
1264 RIEGEL, LAPPIN, ADELSON, JACKSON, ALBISETTI, DODSON AND BAKER Vol. 68 
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The Synthesis of Some 4-Quinolinols and 4-Chloroquinolines by the 
Ethoxymethylenemalonic Ester Method1 

BY BYRON RIEGEL, GERALD R. LAPPIN, BERNARD H. ADELSON, RICHARD I. JACKSON, CHARLES J 

ALBISETTI, JR. , R. M. DODSON AND ROBERT H. BAKER 

The preparation of 4-alkylaminoquinolines is 
most conveniently accomplished by coupling the 
appropriate amine with a 4-haloquinoline. In 
this Laboratory three principal methods have been 
investigated for the preparation of 4-haloquino-
lines. The Meisenheimer2 procedure is not gener­
ally applicable and, for example, is entirely un­
satisfactory as a method for the preparation of 
4,7-dichloroquinoline and 4-chloro-8-quinolinesul-
fonic acid. The oxalacetic ester synthesis3 is per­
haps more general in application than the Meisen­
heimer but the cyclization and decarboxylation 
steps require conditions which vary widely de­
pending upon the substituents in the carbocyclic 
ring. The most general method thus far de­
veloped is the ethoxymethylenemalonic ester 
synthesis. Ring closure of the anilinomethylene-
malonic ester was first employed by Gould and 
Jacobs4 to prepare 3-carboxy-4-quinolinol. The 
decarboxylation of this acid gives more uniform 
results than obtained, with the 2-carboxy-4-
quinolinol from the oxalacetic ester synthesis. 
This method of synthesis has been widely used 
among the antimalarial contractors and was de-
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(1) The work described in this paper was done under a contract 
recommended by the Committee on Medical Research between the 
Office of Scientific Research and Development and Northwestern 
University. 

(2) J Meisenheimer. Bet.. 59, 1848 (1926). 
(.'!) A. C. Mueller und C. S. Hamilton, T H I S JOURNAL, 65, 1017 

UU43). 
(4) R. G. Gould and W. A. Jacobs, ibid.. 61, 28H0 (1U39). 

veloped principally by C. C. Price and co-workers 
at the University of Illinois.6 A comparison of 
the two ring closure methods is presented. 

The formation of the substituted anilinomethyl-
enemalonic esters is very general and almost 
quantitative. In some large-scale operations 
the malonic esters are formed by preliminary 
heating of the reactants in Dowtherm A followed 
by a short period of heating to close the ring but 
in this work it has been customary to isolate them 
after preparation according to Claisen's original 
method.6 The yields of 3-carbethoxy-4-quino-
linols from this procedure are summarized in 
Table I and the analytical data and melting points 
for the esters and the corresponding acids are 
summarized in Table II. 

Ring closure on an unsymmetrically sub­
stituted aniline, particularly a 3-substituted one, 
may give rise to isomeric 5- and 7-substituted 
quinolines. It is notable that in the case of 3-
chloroaniline the product is almost exclusively 
the 7-chloro isomer.7 Following this analogy the 
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Dilu­
tion0 

CC. / g . 

10 
10 

40 
10 
10 
10 

10 
20 
10 

15 

10 

10 

10 

Time 
min. 

20 
20 

20 
30 
20 
20 

20 
20 
30 

20 
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IHYLElN riM k-

3-Car-
bethoxy-
4-quino-

linols*, % 

95.5 
80 

4 
45 
70 
80 

50 
90 
71 

60 

89 

71 

85 

° Dowtherm A, b. p. ca. 230-250°, a commercially avail­
able mixture of diphenyl ether and diphenyl. b Finol, a 
light mineral oil. " Volume of solvent in ml. per gram of 
anilino compound. d Based on the amount of the aniline 
used. e In the cyclization of this compound, a gel is formed 
which is most easily handled by direct saponification of the 
entire mass. 

(5) C. C. Price, ibid.. 68, 1204 (194C1). 
(fi) L. Claisen, Ann..'297, 1 (1897), work cited on p. 77. 
(7) Reported by C. C. Price at a conference of O.S.R. D. 

