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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 2ntimelarials.
The compounds under consideration were analogs of
quinine, the synthesis of which has been effected (1)
starting from quininic acid (6-methoxycinchoniniec acid).
The synthesis of other cinchoninic acids (quinoline-
4-carboxylic acids) thus has an obvious paft in a pro-
gram designed to prepare substances related to cuinine.

In the literature some thirty methods by which
gquinoline derivatives m=2y be obtained have been described.
Some of these are only slight variations of others,
but almost all reocuire a derivative of aniline as a
starting material. In other words, the nitrogen of
the quinoline ring is alresdy joined 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 2re only four fundamental 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. Quininic acid,
for example has been synthesized by Pictet and Misner (3)
by the following reaction:
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A second synthesis due to Kaufmann and Peyer (4) proceeded

by a series of steps:
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A third synthesis was described by Halberkann(5).
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Rabe and coworkers (6) made use of still another

several-step procedure:
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Finally, another type of synthesis was worked out by

Thielepape and Fulde (7):
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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 (comvare the Pictet-
Visner synthesis of quininic acid). The resulting

product is a 2-substituted quinoline-4-carboxylic acid.
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Borsche (9) has shown that benzalaniline in boiling
alcohol first forms an addition comoound with pyruvie
acid, which easily yields 2-phenylquinoline-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 vpreparation of benzoquinoline derivatives

were studied. The reactions carried out are illustrated

below.
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A standard method for the preparation, especially
of z-substituted cinchoninic acids, is that of Pfitzinger
(12) (applied above by Halberkann). This synthesis util-
izes an isatin as starting material. The isatin, after
conversion to the potassium salt of the corresponding
isatinic acid, is condensed witﬁ pyrﬁvic aéid and a
carbonyl derivative containing the -CHo-CO-R grouping

to yield a 2-R-quinoline-4-carboxylic acid.
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Where R = -COOH, a quinoline-2,4-dicarboxylic acid is
formed which, on partial decarboxylation (c¢f. Halberkann),
is converted to a cinchoniniec acid.

Tn the present work, application of the Pfitzinger
reaction was made to the synthesis of 6-chlorocinchoninic
acid (13) (from 5-chloroisatin and pyruvic acid and
subsecuent decarboxylation) and to the syntheses of
8-chlorocinchoninic acid (from 7-chloroisatin in a sim-
ilar menner) and of 8-chloro-2-phenylcinchoninic acid
(from 7-chloroisatin and acetophenone). The condensation
of 5-bromoisatin with acetone and with pyruvic acid was
also carried out. The extention of the Pfitzinger
reaction to 5-nitroisatin (14) was attempted without

success (see Experimental).



The S-substituted isatins employed in the above
experiments were made by direct halogenation or nitration
of isatin (15). 7-chloroisatin (16) was made by the

usual Sandmeyer method:
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Although the literature (17) indicates that the Sandmeyer
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synthesis does not apvply to the prevaration of 7-nitro-
~isatin, it was found possible to prevare the substance
in approximately 80% yield by ring closure of o-nitro-
isonitrosoacetanilide.
Yet another method used in this investigation for
the synthesis of a cinchoninic acid was the reaction
illustrated below. Camps (18) had prepared 2-hydroxy-

cinchoninic acid in this manner.
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. 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)



starting from acridine.
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1
Experimental

Preparation of Ethyl 2-Phenyl-5,6-Benzoguinoline-4-carboxylate

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

Tn 2 22-1., round-bottomed flask equivnped with 2n effic-
ient ‘stirrer were nlaced 506 g. of @B-navhthylamine,

6250 ml. of absolute eth nol, 428 g. of benzaldehyde,

and 642 ml. of 50% pyruviec acid (C~lco Chemicel Comonny
technical grade). The mixture wes heated to boiling

with stirring which led to the formation of a crystalline

precipitate. After hezting to boiling for 1 hour, the

mixture was cooled and the nrecipitate filtered off,
washed first with absolute ethanol, =nd then with ether.
The product was first 2ir-dried #nd then dried in the
vacuum oven at 700, yield 759.5 g. In another exveriment
280 g. of B-navhthylamine, 3500 ml. of absolute ethanol,
240 g. of benzaldehyde and 360 ml. of 50% pyruvic acid
were treated in a similsr'fashion, yielding 268.5 g. of
vellow powder as product.

