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CHAPTER I

PPITZINGER RBACTION



ALKQLYARYLOXYKETONEL AWD THEIR

CONDENSATION wITH ISATINS

CHAPTER I

THE PFITZINGER REACTION

The preparation of gquincline derivatives by the condensation of

isatins with ketones may be attributed to Pfitzinger, who prepared 6-methyl-

4-guinaldinecarboxylic acid by the condensation of 5S=methyligatin with

acetone.l’z

The Pfitzinger Reaction has been extended by Calaway and co-workers

to include the condensation of aryloxyketones, arylthioketones, tolyl-
oxyketones, and naphthoxyketones with isatins.®,%,5,6
The chief product of the condensation of unsymmetrical ketones

with isatins will normally have the larger group in the 3-position.7,®

pfitzinger, J. prakt. Chem., 33, 100 (1886)
2pfitzinger, J. prakt. Chem., 38, 564 (1888)

Scalaway and Henze, J. im. Chem. Soc., 61, 1355 (1939)

4knight, Porter, and Calaway, J. Am. Chem. Soc., 66, 1893 (1944)

SNewell and Calaway, J. Am. Chem. Soc., 69, 116 (1947)
Spowell, McCullough, and Calaway, to be published
TPfitzinger, J. prakt. Chem., 56, 283 (1897)

8Von Braun, Gmelin, and Schulthesis, Ber., 56, 1344 (1923)
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PURPGSE OF THIS INVESTIGATIOQN



CHAPTER II

PURPOSE OF THIS INVESTIGATION

The availability of alkoxyketones from chloroacetone and alkoxy-
phenols (courtesy of the Tennessee Eastman Company) suggested their
condensation with isatin as a continuation of the work of Henze,
Gealaway,Ss 4,96 and co-workers.

Experiments have shown that the quinoline group may exhibit marked
pharmaceutical properties. Examples of substitubted quinoclines, whose
effectiveness as anti-malarial drugs has been proven, are cinchopen,
plasmochin, atoquinol, and quinine. Nupracaine ies an example of a sub-~
stituted quinoline which has anesthetic properties.

The substituted cinchoninie acids reported in this thesis are
related in structure to these chemotherapeutic agents, and therefore may

be of interest in the field of chemotherapy.
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CHAPTLR III -
EXPERIMENTAL

The Preparation of l-{4-Methoxyphenoxy )-2-propanone (I)

0CH,

(1)
0
0- G H,G -G H,

1-(4~Methoxyphenoxy )-2-propanone (1) was prepared from chloro-
acetone and 4-methoxyphenol by the method of Hurd and Perlitz.?

Thirty grams (0.38 mole) of chloroacetone and 35 ml. of acetone
(previously dried over calcium chloride) were mixed in a 125 ml. separatory
funnel and three grams of potassium iodide was added. The mixture was
shaken and allowed to stand overnight.

A solution of thirty-two grams (0.25 mole) of 4-methoxyphenol
in 150 ml. of dry acetone was placed in a three-necked, one liter flask
equipped with & mechanical stirrer, a reflux condenser, and a calcium
¢hloride drying tube. The stirrer was started and thirty-eight grams
(0.25 mole) of anhydrous potassium carbonate was added. After the
reactants were refluxed over a hot water bath for fifteen minutes, the

chlorocacetone and potassium icdide were added slowly to the flask owver

SHurd and Perlitz, J. An. Chem. Soc., 68, 38 (1946)



a period of one hour. The mixture was refluxed with stirring on a hot
water bath for six hours and stirring continued at room tempsrature for
twenty-four hours.

The reaction mixture was then filtered and the precipitate washed
with acetone. The filtrate and washings were combined and concentrated
by distillation &t 35 mm. and 80 degrees. The concentrated filtrate was
poured into & mixture of 400 ml. of ice and water. The crude product
separated first as a heavy brown oil and upon stirring crystallized as a
tan colored amorphous precipitate. The crude ketone was removed by filtra-
tion and air dried overnight. This crude product was purified initislly
by suspending it in 200 ml. of hot water, and adding methyl alcohol slowly
until all the ketone was in solution. The hot solution was filtered and
the filtrate cooled in ice until the ketone precipitated. The semi-crude
product was separated by filtration and the above purification procedure
repeated. Further purification was obtained by recrystallizing the ketone
from ¢yclohexane.

The pure product was light tan in color and melted at 48.5 degrees C.
(cor.). The yield was thirty grams, or 64% of theoretical. The 2, 4-di-
nitrophenylhydrazone was obtained as a yellow-orange crystalline solid
melting at 149 degrees C. (cor.). The white semicarbazone melted at
192 degrees C. (cor.).

The preparation of this ketone was repeated and a yield of 80% of
the theoretical was obtained by decreasing the time of stirring at room

temperature from twenty-four to one hours.



