Synthesis of 2,4-dihydroxyquinolines
by eyelisation of mslon arylacids
and malonmono arylamides using poly-

phosphoric acid as the cyclising agent.
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PART II
Lo Theoretical

Polyphosphoric écid has been found to be a very
affective éeagent so far employed In organic synthesis as
is seen from the reviaw made by F,D.Popp and W,E,McEwen
(loc.cit,). Polyphosphoric zcid has been widely used as
a .condensing agent In the synthesis of numerous hetero-
cyclié compounds, e.g., in the Fischer irdole synthesis
and pomeranz-Fritseh reactlon ; In the preparation of
evelle ketones by iIntra molecular acylatlon reactions H
iIn the cyclodehydration reactlons of aldehydes, ketones
and alcohols 3 iIn the Beckmann, Lossen, Wagner-Meerwein
and Schmlidt-rearrangements 3 In the intra molecular
acylation and alkylation and in some other miscellaneous
uses, vlz., nitratlon, brominatlon, dehydration, hydrolysis,
polymerization and phosphorylation reactions.

Witkop et =l. ( J. Amer. Chem. Soc., 1952, 74,
3948 ) used polyphosphoric acid and obtained 2-phenylindole
in good yield, not only from acetophenone phenylhydrazone
but also from a mixture of phenylhydfazine and acetophénone
by the method of Fischer indole synthesis. Singer H. and
Shive W. ( J. Org. Chem., 1957, 22, 8% ) carrled out similsr
Fischer cyellsation of ethyl pyruvate-o-nitrophenylhydrazone
with polyphosphoric acid and obtained ethyl-7-nitro-2-indole
carboxylate (I). Herz and Tsel ( J. Amer. Chem. Soc., 1953,
73, 5122 ) carried out the Pomeranz-Fritsch reaction on

thiophenecarboxaldehyde and aminoacetal using polyphosphorie
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acld and obtained thianaphtheno (2,3-¢) pyridine (II)
derivatives. 4 mixture of polyphosphoric zcid and
phosphorus oxychloride here was used with better yleld
than that obtained with Eoncentrated sulphuric acid.
Leavitt et al. ( J. &mer. Chem. Soe., 1957, 79, 427 )
carried out the Phillips benzimldazole synthesis using
polyphosphoric acid with o-phenylenediamine and benzoilc
acid to give 2-phenylbenzimidazole (III). (Miss) E.F.M.
Stephenson ( J. Chem. Soc., 1957, 1928 ) obtalned 3-methyl-
3—phen§loxindole by cyclisation of (+)-atrolacetanilide
with polyphosphoric acid. Hill R.K. ( J. Org. Chem., 1957,
22, 830 ) cyclised nitrocycloalkanes into spirolactanms
using polyphosphoric acid.
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Koo, J. ( Chem. and Ind., 1955, 445 ) condensed
reéorcinol with each of the p-ketoesters, ethyl acetoacetste,
ethyl c-methylacetoacetate and ethyl benzoylacetate in
polypho sgphoric acid and obtsined respectively Y-methyl-7-
hydroxycoumarin, 3=b-dimethyl-7-hydroxycoumarin and L4-phenyle-
7<hydroxycoumarin in 80-95 % yield. The chalcone (IV) has
been converted by Nakazawa and Matsuura ( J. Pharm. Soc.,

Japan, 1955, 75, 469 ) into the flavanone derivative (V)



in 80 % yield by the action of polyphosphoric acid.
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Elston ( Doctoral Dissertation, University of
Illinois, 195% ) prepared 4,7-dimethylcoumarin in 76 %
vleld from m-cresol and ethylacetozcetate using
polyphosphoric acid and found that polyphosphoric aclid is
about as effective 2 catalyst as sulphuric acid, |

Sukh Dev (loc.cit.,) converted By-or yd -unsaturated
-aclids to cyclenones with the aid of polyphosphorice acid,
viz.,cycloheptylidenesuceinic acid was cyclised to
eycloheptenocyclopentanone (VI) by treatment with
polyphosphoric acid. Cope and Smith ( J. Amer. Chem. Soc.,
1955, 27, 4596 ) carried out the cyclisation 6f o-(g-
phenethyl)phenylacetic acid to 1,2,5,6-dibenz-l,5-‘
cyclooctadlene~3-one (VII) in 93 % yield using pol&phosphoric
aecld,

¢
COOCH) . A
T ole
a2Y cyind.

Phillips ( J. Amer. Chem. Soc., 1955, 77, 3658 )
prepared 4,7-dimethyl-l-tetralone from y-pytolylvaleric



and Murray ( J. Amer. Chem. Soc., 1955, 77, 3858 )

‘synthesised 5-phenyl-benz-acridine (VIITI) in 87 7 yield Q /

l [iup] &‘{
from 2-phenacyl=3-phenylquinoline using polyphosnhorib”&

acid. Poller et 2al. (J. Chem. Soc., 1956, 1195 ) carried
out several converslons of diarylarsinic acids into
9-arsafluorene oxides (IX) by polyphosphoric acid st
160°C for 3 hours.

L .
N7 .
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Pratt, Rice and Luckenbsugh ( J. Amer. Chem. Soc.,
1957, 79, 1212 ) prepared 3,4%-dilhydroisoquinoline from
N;formylphenethylaminé by Blschler-Napieralski synthesis
with polyphosphorie acid, Further, Proctor and Thomson (J.
Chem. Soc., 1957, 2302 ) carried out the synthesis of
2-tosyl-1,2,3,k-tetrahydroisoquinoline. Snyder and Werber
(loc.cit.) sﬁbjected the Bischler-Napieralski reaction to
ﬁ-acetyl-phenylalanine with a mixture of polyphosphoric acid
and phosphorus oxychloride and obtained l-methylisoquinoline.

(‘d‘zosh,~ Bhattacharya and Dutta ( J. Ind. Chem.
Soec., 1958, 35, 758 ) studied the process, involving
eyclodehydration probably followed by decarboxylation and
dehydrogenation, when d¢-methyl-a-acetamido-pg-phenyl-
proplonic acld was treated with a mixture of polyphosphorie
acld and pho sphorus oxychloride yielded 1,3-dimethyliso=
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quinoline, Popp and MeEwen ¢ J. Amer. Chem. Soc., 1957,
79, 3773 ) alsé used a mixture of polyphosphoric acid and
phosphorus oxychloride for prepsring 6,7-dimethoxyiso-
quinoline ffom verstrylideneaminoacetal.