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

Preliminary experiments indic~ted that it was not
feasible to esterify 2-vhenyl-5,6-benzoguinoline-4-
carboxylic acid by heating with absolute a@lcohol in the

presence of concentr=ated sulfuric acid. By this method

1) All melting points are corrected. I am indebted to
Dr. G. Oppenheimer and her staff for microenalyses.



esterification proceeded very slowly (undoubtedly due
to steric hindrance); practically all of the starting
eacid was recovered unchenged, and only enough of the
ethyl ester wes obteained for a satisfactory identification
of the characteristic picrate, m.p. and mixed m.v. 1989,
In a 2-1., round-bottomed flask equivped with a
reflux condeﬁser and protected from atmospheric moisture
by 2 calcium chloride tube was placed 261.6 g. of crude
2-phenyl-5,6-benzoquinoline-4-carboxylic acid 2nd 330 ml.
of thionyl chloride (purified over raw iinseed 0il) was
added; there was a small heating effect and some gas
evolved. vThe 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 heat from a steam cone while
maintaining the zspirator vacuum, the product was a
s0lid cake which was broken up into a nesrly dry nowder.
To this was a2dded 500 ml. of absolute slcohecl, =2nd the
mixture refluxed for 2 hours. It wes then diluted with
about 700 ml. of weter and bssified by the =ddition of .
15 N ammonium hydroxide. The crude ester, an oily
solid, was extracted with ether, the ether solution
dried 2nd solvent evaporsted. The resulting crvstals
were recrystallized from absolute eth=nol, yielding
205.7 g. of pearly flekes, m.n. 82-83";: an =dditional

22,5 g. of less vure ester was obtained from the mother
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liquors. A portion of the ester was recrystallized
from ethenol for analysis, pearly flszkes, m.D. 83.5-84.5°,

Anal. Cale'd for C?9H17N02: c, 80.71; H, 5.24; N, 4.28
Found: o c, 80.58; H, 5.12; N, 4.43

' a 4 o
The ester can be distilled, b.p. ca. 200 at 2 mm., and
gives 2 picrate, m.p. 192.0—192.50, analysis for
H_N O

2074 9"
The aqueous solution made basic with ammonia in

028

the above experiment was heated to boiling, and allowed
to cool after adding glacial acetic acid to pH 3. The
vellow cryst=slline precipitate was filtered, rinsed

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

Methyl Z2-phenyl-5,6-benzoquinoline-4-carboxylate

was mede from the acid chloride and methanol in the

same way as the above ethyl esﬁer. It was obtained as
a crystalline solid, needles from = mixture of ethanol

and isopropanol, m.D. 126.5-126.7°.

Preparation of Ethyl 2-Phenyl-7,8-Benzoquinoline-4-carboxylate

2-Phenvl-7,8-benzoguinoline-4-carboxvlic acid (11).

In 2 12 1., round-bottomed flesk equivved with a stirrer
were vlaced 300 g. of s<-naphthylemine (Eastmen Kodak

white label grade), 223 ¢. of benzzldehyde, 185 g. of

50% pyruvic acid (Calco Chemicel Company technical grade),

and 3750 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 same amounts of materials gave

only 148 g. of product; esterification of this, however,
gave higher yields of ester.

Bthyl 2-phenyl-7,8-benzocuinoline-4-carboxylate.

In a 5 1., round-bottomed flask equipved with a Friedrické
condenser protected by 2 soda-lime tube were placed

4,5 1. of absolute ethanol, 250 ml. of concentrated
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 steem cone using aspirator vacuum. The
solution was then cooled, ice and water added to make
the volume 3 1. and then finslly made basic with aqueous
ammonia. The ester was removed by extraction with
.fhree portions of benzene and the benzene extracts were
combined and dried over 2nhydrous 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°. Tor analysis a sample

waé recrystallized several times from absolute ethanol.

Anal. Cale'd for 029H17NO9: Gy 80.%1; B, 5.25; N, 4.28
Found: . ~ ¢, 80.62; H, 5.18; N, 4.24
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Preparation of Ethyl 2-p Chlorophenyl-7,8-Benzoquinoline-

4-carboxylate

2-p Chlorophenyl-7,8-benzoguinoline-4-carboxylic acid.

In a 22 1., round-bottomed flask, ecuipped with a large
capacity reflux condenser, were placed 572.8 g. (4.0
moles) of Eastman Kodsk white label grade =<-naphthylamine,
562.4 g. (4.0 moles) of p-chlorobenzealdehyde, 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
yvellow crystalline compound was formed.) After refluxing
was completed, the mixture was placed in the cold room

at 5° overnight. The crystals were then filtered off,
washed with 95% ethanol and air-dried. The yield was
746.2 g.bof crude acid. A portion, after two recrystall-
izetions from glacial acetic acid (yellow microneedles),
nelted at 308-309°.

Anal. Calec'd for CZOHIQCINO,: c, 71.97; H, 3.63; N, 4.20
Found: ' - C, 70.83; H, 3.91; N, 4.19

Ethyl 2-p chlorophenvl-?,8—benzocuinoline-4-carboxvlate.
In a 22 1., round-bottomed flask, eguipped with an
efficient reflux condenser, were nlaced 705 g. of crude
2-p chlorophenyl-7,8-benzoguinoline-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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4] 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 ? 1. The thick gummy residue was poured

over cracked 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 anhvdrous
sodium sulfate, filtered, and evaporated over a steam
bath in vacuo to a veryv thick oil. After recrystall-
ization from 950 ml. of ethancl nlus 600 ml. of benzene,
the yield was 167.3 g. of light yellow needles,

MaP s 124—1250. A portion, recrystallized from ethanol-
benzene, formed dense tﬁfts of tan bars, m.p. 127.4-127.8°.

