
PART VI

Halogenation of 2-hydtosy-*+- met hyl- 

quinolines and 2,4-dihydroxyquinolines
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PART VI * '

Theoretical

Andre ’ Meyer and Paul Heimann (loc.cit.) studied 

the action of bromine on 2,4- d ihydroxy quino 11 ne (y-hydro xy- 

carbostyril ) and obtained the- so called a-bromo-2,4- 

dihydroxyquinoline in cold acetic acid in .a quantitative 

yield $ and with excess of bromine in hot got 3-bromo-2,4- 

dihydroxyquinoline. Again, bromination without a catalyst 

in boiling benzene gave c-bromo-2,4-dihydroxyquinoline. Ebv 

a-bromo~2,4-dihydroxyquinoline and c-bromo-2,4-dihydroxy- 

quinoline, on oxidation with hot KMnO4, gave the same 2,4- 

dihydroxyquinolinic acid, as did 2,4-dihydroxyquinoline.

Hence the Br atom in the a-bromo-or c-bromo-2,4-dihydroxy- 

quinoline are in undetected positions in the benzene ring.

But 2,4-dihydroxyquinoline and’ a-bromo-2,4-dihydroxyquinoline 

with PBf5 gave 2,4-dibro mo quinoline and 2,3,4-tribromo- 

quinoline respectively. Therefore the a-bromo-or the c-bromo
? CGil

derivative must not be the same 3-bromo-2,4-dihydroxy- 

quinoline.

Jansen and I-Jibaut ( Bee.trav.chim., 1937,^6,699 |

708 ) carried out the bromination of quinoline in gaseous 

phase between 300-500 °C j and found that the first bromine 

atom only entered in the pyridine nucleus. But 3-bromo- 

quinoline was prepared by passing preheated vapours of 

quinoline and bromine through a tube, filled! with pumice 

at 300°C while at 450-500° the product was 2-bromoquinoline 

in 5"0-60°;o yield.

Edinger (J.prakt.Ohem,, 1896.54. £ 2 J , 357 )



however, prepared 3-bro.mo quinoline most conveniently by 

direct bromine.tion of quinoline in the presence of a 

relatively large amount of sulphur. Presumably sulphuryl 

bromide is the actual brominating agent. Similarly, Fdinger 

and Lubberger ( J.prakt^hem., IO96, 162 2,3'K) j Baker et al,',

J. Amer, Chem. Soc., 194-6, 1532 inter alia ) carried out

the chlorination of the quinoline at 3-position by refluxing 

it with sulphur dichloride.

Renshaw and Friedman ( J. i^mer. Chem. Soc., 1939*

6l. 3320 ) observed that bromination of quinoline with sulphur 

and bromine gave 3-bro mo quinoline. Heating 3- bro mo quinoline 

with concentrated ammonium hydroxide and copper sulpha te 

catalyst in a rocking autoclave at l60°C for 2 hours and 

after extraction with ether gave 3-aminoquinoline. Mills 

and yatson (J. Chem. Soc., 1910, ^2 , 753 ) prepared 

3-quinolinol by diazotization of 3-aminoquinoline, which is 

in turn prepared by treatment of 3-bromoquinoline with 

ammonia in the presence of copper ( Maier-Bode, Ber., 1936,

§SL, 1536 ).

LaCoste ( Ber., 1881, 14, 917 ) obtained a 

broaoquinoline when a solution of quinoline in hydrochloric 

acid was warmed with bromine. Claus and Collisehonn ( Ber., 

1886, 1£, 2508 , 27 63 ) obtained the same compound by heating 

quinoline dibromide hydrobromide, C9H7N.HBr.3ra and assigned 

it tne structure of 4— bromoquinoline. But Decker ( J. prakt. 

Gdiem., 1892, 42 £2 3, 4-7 ) found that the above compound 

was 3-bromoquinoline by converting it into 3-bromoearbostyril

as under :
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Ca. CocOl y

Riegel et al. (loe.cit.) have prepared 3-bro mo-4~ 

quinolihol from 4-quinolinol with bromine. Farther, 3-bro mo- 

4-quinolinoI with phosphorus oxychloride gave 3~bromo--'+- 

chloroquinoline, bat this compound was unreactive towards 

amines in the coupling reaction, so a more reactive compound 

was prepared. Tills was accomplished by refluxing the quinolinol 

with phosphorus tribromide to produce 3,4-dibro mo quinoline 

from which the antimalerlal drug was finally obtained.

Hardman and Partridge ( J, Chem. Soc*, 19?8,

6l'4 f ibid,, 19?!?, ?I0 ). studied the bromination of 2-amino- 

4-hydroxy-7-methylqu:lnolinean& observed that the bromine 

entered into the 3~position. The 3-bromo derivative, on 

treatment with nitrous acid, furnished the bromo- 

hydroxy quinoline, and the removal of bromine by reduction 

with raney alloy gave the dihydroxyquincline from which the 

dichLoroquinoline was obtained on treatment with phosphorus 

oxychloride. 2,V-Dihydroxyquinoline was also obtained- from 

2-amino-V.hydroxyquinoline, which was fused at 2>3-290° with 

potassium hydroxide and then acidified with hydrochloric acid. 

Further bromination of 2-amino«4-hydroxyquinoline in glacial 

acetic acid gave a monobromo derivative, which on treatment 

with nitrous acid furnished the same bromo-2,4-dihydroxy- 

quinoline as was obtained by a similar bromination of 2,4- 

dihydroxy quinoline. Hence, it is concluded that the bromine
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atom has occupied the ^-position both in bromo-2,4-dihydroxy- 

quinoline and in 2-amino bro mo-1!-- hydro xyqu incline.

Schofield and Swain ( J. Chem. Soc., 1950, 384 ) 

observed the qualitative comparison with related 4-hydroxy- 

quinolines and stowed that the hydroxyquinolines undergo 

chlorination and bromination more readily and more efficiently 

at the 3-position than do analogous' cinnolines. For this 

purpose, they have carried out the bromination of 4-hydroxy-, 

6-chloro-4-hydroxy- and 6-bromo-4-hydroxy.quinolines and 

obtained respectively 3-bromo-,6-chlorp-3-bromo-, and 3,6- 

dibromo-4-hydroxyquinolines in good yields. /'Iso they have 

carried out the chlorination of the above compounds using 

sulphury! chloride as the chlorinating agent at 95°C and 

obtained the 3~chloroquinoline derivatives.

Chick and Wilsmore (loc.clt.) prepared y-brorao- 

aceto-acetanilide from aniline dissolved in carbon 

tetrachloride with a solution of y-bromoacetoacetyl bromide 

in the same solvent. The anilide was obtained, which melted 

and decomposed at 138°C as given by Knorr ( Annalen., 1886, 

216, 79 ) for the bromoacetoaeetanilide which he obtained 

by brominating acetoacetanilide. On dissolving the 

bromoacetoaeetanilide in cold concentrated sulphuric acid 

gave 3-bro mo-2-hydro xy-4-me thyiquino1ine.

Surrey and Cutler (loc.cit.) carried out, the 

synthesis of several 3-halo-4~aminoquinoline derivatives 

as a part of a general study on the effect of the position 

of halogen atom substituents on the antimalerial action 

of 4-dialkylaminoalkylaminoquinoline compounds. Here,
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ethyl-4-hydroxyquinaldate and ethyl 5-( and 7 )-chloro- 
4-hydroxyquinaldates were treated in glacial acetic acid 

with bromine, sulphury! chloride, or iodine mom chloride, 

and gave respectively the 3-hromo-3-chloro- or 3-iodo 

derivatives in practically quantitative yields. A trace of 
iodine as a catalyst was used in the chlorination and 

? bromination. The structure of 3 - br omo-4-hydroxy quino1ine , 

was proved hy the identity of its melting point with the 

compound reported hy Fiementowski and Sueharda ( J. prakt. 
Chem., 1916, £4* 225 ).

Lydia Monti ( Gazz. Chim, ital., 1937, 62, 624 ) 

treated the mixture of 2-hydroxy-4,8-dimethylquinoline and 

methylolchloroacetamide in concentrated sulphuric acid at 
room temperature and obtained chloroacetyl (2-hydroxy-4,3- 

dimethyl-3-quinolyl)methylamine. Riegel and his co-workers 
(loc.cit.) prepared 3-bromo-4~quinolinol and 3-bromo-8- 
nitro-4-quinolinol from 4-quinolinol and 8-nitro-4-quinolinol 

respectively by bromine ting in warm glacial acetic acid.

Pujino et al. ( Fippon JDaigaku Yakugaku Kenkyu 
Hokoku., 1958 , 2 , 36 j Chem. Abst., 1959, 8137 ) carried

out the bromination of quinaldine in presence of BF3-AcOH 

and obtained mo no bro mo quinaldine with a small quantity of 

CO -dibro mo quinaldine.
Schultz, Goldberg, Carsch and Ordas ( J. Org.

Chem., 1946, XI, 170 ) carried out the chlorination of 
6-methoxy-S-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-
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tetraehloro-6-methoxy-S-nitroquinoline and 5,7,8-triehloro- 

6-methoxy-8-nitroquinoline. Quinolines carrying halogen in 

the benzene ring are generally easily prepared by various 

ring closer methods. Saruma et al. ( Zhur. Obshchei. Khim., 

i960, 30, l6l4 | Chem. Abst., 19&L, 12, 3590 ) carried out 

the synthesis of J-bro mo quinoline, vis,, broraination of 

8-acetamidoquinoline at 0°C in acetic acid and adjustment 

to pH 9 with sodium hydroxide gave 92 % yield of 5-bromo- 

8-acetamidoquinoline, from which 5-bromo-S-aminoquinoline 

was prepared by hydrochloric acid.

Ridd et al. ( Chem. and Ind., London, 1958, 3&1 ) 

carried out the bromination of quinoline at 5 and 8-positions 

in'concentrated sulphuric acid. They pointed out that the 

bromination of quinoline by direct mixing of the reagents 

in the presence of sulphur or in hydrochloric acid, the 

product usually include polybro mo quinolines* but the initial 

substitution appears to be in the heterocyclic ring, for 

the only mono-substituted product obtained by the above 

methods, was found to be 3-bromoquinoline. In contrast, the 

nitration of quinoline in mixtures of nitric acid and 

sulphuric acid gave exclusively to substitution, in the 

homocyelic ring, the 5-nitro and 8-nitro isomers being 

formed in similar amounts (Dewar and Maitlis, J. Chem,

Soc., 1957 , 2521 ). So the bromination of quinoline under 

conditions more nearly related to, those employed in the above 

nitration, was carfied out in concentrated sulphuric acid 

in presence of silver sulphate and the 5-bromo-and 8-bromo- 

quinolines have been obtained.
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Huggill and Plant ( J. Che®. Soc., 1939, 784 ) 

studied tlie bromination of 2,3-di substituted-4-quinolone s, 

viz,, 1,2,3,4-tetrahydroaeridone, on bromination with one 

mole of bromine in acetic acid, gave 7-bromotetrahydro- 

acridone f while with two mols.of bromine it gave 7,9- 

dibromotetrahydroacridone. The bromination of 2,6,8-trimethyl- 

4-quinolone was carried out by the above method, and obtained 

a mono-bromo derivative from which the halogen atom is not 

removed by pyridine, and since the 3-position is unsubstituted 

in the. starting material, it is likely that the bromine atom 

has entered at this point.

