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Theoretical 

The experiments described in this Thesis were 

carried out in connection with a research program which 

had as its aim the synthesis of potential antimalarials. 

The compounds un,der consideration were analogs of 

quinine, the synthesis of which ha s been effected (1) 

starting from quininic acid (6-methoxycinchoninic acid). 

The synthesis of other cinchoninic acids (quinoline-

4-carboxylic acids) thus has an obvious ~art in a pro

gram designed to prepare substances related to quinine. 

In the literature some thirty .methods by which 

quinoline derivatives m~y be obta ined have been described. 

Some of these are only slight variations of others, 

but almost all re quire a derivative of aniline as a 

starting material. I n other words, the nitrogen of 

the quinoline ring is alres.dy j oined to the benzene 

nucleus. The problem, therefore, resolves itself into 

a ring closure between the nitrogen and the ortho 

position of the benzene ring . According to some author

ities (2 ), there are only four fundamenta l syntheses--

all others. being variations of these. The following 

diagrams represent these syntheses graphically. The 

dotted lines indicate the two atoms which must be 

united to complete the hetero ring. 
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Based on the above principles, a number of cinchon

inic acid syntheses have been developed. ~uininic acid, 

for example has been synthesized by Pictet and Misner (3) 

by the following reaction: 

c..oo H 

c.t13 c.oc.,oo~ 

+ 

A second synthesis due to Kaufmann and Peyer (4) proceeded 

by a series of steps: 

X 

c..ootl 

~ c.li.30(() 

'-......_" 

A third synthesis was described by Halberkann(5)o 
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Rabe and coworkers (6) made use of still another 

several-step procedure: 

C. ti"!, 
I 

c.11::c.tlti c..ooM 

Finally, another type of synthesis was worked out _by 

Thielepape and Fulde (7): 

e,oo ~ 

c..ll.300) 

otl 

JJ 

c,.00 £.:t' 

A synthesis used in the present investigation was 

the one of Doebner and v. Miller (8). In this reaction 

an aniline derivative may be refluxed with an aldehyde 

and pyruvic acid in ethanol solution (compare the Pictet

Misner synthesis of quininic acid). The resulting 

product is a 2-substituted quinoline-4-carboxylic acid. 
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Borsche (9) has shown that benzala.niline in boiling 

alcohol first forms an addition compound with pyruvic 

acid, which easily yields 2-phenylq_uinoline-4-carboxylic 

acid. The extra two atoms of hydrogen are not elim-

inated but are utilized in the reduction of some reactant. 

Several applications of the Doebner and v. Miller 

reaction to the preparation of benzoquinoline derivatives 

were studied. The reactions carried out are illustrated 

below. 

+-

rl H._ + 

cf.1
3

e,oc.ooH 

e,li_s e,o c.ootl 

{j e, HO 

c. Ha, c,..o&oott 

(r->'\ ~ tfie-1-tO 

c.0011 

,:.ooH 

(, o) 

(11) 
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A standard met_hoQ -:,9r the preparat ion, especially 

of 2-substituted cinchoninic acids, is that of Pfitzinger 

( 12) ( applied above by Halberkann). This synthesis ut il

izes an isatin as starting material. The isatin, after 

conversion to the potassium salt of the corresponding 

isatinic acid, is condensed with pyruvic acid and a 

carbonyl derivative containing the -CH2-co-R grouping 

to yield a 2-R-quinoline-4-carboxylic acid. 

R, 
II c.-~• 

2. 
I 

o,:..- R 

Where R = -COOR, a quinoline-2, 4-d_icarboxylic acid is 

formed which, on partial dec arboxylation (cf. Halberkann), 

is converted to a cinchoninic acid. 

I n the present work, application of the Pfitzinger 

reaction wa s made to t he synthesis of 6-chlorocinchoninic 

acid (13) (from 5-chloroisa tin and pyruvic acid and 

subse Quent decarboxylation) and to the syntheses of 

8-chlorocinchonini c acid (from 7-chloroisatin in a sim

ilar manner) and of 8-chloro-2- phenylcinchoninic acid 

(from 7-chloroisatin and acetophenone). The condensation 

of 5-bromoisatin with a cetone and with pyruvic acid was 

also carried out. The extention of the Pfit z inger 

reaction to 5-nitroisatin (14 ) was attempted without 

success (see Experimental). 
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The 5-substi tuted isatins empl·oyed in the above 

exneriments were made by direct ha logenation or nitration 

of isa tin (15). 7-chloroisatin (16) was ma de by the 

usual Sandmeyer method: 

C.I c.1 Cf 

Although the literature (17) i nd:tca tes that the Sand.meyer 

synthesis does not apply to the 1'.>repar a tion of 7·-nitro

isatin, it was found possible to prepare the substance 

in approximately soi; yield by ring closure of o-nitro

isonitrosoacetanilide. 

Yet another method used in this investigation.for 

the synthesis of a cinchoninic acid was the rea ction 

illustrated below. Camps (18) had prepared 2-hydroxy

cinchoninic acid in this ma nner. 

c.l~r 
C. 0 

/ 
NII 

c,O OH 

"'(X) 0 ,t 

. Since acridine can be considered a 2,3-benzoquinoline, 

it was of interest to synthesize acridine-9-carboxylic 

acid. This was accomplished by known methods (19) 
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starting from acridine. 

c.N 



1 
Experimental 

Prepa ration of Ethyl 2-Pb.enyl-5,6-Benzoguinoline-4-carboxylate 

2-Phenyl-5,6-benzoguinoline-4-carboxylic acid (10). 

In a 22 -1. , round-bottomed fla sk equipped with e n effic

ient , stirrer were placed 506 g . of f-3-nauhthyl amine, 

6250 ml. of absolut e e t h ~nol, 428 g . of be nza ldehyde, 

and 642 ml. of 501a pyruvic a cid ( Ce. loo Chemice.l Com-oany 

technica l gr a de). '1:'he mixture wa s heated to boiling 

with stirring which led to the formation of a crystalline 

precip itate. After heating to boiling for 1 hour, the 

mixture v-.ra s cooled a nd the nrecipitate f i ltered off, 

wa shed first vvith absolute ethe.nol, Fi nd then with ether. 

