SUMMARY

The synthesis and chemistry of 2,4-dihydroxy-
quinolines and 2,4-dichloroquinolines, which provide useful
intermediates for the preparation of a series of 2-a2rylamino-
hsaminqalkyl aminoguinolines used es antimslerlals, have
become important in recent years ( Drake et al., J. Amer.
Chem. Soc., 1946, 68, 1208 ; Curd; Raison and Rose, J. Chem.
Soc., 1947, 899 ). The‘preparation of 2,4%-dihydroxyquinolines
have been carried out by 2 number of processes. One vrocess
involves the reduétion and simultaneous cyclisation of
o-nltrobenzoylmalonic ester ( Bischoff, Ann., 1889, 251,

360 ), later on modified by others ( Gabriel, Ber., 1918,

51, 1500 ; Asahina, ibid., 1930, 63, 2057 ) 3 the second
involves the cyclisation of the anilide of malonic ester
(Baumgarten et a2l., Ber., 1927, 60, 832 ; Kammerer German
Patent, 505,798 ; Chem. Zentr., 1931, 102, 2679 ; Andre
Meyer et al., Compt. rend., 1937, 204, 120% ) ; the third
involves condensation of melonic ester with anthranilic ester
( Koller, Ber., 1927, 60, 1108 ) ; Brooker and Smith ( J.
Amer. Chem., Soc., 1937, 59, 67 ) also prepared quinolinediols
by the method of Ashley et ale{ J. Chem. Soc., 1930, 382 )

by heating methyl acetyl anthranilste with sodium in toluene 3
the fourth involves the cyclisation of N-zcetyl anthranilie
acid ( Bad. Anilin-Soda Fabr., German Patent, 117167 ). The
condensation of alkyl malonic esters with anilines to give ‘
3=alkyl quinolinediols has been carried out by Baker et al.
(J. Amer. Chem.Soc., 1946,68,1284 ) by heating the reactants

in diphenyl ether or nitrobenzene ( Kammerer, Chém.&bst.,
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1931, gj, 525 ) or in vacuo at 300°C ( Baumgarten et al.,
loc.cit.). W.R.Vsughan ( J. Amer.Chem.Soc., 1§#6, 68,32k)
carried out the preparation of quinolinediols by 2 number
of methods end reported that the method of cyclisation of .
anilide of mslonlc ester was most suitable. Recently,
Zlegler and Gelfort (Mh. Chem., 1959, 90,822 ) have reported
a2 new and simple method of cyclisatianof malonic acid
dianilide using phosphorus oxychloride 2s the condensing
agent.

In the work incorporated in Part I, it was found
durlng the course of investigstion that c¢yanacet arylamides
underwent partial hydrolysis on treatment with'polyphpsphoric
acid or with sulphuric acid (75 %) to form comresponding
malon mono arylamides. Tt is interesting to note that hoth
these reagents bring about partial hydrolysis quantitatively
in the Initlal stage. The present work wes undertaken to
partieily nydrolyse cyanacet arylamides in order to search
for the useful intermediates, viz., malon mono arylamides
in good yields by simpler methods ( Mehta and Patel, Curr.
Sci., 1959, 28, 200 3 J. Sci. Industr. Res;, 1961, 20B, 457 ).
Again, malon mono arylamides, thus produced, when further
treated with polyphosphoric acid underwent eyclisation J
glving 2,%-dihydroxyquimlines ( described in part IT )
whereas sulphuric acid as‘cyclising agent with these amides
was found to beideffective.

The following cyanacet arylamides have, therefore,
been partially hydrolysed to the corresponding malonmono

arylamides, viz., cyanacet-(-anllide ; -o.m. and p-toluidides ;
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-p-chloroanilide j -o-anisidide ; -benzylamide § -l:3tk=.

. xylidide § -o--and -B-nﬁphtnyl amides.). The cyanacét
'ary1émides have been attempted to further hydrolyse by means
of alecoholilc alkalil, glving the corresponding malonmono
arylacids, but the yields are found to be very poor , hence
the'latter by the method of complats. hydrolysls are not
prepa;ed from the fofmer.

