PART VI

Halogenation of 2-hydroxy-i-methyl-

quinolines and 2,4-dihydroxyquinolines.
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PART VI
Theoretical

Andre ' Meyer and Paul Helmenn (loc.cit.) studied
the action of bromine on 2,h~dihydfoxyquinpline (y~hydroxy-
carbostyril ) and obtained the. so called a-bromo-2,4-
dihydroxyaquinoline in cold 2cetic scid in a2 quantitative
yield ; and with excess of bromine in hot got 3-bromo-2,k4-
dihydroxyquinoline. fgain, brominstlon without a catalyst
in boiling benzene gave c-bromo-2,4%-dthydroxyquinoline. Mow
a-bromo»2,hfdihydroxyquinoline and cubromo~2,M-dihydroxy~
quinoline, on oxidation with hot XMnO,, gave the same 2,4
dihydroxyquinolinic aeid, as did 2,%-dihydroxyquinolins.
Hence the Br atom in the a=bromo-or c-bromou2,4adihydroxy~
guinoline are in undetected positions in the benzene ring,.
But 2,4-dihydroxyquinoline and: c-bromo-2,4-dihydroxyeuinel ine
with PBys geve 2,4-dibromyquinoline and 2,3,4-tribrom-
quinoline :?spectively. Therefore the a-bromo-or the c-bromo
derivative ﬁ;:; rot be the same 3-bromo-2,4%-dihydroxy-
quinoline. §

Jensen and Wibaut ( Rec.trav.chinm., 1937x§§,699 H
708 ) carried out the bromination of guinoline In gaseous
phase betwaen 300-5009C § and founé thsit the first bromine
atom only entered in the pyridine nucleus. But 3-bromo-
quinoline was prepared‘by pa2ssing prehezted vapours of
quinoline and bromine through & tube, filledl with pumlce
at 300°C vwhile at L450-500¢ the product was 2-bromoquinoline
in 50-60%;3 yield. /

Edinger (J.prakt.Chem., 1896,111, [27, 357)
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however, prepared 3«bromoquimsline most conveniently by
direct brominstion of quinbline in the presence of a
relatively large smount of sulphur. Presumsbly sﬁiphuryl
bromide 1s the a2ctual brominating agent. Simllarly, Tdinger

and Lubberger { J.prakt.ghem., 1896, 162 2,340 ; Baker et alf,

J. fmer, Chem. Soc., 1946, 68, 1532 inter alia ) carried out
the chlopination of the quinoline at 3-position by refluxing
it with sulphur dichloride.

\ Renshaw and Friedmen ( J. ‘fmer. Chem. Soc., 1939,
61, 3320 ) observed that bromination of quimoline with sulphur
and bromine gave 3-bromoguinoline. Heating 3-bromdogquinoline
with concentreted ammonium hydroxide and copper sulphate
catalyst in a rocking autoclave at 180°C for 2 hours and
after extraction wlth ether gave 3-aminoquinsline. Mills
and Watson (J. Chem. Soc., 1910, 97, 753 ) prepared
3-quinolinol hy diazotization of 3-aminoqiimoline, which is
in turn prepared by treatment of 3-bromogquinoline with
amonia in the presence of copper ( Maier-Bode, Ber., 1935,
£9, 1536 ).

LaCoste { Ber., 1881, 14, 917 ) obtained a
brcmoduinoline whien 2 solution of ﬁuinoline in hydrochloric
acld was wermad with bromine. Claus and Collischonn ¢ Ber.,
18856, 19, 29508, 2763 ) obtained the same compound by heating
quimoline dibromide hydrobromide, CoHpW.HBr.3rs and assigned
it the structure of Y-bromoguinoline. But Decker ('J. prakt.
Chem., 1892, 43 [ 2], h? ) found that the above compound
was 3-bromoquinoline by converting it into 3=bromocarbostyril

as under ¢
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Riegel et al. {loc.cit.) have prepsred 3-Dromo-i-
guinolinol from Yegquinolinol with bromine. Further, 3-bromo-
Y-guinolinol with phosphorus oxychloride gave 3-bromo-l-
chlofoquingline, but this compound was unreactive towards
amires in the coupling rezction, szo 2 wre rezztive compound
was pregared. This was accomplished by refluxing the gquinolinol
with phosphorus tribromide to produce 3,4-dibromoguinoline
from which the antimalerlal drug wes finally obteined.

Hardwmen and Partridge ( J, Chen. Soc., 1958,

61% 3 ibld., 1955, 510 ). studied the bromination of 2-amino-
%ahydroxy~7—methy1quinolineand obgerved that the bromine
entersd into the 3-position. The 3-bromo derivative, on
treatment with nitrous acid, furnished the bromo-
hydroxyquinoline, and the removal of bramiﬁe by reduction
with raney alloy gave the dihydroxyquinoline from which tha
dichloroquinoline was obtained on trestment with ghosghorus‘
oxychloride. 2,4-Dihydroxyquinoline was also obtalned from
2-amino.lt-hydroxyquinoline, which wss fused at 250-290° with
potassium hydroxide and then acidified with hydrochloriz sclid.
Further bromination of 2-amino-hahydroxyquinoline in glscial
acetic acild gave a monobromo derivative, which on treatment )
with nitrous acid furnished the same bromo-2,%-dihydroxy-

quinoline as was obtuined by a similar bromination of 2,4

dinydroxyquinoline, Hence, it is concluded that the bromine
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atom has occupied the'3-position both in bromo-2,4%.dihydroxy-
quinoline and in 2-amino bromoshmhydroxyquinoline.

Schofisld and Swain ( J. Chem. Soc., 1950, 384 )
observéd the qualitative comparison with related d-hvdroxy-
quimlines and showed that the hydroxyquinolines undergo
¢hlorination and bromination more readily and more efficlently
at the 3-position than do analogous'cinnoiines. Tor this
purgose, they have carried out the bromination of Y-hydroxy-,
6-chloro=k-hydroxy- and 6-bromo-l-hydroxyguinolines and
obtained respectively 3-bromo-,b=-chloro-3-bromo-, and 3,6-
dibromoohahydroquuinoliﬁes in good yields. #lso they have
carried out the chlorination of the above compounds using
sulphuryl chloride as the chlorinating agent st 95°C and
obtained the 3-chloroquinoline derivatives.

Chick and Wilsiwore (loc.cit.) prepared y=bromo-
aceto-acetanilidé from aniline dissolved in carbon
tetrachloride with a solution of y=bromoacetoacetylbromide
In the same solvent. The anilide was obtained, which melted
and decomposed at 138°C as given by Khorr ¢ Annalen,., 1885,
236, 79 ) for the broﬁsacetoacetanilide which he obtained
by brominating acetoacetanilide. On dissolving the
bromoacetoacetanilide in cold concentrated sulphuric =cid
gave 3-bromo-2-hydroxy-t-methyiquinoline.

Surrey and Cutler (loc.cit.) carried out. the
synthesis of several 3-halo-b-aminoquinoline derivatives
as a part of a general study on the éffect of the position
of halogen atom substituents on the antimalerisl sction

“of h-dialkylaminoalkylamigoquinoline compounds. Here,



ethyl-4=hydroxyqiineldate and ethyl 5-{ and 7 )-chloro-
Lohydroxyquinaldates were treated in glescial acetic acid
with bromine, sulphuryl chloride, or lodine mowchlorlde,
and gave respectively the 3-bromo=3-chloro- or 3-lodo
derivatives in practically quantitative yields. A trace of
iodine as 2 catalyst was used in the chlorination and
bromination. The structure of 3~bromo-i-hydroxyguinoline
was proved by the identity of 1ts melting point with the
compound reported by Miementowskl 2nd Suehards ( J. prakt.
Chem., 1916, 94, 225 ).

Lydia Yonti ( Gazz. Chim. ital., 1937, 67, 624 )
treated the mixture of 2-hydroxy-4,8-dimethylquinoline and
methylolchloroacetamide in concentrated sulphuric acid at
room temperature and obteined chloroacetyl (2-hydroxy-l,8-
dimethyl-3-quinolyl)methylamine., Riegel and his co-workers

(loc.cit.,) prepsred 3-bromo=-lk-guinolimol and 3-browo-8.-

nitro-b-quinolimol from Y.guinolinol and 8S-nitro-'t-quinolinol

respectively by bromineting in warm glacial acetic acid,

Fujino et al. ( WNippon Dzigakn ¥Yakugzaku Kenkyu

Hokoku., 1953, 2, 36 j; Chem. Abst., 1959, 33, 8137 ) carried

out the bromination of quinaldine in presence of BF3—4cOH
and obtained monobromoquinaldine with a small quentity of
w -dibromoquinzldine.

Schultz, Goldberg, Carsch and Ordas ( J. Org.
Chem., 1945, XI, 170 ) carried out the chlorinmation of
b-methoxy-8-nitroquinoline with sulphuryl chloride and
obtained a mixture of polychlorinated compounds, viz.

3,5(or 7)-dichloro-6.methoxy-8-nitroquinoline ; 3,5,7,8-
s Jy A0

-



tetrachloro-5-methoxy-S-nitroquinoline and 5,7,8~trichloro-
b-methoxy-8-nitroquinoline. GQuinolines carrying halogen in
the benzene ring are generslly easily prepared by various
ring closer methods. Zaruma et al. ( Zhur. Obshchei., Xhim.,
1960, 30, 1614 3 Chem. Abst., 1961, 59, 3590 ) carried out
the synthesis of 5~broﬁoquinoline, ViZe, bromination of
8-acetamidoquinoline at 0°C in acetic acid and adjustment
to pH 9 with sodium hydroxide geve 92 % yield of 5-bromo-
8-acetamidoguinoline, from which S-bromo=8-aminogquinoline
was prepared by hydrochloric zacid.

Ridd et 21. ( Chem. and Ind., London, 1958, 361 )
carrisd out the bromination of quimoline at 5 and 8-positions
in concentrated sulphuric acid. They pointed out that the
bromination of quinoline by direct mixing ofithe rezgents
in the presence of sulphur or in hydrochloric acld, the
product usually include polybromoquinolinesy; but the initisl
substitutlon sppears to be in the heterocyelie ring, for
the only mono-substituted product obtained by the 2hove
methods, was found to be 3-bromoquinoline. Tn contrast, the
nitration of quinoline in mixtures of niltric acid and
sulphurlc 2cid gave exclusively to substitution, iIn the
homoeyelic ring, the S-nitro and 8-nitro isomers being
formed iIn similar amounts (Dewer and Maitlis, J. Chem,

Soc., 1957, 2521 ). So the bromination of quinoline under
conditions more nearly related to those employed in the z2bove
nitration, was carfied out in éoncentrated sulphuriec acigd

in presence of sliiver sulphate and the 5-bromo-znd 8-bromo-

quimnlines have been obtzined.



Fugeill and Plant ( J. Chem. Soce, 1939, 78% )
studiéd the bromination of 2,3-disubstituted-Y-quinolones,
vigze, 1,2,3,%-tetrahydroacridone, on bromination with one
- mole of bpgmine in acetic acid, gave 7-bromotetéahydron
acridone 3 while with two mols.of bromine it gave 7,9-
dibromotetrahydroacridone. The bromination of 2,6,8-trimethyl-
h.gquinolone was carried out by ?he above method, and obtalned
a mono-bromo derivative from which the h%logen atom 1is not
removed by pyridine, and since the 3-position 1is unsubstituted
in the. starting material, it is likely that the bromine atonm
has entered at this point,

In the present investigation of Part VI, 1t is
proposed to stuidy the halogenation of 2-hydroxy-t-methyl-
quinolines and 2,4-dihydroxyquinolines respectively with
the object of determining the pogition in which the halogen
atom enters the benzene or the pyridine part of the quinoline
nucleus. The problem of confirming the position of the
halogen atom, océupying the quinoline ring 1s not only of
considerable importance, but of much confusion, as hzs been
observed from their reactions. Because of the low elesctron
density at the 2- and L-positions of the gulmoline ring
compared to the 3,5,6,7 and 8-positions, quinoline hslogen
derivatives with the halogen in the 2- or Y-position differ
considerably from the other halogen compounds. These
differences Iinvolve both methods of synthesis and reactions
and in general the 2- and h-haloquinoline compounds parsllel to
their pyridine counterparts.