In the present investigation of Part VI, it is 

proposed to study the halogenation of 2-hydroxy-4-methyl- 

quinolines and 2,4-dihydroxy quinolines respectively with 

the object of determining the position 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, occupying the quinoline ring is not only of 

considerable importance, but of much confusion, as has been 

observed from their reactions. Because of the low electron ' 

density at the 2- and 4-positions of the quinoline ring 

compared to the 3,5,6,7 and 8-positions, quinoline halogen 

derivatives with the halogen in the 2- or 4-position differ 

considerably from the other halogen compounds. These 

differences involve both methods of synthesis and reactions 

and in general the 2- and 4-haloquinoline compounds parallel to 

their pyridine counterparts.

Direct bromination and chlorination of
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hydroxyquinolines in acetic acid have, therefore, been 

carried out and the corresponding 3-bromo- and 3-chloro- 

derivatives have been prepared. Ibdination of hydroxyquinolines 

is also attempted by the available methods, using iodine 

and iodic acid, iodine in liquor ammonia and iodine 

mo no chloride. It may be pointed out that 3-iodo-2-hydroxy- 

*f-methyl quinolines were prepared by direct iodi nation of 

2-hydro xy-4-methylquinolines, using iodine and iodic scid$ 

but attests at the iodination of ^-hydroxyearbo styrils, 

were found to be unsuccessful.

The fact that the bromine or the chlorine atom 1 

has entered only in the 3-pbsition of hydro xy quinolines is 

duly confirmed by the preparation of a number of mono bromo 

and no no chloro derivatives of acetoaeet arylamides and 

of malon mono arylamides, each of which on subsequent 

cyclisstion, has given the corresponding 3-bromo-and 3- 

chloro-hydroxyquinolines 5 also 3-iodo derivatives of 1f- 

methylcarbostyrils are obtained, but not of ^hydroxy- 

carbostyrils. Hence, 3-haloquinolines have been prepared by 

the cyclisstion of the corresponding mono halo acetoaeet 

aryls aide sand mono halo malonmono arylamides j while the 

similar cyclisa.tion of the mono iodo derivatives of these 

amides liras 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 chloro derivatives of acetoaeet arylamides and of
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malonmono- arylamides. in much better yields have been prepared, 

using bromine and sulphuryl chloride in acetic acid respectively 

in presence of a. trace of iodine as catalyst.

Backe*s, West and Whiteley (loc.cit.) prepared 

monobromo derivatives of the substituted amides of ma Ionic 

acid by brominating the amides in acetic acid. West ( J.

Cheitu Soc,, 1922, 121. 2196 ) brominated melon diarylamides 

and found that the hydrogen atom in the para position of 

the phenyl group and one of the hydrogen atoms of the 

methylene group were equally susceptible to the attack of 

bromine. Naik and Shah, ( J. Ind. Chem. Soc., 1927, V, 11 ) 

prepared dichloro melon arylamides using sulphuryl chloride 

in dry benzene. Desai (J. .Ind. Chem. Soc., 1955, ^2, 592 ) 

prepared mono bromo derivatives of cyanacet arylamides using 

bromine in hot acetic acid.Here, the hydrogen atom of the 

reactive methylene group, situated between the two carbonyl 

groups, =C0.CH2.CQ-, is replaced by the halogen atom and 

the mono halogen derivatives of the said arylamides have 

been prepared by the method's given below:

Brominetion method of gmides :

Acetoacet arylamide or malonmono aryl amide (0.01 M) 

was dissolved in 10-15 ml. of glacial acetic acid in presence 

of a trace of iodine as catalyst, to which 10 % solution of 

bromine in acetic acid (16 ml. 0.01 M ) was added with 

continuous stirring. The flask was, then kept over-night 

at room temperature and the reaction mixture, on pouring 

into cold water, gave a white product, which was filtered 

and crystallised from .benzene.



CH3C0CH2C0MfR + Br2---- CH3COCHBrCORHR + HBr

H2 T'CO GH2 CO mR + Br2—Ha MX)CH2C0 THR + Iffir

( Where H is phenyl, tolyl,xylyl and naphthyl groups ).

The monobrorao derivatives of the other members 

of acetoaoet arylamides and of malonsKsno arylamides in 

a similar way have been prepared in 70-75 pen cent yields.

( Mehta, Trivedi and Patel, J. Sci. Industr. Res., 19&1,

20B, 4-60 )

Chlorination method of amides i 

Acetoacet arylamide or malonmono arylamide 

(0.01 M) was dissolved in 10-15 ml. of glacial acetic acid 

in presence of a trace of iodine as catalyst, to which 

sulphuryl chloride (0.01 M) in cold was added. The reaction 

mixture was kept for 3 hours at room temperature and on 

pouring into cold water, it gave a white product, which was 

filtered and crystallised from alcohol.

CH3C0CH2C0NHR + S02C12— CH3C0CHC1C0IIHR -i- S02 + HC1

H2iX0CH2C0RHR * S02C12----- HaKC0CHClC0NHH + S02 + HC1

( Where R, is phenyl,toiyl,xylyl and naphthyl radicals ). 

Similarly, monochloro derivatives of other members of 

the said amides have been prepared. It may be pointed out 

that Walk et si.: ( I. Ind. Chem. Soe., 194-3, 20, 384- ) 

prepared a few monochloro acetoacet', arylamides in cold, 

using su^phuryl chloride in dry ether ? but the present 

method furnishes better yields.

ibdination method of amides :

Acetoacet arylamide or malonmono arylamide#0.05 M)

was dissolved in alcohol *by heating to which was added
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iodine (O.O1* M ) in presence of concentrated aqueous solution

of iodic acid (0.01 M). The reaction mixture, without reflux
\

and on cooling, gave a product, which was filtered and 

crystallised from alcohol.

5CH3COGH2CO KBH + 2Ia + HID3—»-5CH3COCH3DOHSR + 3Ha0 

5H2M)CCHg00hHR + 2Ia + H3D3—»-5HaK)CCH]D0MHR + 3Ha0

In the same way the mo no io do derivatives of other 

members of acetoacet arylsmides and of mslonmono arylsmides 

have been prepared. It is to be noted that Avasara et al.

(J.3hd.Ghem.Soc., 19?2,22, 709) have prepared iodo 

derivatives of acetoacet arylamldes and cyanacet arylamides.

Accordingly, the following mono halogen 

derivatives of acetoacet arylamides and malonmono arylamides 

have been prepared.

COCH,
/

XCH

GO I'IHa
/

XCH

COCH*
/

XCH

COR
/

XCH

(X) (XI)



*1, Mo no bromo acetoacet-P-tolui&ide 
(VIII, X=Br ; Rt=R2=H 5 R3=GH3)

*2. Mb no bromo acetoacet-o-toluidide 
(VIII,X=Br ? Ra=^3=H $ R1=SH3)

*3* Mo no bromo acetoacet-p-chlorosnil’ide 
(VIII,X=Br | Ri=Ra=H ; R3=C1 )

-*4.. Mo no bromo acetoacet-p-phenitidide 
(VIII,X=Br $ Rt =R2=H ; R3=0GaH5)

*5* Mo no bromo scetoacet-l:2t4-xylidide 
(VIII, X=Br ,■ Ra=H ,* R1=R3=GH3)

*6, Mo no bromo acetoscet-lt3^+“xylidide 
(VIII, X=Br ; R,=H 5 Ra=R3=CH3)

*7. Monochloro acetoacet-o-toluidide 
(VIII,X=C1 f R2=R3=H I R1 =ch3 )

*3. Monochloro acetoacet-a«naphthylamide 
(X, X=C1 )

*9. Monochloro acetoacet-p-naphthylamide 
(XI, X=G1 ; R=CH3)

10. Mo no io do acetoacetanilide 
(VIII,X=I ,* R1=R2=R3=H)

11«Monoiodo acetoacet-o-toluidide 
(VIII,X=€ ; Ra=R3=H $ R1=CH3)

12. Ibno iodo acetoacet-p-toluidide 
(VIII, X=I $ R1=Ra=:H ; R3=CH3)

13. Mo no 10 d o acetoacet-lO*5*-xylid 1 de 
(VIII, X=I 5 Rt=H % R2=R3=GH3)

*lh, Mo no bromo malonmono-p-toluidide 
(IX, X=Br ; R-, =Ra=H ? R3=C%)

*15. Mb no bromo malo nmono-m- toluidide 
(IX, X=Br f Rt=R3=H j R2=CH3)

*l6. Mono bromo malonmono-p-chloroanilide 
(IX, X=Br ; R1=R2=H 1 R3=C1 )

188



*17. 'Mcnobromo malonmono-p-anisidide 
(IX, X=Br J R,=R2=H ? R3=OCH3)

*18. Mbnobromo ms lo nrro no~l: 31 ’4- xyl id ids 
(IX, X=Br $ R,=H $ Ra=R3=CH3)

*19. Ibnobromo malonmono-p-naphthylsmide 
(XI, X=Br j R=KHa)

*20. IbnochlarO'O- malonmono-p-toluidlde 
(IX, X=C1 j R, =R2 =H 5 R3=CH3)

*21. Monoehloro malonmono-p-anisidide 
(IX, X=C1 j R,*Ra=H j R3=0CH3)

*22. ifonochloro malonraono-l:3:if-xylidide 
(IX, X=C1 ; RpE f R2=R3=GH3)

*23. lb nolo do malonmono anilide 
(IX, X-I | R1=R2=R3=H )

*2J+. Mb no io do malonmono-p-to luidide 
(IX, X=I 5 Rt=Ra=H 5 R3=CH3)

*25. Mb no methyl acetoacetanilide 
• (VIII, X=CH3 1 R1=Ra=R3=H )

* The compounds marked with asterisks (*) are reported 

for the first time.

