with water the product which 
separated was found to be original acid.
(c) With nolyphpsphoric acid

The above acid (1 g.) was heated with polyphosphoric 
acid (5 g. phosphorus pe'ntoxide and 3 ml. of o-phosphoric 
acid) in an oil bath at 120° for 3 br. The product which 
separated on dilution with water was found to be original 
acid.
(d) With thionyl chloride followed by treatment with__

anhydrous aluminium chloride in dry benzene: 
(4~Methyl-2-hydroxy-3-quinolyl) ethyl phenyl Icetone

4-Methyl~2-hyAroxyquinoline-3-propionic acid (1 g.)
was heated with thionyl chloride (5 ml.) on a water bath
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"benzene (15 ml.) and anhydrous aluminium chloride (2 g.) 
was alowly added and heating continued for further 2 hr. 
Benzene was removed and the reaction mixture was poured 
over ice water and hydrochloric acid (3 ml.).The product 
which separated was filtered' and crystallised from glacial
acetic acid, m.p. 237°. Yield 0.2 g.
Analysis : Pound : C, 78.58; H, 5.57‘, N, 4.98 %.
C,9H1702H requires : C, 78.3*+; H, 5.84; N, 4.81 %.

Condensation of sodium salt of acetoacet-p-tolu^ide 

with ethyl bromopropionate : q-Carboethoxyethyl acetoacet- 
p-toluidide

Acetoacet-p-toluidide (3.8 g.) in dry "benzene 
(40 ml.) was refluxed on a water bath with pulverised 
sodium (0.5 g.) for 5 hr. Ethyl bromopropionate (3.6 g.) 
was added and the reaction mixture was refluxed further 
for 5 hr. On working up as before the product separated 
in a liquid form. (4 g.).

' 4,6~Dimethyl~2-hydroxyquinollne-3-proplonic acid

The above oily product (4 g.) was treated with 
concentrated sulphuric acid (8 ml.) and left overnight.

SLIt was then heated o%water bath for 1 hr. and poured
over ice water. The product which separated crystallised from
alcohol, m.p.252°; Yield 2 g.
Analysis : Pound : C, 68.68; H, 6.32; N, 6,00 %m

Ct4.H| 5O3N requires : C, 68.56; H, 6.12; N, 5.71 %.
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(4,6-Dimethyl-2-hydroxy-3-guinolyl) ethyl phenyl

ketone

4,6-Dimethyl-2-hydroxyquinoline-3-propionic acid 
Cl g.) was heated on a water bath with thionyl chloride 

(5 ml.) for 2 hr. After removing excess of thionyl chloride 
dry benzene (15 ml.) and anhydrous aluminium chloride (2 g.) 
were added and heating continued for further 2 hr. Benzene 
was removed and the reaction mixture was poured over ice 
water and hydrochloric-acid (3 ml.). The product which 

separated was filtered and crystallised from benzene, m.p. 

178°. Yield 0.3 g.
Analysis : Pound ; C, 78.6I5 H, 6.325 N, 5.02 f0,
C2oHi902N requires j C, 78,.695 H, 6.235 N, 4.59 %.

Condensation of acetoacet-o-tolu^ide with ethyl 
bromopropionate : q-Carboethoxyethyl acetoacet-q-toli^lide

Acetoacet-o-toluidide (3.8 g.) in dry benzene 

(40 ml.) was refluxed on a water bath with pulverised sodium 
(0.5 g.T'for 4 hr. To the cooled solution was added ethyl 
bromopropionate (3.6 g.)aMthe reaction mixture was 

refluxed further for 5 hr. On working up as before the 
product crystallised from ether petroleum, m.p. 85°.Yield 3 g. 
Analysis : Pound x C, 65.585 H, 6.975 5.04 %.
Ct6Hft0i|.N requires : C, 65.985 H, 7.2X5 N, 4,81

4,8-Dimethyl-2-hydr oxyquinoline-3--propionic acid

a-Carboethoxyethyl acetoacet-o-toluidide (3 g.) was 

treated with concentrated sulphuric acid (6 ml.) and left 
overnight. It was then heated on a water bath for 1 hr. and
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filtered and crystallised from alcohol, m.p. 244°. Yield 1,5 g. 
Analysis : Found : C, 68,89» 6,21; N, 5.40 %»

C14H1503N requires : C, 68.56; H, 6.12; N, 5.71#.

Perkin acetylation of S^methyl-l-formyl-V-hydroxy- 

quinoline t 5-Me thy 1-2- oxo-2H-.pyrano( 3,2~c ) quinoline

A mixture of 2-methyl-3-formyl-4-hydroxyquinoline 

(1 g,), acetic anhy&ride (10 ml.) and triethylamine (4 ml.) 
was heated in an oil bath at 110° for 16 hr. It was then 
poured in ice cold water and the product which separated 
crystallised from benzene petroleum ether mixture (1:1), 
m.p. 180°. Yield 0.3 g.)
Analysis : Found : C, 73.775 H, 4.18; N, 6.50 %.

C13H902N ■ requires : C, 73.935 H, 4.26; N, 6.63 %,

5-Methyl-3-Phenyl-2-oxo~2H-pyrano(3,2-c)quinoline

A mixture of 2-methyl-3-formyl-4-hydroxyquinoline 

(1 g.), phenylacetic acid (1 g,), acetic anhydride (10 ml.) 
and triethylamine ( 4 ml.) was heated in an oil bath at 

110° for 16 hr. The reaction mixture was then poured in 

ice cold water and the product which separated crystallised 
from alcohol, m.p. 204®. Yield 0,4 g.

Analysis: : Found : C, 78.975 H, 4,455 ?A.8l %.
Cl9Hl302N requires : C, 79.43; H, 4.52; $,4.87 %•

Perkin acetylation of 2,8-dimethyl-3-formyl-^- 
hydroxyquinoline : 5<7-Dimethyl-2-oxo-2H-.pyr ano(3;2~c) 

quinoline

A mixture of 2,8-dimethyl-3-formyl-4-hydroxyquinoline



(1 g.), 'acetic anhydride (10 ml.) and triethylamine (4 ml.) 
was heated in an oil bath at 110° for 16 hr. The reaction 
mixture was then poured in ice cold water and the product 
which separated crystallised from methyl alcohol, m.p. 170°. 
Yield 0.3 g.
Analysis : Found : C, 74.62; H, 5.08%, N, 5.99
C14H11O2N requires * C, 74.665 H, 4.88; N, 6.22 %.

5.7-»Dimethyl-3-phenyl-2-oxo-2H-pyrano( 3,2-c ) quinoline
A mixture of 2,8-dimethy1-3-formy1-4-hydroxyquinoline 

(1 g.5» phenylacetic acid (1 g.), acetic anhydride (10 ml.) 
and triethylamine (4 ml.) was heated in an oil bath at 110° 
for 16 hr. The reaction mixture was then poured in ice cold 
water and the product which separated crystallised from 
alcohol, m.p. 178°. Yield 0.3 g.
Analysis : Found s C, 79.63*, H, 4.96*, N, 4.46 t.
C20H15O2N requires s C, 79.71$ H, 4.98$ N, 4.65$.
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