Moreover, it 1s significant to no%e that, malonmono
arylacids, prepared by the method of, &hluwalia et al. (J.
Chem.Socs, 1931, 2059 ), when: cyclised by means of
polyphosphoric acid, gave much higher yields of qulnolinediols,i
compared to those obtaineq from the corresponding malonmono
ar&lamides. Ethyl malonate, on condensatlon with arylamines,
gave a mixture of malon dianilides and malon arylamates,
from which the former is separated and the 1atter,5n
hydrolysis gave the following melonmno arylacids ¢

Malon-(-anilic acid § =0,-m-and -p-toluidle acids g
-m-and =p-chloroanilic acids j -o-and-p-anisidlc asclds j
-1:3:huxyiidic acid 3 =a=and -g-naphthyl anllic aclds-). .

In the work incorporated in Part II, the above
mentioned malonmno arylacids and three of.%he above
arylamldes, viz., malonmono phenylamide j -p-toluidide and
1l:3:4.xylidide, have been cyclised to give the corresponding
2 hadihydroxyqﬁinolines,using freshly prepared polyphosphoric
acid as the cyc1i51ng agent. The marksd antimalarial
activity of a number of quinoline derivatives having an
alkylamino side-chain attached in the Yeposition has led

to an investigation of new procedures for the preparation



of L-hydroxyquinolines, which are 210 Important

intermediates and ca2n readlly be converted to desired drugs.

The present work was, therefore, undertaken to synthesise
2,4-d1lhydroxyquinolines from malon arylaclds 2nd malonmmno
arylamides respectlvely ( Mehta and Patel, J.Sc.Industr.
Res., 1959, 188, 391 ; ibid., 1960, 198, 436 ).

The following dinydroxyquinolines and their
‘derivatives are synthesised : 2,@- dihydroxyquinoline j
(;6~methy1_; b-chloro-; 6-methoxy~ 3 7-methyl- § 7-chloro-
8-methyl- ; S-methoxy- § 6,7-dimethyl-) -2,4-dihydroxy-
quinolines § (7:8)- and (5:6)-bsnzogquinolinediols-{2,4) 3

2,4-dichloroquinoline ; 8-methoxy-2,4-dichloroguinoline

e

2,4,7-trichloroquinoline and 6,7-dimethyl-2,%-diacetoxy-
quinoline.

t may here be mentloned that dlphenyl ether,
sulphuric acid and a mixture of acetié anhydride and
sulphurié acid proved ineffective as cyclising agentss
however, malon arylacids in boiling diphenyl ether were
decarboxylated and the corresponding N-zcetyl arylamines

were obtained.

Ny

Reactions with potassium hydroxy methane sulphonate

with compounds containing reactive methylens group have been

found to give mono sulphomethylated products. (Raschig and
Prahl, Ann., 1926, 448, 265 ). This work gave an impetus
to Investigate the reactlon of sodium hydroxy methane

sulphonate with acetoacet arylamides, where the expected

sulphonation of the reactlve methylene group was not observed,

but instend the products obtalned were found to be methylene



bis-(-acetoacet arylamides ). Shearing and Smiles ( J. Chem.
Soc., 1937, 1348 ), by the interactlion of formaldehyde 2nd
sodium sulphite with 2-naphthol and 6-bromo-2-naphthol,
obtsined bls=-(2-hydroxynaphthyl)- and bis-{-6-bromo-2-
hydroxynaphthyl)-l-methanes respectively together with the
sulphonates of the reactants. K.G.Naik et al.(J.Ind.Chem,
Soc., 1930, 7, 145 3 ibidi, 1932, 9, 471 ) studied the
interaction of thionyl chloride with malon diarylamides
and acetoacet arylamides, giving the corresponding thio-
bls- derivatives of these amlides. The condensation of
dimethylaniline with formaldehyde has been found to form‘
p-p'-tetramethyl diaminodiphenyl methane ( Yoshlro Ogata
and'Masaya Okano, J.Amer.Chem.Soc., 1950, 72, 1459 ).

