
PART I

Formation of malonmono arylamidas on 

partial hydrolysis of cyanaqet arylamMe 

using (a) polyphosphoric acid (b) 75 % 

sulphuric acid § and preparation of 

malonmono arylacids.



n
PART? I

Snyder and Werber ( J. Amer. Chera, Soc., 1950, 22» 
2962 ) reported for the first time the application of 
polyphosphoric acid as a reagent in organic chemistry. In 
recent years polyphosphoric acid (PPA) has achieved 
prominence in synthetic organic chemistry as is seen from 
the review made by Frank D. Popp and William E. McEwen 
( Chem. Rev., 1956, $8, 321 ). Polyphosphor ic acid is a 
mixture of phosphorus pentoxide and syrupy phosphoric acid. 
It is used as a condensing agent as well as a general acid 
catalyst f and in the present investigation it is described 
as a hydrolytic agent and as a condensing agent.

Bell R.N. ( 3hd. Eng. Chem., 194-8, 40, 14-64 ), 
while determining the composition of strong phosphoric 
acids, found four acids between E2O.P2O5 -and SHaO.PaOj 
and an unidentified acid, all of which oceoured as mixtures 
down to 3Ha0.P205. He showed that at all phosphorus 
pentoxide levels, orthophosphoric acid, pyrophosphoric acid 
between 72 and 85 % P2O5 and a highly polymerized meta- 
phosphorlc acid above 83 % P2O5 were present.

The unidentified acid, occouring at a slightly 
lower phosphorus pentoxide contents than the highly 
polymerized meta acid, is believed to be a lower polymer 
of meta-phospboric acid. Ho difference in con^osition was 
found between strong phosphoric acids prepared by heat and 
those prepared by the addition of phosphorus pentoxide.

The structures of some of the individual*



phosphoric acids found in polyp hasp boric acid are shown 
by Thllo and Sauer ( J. Prakt. Chem., 1957, 4 , 4, 324 )

as follows i
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The contents of the commercial phosphoric acid, 
by filter paper chromatographic method, were found to h© 
orthophosphorlc acid, pyropho sphor ic acid and linear 
polyphosphoric acids, having a theoretical P205 content of 
81-85 %• Although .commercial polypho sphor ic acid



( 82-84 % P205 ) does not contain any detectable quantity 

of cyclie phosphoric acids, small anount of these acids 

have been found in mixtures having a theoretical P205 

content greater than 85 %• Polyphosphoric acid, having 

content of 90 % P20j, contained three percent trimeta­

phosphor ic acid and also a trace of tetrametaphosphoric 

acid. It has been shown that condensed polyphosphoric acids, 

having P205 content greater than 85 contained some cross- 

linked ( branched ) polyphosphoric acids. Since, the 

evidence for the presence of the cyclic acids appears only 

when cross-linked polyphosphoric acids are also present, 

there is some possibility that the cyclic acids, arise only 

upon hydrolysis of the cross-linked acids,.Although this 

problem has not been resolved, the cyclic and cross-linked 

structures are as follows s
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Polyphosphorie acid is a clear, colourless, 

extremely viscous, hygroscopic liquid, having a specific 

gravity of 2,060 at 20°C, when theoretical content of P205 

equals 83 % and it is conveniently fluid at 60°C. ^Another 

point of interest with regard to condensed polyphosphoric 

acid is that, for any given content of phosphorus pentoxide, 

the same ratio of component acid results, no matter what 

the method of preparation of the acid, provided that a 

homogenous melt is obtained during the preparation. The 

versatility and general utility of polyphosphoric acid 

arise from the fact that it is a mild reagent even though 

a strong dehydrating agent. Generally, it does not bring 

about charring of organic compounds, and it does not 

undergo a violent reaction with hydroxylic compounds. It 

does not bring about the phosphonation of aromatic compounds. 

For these reasons it is a better reagent than the other 

reagents such as sulphuric acid, hydrogen fluoride, 

phosphoric anhydride or aluminium chloride ( Kennard K.C., 

Org. Chem. Bull., Eastman Kodak Co., Nb. 1, 1957, 2^ ).

Various workers have prepared and used different 

concentrations of polyphosphoric acid to bring about the 

reactions. Fritz Uhlig ( fyigew. Chem., 1954, .66, 4-35 f 

Chem. &bst., 1955, 10159 ) prepared polyphosphorie acid

by slowly adding 150-210 g. P20j with stirring and cooling 

to 100 ml. phosphoric acid ( d. 1.709 ) and subsequently 

heating in a boiling water-bath for several hours. This 

mixture contained 80-84 % P20$ content and was found to be 

highly active polyphosphorie acid. Hauser and Murray
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( J. Mer. Cham. Soc,* 1955, ZZ» 2851 ) used commercial 
polyphosphoric acid ( 15 g. ) to cyelise crotonates 
( 3;0 g. ) into their quinoline derivatives. Stephenson 
(Miss) ( J. Chem. Soc., 1956, 2557 ) prepared polyphosphoric 
acid by adding phosphorus pentoxide ( 63.0 g. ) in 
phosphoric acid ( 36.0 n£L. ) at 105°C till the mixture 
became clear and this amount was used for the 0.01 mole of 
the reactant. Sukh Dev ( J. -1M. Chem. Soc., 1955, j$2, 255 ) 
prepared this reagent by dissolving phosphorus pentoxide 
( 140 g. ) with syrupy ortho phosphoric acid ( 6o ml. 5 

85 % ) in a flask, which was immediately stirred with a glass 
rod till homogenous j the heat of the reaction sufficed for 
the almost complete dissolution of the anhydride, and in 
case of any particles remained undissolved, the flask was 
heated on*a steam-bath at 60°C till clear, and this quantity 
was applied to cyclise 0.20 mole of the reactant. Further, 
Krishna Rao and Sukh Dev. ( J. Ind. Chem. Soc., 1957, V+*

255 ) prepared this reagent from P205 ( 270 g. ) and syrupy 
phosphoric acid ( d. 1.75 $ 116 ml. ).