Mehta and Patel, (Curr.Sci., 1961, lj>, 30 ) 

carried out direct bromillation of 2,4-disubstituted 

quinolines, using bromine in acetic acid in presence of 

a trace of iodine'as catalyst and obtained 3-bromo~2,4~ 

disubstituted quinolines. The 2,l+~disubstituted quinolines, 

thus, selected for study are 2-hydroxy-1*-methylquinolines, 

which are obtained by the method of Ewins and King 

(loc.cit.) ^ whereas 2, *f-dihydro xyauino lines have been 

prepared by Mehta and Patel (loc.cit.). These 2,4-disubsti- 

tuted quinolines .are also chlorinated and the 3-chloroquinoline



derivatives respectively of 4--methylcarbostyrils and 4-- 

hydroxycarbostyrils have been obtained. The 3-iodo-2- 

hydroxyquino^ines likewise prepared j but the attempts 

to iodinate 2, 4-- dihydroxy quinolines were not successful.

The direct halo ge nation of hydroxy quinolines in the 

3-position was, thus, carried out by the methods described 

below t

Bromination of hydroxyqulnolines s 

2-Hydro xy-lf, 6-dimethyl quinoline or 6-methyl-

2.4- dihydroxy quinoline (0.01 M) was dissolved in 25 ml# 

of glacial acetic acid in presence of a trace of iodine 

as catalyst, to which 20 % solution of bromine in acetic 

acid (8 ml. ) was slowly added with continuous stirring.

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

product, which was filtered and crystallised from alcohol.' 

White needles of 3-bro mo-2-hydroxy-4-,6-dimethylquinoline

or of 3-bro mo-6-methyl-2,4-dihydroxy quinoline were obtained 

Similarly, 3-bromo derivatives of the other members of 

hydroxyquinoline s wife /prepared.

Chlorination of hydroxyquinolines t 

2 - Hydro xy- 4-,8-dime thyl qu i no 1 i ne o r 6- me thyl -

2.4- dihydro xyquino line (0.01 1-5) wa-s dissolved in glacial 

acetic sc id (15 ml.) to which sulphuryl chloride (0.01 M) 

in cold was added in presence of a trace of iodine as 

catalyst. 'The reaction mixture was stirred for half an hour 

and the monochloro derivative, which was separated,filtered 

and crystallised from alcohol. Si a similar way 3-chloro 

derivatives of the other members of hydroxyquino 1 ines
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have "been prepared,

Icdinatlon of hydroxyqulnolines : (With iodine 

and iodic acid )

2-Hydroxy-4,8~dimethylqu.inoling (2.l6 g.) was 

dissolved in minimum quantity of not alcohol, to which 

iodine crystals (1.27 g.) and concentrated aqueous solution 

of iodic acid (0.5 g.) were added. The reaction mixture was 

stirred for one hour at room temperature and on dilution 

with water gave a product, which was filtered and 

crystallised from alcohol. The product of crystallisation 

was identified as 3~iodo»4,6~dimethylquinoline. In a 

similar .wy the other 3-iodo derivatives of methyl car Ido styr 11 s

are prepared ? but 3-iodo-4-hydroxycarbo styrils are, 

likewise, not obtained.

The yields of iodo derivatives were found to be 

better by this method than those obtained by the other 

methods. It may be noted, that the attempts to prepare 

iodo derivatives of 4-hydro xycar bo styrils have not been 

successful.

(a) With iodine and iodic acid s

6-Methyi-2,4-dihydroxyquinoline (2.19 g.) was 

dissolved in hot alcohol, to which iodine (1.27 g.) and 

iodic acid (0.5 g.-) were added and the reaction mixture 

treated as above. The product was crystallised from alcohol, 

which was identified as the original 6-methyl-2,4-dihydroxy- 

quinoline. Similarly with other members of-2,4-dihydroxy- 

quinolines, the iodination was, thus,found to be 

unsuccessful, where only the respective original
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2,4-dihydroxyquinoline derivative was obtained from the 

reaction mixture.

(b) With iodine and lieu ammonia % 

6=Methyl52,4-dihydroxyquinQline (1.75 g.) was

dissolved in **0 ml. of 22 % aqueous ammonia, to which a 

solution of iodine (1.27 g») in potassium iodide ( 3 g.) 

was added with stirring for half an hour. The mixture ms 

then poured into excess of dilute ice cold sulphuric acid,■ 

The precipitated white mass was filtered and crystallised 

from alcohol. The product was identified as the original 

6 - me thyl - 2,4- d ihy dr o xy qu ino line.

(c) With iodinemonochloride s 

6-Methyl-2,4-dihydroxyquinoline (0,01 M) m.s

dissolved in a minimum- quantity of acetic acid, to which 

15 ml. of hydrochloric acid (d. 1.11 ) and iodine mono- 

chloride (1.62 g.) were added. The reaction mixture was 

kept over-night in a well stoppered flask at 6o°C, then 

stirred vigorously for two hours. The separated solid was 

filtered, washed with water and crystallised from acetic 

acid which was identified as the original 6-methyl-2,4- 

d ihydro xy qu i no 1 ine.

ibw the monobrorno- 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-lf-methylquinolines, using a mixture of acetic . 

anhydride and concentrated sulphuric acid in the proportion 

of 1 t 1 by volume as the 'cyclising agent (Mehta and Patel,
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loc.eit.). Similarly, .the monobromo and the monochloro 

derivatives of malonmono arylamides, on cyclisation, gave • 

the corresponding 3-brorao and 3-chloro derivatives of 2,4- 

dihydroxyquinolines using polyp ho sphoric acid as the 

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

The courses of reaction of 2 - hydro xy-,+- me t hyl - 

quinolines (I) and bromo or chloro acetoacet arylamides 

(II and IV), by direct and indirect methods, confirming the 

3-bromo(or 3-chloro) hydroxyquinolines (III and V ) are 

expressed as under*

Br;t in HAc. ?
(Iz trace)

SOzClqinHA^
(Iz trace)

ch3

^Tfrr Aci°+
H2S04

^COCHj

BrCH
VoNHR

ciin
Cl

OH

AczO + 
H2SO4

cJ1>
/COCH3

CICH
Von hr

cvn.

(!?]here, R - -CgHiy, -C7H7, -CgH^ and -C10Hr, groups).

Similarly, with 2,4-dihydroxyquinoline s (VI) the 

confirmations of 3-bromo or 3-chloro derivatives of 
4-hydroxycarbostyrils (VIII and X ), and bromo (or chloro) 

of ms lo no mo no arylamides (VII and IX) are given below?
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OH OH

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

■ Since, 2-hydroxy-}+»methylquinolines, on iodinetion 

with, iodine crystals and iodic acid, gave the corresponding 

3-iodo-2-hydroxy-lf-methylquinolines 5 but for reasons not 

known the io dination of 2,4-dihydroxy quinolines was not 

possible, inspite of the attempts being made by the application 

of available methods described under (a), (b) and (c) and 

in^each case under investigation it was found that the 

original dihydroxyquinoline derivative was recovered from 

the reaction mixture undergoing iodination. Then,

While confirming the position-3 occupied by 

iodine atom in use of iodo derivatives, prepared by direct 

iodination of 4-metiiylcarbostyrils, it can,conveniently,be 

shown from the analogous behaviour of the formation of 

3-bromo and 3-chloro derivatives of hydroxyquinolines ; 

because the mono iodo acetoacet arylamides are very unstable



and they undergo spontaneous decomposition, evolving 

copious fumes of iodine vapour from the reaction mixture, 

with the result that the 3-iodo-4-methyl carbostyrils are 

not obtained by cyclisation, using a mixture of acetic 

anhydride and sulphuric acid as the cyclising agent. Such 

copious fumes of iodine, were similarly, evolved from the 

reaction mixture of the monoiodo derivatives'of malonmono 

arylamides, during the .process of cyclisation, using 

polyphosphoric acid as the cyclising agent, with the result

that 3 - io do - 4- hydro xy carbostyrils were not formed or
$

immediately decomposed if at all they were formed.

However, it is difficult to explain the non

formation, of 3-iodo-4-hydroxy carbostyrils by the available 

methods of io dination. The fact that 4-hydroxy car bo styril, 

as shown in part II, exists in transannelar carbostyril 

{2a) and kynurin (lb) tautomeric structures f whereas the 

existence of such a kynurin (lb) structure in 4-methyl - 

carbostyril has not become possible. Thus^

OH

On the basis of this phenomenon of tautomerism , 

it may probably be possible to explain the non-formation 

of 3-iodo derivatives with, 4-hydroxycarbostyrils or the 

formation of 3-iodo derivatives with 4-methylcarbostyrils. 

Moreover, it must be remembered that the mode or the 

mechanism-of substitution, for bromination and chlorination



tt> -be
does not seem^of the same type as that of iodi nation.

It is-quite obvious that in the molecule of 

acetoacet arylamide and malonmono arylamide, containing 

the reactive methylene (-CO.CH2.CO-) group of which the 

hydrogen atom is being replaced by ? 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 

3-position in the newly formed derivative of hydroxy- 

quinoline, obtained by the cyclisation of the said 

arylamide s.

Further, through the interaction of monosodio 

acetoacetanilide wibh methyl iodide, the monomethyl 

acetoacstanilide was prepared, which, on cyclisation with 

acetic anhydride and sulphuric acid, gave 2-hydroxy-3,4- 

dimethyl quinoline, the identity of which was proved by 

comparing its melting point with that of the authentic 

sample ( Knorr, Ann,, 1888, 245.365 ). Here, the methyl 

group of the amide, on cyclisation, is shown to occupy the 

3-position in hydroxyquinoline as under:

CH3

~ ,N OH

Thus, the direct bromination and chlorination 

of hydroxyquinolines gave the respective 3-bromo and 

3-chloro derivatives, the identity of which was established 

by means of their melting .points, mixed melting points and



analysis with the corresponding products, obtained by the 

respective cyclisation of monobromo and monochlorp 

derivatives of acetoacet arylamides and malonmono arylamide 

The following 3-halo derivatives of 4-me thyl - 

carbostyrils and 4-hydroxycarbostyrils wereyprspared.