Preparation of l-(4-Ethoxyphenoxy )-2=-propanocne (II)

'Csz
(1)
0
-CHZ-C-C Ha

1-(4~Ethoxyphenoxy )-2-propanone (II) was prepared by the method
of Hurd and Perlitz.®

Thirty grams (0.32 mole) of chloroacetone, three grams of powdered
potassium iodide, and 50 ml. of dry acetone were mixed in e 125 ml. separa-
tory funmnel and allowed to sftand overnight. The resulting solution was
added slowly to & mixture of thirty grams (0.21 mole) of 4=-ethoxyphenol,
thirty-two grams (0.2l mole) of anhydrous potassium carbonate, and 150 ml.
of dry acetone in & three-necked, cne liter flask equipped with a mechani-
cal stirrer and a reflux condenser. The procedure from this point was
the same a8 in the preparation of l-{4-methoxyphenoxy )-2-propanone (I).
After the reaction was completed the potassium chloride was filtered off
and waghed with hot acetone. The filtrate and the washings were combined
and concentrated at a pressure of approximately 35 mm. &t 80 degrees C.

The ketone was precipitated and purified in the same manner as the
1-(4~methoxyphenoxy )-2-propanone (I). Due to the low melting point of
1-(4~ethoxyphenoxy )-2=propanone (II) an ice-salt bath wes used. 1-(4-Eth-

oxyphenoxy )-2-propanone (II) melted at 35.5 degrees C. The yield was



26 grams (62% of theoretical). The 2,4-dinitrophenylhydrazone of this
ketone was a light orange solid melting at 105.5 degrees Ce(cor.). The

semicarbazone was & white solid melting at 192 degrees C. (cor.).



Preparation of 1-(4-Propoxyphenoxy )=-2-propancne (III)

(1)
Q
O-GH,-C-CH,

Thirty-five grams (0.38 mole) of chloroacetone, three grams of
powdered potassium iodide, and 35 ml. of acetone were mixed in a 125 ml.
separatory funnel and allowed to stand oﬁernight. The mixture wes then
added to a solution of thirty-eight grams (0.25 mole) of 4-propoxyphenol
in 150 ml. of acetone and thirty-eight grams (0.25 mole) of anhydrous
potassium carbonate. The reaction was carried out in the same menner as
in the preparation of 1-(4-methoxyphenoxy )-2-propanone (I). The inorganiec
salts were removed by filtration through & sintered glass funnel and
washed with hot acetone. The filtrate and washings were combined and
concentrated at a pressure of 35 mm. and & temperature of 80 degrees C.

The ketone wag precipitated and purified in the same menner as the
methoxy analog (I).

l-(4-Propoxyphenoxy J-2-propanone (II1I) was obtained in 73% yield
a8 a light tan (almost white) solid melting at 39 degrees C. The 2,4-di-
nitrophenylhydrazone was a yellow-orange crystalline solid melting at
91.5 degrees C. {cor.). The semicarbazone melted at 189 degrees C. (cor.).

Upon repetition of the synthesis, decreasing the reaction time %o
three hours, the yield of l-(4-propoxyphenoxy )-2-propanone (III) was

increased to 85 %.



Preperation of 1-(4-Butoxyphenoxy)-2-propanone (IV)

(1v)

Q
'CHa"C'C Ha

1-{4-Butoxyphenoxy)=-2-propanone (IV) was prepared by the interaction
of 4-butoxyphenol and chloroacetone, and in exact accordance with the
procedure of Hurd and Perlitz.? The ketone was obtained in 69% yield as
a very light tan (almost white) solid which melted at 37 degrees C. {(cor.).
The semicarbazone was prepared and melted at 188 degrees C. (cor.).
The 2,4~dinitrophenylhydrazone was obtained as a yellow-orange crystalline

solid, melting at 153 degrees C. (cor.).



Preparation of l-(2-liethoxy-4-methyl )-2-propanone (V)

Q
-C H,-C-C H,

0-C Hy )

Hy

Thirty grams of chloroacetone, three grams of powdered potassium
iodide and 50 ml. of acetone, mixed twenty-four hours previously, were
added slowly to a one liter, three-necked flask conteining thirty-three
grems (0.22 mole) of anhydrous potessium carbonate and & hot solution of
thirty grams (0.22 mole) of 2-methoxy-4-methyl phenol in 150 ml. of dry
acetone. The reacting mixture was heated under reflux with stirring for
8ix hours, and stirring was continued for twenty-four hours at room
tempereature.

The potassium carbonate and potassium chloride were removed by
filtration and washed with hot acetone. The filtrete and washings were
combined and concentrated. The precipitation and purification of the
ketone were carried out in the same manner as for l-(4~methoxyphenoxy )-
2-propanone (I). A much lower melting point than exhibited by the previous
ketones made crystallization more difficult and it was necessary to cool
the cyclohexane solution in a dry ice~chloroform bath in order to cause
precipitation of the product. The 1-(2-methoxy-4-methyl }-2-propanone (V)
was obtained in 47% yield. The melting point was 28.5 degrees C. (cor.).

The dark yellow 2,4-dinitrophenylhydrazone melted at 136 degrees C.

(cor.)}. The melting point of the semicarbazone was 153 degrees C. (cor.).
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Preparation of Alkoxyphenols

OH

(VI)

OR

Most of the alkoxyphencols used in the preparation of the preceding
ketones were furnished through the courtesy of the Tennessee Eastman
Company. The 4-propoxyphencl was prepared in this laboratory by a method
suggested by Dr. E. M. Reid.