Anal., Cale'd for CZ?HlGClNOZ: c, 73.03; H, 4.46; N, 3.87
Found: ~ c, 72.86; H, 4.76; N, 3.89

Preparation of Bthyl 6-Chloroquinoline-4-carboxylate

5-Chloroisatin (15). In a 12 1., round-bottomed flask,

equipoed with a glass stirrer, a gas inlet tube, and an
outlet tube, were placed 250 g. of isatin (Wastman ¥odak
white label grade) and 10 1. of water. Chlorine gas

was bubbled into the mixture with vigorous stirring.

The color-change from red to vellow determined the end

of the reaction. The slurry was filtered on a large
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Buchner with suction, washed with water, and air-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 minutes,
cooled, filtered, and air-dried. The yield was 145 g.
of product melting at 250.5-252.5°, (literature (15)
246°)

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

a large beaker was placed a solution of 1200 g. of
potassium hydroxide in 3 1. of water. This was heated
practically to the boiling point. Then the crude damp
S5-chloroisatin from 300 g. of isatin was added with
stirring. The color changed first to deep red, then
to green. /fter all of the 5-chloroisatin dissolved,
648 g. of 50% technical pyruvic acid was added. The
mixture was allowed to stand &t room temperature for

14 hours, then heated on & hot plate for 30 minutes.
While boiling hot, 1 1. of 12 F‘hydrochlbric acid was
added as ravidly as vossible; then a second liter, drop
by droo with stirrine. (Unless the mixture wes acid-
ified while hot, the half potassium s2lt precipitated.)
When cool, the 6-chlorocuinoline-?,4-dicsrboxylic acid
was filtered with suction, woshed first with water,
then with 2 small amount of cold ethanol, and air-dried.

The Yield was 320.2 g. of a product melting at °65-266°
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with decarboxylation and immediate resolidification;
the melting point was observable only when the heating
was rapid.

Anal. Calce'd for G11H601NO : €, 52.26; H, 2.40; N, 5.54
Found: . C, B2.305 H, 2.98; N, 5.51

6-Chloroguinoline-4-corboxyvlic 2c¢id (13). Tn =

. 3 found—bottomed flask, equipped with =n efficient
stirrer, were placed 308 2. of the above crude 6-chloro-
quinoline—?,4—dic?rboxylic acid snd 800 ml. of freshly
redistilled nitrobenzene. These were heated together
in 2 wax bath, with vigorous stirring, to 195° for 4.5
hours, during which time a large =2mount of carbon
dioxide wes evolved. After cooling to room temperature,
the partislly decarboxylated acid Was filtered on a
Buchner filter with suctioﬁ, washed with ethyl ether
until free of nitrobenzene, and 2ir-dried. The yield

of crude 6—chloroquihoiine-é-oarboxylic acid was 220 g.
A recrystallized samvle melted at 3150 dec. (literature
(13) 302°). |

®Ethyl 6-chloroquinoline-4-cerboxylate. Ina 3 1.,

round-bottomed flask were nlaced the zbove 220 g. of
6-chlorocuinoline-4-carboxylic acid and 2 1. of absolute
ethanol. 150 ml. of concentrated sulfuric acid was
added very slowly. The mixture was refluxed for 40
hours, using & soda-lime protected Friedricks condenser.
After the esterification was cbmplete, suction was

appnlied and the excess ethanol removed. The resulting
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sirup was cooled, diluted with ice and water, and
filtered. The filtrate w=s made 2lkaline with potassium
carbonate and extracted with ethyl ether. /fter

removal of the ether, this material was combined with

the precipitate above. It was found that this crude
ester consisted of a mixture of the desired 4-carbethoxy-

6-chlorogquinoline with ?,4-dicarbethoxy-6-chloroquinoliné.

In order to separate these two, the vicrate of the
monoethyl ester was precipitated from ethanol. The

diethyl ester does not form a picrate. The free ester

was then rerenerated and recrystellized from 60-70°

petroleunn ether. The yield was 90 g. of ester melting
at 63-64°.

Anal. Cale'd for CqoHy4C1lNOs: 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 impurity was also pertially characterized. It
crystallized from isopropyl ether in two forms: needles
and blocky prisms, both of which melted at 93-93.5°.

Anal. Cale'd for CqgHy,4C1NO,: C, 58.50; H, 4.55; N, 4.55
Found: C, 58.34; H, 5.77; N, 4.82

Preparation of 2-Methyl-6-Chloroguinoline-4-carboxylic Acid

3.0 g. of B-chloroisatin (prepered as described above)

was added to a hot solution of 10.6 g. of potassium
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hydroxide in 21 ml. of water. /fter 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 stand at room temperature for 18 hours; then was

heated for 20 minutes and neutrallized with hydrochloric
acid. The precivitated acid was filtered, washed with
water, and ajir-dried. The crude 2-methyl-6-chloroguin-
oline-4-carboxylic acid was recrystallized from 50%
ethanol. The yield was 1.92 g. of acid melting at
170.5-171.5°.