Contractors on the Synthesis of Antimalarial Urugs, Chicago, 111., 
January 19, 1945-
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S u b s t i t u e n t s 

None 
8-Nitro-
8,8'-Dithio-bis-
7-Phenoxy-
6-Acetyl-
6-Chloro-
6-Dimethylamino-
6-Nitro-
6-Phenoxy-
6,7-Dimethoxy-
6-Benzylthio-7-chloro-
6,6'-Dithio-bis-(7-chloro)-
6-Methoxy-8-nitro-

" All of these con 
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6-Phenoxy-
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De-
ca rbox . 
m e t h o d 

1 
2 
1 

,1 
2 
1 
2 
1 
2 
2 
2 

3-CARBETHOX 

M. p . , 0 C . 

269-270 
252-25:i 
260-262 
278-279 
298-300 

>280 
270-275 d. 

>320 
274-275 
272-273 
264-266 

>300 
222-224 

TABLE II 

Y-4 -QUINOUNOLS 

ster 

F o r m u l a 

C11HnKO3 

C12H1UN2O5 

AND 3-CARBOXY-4-I 

N i t rog fd . % 
Calcd . 

C). 45 
10.70 

Not analyzed 
C18H15NO, 
Ci4H13NOj 
C12HuNClO3 

CuHiSN2O3 

C12H10N2O6 

C18H16NO4 

C14H15NO5 

C19H16ClNO3S 
C24H18Cl2N2O6S8 

C13H12N2O6 

melt with decomposition. 

4-Q 

Yield, M . p . , 
% 0 C . 

95 214 
0 -30 198-199 

70 183-184 
50 285-286 
90 285-286 
73 274-275 
85 265-269 
60 234-235 
50 236-237 
80 208-209 
20 216-217 

4. 53 
5.41 
5.51 

10.70 
10.70 
4.53 
5.06 
3.75 
4.90 
9.59 

TABLE III 

U I N O H N O L S AND 

4 - y u i n o n n o i s 

F o r m u l a 

C ( H 7 N O 
C H 1 N 2 O j 
C u H n N O 2 

CuH.NO> 

C ) H s C l N O 
C u H 1 2 N ! 0 - 2 E t O H 
C i i H n N O s 
C u H n N O j 
C i a H n C l N O S 
C I O H B N I O 4 

F o u n d 

6.51 
10.20 

4.30 
5.32 
5.40 

10.58 
10.02 
4.54 
5.01 
3.57 
5.02 
9.30 

2UINOLINOLS 

M. p., 
0 C . " 

269 
208 
284 
269 
278 
261 
259 

>320 
252 
276 
279 

>300 
270 

4-CHLOROQUINOLINBS 

Ni t rogen , % ' 
Ca lcd . 

9 . 6 7 
1 4 . 7 3 

5 .80 
7 . 4 9 

7 . 7 8 
" 1 0 . 0 0 

5 . 8 0 
6 . 8 3 
4 . 6 4 

12 .71 

F o u n d 

9 . 7 0 
1 4 . 7 1 

5 .56 
7 . 1 5 

7 . 6 7 
1 0 . 3 3 

5 . 9 3 
6 . 8 0 
4 . 7 4 

1 2 . 5 1 

yield, M. 

% 
7 3 . 
70 
55 
20 

85 
60 
71 
40 
90 
75 

Q 

5 Oil 

i2e 

F o r m u l a 

C10H7NO., 
C10H6N2O, 

Nit rogen , % 
Calcd. 

7.40 
11.96 

Not analyzed 
C16Hi1NO4 

C12H9NO4 

C10H6ClNO3 

C12H12N2O3 

C10H6N2O6 

C16H11NO4 

C12H11NO6 

C17H12ClNO3S 
C20HIoCl3N2O6S2 

CnH8N2O6 

4-Chloroquinol i i 
• P-, 
C . F o r m u l a 

C H 6 C l N 
i-127 C H s C l N j O i 

5 0 - 5 1 CuHioClNO 
47-

105 
225-

50-
133-
136-
187-

-48 C n H 8 C l N O 

C H 1 C h N 

4.98 
6.08 
6.27 

12.08 
11.96 
4.93 
5.63 
4.05 
5.50 

10.61 

F o u n d 

7.47 
11.01 

4.58 
6.23 
6.29 

11.68 
11.00 
4.88 
5.59 
4.00 
5.56 

10.75 

Ni t rogen , % 
Calcd. F o u n d 

8. 
1 3 . 
5 . 
7 . 