Moreover, Frits; TJhlig ( loc.cit. ) observed that
Hi

for determ^g optimum operating conditions, the amount of 
organic substance was mixed with 10-30 times the amount of 
polyphosphoric acid. If the mixture darkens imnediately, 
ice-cooling is required 5 if the colour changes shpwly, 
room-temperature is preferable ; if any little colour change 
occburs, heating is necessary.

Polyphosphoric acid as a hydrolysing agent,5

In the hydrolysis of nitriles to acids, the use



of 100 % phosphoric aeid has been known for some long time 

( 0. Berger and S.C.J. Oliver, Rec. trav. chim., 1927? 46?

600 ). The effectiveness of polyphosphorlc acid in the 

Beckmann rearrangement ( E.C.Ebrning, V.I..Stromberg and - 

H, A*Lloyd, J. Ajner. Chem. Soc., 1952, £4, 5153 ) indicated 

the rather exceptional stability of amides in polyphosphorlc 

acid reagent. Again Snyder and Elston ( J. Amer. Chem. Soc., 

1954, 3039 ) found polyphosphoric acid to be effective
i

in the reactions of carboxylic acids with weakly basic amines 

to yield the corresponding amides, i.e., acetic acid and 

2,4-dinltroanlllne gave 92 % yield of 2,4-dinitroacetanilide. 

Further, these authors also observed that the simple aromatic 

and aliphatic nitriles were hydrolysed to the corresponding 

amides in high yields by reaction with polyphosphoric acid 

for approximately one hour at 110°C. Benzonitrile for 

example, was converted to benzamlde in a 96 % yield. Ethyl 

malonate was isolated in 65 % yield from the hydrolysis 

of ethyl cyanoacetate. But, this method was not found to be 

suitable for the hydrolysis of steripally hindered nitriles. 

Thus, 2,4,6-trlisopropylbenzonitrile and l-hydroxy-2- 

cyano-3-methylnaphthalene were inert even at l6o°C, while 

at this temperature, eyanomesitylene underwent both 

hydrolysis and decarboxylation to give mesitylene.

Hauser and I&irray ( loc.cit. ) prepared 4-hydroxy- 

quinoline from anil, which was obtained from aniline and 

p-ketonitrile $ and they observed that polyphosphoric acid 

was effective in order to bring about both the steps, viz.,

partial hydrolysis and cyclisation in a single process to
€
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form a quinoline derivative. Thus, a-acetyl a-tolunitrile 

I ( p-ketonitrile ) with polyphosphor ic acid at 110°G is 

partially hydrolysed to. p-ke to amide (II) which at l40°C 

undergoes cyclisation to give a 4-hydro xyquinoline derivative. 

The partial hydrolysis is expressed as t

CH,C0CHC!T

• P'6>%
(+Ha0) 110°

GH3COCHCOKH2

II

Again, Hauser and Eby ( J. Amer. Chem. Soc., 1957, 

79. 725 ) hydrolysed some p-ketonitriles into their 

corresponding p-ketoamides by the method of Hauser and 

Bbffenberg ( J. Org. Chem., 1955, 20, 144-8 ; 1482 ) with 

boron fluoride in aqueous acetic acid as well as by the 

method of Snyder and Elston ( loc.cit. ) with polyphosphoric 

acid, and the conclusion was drawn that both the boron 

fluoride and polyphosphoric acid methods generally gave good 

yield of p-ketoamides. Also these methods were considered 

superior to other known methods, one of which involved the 

ammonolysis of the respective p-ketoesters ( J.T.Abrams 

and F.S.Kipping, J. Chem. Soc., 1934-, 1988 ). Moreover, 

most other p-ketoesters that would be required for the 

preparation of p-ketoamides, which are not readily 

available, have been obtained from p-ketonitriles as under j

CH3CN
(1)
---------- >
(2)RC00CH3

BF3-HAe or PP4
RCOCHgCN ----------------- =*- RCOCHaCOM,

( +H20 )

( R = -CgHj or - Cl-CgH^-m )



The boron fluoride method involved the rapid

saturation of a mixture of the p-ketonitrile and aqueous 

acetic acid with the reagent, under which condition the 
temperature rose spontaneously to 120-l40oC. The reaction 

was complete within a short time of about 10-20 minutes.

The phosphoric acid method consisted generally in heating 

the p-ketonitriles with the reagent at the steam-bath 

temperature for 30 minutes. It should be pointed out that 
the reaction of p-ketonitriles with boron trifluoride in 

aqueous acetic acid produced a boron difluoride complex of 

the p-ketoamides from which the p-ke to amides were subsequently 
liberated by means of hot sodium acetate solution.

Robert Conley ( J. Org. Chem., 1958, 23, 1330 ) 

described the method for effecting the Schmidt transformation 

of Ifcdtaraess employing polyphosphoric acid both as the solvent 

and the catalyst. For example 2-cyanocyclohexanone (I), on 

rearrangement and ring expansion, gave two products of 

7-membered ring, viz., 7-*cyano-2-keto-hexamethylenimine 

(II) and 7-carboxamido-2-ketohexamethylenimine( III) as under:

Cl> cu3 CIIJJ.