Anal. Cele'd for G HgClNO,: C, 59.60; H, 3.64; N, 6.52
Found: “ ¢, 59.3%; H, 3.63; N, 6.10

Preparation of Ethyl 2-Hydroxyv-6-Chlorocuinoline-4-carboxylate

and of Ethyl 2,6-Dichloroquinoline-4-carboxvlate

N-Acetyl-5-chloroisatin. 8 g. of 5-chloroisatin

(prepared as 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
acid seemed to be necessary to start the reaction.

The yellow crystesls which formed on cooling were filtered
off and washed with ethyl ether. After two recrystall-
izetions from an isopronyl ether-n-butanol mixture the
product weighed 4.12 g. The melting point was 165-169°.

Anal. Cale'd for ClOH6ClN02: C; 58.70; 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-cerboxylic acid.

In a small round-bottomed flask were mixed 3.0 g. of
acetyl-5-chloroisatin, 82 ml. of distilled water, and
1.37 g. of sodium hydroxide. These were refluxed
together on a wax bath at 150o for 50 minutes. After
cooling, the clear yellow solution was brought to

pH 2 with hydrochloric acid. The precivnitate was
centrifuged and extracted with sodium bicarbonate
solution. The 5-chloroisatin recovered weighed 0.9 g.
The sodium bicarbonate-soluble vportion, after acid-
ification, centrifuging, washing, and air-drying,
yielded 1.5 g. of ?-hydroxy-6-chloroguinoline-4-carb-
oxylic acid melting above %157, Recrystallizetion
was effected from acetic acid.

Anal. Cale'd for ClOH601N02: 0; D8.70; H, 2.70; N, 6.
Found: C, 98:70; H, 2.76; K, 6,

o w

Ethyl B-hydroxy-6—chloroqginoline-4-carboxylate.
In a 200 ml., round-bottomed flask was nlaced 100 ml.
of absolute ethanol, 2 ml. of concentrated sulfuric acid,
and 1.4 g. of 2-hvdroxy-6-chlorocinchoninic acid. These
were refluxed together for 41 hours. Tpon cooling,
fine matted yellow cryvstals immedistely begsn to form.
These were filtered, washed with absolute ethanol,
then with ether, and dried. ~After recrystalliz~tion
from ethenol the oroduct melted at 236.5°.

Anal. Cele'd for CyoHyoClNOgz: C, 57.30; H, 4.01; N, 5.t
Found: ¢, B7.87; H, 4.25; K, 5.
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mthyl 2,6-dichloroquinoline-4-carboxylate. In a

5 ml., round-bottomed flask were vlaced 0.50 g. of

ethyl 2-hydroxy-6-chloroquinoline-4-carboxylate and

1.25 ml. of vphosvhorous oxychloride. These were refluxed
together on a wax bath at 140° for 35 minutes. The
product was cooled and washed well with water. Re-
crystallization from ethanol gave long white needles
melting at 132.5-132.8°. |

Found: c, 53.55; H, 3.33; N, 4.93

Preparation of HBthyl 8-Chloroguinoline-4-carboxylate

o-Chloroisonitrososcetznilide (16). In a 22 1.,

round-bottomed flask ecuipved with an efficient stirrer
were placed 9600 ml. of distilled waster, 590 g. of
chlora2l hydrate, and 3750 g. of technicsl 2nhydrous
sodium sulfate. The mixture was stirred and warmed to
400 to secure complete solution. At that temperature

s slurry of 411 g. of NMonsanto 6—chlor0?niline, 1900 ml.
of distilled weater, =nd 282 ml. of 12 N hydrochloric
acid was added. A white turbidity 2opvesred 2t this
point. A solution of 710 g. of hydroxylamine hydro-
chloride in 1200 ml. of water was added, and the mixture
was heated to boiling in 53 mihutes by the use of four

Fisher burners. Bolling was continued for 3 minutes,



after which the reaction mixture was 2llowed to cool.
The so0lid was filtered, washed with weter, 2nd dissolved
in 6600 ml. of 5% sodium hydroxide. This was filtered
from a2 small 2mount of insoluble materi=l 2nd mede

acid with 12 N hydrochloric acid. The precipitate was
filtered and washed with water. To remove water, the
filter cake w=s extracted with 2 1. of ether, the
extracts dried and the ether removed by distillation,
vield 422 g. of o-chloroisonitrosoacetanilide.

7-Chloroisatin (16). In 2 5 1., round-bottomed

flask, equivped with a stirrer, and suopnorted only at
the too, was placed 2 1. of concentrated sulfuric =acid.
This was heated to 80° and 200 g. of o-chloroisonitroso-
acetenilide was added. The temperature rose snontan-
eously and was controlled by)cooling with a water bath.
The temperature was kept at 95° for 17 minutes by
appropriate he2ting and cooling. At the end of that
time, the solution wes cooled and voured over an excess
of cracked ice. It was a2llowed to stend for 1 hour,

and wes then filtered, washed with water, and air-dried.
The yield was 139.2 g.