Iwo different methods were used. In the first fifty-five grams
(0.5 mole} of hydroguinone and sixty-one grams (0.5 mole} of propylbromide
were dissolved in 250 mi. of ethyl elccohol in & one liter round bottom
flesk equipped with two condensers in series. The mixture was boiled
vigorously for ten minutes, end twenty grems (0.5 mole) of sodium hydroxide
(50% solution) was slowly added through the top of the condenser. After
thirty minutes of additional boiling, the flame was removed, thirty-three
grams (0.55 mole) of acetic acid added, the reactant mixture conceantrated
under reduced pressure to one third the volume, and poured into 800 ml.
of ice and water. The solid mass was removed by filtration.

The crude mixture, consisting of hydroquinone, 4-propoxyphenol,
and 1l,4-dipropoxybenzene, was transferred to a beaker containing 500 ml.
of water, warmed to about 40 degrees for several minutes, and then filtered.
This procedure was repeated several times until all the hydroquinone wes

removed. To the remaining 4-propoxyphenol and 1,4-dipropoxybenzene wes
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added 200 ml. of 10% sodium hydroxide sclution. The mixture was warmed

to 40 degrees and filtered while warm. The residue was treated again in
the same manner. The filtrates were combined, acidified with hydrochleric
acid, cooled in an ice bath, and filtered. The sodium hydroxide treatment
we.s repeated without warming the solution. The pure product was air dried.
The yield was twenty grams (26% of the theoretical). The melting point of
the 4-propoxyphencl was 56 degrees C. (cor.).

In the second method one hundred ten grams (1.0 mole) of hydro=-
quinone was dissolved in 500 ml. of ethyl alcohol in a round bottom flask
equipped with two condensers, one above the other. The solution was boiled
for several minutes to remove the air. Forty grams (1.0 mole) of sodium
hydroxide (50% solution) was added through the top of the condenser. To
the boiling solution was added, again through the condenser, one hundred
twenty-three grams (1.0 mole) of propylbromide. Boiling was continued for
one hour, and the hot solution acidified with hydrochloric acid (1-1}.

The crude product was purified in the same manner as outlined in the first
method. The yield was fifty-nine grams (38% of theoretical). The melting

point wag 56 degrees C. (cor.).
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Preparation of S-Methylisatin (VvIr)L©

N
H

Ninety grams {0.54 mole) of chloral hydrate was dissolved in
1200 ml. of water in a five liter round bottom flask, and 1300 grams
of erystalline sodium sulfate was added. A solution of fifty-four
grems (0.5 mole) of p~toluidine in 300 ml. of water and 43 ml. (0.52 mole)
of concentrated hydrochloric acid was added to the chloral hydrate solution,
and this was followed by 110 grams (1.58 mole) of hydroxylamine hydrochloride
in 500 ml. of water., The flask was then heated at such & rate as to pro-
duce boiling in forty-five to fifty minutes. The liquid was allowed to boil
vigorously for two minutes, cooled rapidly, filtered, and the p-methyl-
isonitroscacetarilide air dried for twenty-four hours.

Six hundred grams (328 ml.) of concentrated sulfuric acid was warmed
to 50 degrees in & one liter three-necked flask fitted with a mechanical
stirrer and a thermcmeter, and the p-methylisonitrosoacetanilide was added
with stirring at such a rate as to keep the temperature between 50 and 60
degrees C. After the addition of the isonitroso compound was complete,

the solution was heated to 00 degrees for a period of ten minutes, cooled

10Giimen, Organic Synthesis, Col. Vol. I, p. 321
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under running water, poured over f{ive liters of cracked ice, and allowed
to stand until the ice melted.

The crude 5S5-methylisatin (VII) which separated out was filtered and
washed free of sulfuric acid with cold water. The yield of the crude pro-
duct was seventy-five grams (83% of the.theoretical).

The crude 5-methy1isatin (VII) was suspended in 400 ml. of hot
water and 30% scdium hydroxide was edded until the solid was in solution.
Dilute hydrochloric acid {1 4+ 2) was added until a slight precipitate
appeared. The hot solution was filtered immediately and the residue
rejected. The filtrate was made acid to congo red paper with dilute
hydrochloric acid, and the resulting sclution cooled in an ice bath.

The 5-methy1isa£;ﬁ (VII) was filtered off and air dried. The resulting

yield was approximately 80% of the crude product.
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Preparation of 5~Chloroisatin (VIII)

Cl 0

.o (Vi)

H

S5-Chloroisatin (VIII) was prepared by the exact procedure outlined
for S-methylisatin (VII), using p-chloroaniline in the place of p-toluidine.
The purified final product, obtained in 75% yield, was a yellow solid

melting at 246 degrees C. (cor.).
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Preparation of 3-(4-Methoxyphenoxy)-4-quinaldinecarboxylic Acid (IX)

COOH
OCH,

CH,
(1X)

Fourteen and seven tenths grams (0.1 mole) of isatin was dissolved
in 200 ml. of 33% aqueous potassium hydroxide and placed in a flask
equipped with a mechanical stirrer. After the isatin was completely
dissolved, seventeen grams (0.1 mole) of 1-(4-methoxyphenoxy )~2-propanone
(I) was added. The mixture was heated with stirring over a water bath
for six hours. Near the end of the reaction time & dark colored liquid
had separated on the teop of the aqueous layer. After standing for twenty-
four hours, this liquid had solidified. The aqueous layer was decanted,
acidified with acetic acid (1-1), and allowed to stand for several hours.
Since no precipitate formed, the liquid was discarded.