Direct bromination and chlorination of



hydroxyqulmlines in 2cetic acid have, thersfore, heen
carried out and the corresponding 3-bromo- and 3-chloro=-
derivatives have been prepared. Iodination of hydroxyquinolines
is also attémpted by the available methods, using iodine
and lodic acid, iodine in liquor ammonia and lodine
monochlorides It mey be pointed out that 3«Iiodo-2-.hydroxy-
Yemethylguinolines were prepared by direct lodination of
2-hydroxy-li=methylguinolines, using iodine and iodic zclds
but attempts at the iodination of Lt-hydroxycarbostyrils,
were found to be unsuccessful. |

The fact that the browmlne or the chlorine stom
hes entered only in the 3-pdsition of hydroxyguinclines is
duly confirmed by the preparation of a number of mono bromo
and mono chlorc derivatives of acetozcet arylamides and
of malon mono arylemldes, each of which on subsequent
cyelisstion, hes given the corresponding 3-bromo-and 3-
chloro-hydroxyquinolines 3 also 3=icdo derivatives of L.
methylcartostyrils are obtained, but not of L-hydroxy-
carbostyrils. Hence, 3-haloguinoclines have been prepared by
the cyclisetidn of the corresponding mono halo scetoacet
arylamides?nd mono halo melonmono arylenides § while the
similar cyclisation of the mono iodo derivatives of these
amides was not found possible. Thus, to confirm the 3-position
occupied by the halogen atom in hydroxyquinolines, a number
of mono halo derivatives of the above amides have been
prepared and -subsequently cyclised,

In the present work the corresponding mono bromo

and mono chlore derivatives of acetoacet arylanides and of
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malonmono - arylamides, in much better yilelds have been prepared,
using bromine and §u1phury1 chloride In acetic acld respectively
Xin vpresence of a trzce of iodine as catalyst.

Backe's, West and Whiteley (1oc.éit.) prepared
monobromo derivatives of the substituted amides of maloniec
acid by brominating the amides in scetic acid. West ( J.

Chem. Soc., 1922, 121, 2196 ) brominsted melon disrylamides
and found that the hydrogen atom in the psra position of
the phenyl group and one ol the hydrogeﬁ atoms of the
methylene group were equally susceptible to the attack of
bromine. Maik and Sheh, ( J. Ind. Chem. Soc., 1927, Y, 11 )
prepared dichloro melon srylamides using sulphuryl chloride
in dry benzene. Desal (J. Ind, Chem. Soc., 1955, 32, 592 )
prepared mono bromo derivatives of cyvanscet arylamides using
bromine in hot acetlc acld.Here, the hydrogen atom of the
reactive methylene group, sifuated between'the two cerbonyl
groups, =-C0,CH;,C0-, 1s replaced by the hologen atom and
the monc halogen derivatives of the seid arylamides have

been prepared by the methods given below:

Bromine tlon method of amides ¢

Acetoacet arylamide or malonmono arylamide (0,01 M)
was dissolved 1in 10-15 ml., of glacial acetic acidAin oresence
of a trace of lodine as catalyst, to whieh iO % solution of
bromine In zcetic acid (16 ml. 0.01 ¥ ) was added with
continuous stirring. The flask wes, then kept over-night
at room temper:zture end the resctlon mixture, on pouring
into cold water, gave a white product, which was filtered

and crystallised from benzene.
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CH;COCHRCOWHR + Bro—— CH3COCHBrCONHR + HBr
H,1CO CH, CO NHR + Bray—- HpNCOCH,CONHR + HBr

( where R 1is phenyl,tolyl,xylyl and naphthyl groups ).
The monobroms derivatives of the other members
of acetnacet arylamides and of melonmono arylamides in
a similar way have been prepared in 70«75 per cent yields.
( Mehta, Trivedi and Patel, J. Séi. Industr. Res., 1961,
20B, 460 )

Chlorinztion method of amides ¢

Acetoacet arylamide or malonmono arylamide
(0.01 M) was dissolved in 10-15 ml. of glacial acetic acid
in presence of a itrace of iodine 2s catalyst, to which
sulphuryl chloride (0.01 M) in cold wss added. The reaction
mixture was kept for 3 hours at room temperature and on
pouring into cold water, it gave z white product, which was

filtered and crystallised from alecohol.

CH;COCH,CONHR + 50,01~ CH3COCHCLCONHR + S0, + FC1
H, ICOCH,CONHR + 80,01, — H,IUOCHCI1COMNHR + 80, + HC1

( Where R, is phenyl,tolyl,xylyl and nephthyl radicals ).
S8imilarly, monochloro derivatives of other members of
the s2id amides have been prepared. It may be pointed out -
that Maik et sl.. ( J. Ind. Chem. Soc., 19#3, 20, 38%)
prepered & few monochloro acetoscet: arylamides in cold,
uging sulphuryl chloride in dry ether ; but the present
method furnishes better yilelds.

" Iodination method of amides ¢

Acetoacet arylamide or malonmono arylamideé0.05 M)

was dissolved in alcchol %y hesting to which was added
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. lodine (0.0 M) in presence of concentratsd aqueous solution
of iodiec acid (0,01 M). The reactlon mixture, without reflux
and on cooling, gave a product, which was filtered and

crystallised from alcohol.

5CH;COCH,CONHR + 2T, + HI03— SCH;COCHICONHR + 3H,0
5H, WOCCH,COMHR + 2T, + HI3; —> 5H, NOCCHICONER + 3H,0

In the same way the monoindo derivatives of other
membars of z2cetozcet arylamides and of melonmono arylamides
heve been prepared. It is to be noted that ivasere et al,
{3. nd.Chem,Soc., 1952,29, 709) have prepared iodo
derivatives of 2ceitoacet arylemides and cyznacet arylamides.

Aecordingly, the following mono halogen
derlvatives of scetnacet arylamides and malonmono arylanides

have been vrepzred.

COCHQ COE&Z
XCH XCH
CONH @ R CO MM Ry
Ri Ry 3 R._ R
(viim . (Imy
COCH; COR
/ |
YCH XCH

(XD)

\ \
coNH CONH
)
(%)



%1, Monobromo acetoacet-p-toluidide
(VITI,X=Br ; Ry=Rp,FH j; R3=CHj)
#2, Monobromo acetozcet-o-toluidide
(VIIL,X=Br j Rp=R3=H j Ry=8Hj;)
#*3., Mnobromo acetoacet-p~chloroenilide
(VIII,X=Br § Ry=Rp=H § R3=Cl )
#*4, Monobrorio acetoacet~p-phenitidide
(VIII,X=Br 3 Ry=Rp=H § R3=0C,Hjg)
#5, Monobromo acetoacet-l:2:l-xylidide
(VITI,¥=Br § Rp=H ; R;=R3=CHy)
%6, Morobromo acetozceb-l:3t-xylidide
(VIII,X=Br 3 Ry=H 3 Ra=Ry=CH3)
%7, Monochloro acetoacet-o-toluldide
(VIII,XF’C}. 4 32=R3=H H Ry =CH3>
#8., Mnochloro acetozcet-c-naphthylamide
(X, X=C1 ) '
*¥9, Monochloro acetoacet-p-nephthylamide
(XI, ¥X=Cl 3 R=CHy)
" 10.Munolodo acetoacetanilide
(VIII, X=I 3 Ry =R_2=R3=H)
11¢Ebnoiodo acetoacet-o~toluldide
(VIIT,¥x=d 3 Rp=Ry=H § Ry=CH,)
12.Monoiodo acetoacet-p~toluidide
(VIII, X=I H R1 =-.A2:H H R3=CH3)
13.%onoiodo acetoacet-l:3:h-xylidide
(VIII, X=I 3 Ry=H § Rp=R3=CHj)

#1k, Monobrome malonmono-p-toluidide

(1‘}(, ¥X=Br H R4 =RE:H H R3=CH3)

¥15,Monobromo malonmono-m-toluidide
(IX, X=Bp 5 R‘ =R3=H H RZ=CH3)

¥16.¥onobromo malonmono-p-chloroanilide
(IX, X=Br H Ry =Rp=H 3 R3=Cl )

@0



¥17. Monobromo malonmonJQp-anisidide
(TX, X=Br ; R;=Rp=H j R3=0CHj;)

*18. Yornobromo melonmono-l:3th-xylidide
(D{? X=Br 4 R, =H : R2=R3::CHB)

¥19. Mrnobromo mslonmono-g-naphthylamide
(XTI, %=Br 3 R=NH,)

By

¥20, Monocllonos melonmono-p-toluldide
(IX, ¥X=C1 H R1 =R2=H H R3=CH3)

#21, Monochloro malonmono-p-anlsidide
(If{, ¥=Cl H 31=I{2=H H E3=OCH3)

*22, Monochlore malonmono-l:3shexylidide
(IK, X=Cl 3 R-' =K ; 32=R3=CH3)

%23, Mynoilodo mzlonmro anilide
(IK, =T H R«{ =RQ=R3=H )

*2k. Mopoiodo malonmono-p-toluidide
(IX, X=I s Ry=Rp=H 3 R3=CHj)

%25, Monomethyl acetoacetanilide
. (VIII, X=CH; 3 Ry=R,=R3=H )

% The compounds marked with asterisks (*) are reported

for the first time.

Mehte and Patel, (Curr.Sci., 1961, 15, 30 )
carried out direct brominztion of 2,#-disubstituted
quinolines, using bromine in acetlec zcld in presence of
a trace of lodine 'as catalyst ard obteined 3-bromo-2,k-
disubstituted quinolines. The 2,4-disubstituded quinolines,
thus, selected for study are 2-hydroxy--methylquinolines,
which are pbtained by the method of Ewins #nd King
(loc.cit.) 3 whereas 2,4-dihydroxyquinolines have been
prepared by Mehts and Patel (loc.cit.). These 2,4-disubsti-

tuted quinolines.are also chlorinated and the 3-chloroguinoline
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derivatives respectively of Y-methylcabrbostyrils and -
hydroxycarbostyrils have been obtained. The 3-iodo=2-
hydroxyquinolines likewise prepared j; but the attempts

to iodinate 2,4-dihydroxyquinolines were not successful.
The direct halogenation of hydroxyquinolines in the
3-position was, thus, carried out by the methods describded
below 2

Brominatlon of hyvdroxvguinolines @

2-Hydroxy-t,6-dimethylquinoline or b-methyl-
2,%-dihydroxyquinoline (0.01 M) was dissolved in 25 ml,
of glacial acetic acid in oresence of 2 trace of iodine
as catalyst, to which 20 % solution of bromine in acetic

acid (8 ml. ) was slowly a2dded with conbinuous stirring.

fae
)

e reaction mixture, on dilution with water, gave a white

product, which wss filtered =nd crystellised from alcohol.

=

/hite needles of 3-bromo-2-hydroxy-lt,b-dimethylquinoline

O

T 0f 3=bromowb-methyl«2,4-dihydroxyquinoline were obtained,
Similarly, 3-bromo derivatlves of the other members of
hydroxyquinoline s W4F8 preparsd.

Chiorination of hydroxvaulmmlines :

2-Hydroxy-l,8-dimetayiquinoline or S-methyl-
2,4-dihydroxyquinoline {0.01 1) was dissoived in glecisl
acetic seid (15 ml.) to which sulphuryl chloride (0.01 M)
in cold was added in presence of a trace of iodine as
cataiyst.'The reaction mixture was stirred for hslf an hour
snd the monochloro derivative, which was separated,filtered

and crystallised from alcohol, In a similar way 3-chlors

derivatives of the other members of hydroxyquinolines
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have been prepsred.

-

Ibdination of hydroxyaulnolineg = (With iodine
eand iodic acid )

2-Tydroxy-t,8~dimethylquinoline (2.16 g.) was
el

e

ssolved in minimum quantity of hot aleohol, to which

iodine crystals (1.27 g.) and concentratad aqueous solution

o
ty

iodic 2¢id (0.5 g.) were added. The reaction mixture was
stirrzed for one hdur at room tempersture and on dilution
with water gave a product, which was filtered and -
erystallised from aleohol. The product of crystallisation
was identified as 3-lodo-%,6-dimethylquinoline. Ta a
similar .way the other 3-iodo derivatives of Yemethylecarbostyrils
are prepered g but 3-iodo-B.hydroxycarbostyrils are,
likewise, not obtained. ’

The yvields of iodo derivatives were found to be
be%tér by this method then those obtained by the other
- methods. It may be noted, that the sttempts to prepare
iodo derivetives of Y.hydroxyeczrbostyrils have ﬁot been

successful.