7 . 
-2306 C u H u C l N r H C l 1 * 1 1 . 
-51 C s H i o C l N O 
-134 C n H i o O N O s 
-137 C 1 ( H u C h N S 
-188 C o H 7 C l N 1 O j 

5 . 
6 . 
4 . 

11 . 

27 8 . 4 9 
43 12 .74 
50 5 . 1 0 
38 6 .90 

06 7 . 0 1 
55 11 .38 
50 4 . 8 4 
27 (i. 4 1 
38 4 , 4 2 
74 12 .00 

" The presence of alcohol of crystallization was proved by semimicro Zerewiiinoff 
gens: 21.8mg. of the dialcoholate requires 23.4 X 10~'mole of methane. Found: 
material was characterized as the hydrochloride. The free base is an oil. 

analysis; calcd. for three active hvdro-
19.0 X 10-5 mole of methane. ^'This 

7-position has been assigned to the phenoxy group 
in those quinolines made from 3-phenoxyaniline 
and to the chloro group in those quinolines de­
rived from 3-chloro-4-benzylthioaniline and 4,4'-
dithio-bis-(3-chloroaniline). I t is probable tha t 
there is some steric hindrance to the closing of 
rings a t positions adjacent to such large groups. 

With the exception of 2,2'-dithio-bis-anilino-
•methylenemalonic ester, cyclization has given uni­
formly good yields. This compound was not 
extensively investigated since the ult imate aim 
was to prepare 4-chloro-S-quinolinesulfonyl chlo­
ride which, it was found, was very conveniently 
prepared through sulfonation of 4-chloroquin­
oline.8 

The saponification of the resulting 3-carbeth-
oxy-4-quinolinols to the corresponding acids is 
easy and gives quanti ta t ive yields. Some diffi­
culty has been encountered in the decarboxylation 
of certain of the acids. This is particularly true 
of those acids containing nitro groups in the S-
position. Pyrolysis of these acids either in 
Dowtherm or by fusion gave yields of 0 -50%. 
I t was found tha t the heating of the silver salts in 

(8) Th is will be described in a s u b s e q u e n t pub l ica t ion from this 
L a b o r a t o r y . 

Dowtherm9 gave uniformly better results8 but, in 
the ult imate synthesis of 4-chloro-8-nitroquino-
line, a direct nitration of 4-chloroquinoline has 
been preferred in this Laboratory.8 I t has not 
been possible to decarboxylate bis-(3-carboxy-4-
hydroxy-J-ehloro-O-quinolyl) disulfide by either 
of these methods. I t appears essential that the 
acid be in the liquid s tate and in this case the 
melting point is so high and its solubility in Dow­
therm so low as to preclude decarboxylation with­
out general decomposition. 

The decarboxylation of 3-carboxy-(>,7-dimeth-
oxy-4-quinolinol is successful only by fusion of the 
free acid. Even then there is occasionally formed 
a low-melting (120°) substance which, although 
it analyzes correctly, must not be 6,7-dimcthoxy-
4-quinolinol for it crumot be converted into the 
corresponding 4-chloro compound. The high 
melting substance usually obtained does not agree 
too well with tha t published by Lawson, Perkin 
and Robinson,10 but since the melting point has 
been found to vary depending upon the method 
of drying, this discrepancy is judged to have little 
significance. This high melting compound is 

Cl) We arc indebted Lo Prof. C. D. H u n l for siisue.slinx lliit. met bod. 
110) W, l.awt.oti, W. 11. 1'erkin, Jr . , and R. Rob inson , J. Chem. 

i u i . , 125, 621) 11921). 