The dark colored solid cake, consisting of crude potassium
3-(4-methoxyphenoxy )-4-quinaldinecarboxylate, that had been salted out
of the original solution by the high concentration of potassium hydroxide,
was broken up and dissolved in 400 ml. of boiling water. The boiling
golution was treated with nuchar and filtered. The filtrate was a dark
chocolate brown color. After cooling to room temperature, the filtrate
was made acid to litmus paper with acetic acid (1-1). To secure complete
precipitation of the quincline acid the mixture was allowed to stand over-

night and then filtered again. The crude product was suspended in 800 ml.
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of hot water and enough 33% potassium hydroxide was added to convert the

acid to the scluble potassium salt. The treatment with nuchar was repeated
and after cooling, the filtrate once more acidified with acetic acid (1-1).
The mixture was allowed to stand for several hours, the 3-(4-methoxyphenoxy)-
4-quinaldinecarboxylic acid (IX) filtered off, suspended in one liter of
boiling water, and boiled for thirty mimates to remove the acetic acid,

The quinoline acid was only slightly soluble in water as indicated by the
fact that only one or two grams dissolved in the liter of boiling water.

The product was dried over phosphorus pentoxide in & vacuum desiccator.

The 3-(4-methoxyphenoxy )~4-quinaldinecarboxylic acid (IX) was a
very light tan powder melting with decomposition at 215 degrees (cor.).
This decomposition point varied with the rate of heating. The yield was
twenty-three grams (74% of the theoretical). 4 small sample of the product
was recrystallized from a large quantity of water and dried for several
weelks over phosphorus pentoxide. This sample was used for the nitrogen
analysis. The per cent nitrogen found experimentally was 4.20%; as

compared with the calculated walue of 4.56%.
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Preparation of 3-(4-Ethoxyphenoxy)=4-quinaldinecarboxylic Acid (X)

O0OH

CH,
(X)

The essential procedure for the preparation of 3-{4-ethoxyphenoxy )-
4-quinaldinecarboxylic acid (X) was the same as for 3-{4-methoxyvhenoxy-
4-guinaldinecarboxylic acid (IX}.

Fourteen and seven tenths grams (0.1 mole) of isatin was dissolved
in 200 ml. of 33% agueous potassium hydroxide in a flask equipped with &
mechanical stirrer. When the isatin was completely dissolved, nineteen
and four tenths grams (0.l mole) of 1l-(4-ethoxyphenoxy)-2-propanone (II)
was added. The resulting mixture wae heated, with constant stirring, on
a2 steam bath for six hours; and after standing overnight at room tempers-
ture, a dark colored cake separated from the liquid. The agueous layer
was decanted off, diluted to five volumes, and acidified with acetic
acid (1-1). Since no precipitate formed, the liquid was discarded.

The solid cake was disintegrated and dissclved in 800 ml. of hot
water. The resulting mixture was boiled for fifteen minutes with activated
charcoal (machar), filtered, cooled to room temperature, and the quinoline
acid precipituted with acetic acid (1-1)., The solid was filtered off,
suspended in 600 ml. of hot water, and converted to the soluble potassium
salt by the addition of & small amount of 33% potassium hydroxide.

The nuchar treatment was repeated, and the quinoline acid suspended
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in 600 ml. of hot water, boiled for ten minutes, cooled, and filtered.,
The hot water treatment was repeated and the pure product dried over
phosphorus pentoxide. The yield was eighteen grams (56% of the theoret-
ical).

A small sample of the product was recrystallized from a large quantity
of water and used for a nitrogen analysis. The nitrogen determination gave
a value of 4.19% as compared with the theoretical value of 4.33%. The
compound darkened at about 150 degrees C. and melted at 214 degrees C.

(cor.) with decomposition.
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Preparation of 3-(4-Propoxyphenoxy )-4-guinaldinecarboxylic Acid (XI)

OOH

N~ CHs

(XI)

Seven and four tenthe grams (0.05 mole) of isatin was dissolved in
100 ml, of 33% aqueous potassium hydroxide. To this solution was added
twenty-one grams (0.05 mole) of l-(4=-propoxyphenoxy )=-2-propanone (III),
and the resulting mixture stirred over & steam bath for three hours. TUpon
cooling overnight the potassium salt of 3-(4~propoxyphenoxy }~4-quinaldine-
carboxylic acid (XI) separated out in the form of a somp-like cake. The
liquid was decanted and acidified with & (1-1) solution of acetic acid,
but no 3=(4~propoxyphenoxy)=4=-quinaldinecarboxylic acid (XI) was obtained
by this procedure.

The solid cake waas dissolved in BOO ml. of hot water and purified
in the usual manner. The purified product was light tan in color, melting
with decomposition at 208 degrees C. (cor.). The yield was eleven grams
(70% of the theoretical},

The per cent nitrogen found was 4.14%. The calculated value was

4.15%.
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Preparation of 3-(4-Butoxyphenoxy )-4~quinaldinecarboxyliec Acid (X11)

OOH
C-C,H

CH,

{(x1)

In a flask eguipped with a mechanical stirrer was plsced a solution
of fourteen and seven tenths grams (0.l mole} of isatin dissolved in 200 ml.
of 33% aqueous potassium hydroxide. Twenty-two and two tenths grams (0.l
mole ) of l-(4=-butoxyphenoxy)=2-propanone (IV) wes added and the mixture
stirred over a steam bath for six hours. It was then cooled overnight and
the potassium salt of 3-(4-butoxyphenoxy )-4-quinaldinecarboxylic acid (XIT)
separated out as a dark colored cake. The liquid portion was decanted,
acidified with acetic acid (1-1), and then discarded because it contained
no guinecline acid.