The product WA S first Bir-dried end then dried in the 

va cuum oven a t 70°, y ield 759.5 g . I n anot her exneriment 

280 g . of /3-naphthylamine, 3500 ml. of absolute ethanol, 

240 g . of benza ldehyde and 360 ml . of 501a pyruvic a cid 

were trea ted in a similar fashio n , yielding 2.68. 5 g . of 

yellow powder a s product. 

Ethyl 2-phenyl-5,6-benzoquinoline-4-carboxylate. 

Preliminary experiments indicF- ted that it was not 

fe e.sible to esterify 2-phenyl-5, 6-benzoquinoline-4-

carboxylic a cid by heating with absolute alcohol in the 

presence of concentr8ted sulfuric a cid. By this method 

1) All melting points are corrected. I am indebted to 
Dr. G. Oppenheimer and her staff for microana l yses. 
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esterification proceeded very slowly (undoubtedly due 

to steric hindrance); practically a ll of the starting 

acid was recovered unchanged, and only enough of the 

ethyl ester wa s obt fl.ined for a satisfa ctory identification 

of the char acteristic picra te, m.p. a nd mixed m.n . 192°. 

I n a 2-1., round- bot t omed_ fla sk equinped with a 

reflux condenser and protected from at mospheric moisture 

by a calcium chloride tube was placed 261.6 g . of crude 

2-phenyl-5,6-benzo q_uinoline-4-carboxylic a cid end 330 ml. 

of thionyl chloride (purified over r aw linseed oil) wa s 

added; there wa s a small heating effect and some gas 

evolved. The mixture was heated on a steam bath for 

3.5 hours, at the end of which time suction was applied 

to the yellow-colored slurry. After removal of thionyl 

chloride by continuing to he e.t from a steam cone while 

ma inta ining the c.spira tor va cuum, the product wa s a 

solid ca.ke which was broken up into a nee.rly dry :oowder. 

To this wa s a dded 500 ml. of absolute a lcohol, end the 

mixture refluxed for 2 hours. It we. s then diluted with 

about ?00 ml. of w2.-cer and b0.sif ied by the e.ddi tion of 

15 N ammonium hydroxide. The crude ester, an oily 

solid, wa s extracted with ether, the ether solution 

dried and solvent evaporated. The resulting crystals 

were recryst a llized from absolute ethanol, y ielding 
0 205.7 g . of pearly flakes , m.u. 82-83 ; an a dditional 

28 . 5 g . of less pure ester wa s obta. ined from the mo t her 
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liquors. A nortion of the ester was recryst a llized 

from etha nol for analysis, pearly fl akes, m. p . 83.5-84.5°. 

Ana l. Calc'd for c 22H17No2 : C, 80.?l; H, 5.24; 
Found: C' 80.58; H, 5.12; 

The ester ca n be distilled, b .p. ca. 200° at 2 mm.' 

g ives a picrate, m.p. 19 2 .0-19 2 .5°, analysis for 

C28H20N409. 

The aqueous solution ma de basic with ammonia. in 

1\'!° 
• ' N, 

and 

the above experiment was hea ted to boiling, and allowed 

to cool after adding glacial a cetic acid to pH 3. The 

yellow cryst2lline precipitate was filtered, rinsed 

with alcohol, then with ether, and dried, yield 34.0 g. 

Methyl 2-phenyl-5,6-benzoquinoline-4-carboxylate 

was made from the acid chloride and methanol in the 

same v,ray as the above ethyl ester. It was obte.ined as 

a crystalline solid, needles from e mixture of ethanol 

and isopropanol, m.p. 126.5-126.? 0
• 

4.28 
4.43 

Prepa r a tion of Ethyl 2-Phenyl-?,8-Benzogu.inoline-4-carboxylate 

2- Phenyl-?,8-benzoguinoline-4-carboxylic acid (11). 

In a 12 1., round-bottomed flask eq_uinped with a stirrer 

were nlaced 300 g . of -.-naphthyle.mine (EastmPn Kodak 

white label grade), 2~3 g . of benza ldehyde, 185 g. of 

50% pyruvic acid (C alco Chemi ca l Compa ny technica l gra de), 

and 3?50 ml. of absolute ethanol. The mixture ·was 
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heated over a water bath and maintained at the boiling 

point for 4.5 hours. After cooling , the product was 

filtered off, washed with absolute ethanol and air-dried, 

yield 231 g . of yellow crystalline solid. A second 

similar run with the s ame amounts of materials gave 

only 148 g. of product; esterification of this, however, 

gave higher yields of ester. 

Ethyl 2-phenyl-7,8-benzoouinoline-4-carboxylate. 

In a 5 1., round-bottomed fla sk e quipped 1Ni th a Fried.ricks 

condenser protected by a soda-lime tube were -placed 

4.5 1. of absolute eths nol, 250 ml. of concentra ted 

sulfuric acid, and 148 g. of crude 2-phenyl-7,8-benzo

quinoline-4-carboxylic acid. The mixture was refluxed 

for 62 hours, after which the excess ethanol was removed 

by heating on a steam cone using aspira tor vacuum. The 

solution was then cooled, ice and water added to make 

the volume 3 1. and then finally made basic with aqueous 

ammonia. The ester was removed by extraction with 

three portions of benzene and the benzene extracts were 

combined and dried over enhydrous potassium carbonate. 

After removal of solvent and evaporation from a steam 

cone in vacuo., the residue was recrystallized from 

1 1. of absolute ethanol. The yield was 128.3 g. of 

light yellow solid, m.p. 96°. For analysis a sample 

was recrystallized several times from absolute ethanol. 

Ana l. Calc'd for c22H17Mo 2: C, 80.71; H, 5.23; N, 4.28 
Found: C, 80.6?.; H, 5.18; N, 4.24 



- 12 -

Preparation of Ethyl 2-p Chlorophenyl-7,8-Benzoquinoline-

4-carboxylate 

2-p Ohlorophenyl-7, 8-benzoquinoline-4-carboxylj_c acid. 

In a 22 1., round-bottomed flask, e quipped with a large 

capacity reflux condenser, were placed 572.8 g. (4.0 

moles) of Eastman Kodak white label grade oe-naphthylamine, 

562.4 g. (4.0 moles) of p-chlorobenzaldehyde, 704 g. 