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

crude 7-chloroisstin from 790 g. of isonitroso compound
was condensed in four approximetely ecual portions as
follows: avpvroximately 139 g. of 7-chloroisatin was

added with stirring to a hot solution of 425 g. of



potassium hydroxide in 1550 ml. of water. The mixture
was heated and stirred for 30 minutes; then 290 g. of

50% technical pyruvic acid wes added and the reaction
mixture was allowed to stand at room temperature for

18 hours. At the end of this time it was heated to the
boiling point and 6 N hydrochloric acid was dropped in
slowly with stirring until the mixture was acid. After
cooling it was filtered, washed with water, then a little
methanol, and finally with ether. The yield from all

four batches was 412 g.

8-Chloroquinoline-4-carboxylic acid. In a 3 1.,

round-bottomed flask were placed the above 412 g. of
8-chloroquinoline-2,4-dicarboxylic acid and 1 1. of
freshly redistilled nitrobenzene. The slurry was stirred
and heated to 180-186° for 7 hours. /After cooling,

the resction mixture wss diluted with 1 1. of 60-70°
petroleum ether, filtered, washed with vetroleum ether,

and air-dried. The yield wzas 341 g.

Bthyl 8-chloroguinoline-4-carboxylate. In a 12 1.,
round-bottomed flask, equipned with 2 reflux condenser,
were placed 8 1. of absolute ethanol, 400 ml. of

concentrated sulfuric acid, and the above 341 g. of

crude 8=-ehlorocinchoninic acid. These were refluxed

-

togeﬁher for 23 hours. The excess ethanol was removed
with suction to 2 volume of ? 1. After cooling, ice
and 500 ml. of concentreted aqgueous ammonia were added.

The precipitated oil was extracted twice with benzene,



dried over snhydrous sodium sulfete, =#=nd filtered.

The benzene wss removed on a steam cone under suction.
The ester was then crystallized from 1 1. of absolute
ethanol by cooling to minus 35°. The yield was 270 g.
of ethyl 8-chloroquinoline-4-carboxylate, melting

at 36-37°.

Anal. Calc'd for Cl2HlOClNOZ: c, 61.15; H, 4.28; N, 5.94
Found: ’ c, 61.01; H, 4.17; N, 5.59

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

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

of 7-chloroisatin (prepered 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 acetophenone (Eastmen Kodak white label

grade) in 800 ml. of absolute ethanol was added and the
mixture was refluxed together 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 wes extracted three times with isoproonyl
ether to remove excess acetonhenone, then acidified
with hydrochloric acid. The precipitated acid was
filtered, washed with water, and 2ir-dried. The yield

was 162 g. of “=phenyl-8-chloroquinoline-4-carboxylic acid.



Bthyl 2-phenyl-8-chloroquinoline-4-carboxylate.

In & 5 1., round-bottomed flask, ef@uipved with a soda-
lime protected reflux condemsér, were placed the above
162 g. of 2-phenyl-8-chloroquinoline-4-carboxylic acid,
2 1. of absolute ethanol, and 150 ml. of concentrated
sulfuric acid. These were refluxed togcether for 35
hours. The excess ethanol was removed on a steam cone
under aspirator vacuum. The residue wes cooled, diluted
with ice and wester to a volume of 1.5 1., made basic
with aqueous ammonia, and extracted twice with benzene.
The benzene extract was dried over anhydrous sodium
sulfate, then the solvent removed on a steam cone. The
ester was recrystallized from 1 1. of hot ethenol. The
vield was 140 g. of ethyl 8-chloroquinoline-4-carboxylate,
melting at 98-98.5°.

Anal, Cale'd for C,_H,, CINO_: C, 69.40; H,

y 4.53: N, 4.4
" Found: 187147 "2° ¢’ 9.80; H, 4.46: N, 4.0

4.49
, 4.01

Preparation of Tthyl 6-Bromo-2-Methylgquinoline-4-carboxylate

5-Bromoisatin (15). In a 2 1., 3-necked flask ecuippned

with stirrer, addition funnel and outlet tube were
placed 10 g. of isatin (Wastmen Kodak white label) and
1 1. of distilled water. To the stirred susvmension was '

added 4.2 ml. of bromine at such a rate that the

bromine was distributed in small droplets throughout

the mixture. After a1l of the bromine had reacted,
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the suspension was filtered and the product washed

with water end air-dried, yield 15.1 g., m.p. 251.5-254.5°,
On recrystallization from 1 1. of absolute ethanol,

6 g. was recovered in the first crop end 3 g. in the
second, m.p. 257-258°, In runs conducted on a larger

scale and 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
agein possible. The crude bromoisatin was suitable

for use in the following exveriments.