The potassium salt of 3-(4-butoxyphenoxy )-4-quinaldinecarboxylic
acid (XII) was dissolved in 800 ml, of hot water and purified in the same
manner as the preceding quinoline acids. The pure product was obtained
in 77% yield as a light tan solid with a greenish cast, melting with
decomposition at 150 degrees (cor.).

The small sample used for the nitrogen analysis was cbitained by
recrystallization from a large volume of water and dried over phosphorus
pentoxide for several weeks. The per cent nitrogen found was 3.70%. The

calculated valus was 3.99%.
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Preparstion of 3-(2-Methoxy-4-methylphenoxy)=4-quinaldinecarboxylic

Acid (XIII)

GOOH
0 GH

T

(X110

Nine and seven tenths grams (0.05 mole; of 1-{2-methoxy-4-methyl-
phenoxy )-2-propanone (V) was added to a flask containing a solution of
seven and four tenths grams (0.05 mole)} of isatin in 100 ml. of 33%
aqueous potassium hydroxide. The reaction mixture was heated on a gteam
bath with constant stirring for six hours; it was then cooled and allowed
to stand overnight, but no solid cake separated.

The resulting liquid was diluted with cold water to 80C ml. and
acidified with a (1-1) solution of acetic acid. The substituted quinocline
acid precipitated as a finely divided dark brown solid. The crude product
was purified in the usual manner. The air dried, purified product, a
shade darker in color than the preceding quinoline acids, was obtained inm
77% yield. The melting point was 232 degrees C. (cor.).

The per cent nitrogen found was 4.14%; the calculated value was

4.3%%.



Preparation of 6-Methyl-3-(4-me thoxyphenoxy )-4-quinaldinecarboxylic

Acid (XIV)

OOH
HaC 0 H

CHs
(X1V)

Eight grams (0.05 mole) of Semethylisatin (VII) was dissolved
in 100 ml. of 33% aqueous potassium hydroxide and placed in a flask
equipped with a mechaénical stirrer. To this solution was added eight

and five tenths grams (0.05 mole) of 1l-(4~methoxyphenoxy )-2-propanone

22

(1), The mixture was heated on a steam bath with stirring for four hours

and allowed to stand overnight at room temperature. At the end of this
time a dark solid cake had formed. The liquid portion was decanted and
acidified with (1-1) acetic acid. ©No precipitate formed and the liquid
was discarded.

The solid cake was dissolved in 400 ml. of weter, and the same
purification method was used as for the preceding quinoline acids. The
6-methyl-3~(4-me thoxyphenoxy }-4-quinaldinecarboxylic acid (XIV) was
obtained in 67% yield as a light tan powder melting with decomposition
at 234 degrees C. (cor.).

The small sample used for nitrogen analysis was recrystallized
from a large volume of water and dried over phosphorus pentoxide in a
vacuum desiccator. The nitrogen analysis gave a nitrogen content of

4.25% a8 compared to the calculated value of 4.33%.
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Preparation of 6-Methyl-3-(4~ethoxyphenoxy)~4-quinaldinecarboxylic

Acid (XV)

h,C 0 -G aHs

(XV)

Bight grams (0.05 mole) of 5-methylisatin (VII) was dissolved in
100 ml. of 33% aqueous potassium hydroxide solution and nine and seven
tenths grams (0.05 mole) of 1-(4-ethoxyphenoxy)-2-propanone (II) was
added. The resulting mixture was heated on a steam bath with stirring
for five hours. After gtanding overnight at room temperature, a solid
cake of potassium S-methyl-3~(4-ethoxyphenoxy )-4-quinaldinecarboxylate
separated in the reaction flask. The liquid portion was rejected.

The solid cake was dissolved in 400 ml. of water and the standard
procedure for purificetion was followed. The 6-methyl-3-({4-ethoxyphenoxy )-
4-quinaldinecarboxylic acid (XV) was a light tan powder, melting with
decomposition at 198 degrees C. (cor.). The yield was twelve grams (71%
of the theoretical).

4 small sample was recrystallized from water and dried over phos-
phorus pentoxide in a vacuum desiccator. Analysis for nitrogen content

gave a value of 4.,30%, as compared with a calculated value of 4.15%k.
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Preparation of 6-Methyl-3-(4-propoxyphenoxy )-4-quinaldinecarboxylic

Acid (XVI)

GOOH
H.G H

CH
{ XVI)

Ten and four tenths grams (0.05 mole) of l-(4-propoxyphenoxy)-
2-propanone (III) was added to a flask containing a solution of eight
grems (0.05 mole) of S5-methylisatin (VII) in 100 ml., of 33% aqueous
potassium hydroxide. The resulting mixture was heated on a steam bath
with constant stirring for three hours. After cooling, the potassium
6~me thyl-3-(4-propoxyphenoxy )-4=-quinaldinecarboxylate separated from the
liquid as a solid cake.