(4.0 moles) of 50% technical pyruvic acid and 10 1. of 

denatured 95% ethanol. The mixture was refluxed for 

18 hours. (After the first 20 minutes of boiling , a 

yellow crystalline compound was formed.) After refluxing 

was completed, the mixture was placed in the cold room 

a t 5° overnight. The cryst als were then fi l tered off, 

washed with 95% ethanol and a ir-dried. The yield was 

746.2 g. of crude acid. A portion, after two recrystall

iza tions from glacial a cetic acid (yellow microneedles), 

melted a t 308-309°. 

Anal. Calc'd for c20H1 ~CliW2 : C, 71.97; H, 3.63; N, 4. ~0 
Found: C, 70.83; H, 3.91; N, 4.19 

Ethyl 2-P chlorophenyl-7,8-benzo 0uinoline-4-carboxylate. 

In a 22 1., round-bottomed fla sk, equipped with an 

efficient reflux condenser, were ul 8ced 705 g . of crude 

2-p chlorophenyl-7,8-benzoquinoline-4-carboxylic acid, 

9 1. of absolute ethanol, and 400 ml. of concentrated 

sulfuric acid. The mixture was refluxed together for 
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41 hours. The acid dissolved completely after 21 hours 

of boiling . After refluxing was complete, the excess 

ethanol was removed over a steam bath in vacuo to a 

volume of 2 1. The thick gummy residue was poured 

over crackea ice and extracted three times with benzene 

(total benzene used, 3.5 1 .). The benzene was extracted 

with 1 1. of 1 N sodium hydroxide, dried over anhydrous 

sodium sulfate, filtered, . ana_ evaporated over a steam 

bath in vacuo to a very th ick oil. After recrystall

ization from 950 ml. of ethanol plus 600 rnl. of benzene, 

the yield wa s 167.3 g . of light yellow needles, 

m.p. 124-125°. A portion, recrystallized from ethanol

benzene, formed dense tufts of tan bars, m.p. 127.4-127.8°. 

Ansl. Calc'd for c22H16ClN02 : C, 73.03; H, 4.46; N, 3.87 
Found: C, ? 2 .86; H, 4.76; N, 3.89 

Preparation of Ethyl 6-Chloroquinoline-4-carboxyla te 

5-Chloroisati n (15). I n a 1 2 1., r ound-bottomed flask , 

equip-oed with a glass stirrer, a gas inlet tube, and an 

outlet tube, were placed 250 g . of isatin (Eastman Kodak 

white label grade) and 10 1. of water. Chlorine gas 

was bubbled into the mi xt ur e with vigorous stirring . 

The color-change f r om red to yellow determined the end 

of the reaction. ':'he slurry was fil t ered on a large 
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Buchner with suction, washed with water, and a ir-dried. 

Purification was accomplished by adding to the dried 

crude product 1 1. of absolute ethanol; the resulting 

mixture was then heated to boiling for 30 mi nutes, 

cooled, filtered, and air-dried. ':Phe yield was 145 g. 

of -product rnelting a t 250.5-?52 .5°. (literature (15) 

246°) 

6-Chloroquinoline-2,4-dicarboxylic acid (13). In 

a large beaker was placed a solution of 1200 g . of 

potassium ?.?Qro4:ip.e in 3 1. of water. This was heated 

practically to the boiling point. Then the crude damp 

5-chloroisatin from 300 g. of isatin was added with 

stirring. The color changed first to deep red, then 

to green. After all of the 5-chloroisatin dissolved, 

648 g. of 50% technica.l pyruvic a cid was added. The 

mixture wa s allowed to sta nd e.t room tempera ture for 

14 hours, then heated on a hot pla te for 30 minutes. 

While boiling hot, 1 1. of 12 :N' hydrochloric a cid wa s 

added a s r apidly a s possible; then a second liter, drop 

by drop with stirring. (Unless the mixture wa s a cid

ified ·while hot, the ha lf pota ssiu.In sa lt precip itated.) 

Yl[hen cool, the 6-chloro 0uinoline- 2 , 4-dic2rboxylic a cid 

was filtered with suction, weshed first with water, 

then with a small amount of cold ethanol, and a ir-dried. 

The yield was 320. 2 g . of a product melting a t 265-266° 
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v1rith deca rboxylation and immediate resolidification; 

the melting point was observable only when the hea ting 

was r apid . 

. i'rnal. Calc'd for c11H6ClN04 : C, 52.26; H, 2 .40; N, 5.54 
Found: . C, 52 .30; H, 2 .98; N, 5.51 

6-Chloroquinoline~4-c2rboxvlic a cid (13). In a 

3 1., round-bottomed fla sk, e1uipned with en efficient 

stirrer, were placed 308 g . of the above crude 6-chloro

quinoline- 2 ,4-dice.rboxylic acid and 800 ml. of freshly 

red.istilled ni trobenzene. These were he a ted together 

in a wax bath, with vigorous stirring , to 195° for 4.5 

hours, during which time a l ar ge s.mount of c o.rbon 

dioxide wa s evolved. After cooling to room temperature, 

the partially decarboxyl8.ted a cid was filtered on a 

Buchner filter with suction, washed with ethyl ether 

until free of nitrobenzene, and a ir-dried. The yield 

of crude 6-chloroquinoline-4-carboxylic a cid v1ra s 220 g. 

A recrystallized s ample melted at 313° dee. (literature 

(13) 302°). 

Ethyl 6-chloroquinoline-4-c Prboxylate. I n a 3 1., 

round-bottomed fla sk were -ola ced the above 22 0 g . of 

6-chloro quinoline-4-carboxylic a cid and 2 1. of absolute 

ethanol. 150 ml. of concentra ted sulfuric a cid wa s 

a dded very slowly . The mixture was refluxed for 40 

hours, using a soda-lime protected Fried.ricks condenser. 

After the esterification wa s complete, suction wa s 

applied and the excess ethanol removed. The resulting 
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sirup was cooled, diluted with ice and water, a nd 

filtered. The filtra te W"' S ma de alka line with pota ssium 

carbonate and extra cted with ethyl ether. f. fter 

removal of the ether, this materia l wa s combined with 

the precipitate above. I t wa s found that this crude 

ester consisted of a mixture of the desired 4-carbethoxy-

6-chloroquinoline with 2 ,4-dicarbethoxy-6-chloroquinoline. 