*4

cxim
Ri

1. 3-Bromo-2-hydroxy-4,6-dimethylquinoline
(XII, X=Br ? Ri =H3=Hu=H j R2=C%)

2. 3 - Bro mo - 2- hydro xy- 4, 8-dime thyl qu i no 1 ine
(XII, X=3r 5 3, =R2=R3=H ,* R4=CH3)

3. 3 -Bro mo - 2= hydro xy- 4-, 6,8- tr ime thyl qu ino 1 i ne
(XII, X=3r f ^=33=3 j R2=R4=CR3)

4. 3 - Bro mo - 2- hydro xy- 6- e tho xy- 4- me thyl qu ino 1 ine
(XII, X=3r $ R, =R3=R.4=?I f R2=OC2H5)

5. 3-Bhloro-2-hydroxy-4,8-dimethylquinoline
(XII, X=C1 ; R1=R2=R3=H $ Rv=CH3)

6. 3-Chloro-2-hydroxy-4-methylbenzoquino1ine(7:8)
(XI?, X=C1 | R,=OH 5 R2=CH3)

7. 3-^hloro-^*hydroxy-4-methylbenzoquinoline(5s6)
(XV, X=C1 j R-, =0K i R2=CF3)

8. 3- Iodo-2-hydroxy»4-methylquinoline
(XII, X=I | R1=R2=R3=H4=H)
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9* 3“ lb do - 2- hydro xy-4,8-dime thyl qu Ino 1 ine 
(XII, X=I ; R^R^R^H $ R4=CH3)

10. 3- 3b do-2-hydroxy-4, 6- dime thyl quinoline
(XII, X=I ? R1=R3=R4=H ; Ra=CH3)

11. 3“ 3b do - 2 - hydro xy- 4, 6,7 - ' t r. I me thyl qu itib 1 Ine
(XII, X=I | R,=R*=H | R2=R3=CH3)

12. 3-Brorfo-6-methyl-2,4~dihydroxyquinoline
(XIII, X=Sr | R1=R3=R*=H | R2=CH3)

13* 3-Bro mo-7-methyl-2,dihydroxyquino 11 ne 
(XIII, X=Br | R1=R2=R^=H f R3=CH3)

Ilf. 3-Brcmo-6- chloro-2,4-dihydroxyquinoline 
(XIII, X=Br * R1=R3=R1<.=H | S2=C1)

15. 3-Bromo- 6-metho xy-2,4-d ihydro xyqu Inol ine
JXIII, X=Br | R,=R3=Rit=H ; R2=0GH3)

16. 3-Bro mo-6,7-dimethyl-2,4-dihydro xyquino1ine

(XIII, X=3r ; R,=R4=H ; R2=R3=C%)
17. 3-Bromo-2,4~dihvdroxybenzoquinoline (?s6)

(XV, X=Br % R, =R2=0H )
18. 3-Chloro-6-me thyl-2,4-dihydro xyquino1Ine

- (XIII, X=C1 I R1=R3=Rlf=H $ R2=CH3)

19• 3-Chloro-6-me tho xy-2,4-dihydroxyquIno1ine 
(XIII, X=C1 I R1=R3=R^H I R2=0CH3)

I

20. 3-Chloro-6,7-dimethyl-2,4-dihydroxyquinoline 
(XIII, X=01 -j R1 =R^=H | r2=r3=CII3)

The above mentioned 3-halo derivatives of hydroxy- 

quinolines are reported for the first time.
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S X PER IMS NT L

?-fano 1 jromo acetoacet-p-toluidi&e • 

Aeetoacat-p-tolui&i&e (1*91 g.) was dissolved 

in 10-1? ml. of glacial acetic acid in presence of a trace 

of iodine as catalyst, to which 10 % solution of "bromine 

in acetic acid (l6 ml.) was slowly added with continuous 

stirring. The reaction mixture was kept over-night at 

room temperature and on dilution with excess of cold \^ater 

it gave a white product which was filtered and crystallised 

from "benzene, i.p. 1^-90C. "tield 1.2? g.

Analysis :

l6.0 rag. of the substance gave 11.20 mg. of 

silver bromide.

Found i Br = 29.79 

^11 i-t 2°2®r requires s Br = 29.67 %.

Mcnobromo acetoacet-o-toluidide ;

Acetoacet-o-toluidide (1.91 g«) snd bromine in- 

acetic acid (1.6 g.) were treated ss above, and the monobromo 

acetoacet-o-toluidide, thus obtained a?as crystallised from 

alcohol, m.p. 90°G. Yield 0.9? g*

Analysis :

19,8 mg, of the substance gave l1+.l6 mg. of 

silver bromide.

Found t Br = 30.04 %,

C., .j Hi g02NBr requires : Br = 29.6? %,



Mo no brorao& ceto.a cet~o-chlo roa nil Ide 

Acetoacet-p~chloroanilide (2.11 g.) and "bromine 

in acetic acid (1.6 g.) were treated as "before and the 

"broffio derivative, thus obtained, was crystallised from 

alcohol, m.p. lb-5°C. Yield 1.15 g.

Analysis t

6.13b- mg. of the substance gave 0.297 n£L. of 

nitrogen at'29°C and 750 mm. pressure.

Found s F = 5.20 %,

Ci 0H902FClBr requires s F = b.82

Monobrorno acetoacet-p~phenltidide 

Acetoacet-p-phenitidide (2.21 g.) and bromine 

in acetic acid (1.6 g.) were treated as before and the 

brorno derivative, thus obtained, was crystallised as above 

m.p. lb-9°C. Yield 1.65 g.

Analysis t

16.38 mg. of the substance, gave 10.32 mg. of 

silver bromide.

Found' : Br = 26.81 %,

Ci 2E| u.03HBr ' requires : Br = 26,66 %,
Monobrorno acetoacet-l;2ib— xvlidide 

Acetoacet-l?2?b—xylidide (2.05 g.) and bromine 

in acetic acid were treated as above and the monobrorno 

acetoacet-ls2s4-xylidide, thus obtained, was crystallised 

from alcohol, m.p. 128°C. Yield 1.3 g.

Analysis :

6,b02 mg. of the substance gave W222 mg. of

silver broniide



Found , ? Br ,= 28.06 

C1 gHt i,.02®r requires ! Br = 28.16 %.

Monobromo acetoacet-l^s^xylidlde 
Acetoacet-lOs^xyiidide (2.05 g.) and bromine in 

acetic acid were treated as above and the monobromo acetoacet 

l:3:4-xylidide, thus obtained, was crystallised from alcohol, 

in.p. 126®C. Yield 1.^ g.

Analysis s

^10.750 mg. of the substance gave 7.102 mg. of 

silver bromide.

Found : Br = 28.11' %,

C12H1lf02M5r requires s Br 5 28.16 %, „ 

Monochloroacetoacet-o-toluldide 

Acetoacet-o-toluidide (1.91 g.) was dissolved in 

glacial acetic acid (10 ml.) 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 product, which was crystallised from aqueous alcohol, 

m.p. 85°G. Yield 1,1 g.

Analysis :
6.372 mg. of -the substance gave 3-956 mg. of 

silver chloride.

Found s Cl- = 15.36 %,

C11Hi202NC1 requires ? Cl = 15.7*+- %•

Monochloro aeetoacet-a-naphthylamide 

Acetoaeet-a-*naphthylamide (2.27 g.) and sulphuryl 

chloride (1.35 g.) were treated as before and the product
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thus, obtained, was crystallised from alcohol, m.p. 135°C. '

Yield 1.5 g.

Analysis s

7.962 mg. of the substance gave 4.22 mg. of 

silver chloride.

Pound » Cl = 13.11 %.

C^H^OaNCl requires t Cl = 13.58 %.

Mo noehloroace to a ce t- B-naphthyja mide 

Acetoacet-p-naphthylamide (2.2? g.) and sulphuryl 

chloride (1.35 g. ) were treated as before, and the product, 

thus obtained, was crystallised from aqueous alcohol, m.p. 

93°C. Yield 1.6 g. '

Analysis .t
- Tl" \

8.390 mg. of the substance gave 4.44 mg. of

silver chloride.

Pound s Cl = 13.10 %.

C1 4K12O2PCI requires : Cl = 13.58

Mo no iodo acetoacetanillde s

Ace to acetanilide (2.22 g.) was dissolved in alcohol 

(15 ulL.), to which iodine (1.27 g.) and iodic acid (0.5 g.) 

were added with continuous s-tlrrigig.The monoiodo derivative 

thus obtained, \ia.s filtered and crystallised from alcohol, 

m.p. 124°C.

Monoiodo acetoacet-o-toluidide ; 

Acetoacet-o-toluidide (2.4 g.), iodine (1.27 g.) 

and iodic acid (0.5 g.)- ward treated as above, and the 

monoiodo derivative, thus obtained, was filtered and 

crystallised from alcohol; m.p. 123®C.



Mo no io do acetoacet-t>-toluidide :

Acetoacet-p-toluidide (2.4 g.), iodine (1.27 g.) 

and iodic acid (0.5 g.) were treated as above, and the 

mo no io do. derivative, thus obtained, wss filtered and 

crystallised from alcohol, m.p. 121°G.

Monoiodo acetoacet-l?3:4-:xylidide s 

Ac e to a c e t-1 j 3 s 4- xyl id id e (2.5 g.), iodine (1.27 g.) 

and iodic acid (0.5 g.) were treated as above, and the 

mo no io do derivative, thus obtained, was crystallised from 

alcohol, m.p. 13i°C.

Monobromo malonmono-p-toluidide t 

Mhlonmano-p-toluidide (1.92 g.) and bromine in 

acetic acid (1,6 g.) were treated as before and the 

product, obtained, was crystallised from alcohol, m.p.

190°C. Yield 1.25 g.

Analysis : .

6.960 mg. of the substance gave 0.562 ml. of 

nitrogen at 32°C and 757 mm. pressure.

Found ; N = 10.51 

C1 oHi i02N2Br requires : N = 10.33 <%,

Monobromo malonmono-m- toluidide t 

Malonmono-m-toluidide (1.92 g.) and bromine in 

acetic acid (1.6 g.) were treated as feefcftjeand the product, 

obtained was crystallised from alcohol, m.p. 122°C.

Yield 1.2 g.

Analysis :

16.70 mg. of the substance gave 11.71 mg. of

silver bromide.
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Found . s Br = 29.73 %.

cioHnG2F23r requires : Br = 29.52 %.

Mcnobromo ms 1o nmo no-o-c hi pros nil ids s 

Malonraono-p-cliloroanilide (2.12 g.) and bromine 

in acetic acid (1.6 g.) were treated as before and the 

product, thus obtained, was crystallised from alcohol,m.p. 

l8o°C. Yield 1.4 g.

Analysis :

9.30 mg. of the substance gave 1.20 ml. of 

nitrogen at 33°C and 754 mm. pressure.

Found . : N = 14.30 %.

C9H80aN2ClBr requires : N = 14.35 %.