The above amldo-lactam (III) was also found to be 

formed from product (II) by hydration of the cyano group 
using polyphosphoric acid at 6o°C. It was also found that 

the eyano-lactam (II) could be quantitatively converted to
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the amido-lactam <11*0 •
Sulphuric acid and other hydrolytic agents t 
The hydrolysis of nitriles to carboxylic acids 

is usually effected by refluxing with concentrated solutions 

of sulphuric acid or sodium hydroxide. K&szuba ( J. Amer.
Chem. Soc., 194-5, J&Z, 1227 ) carried out the hydrolysis of , 
aerylo-nitrile to acrylic acid with ice-cold mixture of 
concentrated sulphuric acid and ice. Goldberg, Ordas and 
Carsch ( J. Amer. Chem. Soe., 194-7, 6£, 260 ) hydrolysed 
9-cyanophenanthrene in ethylene glycol mo noethyl ether 
with potassium hydroxide and obtained phenanthroic acid • 
Similarly, valeric acid .( King, J. Chem. Soc., 1935, 982 ) 
and isocaproic acid, ( Ifoyer, J. Amer. Chem. Soc., 1901, 23, 
393 ) have been obtained from their respective nitriles by 
the alkali hydrolysis in good yields.

Cocker and Lapworth ( J. Chem. Soc., 1931, 1391 ) 
observed that a-amino nitriles, however, revert too readily 
to cyanide, ammonia or amine in presence of alkalies and 
cannot, therefore, satisfactorily be converted into the 
amino acids except by means of acid reagents. While the free 
a-amino-nitriles as a class are among the most unstable 
nitriles known and readily lose or exchange their cyanogen 
group ( as -CN-eyanidion ), their salts are much stable 
with mineral acids, and show no tendency to behave in this 
manner even at 125°C provided that a sufficient concentration 
of mineral acid is maintained in the system. The hydrolysis 
of amino-ffiitriles to amino-acids is carried out with 40 % 
sulphuric acid by slow addition with constant agitation,



'and then heated for 3 hours at 125°C. After cooling,it was 
diluted with water and the acid was obtained on treatment 
with barium carbonate.

tTurner ( J. Auer. Chem. Soc., 1946, 68, 1607 ) 
carried out the acid hydrolysis of dimetbyiaminoacetonitrile 
which was cooled first at -15°C, and was mixed with equally 
cold concentrated sulphuric acid. The reaction mixture was 
kept for eighty-five hours at room temperature, and then 
poured upon ice and made alkaline with concentrated 
ammonium hydroxide, gave the desired acid. Buck et al.( J. 
Amer. Chem. Soc., 1930, ^2, 5202 ) hydrolysed p-dimethylamino 
benzaldehyde cyanohydrin by dissolving in sulphuric acid 
(sp.gr. 1.84 ) below 15°C, and after about fifteen minutes, . 
the reaction mixture was poured oyer crushed ice and 
obtained the amide on careful neutralisation with ammonia.

Tiemann and Stephan ( Ber., 1882, 15. 2035 ) 
Converted several arylamino nitriles into the corresponding 
amides by treatment with concentrated sulphuric acid, and 
isolating the product by pouring the reaction mixture on 
ice and neutralising it with amnonia. Cook and Cox ( J.
Chem. Soc., 1949, 2334 ) applied the acid hydrolysis with 
methylaminoacetonitrile, where no product of hydrolysis 
was obtained, but when sulphuric acid solution was poured 
into well-cooled 95 % ethanol solution of the above compound 
N-methylglycinsamide hydrogen sulphate was obtained in 
quantitative yield, and this salt, on neutralisation with 
sodium methoxide in methanol, gave 90 % yield of



N-methylglycineamide. Thus, this process proved to be 

satisfactory in the hydrolysis of a-isopropylamlno-n-,

a-methylaminoiso-, and a-isopropylaminoisoValero ni trile•
\

Sperber, Papa and Schwenk (- J. Amer. Chera. Soc., 

19^8, 22» 3°9l ) carried out the conversion of tributyl- 

acetonitrile to tributylacetamide on a steam-bath for 

twelve hours using 80 % sulphuric acid. Tributylacetamide 

was-not further hydrolysed to tributylacetiesacid by 

different concentrations of sulphuric acid or by various 

other hydrolytic agents, viz., nitrous anhydride, 

concentrated hydrochloric acid, phosphoric acid, a mixture 

of acetic and sulphuric acids and aqueous alkali etc. But 

alkylnitriles in organic solvents in the presence of a 

gaseous hydrogen chloride gave a good yield of trialkylacetic 

acids.
Wenner ( J. Org. Chem., 1950, lj>, 5**8 ) carried, 

out the acid hydrolysis of arylacetonitriles by rapid 

stirring -with aqueous concentrated hydrochloric acid at 

moderate temperature without using the organic solvent, 

and thus free arylacetic acids or their amides were prepared 

in high yields. Benzyl cyanide when treated with concentrated 

hydrochloric acid with rapid stirring gave phenylacetamide. , 

The reaction can be carried out even at 10°C, but the 

strength of hydrochloric acid should be of 30 % to effect 

the conversion of the nitrile into the amide. Further . 

hydrolysis of an amide to acid proceeds slowly,,but the 

speed of hydrolysis increases considerably when the amide 

is heated with more dilute acid. So amides are formed from
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nitriles upto abou;t 60°C, which remain undissolved, and 

at higher temperature, the corresponding acids result. 

Several polynuclear arylacetonitriles were hydrolysed in 

the same way without difficulty, Moreover, the alkoxy- 

substituted nitriles yield the corresponding amides, if 

the reaction temperature does not exceed 50-60°C j but at 

higher temperature the hydrochloric acid will lead to 

cleavage of the alkoxy groups.