The ligquid portion was rejected, and the solid cake was dissolved
in 400 ml. of water and purified in the usual manner. The yield of the
semi~crude product was eleven and five tenths grams (64% of the theoret-
jcal). The melting point, with decomposition, was 204 degrees C. (cor.).

A sample recrystallized from water was analyzed for nitrogen, and

the value obtained (4.01%) checked the calculated percentage closely

(3.99%).
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Preparation of 6=le thyl-3-(4~butoxyphenoxy }-4-quinaldinecarboxylic

Acid (XVII)

G OOH

(XVII)

Eight grams (0.05 mecle) of 5-methylisatin (VII) was dissolved in
100 ml. of 33% aqueous potassium hydroxide. Eleven and one tenth grams
(0.05 mole) of 1-(4-butoxyphenoxy)-2-propanone (IV} was added to this
solution and the mixture was heated over a steam bath for three hours
with constant stirring.

After standing at room temperature for several hours, the potassium
salt of 6-methyl-3-(4-butoxyphenoxy )-4-quinaldinecarboxylic acid (XVII)
separsted as a solid cake. This cake was broken up and dissolved in 400 ml.
of water. The crude product was purified by the same method outlined for
3-(4-methoxyphenoxy )-4-quinaldinecarboxylic acid (IX).

The pure product was a darker tan powder than the corresponding
condensation product from isatin. 6-Methyl-3-(4-butoxyphenoxy)-4~quinal=
dinecarboxylic acid (XVII) melted with decomposition at 193 degrees C.
(cor.). The yield was ten and five tenths grams (60% of the theoretical).

& nitrogen analysis was run on a small sample which had been
recrystallized from & large volume of water and dried over phosphorus
pentoxide in a vacuum desiccator. The value obtained (3.85%) checked

the calculated value (3.83%).
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Preparation of 6-Nethyl-3-(2-methoxy-4-methylphenoxy )-

4-quinaldinecarboxylic Acid (XVIII)

0 OH
HsC ‘ H,

CHy  OcH,
(XVIID

Eight grams (0.05 mole) of S-methylisatin (VII) was dissolved
in 100 ml, of 33% aqueous potassium hydroxide and placed in a flask
equipped with a mechanical stirrer. WNine and seven tenths grams (0.05
mole ) of l-(2-methoxy-4-methylphenoxy )=2-propanone (V) was added and the
resulting mixture was heated with stirring on a steam bath for four hours
and allowed to stand overnight at room temperature. No solid precipitated.
The liquid was diluted to 400 ml. and acidified with (1-1) ecetic acid.

The so0lid acid was removed by filtretion and purified by the usual
method. The purified 6-methyl-3-(2~-methoxy-4-methylphenoxy )-4-quinaldine-
carboxylic acid (XVIII) was obtained in 54% yield as a tan solid melting
with decomposition at 242 degrees C. (cor.).

The nitrogen analysis gave a value of 4.19%. The calculated percent-

age is 4.15%.
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Preparation of 6-Chloro-3-(4-methoxyphenoxy )-4-quinaldinecarboxylic

Acid (XIX)

OOH

CH
{X1X)

Nine and seven hundredthe grams (0.0f mole) of S5-chloroisatin
(VIII) was dissolved in 180 ml. of 33% aqueous potassium hydroxide, and
eight and five tenths grams (0.05 mole) of l-(4-methoxyphenoxy)-2-propanone
(I) was added. The resulting mixture was heated with stirring on a steam
bath for one hour. Upon cooling the potassium 6-chloro-3-{4-methoxyphenoxy)-
4-guinaldinecarbexylate separated in the flask. The decanted liquid
portion yielded no precipitate upon acidification with dilute acetic acid
(1-1).

The sclid material was dissolved in 400 ml. of water, boiled with
nuchar, filtered, and cooled. The gquinoline acid wags precipitated with
acetic acid (l-1). The product was separated by filtration, suspended
in 400 ml. of hot water, and enocugh potassium hydroxide was added to dis-
solve the material. The muchar treatment was repeated. The final product
was a light ten (almost white solid, melting with decomposition at 237
degrees C. (cor.). The yield was seven grams (40% of the theoretical).

Analysis of & small sample previously dried over phosphorus pent-
oxide in a vacuum desiccator gave a value for nitrogen content of 4.00%.

The calculated value is 4.08% nitrogen.
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Preparation of 6-Chloro-3=(4=-ethoxyphenoxy )=4-quinaldinecarboxylic

COOH
cl 0 CoHs

CHy
(XX)

In 200 ml. of 33% agueous potassium hydroxide was dissolved nine
and seven hundredths grams (0.05 mole) of S-chlorcisatin. To this solution
was added nine and seven tenths (0,05 mole) of l-{4-ethoxyphenoxyj)-2-pro-
panone (II). The mixture was heated with stirring on a steam bath for one
hour, then cooled. The potassium salt of the quinoline acid separated in
the flask. The solid and the liquid were separated. The liquid was dis-
carded, and the so0lid was purified by the same method ocutlined for €-chloro-
3~(4=-methoxyphenoxy )-4-quinaldinecarboxylic acid (XIX).