Monobromo malonmono-p-anisidide % 

Malonmono-p-snisidide (2.08' g.) and. bromine in 

acetic acid (1.6 g.) were treated as before and the product 

obtained was crystallised from alcohol, m.p. l65°G.

Yield 1.4 g.

Analysis t

15.60 mg. of the substance gave 10.30 mg. of - 

silver bromide.

Found : Br = 28.15 %•

G, qII, ,03I\T2Br requires t Br = 27.87 %*

Ifonobromo malonmono-1;3;4-7^rlldide { 

Malonmono-l;3?4-xylidide (2.06 g.) and bromine 

in acetic acid (1.6 g.) were treated as before and the 

product, thus obtained, was crystallised from alcohol, 

m.p. 172°C« Yield 1.2 g.



-Analysis i.
*

14.66 mg. of the substance gave 9*66 mg. of 

silver bromide.

found ? Br = 28.04 %.

CnTTi302F2Br requires . : Br = 27.97 %•
%

1-fonobromo malonmono-p-naphthylsmlde ?

Malonmono-p-naphthylamide (2.28 g.) and bromine 

in acetic acid (1.6 g.) were treated as before and the 

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

Yield 1.6 g.

Analysis t'
6.56 mg. of the substance gave 0.494 ml. of 

nitrogen at 31°C and 760 mm. pressure.

Found j N = 8.75 %.

C., 3H., i02F2Br requires t F = 9«12 %.

Ifonochloro malonmono-c-toluidide :

Kalonmono-p-toluidide (1.92 g.) and sulphuryl 

chlorj.de (1.35 g.) were treated as before and the product, 

thus obtained, was crystallised from alcohol, m.p. l40°C. 

Yield 1.3 g.

Analysis i
7.94 mg. of the substance gave 5.012 mg.of 

silver chloride.

Found : Cl = 15.62 %„

CioHii02F2Cl requires s Cl = 15*74^.

Fbnoehloro malonmono-o-anisidide s

Malonmono-p-anisidide (2.08 g.).and sulphuryl, 

chloride (1.3? g.) werp treated as before, and the product
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thus obtained, ■was crystallised from alcohol, m.p. lli-2°C. 

Yield 1.4 g.

Analysis t

8,78 mge of the substance gave 0.887 ml. of 

nitrogen at 32°C and 760 min. pressure.

Found - s N = 11 ,.30 

^ 1 01 '^2^“ requires s F = 11.54 %•

Monochloro maionmono-1;3 ;4-ocvl idide ; 

Mslonmono-ls3;4-xylidide (2.06 g. ) and.-sulphury! 

chloride (1.35 g.) were treated as before, and the product 

thus obtained, was crystallised from alcohol, m.p. 148°C. 

Yield lAg, ■ - '

Analysis ;

13.92 mg. of the substance gave 8.74 mg. of 

silver ehloride.

Found

C^ 1 Hi302TigGl requires

Cl =15.13 

Cl = 14.76 %,

Mo no io do melonmonoanilide :

Malonmonoanilide (2.22 g.), iodine (1.27 g.) and 

iodic acid (0.5 g.) were treated as before, and the 

product thus obtained was crystallised from alcohol, m.p. 

165°C. Yield 1.5 g.

Analysis :

11.064 mg.'of the substance gave 3.490 rag. of" 

silver iodide.

Found t I = 41.76 

C9H9O2NgI requires- j I = 41.44-
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Mpnoiodo xmalonmono-o-toluidide i 

Malonmono-p-toluidide (2.k g.), iodine (1.27 g.) 

and iodic acid (0.5 g.)'were treated as "before, ^nd the 

product thus obtained was crystallised from alcohol, m.p. 

175°C. Yield 1.9 g.

Analysis :

10.756 mg. of the substance gave 8,028 mg, of 

silver iodide.

Found : I =' 40.35 f.

C1 oHi t°2T{r2 1 requires t I = 39*93 %,

Monomethyl acetoacetanilide s 

Acetoacetanilide (1.77 g.) was dissolved in dry 

benzene to which pulverised sodium (0.32 g.) was added, and 

the reaction mixture was refluxed, till tile monosodio 

derivative of the amide was separated out. This was filtered’ 

and the product was taken in dry benzene, to which methyl 

iodide (l.,J+2 g.) ms added, and the reaction mixture was 

again refluxed for two hours. On cooling and adding petrol- 

ether, the crude product was separated, which was filtered 

and crystallised from alcohol, m.p.l40°C. Yield 1.0 g.

Analysis t

5.008 mg. of the substance gave 0.327 ml. of 

nitrogen at 32°C and 757 mm. pressure.

Found • : H = 7.28

cn!Ii3°2N requires t I\T = 7.33 %•

i
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t 3-Broao-.2-hyd.roxy-4. 6-dimethylquinoline :

2- Hydroxy-4,6-dimethylquinoline (1.73 g.) was 

dissolved in warm glacial acetic acid ( 25 ml. ), to which 

a crystal of iodine was added as catalyst. A 20 % solution 

of bromine in acetic acid ( 8 ml. ) was slowly added' to

it with continuous'stirring. The reaction mixture, on 

dilution with water, gave a white product, which was 

filtered and crystallised from alcohol as white needles, 

m.p. 282°C. Yield 1.5 g.

Again, mono bro mo acetoacet-p-toluidide (1.0 g.) 

as described before, was cyclised, using a mixture of 

acetic anhydride and concentrated sulphuric acid (111).

The crude product obtained on addition of water, was 

filtered and crystallised from alcohol as white needles, 

m.p. 282°C. Yield 0.7 g.

The-mixed melting point of this cyclised 3-bromo- 

2-hydroxy-4,6-dimethylquinoline with the above compound 

was not depressed.

Analysis

4.624 mg. of the -substance gave 8.960 mg. of 

carbon dioxide and 1.620 mg. of water.

17.72 mg. of the same substance gave 13.06 

mg. of silver bromide.

Found : C = 52.88 % $ H = 3.92 % 5 Br= 31*35 %• 

C1tE,o0NBr requires C = 52.38 % ; H = 3.97 % ? Br= 31.74

3- Bromo-2-hydroxy-4a8-dimethylquinoline s

2-Hydroxy-4,8-dimethylquinoline (1.73 g. ) was

brominated by means of bromine in acetic acid (8 mL.j 20 % )
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in the presence of' a ^crystal of iodine as catalyst. The 

reaction mix bur e was treated as above and the product,

thus obtained, was crystallised from alcohol as white
/

needles, m.p. 255°C. Yield 1.6 g.
Again, monobx-omo acetoacet-o-toluidide ( 2 g.) 

as described before, was'cyclised using a mixture of 

acetic anhydride and concentrated sulphuric acid (1:1) 

The crude product was filtered and crystallised from 

alcohol as white needles, m.p. 255°G. Yield 1.5 g.

The mixed melting point of this cyclised '

3fbro mo-2-hydroxy-5*, 8-dimethyl quinoline with the' above 

compound was not depressed.

Analysis :

10.76 mg. of the substance gave 7.98 mg. o'f 

silver bromide.

Found, : Br = 31.56 %,

C'11H1 0OHBr - requires s Br = 31.71*

3-Bromo-2-hydroxy-*+.6.8-trimethylquinoline :

2-Hydroxy-1*, 6,8- trimethyl quinoline (1.87 g.) was 

brominated by means of -bromine in acetic acid ( 8 ml. j 

20 % ) and the reaction mixture was treated as above. The 

bromo derivative, thus obtained, was crystallised as above 

in white needles, m.p. 265°C. Yield l.1* g. .

Again, monobromo acetoacet-l^j^xylidide (2.0 g.) 

as described before, was cyclised using a mixture of acetic 

anhydride and concentrated sulphuric acid (1:1). The 

crude product was filtered and crystallised from alcohol, 
m.p. 265°0. Yield 1.25 g.



The mixed melting point of the cyclised 3-bromo 

2-hydroxy-4,6^8-trimethylquinoline with the above compound 

was not depressed.

Analysis :

16.76 mg. of the substance gave 11.72 mg. of 

silver dfcoJmifdja.

Pound : Br- = 29.75 %•

C12H120R3r requires i Br = 30.07 %•

3 - Br o rno - 2 - hy dr o >:y- 6 - e tho xy- h- me t hyl q u i no 1 in e

2-Hydroxy~6-ethoxy-!+-inethylquinoline (2.00 g.) 

was brominated by means of bromine in acetic acid .( 8 ml. 

20 % ) and the reaction mixture was treated as abqve. The 

bromo derivative, thus obtained, was crystallised as usual 

in white needles, m.p. 252°C. Yield 1.6 g.

Igain, monobromo'scetoacet-p-phenitidide ( 1 g.) 

as described before, was cyclised using a mixture of 

acetic.anhydride and concentrated sulphuric acid (1 t 1). 

The crude product was filtered and crystallised from' 

alcohol, m.p. 252°C. Yield 0.8 g.

The mixed melting point of the cyclised 3-hromo- 

2-hydroxy-6-ethoxy~V-methylquinoline with the above 

compound \-rns not depressed.

Analysis :
l5i66 mg. of the substance gave 10.3^ mg. of 

silver bromiddt

Pound t 3r = 23.19 %.

C^E, gOgiBr requires : Br =.28.37
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3-C hlo ro-2-hydro yy° 4,8-fl ime thyl quInoline ^

2-Hydroxy-4,8-dime thyl quinoline (1.7 g.) was 

dissolved in glacial acetic acid (15 ml.) in presence of 

a trace of iodine as a'catalyst to which sulphuryl chloride 

(1.35 g.) was added in cold. The reaction mixture was 

stirred for half an hour at room temperature and the 

chloro derivative, thus obtained, i\>as filtered and 

crystallised from alcohol, m.p. 205°C. Yield 1.2 g.

The mixed melting point of the cyclised 3-chloro- 
2-hydroxy-4,8 - dimethylquino1ine with the above confound 

was not depressed.

Analysis t

17.26 mg. of the substance gave 15.46 mg. of 

silver chloride. •

Found s Cl = 22.16 %.

CnH1o0KJl requires : Cl = 21.69 %,

. 3-Chloro-2-hydro xy-me thylbe n zo qu ino 1ine (7i8)

2-Hydro xy-4-me thylbe nzoquino1ine (2.25 g.) and 

sulphuryl chloride (1.35 g.) were treated as before and the 

product, thus obtained, was crystallised from alcohol,m.p. 

380°C(dec). Yield 1.2 g.

The mixed melting point of'the cyclised 3-chloro- 

2-hyaroxy-4«methylbenzoquinoline(7jS) with the above 

compound was not depressed.