(a2) With iodine and iodic acid :

~Methyl-2,k=-dlhydroxyquinoline {2.19 g.) was
dissolved in hot alcohol, to which lodlne (1.27 g.) and
iodic 2cid (0.5 g¢) were added and the reaction mixture
treated as above. The product was crystalilsed from alcohol,
vhich was identified as the orizinal 6-methyl-2,4-dihydroxy-
quinoline. Similarly with other members of -2,%-dihydroxy-
quinolines, the inodinatlon was, thus,found to be

unsuccessful, where only the respective original

.



2,%-dihydroxyquinoline derivetive was obtained from the
reaction mlxture.

(b) With iodine and lig.ammonla

6-Mothyle2,k-dinydroxyquinoline (1.75 g.) was
dissolved in 40 ml. of 22 % squeous ammonia, to which a
solubion of iodine (1.27 g.) in potassium iodide ( 3 g.)
was added with stirring for half an hour. The mixiture was
then poured into excess of dilute lce cold sulghurie acig.-
The precipitated white mass was filtered and crystallised
from alcohol, The product was identified as the origimal
B-methyi-2,%-dihydroxyquinoline,

(¢) _With iodinemonochloride ¢

6-Methyl-2,k-dilhydroxyquinoline (0.01 M) was
dissolved in a minimum‘quantity of acetle acid, to which
15 ml. of hydrochloric acid (d. 1.11 ) and ilodine mono-
chloride (1.62Ag.) were added. The reactlon mixture was
kept over-night In a well stoppered flask at 6600, then
stirred vigorously for two hours. The separated solid was

filtered, woeshed with water and crystallised from acetic
’

dihydroxyguinoline,

a1y the monobromo= and the monochloro- derivatives
of acetoacet arylamides, prepared by the above mentioned
methods, whicn on subsequent cyclisation, gave the
corresponding 3-bromo and 3-chloro- derivatives of
2-hydroxy-t-methylquinolines, using a mixture of acetlc.
anhydride and concentrated sulphuric acid in the proportion

of 1 ¢+ 1 by volume as the cyclising agent (Mehta and Patel
. © b
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loc.cit.)., Similarly, .the monobromo and the monochlorp
derivativgé of malonmono arylamides, on cyclisation, gave
the corresponding 3-bromo and 3-chloro derivatives of 2,4
, dihydroxyquinolines ﬁsing polyphosphoric acid as the

cyclising agent at 140°C. (Patel and Mehta, loc.cit.).

~ The courses of reaction of 2-hydroxy-'-methyl-
quinolines (I) and bromo or chloro acetoacet arylamides
(II and IV), by direct and indirect methods, confirming the
3-bromo(or 3-chloro) h}droxyquinolines (III and V) are

expressed as under:

CH3 ‘ CHgB /COCH3
N Bry in HAc . NYPT O Ac, 0+ BrCH
. N’ OH ( I)_ tTQ.CC) N, OH H2504 \CONHR

< CH <1i1) c3T)
3 _ CHy ‘ /COCH3
@ S0, Cly inHAC mc' pald+ e
el ‘ CV)' c-“r:'),.

(Where, R = -C¢Hy, -Cyly, ~CgHy and -CyoH, groups).

Similarly, with 2,4-dihydroxyquinolines (VI) the
confirmations of 3-bromo or 3-chloro derivatives 6f
Y-hydroxycarbostyrils (VIII and X ), and bromo (or chloro)

of melonomono arylamides (VII and IX) are given below:
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9“ : OH /COCHg,
N Bryin HAc _ XYBr  ppa
(1 tra.ce)r T 140° BrCH
-~ 2 -~
N~ OH , N~ OH ~ \conmR
CSNDOH cvndl?i . gg:j;
XY sopChinHAe - | N S A
~——3% —CICH
CONHR
<V L Xy <3R).

( Where R = phenyl, tolyl, xylyl and naphthyl groups ).

* Since, 2-hydroxy-'t=methylquinolines, on iodination
with lodine crystals and lodic acid, gave the corresponding
3-iodo~2-hydroxy-t-methylquinolines 3 but for reasons not
known the iodination of 2,4%-dihydroxyquinolines was not
possible, Ingpite of the attempts being made by the zppliesation
of available methods described under (a), (b) ard (e¢) and
in.each case under investigation it was found that the
original dihydroxyquinoline derivative was recovered from

the reaction mixture undergoing iodination. Then,

CH3 ’ CH3
, 2
5@ + 21+ H103 -~ 5®+ 3H20
N“" OH ' N~ OH

4

\While confirming the \pos‘ition-3 occupled by
lodine atom in use of lodo derivatives, prepared by direct
iodination of Yh-methylearbostyrils, it can,conveniently,be ‘
shr;bm from the analogous behaviour of the formation of
3=-bromo and 3-chloro derivatives of hydroxyquinolines H

because the mono iodo acetozcet arylamides are very unstable



and they undergo spontaneous decomposition, evolving
coplous fumes of iodine vapour from the reaction mixture,
with the result that the 3-iodo-lt-methyl carbostyrils are
not obtained by cyclisation, using a mixture of acetic
anhydride and sulphuric acid as the eyeclising agent. Such
copious fumes of iodine, were similarly, evolved from the
reactlion mixture of the monoiodo derivatives of malonmono
arylamldes, during the process ofldyclisation, using
polyphosphoric acid as the cyclising agent, with the result
that 3-iodo-k-hydroxy carbostyrils were not formed or
immediztely decomposed if at all they were formed, ;
However, it 1s difficult to explain the non-
formation of 3-iodo-U-hydroxy carbostyrils by the available
methods of lodination. The foct that Yhydroxycarbostyril,
as shown in part II, exists in transannelar carbostyril
(In) and kynurin (Ib) tautomeric structures ; whereas the
existéence of such a kynurin (Ib) stmucture in Y-methyl.-

carbostyril hos not become possible. Thus;

: OH | .
2 — o
clad cib>

On the basls of this phenomenon of tautomerism ,
it may probably be possible to explaln the non-formation
of 3-iodo derivatives withkh—hydroxycarﬁostyrils‘or the
formation of 3-ipdo derivatives with Y-methylecarbostyrils.
Moreover, it must be remembered that the mode or the

mechanism of substitution for bromination énd chlorination

195



to be
does not seemof the same type as that of iodination,

Tt is quite obvious that in the molecule of
acatoacet arylamide and malonmoro arylamide, containing
the reactive methylene (=C0.CH.C0-) group of which the
hydrogen atom i$§ being replaced by 2 halogen atom or a
monovalent group of atoms, forming its respective reactive
H-substituted derivative of the amide, wherein the same
halogen atom or the other monovalent group will occupy the
B-position In the newly formed derivative of hydroxy-
quinoline, obtsined by the cyclisation of the szid
arylamides.

1.1

Further, through the interaction of mnosodio

]

acetoacetanilide with methyl iodide, the moromethyl
acetoacetanilide was prepared, which, on cyclisetion with
acetic anhydride and sulohuric acid, gave 2-hydroxy-3,%4-
dimethylquinoline, the identity of vhich was proved by
comparing its melting point with that of the authentic
sample ( Knorr, 4nn,, 1888, 245,365 ), Here, the methyl
group of the amide, on cyclisation, is shown to occupy the

3-position in hydroxyquinollne a2s under:

COCH, COCH,

/ / CH3
NaHC CH;I =~ CHyCH 4c,0 Xy CHg

\ T \ o HzSOu_ ~~0OH

CO R COMHR N

Thus, the direct bromination and chlorination

of hydroxyquinolines gave the respective 3-brom» and
3-chloro derivatives, the identity of which was established

by meeng of their melting.points, mixed melting voints and
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analysis with the corresponding products, obtained by the

respective eyclisation of mnobromo and monochloro

derivatives of acetoacet aryiamides and malonmono‘arylamides.
The following 3-hslo derivatives of Y4=methyle

carbostyrils and Y=hydroxycarbostyrils wereJ preparad.

Ri CH Ri OH
R
Ry Xy X 2 NS
- R4 Ry
CXIDR I CX111) X
N~ | X Ry ) R,
SO LT
1
CX1V3 u CXY)

1. 3-Bromo—2-hydroxy-4,6-dimethquginoline
(XII, X=Br 5§ Ry =R3=.Lu?H H 32=CPI3)

2e 3-Bromd=2-hydroxy-4,8~dimethy1quinoline
(XII, ¥=Br j R;=R,=R3=H j R,=CH;)

3. 3=-Bromo-2-hydroxy-,6,8-trimethylquinnline
(XII, X=Br § R,=R3=H j Rp=R,=CT;)

b, 3-Brom-2-hydroxy-5H-ethoxy-temethylquinnline
(XII, X=Rpr ; R-l 233234=H ; Rz-':OCsz)

5. 3-Chloro-2~hydroxy-i,8-dimethylquinol ine
(XTI, X=Cl § Ry=R,=R;=H j R,=CH;)

6. 3-Chloro-2-hydroxy-4-methylbenzoquineilne(7:8)
(XIV, X=Cl j R,=OH ; Rp=CH;)

7. 3-Chloro-Z&-hydroxy-lt-methylbenzoquinoline(526)
(XV, ¥=Cl j Ry=0H j R,=CHj)

8+ 3-Ido-2-hydroxy-k-methylquinoline .
(XII, =1 5 By 232=B3=Bu=ﬁ)



9+ 3-Ipdo-2-hydroxy-i,8-dimethylquinolire
(XTI, %=1 3 31-?321'3334:1:{ ; RIL:CHB)

10, 3~ Ddo-2-hydroxy-i,b-dimethylquiroline
(XII, X=I H R1=R3=Ru=H ; Rg'—‘CI‘%)

11, 3-Ivdo-2=-hydroxy=-4,6,7-trimethylquinoline
(XII, X=X 3 Ry =Ry,=E 3 R2=R3=CH3}

12, 3-Bromo-b«methyl-2,4-dihydroxyquinoline
(XIII, ¥X=5r H Ry =R3=R;|,=H H _Ra=CH3)

13. 3-Bromo-7-methyl-2,4-aihydroxyquinoline
(XIII, X=Br H Ry =RQ=R}.,,=H H R3=CH3)

14, 3=-Bromo=6-chloro-2,4=dihydroxyquimline
(XITI, ¥=Br ; Ry=R3=Ry=H § Rp=Cl)

15, 3-Bromo=-G-methoxy=-2,k.dihydroxyquinoline
SXIKI, X=Br s Ry=R3=Ry=H j R,=0CH;z)

16, 3-Bromo-6,7-dimethyl-2,4-dihydroxyquinolire
(XITI, X=Br § Ry=Ry=E § Rp,=R3=CHj)

17, 3-Bromo-2,4-dihydroxybenzoquinoline (5:6)
(XV, X=Br s By =RQ=OH )

18. 3-Chloro-b-methyl-2,k-dihydroxyquinoline
- (XIII, ¥=Cl 3 R, =R3=Ry=H 3 32=CH3)

19. 3-Chloro-b-methoxy-2,4-dihydroxyquinoline
(XITI, X=C1 j Ry=R3=Ry=E 3 Rp=0CH;)

20. 3-Chloro=-6,7-dimethyl2,4-dihydroxyquinoline
(XITI, X=Cl § Ry=Ry=E ; Rp,=R3=CH;)

The above mentioned 3-halo derilvatives of hydroxy-

guinolines are reported for the first time.
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RYPRERIMENT L

briobromo acetoacet-p~toltuidide ¢

Acetoacet-p-toluildide (1.91 g.) was dlssolved

in 10-1% ml., of glacial scetic acid in presence of 2 trace

Q

£ iodine as catalyst, to which 10 Z solutlon of bromine

in scetic a2cid (16 ml,) wes slowly added with contimuous
stirring. The resction mixture wes kept over-night at

roon temperature and on dilution with excess of cold water
it gave a white product which was filtered and crystallised
from benzere, m.p. 149°C. ¥ield 1.25 g.