The purified product was light tan in color and melted with decom-
position at 222 degrees C. {(cor.). The yield was fourteen and seven tenths
grams (82% of the theoretical).

A& small sample was dried over phosphorus pentoxide in a vacuum
desiccator and analyzed for nitrogen. The experimental value of 3.66%

was slightly lower than the calculated value of 3.91%.
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Preparation of 6-Chloro-3-(4-propoxyphenoxy )-4~quinaldinecarboxylic

Acid (XXI)

O OH

CH
(XX1)

In 200 ml. of 33% aqueous potassium hydroxide was dissolved nine
and seven hundredths grams (0.05 mole) of 5-chloroisatin (VIIIL). To this
solution was added ten and four tenths grams (0.05 mole) of 1l-(4=propoxy-
phenoxy )-2-propanone (III). The resulting mixture was heated with constant
stirring on a steam bath for thirty minutes. After cooling, the potassium
salt separated from the liquid, and it was subjected to the usual purifi-
cation procedure.

The final product was light beige color, melting with decomposition
at 205 degrees C. (cor.). The yield was twelve and five tenths grams
(68% of the theoretical).

A quantitative nitrogen determinaticn gave a value of 3.48%, as

compared with the calculated value of 3.77%.
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Preparation of 6-Chloro-3=-(4=~butoxyphenoxy )-4-quinaldinecarboxylic

Acid (XXII)

OOH
Gl 0.G,H,

(XXID

Nine and seven hundredths grams {0.05 mole) of 5-chloroisatin
(VITI) was dissolved in 200 ml. of 33% mqueous potassium hydroxide. To
this sclution was added eleven and one tenth grams (C0.05 mole) of
l-{4~butoxyphenoxy )-2-propanone {IV), and the reaction mixture was heated
for thirty minutes on a steam bath., The reaction product was separated
and purified in the usual manner.

The final product had a light tan cast and melted with decomposition
et 163 degrees C. (cor.). The yield was twelve and nine tenths grams
(67% of the theoretical).

The nitrogen content found by analysis of & smell sample, dried
over phosphorus pentoxide in a vacuum desiccator, was 3.70%. The calculated

value was 3.63%,
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Preparation of 6-Chloro-3-(2-methoxy-4-methylphenoxy )=

4-quinaldinecarboxylic Acid (XXIII)

OOH
Cl CH,
CHs  ogn,
(XX}

Nine and seven tenths grams (0.05 mole) of l-(2-methoxy-4-methyl-
phenoxy )-2-propanone (V) was added to a solution of nine and seven hundredths
grams (0.05 mole) of b-chloroisatin (VIII) in 200 ml. of 33% aqueous
potassium hydroxide. The mixture was refluxed on & steam bath for thirty
minutes. The potassium 6-chloro-3-(2-methoxy-4=-methylphenoxy )~4-quinaldine-
carboxylate did not separate on cocling. The reaction liguid was diluted
to 500 ml, and acidified with acetic acid (l-~1). The precipitate was
removed by filtration and purified by the same general procedure as for
the preceding quinoline acids.

The final compound was brown in color, and melted with decomposition
at 215 degrees C. (cor.). The yield was seven and five tenths grams (42%
of the theoretical},

A quantitative nitrogen analysis gave a result of 3.73%. The

theoretical value is 3.91%.
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GLNERAL DISCUSSION OF RESULTS

The preparation of aryloxyketones by the Hurd and Perletz9 Method
hes been extended to include several alkoxyaryloxyketones. These ketones
were white solids melting slightly above room temperature. Upon standing
they darkened to a light tan color.

The highest yield (82%) was secured after a slight change in
method. The reaction mixture was not stirred for twenty-four hours at
room temperature, and the ketone was removed and purified after a reaction
time of only three hours. This method was tried with both 1-(4-methoxy-
phenoxy J=2-propanone (I) and l-{4=-propoxyphenoxy )-2-propancne (III), end
in both cases a twenty per cent increase in yield was secured,

The lowest yield (48%) was obtained in the preparation of 1-{Z2-methoxy-
4-methylphenoxy )-2-propanone (V). This low yield was probably due to
interference of the methoxy group in the Z2-position.

The aryloxyketones were condensed with isatin, d-methylisatin, and
S=chloroisatin to form substituted 4-gquinaldinecarboxylic acids.

The time required for condensation decrsased when a S-substituted
isatin wes used. The average time required for condensation with isatin
was six hours, with S5-methylisatin four hours, and with 5-chloroisatin
thirty minutes,

Most of the yields were between sixty and seventy per cent of
theoretical. The lower yields were thnought to have been caused by a slight
increase in solubility of the quinoline acid in water, It was noted that
if a chloro group was added in the 6-position the solubility increased, and

if a methyl group was added in the 6-position the solubility decreased.
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For example, 6-chloro~3-(4-methoxyphenoxy )-4~quinaldinecarboxylic acid
(XIX) is more soluble than 3-(4-methoxyphenoxy)-4-quinaldinecarboxylic
acid (IX).

The potassium salts of the compounds prepared possessed soap-like
properties and showed a tendency to foam in water solution. The potassium
salte of all the compounds prepsred except those of 3=(2-methoxy-4-methyl-
phenoxy )-4-quinaldinecarboxylic acid (XIII) were salted out by the high
concentration of pobtassium hydroxide.

