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After our pioneering work itmong the anti- 
malarial contractors on the 4-aminoquinolines,2 
better methods for the synthesis of 4-quinolinols3 
were actively investigated. In a manner analo- 
gous to that used by Mueller and Hamilton4 for 
the preparation of 1-chlorobenzo(f)quinolines, we 
applied the oxalacetic ester method to aniline and 
p-anisidine. Independently, Surrey and Hammer5 
have used this method on meta-substituted anilines. 

An improved method is described which makes 
unnecessary the isolation of oxalacetic ester and 
which is more rapid than the method used by 
Musajo.6 Acidification of a benzene-water sus- 
pension of the sodium salt of ethyl ethoxalyl- 
acetate gave the free ester which could react di- 
rectly with aniline. Cyclization of the anilino 
compound by means of refluxing diphenyl ether 
was found to be more satisfactory than the use of 
mineral oil because of the ease of removal of sol- 
vent and of temperature regulation. Decarboxyla- 
tion of the acid obtained after saponification was 
effected by heating in the same solvent. In the 
case of p-anisidine, however, mineral oil was used 
because the products were more soluble in  di- 
phenyl ether. 

2-Carbethoxy-4-quinolinol was obtained in 61(% 
yield from commercial (91%) ethyl sodio-ethoxal- 
ylacetate and this was converted to 4-quinolinol 
i n  957; yield. In a similar fashion F-methoxy-4- 
yuinolinol w:ts obtained in 427& yield. 

Experimental 
Z-Carbethoxy-4-quinolinol.-To a cooled, stirred mix- 

ture of 105 g. (0.5 mole) of ethyl sodio-ethoxalylacetate, 
250 ml. of water and 500 ml. of benzene was added 84 ml. of 
6 L\T sulfuric acid over a period of ten minutes. If the mix- 
ture was allowed to  stand for more than five minutes before 
the addition of the sulfuric acid, it had a tendency to set to 
a solid mass which was difficult to stir. The benzene layer 
was separated and was washed with two 300-ml. portions 
of water. To the organic layer was added 75 g. (0.8 mole) 
of aniline, and the mixture was refluxed for one hour. 
After cooling, the benzene solution was washed with 
dilute sulfuric acid followed by three 500-mi. portions of 
water to remove the excess aniline. The benzene was re- 
moved by distillation and the residual oil was carefully 
added to 700 ml. OF refluxing diphenyl ether. The mixture 
was refluxed for ten minutes and cooled; the product, light 
yellow crystals, \vis isolated by filtration and was washed 
by trituration with 700 ml. of hexane. The product 
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weighed 66 g. (61%) and melted a t  213". The reported 
m. p6  is 215". 

The reaction with free ethyl ethoxalylacetate and aniline 
in a similar fashion gave comparable results. Preliminary 
experiments involving the reaction of a water mixture of 
aniline hydrochloride and ethyl sodio-ethoxalylacetate for 
short periods of time gave erratic results. 
4-Quinolinol.-Saponification of 43.4 g. (0.2 mole) of 2- 

carbethoxy-4-quinolinol with boiling dilute aqueouz 
sodium hydroxide followed by ,acidification with 6 Ll' 
hydrochloric acid produced 2-carboxy-4-quinolinol. Puri- 
fied by crystallization from dilute acetic acid, the acid& 
decomposed a t  277 O with the evolution of carbon dioxide. 
The dry acid was decarboxylated by addition to 500 ml. of 
stirred, refluxing diphenyl ether. The mixture was re- 
fluxed for fifteen minutes or until the evolution of carbon 
dioxide ceased. After cooling, the product was isolated by 
filtration and waswashed with 500 ml. of hexane to give 28.6 
g. (95%) of 4-quinolino1, m. p. 185-188". Crystallized 
from aqueous ethanol, the material melted at  200-201 . 

1)ecarboxylation by direct pyrolysis using a salt-bath at  
270-280' was effective only for several gram portions and 
was incomplete when larger quantities were used. 

6-Methoxy-4-quinolinol.-Ethyl ethoxalylacetate was 
isolated from its sodium salt in the manner described 
above. The benzene solution obtained, after washing, 
was concentrated to remove the benzene and the residue 
was distilled in vacuo. The yield of the free ester was 6.5- 
T O % ,  b. p. 85-87"at 1 mm. 

I t  is unnecessary to dry the benzene solution and it 
should not be treated with alkaline agents such as sodium 
carbonate, which reduces the yield to 15-25%. 