Analysis :
9.620 mg. of the substance gave 4.816 mg. of* 

silver chloride.
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Found . 'i Cl. = 14.68 %,
/ *

C11fH10oroi requires : Cl .= l4.57 %•

3-Chloro-2-hydroxy-4-methylbenzoquIno 1 ine (5*6)

2- Hydroxy-4-methylbenzoquinoline (5*6) ( 2.25 g.) 

and sulphuryl chloride (1.35 g.) were treated as before 

and the chloro derivative, thus obtained, was crystallised 

from alcohol, m.p. 370°C.(dec.). Yield 1.4 g.

The mixed melting point of the cyclised 3-chloro- 

2-hydroxy-4-methylbenzoquinoline (5*6) with the above 

compound was not depressed.

Analysis s
(

11.918 mg. of the substance gave 6.240 mg. of 

silver chloride.

Found s Cl = 14.75 %.

C,*H10OI€1 requires ? Cl = 14.* 57 %.

3- 3bdo~2-hydro xy-4-methylquinoline 

2-Hydroxy-4-methylquinoline (2.0 g.) was dissolved

in a minimum quantity of hot alcohol, to which iodine 

crystals (1.27 g.) and aqueous solution of iodic acid 

(0.5 g.) were added. The reaction mixture was stirred*for* 

one hour and on dilution with water it gave a product, 

which was filtered and. crystallised from alcohol, m.p.

291°C. Yield,1.5 g.

• Analysis ;
9.458 mg. of the substance gave 7.820 mg. of 

silver iodide.

Found s 1 = 44.69 %•

C1oH80NI requires : »I = 44,57 %•
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3 - 5> do - 2-hydra xy-4.8-d1me thylquinoline

2- Hydroxy-4,8-dimethylquinoline (2.2 g.), iodine 

(1.27 g.) and agueous iodic acid (0.5 g.) were-treated

as above and the iodo derivative, thus obtained, was 

crystallised from alcohol, .m.p. 232°C. Yield 1.4 g.

Analysis :

6.746 mg. of the substance gave 5.164 mg. of 

silver iodide.

Found : I = 42.28 %, , '

C1tH10ONI requires : I = 42.47 %•

3- lbdo-2-hydroxv-4.6-dimethylquinoline

2- Hydroxy-4,6-dimethylquinoline (2.2 g.), iodine 

(1.27 g.) and aqueous iodic acid (0.5. g.) were treated as 

above and the iodo derivative, thus obtained, was • 

crystallised from ^alcohol, m.p. 280°C. Yield 1.7 g.

Analysis t

10.098 mg. of the substance gave 7.870 mg. of 

silver iodide.

Found t I = 42.13 %,

C,,H10ONI requires ; I = 42.47 %.

3- lbdo-2-hydroxy-»4.6.7-triaethylauinoline 

2-Hydroxy-4,6,7-trimethylquinoline (2.34 g.),

iodine (1’.27 g.) and aqueous iodic acid (0.5 g.) were-treated
1

as above and the iodo derivative, thus obtained, was 

crystallised from alcohol, m.p. 273°C. Yield 1.6 g.

Analysis :
10.004 mg., of the substance gave 7.542 mg. of

silver iodide..^ - ,
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Pound w t I = 40,?6 %,
C1 aHijONI requires : X = 40.58 %.

3-Bro mo-6- me thvl- 2.4- d Ihydro xyqu inol ine

6- Methyl-2,4-dihydroxyquinoline' (1.85 g.) vias

brominated by. means of bromine in acetic-acid (8 ml. $

20 % ) and the reaction mixture was treated as above, The 

bromo derivative, thus obtained, was crystallised from 

glacial acetic acid as white needles, m.p. 26o°C. Yield 
•1.4 g.

Again, no no bromo malonmono-p-toluidide (2.0 g.) 

as described before, was cyclised using polyphospboric 

acid on refluxing at lltO°C.The crude product was filtered 

and crystallised from acetic acid m.p. 26o°C. Yield 1.1 g.

The mixed melting point of the cyclised 3-bromo- 
6-methyl-2*4-dihydroxyquinoline with the above compound 

was not depressed.

Analysis s
^•324 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 mg. 

of silver bromide.

Found : G = 4-7.22 % ; H = 3.i(0 % $ Br = 31.73 %,
cioH802KBr requires : C = 47.24 % j H = 3.15 % • Br = 31.50 %,

3-Bromo-7-methyl-2.4-dihydroxvouinoline

7- Methyl-2,4-dihydroxyquinoline (1.75 g.) was 

brominated by means of bromine in acetic acid(8 ml. • 20 % ) 
and the reaction mixture was treated as above. The bromo 

derivative, thus obtained, was crystallised as above,
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m.p.. 237cC. Yield 1.32 g.

The mixed melting poinhof the cyclised 3-bromo- 
7-methyl-2,4-dihydroxy quinoline with the above compound 

was not depressed.
Analysis s

15.26 mg. of the substance gave 11.2lt- mg. of 

silver bromide.

Tbund : Br = 31.34 

cioH8°2®r requires : Br = 31.50 %.

3°Bromo-6-chloro-2.4-dihydroxyquinoline

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

brominated by means of bromine in acetic acid (8 mL. $

20 % ) and the reaction mixture was treated as above. The 

bromo derivative, thus obtained, was crystallised as above 

in white needles, m.p. 262°C. Yield 1.2 g. ■

Again, mo no bromo' malo nmo no-p-chlo roan Hide ( 1 g.) 

as described before, was cyclised using polyphosphoric acid 

on refluxing at l40°C. The crude product ws filtered and 

crystallised from acetic acid, m.p. 262°C. Yield 0.48 g.

The mixed melting point of the cyclised 3-bromo- 
6-chloro-2,4-dihydroxy quinoline with the above compound was 

not depressed.

■Analysis j

9.96 mg. of the substance gave 0.420 ml. of 

nitrogen at 28°C and 757 mm. pressure.

Found t If = 4.77 %„

C5H502M3rCl requires : If = 5.10 %.

y
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3 -Bro mo - 6 - me tho xy-2.4- a ihydro xy gui no 1 ine 

6-Mettoxy-2\4-dihydroxyquinoline(1.91 &•) was
/

brominated. "by means of bromine in acetic acid-(8 ml. f 

20 % ) and the reaction mixture was treated as above. .The 

bromo compound, thus obtained, was crystallised from glacial 

acetic acid as xirhite needles, m.p. 256°C. Yield 1.2 g.

. The mixed melting point of the cyclised 3-bromo- 

6-methoxy-2,4-dihydroxyquinoline with the above compound 

was not-depressed. . , -

Analysis t

4.292 mg. of the substance .gave 7.048 mg. of 

carbon dioxide and 1.288 mg. of water.

18.18 mg. of the same substance gave 12.68 mg. 

of silver bromide.

Found i C = 44.82 % j H = 3.35 /£ $ Bn = 29.63 %•

C1oH805K3r requires : G = 44.44 % ,* H = 3.15 % ? Br = 29.62 %.

3-3romo-6.7-dimethyl-2.4-dihydroxyquinoline-

6,7-Dimethyl-2,4-dihydroxyquinoline (1.89 g.) was 

brominated by means of bromine in acetic acid (8 ml, j 20 %) 

and the reaction mixture was treated as above* The bromo-. 

derivative, thus obtained, was crystallised as-above, m.p.

255qC. Yield 1.4 g.

Again, monobromo malonmono-l,3,4-xylidide (1.0 g.), 

as described before, was cyclised using polypho sphoric acid 

on refluxing at l40°C. The crude product was filtered and .■ 

crystallised from acetic acid, m.p. 255°C. Yield 0.52 g.

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

6,7-dime thyl-2,4-dihydro xyquinoline with the above compound
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was not depressed.

Analysis ;

17.40 mg. of the substance gave 12.02 mg. of 

silver bromide.

Pound j’Br = 29.40

giikio023®^ requires : Br - 29.70 %,

3-Bromo-2,4-dihydroxybenzoquino 1 ine (5:6)

2,4-Dihydroxybenzoquinoline (5:6) ; (2.11 g.) 

was bro ruinated by means of bromine in acetic acid ( 8 ml. $ 

20 % ) and the reaction,mixture was treated as above. The 

bromo compound, thus obtained, was crystallised from acetic 

acid as white needles, m.p. 270°C. Yield 1.55 g.

The mixed melting point of the cyelised 3-hromo- 

2,4-dihydroxyquinoline (5:6) with the above compound was 

hot depressed.

Analysis s

l6.06 mg. of the substance gave 10.52 mg. of 

silver bromide.

Found : Br = 27.88 %,

Ci3H802I©r requires s Br = 27.60 %,

3~Chlo ro-6-me thyl-2«4-dihvdro xyquinoline

6-Methyl-2,4- dihydroxy quinoline (1.75 g.) and - 

sulphuryl chloride (1.34 g.) were treated, as above and 

the chloro derivative, thus obtained, was filtered and 

crystallised from alcohol, m.p. 296°C. Yield 1.2 g.

The mixed melting point of the cyelised 3-chloro- 

6-methyl-2,4-dihydroxyquinoline with the above compound was 

not depressed.



15*22 mg. of the substance gave 10.2 mg. of 

silver chloride.

Found t Cl = 16.36 %.
cioH80a^i requires : Cl = 16.90 %,

3- Chlo'ro ~ 6-me tho xv- 2,4- d ihyd.ro xy qu inol ine

6-Mathoxy-2,4- dihydroxy quinoline (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 reaction mixture •was stirred for half- an

hour at room temperature and the chloro derivative, thus
'/

separated, was crystallised from glacial acetic .acid, as 

whits needles, m.p. 268°C. Yield 1,15 g*

Again,- nDnocftLoro malonmono an'isidide (1.0 g.), 

as described before, was cyclised using polyp ho so boric acid 

on refluxing at l40°C. The crude product was filtered and 

crystallised from acetic acid, m.p. 268°C. Yield 0.55,g..

The mixed melting point of the cyclised 3-chloro- 

6-methoxy-2,4-dihydroxyquinoline wi tli the above compound 

was not depressed. •

Analysis :

4.102 mg. of the substance gave 8.0*1-4 mg. of 

carbon dioxide and 1.290 mg. of water.

13.92 mg. of the same substance gave 8.74 mg. 

of silver chloride.