West ( J, Amer. Chem. Soc., 1920, 42, 1662 ) 

used hydrogen peroxide, which reacted with aliphatic and 

aromatic nitriles in alkaline solution at 50°C to give 

amides in 50-95 % yield. This reaction is exothermic and 

is followed by the evolution of oxygen. The hydrogen 

peroxide was used in concentrations varying from 3 % to 

30 but in the case of o-substituted bensonitriles, 

which were difficult to hydrolyse, required the higher 

concentration of the reagent. Wiley and Morgan Jr. (J.

Org. Chem., 1950, 1^, 800 ) partially hydrolysed 

adiponitrile and sebaconitrile with alkaline 3 % hydrogen 

peroxide and obtained -cyano-valeramide and 

™ -cyanopelargonamide. They also tried other methods 

including alkaline and acid hydrolysis, but the yields of 

amides were low or in some case no amide was formed at all. 

Murray and Cloke ( J. ftmer. Chem. Soc., 193**, j>6, 274-9 ) 

prepared glycidamides by hydrogen peroxide from,certain 

olefinie nitriles. Thus,

H202 and
bch=c(c6h5)cf------- ----------- >- bch-c (c*h») com2

- , NaOH Vr \J



It has been observed In the present Investigation 

that both polyphosphoric acid and 75 % sulphuric acid have 
been found to serve as efficient hydrolytic agents which 

bring about hydrolysis of nitriles, although the former 

is chiefly used as a condensing agent to effect 

cyelisation ( discussed in P.II ) ; but the latter is found 

to be a better hydrolytic agent in adding a molecule of ’ 

water into the nitrile group of cyanacet arylamides, giving 

the corresponding malon mono arylamides.
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The present work was undertaken with a view to 

obtain suitable intermediates, viz., malon n»no arylamides, 

and malon aryl acids, required for the proposed synthesis 

of 2,M--dihydroxyquinolines. The malon mono arylamides 

(substituted amides of malonic acid ) are, thus, separately 

prepared in good yields, on partial hydrolysis of cyanacet 

arylamides ( substituted amides of cyanacetic acid ) with 

polyphosphoric acid and with 75 % sulphuric acid. Again, 

malon mono arylamides, thus obtained, when further treated 

with polyphosphoric acid, simultaneously underwent further 

hydrolysis and cyclisation giving 2,4-quinolinediols.

It may be noted that cyanacet arylamides have 

been partially hydrolysed into malon mono arylamides- • 

with polyphosphoric acid, which, at the same time in a 

single step operation, was found to be ineffective to 

cyclise the former amides into quinolinediols. Moreover, 

the use of 75 % sulphuric acid was found to be quite 

effective in good yields to partially hydrolyse these very 

nitriles, giving the corresponding malon mono arylamides, 

which were not consequently cyclised into quinolinediols, 

using concentrated sulphuric acid or a mixture of acetic 

anhydride and concentrated sulphuric acid. Moreover, these 

malon mono amides on further hydrolysis gave malon aryl 

acids in very poor yields.

Cyanacetanilide ( Compt. rend., 1895, 121, 189 ) 

cyanacet-p-toluidide ( Compt. rend;, 1889, 108. 1116 ),



eyanacetbenzylamide ( Guaresehl, Chem. Centr., 1892, 1,382 ) 
have been known, but no reliable details of the methods 
employed in their preparation could be found. Therefore, 
in the preparation of substituted amides of eyanacetic 
acid “Whiteley’s method ( J. Chem. Soc., 1903, 83, 2b ) 
was followed.

Cyanacet arylamides
Requisite amounts of ethyl cyanacetate and pure 

arylamine were mixed in a round-botton flask which was 
-heated with an aire condenser at l60-170°C. for six hours. 
The contents of the flask, when hot were then poured into 
a mortar, where the whole mass solidified. The solid was 
broken and triturated with a mixture of equal volumes of 
benzene and light petroleum.- It was then filtered and the 
process was repeated until the reddish colour of!the solid 
disappeared, and then it was crystallised from acetic acid.

The following cyanacet arylamides (I) have, thus, 
been prepared?-

CIO.
(1) Cyanacetanilide
(2) Cyanaeet-o-toluidide
(3) Cyanacet-m-toluidide
(4) Cyanacet-p-toluidide
(5) Cyanacet-p-ehloroanilide

? C IjR, )
t (I,Ra=%=H | Rt=CH3 ) 
* (I,R1=R3=H 1 r2=ch3 ) 
? (I,R1=R2=H ; r3=ch3 ,) 
? (I, R, =R2 =H f R3*C1 )



(6) Cyanacet-o-anisid'ide.

(7) Cyanacet benzylamide

(8) Cyanacet-lsS^-xylidide

f r \

(9) Cyanacet-a-naphthylamide

(10 )Cyanace t-pS -naphthyl amide

i28

t (I,r2=h3=h | fyaocHa ) 
! (C6%CH2FH.C0CH2CF)

: (I,R,*H ; R2=R3=CH3)

The above mentioned cyanacet arylamides (I) have 

been partially hydrolysed using (a) polyphosphoric acid 

(PP4) and (b) 75 % sulphuric acid, when the corresponding 

malon mono arylamides (II) have been obtained in each case. 

The course of reaction in each is expressed as follows*-

,CiT

CORHR

(a) PPA 
----- ------
(+ H20)

(I)

C0HH2

cora
(ii)

mJkSOu CH^
(+ h2o) ^cora

(i)

where, R is phenyl, tolyl,xylyl,naphthyl, etc.groups.