6-Bromo-2-methylouinoline-4-carboxylic acid. The

crude S5-bromoisatin obtained by bromination of 37.5 g.

of isatin was dissolved in hot potassium hydroxide
solution (200 g. of potassium hydroxide in 500 ml. of
water). The resulting greenish-brown solution was allowed
to cool, 160 ml. of acetone was added, mixed =nd allowed
to stand overnight. The reaction mixture was further
heated on a hot plate for 25 minutes and neutreslized
slowly with hydrochloric acid. After cooling, the

mixture was filtered and the precipitate washed thoroughly
with water, air-dried, and then dried in the oven at

110°, yield 60.5 g. In another experiment the bromo-

isatin from 112.5 g. of isatin gave 188 g. of product.



A sample was recrystallized from ethanol for analysis,
m.p. 272-273°,

Anal. Cale'd for CllHBBrNOZ: c, 49.65; H, 3.03; N, 5.26
Found: c, 49.81; H, 3.21; N, 5.10

Bthyl 6-bromo-2-methylquinoline-4-carboxylate.

In a 3 1., round-bottomed flask ecuipved with addition
funnel and reflux condenser were placed 188 g. of crude
6-bromo-2-methyleinchoninic acid and 1200 ml. of abh-
solute ethanol. Through the separatory funnel was
added 100 ml. of concentrated sulfuric acid and the
mixture refluxed overnight from a boiling water bath.
After removal of excess ethanol on a steam cone under
aspirator vacuum, the residue was cooled to 0° ana
neutralized with 6 I ammonium hvdroxide. The vroduct
was filtered off and recrvst-llized from absolute
ethanol, yield 158 g. of light tan crystsls, m.o. 110-111°.

Anal. Cale'd for ClSHIDBrNOZ: G, 53.09; H, 4.11; N, 4.78
Found.: c, 52.58; H, 4.13; N, 4.61

Preparation of Ethyl 6-Sromoguinoline-2,4-dicarboxylate

6-Bromocuinoline-?,4-dicarboxylic acid. 2.75 g.

of 5-bromoisatin (prepared as above) was added to a hot
solution of 10.6 g. of potzssium hydroxide in 21 ml. of

water. To this solution was added 7.2 g. of 50% pyruvic
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acid (technical grede) and the mixture was allowed to
stand at room temperature for 18 hours. It was then
heated for 20 minutes and acidified with hydrochloric

acid. The product was filtered, washed, and air-dried.
After recrystellizetion from ethanol, the yield was 1.54 g.
of 6-bromoquinoline-2,4-dicarboxylic acid, melting

(with decomposition) at 314°.

Tthyl 6-bromoguinoline-?,4-dicarboxylate. Crude

damp 5-bromoisatin from 200 g. of isatin (prevared =as
above) was condensed in two portions with 440 g. of
technical 50% pyruvic acid in the presence of 33% aqueous
potassium hydroxide (800 g. of vpotassium hydroxide, 1600
ml. of distilled water). The condensation oroduct wes
worked up 2s 2bove. Thisg crude dicarboxylic =cid was
added with stirring in avoroximately 100 g. portions

to redistilled ﬂitrobenzene, heated to 200° for 1 hour,
then cooled and filtered. The first vortion wes convert-
ed to the potassium salt, steam distilled to remove the
nitrobenzene, then reprecipitzted with hydrochloric

acid. The last three portions were washed free from
nitrobenzene with ethyl ether. The combined crude

acid (300 g.) wes pleced in a 5 1., round-bottomed

flask together with 2.5 1. of absolute ethanol and

300 ml. of concentrated sulfuric acid and the mixture
refluxed together for 13 hours. The excess ethanol

was removed under suction. The resulting sirup was



cooled, then diluted with ice 2nd wster. This w'w
bagified with aqueous ammonia and extracted with
isopropyl ether. . fter evaporation of the isopruapyl
ether, the crude ester was recrystsllized twice from
isopropyl ether. The yield was 56.3 g. of ester
melting =t 108-109°. 27 g. of unesterified =cid w=s
recovered. The gnalysis indicetes that 6-bromo-2,4-
dicarbethozxycuinoline wss obtained rather th=an the
monocarbethoxy derivi tive.

‘nal. Cale'd for CqygHyyBrNO,: C, 51.13; H, 4.02; N, 4.05
Found: 8, Bl,Bl} H, 4.16; H, 4.37

5=Nitroisatin Studies

5-Nitroisatin (15). In a 200-milliliter, round-

bottomed fl=sk were placed 100 ml. of concentrated
sulfuric acid and 10 g. of isatin (Eastmsn Kodak white
label grede) and the mixture was cooled to 0° in an

ice bath. To this solution was added slowly with stirring
6.87 g. of potassium nitrete. The mixture wes =1lowed

to warm to room temperature 2nd stsnd for 18 hours.

It was then paured over cracked ice, filtered, washed

free of acid, and sir-dried. The yield was 12.4 g.

After recrystallization from a large ~mount of ethanol

the 5-nitroisatin melted =t 250-251° (1litersture (15) 245°),



Larger runs caused no difficulty; 70 g. of isatin when
nitrated gsve 81.5 g. of crude S5-nitroisatin; 200 g.

of isatin gave 226 g. of product.