Horning et al. (loc.cit.) studied the Backmann
rearrangement of oximes with\polyphosphoric acid e.g. when
syn benzaldoxlime treated with polyphosphoric acid at 1300
gave formanillide and benzamide, while anti form at the

same temperature gazve only bengamide.

PPA
CgHs -0 «H - CgHgMHCHO + C¢HzCONH,
I 1300
¥ - OH
(Syn)
PPA
C6H5 -C - H — CsH;CONHZ
cl 1300
H - ¥

(Anti)

Hence, it was concluded thaé the syn-isomer
undergoes partlal isomerization to the anti-form in contsct
with polyphosphoric acid. The conversion of aromstic
carboxylic 2cids to arylamines comﬁonly called Lessen
rearrangement has been carried out by the reaction with
acid and hydroxylamine hydrochloride in polypho sphoric acid,
Ketones are also converted to amines by this method.
Polyphosphoric acid is also applied to Wegner-Meerwsin
rearrangement, and in this case when spiro(cyclopentzne-

1,3'-N-methyl-2'-hydroxyindole) (X) 1s trested with the



above reagent gave 9-methyltetrahydrocarbazole (XI).
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Klager et al. ( J. imer. Chem. Soc., 1955, 77,
5433 ) carried out the nitratlon of diethyl alkylmslonate
with polyphosphoric acid and obtained a high yield of
diethyl alkylnitromslonate. Polyphosphorlc z2cid is also
used as a dehydrating agent for the preparation of
o0lefins from alcohols. Benzyl esters of amino gcids,
- useful intermediates for the synthesis of peptides, have
been prepared in high yieids with polyphosphorle acid
solutlon. Cherbuliez and Weniger ( Helv. Chim. fcta., 1946,
29, 2006 ) carried out the phasphorylation of aleohols,
©.g., mothyl phosphate, benzyl phosphate and cetyl
phosphate have been prepared by reasction of the respective
alcohols with polyphosphoric acid. Schaad ( U;S.Patent,
2557924 5 1951 ) prepared alkylazides by the acid-catalyzed
addition of hydrogen azlde to 2lkenes. Breuer and Hofferth
( U.S.Patent, 2740767 3 1956 ) observed that coumarone-
indene resins, having low softening points may be upgraded
by treatment wlth polyphosphoric acid and a source of
formaldehyde. Finally, polyph&sphoric acid has been found
to be of use iIn the catalytic reforming of petroleum

stocks, contalning significant amounts of nitrogen compounds



and here ammonia formed, during the cracking operation, 1s
removed.

Kermack et al. ( J. Chem. Soc., 1940, 1164
ibid., 1942, 213 ) synthesised number of p-phenanthroline
(XII) derivatives from 6-aminoquinolines by Skraup reaction,
Moreover, ?ermack and Halecrow ( J. Chem. Soc., 1946, 155 )
subjected o-phenylenedizmine to Skrazup reaction and
obtained o-phenanthroline (XIII) derivatives, while
Kermack and Tebrich ( J. Chem. Soc., 1945, 375 ) prepared
L-hydroxy-m-phenanthroline (XIV) from 5-zmino-l-hydroxy-
quinoline by Skraup reactione.

‘ AN
N~
N
N ? ’
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L-Hydroxyquinolines have been obtained by Conrad
and Limpach ( Ber., 1887, 20, ouh ; ibid., 1888, 21, 521 ;
Limpach éer., 1931, 64, 969 5 Price and Roberts, J. Amer.
Chem. Soc., 1946, 68, 1204 ) on thermal cyclisstion of
saveral ethyl g-erylamino-c-fg-unssturated esters obtained
from ethyl agetoacetate and primary arylamines. Bwins and
King ( J. Chem. Soc., 1913, 103, 104 ) synthesised
2-hydroxyquinolines by a2 modified method of Knorr (Ber.,
1884, 17, 540 ), using concentrated sulphuric acid as a
cycllising agent, Bangdiwsla and Dessi ( J. Ind. Chem. Soce,

-
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’ 1953, 30, 655 ) obtained L-hydroxyquinolines on
cyclisation of crotonates and acrylates, using a mixture
of acetic anhydfide and concentrated sulphuric acid as a
cyclising agent., Hauser and Murrey (loc.cit.) used
polyphosphoric acid for the preparation of L-hydroxy-
quinolines. (Mlss) Stephenson (loc.cit.) synthesised
2-hydroxyquinoline derivatives from N-(benzoylacetyl)
aniline4with polyphosphoric acid in good yield.

The synthesis and chemistry of 2,4-dihydroxy-
quinolines and e,h-dichloroquinolines, which provide the
useful intermediates for the preparation of a series of
2-ary1amino~hcaminoalky1aminoquinolines‘used as
antima;erials, have been important in recent years
(Drake et al. J. Amer. Chem. Soc., 1946, 68, 1208 ; Curd,
Ralson and Rose, J. Chem. Soc., 1947, 899 ). The differential
reactivities of the substituent groups in 2,4-dihydroxye
quinolines and 2,4-dichloroquinolines have been investigated
and utilized for the preparation of a series of 2-zrylamino-

beaminoalkylaminoquinolines (a) and their derivatives (b)

and (c). , /
NHR R

Sels SN Ilde
N7 NK i XN ; Nals

coy cb) e

To achieve the synthesils of compounds of types
(2) and (b), the possibility of a stepwise replacement of
the groups R and R' in a quinoline derivatives of type (e),
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vhere R=R'=0H or halogen, was first considered because the
simplest 6f such compounds, namely 2,4-dihydroxyquinolines,
was avallable as an Intermediate. The reaction of 2,4~
dihydroxyquinoline with a number of primary and secondary
aliphatic amines at 150-250°C to give h-aminoquinolines or
Y-zlkylaminoquinolines has been described in Germann Patent
No. 681980, which makes no mention of the condensstion of
2,h-dihydroxyquinoline4with arylamines to obtain hH-znilino-
2=-hydroxyquinolines.