Aﬁalvsis':

16.0 mg. of the substance gave 11.20 mg. of

silver bromide.

il

29.79 %.
29.67 %.

Found + Br

i

Ci4Hy20,MBr requires s Br

-

Monobromo scetoacet-o-toluldlde ¢

Acetorcet-o-toluidide (1.91 g.) and bromine in-
acetic acid (1.6 g.) were trected 2s above, and the monocbromo
acetozcet-c~toluidide, thus obtained was crystallised fromA
alcohol, m.p. 90°C. Yield 0.95 g.

Anslvsis ¢ ,

19.8 mg. of the substance gave 14,16 mg. of

silver bromide.

ft

30.04 %.
20,67 %,

FPound s Br

i

C11Hy202MBr requires ¢ Br



¥onobromoo cetoscet-p-chloreanilide

Acetoacet-p-chloroanilide (2.11 g.) and bronine
in acetic acid (1.6 g.) were treated 2s before and the
bromo derivative, thus obtained, wes crystallised from
slcohol, m.p. 145°C. Yield 1.15 g.

Anaiysis ¢

6.134% mg. of the substance gave 0.297 nml, of
nitrogen at 29°C and 750 mm. pressure.

Found ¢ W= 5,20 %.

C10Hg021C1Br requires : N = 4.82 7,

Monobrom scetoacet-p-phenitidide

Acetoacet-p-phenitidide (2.21 g.) and bromine
in acetic acid (1.6 g.) were treated as before and the
bromo derivative, thus obtained, was crystallised as above,
m.p., 149eC, Yield 1.65 g.
Analysis ¢
16,38 mg. of the substance gave 10,32 mg, of

silver bromide.

Found s+ Br = 26.81 %.
C12H1 )4_03NBI' i Tequires s Br = 26366 %o

Morobromo acetoscet-l:2:h-xylidide

Acetoacet-l:2:k-xylidide (2.05 g.) and bromine
in acetic acid were treated as above and the monobromo
acetoacet-le:2sl-xylidide, thus obtained, was crystallised
from aleohol, m.p., 128°C, Yield l.é ge

Lnslysis @
6,402 mg., of the substance gave 4,222 mg, of

silver bromide,

08
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U

Found . : Br 28.06 7.

28.16 %. /

i

Cy2Hy30,MBr requires : Br

Monobromo acetoacet-l23:lbexylidide

Adetoacet-l:é:hnxyiidide (2,05 g.) and bromine in
acetic acld were treated as above 2nd the monobromo acetoacet-
1:3:h-xylidide, thus obtained, waes crystallised from alcohol, /
Mepe 126°C, Yield 1.4 g.

Analzsié H
v 10,750 mg, of the substance gave 7.102 mg. of

silver bromide.

Tound ¢+ By 28.11f%.
28,16 4. .

Nbnochloroacétoacgt-o-teluidigg

~

u

Ci2H;40,MBr requlres : Br

Acetoacet-o-toluidide (1.91 g.) was dissolved in
glacial acetic acid (10 ri.) in presence of a trace of iodine
as catalyst, to which sulphuryl chloride (1.35 g.) was added
in cold. After two hours, the reaction mixture was diluted
- with water and when extracted with petroleum ether, it gave
a white prdduct, which was crystallised from aqueous aleohol,
m.p. 85°C. Yield 1.1 g.

Anslysls @

6.372 mg. of the substance gave 3.956 mg, of

silver chloride.

if

15.36 4.
15.7% %,

Monochloro acetoacet=g-naphthylemide

Found ¢ C1L
C,,H,aoaNCi_'rgquifas : C1

H

Acetoecef-amnaphthylamide (2.27 g.) and sulphuryl

chloride (1.35 g.) were treated 2s before and the product
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thus, obtained, wes crystallised from salcohol, m.p. 135°C,
Yield 1.5 g.

dnalysis ¢

7.962 mg, of the substance gave %.22 mg. of
silver chloride.

Found : C1

13.11 %,

13,58 %.

it

. QA] ;‘H" 292 NC1 requires s C1

Monochloroacetoacet-R=naphthvliomide

Acetoacet-p-naphthylemide (2.27 g.) and sulphuryl °
chloride (1.35 g. ) were trested as before, and the product,
thus obtalned, was crystallised from squeous alcohol, m.p.
9304, Yielé 1.6 g.

Anslysis ¢
8.390 mg. of the substance gave 4.4 mg.

1

Q
=

gilver chloride.

]

Found C1

-0

13.10 %.
13.58 %.

it

C1 4}.“.1 202 NC1 requi:c‘es s Cl

Monoiodo acetoacetanilide

Acetoacetanilide (2.22 g.) wes dissolved in alcohol
(15 ml.), to which iodine (1.27 g.) and iodic 2cid (0.% g.)
ﬁ@re added with contimmous stirring.The monoiodo derivative
thus obtained, weas £11 tered and crystallised from aleohol,
MeD. 12400.'

Monoliodo acetoacet-c~tnliuidide ¢

Acetoscet-o-toluidide (2.4 g.), iodine (1.27 g.)
and iodic acid (0.5 g.) weré treated azs above, and the
mono lodo derivafive, thus obteined, was filtered and

crystalllsed from alcchol; m.p. 128%C,
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Monoiodo acetoacet-p=-toluidide @

leetoacet-p-toluidide (2.4 g.), lodine (1.27 g.)
and lodic acid (0.5 g.) were treated as above, and the
monoiodo. derivative, thus obteined, wes filtered and

crysteliised from sleohol, m.p. 121°C,

Yonoiddo acetoscet-l:3:haxyiidide 3

Acetoacet-1:3th-xylidide (2.5 g.), iodine(l.é? £a)
and lodic acid (0.5 g.) were treated as alove, and the
monoiodeo derivative, thus obtained, was crystellised from

alechol, m.p. 131°C.

Monocbrono welonmono-p-toluidide @

Malonmano-p-toluidide (1.92 g.) and bromine in
acetic acid (1.6 g.) were trested as before and the
product, obtained, was crystallised from alcohol, m.p.
190eC, Yield 1.25 g.

Analysis ¢
£.960 mg., of the substance gave 0,562 wl, of

nitrogen at 32°C and 757 mm. pressure,

Found + W =10,51 4.

C10H1102M,Br requires : W

t

10.33 4.

Monobromo malonmono-metoluidide 2

Melonmono=-m-toluidide (1.92 g.) and bromine in
acetic acid (1.6 g.) were treated as Before-nd the product,
obtained was'crystalliqed from alcohol, m.p. 122°C,
¥ield 1.2 g.

Analysis
16,70 mg., of the substance gave 11.71 mg. of

ilver bromide.



Found . : Br = 29.73 %.
CyoT4402WBr requires ¢ Br = 29.52 Z.

Yorobhromn melommono-pe-chlorosnilide ¢

Malcnmonoap-chloroanilide (2.12 g.) and bromine
in acetic acid (1.6 g.) were treated as before and the
product, thus obtained, was crystzllised from alcohol,m.p.
180eC, Yield 1.4 g.

Analvsls ¢

9,30 mg., of ;he substance gave 1.20 ml. of
nitrogen at 33°C and 754% mm. pressure.

Found ¢ N = 14,30 7.

CgHg0, W,C1Br requires : N = 14,35 4,

L1

Monobromo melonmono-p-anigidide
Malonmono=-p-cnisidide (2.03 g.) and bromine in
acetlec acid (1.6 g.) were treated =zs before and the product
obtained wes crystellised from 2lcchol, m.p. 165°C.
Yield 1.4 gz.
Anelysis @
15.60 mg. of the substance gave 10,30 mg. of
silver bromide.
Found : Br = 28,15 %.

C10H1103Br requires Br

e

i

N
~J
.

(@)
~J
R
.

Monobromo malormorno-l:deliewylidide ¢

Malonmomo-1:3:4-xylidide [2.06 g.) snd bromine
in scetic acid (1.6 g.) were treated zs before and the
product, thus obtained, was crystallised from aleohol,

m.p, 17200, Yield 1.2 g.

04



_Analstis » R ﬂ

14,66 mg. of the substance gave 9.66 rﬁg. of
silver bromide. | )
28.0k 7.
27.97 %.

it

TFound : Br

Cq11Hy302MBr requires . ¢ Br

Yonobromo malonmono-8-naphthylemide ¢

M2lonmono-g-naphthylamide (2.28 g.) 2nd bromine

in acetic zcid (1.6 g.) (;.vere treated as before and the

product obtained was crystallised from alcohol, m.p. 215°¢C,

Yield 1.6 gz.

Apnalysis ¢

6,56 mg. of the substance gave 0.4%9Y% ml., of
ni%rogen at élOC and 760 mm. pressurae.
8.75 Z.
9.12 %.

Tound s N

C43H1102M,Br requires : W

Monochloro malonmono-p-toluidide @

Malonmono-p-toiuidide {(1.92 g.) and sulphuryl
chloride (1.35' g.) were treated as before and the product,
thus obtained, was crystallised from alcohol, m.p. 140°C,
Yield 1.3 g. '

Analysis ¢
7.9% mg., of the substance gave 5.012 mg,of

silver chloride.

Tound : C1 =15.62 4%,

15.74% 2.

!

Ci0H1102W,CL requires : Cl

Monochloro malonmono-p-a2nisidide ¢

Melonmono-p-anisidide (2.08 g.). and sulohuryl,

chloride (1.35 g.) werge treated as before, 2nd the product,
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thus obtained, was erystalliised from 2lcohol, m.p. 1U2eC,
Yieid 1.4 z.

8.78 mg. of the substence gave 0.887 ml. of
nitrogen at 32°C znd 760 mm. prassure,

Tound . ¢ N = 11,30 %.

CioHy103M,C1 requires @ ¥ = 11,54 %,

Monochloro malonmono=1:3:4=xv1idide :

Mblonmono-leézk-xylidide {2.06 g. ) and sulphuryl
chloride (1.35 g.) were treated as before, and the product
thus obteined, was crystallised from aleohol, m.n. 145G,
Yield 1.k g - : -

4dnalysis

‘8

13.92 mg. of the substznce zave 8.7% mg., of

Found : C1 = 15,13 4.
CyyHy30,FCL requires = C1 = 1476 4,

Monoiodo melonmonoanilide @

‘

Malonmonoanilide (2.22 g.), iodine (1.27 z.) and
lodic aeld (0.5 g.) were treatsd as befors, and the

btained was ecrystellised from aleohol, m.n.

snalysis s
11.06% mg. of the substance gave 8,490 mg, of

silver dodids,

Found

33
4
fl

Y1.76 %4,

!"If‘l s l*',}' %e

CoHgO, W, I regquires-

*e
HA
i



-

Monoindo ynelonmono-n-toluidide 3

Melonmono-p=-toluidide (2.% g.), iodine (1.27 g.)
and iodic acid (0.5 g.) were treated as before, and the
product thus Obbriﬂed was crystallised from slcohol, m.p.
175¢C. Yield 1, 9 Ze

10,756 mg. of the substance gave 8,028 mg, of
silver iodide,
’+O.é5 %
39.93 %.

i

Found I

e

CioH1102 W I requires ¢ T

Monomethyl acetoacetanilige @

Acetoacetsanilide (L.77 g.) wes dlssolved in dry
benzene to which pulverised sodium (0.32 z,) was added, and

the reection mixture wes refluxed, till the monosodio
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derivative of the amide was separated oub, This wos filtered

and the product wes taken in dry benzens, to which methyl
fodide (142 g.) was added, 2nd the reaction mixture was
again relluxed for two hours. On cooling and adding petrola
ether, the crule product was separated, which was filtered
énd crystallised from aleohol, m,p,14C°C. Yield 1.0 g.
Analysis ¢
5.008 mg, of the substance gave 6.327 m, of
nitrogen at 32°C and 757 mm. pressure.
28 4.
¥=7,33 %

]

Tound N

L3 ]

Ci1dy30,N requires

L1



. 3~Bromo-éahzggggyuhié-dimethy;quinol;gg :
2-Hydroxy-t,b6-dimethylquinoline (l¢73 g.) was
dissolved in warm glacial acetic acid ( 25 ml. ), to which
a ‘crystal of iodine was added as catalyst. & 20 4 solution
of bromine iIn acetic acid ( 8 ml. ) was slowly added to
1t with continuous stirring. The reaction mixture, on
dilution with water, gave 2 white product, which was
Tiltered and crystellised from alcohol as white needles,
m.p. 2820C, Yield 1.5 g. ‘

Again, monobromo acetoacet-p-toluldide (1.0 g.)
as described before, Ve s cyclised, uslng & mixture of
acetic anhydride and concentrated sulphuric acid (1 ¢ 1 ).
Tha cru&e product obtained oﬁ addition of water, was
filtered and crystzllised from alcohol as white_needles,
Mm.De 28g°C. Yield 0.7 g

. The-mixed melting point of this cyclised 3-bromo-
Z;hydroxy-h,6~aimethy1quinoline\with the above compound
was not depressed.