( Methods of preparation )

Malon mono arylamides :

(a) Polyphosphoric acid : Cyanacet arylamide 

( I j 0.01 M ) was dissolved in a clear solution of 

polyphosphoric acid, obtained by dissolving phosphorus 

pentoxide ( 10.0 g. ) in phosphoric acid ( 6.0 ml. f d.l.75 ) 

and heated for 2 hours at 110°C. The reaction mixture, on
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pouring into water-, gave a white product, which was 

filtered and crystallised from aqueous alcohol. It was 

found to be malon mono arylamide.

(If 0.01 M ) was dissolved in 10.0 ml. of Ice-cold 75 % 

sulphuric acid and the reaction mixture was kept over-night 

at room temperature. It was then poured into ice-cold 

water giving a white product, which was crystallised as 

above and identified as malon mono arylamide ( Mehta and 

Patel, Curr.Sci., 1959, 28, 200 f J. Sci, industr. Res., 

1961, 20B, b57 ).

Accordingly the following malon mono arylamides 

(II) have been prepared s

C0NH2

(b) 75 ^ sulphuric acid t Cyanacet arylamide

CH2

(1) Malon monoanilide Cll) s (11,1, =12=R3=H)

(2) felon mono-o-toluidide t (II,12=13-!! f R1=GH3)

(3) felon mono-m-toiuidide : (II,R1=R3=H f Ra=CH3)

(b) felon mono-p-toluidide : (II,R, =R2=H f r3=CH3)

*(5) Malon nono-p-chloroanilide s (II,R|=Ra=H f R3=C1)

*(6) felon mono-o-anisidide : (II,Ra=R3=H f R,=0CH3)

*(7) felon mono-benzylamide s (C6H5CHaKHGOCHaCOHHa)

(8) felon mo no -1 s 31 *f-xyl Idide i(II,R,=H f Ra=R3=CH3)

ccuhr.(9) felon mono-a-naphthylamide : ch^



(10) Malon mono-p-naphthylamide

Compounds marked with asterisks (*) are reported 

for the first time.

The identity of malon mono arylamldes, prepared 

by each of the above methods (a) and (b) was established 

by analysis as well as by comparing their respective 

melting points and mixed melting points with those of the 

authentic samples, which are prepared by hydrolysing malon 

diarylamides by means of liquor ammonia (0.88 d. ) 

according to Whiteley1s method (loc.cit.) and Baekes,-;,

West and Whiteley,(J. Chem. Soc., 1921, 119. 359 ) as 

modified by Walk et al.{ Walk, Desai and Parekh, J. 3hd. 

Chem. Soc., 1930, Z, 137 5 Ifelk and Patel, ibid,,1932, % 

185 ). The yields obtained in both the above methods were 

almost quantitative, but the products obtained by the use 

of 75 % sulphuric acid were cleaner and this method was 

found to be relatively simple. Both sulphuric acid and 

polyphosphoric acid are found to be the most efficient 

hydrolysing agents, which are employed,here,in divising 

these simpler methods for the preparation of malon mono 

arylamldes, when conpared with the above method of Whiteley 

et al. (loc.cit. ). Further, half a molecule of water of 

crystallisation is found to be present only in malon 

monoanilide (1) and in, malon mono-p-toluidide (4). This



■was determined by treating the hydrate of an amide over 

toluene vapours under vacuum in Ihden Helden^apparatus, on 

the basis of the difference in weight before and after the 

heating of that particular amide-hydrate.

3h order to obtain malon arylacids, some of the 

above mentioned malon mono arylamides have further been 

attested to hydrolyseu using 10 % alcoholic potassium 

hydroxide. It has also been observed that these malon mono 

arylamides on acid or alkali hydrolysis in hot gave a 

mixture mainly of malonic acid and a very small amount of 

malon arylacids* The yields of malon arylacids are thus 

found to be vary poor and this method for complete 

hydrolysis of malon mono arylamides is not at all suitable 

for the preparation of malon arylacids with 10 % alcoholic 

potassium hydroxide in hot or in cold.

However the malon arylacids, viz., malon anilic 

acid, malon-rartoluidic acid, malon-p-toluidic acid and 

malon ls3s**-xylidic acid, have been obtained on complete 

hydrolysis of malon monoanilide, malon nono-m-toluidide, 

malon mono-p-toluidide and malon nono-lsSs^-xylidide 

respectively using 10 % alcoholic potassium hydroxide in 

cold as under:

Malon irono arylamide (0.01 M) was treated with 
15 ml. of alcoholic potassium hydroxide (10 %) and the 

reaction mixture was kept at room temperature for 2b hours. 

It was then neutralised! with hydrochloric acid, extracted 

with ether and the product malon arylacid, obtained in very 

poor yield, was crystallised from water or from aqueous
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alcohol. In this way the above mentioned malon arylacids

have not been obtained by complete hydrolysis of the
*

corresponding malon mono arylamides. These malon arylacids 

have been identified by comparing the melting points and 

mixed melting points with the corresponding authentic 

sauries. -Another method was, therefore, explored in order 

to prepare the proposed malon arylacids, which are used as 

suitable intermediates for the synthesis of quinolinediols.

Malon arvl acids

. It is interesting to note that the malon mono 

arylamides on further treatment with polyphospboric acid 

underwent cyclisation giving 2,4-dihydroxyquinolines ;

whereas concentrated sulphuric acid or a mixture of acetic
\

anhydride and concentrated sulphuric acid as a cyclising 

agent was found to be ineffective with these amides.

Moreover, quinolinediols obtained from malon mono arylamides 

are found to be in poor yields $ whereas those prepared 

from malon aryl acids are in good yields. Hence, the malon 

aryl acids, which may serve as better intermediates than 

the malon mono arylamides, have been prepared with a view 

,to synthesise 2,lf-dihydroxyquinolines, which also serve 

as useful intermediates in the preparation of a series of 

antimalerials.