Found C = 53*51 = 3*5.2 % f Cl = 15.53

C1oH803K1 .requires : C = 53*20 % ; H = 3.54 % ; Cl = 15*74



, 3 - C hlo ro - 6, ? - d img t hyl - 2,4- d ihy dro xyqu ino 1 ins

6,7-Oimethyl-2,4-dihydroxyquinoline (1.9 g.) wnd 

sulphuryl chloride (1.34 g.) were treated as above and the 

product, thus obtained, was crystallised from alcohol, m.p, 

228°C. Yield 1.32 g.

The mixed melting point of the cyclised 3-chloro- 

6,7-dimethyi-2,4-dihydroxyquInoline with the above compound 

was not depressed.

Analysis ;

II.060 mg. of the substance gave 6,79 mg. of 

silver chloride.

Pound j Cl = 15. 54 

GnHto02PCl requires 5 Cl = 15.89, %*

Attempted lodinatlon of 2,4-dihydroxyaninoIine

2.4- Dihydro xyqu ino line (2.0 g„) was dissolved 

in warm alcohol (50 ml.), to which crystals of iodine 

(1.27 g.) and aqueous solution of iodic acid (0.5 g.) were 

added. The reaction mixture was stirred for about four 

hours and the separated product was filtered and crystallised 

from acetic acid, m.p. 360°C. It was found to he the same 

original compound i.e. 2,4-dihydroxyquinoline.

2.4- Dihydroxyquinoline (1.6 g.) was dissolved in/ 

25/s liquor ammonia (4d ml.) to which a solution of iodine 

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

mixture was stirred for about four hours, It was then 

acidified with cold sulphuric acid, and the separated 

product was crystallised from acetic acid, m.p. 3o0°C.

This was identified as 2,4~„dihydroxyquinoline.



2

2,4-Dihydroxyquinoline (1.6 g«) and iodine 

monochloride (1.62 g.) were treated in acetic add, kept 

for 24 hours, and then stirred vigorously for two hours . 

The separated solid was filtered, washed with water, and 

crystallised from acetic acid, which was identified as 

the original 2,4-dihydroxyquinoline.

2 - Hydro xy~ 3 «4~ dimethyl quinol ine 

Mo no methyl acetoacetanilide (1 g.), described 

before, was dissolved in acetic anhydride ( 3 ml.) to which 

concentrated sulphuric acid ( 3 ml. ) was slowly added. The 

reaction mixture was kept for about half an hour at room 

temperature and on dilution with water it gave a white

product, which was filtered and crystallised from alcohol, 

m.p. 266°C. Yield 0.75 g. The mixed .melting point of the 

compound with the authentic sample of 2-hydroxy-3,4- 

d ime thylquinoline .wa sanotcidepres sed.

Analysis s

6.742 mg. of the substance gave 0.505 ml. of 

nitrogen at 32°G and 756 mm. pressure.

Found : H = 8.34 

CllH110’N requires s H = 8.09 %»
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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 Elsoni using polyphosphoric acid, 
Sperber et al.1 2 prepared trisubstituted acid 
amides from corresponding nitriles using 80% 
H2S04 at 100° C. Thus, the substituted amides of 
cyanaeetic acid undergoing partial hydrolysis 
have been converted to corresponding malon 
mono amides, on separately using (a) poly
phosphoric acid and (b) sulphuric acid. The 
process is as follows :—

/CN (o) PPA
K --------

at room temperature. It 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 ’; hut in (b) the products were more 
clean and this method is relatively simple. 
These malon mono amides IT have been found 
identical with the authentic samples, prepared 
by Whiteley’s3 method modified by Naik4 and 
his collaborators. Further work on the above 
amides is in progress and-details will he pub
lished elsewhere.

(where, R is phenyl, tolyl, etc., groups).
(a) 0-01 M substituted cyanaeetamide I, was 

dissolved in a clear solution of PPA, obtained 
by dissolving 10 gm. P2Os in 6 c.c. phosphoric 
acid (1-75 d) and heated for 2 hours at 110° C. 
The reaction mixture on pouring in’water, 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 cyanaeetamide I, was dis
solved in 10 e.c. ice-cold 75% sulphuric acid 
and the reaction mixture was kept overnight

Chemistry Department, C. M. Mehta.
Faculty of Science, ' , .V G. H. Patel.
M. S. University of Baroda,
Baroda,
December 23, 1958. . ' ’
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J.I.C.S., 1932, 9, 186. ' . ' -



PATEL el 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)

°C.
% r------------Found Reqd

Malon monoanilide 164;133f 85 c,hI0n2o2 jh2o 14-93 14-97
Malon mono-^>-toluidide 164; 144f 88 C„Hl2N202 1H20 13-64 13-93
Malon rnono-p-chloroamlide* 145 82 c9h9cin2o2 13-43 13-17
Malon mono-m-toluidide 165 84 c10h12n2o2 14-32 14-58
Malon mono-o-tolmdide 162 80 CipHJ2Na02 14-30 14-58
Malon monobenzylaimde* 120 75 Cl 0^12^2^55 14-88 14 58
Malon mono-1,3,4-xylidide 166 80 CixHj4N202 13-84 1
Malon mono-a-naphthylamide 145 85 ClaHjaNaOa 12.-54 12-27
Malon mono-p-naphthylamide 188 82 Ci3H12N2Oa 12-40 12 27
Malon mono-o-anisidide* 162 90 QujH12N203 13-20 13-40

♦Reported for the first time.
fW^ter of crystallization from the hydrated compound was removed by heating at 110°C. under vacuum.

obtained. Hauser and Eby® converted fS-ketortitriles 
to ,3-ketoamides by boron fluoride in aqueous acetic 
acid and by polyphosphoric acid.

In the present investigation it was found that by 
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
ncch2conhr --------- ► H2NOC.CH2.CONHR

(b) H2S04

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. 
P205 in 6 ml. phosphoric acid (d, T75) 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 (0-01M) 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 liquor ammonia {d, 0-88) according to 
Whiteley’s-method7’8 as modified by Naik et al.9il<s. 
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 Gyanacetaryl- 

amides using Polyphosphoric Acid 
& Sulphuric Acid

G. H. PATEL, K. N. TRIVEDI & C. M. MEHTA 
Faculty of Science, M S. University'' of Baroda, Baroda

Manuscript received 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,

TN the hydrolysis of nitriles to acids, 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 hydrolysis1’2. 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-dihydroxyquino- 
Imes3.

It has been found that simple nitriles can be hydro
lysed to amides by polyphosphoric acid4. However, 
the method was not found to be suitable for the hydro
lysis of sterically hindered nitriles. Sperber et al.s 
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 acid and also other xeagents, 
viz. polyphosphoric acid, concentrated hydrochloric 
acid, etc., and found that the expected tnbutyl 
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

Baumgabten and Rangel1 2 cyclized half anilides 
of malonic ester in vacuum at 250°C. to 2,4-di- 
hydroxyquinoline derivatives. Baker el al? obtained 
3-alkyl-2,4-quinolinediols on refluxing 0-lAf each-of 
cyclohexylmalonic ester and arylamine in diphenyl 
ether. Similarly, malon monoaryl acids (I) have 
been cyclized to give 2,4-dihydroxyquiholine deri
vatives (III) by means of polyphosphoric acid; but 
in diphenyl ether instead of the products of cycli- 
zation of (I), corresponding 'N-acetyl arylamines, 
(CH3CONHR), are formed on decarboxylation. • Fur-_ 
ther, -Hauser and Murray3 4 5 6 obtained 4-hydroxyquino- 
line derivatives on cyclization of anil-nitriles, pre
pared from aniline and {3-ketonitrile using polyphos
phoric acid. This method involves the conversion of 
anil-nitrile 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 
elimination of ammonia by means of polyphosphoric 
add (PPA). These reactions are expressed as follows:

- OH

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

method of Chattaway modified by Ahluwalla et alP.

Type II compounds have been prepared by the 
partial hydrolysis of the substituted amides® of cyan- 
acetic acid, (CN-CHa-CONHR), using 75 per cent 
sulphuric acid at 0°C. as well as by the method of 
Whitley modified by Naik and co-workers0'7. The 
experimental procedure is described below.

Malon monoaryl acids (I; 0-01M) and malon mono
aryl amides (II; 0-01M) were dissolved in a clear 
solution of PPA prepared by dissolving Pa08 (10 g.) 
in phosphoric acid (d T75; 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 (IN, 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, I 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 Assistantship 
to cany out this work.
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Synthesis of 2,4-Dihydroxy quinolines 
Using Polyphosphoric Acid as the Cyclizing Agent

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

Manuscript received 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 quinolinediols from the acids are 
quantitative while those from the amides are poor.

I
N a previous communication1 the synthesis of 
2,4-dihydroxyquinolines from malon mono
aryl acids and malon monoarylamides, using 

polyphosphoric acid, was described. Ziegler and 
Gelfert2 have reported a new and simple method for 
the synthesis of 2,4-dihydroxyquinoline derivatives 
using phosphorus oxychloride as the condensing 
agent. Shah et al? have prepared quinolinediols 
using a mixture of anhydrous zinc chloride and 
phosphorus oxychloride. Baumgarten and Kargel4 
and Baker et al? have also developed methods 
which have been found suitable for the preparation 
of 3-substituted quinolinediols.

A number of 2,4-dihydroxyquinoline derivatives 
have now been prepared by the cyclization of malon 
monoaiyl 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 et al.s. It may, however, be mentioned that 
on refluxing the malon monoaryl acids in diphenyl 
ether, we have obtained the corresponding N-ace tyl 
arylamines, instead of the expected quinolinediols

due to decarboxylation taking place in the course of 
reaction.

Further, Hauser and Murray7, 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 hydrolysis3 of cyan- 
acetarylamides. Cyclization of cyanacetarylamides 
(CNCHgCONHR), using PPA, however, gave malon 
monoarylamides instead of the expected 2,4-quino- 
linediols.

Experimental procedure
Malon monoaryl adds listed in Table 1 have been 

prepared by the following general method.
Primary arylamine (1 mole) and ethyl malonate 

(1-75 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

l



PATEL & MEHTA: SYNTHESIS OF 2,4-DmYDROXYQUINOLINES

TABLE 1 — MALON MONOARYL ACIDS AND 
AMIDES

Sl Compound
No.

M.P.*
°C.