édnalysig

4,624 mg., of the substance gave 8.960 mg. of
carbon dloxide and 1.620 mg. of water. " '

17.72 mg. of thé same subsiance gave 13.06

mg. of silver bromide.

I
i

Found : C = 52.88 4

52.38 %

H
H

B

3.92 7
3.97 %

Br

e
e

1]
it
it

Br

e

CyyH oOMBr  requires & C

Y

3-Bromo~2-hydroxy-i,8-dimethylguinoline

2-Hydroxy-4,8~dimethylquinoline (1.73'g. ) wes

brominated by means of bromine in scetic acid (8 ml.; 20 % )

31.35 %.
3107)“5‘ %I



In the presence of aterystal of iodine as catalyst. The
reaction mi%ture vas treated &s above and the product,
thus.obtained, was c;ystallised from alcohol'as/yhite
needles, m.p. 255°C, Yield 1.4 g.

Again, monobromo acetoacet-o-toluidide ( 2 g.)
as described before, was ¢yclised using 2 mixture of
acetic anhydride and coneentrated sulghuric.acid (1 :1)
The crude product was filtered and crystallised from
alcohol as white needles, m.p. 255°C. Yield 1.5 g.

The mixed melting point of this cyclised-
3pbrqmDnEahydroxyah,S-dimethquuinoline with the above
compound was not depressed. »

Analysis ¢
10,76 mg. of the substance gave 7.98 mg., of

- silver bromide.

31.56 %.
31-7%‘ %.

Found. s Br

"

CyyHyoOIBr - requires : Br

3=Bromo=2-hydroxy=-4,6,8-trimethylguinoline

2-Hydroxy-4,6,8-trimethylquiroline (1.87 g.) wes
brominated by means of bromine in acetic—acid k 8 n&.’;

20 4 ) end the reaction mixture was treated zs above., The
brom derivati#é, thus obtained, was crystallised as’above
in white needles, ﬁ.p; 265°C, Yield 1.4 g..

Again, monobromo acetbacet-i:2:k—x§lididé (2.0 g:)
2s described before, waé c%cliséd using a mixture ;f éceti&
anhydride and concentrated sulphuric acid (1 : 1 ). The
crude product was :iltereé and crystallised from aléohoi,
mepe 265°C, Yield 1.25 g, |



The mixed melting point of the cyclised 3-bromo -
2-hydroxy-Y%,6,8-trinethylquinoline with the above compound
was n&t Gépressed. V '

Analysis ¢
16.76 mz. of the substance gave 11.72 mg. of
silver-ﬁbn¢miaa.

Found

-

Br-

29.75 %.
C1 ZH'l ZOI\BI' I'equ:lres ¢ Br = 30007 %o

3-Bromo=2-hydroxy=5=-cthoxy-4=methylguinol ine

2_Hydroxyn6_ethoxy-h.methquuinoliﬁe (2.00 g.)
was brominated by means of bromine in acetic acid ( 8 ml. 3
20 % ) and‘the reaction mixture wes treated as above. The
bromo derivative, thus obtained; was crystallised as usual
1n vhite nesdles, m.p. 252°C. Yield 1.6 g.

4dgaln, monobromo’ scetoacet-p-phenitidide ( 1 g.)
ag described before, was eyelised using a mixture of
acetic anhydride and coﬁcentrated sulphuric acid (1 : 1).
The crude product was filtered -and crystellised from’
glcohol, m.p. 252°C, Yield 0.8 g.

The mixed melting point of the eyclised 3-bromo-
2-hydroxy-6-sthoxy-lt-methylquinoline with the above

compound was not depressed.

Apalysis @
15.66 mg. of the substance gave 10.3% mg. of

silver bromidé.

i

Found : Br = 28,19 %.

128,37 4.

Cy12Hy202Br requires : Br
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3-Chloro=2<hydroxy=lt,8-dime thylguinol ine ,

. 2-Fydroxy-t,8~dimethylquinoline (1.7 g.) was
dissolved in glacial acetic acid (1% ml.) 1n presence of

a trace of iodine ss a'catalyéfhto which sulphuryl chloride
‘(1.35 g.) wes added in cold. The rezction mixture wa s
stirred for half an hour at foom temperature and the

chloro derivative, thus obtaired, was filtered and
crystallised from alcohol, m.p. 205¢C, Yield 1.2 g.

The ﬁixed melting point of the e¢yclised 3-chloro-
2-hydroxy-l,8-dimethylquinoline with the abvove eompound
was not depressed.

Analysis ¢ }
17.26 mg. of the substance gave 15.46 mg. of
silver chloride.

C1

22.16 %.
21.69 %,

Found

L]

C11H1 01 requires s CL

. 3-Chlor9-2-hydroxy-k-methylbenzoquinéline;L?zS)
Q-Hydrokyak-methylbenZOquingliae (2.25 g.) and
sulphuryl chloride (1.35% g.) were trested as before and the
product, thus obtained, was erystallised from alcohollm.p.
380°C(dec). Yield 1.2 g. |
The mixed melting point of . the cyclised 3-chloro-
2-hydroxy-t-methylbenzoquinoline(7:8) with the above
compound was not depressed.
Agalvéis :
9.620 mg. of the substance gave 4.816 mg, of:

silver chloride.



14,68 .
CyuH o001  requires : C1 = 1W.57 %.

Found . -2 Cl.

3-Chloro=-2-hydroxy-4-methyvlibenzoquinoline (5:6)

2-Hydroxy-t-methylbenzoquinoline (5:6) ( 2.25 g.)
and sulphuryl chloride (1.35 g.) were trezted as before
and the chloro dérivatiVe, thus obtained; wes erystallised
from alcohol, m.p. 370¢C.(dec.). Yield 1.% g.

The mixed melting point of the cyelised 3-chlorq—
2-hydroxy-lt-methylbenzoquinoline (5:6) with the alove
compound was not depressed. ‘

Anslyeils ¢ ‘

11,918 ﬁg. of the substance gave 6,240 mg. of
silver chléride.

14,75 %.
14,57 %.

Found ¢ C1

CiuHyoOMC1  requires = Cl

3= 0 d0~2-hvdroxy-ltanathylquinol ine

2-Hydroxy-t-methyl quinoline (2.0 g.) was dlssolved
in a minimum quentity of hot slcohol, to which iodine
crystals (1.27 g.) and agueous solutlon of iodic acid
(0.5 go) were added. The reaction mixture was stlrred for:
one hour and on dilution with water it gave a product,
which was filtered and crystallised from alcohol, m.p.
2919C. Yield.1l.5% g. ‘
* Anelysis ¢ | _

9.#58 mg. of the saﬁstance gave 7.820 mg. of
silver lodide.
I=4 697,

CqoHgONT requires :,I = 44,57 7,

Found

(1]



3= D Jdo=2-hydroxy=t,8=direthvlquinol ine

2-Hydroxy-4,8-dimethylquinoline (2.2 g.), iodine
(1.27)g.$_anq agueous i0dic acid (0.5 g.) weré~£reafedl
as above and the lodo derivativé,‘thus obtaipe@t was
erystallised from alcohol, m.p. 232°C. Yield 1.4 g
Apalysis ¢ ‘ ‘ ‘ ‘
6.746 mg. of‘the substance gave 5.16% mg. ‘of
silver iodide. .
) Tound ¢ I=142,28 %.'
Ce1H4oONI  requires : I = 4%2.47 %.

3-iado-2-hydroxy—%ié-dimethquuinoline

'2-Hydroxyf%,6-iimethy1quinoline (2.2°g.), lodine
(1.27 g.) 2nd aqueous iodic acid (.5 g.) were treated as
above and the lodo derivative, thus obteined, was -
erystallised from~alc§hol, m.p. 280¢C, Yield 1.7 g.

- Analysis ¢

10.09é mg. of.tﬁe subgtance gave '7.870 mg. of

silver iodide. ’ , |
42,13 %,
42,47 %.

we

I

i

Found

N

Cy1H1oONI requires ¢ I

3. Iodo=2-hvdroxy-k.6,7=-trinethylquincl ine

2-Hydroxy-L,6,7-trimethylquinol ine (2.§4 2a),

iodine (1.27 g.) and aqueous lodic aeid (0.5 g.) were treated

as above and the iodo derlvative, thus oﬁtained, was
crystallised from alcohol, m.p. 273°C. Yield 1.6 g.
10.00% mg.. of the substance gave 7.542 mg. of

silver lodide...

T e
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I = L?‘Oo76 %0
I=24.58 %.

Found «

-y

Cy2H;20NT requires

-

3-Broro-6~methv1_¢.h-dihydroxyquinollne

6~Nethy1-(,#—dihydroxyqulnoline (1.85 g.) was
brominated by means of bromine in acetic acid (8 mL. ;
20 Z ) and the reaction mixture was treated aé above, The
bromo derivative, thus obtained, was crystellised from
glacial acetic zcid as white needles, m.p. 260°C, Yield
1.h g,
Again, monobfomo malonmno-p-toluidide (2.0 g.)
‘as described before, was cyclised using polyphosphoric
acid on refluxing at 1hO°C.Thq crude product was filtered
and crystallised from acetlc scid m.p. 260°C. Yield 1.1 z.
The mixed melting point of the eyelised 3-bromo-
6-methyl-2;k-dihydroxyquinoline with the above compound
was not depressed.
Analysig ¢ |
k.32 mg. of the substance gave 7.482 mg. of
. carbon dioxide and 1.314% mg. of water.
16,52 mg. of the same substance gave 12.32 ng.
of silver bromide., ‘

= 3.4

914

Found '; C=kW7.229 ;1 % § Br = 31.73 %.
CioHg0,MBr requires : C =47.24% ; H=3.15% ;3 Br =

3-Bromo-7-methyl-2, b-dilhvdroxyauinol ine

7-Methy1~2,%—dihydroxyquinoline (1.75 g.j was
brominated by means of bromine in acetic acid(8 ml. ; 20 % )
and the reaction mixture was treated as above. The brono

derivative, thus obtained, was crystellised as ahove,

31 ° 50 %0



m.p.. 237¢C. Yield 1.32 .

The mixed melting point-of the cyeclised 3-bromo-

7-methyl-2,4-dihydroxyquinoline with the above compound

was not depressed.

15.26 mg. of

dnalysls

silver bromide.

Tound

requires

$

the substance gave 11.24% mg. of

L1

-
»

Br
Br

31.34% 4.
31.50 7.

3=Bromo-b-chloro-2,-dihydroxyouinol ine

6-Chloro-2,4-dihydroxyquinoline (1.95 g.) was

brominated by means of bromine in acetic acid (8 ml. g
20 % ) end the resction mixture was treated azs above, The
bromo derlvetlve, thus obtained, wes crystallised as above

in white needles, m.p., 262¢C,

b

Yield 1.2 g.

Again, monobromo malonmono-p-chloroanilide ( 1

&8s described
on refluxing

ecrystallised

The mlxed melting 301nt of the cyeclised 3-bromo-

6-chloro-2,%-dihydroxyquinoline with the above compound was

at 1400C, The crude product was filtered and

from acetic ac1d meps 2620C, Yield 0.48 g.

not deoressed.