Condensation of 5-nitroisatin with acetophenone (14).
Ina 2 1., round=-bottomed flask was placed a solution
of 48 g. of potassium hydroxide in 500 ml. of water,

38.4 g. of S5-nitroisatin, 48 g. of acetophenone, and
360 ml. of absolute ethenol. These were refluxed to-

gether for 14 hours, then cooled to 0°. A bright yellow

potassium salt crystallized which was filtered, washed
with 50 ml. of cold water, and air-dried, yield 10.0 g.
This was dissolved in a minimum of hot 50% ethanol,
filtered, and acidified with 10% acetic acid. The bright
vellow acid was filtered and washed with boiling water.
The yield was 7.4 g. It wes not found possible to re-
crystellize this acid. Attempts to esterify it by re-
fluxing with ethanol pnlus sulfuric acid =also failed.
Under other conditions an acidic condensation product

was obtained which could in part be esterified by

refluxing with ethanol and sulfuric acid. 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 added and the mixture
refluxed for 15 hours. The excess ethanol wes dis-
tilled out from a steam cone under suction. The reaction

mixture was cooled, then diluted with 4 times its



volume of water and ice. After three extractions

with isopropyl ether to remove the excess acetophenone,
the solution was acidified with hydrochloric acid.

The dark precipitate was filtered and washed with water,
then dissolved in dilute sodium hydroxide, heated with
Norite for 0.5 hours, and filtered agsin. The filtrate
was made a2cid with hydrochloric acid, filtered, washed,
and dried, yield, 15.1 g. of dark meterial of indefinite
melting point. Esterification with ethanol and sulfuric
acid gave an ester melting at 107-108°. The carbon and
hydrogen analyses did not give concordant results; the
analytical figures for nitrogen (Found: N, 9.69, 9.65)
did not agree with those calculeted for 6-nitro-2-phenyl-
4-cerbethoxyquinoline (Calc'd for CqgHy14No0,: 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 ethanol were added to the re-
sultine potassiuvm salt. After standing at room temvp-
erature for 50 hours, the mixture was diluted with
200 ml. of water and acidified with hydrochloric acid.
The acidic product was filtered, washed first with
weter, then with a little ethanol, and air-dried.

The yield was 7.2 g. of tan acid. Attempts to
crystallize it failed. It was 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, equipped with a stirrer and a thermo-
meter were placed 2 1. of distilled water, 750 g. of
technical enhydrous sodium sulfate and 108 g. (0.65

moles) of Merck reagent gresde chloral hyvdrate. The

mixture was stirred and heeted to 40° to obtein complete
golution. wWith a mortar and pestle 90 g. (0.65 moles)
of o-nitroaniline and 150 ml. of 12 N hydrochloric

acid were triturated together. This was added with
stirrineg to the above solution. A solution of 142 g.

of hydroxylamine hydrochloride in 500 ml. of distilled
water was then added. The mixture was hested with
vigorous stirring as rapidly as was nossible with two
Fisher burners. The reaction mixture came to the boil-

ing point in 35 minutes and was then boiled for 15

minutes. When cool, it was filtered. The solid was
stirred up with 1 1. of 5% sodium hydroiide for 2 hours
and then filtered. The filtrate was made acid with
hydrochloric acid, filtered, washed with water, and
air-dried. The yield was 65 g. of product melting at
142.5-143.0°, 4in analyticel sample was obtained by
taking up in isopropyl ether-60-70° petroleum ether,

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

Anal. Cale'd for C8H7N504: c, 45.93%3; H, 3.37; N, 20.10
Found: c, 46.16; H, 3.44; N, 19.95

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

ecuipped with a stirrer and thermometer and supported
only at the top, was vplaced 650 ml. of concentrated
sulfuric acid. This was heated to 80° and the finely
powdered o-nitroisonitrosoacetenilide was added. 4
spontaneous rise in temperature was observed. The temp-
erature was kept at 95-100° for 15 minutes by aporopriate
heating or cooling. Cooling wes accomplished by brihg—
ing a water bath up around the flask. After the reaction
was complete, the mixture was zllowed 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 recrystallization from acetic

acid the melting point was 232-233°,

Anal. Celec'd for 08H4N904: ¢, 580.02y H, B8:,10; N, 14.5%7
Tound: " c, 49.79; H, 2.35; N, 14.80

An attempt to coﬁdense this 7-nitroisatin with aceto-
phenone in the presence of 33% agueous potassium hydrox-
ide gave an insoluble acid (compere S5-nitroisatin
condensation) which on esterification with etheanol and
sulfuric acid yielded an ester, m.p. 129.5-130.5° from

ethanol (Found: N, 7.85, 7.64).