In order to separ ate these two, the -picrate of the 

monoethyl ester was precipita ted from ethanol. The 

diethyl ester does not form a picrate. The free ester 

was then re r;:enerated a nd recryst ellized from 60-70° 

petroleum ether. The yield was 90 g. of ester melting 

at 63-64°. 

Anal. Calc'd for c1 2H10ClN02: C, 61.15; H, 4.28; N, 5.94 
Found: C, 61.00; H, 4. 29; N, 6.04 

The 2,4-dicarbethoxy-6-chloroquinoline which occurred 

as an imouri ty ~,as also pc1 rt i ally char a cterized. It 

crysta llized from isopropyl ether in two forms: needles 

a nd blocky prisms, both of which melted at 93-93.5°. 

Anal. Calc'd for c15H14ClN04 : C, 58.50; H, 4.55; N, 4.55 
Found: C, 58.34; H, 5.??; N, 4.82 

Prepar a tion of 2-Methyl-6-Chloro quinoline-4-carboxylic Acid 

3.0 g. of 5-chloroisatin (prepared as described above) 

wa s a dded t o a hot solution of 10.6 g. of potassium 
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hydroxide in 21 ml. of water. After the isatin was 

completely dissolved, the solution was cooled and 8 ml. 

of acetone was added, plus a small amount of water to 

bring about a one-phase system. This mixture was allowed 

to st and at room temperature for 18 hours; then was 

heated for 20 minutes and neutrallized with hydrochloric 

acid. The precipitated a cid wa s filtered, wa shed with 

water, and air-dried. The crude 2-methyl-6-chloroquin

oline-4-carboxylic acid was recrystallized from 50% 

ethanol. The yield was 1.92 g . of acid melting at 
0 170.5-171.5 . 

Ana l. Calc'd for c11H8ClN02: C, 59.60; H, 3.64; N, 6.32 
Found: C, 59.33; H, 3.63; N, 6.10 

Prepar ation of Ethyl 2-Hydroxy-6-Chloroouinoline-4-carboxylate 

and of Ethyl 2 26-Dichloroquinoline-4-carboxylate 

N-.Ace.:SV:1-5-chl~roisat in. 8 g. of 5-chloroisatin 

(prepared a s above) and 36 ml. of freshly distilled 

acetic anhydride were mixed together and refluxed for 

1.5 hours on a wax bath at 160°. One drop of sulfuric 

a cid seemed to be necessary to start the reaction . 

The yellow cryst c, ls which formed on cooling were filtered 

off and wa shed with ethyl ether. After two recrystall

izations from an isopropyl ether-n-butanol mixture the 

product weighed 4.12 g . The melting point was 168 -169°. 

Anal. Calc'd for c10H6ClN02 : C, 53.70; H, 2 .70; N, 6.26 
Found: C, 53.57; H, 2.66; N, 6.49 
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2-Hydroxy-6-chloroquinoline-4-carboxylic acid. 
;: . ~'f - • 

In a small round-bottomed fl ask were mixed 3.0 g . of 

acetyl-5-chloroisa tin, 82 ml. of distilled water, and 

1.37 g . of sodium hydroxide. These were refluxed 
0 

together on a wax ba th a t 130 for 50 minutes. After 

cooling, the clear yellow solution wa s brought to 

pH 2 with hydrochloric acid. The preci:9ita te wa s 

centrifuged and extracted with sodium bicarbonate 

solution. The 5-chloroisa tin recovered weighed 0.9 g . 

The sodium bicarbona te-soluble nortion, after a cid

ifica tion, centrifuging, wa s hing , a.nd a ir-dry ing , 

yielded 1.5 g . of 2-hydroxy-6-chloroquinoline-4-carb

oxylic a cid melting above 315°. Recrystallization 

was effected from acetic acid. 

l\nal. Ca lc'd for c10H6ClN02 : C, 53.70; H, 2 .70; N, 6.26 
Found : C , 53 . 7 5 ; H, 2 . 7 6 ; N, 6 . 00 

Ethyl 2-hydroxy-6-chloroquinoline-4-carboxylate. 

In a 200 ml., round-bott ome d flask was ~o l a ced 100 ml. 

of absolute ethanol, 2 ml. of concent r a ted sulfuric a cid, 

a nd 1.4 g . of 2-hydroxy-6-chlorocinchoninic acid . These 

were refluxed together for 41 hours. ·upon cooling , 

fine matted yellow cryst a l s i mmed i ately begP n to form. 

'rhese were filtered, v,ra shed wi t h absolute ethanol, 

then with ether, and dried. After recryst a lliz0tion 

0 from etha nol the uroduct melted at 236.5. 

Anal. Cs lc'd for C1?.H10ClN03: C, 57.30; H, 4.01; N, 5.57 
Found: C, 57.27; H, 4. 25; N, 5.73 
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Ethyl 2 ,6-dichl oroquinoline-4-carboxylate. I n a 

5 ml., round-bott omed fl ask were placed 0.50 g . of 

ethyl 2- hydr oxy-6-chloroquinoline-4-ca rboxylate and 

1.25 ml. of phosnhorous oxychloride. The se were refluxed 

together on a ~mx ba th at 140° for 35 minutes. The 

product wa s cooled a nd wa shed well with wa ter. Re

crystallization from ethanol gave long white needles 

melting at 132 .5~132.8°. 

Ana l. Calc ' d for c10H9Cl2N02 : C, 53.30; H, 3.35; N, 5.18 
Found: C, 53.55; H, 3.33; N, 4.93 

Preparation of Ethyl 8-Chloroquinoline-4-carboxylate 

o-Chloroisonitrosoa cet~nilide (16). In a 22 1., 

round-bottomed fla sk e quipped with an efficient s t irrer 

were pla ced 9600 ml. of distilled water, 590 g . of 

chlor a l hydra te, and 3750 g . of technical anhydrous 

sodium sulfate. The mixture was stirred and warmed to 

40° to secure complete solution. At that temperature 

a slurry of 411 g. of Monsanto o-chloroAniline, 1900 ml. 

of dis t illed we.ter, and ~82 ml. of 12 N hydrochloric 

a cid was a dded. A white turbidity c.pp ea.red at this 

point. A soluti on of 710 g . of hydroxylamine hydro

chloride in 1 200 ml. of water we.s a dded, and the mixture 

wa s heated to boiling in 53 mihutes by the use of four 

Fisher burner s . Boiling was continued for 3 minutes, 
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after which the rea ction mixture wc1s a llowed. to cool. 