Further, V.Viementowski ( Ber., 1907, L0, 4285 )
and Dziewonskl and Dymek ( Chem. Zentr., 1937, 1, 1153 )
obtained Y=anilino-2-hydroxyquinoline from benzoyi acotic
ester with anthranilic acid, noted its insolubility in
alkall, and obtained 4-anilinoquinoline j whereas on
distillation with zinc dust obtained 2,4%-dianilincquinoline
which on heating with potassium hydroxide, obtained
Y.anilino-2-hydroxyquinoline with its isomer Lohydroxy-2-
anilinoquinoline, which is soluble in alkali.

Brooker and Smith (loc.cit.) prepared 2,4
dihydroxyquinoline by the method of Ashley et al.(loc.cit.)
by treating methyl acetyl-znthranilate with sodium in
toluene. 2,4-Dihydroxyquinoline on treatment with phosphorus
pentoxlide and phosphorus oxychloride gave 2,4-dichloro-
quinoline from which a new type of eyanims dye, viz., .
2,4-Di- [ 1-ethyl-2(1)-quinolylidene)-methyl] -quinoline
,ethiodide (XV), containlng three hetrocyclic nuclel, has



been obtained. Thus?
: OH
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Various workers have carried out the preparation

ofﬁ2,h-dihydr6xyquinolines, involving a2 number of processes.
One process: involves the reduction and similtaneous
cyélisation of o-nitro-benzoylmalonic ester (Bischoff,
loc.cit,), latter on‘mod,ified by others (Gabriel, loc.cit.i.
. Asahina, loc.cit.). Thus;

OH

COCH(Co0CyHs) ) ‘ | @\j
@ . ' \ ) N/ OM

NOy

The second process involves the eyclisation of -
the anilide of maloniec ester ( Bauﬁgarten et 21., loc.cites -

Kammerer, loc.cit.), as follows:
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or

COOCsz CONHCcH g
-2C, He0 = CHR-CeHsNHz YR
2 ¢ epn 2GHOL
NH) ] N"OH

C00C, Hg

The third process involves the condensation of
malonic ester with anthranilic ester in order to obtaln
2,h-dihydfoxyquinoline—j-carboxylate methyl ether (Koller,
loc.cit.). The fourth process involves the cyclisation of
Neacetyl anthfanilic acid ( Bad.fnilin-Soda Fabr., Germsn
Patent, 117167 ), while the fifth one 1s a relatively

&siméle reaction between quinoline and anhydrous potassium
hydroxide in the presence of barium oxide (Tschitschibabin,
J.Russ.Phys.Chem.Soc., 192%,55,7). B. Ziegler and H,

Juenk ( Chem. Abst., 1957, 51, 3598 ; Monatsh., 1956, 87,
503 ) carried out the reaction of melon acid dianilide

- with anhydrous 41Cl; and obtained h-énilinocarbostyril,
from which Y-hydroxycarbostyril was obtained by hydrolysis
wlth hydrochloric acid ( Nimentowski, Chem. Abst., 2,279).

Recently, Ziegler and Gelfert (loc.cit.) have
reported a new and simple method for the preparation of
2,4-dihydroxyquinoline by cyclisation of malonic acid
dlanilide using phosphorus oxychloride as the cyelising
agent. Baumgarten and Kargel (loc.cit.) prepared 2,4
dihydroxyquinolines by the simple method of ﬁeating malonic

ester with an aromatic primary amine. But thils method can
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only be used for the preparation of the‘j-substituted-z,
4-dihydroxyquinolines. Shah et al. ( J. Sci. industr. Rese,
1960, 1 é, 176 ) also prepared quinolinediols using a
mixture of anhydrous zinc chloride and pho sphorus
oxychloride. W.R.Vaughan (loc.cit.) carried out the
preparation of 2,4-dihydroxy-3-quinolyl methylketones by
heating a solution of primery arylamine and acetylmalonic
ester In nitrobenzene in a metal-bath st 230-2450C for one
hour and reported that the method of cyclis&ti&n of anilide

of malonic ester‘was mst sultable.

Erdmann (Ber., 1899,32, 3570) corfled out the
- Claisen condensation of ethyl anthranilate and ethyl
acetate, followed by a closure of the quinoline ring and
obtained 2,4-dihydroxyquinoline. Lutz and co-workers ( Lutz
‘et al., J. Amer. Chem. Soc., 1946, 68, 1285 ) improved the
method of Ashley et al. (loc.cit.) by starting from the
more reactive malonyl anthranilic ester and prepared
7-ch10ro-2,hedihydroxyquinoline (Koller., loc.cit.). These

reactlions are expressed z2g s«

OH
COO0C L Hg cQ N
d
+ CH3 _— IH" -
| CO0C Hg NNy F T OH
NHy  COOCyHg NH2

i

OH OH

COCHy €00 Hy N
S - —_—
ol c N oH cl N7 OH

NHCOCH) COOC Hy
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In an attempt to find a new type of'compound,
which might prove effectlve in the treatment of maslaria,
Baker, Lappin and Riegel (loc.cit.) prepared some 3-alkyl-
2,4=quinolinediols. The condensation of alkyl-malonic
esters with anilines to give 3-slkylquinolinediols has
been carrled out by heating the reactants in vacuo to
300°C (Baumgarten and Kurgl., loc.cit.) or by heating in
nitrobenzene as a solvent ( Kammerer., loc.cit.). Neither
of these methods proved satisfactory when applied to
cyclohexylpropylmalonic ester with aniline or to p-dimethyl-
aminoaniline with any alkylmelonic ester. However, when
equimblecular quantities of cyclohexylpropyl-malonic ester
and aniline was heated in refluxing diphenyl ether 2
quantitative yield of 3-alkyl-2,4-quinolinediol was obtained.
This method was also successful with p-dimethylaminoaniline,
but not with o-nitroaniline alkylmelonic ester nor with
3-diethylaminopropyl malonlc ester.