In the present work described in Part III, sodium
hydroxy methane sulphonate was made to react with acetoacet
arylamides, viz., acetoacet-(-anilide § -o-m-and-p-chloro-
anilides j ~o- and -p-toluidides j -o-anisidide j -p-
phenetidide ; -1,2,4-and =1,3,%-xylidides ; -o-and-g-
naphthylamides Y. 411 these amides with sodium hydroxy
methane sulphonate gave the corresponding methylene bis-(-
acetoacet srylamides ). It may be added that bis-(-2-hydroxy-
l-naphthyl)methane and bis-{-dimedon) methane have been
obtained by the Interaction of sodium hydroxy methane
sulphonate with 2-naphthol and dimedone(,5-dimethyl-
cyclohexenedione=-1,3~) respectively ( Mehta and Patel,
Curr.Sci., 1960,29, 95 ).

Schuller ( J.prakt.Chem., 1913,(2),88,180) prepared
5,5'emethylene bils-8=hydroxyquinoline by treatmént of



8-hydroxyquinoline with-formaldehyde in con,sulphuric acid.
Borsche and Meyer, (Ber., 1921, 5%, 2841 ) synthesised 6,6'-
methylene bls-2-methylquinoline by the action o: aleoholic”
alkali and acetone on 5,5'-diisatylmethane. Monti and Verona
(Gazz.chim.ital., 1932, 62, 878 ) obtained methylene bisa
6-hydroxyquinoline. Kaslow a&nd Reck ( J. Amer.,ghem. Soc.,
1947, 69, 864 ) reported on the synthesis of several 6,6'-
methylene bis lepidine derivatives from corresponding 6,6'-
methylene-bis-acetoacetanilides through the carbostyrils
and chlorolepidine derivatives. Edgerton et al. (J. Amer.
Chem. Soc., 1954, 76, 4902 ) obtained 7,7'-methylene
big~(=H=chioro-8=quinolinol) during the‘preparation of
S-chloro-7-diethylaminomethyl-8-quinolinol. Price et al.
(i. tmer. Chem. Soc., 1946, 68, 1256 ) obtained 1,1l-bis=
(=7=chloro-b=hydroxy-3=quinolyl)-ethane from g-m-chloro-
anilino acrylates it hgih dilution of boiling diphenyl ether.
A number of 3,3'-methylene bls«{=lt-hydroxycarbostyrils) have
been obtained by the interaction of l-substituted carbostyrils
with carbonyl compounds at high temperatures ( Chem. A4bst.,
1959, 53,1115 e ). 3,3'<=Methylenebls-(-k-hydroxycarbo styril}
obtained by the action of formaldehyde on Yhydroxy
cartosiygﬂlﬂ has been reported as one of the anticoagulant
substances ( Chem. abst., 1951, 45, 10245 g.). But it may
be pointed out that the 3,3t-methylene bis-(-lk-methyl
-ecarbostyrils ) have mot beeﬂ so far reported.

In the work incorporated in part IV, methylene
bls-(~2cetoacet arylamides ) have been cyclisediusiﬁg scetic

anhydride and con.sulphuric acid, when the corresponding



diquinolyl methenes, l.e., 3,3'-methylene-bis-(-2-hydroxy=te
methylquinolines ) have been obtained ( Mehta and Patel,
Curr.Scil., loc.cit.). A number of 343'=diquinolyl methanes
are prepared as follows: )

3,3'-METHYLENE bis~2-hydroxy-(-H-methyle
-4, 6-dimethyl- 3 -%,8-dimethyl- ; -~k-methyl-7-chloro §
-4, 6, 7-trimethyle ; =%,6,8-trimethyl)-QUINLIMES ; 3,3'-
METEVLEME bis~ -2-hydroxy-Y-methyl-(~benzo-7:8~ and
benzo-5:6) -QUINLINES. |