Mol.
FORMULA

Nitrogen

f 1Found Reqd 
% %

1 Malon anilic add 136 ^__
__ —

2 Malon-£-toluidic acid 154 — — —

3t Malon-i-cUoroacilic 145 C#H.O,NCl 6-100 6-550
add

4f Malon-^>-anisidic acid 157 CioHjjOjN 6-574 6-698
5 Malon-vt-tolnidic acid 106 — — —
6f Malon-»»-cMoroamlic 131 csh8o3nci 6-151 6-550

acid
7f Malon-o-toluidic acid 144 c1s>h13o3n 7-220 7-250
8f Malon-o-anisidic acid 148 CjoHnChN 6-302 6-698
9 Malon-l,3,4-xyliclic 156 — — —

acid
lOf Malon-a-naphthyl- 155 CiaHjiOaN 5-862 6113

anilic acid
lit Malon-8-napb.thyI- 176 CjaHtjOgN 5-958 6-113

anilic acid
12 Malon-monophenyl- 133 — — ---'

amide
13 Malon-mono-i-tolyl- 144 — — —

amide
14 Malon-mono-1,3,4- 166 — — —

xylidide

*A11 melting points uncorrected. 
■(■Compounds prepared for the first time.

■ TABLE 2 — 2,4-QUINOLINEDIOLS

Sl Compound M.P.* Mol. Nitrogen

No. °C.
Found Reqd

0//q «//<}

1 2,4-Dihydroxy-
qnmoline

360 CsH,OsN 8-410 8-70

2t 6-Methyl-2,4- 342 CI0H9OsN 8-329 8-00
dHydroxyquiiioline

3t 6-Chloro-2,4- 370 c5h8o,nci 7-677 7-20
dihydroxyquinoline

4 6-Methoxy-2,4- 308 CioH903N 7-305 7-30
dihydroxyquinoline

5f 7-Methyl-2,4- 388 7-730 8-00
dihydroxyquinoline

6 7-Chloro-2,4- 340 CsHeOaNCl 6-784 7-20
diliydroxyqninoline

7f 8-Methyl-2,4- 360 7-720 8-00
diliydrcxyquinolinQ

8 8-MetLoxy-2,4- 248 7-421 7-30
dihydroxyquinolme

9f 6,7-Dimethyl-2,4- 345 7-232 7-40
dihydroxyqiiuiolme

10 2,4-Dihydroxy-7,8- 338 C13H902N 6-340 6-63
benzoqumoline (decomp.)

lit 2,4-Dihydroxy-5,6- 381 C13HgOaN 6-200 6-63
benzoqumolme (decomp.)

12 2,4-X>ichloro~ 65 — — —

quinoline
13 8-Methoxv-2,4~ 92 — — —

dicMoroquinoline
14 2,4,7-TnchIoro- 105 — — —quinoline

•All melting points uncorrected. 
tCompotmds 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 monoarylamides* 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

2,4-Dihydroxyqmnolines listed in Table 2 were 
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. T75)]. The reaction mixture 
was then heated in an oil bath at 140°C. for 3 hr 
with a calcium chloride guard tube. After cooling, 
hydrochloric add (30 ml.; 1A7} was added and the 
mixture neutralized 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-qurnolinediols 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 
authentic 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.
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FORMATION OF METHYLENE-BIS-DERIVATIVES

1. Acetoacetarylamides by Means of Sodium 
Hydroxy Methane Sulphonate 

Suier, Bair and Bohdwell1 carried on sulpho- 
methylation reactions with phenols and com
pounds containing carbonyl groups, wherein 
from ethyl malomate they obtained its dimethane 
sulphonate, using the mixture of 40% formal
dehyde with a solution of sodium sulphite; they 
also believed acetoacetie ester to have reacted 
in a similar manner. Shearing .and Smiles2 
from 2-naphthol, by. means of the mixture of 
solutions of formaldehyde and of sodium sul
phite, prepared sodium 2-hydroxy-l-naphthyl- 
methane sulphonate in part by a cleavage of 
bis- (2-hydr oxy-l-naphthyl) methane with 
sodium sulphite; they further observed that 
6-bromo-2-naphthol gave its sulphonate together 
with his- (6-iwomo- 2-hydroxy naphthyl)-1-
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 
sulphonate8.4 (0HCH2S03Na) is allowed to 
react with methylene-CHj-group of the substi
tuted amides of acetoacetie acid1 (I) ; and the

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

Ewins and King5 cyclised acetoaeetaryl- 
;jmides to give 2-hydroxy-4-methyl quinoline 
derivatives in presence of concentrated sul
phuric acid. Jean De’ combe® cyelised the con
densed product of" acetoacetanilide and chloral 
in presence of sodium acetate giving 2-hydroxy - 
3 (l-hydroxy-2, 2, 2-trichloroethyl)-4-inethyl 
quinoline. Bangdiwala and DesaiT obtained 
4-hydroxy quinoline derivatives on cyclisation 
of crotonates using acetic anhydride and cone. 
H,SOs; they .observed 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.,M prepared a number 
of 6 : 6'-bis- (4-hydroxy quinclyl) sulphide 
derivatives. Here in this work 3 : 3'-methyiene- 
bis-(2-hydroxy-4-methyl quinoline) derivatives 
(III) have been synthesised on cyclisation of 
the corresponding methylene-bis-derivatives of 
acetoacetarylamides (II) using acetic anhydride 
and cone. H2S04 as under:

, ch3 ch3

i mol. of II
AC,,0 + HsSO, 

(-2Ha0)

/\/\.____ CH,

hi

products isolated from the reaction mixture are 
found to be methylene-his-derivatives (II) of 
the corresponding acetoacetarylamides (I). The 
course of reaction is believed to have taken 
place through the intermediate formation of 
tuiphonates of (I), with which hydrogen atom 
of the reactive methylene group of unreacted 
molecule of the amide simultaneously interacts, 
yielding only the corresponding methylene-bis- 
derivatives (II), with an elimination of sodium 
bisulphite as under:

where R, is phenyl, tolyl, xylyl and naphthyl 
radicals: Acetoacetarylamides (I) have been 
prepared by the method of Ewins5 modified by 
Naik.10

To a mixture of methylene-bis-derivative 
(If: 0-01M) and acetic anhydride. (3c,c.), cone, 
sulphuric acid (3e.c.) was gradually added. 
The reaction mixture was kept at room tem
perature for about half an hour with a calcium 
chloride guard tube, when considerable heat 
was developed; it was then heated on a steam

/COCHa —H20
2CH2( +■ 0II.CH2S03Na-------------»

XCONHR —NaHSOa
HjCOa 

RIINOC/
II

/CH-CHj—CH<^COCHa

CONHR

where, R is phenyl, tolyl, xylyl and naphthyl 
radicals. The reaction mixture is refluxed in 
90% methanol and the product crystallised from 
acetic acid in 55-60% yield.

bath for about 5 minutes. The mixture on 
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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3
products are found to be pure but the yields 
are about 40-45%. Further work on, compounds 
of types II and III is in progress and the details 
will be published elsewhere.

One of the authors (G.H.P.) thanks the M.S. 
University of Earcda for a Research Assistant- 
ship to carry out this work.
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A number of monobromo acetoacetarylamides have 
been prepared from acetoacetarylamides using bro
mine in acetic acid in the presence of a trace of iodine 
as catalyst in 70-75 per cent yields.

JJACKES el al.1 prepared monobromo derivatives 
of the substituted amides of malonic acid by 

brominating the amides in acetic acid. West3 further 
brominated malon diarylamides and found that the 
hydrogen atom in the para 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 
sulphurvl chloride in the presence of dry benzene. 
Naik &i al* obtained monochloro derivative of aceto
acetarylamides in the cold, using sulphuryl chloride 
in dry ether. Avasare et al.s iodinated cyanacetaryl- 
amides and acetoacetarylamides by means of iodine 
and iodic acid, and obtained mono- and di-iodo deri

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:

CHaCOCH-CONHSt St. .ln-aeet'c acl^. cHjCOCHBrCONHK
(Trace of I*)

•where R is phenyl, tolyl, xylyl or naphthyl group.
The amide (Q-01iV) was dissolved in 10-15 ml. of 

glacial acetic acid, to which 20 per cent'solution of 
bromine in acetic acid (O-OliV/) was added in the 
presence of a trace of iodine. The flask was kept 
overnight at room temperature and the reaction 
mixture, on pouring into cold water, gave a white pro
duct, which was filtered and crystallized from benzene.

One of the authors (G.H.P.) is thankful to the M.S. 
University of Baroda for a research assistantship.
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BROMINATION OF Z, 4-SUBSTITUTED QUINOLINE DERIVATIVES

Riegel, et alj have prepared 3-bromo-4-quino- 
lino! on bromination of 4-quinolinol in warm 
glacial acetic acid with bromine. Surrey and 
Cutler^ have reported preparation of 3-halo- 
2, 4-substituted quinolines by means of sulphury! 
chloride, bromine or iodine monochloride in. 
glacial acetic acid. Meyer et al,,1 2 3 by brominat- 
ing 2, 4-substituted quinoline, also obtained its
3- bromo derivative. Chick and Wilsmore,4 by 
direct bromination prepared 3-bronio-2-hydroxy-
4- methylquinoline, which was shewn to be 
identical with the product obtained by cyclisa- 
tion of monobromo acetoacetanilide with con
centrated sulphuric acid.

A number of 3-bxomoquinoline derivatives 
(IH), 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-bromoquinolines (III) have also been 
obtained by .cyelisation of monobromo aceto- 
acetarylamides and of monobromo malonmono- 
arylamides (II).

with polyphosphoric acid at 140° C., gave '3- 
bromo-2, 4-dihydroxyquinolines. These 3- 
bromoquinolines, obtained both by direct and 
indirect methods, are found to be identical by 
determination 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 Research 
Assistantship to carry out this -work.

Chemistry Department, C, M. Mehta.
Faculty of Science, G. H. Patel.
M.S, University of Baroda,
Baroda* September 22, I960.

1. Riegel, B., Lappin, G. R., Aibisetti, C. J. Jr,,
Adelson, B. H., Dodson, R. M., Ginger, L. G. 
and Baker, R. H., J.A.C.S., 1946, 68, 1229.

2. Surrey, A. R. and Catier, R. A., Ibid,, 1946, 68,
2570.

—CONHa (ii)

dr

(i) H„SO* /COCH3 (0
<------------- BrHC
(ii) PPA \cONHR

II

X

/\A
I

B'a in 

HAC
-->

/W*

\/A'n^\oh

m
(X = -CHs or —OH ; R = -CeHs,

(^tHydrcxy-4-rn.ethyIquinolines have been pre

pared by the method of Ewins and King,® 
while 2, 4-dihydroxyquinolines by that, of Mehta 
and Patel.® These 3-bromo quinoline derivatives 
are crystallized from alcohol in white needles.

Acetoacetarylamides,5 *.'7 on bromination, gave 
corresponding monobromo derivatives, which, on 
cyelisation with concentrated sulphuric acid,
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