Berinzaghl, Muruzabal; Labriols and Deulofeu
(J.0rg.Chem., 1945, 10, %81) obtained 2,%-dihydroxymethoxy-
quinoline by drgradation of y-fagarine, which was shown by
independent synthesis to be 2,4-dihydroxy-8-methoxyquinoline.
Again, 2,4%-dihydroxy-8-methoxyquinoline was prepared from
ethyl mslonate and methoxy-o-nitrobenzyl chloride in dry
ether and sodium ethoxide, and finally the product was
dissolved in alcohol, which was refluxed for 12 hours with
tin and hydrochlorie aéid. By the above method 2,4-
dihydroxy-6-methoxyquinoline, 2,4-dihydroxy-7-methoxyquinoline

and 2,4%-dihydroxy-8-methoxyquinoline have been prepared.
‘\
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Moreover, the 3-nitreoso derivatives of 2,4-éihydroxy-
methoxyquinolines were preéared with sodium nitrite in a
8 % solution of aqueous sodium hydroxide.

Buchmonn and Hamilton ( J. Amer. Chem. Soc.,
1ok2, 6k, 1357 ) treated 2,4-dichloroquinoline with
aleoholic potassium hydroxide and obtailned two isomeric
chioroethoxyquinolines¢ The_%-caloronzuethoxyquinoline and
2-chloro-%eethoxyquipoline from which Y-chloro-2-hydroxy-
quinoline and 2-chloro-lt-hydroxyquinoline have been obtained
by hydriodic acid. The merked antimalerial activity of a
number of quinoline derivatives having an alkylamino side
chain attached in the Y-position has led to an investigation
of new procedures (Price and Roberts, loc.cit.) for the
preparation of ht-hydroxyquinolines from m-chloroaniline
and ethoxy methylepe malonic ester in boiling diphenyl .
ether and thus the quinolinols mey be convertsd to the
desired drugs., ,

- Further, the constitution of 4-hydroxyearbostyril
was proved by Fritz Arndt et al. ( Chem. Ber., 1953,86,951 ;
Chem. Abst., 1954, 48, 11417 ). The structure of l-
hydroxycarbostyril was proved by its methyl derivatives.

The technical sodium salt of L-hydroxy-carbostyril is
~decomposed with hydrochlorie acid, the solution extracted
with sodium carbonate and the extraction, on acidification,
gave hshydroxycarbostyril. L-Hydroxycarbostyril is also
prepared from o-aminophenylacetylenecarboxylic acid on heating
with concentrated sulphuric acid for 5 minutes.at 1k0°C,

according to Baeyer and Bloem (Ber., 1882,15,2151) and
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adding diazomethane (CH,Np) in ether to 4-hydroxy-
carbostyril gave Wt-methoxycarbo styril. From the original
mother liquor 2,4-dimethoxyquinoline was also isolated.
b Methoxycarbostyril did not give colour with ferrie
chloride and this when heated with 20 % hydrochloric'acid
gave 4-hydroxycardostyril. ‘
4-Me thoxy-1-methyl-carbostyril was obtained from

h-methoxycarbostyril and methyl iodide with sodium hydroxide
solution. Refluxing Y-methoxy-l-methylearbostyril with
hydrochlorlic acid gave Y-hydroxy-l-methylesrbostyril, which-
also obtained fgom tﬁe sodium salt of h-hydroxycarbqstyril
with diméthyl sulphate in sodium hydroxide solution.

. 2=-Methoxy-l-methylkynurin obtained from 4-hydroxy-
l-methyléafbostyril and CHp W, in ethermal solution. From
the mother liquor %—methoxy-l-ﬁethylcarbogtyril was obtained.
Betaine is obtained on heating 4.hydroxycarbostyril with
concentrated sulphuric acid, and on heating betaine with
dry CHzN, gave trimethylbetaine, and from the filtrate
2,edimethoxy-1-methylquinolinium-6-sulphonate was obtained.

OH 0
) L
';1 0 3 - ’ !:l OoH
CHa CH3
<1d> cled.

L.Hydroxy-l-methylearbostyril exlsts in the
carbostyril form (Id) or in the kynurin form (Ie) and
therefore on methylation gives Y-methoxy-l-methyl-
carbostyril zand 2-methqzy-l-methylkynurin. Tow (Ie) is



more acid and is preferentlally methylated 3 while
2-methoXy-l-methylkynurin ( methoxy of Ie ) is nore basile
than h-methoxy-l-methyléarbostyril. The transannelar
tautomerism of Y-hydroxycarbostyrll is as follows:

OH 0

) = Q)
N0 N~ OH
H H

cic)

L.Hydroxycarbostyril in a solid state has the
Yohydroxy-2-{1H)=-quinoline structure (Ia), and in this form
with diazomethane gives Y-methoxycarbostyril exclusively.

In solution L-hydroxycarbostyril undergoes a-y-tautomerism(
changing to the kynurin structure (Ib), which on methylatlon
with diazomethane gives 2-methoxy of (Ib), which is not
stable and ﬁndergoes transannelar tautomerism to t=-hydroxy-
2-methoxyquinoline, which on methylation gives 2,4«
dimethoxyquinoline.

It is assumed that the transannelar tautomerism
occurs first after the kynurin structure (Ib) is fixedAby
methylation to 2-methoxykynurin and that a dihydroxyquinoline _

structure (Ic) as such does not exist.
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2, t-Dihvdroxyguinolines :

The present work was undertaken with a view to
prepare 2,4%-dihydroxyquinolines, which are found to be
important intermedlates, used for the preparation of a
series of antimalerials. Hence, quinolinediols have been
synthesised from malon arylacids and malon mono arylsmides
respectively, using polyphosphoric acld 2s the cyclising
agent. For this purpose malon arylaclds and malon monmo
arylamides, described in part I, have served as useful
intermediates in the preparation of 2,4%-quinolinediols.