'In Part ¥V the absorption spectra of a number of
acetoacet arylanmides, 2-hydroxyahamethyléuinolines and their-
corresponding methylene bis-derivatives have been studied
with 2 view to relatively throw 1ight on the confirmation
of thelr structures. But the specific purpose of the present
study was to observe the insulation effect in a numﬁer of
éis—compounds, in which one half of the mlecule is a
replica of the other half, bridged by a reac%ive methylene-
CHy~group. R.S.Corley and E.,R.Blout ( J, dmer. Chem. Soc.,
1947, %9, 755 ) gave the spectrum of>dinaphthyl methane in
comparision with that of the equimplecular mixture of
p-naphthol and p-naphthylamine and thot of bis-(-2-hydroxy-
l-naphthyl)-methane and observed that the curve of dinsphthyl
methane 1s nearly identiqgl with that of dinaphthol(affect
of -CH,-linkage) 2nd that of ﬁ;naphthcl plus B-naphthylamine
(effect of coexistent amino plus phenol functlons). T.N.
Ghosh et al. (J. Tnd, Chem. Soc., 1960, 37, 287 ) studied
the spectrum of 1,1'-methylene ?15«3,¥~dihydroisoquinoline
and observed that it resembled that of l-methyl-3,k-
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dihydroisoquinoline; r‘

It is well known that if two or more chromophores
or auxochromes exist in the same molecule, but are separated
from each other by insulating groups, there is no effective
conjugation betwesn them § and their spectral characteristic
Qill be the same as if they were in the separate molecules.
In-the present work the general characteristics and the
spectral behaviour of the methylene bls- derivatives of
‘acetoacet arylamides and methylene bis-hydroxyquinolines
should respzctively correspond to those of acetoacet
arylamides and hydroxyduinolines bacause of the insalation.
effect due to the presence of methylene bridge in the bisg-
compounds. This expectation has been realized by the study
of the said absorption spectra.

’ The absorption spesctra of the following acetoacet-
arylamides, hydroxyvquinolines and their corresponding
methylene bis-derivatives have been studied : vigz., aéeto-
acet-(-anilide ; -o-and-p-toluidides ; -1:2:Y%-xylidide ;
<0=and -m=chloroanilides § -c-and p-naphthylamldes ) along
with thelr corresponding methylene bisderivatives ; as well
as 2-hydroxy=(-Y%-methyl- ; 4,6-dimethyle ; 4, 8-dimethyl-;
4,6,8-trimethyl- § -b-methyl-7-chloro- j; and -h-methyl-
benzo-7:8)~quinolines along with their corresponding
methyléne bls-derivatives (Pletes ;;VIII).

The average hyperchromic effect of the bis-
compounds relstive to théir corresponding mono compounds
Ais being sbown from the‘extinction-coefficient vzlues in

log B difference and in log E ratis (Tables 4-a and 8-2).
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The bathochroniic or .the hypsochromlc effects are comparatively
small in the pairs ex@mined § and the hyperchronmlc effect

is visible by the rise In the intensity of absorption

in the bis-compounds. ficcordingly, each pair of compound

abié and simple in the two series mey be placed in the orde?‘
of absorption intensity from minimm to maximum as follows.

Acetoacet arylemide series ¢ 3'¢3 3 y':lt 5 71:7

6126 3 1121 5 8128 3 5'¢5 and 2':2 ( Plates I-IV)
Hydroxyquinoline series s 6':6 5 3133 3§ 2':2 ;
5125 ¢ Lrel and 1121 (Plctes V-VIII)

Thus, a-copsiderable increase in the intensity of
abgorption tekes place, when certain groups like -CH;,-Cl,
etc. are substituted in the ortho position in presence ofk
another group in the pars positlon in benzene or In quinoline
micleus. Similar difference dues to the presence and
proximity of certaln groups would be observed cn the
comparision of the hyperchromic effect with the corresponding
pairs of compounds in both the series. The hyperchromic:
effect as seen from some known pair -of compounds 1s small .
and more compérable to the effect shown by compounds .
investigated in the present work (Plates IX-XD.

Riegel et al. (J. Amer. Chem. Soc., 1946, 68,

1229) prepared 3-bromo-lt-quinolirol on bromination of 4
quinolinol with bromine iIn glacial acetic -acid. Surrey and
Cutler ( J. hmer, Chem. Soc.,1946, €8, 2570 ) have reported
the preparation of 3-halo-2,4%-substituted quinolines by
means of sulphuryl chlori@e,'bromine or iodline monochloride

in glacial scetic acid, Meyer et al.(Compt.rend., 1936,203,

b .