CuH.NO
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easily converted to the 4-chloro derivative. The 
analytical data and yields for the quinolinols and 
haloquinolines are summarized in Table I'll. 

Acknowledgment.—We wish to thank Marga­
ret Ledyard and Winifred Brand t for the 
microanalyses reported in this paper. 

Experimental 
Bis-'2-aminophenyl) Disulfide.—Bis-(2-nitrophenyl) di­

sulfide was prepared from o-chlorouitrobenzene and sodium 
disulfide" and this was reduced to the amine with hydra­
zine12 in 50%, yield. 

3-Phenoxyaniline.—This was prepared by a modification 
of the method of Ullmann and Sponagel18 in .vhieh m-
chloroaniline was substituted for m-bromoaniline in the 
reaction with sodium phenoxide. The yield of 3-phe-
noxyaniline was 00% of the theoretical, b. p. 329-330°. 

4-Phenoxyaniline.—4-Pheuoxynitrobenzene ,» was re­
duced to the amine with zinc dust and calcium chlo­
ride15 in 60% yield. 

4-Aminoveratrole.—4-Nitroveratrole16 was hydro-
genated in ethanol solution using palladium on charcoal 
catalyst in the Adams reductor. The amine was not iso­
lated and the ethanol solution was used directly after re­
moving the catalyst by filtration. 

4-Methoxy-2-nitroaniline.—A modification of the 
method of Reverdiu17 for the nitration of £-acetanisidide 
was used. To a mixture of 250 ml. of water and 250 ml. of 
coned, nitric acid at room temperature was added 50 g. 
(0.30 mole) of £-acetanisidide. The temperature rose to 
45-50° and after two or three minutes a solid started to 
separate. The solution was then diluted with 500 ml. of 
cold water and the product collected by filtration. The 
yield of nearly pure 4-methoxy-2-nitroacetanilide, m. p. 
115-116°, was 51 g. (82%). This was refluxed with 10 A" 
sulfuric acid to give the amine, m. p. 125-126°. 

4-Benzylthio-3-chloroaniline. —A solution of 63 g. (0.50 
mole) of benzyl chloride, 38 g. (0.50 mole) of thiourea and 
three drops of coned, ammonium hydroxide in 250 ml. of 
ethanol was refluxed for three hours. To this was then 
added a solution of 96 g. (0.50 mole) of 3,4-dichloronitro-
benzene in 200 ml. of ethanol and refluxing was continued 
while adding slowly a solution of 70 g. (1.25 moles) of 
potassium hydroxide in 500 ml. of ethanol. Refluxing was 
continued for two more hours, the mixture was cooled, and 
the product was collected by filtration. The yield of crude 
4-benzylthio-3ehloronitrobenzene, m. p. 108-109°, was 
113 g. (81%:). This was reduced with tin and hydrochloric 
acid to give, in 8-3% yield, 4-benzylthio-3-chloroaniliue 
m. p. 54-55.5°. Crystallized from 50%. ethanol, the mate­
rial melted at 56-57°. 

Ami. Calcd. for C13H12ClNS: N, 5.61. Found: N, 
5.44. 

Bis-(4-amino-2-chlorophenylj Disulfide.- -The reaction 
of .'!,4-diehloronitrobenzcne with a freshly prepared solu­
tion of potassium disullide using the method described for 
bis-(2-uitrophenyl) disulfide18 gave in 80% yield bis-(3-
chloro-4-nitrophenyl) disulfide, m. p. 126-129°. This was 
reduced with hydrazine by a modification of the method 
of Mohlau12 in which a large excess of hydrazine was added 
during the course of the reduction which required twenty 
hours. The yield of bis-(4-aniino-2-ehloropheuyl) disul­
fide, in. p. 135 136°, was 95%. After crystallization from 
benzene the material melted at 146-147°. 

(11) 11. H. Hodgson and } . H. Wilson, J. Chem. SoC, 127, 440 
(1926). 

(12) R. Mohlau, H. Beyschlag, and H. Kohres, Ber., 45, 133 
(1912). 