The required malon arylacid was dissolved in a
clear solution of polyphosphoric acid which was prepared
by dissolving 10 g. phosphorus pentoxide in 6 ml.
‘phosphoric acid of density 1.75 and the reaction mixture
was kept at 140°C for 3 hours with a calcium chloride guard
tubs. Tt was then worked out by treating with hydrochloric
acid followed by sodium hydroxide solution at pHy . The
crude product was filtered and crystallised from acetle
acld gave 2,hk-quinolinediol. The course of reaction is

expressed as under:

‘OH
/COOH HO-C OH " N
ch e P gy
\ 140 N//C —OH N/ OH
CONHR

( Where R is phenyl,tolyl,xylyl,naphthyl,etec. groups )

\



2,4~Dihydroxyquinolines were also obtsined from
cyanacet arylamldes (RNHCOCH,CN) in two steps using
polyphosphoric acid, when 1t acted flrst as a hydrolytic
agent to give malon mono‘arylamidés (RVHCOCH,CONH, ) ,
which, when further treated with polyphosphorlec acld gave
244-dihydroxyquinolines,

During the course of reactlion malon mono
arylamides, further hydrolysed to malon arylacids with
the elimggion(of ammniz 2nd then these écids simultaneously
underwent cyclisation to give 2,4-dihydroxyquinolines
eliminating water as under:

OH

/CONHl HO-C- OH N
o \CH
CH, PPA 140 — i PP%
\CONHR (+H20; —NH3) N,,C.-OH ~Ha N/ OH

(Where R is phenyl,tolyl,xylyl,naphthyl,etec. groups).

It 1g to be noted that 2,4-quinolinediols were
not.obtained directly in a single step from cyanacet
arylamides with polyphosphoric acid 2t 140°. However, the '
preparation of 2,%-quimlinediols from malon —
arylamldes by means of polyphosphoric acid is similar to
that employed for malon arylagids { Mehta and Patel.,

J. Seci. Industr. Res., 1959, 18B, 391 ;3 ibld., loc.cit.).
The yields in the case of guinolinediols obtained from

malon arylacids wers quantitative, while those obtained



from maloﬁnmno arylamides were fair. Most of the
quinolinediols have high melting points, and insoluble in
most of the organic solvents. They are sparingly soluble
in scetic acid but fezirly scluble in alkali.

. It may here be pointed out that Hauser and
Murray (loc.cit.) obtained'2~methyl—E-ghenyl-hnquinolinol
(d) by Conrad-Lilmpach type of cyclisation from aniline and
acetoacetic ester In 4 % yiseld. But the same comgound (4)
from aniline (a) and a=tolunitrile (b) was prepared in good
yield employing acetic acid to catalyse the formation of .

anil (c¢) and with polyphosphoric acid to effect its

cyclisation as under:
. N OH
C
CH;COCHCNA - ~CH: CgHg X CeHs
+ _C—-h-a- i e .
NHy | N+ & CH3 N eH;
CeHs
cqad < (R & cd>

This above method appears to involwve the

-

conversion of the anil-nitrile (c) to the correspond

Jde

g

I
enil-amide (f), which undergoes cyclisation eliminating
ammonia,., Thus, not only niltriles kuown to be converted to
amides by polyphosphoric acid, but anll-amlde (f) obtained
from g=ketoamide (e) 2nd anlline was shown to undergo
cyclisation to form 2-methyl-3-phenyl-Y-guinolinol (4),.

Here it is possible that csoms amount of the anil-amide,

with the elimination of ammonia, was hydrolysed to the
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corresponding cérboxylic acid, which underwent cyclisation
elimlnating water § at the same time p-ketoamide (e) was
‘formed on partial hydrolysis of p-ketonitrile (b) with
polyphosphoric acid at 100°C as under:

CONH2
CH3COCHCN  ppa CHICOCHCONH) + CcHs NHa pea ~ CH-CeHs
100° ‘ 140° é~C&b
CeHs CHy N~
b> : >
o C R C cf)
' o
HO-C -OH .
@ SCH-(eHs N @Csﬂs
f ‘ > _
N’/C'QHB N7 CH3
cda.

Again, p-mechloroanilimo-c-cyanoacrylate, when
refluxed with dlphenyl ether, gave 7-ch16ro-3-cyano-h—
hydroxyquinoline ( Price, Leonard and Herbrandsoﬁ, Je fmer.
Chem. Soc., 1946, 68, 1251)3 while 3-cyclohexyl-2,k4-
quino}inediols have been obtailned by Baker, Lappin and
Riegel (loc.cit.) on refluxing a solution of diethyl
cyclohexylmalonate and aniline in diphenyl ether.

It may further be polnted out that over and above
polyphosphoric acld, other cyclising agents namely,
diphenyl ether, concentrated sulphu&ic acid angd a mixture
of acetic anhydride and concentrated sulphuric aeid have
2lso besn tried wlth malon arylacids and malon mono
arylamides without success. Malon arylacids, on refluxiﬁé
in diphenyl ether, gave the corresponding N-acetyl
arylamines KCH3CONHR), instead of the expected gquimclinediols
due to decarboxylation taking place during the course of
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reaction. Thus, malon anilic acid and malon-p-chloroanilic
acld when respectively refluxed with diphenyl ether for

2 hours gave acetanilide, m.p. 11#°G,, and p-chloroacet-
anilide, m.p. 179°C., due to their subsequent decarboxylation
of the acids. Simllarly, melon mono arylamides, when
refluxed inldiphenyl ether, gave the corresponding

eyanacet arylamides (RWVHCOCH,CN) due to the dehydration

of the former amides. Moreover, concentrated sulphuric acid
as well as a mlxture of acetic anhydride and concentrated
sulphuric acld were also tried with malon arylacids, but

it was found that none of these condensing agents wes
effecéiye in cyelising the acids to quinolinols.

Some dichloro-, and trichloro- derivatives of
2,4=dihydroxyquinolines have also been prepared using
phosphorus oxychloride as the chlordmating agent, as we11-
as 2 Qlacetoxy derilvative of a quinollnol has been prepareé
using acetle anhydride in presence of a few drops of
pyridine.

Thus, 2,4-dichloroquinoline § 2,4,7-trichloro-
quinoline j; 8-methoxy-2,4-dichloroquinoline and 6,7-
dimethyl-z,hudiacetoxyquinoline have been prepared.

The followlng malon arylescids and malon uwono
arylamides héve,thus,been cyclised (1) Melon-anlilile aecid
(2) Melon-c-toluidie acid (é) Malon-m=toluidic acid (&)
Malon-p-toluidic acid (5) Malon-m=chloroanilic acid (6)
Malon«p=chloroanilic acid (7) Malon-o-znisidic acid
(8) Malon-p-2nlsidic acid (9) Malon-1:3:k-xylidic acid
(10) Malon c-nephthylanilic acid (11) Melon-g-naphthylanilic
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acid (12) Malon mono anilide (13) ¥2lon mono-p-toluldide
and (14%) Malon mono-l:3:h-xylidide.