'rhe solid wa s filtered, WB shed with weter, e nd dissolved 

in 6600 ml. of 5~ sodium hydroxide. This wa s filtered 

from a sma ll amount of insoluble materi2. l and me. de 

a cid with 1 2 I'-T hydrochloric acid. The precipitate ·wa s 

filtered a nd wa shed with water. To remove water, the 

filter cake w~s extra cted with 2 1. of ether, the 

extra cts dried a nd the ether removed by distill3tion, 

y ield 422 g . of o-chloroisonitrosoa cetanilide. 

7-Chloroisatin (16). In a 5 1., r ound-bottomed 

fla sk, equinped with a stirrer, a nd sun oorted only a t 

the top, was pla ced 2 1. of concentrated sulfuric a cid . 

Th is wa s heate d to 80° and 200 g . of o-chloroisonitroso

a cetanilide wa s added. The temperature rose snontan

eously and was controlled by cooling with a wa t er ba t h . 

'rhe tempera ture wa s kept a t 95° for 17 minutes by 

aupr opr i a te heBting a nd cooling . At the end of that 

time , the solution we. s cooled and noured over an excess 

of cra cke d ice. I t wa s allowed to s t end for 1 hour, 

and wa.s then filtered, washed with "1ra ter, a nd a ir-dried. 

The yield wa.s 139. 2 g . 

8-Chloroquinoline- 2 ,4-dicarboxylic acid. The 

crude 7-chloroisetin from 790 g . of isonitroso compound 

wa s condensed in four approximately e qual portions as 

follows: approxima t ely 139 g. of 7-chloroisa tin wa s 

a dded with stirring to a hot solution of 4 25 g . of 
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pota ssium hydrox ide in 1550 ml . of water. The mixture 

wa s heated a nd stirred for 30 minutes; then 290 g . of 

50% technica l pyruvic a cid was a dded a nd the rea ction 

mixture was a llowed to stand a t room temperature for 

18 hours. At the end of this time it was he ated to the 

boiling point and 6 N hydrochloric a cid wa s dropped in 

slowly with stirring until the mi xture wa s a cid. After 

cooling it wa s filt ered, washed with water, then a l ittle 

metha nol, and finally with ether. The yield from all 

four ba tches wa s 412 g. 

8-Chloroquinoline-4-carboxylic e cid. I n a 3 1., 

r ound-bot t omed fla sk were pl aced the above 41 2 g . of 

8-chloroquinoline- 2 , 4-dica.rboxylic a cid and 1 1. of 

freshly ' redistilled ni trobenzene. The slurry vra s stirr ed 

a nd hea ted to 180-186° for 7 hours. After cooling , 

the r ea c t ion mixture we.s diluted with 1 1. of 60-70° 

petroleum ether, fil t ered, wa shed with -oetroleum ether, 

and a ir-dried. The yield wa s 341 g . 

Et hyl 8-chloroquinol ine-4-carboxyla te. I n a 12 1., 

round-bottomed fla sk, e quipped with a reflux condenser, 

were pl a ced 8 1. of absolute ethanol, 400 ml. of 

concentr a ted sulfuric a cid, a nd the above 341 g . of 
crude s~ehlorocinchoninic a cid. These were refl uxed 

✓ •,;y·• • 

together for 23 hours . The excess ethanol wa s removed 

with suction to a volume of ? 1. After cooling , icF.l 

a nd 500 ml. of concentra ted a queous fl mmonia were a dded. 

The precip ita ted oil wa s extra cted twice with benzene, 
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dried over anhydrous sodium sulfate, 2nd filtered. 

The benzene W9 S removed. on a s team cone una.er suction. 

The ester was then crystallized from 1 1. of absolute 

ethanol by cooling to mj_ nus 35°. The yield v,.ra s 270 g . 

of ethyl 8-chloroquinol i ne-4-carboxyla te, melting 

a t 36-37° . 

Anal. Ca lc 1 d for c12H10ClN02 : C, 61.15; H, 4.28 ; N, 5.94 
Found: C, 61.01; H, 4.17; N, 5.59 

Preparation of Ethyl 2-Phenyl-8-Chloroquinoline-4-carboxylate 

2-Phenyl-8-chloroouinoline-4-carboxylic acid. 123 g . 

of 7-chloroisatin (prepared as above) was dissolved in 

410 ml. of hot 30% potassium hydroxide solution and 

stirred vigorously for 30 minutes. Then a solution of 

153.5 g . of a cetophenone (Eastman Kodak white label 

grade) in 800 ml. of absolute ethanol wa s added and the 

mixture was refluxed toge t her for 24 hours. The excess 

ethanol was boiled off under suction and the resulting 

sirup was diluted with four times its volume of water. 

This solution we.s extracted three times with isopronyl 

ether to remove excess a cetophenorte, then acidified 

with hydrochloric acid. The precipitated acid was 

filtered, wa shed with water, a nd a ir-dried. The yield 

wa s 162 g. of 2-phenyl-8-chloroquinoline-4-ca rboxylic acid. 
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Ethyl 2-phenyl-8-chloroquinoline-4-carboxylate. 

In a 5 1., round-bottomed fla sk, equipped with a soda-

lime protected reflux condenser, were placed the above 

162 g. of 2--phenyl-8-chloroquinoline-4-ca.rboxylic acid, 

2 1. of absolute ethanol, and 150 ml. of concentrated 

sulfuric acid. These were refluxed together for 35 

hours. The excess ethanol was removed on a steam cone 

under aspirator vacuum. The residue wa s cooled, diluted 

with ice and weter to a volu..rne of 1.5 1., made basic 

with aqueous ammonia, and extracted twice with benzene. 