Analysis

9.96 mg. of

.
&

nitrogen at 280C and 757

,C 9H5O 2 Brll

Found

requires

»
-

-
.

the

nie

i

)

N

subgtance gave 0.420 ml., of
pressure.

L.77 %.

5.10 %.

g})

before, was cyclised using polyphosphoric acid

215



3-Bromo-&-mathoxy-2,k=dihydroxyguinol ine

6~M9thox'-é,h-dihydroxyquinoline(1.91 ge) WaS
bromiﬁated,by means of bfqmine in acetic acid (8 ml. j
20 4 ) and the reactlon mixture was treeted as above. . The
bromo compound, thus obtained, was erystallised from glacial
acetic 2cid as white needles, m.p. 256°C, Yieid 1.2 ge
. The nixed meltiné point of‘the cyellised 3-bromo-
6-methoxy«2,h‘dihydroxyqﬁincline with the above compound
was not depressed.
dnalysis ¢ .
4,292 mg. of thé substance gave 7.048 mg. of
carbon dioxide and 1;288 mg. of water. . |
18.18 mg. of the same substance gave 12.58 mg,
of silvg: bromide. .

ol

-t

1
)
1}

44,82 %
Ul Ll 7

293 63 %0‘
29,62 %,

Tound e C

¢

3-35 % 3 Br

3.15 % 3 Br

A

[}

CioHg03MBr  reguires al

™

e

3.Bromo-5.7-dimethyl -2 k-dihydroxyquinoline -

6,7-Dimethyl-2,%-dihydroxyquinoline (1.89 g.) was
brominated by meens of broming in scetic acld (8 ml. § 20 %)
and the reaction mixturg was trested as above, The bromo-.
derivative, thus obtzined, wes crystallised aélabove, MeDe
2552¢, Yield 1.4 g.

Again, monobromo malonmono-l,3,4—xylidide~(l.O ge),
as described before, was cyclised using pélyphosphoric acid
on refluxing at 140eC. The crude product was filteféd and
crystallised from aéefie secld, m.p. 259°C. Yield 0.52 g.

The .mixed melting point of the eyclised 3-broro-
6,7-aimethyl-2,%-dihydroxyquinoline with the above compound



was not depresseds
Analysis ¢
17.40 mg. of the substance gave 12.02 mg., of

gilver bromides.

Found s Br = 29,40 %,

29.70 %.

Ci1Hy1o02MBr requires : Br

3-Bromo-2,k-dihydroxybenzoguinoline {5:6)

2,%-Dihydroxybenzoquinoline (5:6) ;~(2.11 g2e)
was brominated by'means of bromine in acetle acid ( 8 ml. 3
20 % ) and the reaction mixture was treated =8 above, The
bromd compound, thus obtained, was crystallised from acetic
acid as white needles, m.p. 2?000. Yield 1.55 e |

The mixed melting point of the cyclised 3-bromo-
2,%—dihydroxyquinéline §5:6) with the above compound was
not depressed. 1

16.06 mg. of the substance gave 10.52 mg. of

silver bromide.

Found

Br = 27.88 %.

Cy3Hg0oMBr  requires : Br = 27.60 %,

3achloro~6nmethzl;2,h-dihydroxyquinoline

6-Methy1;2,h-dihydroxyquinoline'(1.75 g.) and -
sulphuryl chloride (1.3% g.) were treatéd,as above and
the chloro derivative, thus obtained, was filtered and
crystellised from aleohol, m.n. 296°C. Yield 1.2 g.
‘ The mizxed melting point of the cyclised 3;ch10ro~
6-methyl-z,h-dihydroxyquinqline with the above compound was

not depressed. *



oo
Pomsn
Q0D

Analysis ¢
’15.22 mg. of the substance gave 10.2 mg. of

silver chloride.

]

Found : C1 = 16,36 %o

16.90 %.

i

Ci0Hg0 1  requires ¢ Cl

3-Chlo=o<b-methoxy-2, b-dihydroxyvauinol ine

6=Mathoxy-2,4-dihydroxyquinoline (1.90 g.) was
chlorinated by means of sulphuryl chloride (1.35.g-) in
glacial acetic acid in presence of a trace of Iodine as
catalyst. The reactionr mixture was stirred for half an
hoﬁr at room temperature and the chloro derivative, thus
separated; was crystallised from glacial acetic_a;id, as
white needles, m.p. 2689C, Yield 1.15 g. ~ :
Again, monochbloro malonmono anisidide (1.0 g.),
as described befors, was cyclised using polypho sohoric zcid
on refiuxing at 140°C. The crude product‘was filtered and
crystallised from ecetic acid, m.p. 268°C, Yield 0.55 g..
The mixed melting point of the cyclised 3-chloro-
6-methoxy-2,4-dihydroxyquinoline with the above compound
was not depressed. - :
dnalysis s
4,102 mg. of the substance gave 8.0k4 mg, of
. carbon dioxide and 1,290 mg. of water.
| 13.92 mg; of éhe same substance gave 8.74% mg,

of silver chliorids.

~y .

Found : C=53.51%3 H=3,52% 3 ClL =15.53 %
CyoHg03CL  reguires 2 C =53.20 % 3 H = 3,544 5 C1 = 15,74 %,



3-Ciloro=f,=dimethyl-2 . dilydroxyguinoline

6,7-Dimethyl~2,%-dihydroxyquinoline (1.9 g.) and
sulphuryl chlorlide (1.3% g.) were treated as above and the
product, thus obtained, was crystallised from alcohol, m.p,
2280C, Yield 1.32 g.
m

e mixed melting point of th

4]

cyclised 3~chloro-
6,7-dimethyl-2,4-dihydroxyquinoline with the atove compound
was not depressed,

fnalysis 3

0q
o
<
[0
oN
a
~J
O
=
a
-
o)
]

11.060 mg. of the substsnce

silver chioride.

it

Tound : C1

Cl

l 5" 5’}‘}' 3%.

15.89 %,

.

Ci11H1002WCL  requires

Lttemoted iodination of 2.4-dihvdroxveulnoline

2,4%-Dihydroxyguiroline (2.0 g.) wes dlssolved
in warm 2lcohol (50 ml,), %o which crystals of lodine
(1.27 g.) and aqueous solution of iodic z¢id (0.9 g.) were

added, The resction mixture was stirred for about four

oo
e
<o

hours and the separated product was filtered and cerystallised

from acetic acid, m.p. 360°C. It was found to be the same
original compound i.e. 2,4%-dihydroxyquincline.
2,%-Dihydroxyguinoline (1.6 z.) was dissolved in,

iquor ammonia (40 mi.) to which a solution of icdine

N
wul
39
}_J

in potasgsium iodide (3.0 g.) was added and the reaction

mixivre was stirred for aboubl four hours. It was then



Z,HQbihydr@xyquinoline (L.6 g.) and iodine
monochYoride (1.62 g.) were treated in acetic ocid, ept
for 24 hours, and then stirred vigorously for two hours .
The ssparated s0lid was fliltered, woashed with water, and
from acetic scid, which was identifiesd as

crystzlll

sad
the original 2,4-dihydroxyquinoline.

2= FyAroxy=3. +=-dime thylquinol ine

Monomethyl acetoacetanilide {1 g.), described
before, was dissolved in acetlic anhydride ( 3 ml.) to which
concentrated sulphuric acid ( 3 ml., ) was slowly added. The
reaction mixbture was kept for about helf an hour at room
temperature and on dilutison with water 1t geve a white
product, which was flltered and crystellised from alcohol;

7]

hentic sample of 2-hydroxy-3,4-

[t

m. p. 2660C, Yield 0.75 g. The mixed melting voint of the
compound with the zut T

dimethylquinoline was notddepressed.

nitrogen at 32eC 2nd 756 mm, pressure.
8.3% 7,

8009 %e

ti

Found e N

Cq4HEy OB requires ¢ N

]

P ]
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PARTIAL HYDROLYSIS OF SUBSTITUTED AMIDES OF
CYANACETIC ACID BY (A) POLYPHOSPHORIC ACID
AND (B) SULPHURIC ACID ‘

e

. By
C. M. MEHTA aw¥p G. H. PATEL

- Reprinted from “ Current Science”, May 1959, 28, 200
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PARTIAL HYDROLYSIS OF SUBSTITUTED AMIDES OF CYANACETIC
ACID BY (A) POLYPHOSPHORIC ACID AND (B) SULPHURIC ACID

NITRILES have been hydrolysed to amides by
Snyder and Elson! using polyphosphoric acid,
Sperber et al.2 prepared trisubstituted acid
amides from corresponding nitriles using 80%
HyS80, at 100° C.  Thus, the substituted amides of
cyanacetic acid undergoing partial hydrolysis
have been converted to ecorresponding malon
mono amides, on separately using {a) poly-
phosphoric acid and (b) sulphunc acid. The
process is as follows :—

oSN () PPA - /CONE,
2\CONHR (%) S0, 2\lc:ONHR

{where, R is phenyl tolyl, etc groups).

(2} 0-01 M substituted cyanacetamide I, was :

dissolved in a clear solution of PPA,~obtaine?3.

by dissolving 10 gm. P,O5 in 6 c.c. phosphorie -

acid (1-75d]) and heated for 2 hours at 110° C,
The reaction mixture on pouring inawater, gave
white product, which was crystallised from

alcohol~water and it was found to be correspond-

ing malon mono amide II,

(b) 0-01 M same cyanacetamide I, was dis~-
solved in 10 c.e. ice-cold 75% sulphurie acid
and the reaction mixture was kept overnight

. his collaborators.

"M. S. University of Baroda,“

at room temperature. Ii was" then poured in
water and white product was obtained.’ This,
on crystallisation as above, gave the same malon
mono amide II.

The yields by both methods were almost
quantitative  but in (b)" the products were more,
clean and this method is relatively simple.
These ‘malon monc amides IT have been found

-identical with the authentic samples prepared

by Whiteley's® method meodified by Naik* and
Further work on the above
amides is in progress and: details will be plb-
lished elsewhere.

Chemisiry Department
Faculty of Science,

C. M. MEHTA,
.. H. PaTEL.

Baroda, ~
December 23, ,1958.

1. Snyder, H. R. and Elson, C. T.. f Am, Chem. Soc.,
1954, 76, 3039, -

2. Sperber, Pape and Séhwenk, 7%d., 1948, 70, 3091

‘8. Whitsley ¢ al., J.C.5., 1903, 83, 24.

4, Waik, XK. -G. & al., J1.CS.,

1930, 7, 138;
j.Z.C.S., 1532, 9, 186. A



PATEL ¢ al : FORMATION OF MALON MONOARYLAMIDES ON PARTIAL HYDROLYSIS

TABLE 1 — PARTIAL HYDROLYSIS OF CYANACETARYLAMIDES TO CORRESPONDING
MALON MONOARYLAMIDES

Amide M.P. Yield Mol. formula Nitrogen, %
{(uncorrected) % I A N

°C. Found Reqd
Malon monoanilide 164; 133t 85 CoH, N0y 3H,0 14-93 1497
Malon mono-p-tolurdide 164; 1441 88 C1oH s N0, $H0 13-64 13-93
Malon mono-p-chlorcanilide* 145 82 CoHyCIN,O, 13-43 13-17
Malon mono-m-toluidide 165 84 CioH12N,0p 14-32 14-58
Malon mono-o-tolmdide 162 80 CypH ;1N 0, 14-30 14-38
Malon monobenzylamde* 120 75 CyH 12 N0y 14-88 1458
Malon mono-1,3,4-xylidide 166 80 Cy1H 43N0y 13-84 13-60
Malon mono-e-naphthylamide 145 85 CiaH 1o NaOy 12:34 12:27
Malon mono-3-naphthylamide 188 82 CygH; N0, 12-40 1227
Malon mono-g-anisidide* 162 90 CyoH N0 13-20 13-40

*Reported for the first time.

tWater of crystallization from the hydrated compound was removed by heating at 110°C. under vacuum.

obtained. Hauser and Eby® converted B-ketonitriles
to p-ketoamides by boron fluoride in aqueous acetic
acid and by polyphosphoric acid.