It may be pointed out that mo work was reported
on the synthesis of 2,4~dihydroxyquinolines, using
polyphosphoric aclid, before the publication of the present
work described in this thesis. The compounds marked with
(*) asteriskshave been reported for the first time. Thus,
2,4~dihydroxyquinolines and some of their chloro-znd

zcetoxy derivatives are glven below:

R, OH _ Ri ¢
R, m R, N
-~ R “ [
R3 N~ OH 3 3 N <l
Ry ‘ Ry
30" o

1. 2,%-Dihydroxyquinoline
(IV, Rq=Rz=R3=Ry =H )
2, 2,#~Dich10roquinoline.
 (Vy Ry=Rp=Ry=R, = H )
*3, 8-Méthy1-2,Mudihydroxyqﬁinoline
(IV, Ry=Rp=R3=KE § Ry=CH; )

*h, 7-Methyl-2,4-dihydroxyquimline

(IV, Ry=Rz=Ry=H § R3=CHy )
£5. 6=Mothyl-2,U-dihydroxyquinoline
(IV, Ry=R3=Ry=H ; Rp=CH; )
6. 7-Chloro-2,4-dlhydroxyquinoline
(IV, Ry=Rp=R,=H ; Ry3=Cl )

*
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gy
9.
10.

11.

#12.

#13.

11*'.

£15.

2,l,7-Trichlorequinoline

(V, Ry=Rp=Ry=H 3 R3=C1 )

6-Chloro-2,4-dihydroxyquinline

(IV, Ry=R3=Ry=E j R;=Cl )

8-Methoxy-2,4-dihydroxyquinoline

(IV, Ry=R,=R3=H § Ry,=0CHz )

8-Methoxy-2,4-dichloroquinoline

(Vy Ry=R2=R3=H § Ry=0CH; )

6=Methoxy=2,4=dihydroxyquinoline

(IV, Ry=R3=Ry=H ; R,=0CH; )

6,7-Dimethyl-2,%=dihydroxyquinoline

(IV, Ry=Ry=H ; Rp=R3=CH; )

6é,7-Dimethyl-2,4-discetoxyquinoline

(1V, OH=0COCHy § Ry=Ry=H ; Rp=R3=CHz )

2,%—D1hydroxybenzoquinoliézs (7¢8) (

N2 )

Sen

2,4-Dihydroxybenzoquinoline (5:6)
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EXPERIMENTAL

2,4=-Dihydroxyguinoline ¢

Malon-anilic acid (1.8 g.) was dissolved in a
clear solution of polyphosphoric acid, prepared by
dissolving phosphorus pentbxide (10.0 g.j in phosphoric
acid (6 ml. § d. 1.75 ), and the reaction mixture was
heated in an oil-bath at 1M0°C for 3 hours with a calcium
chloride guard tube. After cooling, hydrochloric aeld
(30 mle § 1 N ) was 2dded and the miﬁture was neutraliged
" with sodium hydroxide solution (pH %), when the crude
product precipitated. It was then filtered and crystallised
from glacial acetic acid, m.p. 360°C. Yield 1.4 g.

Malon monoanilide (2.0 g.) was dissolved in a
clear solution of polyphosphoric acld prepared by dissolving
pho sphorus pentoxide (10.0 g.) in phosphoric acid (6.0 ml.;
de 1.79 ) and the mixture was heated in an oil-bath at
140eC for 3 hr. with a calcium chloride guard tube. After
cooling hydrochloric scid (30.0 ml, 3 1 N) was added and
the mixture was neutralised with sodium hydroxide solution
(pH 4), when the crude product precipitated. It was then
filtered, erystallised from glacial acetlc acid,m.p.366°C.
Yield 0.9 g.

2,hunihydroxyquinaline,obtained from malon aniliec
acid or from malon monoanilide, was found to be identical
by comparing the melting~point, mixed melting point z2nd by

the znalysis,:



Analysis ¢
6,62 mg. of the substance gave 0.495 ml. of

nitrogen at 31°C and 761 mm. pressure.
Found : N=8.11 4.
CoHy0, ¥ requires : N = 8.70 %. ‘

2,%-Dichloroquinoline @
2,4-Dihydroxyquinoline (1.0 g.) was refluxed

with phosphorus oxychloride (10.0 ml.) for an howr with

a calecium chloride guard tube. After cooling to 60°C the
mixture was poured on crushed ice (250 g.) and neutralised
with 20 4 sodium hydroxide solution ( 100 ml. ). The
separated erude product was flltered, washed with water
and crystallised from alecohol, m.p.65°C. It wes, then,
identif'ied by comparing the meltiﬁg point and mixed melting
point with that of the authentic sample.

8-Methyl-2,4-dihydroxyquinoline ¢ ‘
Malon-o=-toluldic acid (1.95 g.) was dissolved
in a clear solutlon of polyphosphoric acid, prepared by
dissolving phosphorus pantoxide (10,0 g. ) in phosphoric
acid (6 ml. § d. 1.75 ), and the reaction mixture was
heated 1n an oil-beth at 140°C for 3 hours with a calcium
chloride guard tube. After cooling, hydrochloric acid
(30 mle § 1 ¥ ) was added and the mixture was neutralised
with sodinm hydroxide solution (pHih), when the crude
product precipitated. It was then filtered and crystallised
from glacial acetic acid, m.p. 360°C(dec.). Yield 1.5 z.
fnalvsis ¢
6.56 mg. of the substance gave 0,451 ml. of
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nitrogen at 31°C and 760 mm. pressure.
Found t W= 7,72 %-
8.00 %.