The anilino compound was formed from ethyl ethoxalyl- 
acetate and p-anisidine by allowing the mixture to stand 
twenty-four hours in a vacuum desiccator over calcium 
chloride. Cyclization was effected as described above ex- 
cept that stirred mineral oil, preheated to 255", was used 
as the solvent. After heating for five minutes, the mixture 
was cooled and the product was separated by filtration and 
was washed with acetone. From 10.0 g. (0.053 mole) of 
ethyl ethoxalylacetate and 6.4 g. (0.052 mole) of p- 
anisidine, using IC10 ml. of mineral oil, there was obtained 
11.1 g. (85%) of F-methoxy-2-carbethoxy-4-quinolino~. 
The product was a yellow crystalline solid, m. p. 215-216 . 
Saponification of the ester with 100 ml. of 15% aqueous 
sodium hydroxide at the reflux temperature followed by 
acidification with 6 >\' sulfuric acid produced 9.3 g. (96%) 
of 6-methoxy-2-carboxy-4-quinolinol, a brown solid, m. p. 
305-308". Two grams of the acid was heated a t  the melt- 
ing point until the evolution of carbon dioxide ceased. 
The product was extracted with boiling ethanol, the solu- 
tion was clarified with decolorizing carbon and the product 
was crystallized from aqueous ethanol. There was ob- 
tained 1.28 g. (80%) 6-methoxy-4-quinolinol, white 
needles, m. p. 219-220 . 

Chlorination of the hydroxy compound with phosphor- 
ous oxychloride in the usual manner produced 4-chloro-6- 
methoxyquinoline in 90.5% yield. This material melted 
at  75-70" and was identical with an authentic sample of 4- 
chloro-6-me thoxyquinoline. 

In dealing with larger quantities, decarboxylation of 6- 
methoxy-2-carboxy-4-quinolinol was carried out by addi- 
tion of the dry acid to stirred mineral oil preheated to 255' 
followed by heating a t  this temperature for ten minutes or 
until the evolution of carbon dioxide ceased. 

Summary 
1. 4-Quinolinol and 6-methoxy-4-quinolinol 

have been prepared from the appropriate amines 
and crude ethyl ethoxalylacetate which is obtain- 
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able from co:mmercial ethyl sodioethoxalylacetate. Variations in yield due to different methods 
2. The yield of the intermediate 2-carbethoxy- of decarboxylating the 2-quinolinecarboxylic acids 

4-quinolinol is not appreciably raised by use of are noted. 
pure oxalacetic ester. EVANSTON, ILLIXOIS RECEIVED AWGCST 22, 1946 
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Synthesis of 7-Chloro-4-hydroxyquinoline Derivatives Employing Oxalacetic Ester' 
BY GEORGE F. LISK AND GARDNER W. STACY~ 

Andersag, Breitner and Jung3 prepared a num- 
ber of 2-carbethoxy-4-hydroxyquinoline deriva- 
tives by thermal cyclization of P-carbethoxy-PI- 
anilinoacrylates, which themselves were obtained 
by the reaction of aromatic amines with oxal- 
acetic ester. After removal of the carbethoxy 
group by hydrolysis and decarboxylation the 4- 
hydroxyquinolines were converted to 4-chloro- 
quinolines which then could be condensed with 
basic side-c hains yielding 4-dialkylaminoalkyl- 

1 5 10 15 20 25 30 
Ratio of Dowtherm to acrylate. 
Curve showing changes in the composition of a 

mixture of isomeric dichloroquinolines, obtained by ther- 
mal cyclization of P-carbethoxy-P-(m-chloroani1ino)-acry- 
late in varying amounts of Dowtherm. The melting points 
corresponding to the ratio of isomers indicated were : 

Fig. 1 

2:1, 59.5-62 1'; 4:1, 58.8-64.2'; 8:1, 59.4-70.2'; 15:1, 
59.4-71.0' ; 3( I :1, 59.6-74.3 '. 
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aminoquinoline derivatives. Recently several 
workers4 have elaborated on this synthesis and 
have prepared a number of substituted quinolines. 

This synthesis is usually satisfactory; however, 
when cyclization of acrylates prepared from meta- 
substituted anjlines is attempted, a mixture of 5-  
and 7-substituted quinolines results. For ex- 
ample, cyclization of P-carbethoxy-P-(m-chloro- 
ani1ino)-acrylate yields both possible isomeric 
quinoline derivatives in about equal amounts. 
Since only the 7-isomer is desired in the prepara- 
tion of 7-chloro-4-(4-diethylamino-l-methylbutyl- 
amino) -quinoline, chloroquine, it seemed ad- 
visable to  investigate the synthesis with the hope 
of finding conditions under which the tendency 
toward formation of the 5-isomer would be re- 
duced. Therefore, a study was made of the varia- 
tion of the ratio of isomers formed with the 
amount of diluent used in cyclization. The re- 
sults of this series of experiments revealed that 
when limited amounts of diluent were employed, 
virtually all 5-isomer was obtained. When large 
amounts (thirty parts of diluent to  one part of 
acrylate) were used, about 40% of the 5-isomer re- 
sulted. This trend is illustrated in Fig. 1. At 
the same time, however, the yields of combined 
dichloroquinolines, based on m-chloroaniline, va- 
ried from 17y0 a t  2 : l  (two parts of diluent to one 
part of acrylate) to 28% at  30:1, reaching a maxi- 
mum of 32y0 at  15:l. 

Since the ratio of isomers could not be altered 
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