In the present investigation it was found that by l

using polyphosphoric acid or 75 per cent sulphuric
acid, the malon monoarylamides listed in Table 1 can
be prepared by partial hydrolysis from the correspond-
ing cyanacetarylamides according to the reaction:

(a) PPA

NCCH,CONHR

H,NOC.CH,.CONHR

2 £
where R is phenyl, tolyl, benzyl, xylyl and naphthyl
groups.

Hydrolysis using polyphosphoric acid—Cyanacet-
arylamide {0-01M) was dissolved in a clear solution
of polyphosphoric acid obtained by dissolving 10 g.
P,0; in 6 ml. phosphoric acid (4, 1:75) and heated for

2 hr at 110°C. The reaction mixture on pouring’

into water gave a white product, which was crystal-
lized from aqueous alcohol and was found to be the
corresponding malon monoarylamide.

Hydrolysis with sulphuric acid — Cyanacetaryl-
amide (0-013) was dissolved in 10 ml. ice-cold 75
per cent sulphuric acid and the reaction mixture was
left overnight at room temperature. It was then
poured in ice-cold water and the white product
obtained was crystallized as above.

The identity of malon monoarylamides prepared
was established by comparing their melting points
and mixed melting points with those of authentic
samples prepared by hydrolysing malon diarylamides
by means of liguor ammonia (4, 0-88) according to
Whiteley’s-method™8 as modified by Naik ef al.®.
The yields obtained in both these methods were
almost quantitative, but the products obtained by the
use of sulphuric acid were purer and the method
was also relatively simple.

One of the authors (G.H.P.) is thankful to
the M.S. University of Baroda for a research
assistantship.
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Formation of Malon Monoarylamides
on Partial Hydrolysis of Cyanacetaryl-
amides using Polyphosphoric Acid
& Sulphuric Acid
G. H. PATEL, K. N. TRIVEDI & C. M. MEHTA
Faculty of Science, M 5. University of Baroda, Baroda
Manuscripi recerved 6 July 1961
A number of cyanacetarylamides have been partially
hydrolysed to corresponding malon monoarylamides

by means of polyphosphoric acid or 75 per cent sulphuric
acid; the yields of the amides are quantitative,

N the hydrolysis of nitriles to atids, the use of 100

per cent phosphoric acid has been known for some .

time. Recently, it has been observed that the amides
obtained by Beckmann’s rearrangement and acyla-

tion of amines are stable in polyphosphoric acid and
do not_undergo hydrolysis»2.  The reaction of poly-
phosphoric acid has, therefore, been investigated with
various cyanacetarylamides with a view to preparing
with ease malon monoarylamides, which are used as
intermediates in the synthesis of 2,4-dihydroxyquine-
limes®,

It has been found that simple nitriles can be hydro-
lysed to amides by polyphosphoric acid®. However,
the method was not found to be suitable for the hydro-
lysis of sterically hindered nitriles. Sperber ¢f 4l.5
carried out the conversion of tributyl acetonitrile to
tributyl acetamide on a steam bath using 80 per cent
sulphuric acid. These workers tried different concen-
trations of sulphuric acd and also other Teagents,
viz. polyphosphoric acid, concentrated hydrochloric
acid, ete., and found that the expected tributyl
acetic acid from the corresponding amide was not

1
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'SYNTHESIS OF 2,4-DIHYDROXYQUINOLINE
~ DERIVATIVES BY CYCLIZATION OF
MALON MONOARYL ACIDS &
MALON MONOARYL AMIDES

BAUMGARTEN AND KARGEL! GYCLIZED HALF ANILIDES
of malonic ester in vacuum at 250°C. to 2,4-di-
hydroxyquinoline derivatives. Baker ¢t al.? obtained
3-alkyl-2,4-quinolinediols on refluxing 0-1M each -of
cyclohexylmalonic ester and arylamine in diphenyl
ether. Similarly, malon monoaryl acids (I} have
been cyclized to give 2,4-dihydroxyquinoline deri-
vatives (III) by means of polyphosphoric acid; but

i dipheny! ether instead of the products of cycli- .

zation of (I), corresponding N-acetyl arylamines,
(CH;CONHR), are formed on decarboxylation. -
ther, Hauser and Murray® obtained 4~hydroxyquine-
line derivatives on cyclization of anil-nitriles, pre-
pared from aniline and B-ketonitrile using polyphos-
phoric acid. This method involves the conversion of
anil-pitrile to corresponding anilamide, which under-
goes cyclization eliminating ammonia. In the same
way, malon monoaryl amides (II), have been cyclized
to yield 2,4-dihydroxyquinoline derivatives (III) with
elimmation of ammonia by means of polyphosphoric
acid (PPA). These reactions are expressed as follows:

) - OH
’ COooH - N
“ CHé< -TP:_A_‘.__>
- CONHR 20”7 —
. N Non
I o -
PPA
B "Hao
)
- - Ho-c(
CONH, . cH
cH, < —PPA 1
‘ connpg  FHO;—RHy €-OH
- N/
I y

where R is phenyl, tolyl, etc., groups.
The compounds of type T have been prepared by the

method of Chattaway modified by Ahluwalla ef al.%

Fur-

wmu-;pww‘w-

Type II compounds have been prepared by the
partial hydrolysis of the substituted amides® of cyan-
acetic acid, (CN-CH,-CONHR}, using 75 per cent
sulphuric acid at 0°C. as well as by the method of
Whitley modified by Naik and co-workers®?. The
experimental procedure is described below.

Malon monoaryl acids (I; 0-01M) and malon mono-
aryl amides (1I; 0-013) were dissolved in a clear
sclution of PPA prepared by dissolving P,O; (10 g.)
in phosphoric acid (d 175; 6 ml.}.and the reaction
mixture heated in an oil bath at 140°C. for 3 hr
with a calcium chloride guard tube. Hydrochloric
acid (1N, 30 ml.) was then added in the cold and the
reaction mixture neutralized with sodium hydroxide
solution (pH 4}, when the crude product was preci-
pitated. It was then crystallized from dilute acetic
acid as a white product. The yield in the case of
compound of type.l is quantitative, whereas the
yield in the case of compound of type II is poor.
Further work is in progress and the details will be
published elsewhere.

One of the authors (G.H.P.) thanks the M.S.
University of Baroda for a Research Assxstantshlp
to carry out this work.

C. M. MexTA
. G. H. PaTteL
Chemistry Deparbinent . g
Faculty of Science
M.S. University of Bavoda

Baroda
3 June 1959
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Synthesis of 2,4-Dihydroxyquinolines
Using Polyphosphoric Acid as the Cyclizing Agent

G. H. PATEL & C. M. MEHTA
Organic Chemistry Laboratories, M.S. University of Baroda, Baroda

Manuscript vecesved 13 June 1960

A number of 2,4-dihydroxyquinolines have been synthesized by the cycliza-
tion of malon monoaryl acids and malon monoarylamides with polyphosphoric

acid as the cyclizing agent.

The yields of guinolinediols from the acids are

guantitative while those from the amides are poor.

N a previous communication® the synthesis of
I 2,4-dihydroxyquinolines from malon mono-

aryl acids and malon monoarylamides, using
polyphosphoric acid, was described. Ziegler and
Gelfert? have reported a new and simple method for
the synthesis of 24-dihydroxyquinoline derivatives
using phosphorus oxychloride as the condensing
agent. Shah ¢ al? have prepared quinolinediols
using a mixture of anhydrous zinc chloride and
phosphorus oxychloride. Baumgarten and Kargel*
and Baker ef al’® bhave also developed methods
which have been found suitable for the preparation
of 3-substituted quinclinediols.

A number of 2,4-dihydroxyquinoline derivatives -

have now been prepared by the cyclization of malon
monoaryl acids using polyphosphoric acid as the
cyclizing agent. Malon monoaryl acids, required for
the synthesis of quinolinediols, have been prepared
by the method of Chattaway as modified by Ahlu-
walia ef al.®. It may, however, be mentioned that
on refluxing the malon monoaryl acids in diphenyl
ether, we have obtained the corresponding N-acetyl
arylamines, instead of the expected quinolinediols

due to decarboxylation taking place in the course of
reaction. )

Further, Hauset and Murray’, using polyphos-
phoric acid, synthesized 4-hydroxyquinolines, on
cyclization of anilnitriles, through the conversion
of anilnitrile to corresponding anilamide. In the
same way 2,4-dihydroxyquinolines have now been
prepared by the cyclization of malon monoaryl-
amides, using polyphosphoric acid as the cyclizing
agent. The required malon monoarylamides have
been prepared by.the partial hydrolysis® of cyan-
acetarylamides. Cyclization of cyanacetarylamides
{CNCH,CONHR), using PPA, however, gave malon
monoarylamides instead of the expected 2,4-quino-

 linediols.

Experimental procedure

Malown monoaryl acids listed in Table 1 have been
prepared by the following general method.

Primary arylamine {1 mole) and ethyl malonate
{175 moles) were heated for 40 min. in a flask fitted
with an air condenser. The solid product was mixed
with ethanol {100 ml) and allowed to cool, when

1



PATEL & MEHTA: SYNTHESIS OF 24-DIHYDROXYQUINOLINES

TABLE 1 —MALON MONOARYL ACIDS AND

AMIDES
S COMPOUND M.Px* MoL. * NITROGEN
No. °C. FORMULA = gy
Found Reqd
_ % %
1 Malon anilic acid 136 — — —
2 Malon-p-toluidic acid 154 — — —
3t Mal%n-p-chloroanilic 145 CoH O,NCI 6:100 6550
act
4t Malon-p-anisidic acid 157 C;,H,;O,N  6:574 6698
5 Malon-m-toluidic acid 106 — — —
6% Mal%n—m-chloroanilic 131 CoHO,NCl 6151 6550
aAsl
7% Malon-p-toluidic acid 144 Cy Hy;O,N  7-220 7:250
8t Malon-c-anisidic acid 148 C,,H;,ON 6302 6698
9 Malon-1,3,4-xylidic 156 — — —
acid
104 Malon-z-naphthyl- 155 C,H;;O;N 5862 67113
anilic acid
11t Malon-f-naphthyl- 176 CygH;; 0N 5958 6-113
anilic acid
12 Malon-monophenyl- 133 e — —'
amide
13 Malon-mono-p-tolyl- 144 — — —
amide
14 Malon-mono-1,3,4- 166 — — —
xyhdide

*All melting points uncorrected.
{Compounds prepared for the first time.

TABLE 2 — 2,4-QUINOLINEDIOLS

SL CoMPOUND M.P.* Mor. NI1TROGEN
No. °C.  FORMULA ,——HA———
: Found Reqd
% Ya
1 2,4-Dihydroxy- 360 C,H,O.N 8410 870
quinoline
2% 6-Methyl-2.4- 342 C H,O.N 8329 800
dihydroxyquinoline >
31 6-Chloro-2,4- 370 CHONCI 7677 7:20
dthydroxyquinoline
4 6-Methoxy-2,4- 308 CoH,O,N 7305 730
dihydroxyquinoline
5% 7-Methyl-2,4- 388 C,oH,0,N 7730 800
dihydroxyquinociine . .
6 7-Chloro-2,4- 340 CH,O,NCL 6-78¢4 720
dihydroxyquinoline
7t 8-Methyl-2,4- 360 CypHoOaN 7720 800
dihydroxyquinoline
8 8-Methoxy-2,4- 248 G, H,ON 7421 730
dihydroxyquinoline
94 6,7-Dimethyl-2,4~ 345 Cy,H,,0,N 7232 740
dihydroxyquinoline
10 2,4-Dihydroxy-7,8- 338 CuH,ON 6340  6-63
benzoquinoline {decomp.)
111 2,4-Dihydroxy-5,6- 381 G0N 6-200 663
benzoguinoline {decomp.) '
12 2,4-Dichloro- 65 — — —
quinoline
13 8-Methoxy-2,4- 92 o - -
dichloroguinoline
14 2,4,7-Trichloro- 105 — — —
quinoline

*All melting points uncorrected.
YCompounds prepared for the first time.

malon diamide crystallized out. This was filtered
and the filtrate contained malon arylamate, which,
after addition of sodium carbonate solution (8 g. in
70 ml. water), was steam distilled for 1 hr until the
first separated oily ester had disappeared. On cool-
ing, a small amount of the diamide separated out
which was filtered. The filtrate, on acidification with
hydrochloric acid, gave a white product which was
filtered and crystallized from water.