CyoHg02 NN reqaires s N

7=Mathyl-2,4=dihydroxyquinoline ¢

Malon-m-toluidlc acid (3.0 g,) was dissolved in

a clear solution of polyphosphoric acid, prepared by
dissolving phosphorus peﬁto;iide (15.0 g.) in phosphoric
acid (9.0 ml. § d. 1.75 ), and the reaction mixture was
heated in an oil-bath at 14%0°C for 3 hours with a2 calcium
chloride guard tubg. After cooling, hydrochloric acid
(30 ml. § 1 M) was added and the mixture was neutralised
with sodium hydroxide solution (pH 4))when the crude product
precipitated. It was,then, filtered and crystallised from
glacial acetic acid, m.p. 388°C(dec,). Yield 2.k g,

Analysis ¢ '

7.98 mg. of ‘the substance gave 0,560 ml. of
nitrogen at 33°C and 755 mm. pressure.
N =7.73 %
CioHg02N  requires : N = 8,00 %,

(4]

Found

6-Mothyl-2,4-dihydroxyquinoline ¢
)Malonpp-toluidic acld (3.0 g.) was dlssolved in a

clear solution of polyphosphoric acid, prepared by dissolving
phosphorus pentoxide (15.0 g.) in phosphoric acid (9.0 ml,;
d. 1.75 ), and the rsaction mixture was heated in an oil-
bath at 140°C for 3 hours with 2 calcium chloride guard

tube. After cooling; hydrochloric acid (30 ml. ; 1.X) was
added and the mixture was neutralised with sodium hydroxide

solution (pH 4.) when the crude product precipitated. It



was then filtered and crystallised from glaclal acetic
acld, mep. 3429C.(dec.). Yield 2.20 g. o
Malon mono-p=-toluidide (1.0 g.) was dissolved in
a clear solutlion of polyphosphoric acid, obtalned by
dissolving phosphorus peantoxide (5.0 g.) in phosphoric acid
(3.0 mi. § do 1.75 ) and the reaction mixture was heated
in an 0il bath at 140°C for 3 hr. with a calcium chioride
guard tube. After cooling, hydrochloriec acid (15.0 ml. j
1 N) was added, and the mixture was neutralised with sodium
hydroxide solution (pH %,), when the crude product wes
precipitated. It was then filtered, crystallised from
glacial acetic acid, m.p. 342°C, Yield 0.k g. -
6-Methyl-2,k-dihydroxyquinoline, obtained from

malon p-toluidic acid or from melon mmno-p-toluidide, was
found to be identical by comparing the melting point,
mixed melting point and by the analysis,

Analysis ¢

8.74 mg. of the substance gave 0,64+ ml. of
nitrogen at 25°C and 750 mm. pressure. “

Found : ¥ = 8.32 7.
croH90%N requires : N = 8,00 %,

7=Chloro=2,4%=-dihydroxyquinoline _
Malon-m-chloroanilic acld (2.10 g.) was dissolved

in a clear solution of polyphosphoric acid prepared by .
dlssolving phosphorus pentoxide (10.0 g.) in phosphorie
acid (6 ml. 3 d. 1.75 ) and the reaction mixture was heated
in an oil-bath at 140°C for 3 hours with a calcium chloride
guard tube. After cooling hydrochloric acid (30 m. ;1 M

-
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was added and the mixture was neutralised with sodium '
hydroxide solution (pH %.), when the crude product
precipitated. It was then filtered and crystallis?d from
glacial acetic acid, m.p. 339-40°. Yield 1.8 g.

Analysls )

6.9% mg. of the substance gave 0,416 ml, of
nitrogen at 29°C and 761 mm. pressure. ‘

Found s N = 6,78 %.
CgHg0IC1  requires ¢ N = 7.20 Z.

2.4, 7-Trichloroquinnline ¢
7-Chloro-2,4-dihydroxyquinoline (0.5 g.) was

refluxed with phosphorus oxychloride (6,5 ml. ) for an hour
with 2 caléium chloride guard tube. After cooling to 60°C,
the mixture was poured on crushed 1ce (100 g.) and
neutralised with 20 4 sodium hyﬁroxide solution (59 ml.).
The separated crude product was filtered, washed with water
and cerystallised from élcdhdl § m.p, 105°C. Tt wss,then,
ideﬁtified by comparing the meltlng point and mixed melting
polnt with that of the authentic sample.

6-Chloro=-2,4=-dihydroxyauinoline :

Malon-p-chloroanilic acid (2.10 g.) was dissolved
in a clear solutlon of polyphosphoric acid, prepared by
dissolving phosphorus pentoxide (10.0 g.) in phosphoric
acid (6 mi. § d. 1.75 ) and the reaction mixture was heated
in an oil-bath at 140°C for 3 hours with 2 caleium chloride
guard tube. After cooling hydrochloric acid (30 ml. § 1 N)
was added and the mixture was neutralised with sodium

hydroxide solution (pH &.) when the crude product
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precipitated. It was then filtered and cry;tallised from
glaclal acetic acid, m.p. 370°C (dec.). Yieid 1.80 e.
dnalysis ¢
6.42 mg. of the substance gave 0.436 ml. of
nitrogen at 25°C and 750 mm. pressure,
Found ¥ = 7.67 4.
7.20 %.

(1]

(H

CoHg0,M1 requires : N

8-Methoxy-2,4-dihydroxyquinoline ¢

Malon-o-anisidic acid (2.0 g.) was dissolved in
a cleer solutlon of polyphosphoric acid, prepared by
dissolving phosphorus pentoxide (10,0 g.) in phosphoric
acld (6 ml. 5 d. 1.75 ), and the reaction mixture wes heated
in an oil-bath at 1L40°C for 3 hours with 2 calcium chloride
guard tube. After cooling, hydrochlorie acid (30 ml. § 1 M)
was added and the mixture was neutrallsed with sodium
hydroxide solution (pH L4,), when the crude product
preciplitated. It was then filtered and crystellised from
glaclial scetic zcid, m.p. 248°C. Yield 1.6 g.
Analysls ¢ "
’ 9.26 mg. of the substance gave 0,61% ml. of
nitrogen at 30°C and 755 mm. pressure.
Found e V= 7,u2 7,

Ci0Hg03¥  requires : N = 7,30 %.