1

26k 3 Chem;abst., 1936,30, 7114 ) by brominating 2,%-
substltuted quinoline also obtained its 3~bromo derivative.
Chick and Wilsmore ( J. Chem. Soc., 1910, 97, 1990 ) by
direct broﬁination prepared 3-bromo-2-hydroxy-t.methyl-
quinoline and established that the bromine atom had entered
the 3=position in the pyridine part of the quinoline ndcleus.

Here in Part VI the halogenation of hydroxy-
quinolines has been carried out, by means of broulne and
sulphuryl chloride in acetle zclid, for respective bromination
and chlorination in presence of a trace of iodine as catalyst
while lodination of these quimolinols has been attempted,
using iodine and iodic acid, iocdine and lliquor ammonia or
io@ine monochloride in acetic acid. In each case bromine
or'chlorine atom entered only into the 3-position of
giinolinols, giving 3-bromo-(or 3-chloro)-quinolinols, which
are shown to be identipal with the cyclised products of
mono bromo(or mono chloro) derivatives of acetoacet and
mslonmono arylamides respectively. Further, 3-iodo-la
" methylcarbostyrils have been preparéd s but the lodination
of Y-hydroxycarbostyrils is found to be ineffective.(Mehta
and Patel, Curr.gci,, 1961,15,30 ; Mehta et al., J.Sci,
Industr. Res., 1961, 298, 460), |

By direct halogenation the following 3-halo
derivatives of lmethylcarbostyrils 3§ as well as 3-bromo and
3=chloro derivatives of WY-hydroxycarbostyrils have been
prepared:s 3-bromo-2-hydroxy-,(-4,6-dimethyl-s 4,8-dimethyl-;
4,6,8-trimethyl and -6-ethoxy-Y-methyl-)-quinolines 3 3-chloro-

2-hydroxy=, (=%,8-dimethyle-; -b-methyl-benzo-7:8-and ~l-methyla



benzo=5:6<)-quinolines § 3-1080~2-hydroxy=-,(-4-methyl-:
%,6-dimethyl-s -L4,8-dimethyl-and =k,6,7-trimethyl=)=
quinrolines 3 3-bromo=,(-b6-methyle; -7-methyle; -6-chloro-g
~6b-methoxy-3 6,7-dimethyl-and -benzo-5:6-)-2,4%-quinolinol s;
3-chloro=, (-6-methyl-s-b-methoxy-and -6,7-dimethyl-)-2,k%-
quinolinols. ,

A number of monohslo derivatives of acetoscet
arylamides and melonmono arylamides have, also been prepared,
- whereln, the former with acetlc gnhydride and sulphuriec acild,
and the latter with polyphosphoric acld have undergone
eyclisation,giving the corresponding 3-bromo and 3-chloro
derivatives of hydroxyquinolines. In the case of monoiodo
arylamides, which being verYumsfgﬁﬁé@ the copious fumes
of lodine have been evolved,during‘the process of cyclisation
with the result that the 3-lodo-hydroxyguirnolines are not
formed or deccmposed If at all they 2re formed.

The following monohalo derivatives of the respéctive
arylamides are prepared and cyclised:viz., monobromo aceto-
acet-(-p-2nd -o-toluldides § ~p-chloro-anilide § -p-
phenetidide ; 1:2:% and 1:3:h-xylidides) ; monochloro
acetoacet-(-o-toluidide j; -¢-and g-naphthylamide)s monoiodo
acetoacet-(-anilidejo-toluidide; ~p-toluidide and -1:3:k-
xylidide) smonobromo malonmonoe(-p-and-n-toluidides ;-pu
chloroqnilide 5 -p-anisidide ; -l:3:b=xylidide and -p-
naphthylamiée); mnochloro mzlonmono-{~p-toinidide é -D-
anisididd and -1l:3:h-xylidide) monolodo melonumono=-(-anilide

and -p=toluidide).
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The fact thit the halogen enters only into the
3-position of hydroxyquinolines has been amply cohfirmeh
from the corresponding eyelised products of monohalo
arylamides, which ara shown to bs identieal respectively

with the former.