A number of malon arylacids have thus been prepared 
by the method of Ghattaway and Olmsted ( J. Chem. Soc.,

1910, 22, 938 ) as modified by 4hluwalia et al. (loc.cit.) 

as under:



Method of Preparation s

A mixture of pure arylamine (0.1 M ) and ethyl 

malonate (0.175 M ) was gently refluxed for fourty minutes 

in a flask attached to an air condenser of such a length 

that the alcohol formed was allowed to escape, while the 

malonic ester flowed back into the flask. The product was 

then mixed with twice the bulk of ethyl alcohol and allowed 

to cool, when malon dianil ide-PhMC0CH2C0MPh~ precipitated, 

which was filtered out. The filtrate was poured into excess 

of water and on shaking ethyl malon anilate-PhMC0CH2C00C2%- 

separated as an oil, which slowly solidified. The mixture 

of amine and ester was thus converted into mailon dianilide 

and ethyl malon anilate (amate).

In order to prepare malon arylacid, a solution 

of 8.0 g. sodium carbonate in 7^*0 ml. water was added to 

the above oily filtrate (amate) and steam was blown through 

the mixture for about an hour until the ester at first 

separated as an oil had completely disappeared. The cooled 

liquid gave a slight turbidity of a trace of malon ' 

dianilide which was filtered and clear filtrate is obtained 

on concentration of alcohol by gentle heating. On adding 

hydrochloric acid in slight excess to the above filtrate 

malon arylacid precipitated which was crystallised from 

very dilute alcohol or water ( Mehta and Patel, J. Sci. 

Industr. Res., i960, 19B. ^36-38 ).

The following malon arylacids have thus been

prepared by the above method from different arylamines 

and ethyl malonate t



COOH
/

ch2 •

(1) Malon-anilic acid 

*(2) Malon-o-toltiidic acid 

'(3) Malon-m-tolaidic acid 

(4) Malon-p-toluidic acid 

*(5) Malon-m-chloroanilic acid 

*(6) Mhlon-p-chloroanilic acid 

*(7) lfelon-o-ani sidle acid 

*(8) Malon-p-anisidlc acid 

(9) Malon-ls3:4-xylidic acid

• (III,R1=R2=R3=H)

t (1II,R2=R3=H ; R*,=CH3)

S (III,R1=R3=H ; Ra=CH3)

: (IIIjR, sRa^H $ R3=CH3)

: (III,R1=:R3=K 5 Ra=Cl ) 

S.-CIIIjR^RspH f R3=C1 )

5 (Til,R2=R3=H | Rt =0GH3 ) 

s ( IIIjRj =R2=H $ R3=OCH3)

* (II I, R, =H | R2=R3=CH3)

*(10)Malon-a-naphthylanilie acid

*(ll)Malon-p-naphthylanilic acid

. COOH

8 /

Malon arylacids marked with asterisks (*) are reported 

for the first time.
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t '

Thus both polyphosphoric acid and 75" % sulphuric 

acid are found to he very efficient hydrolytic agents, 

involving sinpler methods to effectively bring about the 
partial hydrolysis of cyanaeet?arylamides, forming the 

corresponding malon mono arylamides ? whereas malon arylacids 

and malon mono arylamides with polypho sphoric acid as the 

cycliaing agent have respectively undergone dycii'satidh 

giving 2:4—dihydroxyquinolines ( Part II ).
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B X P E R i m e w t a l

Malon aono arylamides :

Malon no noanilide s
(a) Cyanacet anilide ( 1.6 g. $ 0.01 M ) was 

dissolved in a clear solution of polypho sphorie acid, 

prepared by dissolving phosphorus pentoxide (10.0 g.) in 

phospho.ric acid (6.0 ml. ? d. 1.7? )* and heated in an oil 

bath at 110°C for 2 hr. with a calcium chloride guard tube.

The reaction mixture, on pouring into water, gave white 

product, which was filtered and crystallised from aqueous 

alcohol j nup. 133°C. Yield r 1.45 g*
»

(b) Cyanace tan Hide (1.6 g. $ 0.01 M ) was 

dissolved in ice-cold 75 % sulphuric acid ( 10.0 ml. ) and 

the reaction mixture was kept over-night at room temperature. 

4 clear white product was obtained when the mixture was 

poured into 2? ml. of cold water. It was then filtered and 

crystallised from aqueous alcohol f m.p.l33°C. Yield 1.5 g.

The identity of malon mono anilide, prepared by 

each of the above methods, was established by.comparing 

its ^'speo'tive melting point and mixed melting point with 

that of the authentic sample as well as by the analysis.

Analysis :
4-.360 mg. of the substance gave 0.?7? ml. 

of nitrogen at 29°C and 761 mm. pressure.

Pound : P “ 14-.93 %* 

o°a^72«l/2Ha0 requires j F = 14-.97 %*



In the saie -way the following other cyanacet 
arylamides have been partially hydrolysed by the separate 

application of the above methods (a) and (b), giving in 

each case the corresponding malon mcno arylamldes, which 

are identified as usual by their respective melting points 

mixed melting points and by analysis.

Malon-fflono-o-toluidifle s

Cyanacet-o-toluidide (1.92 g.) was separately 

treated as before both by polyphospheric acid as well as 
by 75 % sulphuric acid. The crude product, obtained in 

each case, was crystallised from aqueous alcohol, m.p. 
I620C. Yield 1.8 g.

Analysis :

9.30 mg. of the substance gave 1.202 ml. 
of nitrogen at 33°C and 754 mm. pressure.