(18) F. Ullmann and P. Sponagel, Ann.. 380, 104 (1906). 
(14) "Organic Syntheses," Coll. Vol. II , 445 (1943). 
(15) C. M. Suter, THIS JOURNAL, 51, 2583 (1929). 
(18) D. Cardweii and R. Robinson, J. Chem. SoC, 107, 257 

(1915). 
(17) I'. Reverdiu, Her.. 29, 2595 (18!)(>). 
(IS) 'Organic syntheses," Coll. Vol. I, 2nd cd., 220 (1941). 

Anal. Calcd. for C12H10Cl2N2S2: N, 8.83. Found: 
N, 8.79. 

Preparation of Anilinomethylenemalonic Esters.—Equi-
molar amounts of the aniline and ethoxymethylenemalonic 
ester were mixed and heated on the steam-bath until the 
evolution of ethanol had ceased. The time required for 
the nitroaniliues was about twenty hours; for all others 
about two hours was sufficient. 4-Aminoveratrole was 
difficult to isolate and an alcoholic* solution obtained by 
catalytic reduction of the nitro compound was used. This 
solution was added to the ethoxymethylenemalonic ester 
and heated in: til all the ethanol was removed. These com­
pounds were not purified or characterized and were used 
immediately in the cyclizatiou. 

3-Carboxy-4-quinolinols.—Cyclization was effected by 
adding the melted anilinomethylenemalonic ester to the 
appropriate volume of refluxing Dowtherm A (see Table I) 
and refluxing until the evolution of ethanol ceased. In the 
case of the phenoxy substituted anilinomethylenemalonic 
esters, mineral oil preheated to 250° was used because of the 
high solubility of the products even in cold Dowtherm. The 
product separated on cooling and diluting the reaction mix­
ture with two volumes of hexane. The product was collected 
by filtration, washed with hexane and acetone, and dried 
in vacuo at 100°. Most of the 3-carbethoxy-4-quinolinols 
could be recrystallized from ethanol or pyridine. The 
crude product was saponified by refluxing for two hours 
with excess 10% aqueous sodium hydroxide. Acidifica­
tion with hydrochloric acid precipitated the 3-carboxy-4-
quinolinol which was collected by filtration, washed 
with warm water and with acetone, and dried in vacuo at 
100°. Saponification gave quantitative yields of the 
acids which could be recrystallized, in practically all cases, 
from ethanol or pyridine. 

4-Quinolinols.—Two methods of decarboxylating the 
acids were used. 

Method 1.—The dry powdered acid was heated at its 
melting point in a flask heated in a metal-bath or a heating 
mantle until the evolution of carbon dioxide had ceased. 
The crude quinolinol was dissolved in ethanol and the 
solution was treated with decoloring charcoal. The prod­
uct obtained by evaporation of the ethanol could be fur­
ther purified by a second crystallization. 

Method 2.—The finely powdered acid was added to 
about five times its weight of refluxing Dowtherm and 
heating was continued until all the acid dissolved, usually 
about thirty minutes. The product precipitated on cool­
ing and diluting with two volumes of hexane and was puri­
fied as before. 

4-Chloroquinolines.—The 4-quinolinols were converted 
to 4-chloroquinolines by refluxing with excess phosphorus 
oxyehloride for three hours. The excess phosphorus 
oxychloride was removed by distillation at steam-bath 
temperature and 20 mm. pressure and the residue was 
hydrolyzed with ice and water. The resulting solution 
was made alkaline with cold coned, ammonium hydroxide 
and the precipitate collected by filtration. The product 
was dissolved in boiling hexane and the solution decolorized 
by passing through a 5-cm. bed of powdered activated 
alumina. The 4-chloroquiuoliues crystallized on cooling. 

Summary 

1. The formation and cyclization of various 
aniliiioinethylenemaloriic esters gave substituted 
3-carbethoxy-4-quinolinols. 

2. The 3-carbethoxyl group was removed by 
hydrolysis and decarboxylation. 

3. The resulting 4-quinolinols were converted 
into the corresponding 4-chloroquinolines. 

4. Other methods for the preparation of 4-
chloroquinolines containing substituents in the 
carbocyclic ring are discussed. 
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