8~Methoxy-2,4-dichloroquinoline

8-Methoxy-2,4~dihydroxyquinoline (1.0 g.) was
refluxed wlth phosphorus oxychloride (10.0 ml.) for an
hour with a calcium chloride guard tube. After cooling to

60°C, the mixture was poured on crushed ice (250 g. ) and



neutralised with 20% sodium hydroxide solution (100 ul.).
The seﬁarated érude>proﬁuct was filtered,washed with water
and crystallised from aleohol, m.p.‘§2°G; Tt was,theh,
~1dentified by comparing the melting point and mixed melting
point with that of the authentic ssmple. |

6-Methoxy=-2,4-dihydroxyquinoline ¢
Malon-p-anisidiec acld (2.0 g.) was dissolved in

a clear solutlon of polyphosphoric acid, prepared by
dissolving pﬁosphorus pentoxlde (10.0 g.) in phosphorie
acid (6 ml. § 8.1.75 )énd the reaction mixture ﬁas heated
in an oil-bath at 140°C for 3 hours wifh‘a calcium chloride
guard tube. After cooling, hydrochlorie acid (30 ml, 3 1L N)
was added and the mixture waé_nautralised with sodium
hydroxide solution (pH. 4.) when the crude product
precipitateds It was then filtered and crystallised from
glaciel acetic acid, m.p. 308°C. Yield 1.8 g.

Analysis ¢ ‘

4,288 mg. of the substance gave 9.822 mg. of
carbon dioxide and 1.846 mg. of 'water.

6.60 mg. of the same substance gave 0,426 ml,
of nitrogen at 29°C and 761 mm. pressure.

Pound 2 C = 62.51% 3 H=181% 3 N=7.30 . ‘
C10H03N  requires :C =62,82% 3 H = ., 75 % 3 N 7.30 %o

e

~“

6;7-Dimethy1—2 hudihydro;zguinoline :

Malon-l 3 4-1y11dic acld (2.0 g.) was dlssolved
in a elear solution of polyphosphoric acid prepared by
dissolving phosphorus pentoxide (10.0 g.) in phosphoric

N



;. = | 7’8
acid (6 ml. § d. 1.7 ), and the reaction mixture was heated
in an oil-bath at 140°C for 3 hours with a calcium chloride
éuard tube. After cooling, hydrochloric acid (30 ml. j 1 W)
was added and the mixture was neutralised with sodium ~
hydroxide solution (pH 4.) when the crude product
precipltated. It was then filtered .and cfystallised from
glacial acetic acld, m.p. 345°C (dec.). Yield 1.7 g.

Malon mono-1:3:k-xylidide (1.0 g.) was dissolved
In a clear solution of polyphosphorié acld prepared by
dlssolving phosphorﬂs pentoxlde (5,0 g.) ‘in phosphoric acid
(3.0 ml. § d. 1.75 ) and the mixture was heated in an oil=
bath at~1hO°C for"3 hours with a calcium ch&oridedguard
tube. After cooling, hydrochloric acid (15 ml. 51 Nj wa s
added and the mixture'was neutralised with sodiﬁm hydroxideil
solution (pH 4.) when the crude product was precipitated.
It‘was’then filtered, crystallised from glaclal acetic
acid, m.p. 345°C (dec.). Yield b.%S Ze |

6,7-Dime thyl-2,4-d1hydroxyquinoline,obtained
from malon 1:3:h-xylidic acid on from mal&n‘mono 1232k
xylidide, was found to be identicel by the melting point,
mixed melting polnt and by the analysis, |

Analysis ?
4.160 mg. of the substance gave 10,642 mg. of

carbon dioxide and 2,164 mg. of water. '

| * 8450 mg. of the same substénce gave 0.550 ml,
'of nitrogeﬁ at 30°C and 75% mm. pressure. |
69.81 % 3 H

]
]

"Found : C 5.82 %

5.86 %

e
‘e

N = 7023 700
= 7.""0 %o

"

]

Cy1H1102¥ requires : C

e
=

e

N
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6,7-Dimethyl-2,4-d1acetoxyquinoline :

6,7-Dimethy1-2,h—dihydroquuinoline (0.2 g.) was

refluxed with acetic anhydride ( 4 ml.,) in presence of 3 to
4 drops of pyridine for 2 hours. The reaction mixture was
then added to water, he product was filtered crystallised
from alcohol, m.p. 2120C. Yield 0.15 g.

snalysls @

5,590 .mg. of the substance gave 0.247 ml., of
nitrogen at 34°C and 756 mm. pressure.

Found ¢ N =4,88 %,
5012 %.

2,4-Dihydroxybenzoquinoline (7:8)
Malon-a-naphthylanillc acid (2.3 g.) was dissolved

Cy5Hy 50, N requires : N

In 2 clear solution of polyphosphoric acld prepared by
dissolving phosphorus pentoxide (10.8 g.) in phosphorie
acid ( 6 ml. 3 d. 1.75 ) and the-reaction mixture was
heated in an oil-bath at 140°C for 3 hours with a caleium
chloride guard tube. After cooling, hydrochloric acid
¥30 ml. 5 1 N) was added and the mixture was neutralised
with sodium hydroxide solution (pH 4.) when the crude
‘product precipitated. It was then filtered and crystallilsed
from glaclal acetic acid, m.p. 338-39°C (dec.). Yield 1.9 g.
Analysis ¢ a |
4,746 mg. of the substance gave 12,884 mg. of
carbon dioxide and 1.816 mg. of water. |
6.70 mg. of the same substance gave 0.377 ml.

of nitrogen a2t 30°C and 760 mm. pressure.

79



88

H

4,28 %

H=15430 %

-e
=
]

6.3% %,
6.63 %.

e

Found -t C = 74,08 %
- N

]
1

Ci3Hg02N  requires : C = 73.92 %

e
“e

2,4-Dihydroxybenzoquinoline (5:6) ¢

Malon-g-naphthylanilic acid (2.3 g.) was dissolved
in & clesr solution of polyphosphoric.acid prepared by
dissolving phosphorus pentoxide (10.0 g.) in phosphoric
acid ( 6 ml. ; d. 1.75 ) and the reaction mixture was heated
in an oil-bath at 140°C for 3 hours with a calcium chloride
guard tube. After cooling, hydrochloric acid (30 ml. ; 1 N)
was added and the mixture was neutrszlised with sodium
hydroxide solutlon (pH 4.) when the crude product ‘ (;
precipitated. It was then filteped and crystallised from
glacial acetic acld, m.p. 381°C (dec.). Yield 1.7 g.

Analysis ¢ ‘

6.68 mg. of the substance gave 0,367 ml. of
nitrogen at 30°C and 761 mm., pressure,
N=6,20 %.
Cy3Hg0, ¥  requires ¢ N = 6.6é %o

Found

(13
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