The benzene extract wa s dried over anhydrous sodium 

sulfate, then the solvent removed on a steam cone. The 

ester wa s recrystallized from 1 1. of hot etha nol. 'rhe 

yield was 140 g. of ethyl 8-chloroquinoline-4-carboxylate, 

melting at 98-98.5°. 

Anal. Calc'd for c18H14ClN02 : C, 69.40; H, 4.53; N, 4.49 
Found: C, 69.80; H, 4.46; N, 4.01 

Preparation of Ethyl 6-Bromo-2-Methylquinoline-4-carboxylate 

5-Bromoisatin ( 15). In a 2 1., 3-necked fle.sk e q_uipned 

with stirrer, addition funnel and outlet tube were 

placed 10 g. of isatin (Efl stmPn Kodak white label) and 

1 1. of distilled water. To the stirred susnension was 

added 4.2 ml. of bromine at such a r a te tha t the 

bromine was distributed in small droplets throughout 

the mixture. After all of the bromine ha d re acted, 
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the s uspension was filtered and the product washed 
0 with water and air-dried, yield 15.1 g., m. p . 251.5- 254.5 . 

On recrysta llization from l 1. of absolute ethanol, 

6 g . ~~ s recovered in the first crop and 3 g . in the 

second, m.p . 257-258°. I n runs conducted on a l ar ger 

scale a nd using only 300 ml. of water per 10 g . of 

isatin the reaction mixture became filled with yellow 

solid and was difficult to stir; after about 2 hours 

the mixture became thinner and thorough mixing was 

age in nossible. The crude bromoisa tin was suitable 

for use in the foll owi ng ex~eriments. 

6-Bromo-2-methylquinoline-4-ca rboxylic acid. The 

crude 5-bromoisatin obtained by bromination of 37.5 g . 

of ise.tin was dissolved in hot potassium hydroxide 

solution (200 g. of potassium hydroxide in 500 ml. of 

water}o The resulting greenish-brovm solution was a llowed 

to cool, 160 mil. of acetone was added, mixed and allowed 

to stand overnight. The reaction mixture was further 

heated on a hot plate for 25 minutes and neutra lized 

slowly with hydrochloric acid. After cooling, the 

mixture was filtered a nd the precipita te washed thoroughly 

with water, a ir-dried, and then dried in the oven at 

110°, yield 60.5 g. In a nother experiment the bromo

isa tin from 112 .5 g . of isatin gave 188 go of product. 
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A s ample wa. s recrysta llized from ethanol for analysis, 

m.p. 272-273°. 

Anal. Ca lc'd for c11H8BrN02 : C, 49.65; H, 3.03; N, 5. 26 
Found: C, 49.81; H, 3.21; N, 5.10 

Ethyl 6-bromo-2-methylquinoline..;4-carboxylate. 

I n a 3 1., round-bott omed flask e nuipped with a ddition 

funne l and r eflux condenser were placed 188 g . of crude 

6-browo- 2- methylcinchoninic a cid and 1200 ml . of ab

solute ethanol. Through the separ at ory f unne l was 

added 100 ml. of concentr a t ed sulfuric acid a nd the 

mixture refluxed over ni ght from a boiling wa ter bath. 

Afte r remova l of exce s s ethanol on a steam cone under 

a spirator va cuurn, the r esidue wa s cooled to o0 a nd 

neut r alized with 6 N ammonium hydr ox i de. The product 

wa s filtered off and recrys t ·,lli7.ed from absolute 

ethanol, y ield 158 g . of li~ht t an cryste l s , m.n. 110-111°. 

Ana l. Calc'd for c l3Hl 2Br N02: cc', 53.09; H, 4.11 ; N, 4 .78 
Found : 52 .58; H, 4.13; N, 4.61 

Preparation of Ethyl 6-Bromoquinoline - 2 ,4-dicarb oxyl ate 

6-Bromoq uinoline- 2 ,4-dicarboxylic acid. 2 .75 g . 

of 5-bromoisatin (prepa red as above) wa s added to a hot 

solution of 10,.6 g . of pot s ssium hydroxide in 21 ml. of 

water. To this solution wa s a dded 7.2 g. of 50% pyruvic 
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a cid (technica l gr a.de) and the mixture ~ras a llowed to 

stand a t room temper ature for 18 hours. It wa s then 

hea ted for 20 minutes a nd a cidified with hydrochloric 

a cid. The product wa s filtered, wa shed, and a ir-dried. 

After recrystallizs tion from ethanol, the yield was 1.54 g. 

of 6-bromoquinoline-2 ,4-dicarboxylic acid, melting 

(with decomposition) a t 314°. 

~thyl 6-bromoquinoline- 2. ,4-dicarboxyla te. Crude 

damp 5-bromoisatin from 200 g. of isatin (prepared a s 

above) was condensed in two portions with 440 g . of 

technica l 50% pyruvic acid in the presence of 33% aqueous 

potassium hydroxide (800 g. of pota ssium hydroxide, 1600 

ml. of distilled water). 'rhe condensa tion TJroduct was 

worked up a s a.bove. 'T'his crude dic Prboxylic e.cid was 

a dded with stirring in approximately 100 g . portions 

to redistilled ~itrobenzene, heated to 200° for 1 hour, 

then cooled a nd filtered. 'T'he first uortion wa s convert

ed to the potassium s alt, steam distilled to remove the 

nitrobenz ene, then reprecipita ted with hydrochloric 

a cid. The l a st three portions were wa shed free from 

nitrobenzene vd th ethyl ether. rrhe combined crude 

a cid (300 i? .) was pls.ced in a 5 1., round-bottomed 
0 -

fl ask together with 2 .5 1. of absolute ethanol a nd 

300 ml. of concentra ted sulfuric a cid a nd the mixture 

refluxed together for 13 hours. 'I'he excess ethanol 

was removed under suction. The resulting sirup wa s 
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cooled, then diluted with ice e.nd water. This W"W 

baaified with aqueous ammonia a nd extra cted with 

isopropyl ether. 1:cfter evapora tion of the isopro:pyl 

ether, the crude ester ·wa s recryste llized twice from 

isopropyl ether. The yield we.s 56.3 g. o·f ester 

me lting 9.t 108-109°. 2 7 g . of unesterified '' cia. W8.S 

re covered. The e.na lysis indica tes tha t 6-bromo-8 ,4-

dicar'qethoxyq_uinoline we s ob t a ined r a ther than the 

monoca rbethoxy derivt,tive. 