Prepvaration of ®thyl Acridine-9-carboxvlete

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

flask (in a hood), ecuivned with 2 stirrer 2nd a reflux
condenser, were placed 1650 ml. of absolute etheonol,

132 g. of glacizl =2cetic acid, and 372 g. of acridine
(Reilly Ter and Chemicel Zorn.). The mixture was wormed
and stirred until complete solution occurred. & sol-
ution of votassium cvanide (207 g. in 290 ml. of water)
was 2dded 2t 25° and the mixture refluxed over = boiline
weter bath for 1.5 hours. The licuid was poured into

s larege evevorating dish on = ste=m both. After the
solvent WHS ev nor=cted, the crystols were soread out

on a oaver to 2ir-drv 2nd oxidize. Complete oxidation
was assumed when a green color did not develon upon
addition of concentrasted hydrochloric 2cid to 2n ethanolie
gsolution of the 9-cyanoceridine. The oxidized nroduct
wes stirred vigorously in boiling water for 3 hours to
dissolve inorganic material, cooled, filtered, weshed
with water, and ~ir-dried. The yield was 397 g.

.Acridine-9—oarbogylic acid (19). Tna 5 1., round-

bottomed flask were vlaced 379 g. of 9-cyzno~cridine
(from the 2bove prev~r-tion) and 3800 ml. of 90% sul-
furic 2cid (3390 ml. of concentrated sulfuric =cid plus

410 ml. of water). The mixture was heated on 2 boiling
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water bath with vigorous stirring for 18 hours. The
hydrolyzed product was cooled in an ice-salt bath and
divided into two equal portions, each in 4 1. beakers.
To each vortion was slowly 2dded with stirring 264 g.
of reegenﬁ grade sodium nitrite. The mixtures were
kent carefully et 0° until the evolution of gas ceased
(1 to 2 minutes). The rezction mixtures were permitted
to w2rm to room temperseture, then were he2ted in a hot
w2ter bath for 2 hours, cooled, and opoured over cracked
ice. The resulting mixtures were warmed to apvroximetely
40° and, when frothing cessed, they were filtered,
washed with water and 2ir-dried. To purify the product
it was dissolved in dilute sodium hydroxide, filtered
from insoluble impurities, scidified with hydrochloric
acid, filtered, washed with water, and air-dried. The
combined yield was 297 g.

w

(O]

idine-9~-carb ste. Preliminary exver-
iments indicated thet scridine-9-carboxylic acid could
not readlly be esterified by heating with ethesnol and
sulfuric acid. In a 100 ml., round-bottomed flask were
placed 3.1 g. of =2cridine-9-carboxylic acid (prepared

as above) and 13 ml. of thionyl chloride (freshly re-
distilled over linseed oil). These were refluxed
together over a hot water bath, usine 2 c2lcium chloride

protected Triedricks condenser, for 1.5 hours. /4 complete



solution resulted at the end of that time. The excess

thionyl chloride was removed in vecuo. The lumps of

acid chloride were crushed to a powder rapidly and 25 ml.
of absolute eth#nol was 2dded. The mixture was refluxed
OVernighf. TxXcess ethanol was removed on a steam cone
in vacuo. ' The resulting thick sirup was cooled, ice

was added, and the re=sction mixture made basic with
agqueous ammonia. It wes extracted three times with
benzene. The benzene was dried over anhydrous potassium
carbonate, filtered, and evaporated, yield 2.7 g. of
crude ester, w.D. 67-70°. Purification was accomolished
by recrystellization from isopropyl ether. The melting
point of the purified ester was 78.5-79.,5°,

Anal. Cale'd for ClGHlSNOZ: c, 76.48; H, 5.21; N, 5.58
Found: c, 76.22; H, 5.40; N, 5.69



14.

15,
18,
17.
18.

19.

- 35 =

References

Woodward and Doering, J. Am. Chem. Soc., 87, 860 (1945);
66, 849 (1944); compare ref. 6.

lianske, Chem. Reviews, 30, 145 (1942).
Pictet and lMisner, Ber., 45, 1800 (1912).

ag Kaufmann and Peyer, Ber., 45& 1805 (191?
b) Ainley and King, Proc. ROy. Soc., 125 B éO (1938).

Halberkann, Ber., 54, 3090 (1921); compare Golding,
unnubllshed results - from this Laboratory.

Rabe, Huntenburg, Schultze and Volger., Ber., 64,
2488, 2492 (1913); compare ref. 4b.

Thielepape and Fulde, Ber., 72, 1432 (1939).
Doebner and v. ¥iller, Ber., 14, 2812 (188l1).
Borsche, Ber., 41, 3884 (1908).

Doebner and Peters, Rer., 23, 1231 (1890).

Doebner and Kuntze, Ann., 249, 110 (1888).

Pfitzinger, J. vrakt. Chem., [2] 56, 285 (1897).
Work, J. Chem. Soc., 426 (1942).

Calvery, Noller and Adams, J. Am. Chem. Soc.,
47, 3058 (1925).

Sumpter, Chem. Reviews, 34, 404, 405 (1944).
Sandmeyer, Helv., 2, 241 (1919).
Borsche, ieussmann and Fritzsche, Ber., 57, 1149 (1924).

Camps, archiv. Pharm., 237, 687 (1899);
See ref. 4b.

Lehmstedt and Hundertmark, Ber., 63, 1237 (1930);
Braz and Gortinskaya, Chem. Abst., §§ 4025 (1941).