Found - s ET = 14.30 %,

C1 oHtaOa^a requires s H = 14.58 $>•

Malon-gpno-m-toluidide j

Cyanacet-m-toluidide (1.92 g.) was treated as 

before and the malon-nono-m-toluidide,obtained by each 
method, was crystallised from aqueous alcohol,m.p.l64°C. 
Yield, 1.75 g.

Analysis s
9.34 mg. of the substance gave 1.186 ml. 

of nitrogen at 29°C and 758 mm. pressure.
Found t TT = 14.32 

cioHi2°a^2 requires t N = 14.58
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Malon-mono-p-toluidide t
Cyanacet-prtoluidide (1.92 g.) was separately 

treated as before and malon-raono-p-toluidide obtained in 
each case was crystallised from aqueous alcohol, m.p.l44°C. 

Yield, 1.80 g.

Analysis ?
4.772 mg. of the substance gave 0.?6? ml. 

of nitrogen at 28°C and 761 mm. pressure.
Ibund s N = 13.64 %. 

cioHiaOa%.l/2Ha0 requires s V * 13*93 %.

Malon-mono-p-chloroanilide s 
& Cyanacet-p-ehloroanilide (2.12 g.) was treated 

as before by both the methods and malon-mono-p-chloroanilide 
thus,obtained in each was crystallised from aqueous 
alcohol, m.p. 14?°C. Yield, 2.0 g.

Analysis s
8.98 mg. of the substance gave 1.08 ml. 

of nitrogen at 32°C and 758 mm. pressure.
Ibund ? V a 13.43 %•

C9H902N2C1 requires * N a 13.17 %.

Malon-mono-o-anisidide :
Cyanacet-o-anisidide (I.96 g. ) was separately 

treated as before and malon-mono-o-anisidide was crystallised 

as usual in each case, m.p. 164°C._ Yield, 1.80 g.

Analysis s
11.34 mg. of the substance gave 1.32? ml. 

of nitrogen at 28°C and 757 mm. pressure.



Found s F = 13.20 %. 

cio^i2^3^T2 requires : F = 13.46 %,

Malon-iaono-benzylamlde s

Cyanaeet-benzylamide (1.92 g.) was treated as 

before by both the methods and tbs malon-mono-benzylamide 

thus obtained in each was crystallised as above,m.p.l20°C. 

Yield, 1.7 g.

Analysis s

4-.960 mg. of the substance gave 0.666 ml. 

of nitrogen at 29°C and 760 mm. pressure.

Found s N = 14.88 %.

cioH,a02Fa requires s F « 14.58 %,

Malon-mono-l;3t4-xylldide :

Cyanacet-1?3s4-xylidide (2.06 g.) was separately 

treated as before and in each case the malon-raono-l!3s4- 

xylidide was crystallised as above, m.p. 165°C. Yield, 1.85 g.

Analysis ?
I

11.38 mg. of the substance gave 1.420 ml. 

of nitrogen at 34°C and 758 mm. pressure.

Found s N = 13.84

C^H^OgF-i requires 5 N = 13.60 %»

Malon-mono-q-naphthylamide :

Cyanacet-q-naphthylamide (2.28 g.) was treated

as before by both the methods and in each case malon-mono-
%

a-naphthylamfde was crystallised as above, m.p.l45°C.

Yield, 2.0 g.



Analysis t

10.40 mg. of the substance gave 1.18 ml. 

of nitrogen at 35°C and 758 mm. pressure.
Pound s IT - 12.54 

CijHia02M2 requires s H = 12.2? %.

Malon-mono-e-naphthylamide ?
Cyanacet-p-naphthylamide (2.28 g.) was separately 

treated as before and in each case the malon-nono-p- 
naphthylamide was crystallised as above, ra.p. 188°C.

Yield, 1.90 g.
Analysis s
9.98 mg. of the substance gave 1.108 ml. 

of nitrogen at 32°C and 758 mm. pressure.
Pound : N = 12.40 %,

C,3H1202H2 requires J IT = 12.27 %•

Malon arylaclds s
Malon-anillc acid 5

A mixture of aniline (9*3 g* ) and ethyl malonate 
(28.0 g. ) was heated to gentle boiling for fourty minutes 

in a flask attached to an air-condenser. The product was 

then treated with warm ethyl alcohol (100 ml. ) when malon 

dianilide ( OTPhCOCH^OPHPh) crystallised out on cooling 

and the reaction mixture was then filtered. To the filtrate 

an aqueous solution of sodium carbonate in. excess was 
added, and steam was blown through it for about an hour, 
till the oily layer that separated had dli3sapp^ar?§4^ A small 
amount of the dianilide, that appeared on cooling, was
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filtered out. The filtrate,on acidification with 

hydrochloric acid, gave a white product, which was filtered 

and crystallised from water, m.p. 136°C. Yield, 6.5 g.

Malon-mono-anilide (0.G1 M) dissolved to 15 ml. 

alcoholic potassium hydroxide (10 %) in cold and the 

reaction mixture was kept at room tenperature for 24 hrs.

It was then neutralised with hydrochloric acid extracted 

with ether and crystallised from aqueous alcohol, m.p.

136°C, in very poor yield. Mixed m.p. with malon anilic 

acid, described above, was not depressed.

Malon-o-toluidic acid :

4 mixture of o-toluidine (10.7 g.) and ethyl 

malonate (28.0 g. ) was treated as above and the malon-o- 

toluidic acid, thus, obtained was crystallised from water, 

m.p. l44°C.. Yield, 7.3 g.

Analysis :

4.14 mg. of the substance gave 9.494 mg. of 

carbon dioxide and 2.154 mg. of water.