J;nal. Ca lc'd f or c15H14BrN04 : C, 51.13; H, 4.02; N, 4.05 
Found: C, 51.31; H, 4.16; N, 4.37 

5-Nitroisatin Studies 

5-l\Titroisatin (15). In a 200-milliliter, round

bottomed fls sk were pl&~ed 100 ml. of concentra ted 

sulfuric a cid and 10 g. of isa tin (Ea stmen Kodak white 

l abel gr1:1.de) a nd the mixture wa s cooled to o0 in an 

ice batp. To this solutio~ wa s a dded slowly with stirring 

6 .87 g. of pota ssium nitra te. The mixture w1ct s <: llowed 

' to wa rm to room tempere ture end s t 2.nd for 18 hours. 

It was then poured over cra cked ice, filt e red, washed 

free of a cid, a nd a ir-dried. The yield we. s 12 .4 g . 

After recrysta lliza tion from a l a rge emount of ethanol 

the 5-nitroisa tin melted e.t 250-251 ° ( literP.ture ( 15) 245°). 
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Larger runs caused no difficulty; 70 g . of isa tin when 

nitrated gave 81.5 g . of crude 5-nitroisatin; 200 g. 

of isatin gave 226 g . of product. 

Condensation of 5-nitroisa tin with a cetophenone (14). 

In a 2 1., round-bottomed flask was placed a solution 

of 48 g. of potassium hydroxide in 500 ml. of water, 

38.4 g. of 5-nitroisatin, 48 g. of acetophenone, and 

360 ml. of absolute ethe.nol. These were refluxed to-

gether for 14 hours, then cooled to o0 • A bright yellow 

potassium. s alt crysta llized which ~~s filtered, wa shed 

with 50 ml. of cold water, ~nd air-dried, yield 10.0 g. 

This '\Na s dissolved in a minimum of hot 5<Y-1a ethanol, 

filtered, and a cidified with 1~ acetic acid. The bright 

yellow acid was filtered and ~.18.shed with boiling ·water. 

The yield was 7.4 g. It wa s not found possible to re

crystPlliz.e this a cid. Attempts to esterify it by re

fluxing with ethanol plus sulfuric a cid also f a iled. 

Under other conditions an a cidic condensa tion uroduct 

was obta ined which could in part be esterified by 

refluxing with ethanol a nd sulfuric a cid. 11 g. of 

5-nitroisatin was dissolved in 60 ml. of 33% aqueous 

potassium hydroxide. A solution of 15 ml. of aceto

phenone in 90 ml. of ethanol was a dded and the mixture 

refluxed for 15 hours. The excess ethanol was dis-

tilled out from a steam cone under suction. The reaction 

mixture was cooled, then diluted with 4 times its 
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volume of water and ice. After three extra ctions 

with isopropyl ether to remove the excess acetophenone, 

the solution was a cidifiea. with hydrochloric acid. 

The dark precipitate was filtered a nd wa shed with water, 

then dissolved in dilute sodium hydroxide, heated with 

Norite for 0.5 hours, and filtered aga in. The filtrate 

was made a cid with _hydrochloric acid, filtered, washed, 

and dried, yield, 15.1 g. of dark material of indefinite 

melting point. Esterification with etha nol and sulfuric 

acid gave an ester melting at 10?-108°. The carbon and 

hydrogen ana lyses did not give concordant resuilits; the 

ana lytical figures for nitrogen (Found: N, 9.69, 9.65) 

did not agree with those calculated for 6-nitro- 2-phenyl-

4-cerbethoxyquinoline (C alc'd for c18H14N2o4 : N, 8.65). 

Condensation of 5-nitroisatin with acetone. In a 

250 ml. beaker was placed 60 ml. of 33% potassium hydrox

ide and 11.0 g. of 5-nitroisatin. 5.0 g . of acetone 

and 90 ml. of absolute etha nol were added to the re

sult i ng potass i urn. salt. After s t anding a t room temp

era ture for 50 hours, the mixture was diluted with 

200 ml. of water a nd a cidified 1fiTith hydrochloric acid. 

The acidic product was filtered, washed first with 

water, then with a little ethanol, a nd a ir-dried. 

The yield was 7.2 g . of t an a cid. Attempts to 

crysta llize it failed. It wa s not found possible to 

esterify this acid by refluxing with ethanol and sul

furic acid. 
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7-Nitroisatin Studies 

o-Nitroisonitrosoacetanilide. In a 5 1., round

bottomed flask, e Quipped with a stirrer and a thermo

meter were pla ced 2 1. of distilled water, 750 g. of 

technica l anhydrous sodium sulfate and 108 g. (0.65 

moles) of Merck reagent gr e.de chlora l hydrate. The 

mixture was stirred and heated to 40° to obta in complete 

nolution. With a mortar a nd pestle 90 g. (0.65 moles) 

of o-nitroaniline and 150 ml. of 12 N hydrochloric 

acid were triturated together. This wa s added with 

stirring to the above solution. A solution of 142 g. 

of hydroxylamine hydr ochloride in 500 ml. of distilled 

water wa s then added. The mixture wa s heRted with 

vigorous stirring a s r ap idly a s wa s nossible with two 

Fisher burners. The rea ction mixture came to the boil

ing point in 35 mi nutes and was then boiled for 15 

minutes. Wnen cool, it was filtered. The solid was 

stirred up with 1 1. of 5% sodium hydroxide for 2 hours 

and then filtered. The filtrate was ma de acid with 

hydrochloric acid, filtered, washed wit h water, and 

air-dried. rrhe yield was 65 g . of product melting at 

142.5-143.0°. An ana lytical sampl e was obtained by 

taking up in isopropyl ether-60-70° petroleurn ether, 

filtering from insoluble materiel, evaporating solvent 
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and finally recrystallizing from benzene, m.p. 145.5-146.0°. 