Malon wmonoarylamides® listed in Table 1 have
been prepared as follows.

Cyanacetarylamide (0-01 mole) was dissolved in
ice-cold sulphuric acid (10 ml.; 75 per cent) and the
reaction mixture was kept overnight at room tem-
perature. It was then poured into cold water
{25 ml.) when a white product was obtained which
was filtered and crystallized from dilute ethanol.
The amides obtained by this method were found
to be identical with those prepared by the method of
Whiteley modified by Naik et al.*°.

2,4-Dihydrosyquinolines listed in Table 2 weré
prepared by the following general method. )

Malon monoaryl acid (0-01 mole) and malon mono-~
arylamide (0-01 mole) were separately dissolved to a
clear solution in polyphosphoric acid [prepared by
dissolving 10 g. of phosphorus pentoxide in 6 ml.
of phosphoric acid (d. 1:75)]. The reaction mixture
was then heated in an ecil bath at 140°C. for 3 br
with a calcium chloride guard tube, After cooling,
hydrochloric acid (30 ml.; 1N} was added and the
mixture neuntralized with sodium hydroxide solution
(pH 4), when the crude product was precipitated.
It was then filtered and crystallized from acetic acid.

Malon monoarylamides 12, 13 and 14 (Table 1)
have been cyclized with PPA to give 2,4-dihydroxy-
quinolines which are found to be identical with 1-, 2-
and 9-quinolinediols respectively {Table 2) by their
melting points and mixed melting points.

The di- and trichloroquinolines 12, 13 and 14
{Table 2) have been respectively prepared from
quinolinediols 1, 8 and 6 (Table 2}. The melting
points of these di- and trichloro derivatives were
found to be identical with those of the respective
anthentic samples by their melting points and mixed

melting points.

The yield in the case of quinolinediols from
malon monoaryl acids is quantitative, while those
prepared from malon monoarylamides are poor.

Acknowledgement
One of the authors (G.H.P.} is thankful to the
M.S. University of Baroda for a research assistantship.
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FORMATION OF METHYLENE-BIS-DERIVATIVES

1. Acetoacetarylamides by Means of Sodium

Hydroxy Methane Sulphonate
SuTER, Bair ANp BORDWELL! carried on sulpho-
methylation reactions with phenols and com-
pounds containing carbonyl groups, wherein
from ethyl malonate they obtained its dimethane
sulphonate, using the mixture of 40% formal-
dehyde with a solution of fodium sulphite ; they
also believed acetoacetic ester to have reacted
in a similar manner. Shearing -and Smiles?
from 2-naphthol, by means of the mixture of
solutions of formaldehyde and of sodium sul-
phite, prepared sodium 2-hydroxy-l-naphthyli-
methane sulphonate in part by a cleavage of
bis-(2-hydroxy-1-naphthyl) methane with
sodium sulphite; they further ohserved that
6-bromeo-2-naphthol gave its sulphonate together
with  bis-(6-bromo-2-hydroxy naphthyl)—i-
methane. The process is shown to be reversible
when sulphonate and naphthoxide interact to
give the bis-derivative with an elimination of
sodium sulphite,

In the present work, sodium-hydroxy methane
sulphonatesd.+ (OHCH,80;Na) is allowed to
react with methylene-CH,-group of the substi-
tuted amides of acetoacetic acid (I) ; and the

AC,0 + HeS0,

1 mol. of II -
(—2H,0)

N
products isolated from the reaction mixture are
found to be methylene-bis-derivatives (II) of
the corresponding acetoacetarylamides (I). The
course of reaction is believed to have taken
place through the intermedizte formation of
suiphonates of (1), with which hydrogen atom
of the reactive methylene group of unreacted
molecule of the amide simultaneously interacts,
vielding only the corresponding methylene-bis-

VAN
/

2. Quinoline Derivatives on Cyclisation of
Methylene-Bis-Acetoacetarylamides

Ewins and Xings cyclised acetoacetaryl-
amides to give 2-hydroxy-4-methyl qguinoline
derivatives in presence of concentrated sul-
phuric acid. Jean De’ combet cyclised the con-
densed preduct of acetpacetanilide and chloral
in presence of sodium acetate giving 2-hydroxy-
3 (1l-hydroxy-2, 2, 2-trichlorcethyl)~4-methyl
quinoline. Bangdiwala and Desai? obtained
4-hydroxy quinoline derivatives on ecyclisation
of crotonates using acetic anhydride and cone.
H,80,; they .cbserved that the presence of
anhydride prevents the tendency of decomposi-
tion of intermediate product undergoing cyclisa-
tion,

In the studies of 4-hydroxy quinoline deri-
vatives formed through ethoxy methylene
malonic ester, Price et al.,t% prepared a number
of €:6%-bis-(d-hydroxy quinclyl) suiphide
derivatives, Here in this work 3 : 3'-methylene-
bis—(2-hydroxy-4-methyl guinoline) derivatives
(III} have been synthesised on cyclisation of
the corresponding methylene~bis-derivatives of
acetcacetarylamides (II) using acetic anhydride
and conc, H,S0, as under: -

\ CHQ 'CHS

VAYAN

(1)

Ny’ Non O MW
II1

l-—-——(':H2

|

where R, is phenyl, tolyl, xylyl and naphthyl
radicals : Acetoacetarylamides (I) have been
prepared by the method of Ewins® modified by
Naik.1?

To -2 mixture of methylene-bis-derivative
(I : 6-01 M) and acetic anhydride. (3c¢.c.), conc.
sulphuric acid (3c.c) was gradually added.
The reaction mixfure was kept at rcom tem-
perature for about half an hour with a ealcium

derivatives (II), with an elimination of sodium chloride guard tube, when considerable heatQ-
bisulphite as under: . was developed ; it was then heated on a steam ™
_COCH; —H,0 HyCOC\ COCH,
2CH2\ + OII.CH,80,Na ———— > /CH—CH2—~CH\
. CONHR —NaHS80; RIINOCG CONHR
1 — I1 .
where, R is phenyl, tolyl, xylyl and naphihyl bath for about 5 minutes, The mixture on

radicals., The reaction mixture is refluxed in
90% methanol and the produet erystallised from
acetic acid in 55-80% yield.

pouring in excess of ice-water gave brownish-
white mass. The filtered mass after charcoal-
ing, was crystallised from acetic acid. The
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products are found fo be pure but the yields 2. Edwin Shearing, A. and Samuel Smiles, J.C.5.,
are about 40-45%. Further work on compounds 1237, 1348, ‘
of types IT and 1If is in progress and the details 3 Shriner, R. L. and Land, A. H,, J. Org., Chem,

will he published elsewhere. 1941, 6, 88\8' ;

One of the authors (G, H.P.) thanks the M.S. 4. V?‘ti;:,f' “Efg,,,’," 'S::‘d 1&?271‘;;% ammerer, M.,
University of Barcda for a Research Assistani- 5. A,;hur E.;,m‘ ;:an;'mng: H_:, _{.C’:.S‘.., 1913, 103,
ship to carry out this work. 104

6. Jean De’ combe, Cempi. rend,, 1953, 237, 336;
Faeulty of Science, C. M. Mzara. .4, 1954, 48, 1002%c. -
7 Chemistry Department, G. H. Paver. 7. Bangdiwala, B. P. and Desai, C. M., J.7.C.S., 1953,
M.S. University of Baroda, . . 30, 655. -
Baroda, December 7, 1959, 8. C%ﬁig‘f’l%f‘ggjmukwms’ M., J. dmer.

, Leonard, N, J. and Stacy, G. W., 7¥d.,

: 1947, 69, 855.

1. Suter, C. M., Bair, R. X, and Pordwell, F. G., 10. Naik, X. G. # af, J.7.C.5., 1982, 8, 127; 1943,
S Org. Chem | 1045, 10, 470, 20, 384,
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Bromination of the Substituted
Amides of Acetoacetic Acid

C. M. MEHTA, J. M. TRIVEDI & G. H. PATEL

Chemistry Depaitment, Faculty of Science,
M.S. University of Baroda, Baroda

Mangsoript recelved 12 June 1961

A number of monobromo acetoacetarylamides have
been prepared from acetoacetarylamides using bro-
mine in acetic acid in the presence of a trace of jodine
as catalyst in 70-75 per cent yields.

BACKES et al.! prepared monobromo derivatives

of the substituted amides of malonic acid by
brominating the amides in acetic acid. West? further
brominated malon diarylamides and found that the
hydrogen atom in the parz position of the phenyl
group and one of the hydrogen atoms in the methy-
lene group were equally susceptible to the attack of
‘bromine. Naik and Shah® prepared chloro deriva-
tives of the substituted amides of malonic acid using
sulphuryl chloride in the presence of dry benzene.
Naik e al.% obtained monochloro derivative of aceto-
acetarylamides in the cold, using sulphuryl chloride
in dry ether. Avasare ¢ ai.% iodinated cyanacetaryl-
amides and acetoacetarylamides by means of iodine
and iodic acid, and obtained mono- and di-iodo deri-

S Ut A it

" vatives in both the cases. Desai® prepared mono-

bromo derivatives of cyanacetarylamides using bro-
mine in hot acetic acid. .

In the present work monobromo acetoacetaryl-
amides have been prepared in much better yields from

' acetoacetarylamides using bromine in acetic acid in

the presence of a trace of iodine as catalyst:

Br, 10 acetic and
PSR A

CH COCH,CONHR CHCOCHBICONHR

{Trace of Iy

where R is phenyl, tolyl, xylyl or naphthyl group.

The amide (0-01N) was dissolved in 10-15 ml. of
glacial acetic acid, to which 20 per cent solution of
bromine in acetic acid {0-01M) was added in the
presence of a trace of jodine. The flask was kept
overnight at room temperature and the reaction
mixture, on pouring into cold water, gave & white pro-
duct, which was filtered and crystallized from benzene.

One of the anthors (G.H.P.} is thankful to the M.S.
University of Bareda for a research assistantship.
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BROMINATION OF 2, 4-SUBSTITUTED QUINOLINE DERIVATIVES

RieceL et al.l have prepared 3-bromo-4-guino-
linol on bromination of 4-quinolinel in warm
glacial acetic acid with bromine. Surrey and
" Cutler? have reported preparation of 3-halo-
2, 4~substifuted quinolines by means of sulphuryl
chioride, bromine or iodine monochloride in
glacial ‘acetic acid. Meyer et al.,3 by brominat-
ing 2, 4-substituted guinoline, also obtained its
3-bramo derivative. Chick and Wilsmore? by
direct bromination prepared 3—bromo-2—hydroxy-
4-methylquinoline, which was shown fo be
identical with the product obtained by eyclisa~
_tion of monobromo acetoacetanilide with con-
centrated sulphuric acid,

A number of 3-bromoquinoline derivatives
(III), using bromine in acetic acid in presence
of a trace of iodine as catalyst, has been pre-
pared from 2, 4-substituted quinolines (I).
These 3-bromogquinolines (III) have also been
obtained by cyclisation of monobromoe aceto-
acetarylamides and of moncbromo malonmono-
arylamides (II).

with polyphosphoric acid at 140° C., gave 3~
bromo-2, 4-dihydroxyquinolines, These 3-
bromoguinolines, cbtained both by direct and
indirect methods, are found to be identical by
defermination of their melting points and mixed
melting points,

One of the authors (G. H. P.) is thankful to
M.S. University of Baroda for a HResearch
Assistantship to carry out this work.
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‘Hy,droxy—-4-methquuinolines have been pre-
pared by the method of Ewins and King?s
while 2, 4~dihydroxyquinalines by that.of Mehta
and Patel.® These 3-bromo quinoline derivatives
are crystallized from alcohol in white needles.

Acetcacetarylamides,57 on bromination, gave
corresponding monobromo derivatives, which, on
cyelisation with concentrated sulphuric acid,
iyielded 3-bromo-2-hydroxy-4-methylguinolines ;
whereas the respective monobromo derivatives
kom malonmoncarylamides, 5 on cyclisation
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