$.70 mg. of the same substance gave 0.426 ml. 

of nitrogen at 28°C and 7&1 mm. pressure.

Found s C ■* 62.58 % * H = 5.82] % * H = 7.22 %.

cioHit°3^T requires t C = 62.16 % $ H = 5.74 % j ff = 7.25

Malon-m-toluidic acid t

A mixture of m-toluidlne (10.7 g.) and ethyl 

malonate (28.0 g.) was treated as above and malon-m~. 

toluidic acid, thus obtained was crystallised from water, 

m.p. 105-106°C. Yield, 6.9 g.



Malon mono-m-toluidide (0.01 M) was dissolved 

in 15 ml. alcoholic potassium hydroxide (10 %) in cold 

and the reaction mixture was kept at room ten^erature 

for 2k hrs. It was then neutralised with hydrochloric 

acid, extracted with ether and crystallised from alcohol, 

m.p. 105°C in very poor yield. Mixed m.p. with malon-m- 

toluidic acid, described above, was not depressed.

Malon-p-toluidic acid t

A mixture of p-toluidine (10.7 g.) and ethyl 

malonate (28.0 g. ) was treated as above and malon-p- 

toluidic acid thus obtained, was crystallised from water, 

m.p. 156°C. Yield 7.8 g.

Malon-mono-p-toluidide (0.01 M) dissolved in 

15 ml. alcoholic potassium hydroxide (10 %) In cold and 

the reaction mixture was kept at room temperature for 2k 

hrs. It was then neutralised with hydrochloric acid, 

extracted with ether and crystallised from alcohol m.p. 

156°C in very poor yield. Mixed m.p. with malon-p-toluidic 

acid, described above, was not depressed.

Malon-m-chloroanilie acid s

A mixture of freshly distilled m-chloroaniline 

(12.7 g.) and ethyl malonate (28.0 g. ) was treated as 

above and the malon-m-chloroanilic acid was crystallised 

from water, m.p. 131°C. Yield, 9.8 g.

Analysis i

6.18 mg. of the substance gave 0.337 ml. of 

nitrogen at 30°C and 761 mm. pressure.



Found v s N = 6.15 %•

C9H803HC1 requires •. N = 6.55 %•

M&lon-p»chloroanilic acid :

A. mixture of p-chloroaniline (12.7 g.) and ethyl 

malonate (28.0 g. } was treated as above and the said acid 

was crystallised from water, m.p. 145°C. Yield, 8.4 g.

Analysis :
4.09 -mg. of the substance gave 7-580 mg. of 

carbon dioxide and 1.412 mg. of water.

6.06 mg. of the same substance gave 0..327 .ml.

of nitrogen at 30°C and 761 mm. pressure. .

Found s C = 50.22 % j H = 3-86 % j f!= 6.08 %

09H803BC1 requires s C = 50.58 % ; H = 3-74 % f Iff = 6.55 %

Malon-o-anlsidic acid s

A mixture of o-anisidine (12.3 g.) and ethyl 

malonate (28.0 g.) was treated as above>the said acid was 

crystallised from x<rater, m.p. l48°C. Yield, 7-9 g-

Analysis :
6.82 mg. of the substance gave 0.381 ml. of 

nitrogen at 30°C and 76l mm. pressure.

Found % IT — 6.30 %,

C^H^O^N requires t IT - 6.70 %»

Malon-c-anisidlc acid t

A mixture of p-anisidine (12.3 g.) and ethyl 

malonate (28.0 g.) was treated as above and the said acid 

was crystallised from water, m.p. 157°C. Yield, 7.6 g.

Analysis i

6.06 mg. of the substance gave 0.352 ml, of
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nitrogen at 29°C and 761 mm. pressure.
Pound s If * 6.57 %,

C^H^Ojj.lf requires s If = 6.70 %,

Malon-l?3?4-xylidlc acid s
A mixture of freshly distilled liBs^-xylidine 

(12.0 g.) and ethyl malonate (28.0 g.) was treated as above 

and the said acid was crystallised from water. m.p.l56°C. 

Yield, 7.3 g.
Malon mono-lsSs^-xylidide (0.01 M) was dissolved 

in 15 ml, alcoholic potassium hydroxide ( 10 % ) in cold 

and the reaction mixture was kept at room temperature for 
2b hrs. It was then neutralised with hydrochloric acid 

extracted with ether and crystallised from alcohol, m.p. 
156°C, in very poor yield* Mixed m.p. with malon-lsBi^f- 

xyltdic acid, described above, was not depressed.
Malon-a-haphthylanilic acid :

A mixture of a-naphthylamine (1^.3 g.) and ethyl 
malonate (28.0 g.) was treated as above and the said acid 

was crystallised from water, m.p. l55°C. Yield, 10.6 g.

, Analysis s
5.90 mg. of the substance gave 0,307 ml. of 

nitrogen at 30°C and 760 mm. pressure.
Pound j jr = 5.86 %.

Cf 3H1103W requires % If » 6.11 %•

Malon-p-nanhthylanilic acid
A mixture of p-naphthylamine (14.3 g. ) and ethyl 

malonate (28.0 g. ) was treated as above and malon-p-
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naphthylanilic acid thus obtained was crystallised from 
water, m.p. 176°C. Yield, 9*5 g.

flaalzaia *
i

4.93 mg* of the substance gave 12,318 mg,of 

carbon dioxide and 2.246 mg. of water.

6.70 mg. of the same-substance gave 0.352 ml. 

of nitrogen at 28°C and 760 mm. pressure.

Pound ! C s 68.21 % ; H - 5.10 % f N = 5.96 %*
C13H1103N requires t C = 68.11 % $ H = 4.84 % $ N = 6.11 %,
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