Anal. Calc'd for C8H7N304 : C, 45.93; H, 3.3?; N, ~0.10 
Found: C, 46.16; H, 3.44; N, 19.95 

?-Nitroisatin. In a 2 1., round-bottomed flask, 

e ruipped with a stirrer and thermometer and supported 

only at the top, wa s placed 650 ml. of concentra ted 

sulfuric acid. This was hea tPd to 80° and the finely 

powdered o-nitroisonitrosoacetanilide was added. A 

sponta neous rise in tempera ture was observed. The temp-
o erature was kept at 95-100 for 15 minutes by appropriate 

hea. t ing or cooling. Cooling WP,s accomplished by bring

ing a water be th up a round the fl ask. After the reaction 

wa s complete, the mixture wa s a llowed to cool. It was 

then poured over an excess of cracked ice. To insure 

complete precipitation, this mixture was allowed to 

stand for 2 hours before filtering. After washing free 

from sulfuric acid and air-drying, the yield was 40.7 g . 

of tan powder. After recrysta llization from acetic 

acid the melting point was 232- 233°. 

Anal. Ce.lc'd for c8H4N204 : C, 50.02 ; H, 2 .10; N, 14.5? 
Found: C, 49. ?9; H, 2 . 35; N, 14. 80 

An attempt to condense this 7-ni t roisatin with aceto

phenone in the presence of 33% aqueous potas sium hydrox

ide gave an insoluble a cid (comnere 5-nitroisatin 

cona:ensation) which on esterification with ethanol and 

sulfuric acid yielded an ester, m.p. 

ethanol (Found: N, 7.85, 7.64). 

0 199.5-130.5 from 
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Preparation of Ethyl Acridine-5!_-carboxyle.te 

9-Cyanoacridine ( 19). In a 5 1., round-bottomed 

fl a sk (in a hood), e ::, uipned with a stirrer a nd o. reflux 

condenser, were nla ced 1650 ml. of absolute ethc nol, 

132 g . of g l a cie l s cetic a cid, a nd 372 g . of ~cridine 

(Reilly ;I1ar a nd Chemic a l Sor-p.) . The mixture was w3.rmed 

and stirred until corrrolete solution occurred. Ii sol

ution of nota ssium cy e.nide ( 20? g. in ?90 ml. of vVB.ter) 

1Ha s !:ta_ded a t 25° and the mixture refluxe d over a boiling 

'NPter b ~th for 1. 5 hours. 'flhe lic~_uid wns noured into 

s. 1 2.r.q;e ev.snorc1 tinr,,: dish on 2. ste s.m b ".th. After the 

sol vent 1Ncl S ev nore.ted, the crystc.1s were s~ores. d out 

on a p a ner to ,,_ ir-dry c1.nd oxidi z e. Complete oxida tion 

was a ssumed when s. green color did not develon un on 

addition of concentre ted hydrochloric a cid to a n etha nolic 

solution of the 9-cya no c:-; cridine. The oxidiz ed ·oroduct 

was stirred vigorously in boiling wa ter for 3 hours to 

dissolve inorga nic mcteria l, cooled, filtered, we shed 

with ·vvater, a nd 8 ir-dried. The yield was 39? g . 

Acridine-9-carboxylic acid ( 19). In a 5 1., round

bottomed fla sk were :pla ced 3?9 g. of 9-cyc nor:. cridine 

(from the Bbove prenPr 2 tion) a nd 3800 ml. of 901 sul

furic a cid (3390 ml. of concentr2.ted sulfuric 2cid plus 

410 rrLl. of water). The mixture wa s heo.ted on a boiling 
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lJIIB.ter bs.th with vigorous stirring for 18 hours. 'T'he 

hydrolyzed product was cooled in an ice-salt bath and 

divided into two e qua l portions, each in 4 1. beakers. 

~o ea ch nortion wa s slowly a dded with stirring 264 g . 

of re-3.gent gra de sodium nitrite. The mixtures were 

kept carefully Rt o0 until the evolution of gas ceased 

(1 to 2 minutes). The rea ction mixtures were permitted 

to we.r m to room tem-pere tu.re, then were hes.ted in a hot 

ws.ter ba th for '.:'. hours, cooled, a nd poured over cracked 

ice. 'l7he resulting mixtures were warmed to approximately 

40° a nd, when frothing cea sed, they were filtered, 

wa shed witll wa ter a nd a ir-dried. To purify the product 

it wa s dissolved in dilute sodium hydroxide, filtered 

from insoluble imourities, a cidified \,dth hydrochloric 

a cid, filtered, washed with water, and a ir-dried. The 

combined yield was ?97 g . 

~thyl acridine-9-carboxylate. Prelimina ry exner

iments indicated tha t .s cridine-9-carboxylic acid could 

not rea dily be esterified by heating with ethe nol a nd 

sulfuric a cid. In a 100 ml., round-bottomed fls.sk were 

pla ded 3.1 g. of ~cridine-9-carboxylic a cid (prepared 

a s above) a nd 13 ml. of thionyl chloride (freshly re

distilled over .l inseed oil). '7:'hese were refluxed 

together over a hot we.ter b2.th, usinP 9. calciu..m chloride 

nrotected Friedricks condenser, for 1.5 hours. A complete 
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solution resulted a t the end of tha t time. The excess 

th i onyl chloride wa s removed in vacuo. The lumps ·of 

a cid chloride were crushed to a powder r apldly a nd 25 ml. 

of absolute eth?nol wa s a dded. The mixture was refluxed 

overnight. :<:xcess ethanol we.s removed on a steam cone 

in va cuo. ·The re sulting t hick sirup wa s cooled, ice 

wa s a dded, a. nd the rea ction mixture ma de ba sic with 

aqueous ammonia. It we.s extra cted three times with 

benzene. The benzene wa s dried over a nhydrous pota ssium 

carbona te, filtered, and evnpora ted, yield 2 .7 g . of 
0 crude ester, m.p. 67-70. Purification was a ccomolished 

by recryst ellization from isopropyl ether. 'T'he melting 

noint of the nurified ester wa s 78 .5-79.5° . 

. \.na l. Ce lc' d for c 16H13No2 : C , 76.48 ; H , 5. 21; l'if, 5.58 
Found: C, 76. 22; H, 5.40; N, 5.69 
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