The quinoline acids darkened at sbout 165 degrees and decarboxylation
was observed to start well below the melting point which varied with the
rate of heating, Thus values listed as melting points (decomposition)
heve little significance as & characteristic of the compound. The
decomposition-point temperature in all cases decreased as the length of
the alkoxy chain increased. Thus the 3-(4-butoxyphenoxy}-4=-quinaldine-
carboxylic acids had the lowest melting point.

The semi-micro method of Dumas was used for the nitrogen deter-
minations. The 6-chloro-guinocline acids burned rapidly in the combustion
train, and it was necessary to employ & very low flame at the start of the
run with a gradual increase in temperature until the end of the analysis.

A rapid combustion at high temperature always resulted in & high
nitrogen percentage for the chloro acids, probably because of the forma-

tion of methane.
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SUMMARY

The following compounds have been prepared, and a study made of
some of their properties:

1. Ketones
1-(4-methoxyphenoxy }-2-propancne (1)
1-(4-ethoxyphenoxy )-2-propanone (II)
1-(4=-propoxyphenoxy }-2~propanone (III)
1-(4-butoxyphenoxy)-2~propanone (IV)
1-(2-methoxy-4-methylphenexy )-2-propancne (V)

2. Ketone Derivatives

The 2,4-dinitr0phenylhyﬁrazone and the semicarbazones of
1-(4-methoxyphenoxy )-2-propanone (I)
1-{4-ethoxyphenoxy )-2-propanone (II)
1-(4-propoxyphenoxy )-2-propancne (III)
1-(4-butoxyphenoxy )}~2-propancne {IV)
1-(2-methoxy-4-me thylphenoxy )-2-propanone (V)

3. Substituted Quinoline Acidse

3=( 4-me thoxyphenoxy )-4-quinaldinecarboxylic acid (IX)
3-(4-ethoxyphenoxy)-4-quinaldinecarboxylic acid (X)
3-{4-propoxyphenoxy )-4-quinaldinecarboxyliec acid (XI)
3~(4=butoxyphenoxy )-4-quinaldinecarboxylic acid (XII)

3= ( 2~me thoxy-4-methylphenoxy )-4-quinaldinecarboxylic acid (XIII}
8-methyl-3=-{ 4-methoxyphenoxy }-4-quinaldinecarboxylic acid (XIV)
6-me thyle=3-(4-ethoxyphenoxy )=4-quinaldinecarboxylic acid (XV)
§-me thyl-3=-(4-propoxyphenoxy )-4-quinaldinecarboxylic acid (XVI)

6-methyl-3-(4-butoxyphenoxy)=4-quinaldinecarboxylic acid (XVII)



36

6=me thyl-3=-(2-me thoxy-4-mne thylphenoxy J~4~quinaldinecarboxylic
acid (XVIII)

6=chloro-3=-(4-methoxyphenoxy j-4-quinaldinecarboxylic acid (XIX)

g~chloro-3=(4-ethoxyphenoxy )-4-quinaldinecarboxylic acid (XX)

6-chloro-3-{4~propoxyphenoxy )~4-quinaldinecarboxylic acid (XiI)

6-chloro-3-(4~butoxyphenoxy )-4-quinaldinecarboxylic acid (XXII}

8-chloro-3-(2-me thoxy-4-methylphenoxy )~4~quinaldinecarboxylic

acid (XXIII)
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TABILE I

Alkoxyaryloxyacetones and Derivatives

ArQ in Yield Mep. 2,4=Dinitro- Semi-
ArQCHpCOCHg % Degrees C. phenylhydreazone carbazone
4-Me thoxy-

phenoxy 64 48.5 149 192.5
4-Ethoxy=

phenoxy 62 5.5 105.5 192
4-Propoxy=-

phenoxy 73 39 91.5 188.8
4-Butoxy-

phenoxy 69 37 153 187.8
Z=Me thoxy~

4=-methyl-

phenoxy 48 28.5 136 153



I

CHsz

CHz

CHz

TABLE II

3«~Alkoxyaryloxy-4~quinaldinecarboxylic

Ar

4-Nethoxy-
phenyl

4~-Ethoxy-
phenyl

4~Propoxy=
phenyl

4~Butoxy-
phenyl

2=Methoxy=-
4-Me thyl-
phenyl

4-Me thoxy-
phenyl

4-Ethoxy-
phenyl

4-Propoxy=
phenyl

4-Butoxy=-
phenyl

Acids
COOH
-Ar
CH3
Yield Mepo Nitrogen
% degrees C. {dec) Caled.
74 215 4.56
56 214 4.33
70 208 4.15
717 150 3.99
75 232 4,33
67 234 4,33
64 138 4.15
62 204 3.99
60 193 3.83

Found

4,20

4.19

4.14

3.70

4.14

4.30
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R Ar Yield Mepe Nitrogen %

__ % degrees (. (deo) Caled. Found
CH3 2-Me thoxy-
4=Methyl-
phenyl 54 242 4.15 4.19
Cl 4-Me thoxy=-
phenyl 40 237 4.08 4.00
Cl 4=Ethoxy-
phenyl 82 222 3.91 3.66
cl 4-Fropoxy-
phenyl 68 205 377 3.48
Cl 4=-Butoxy-
phenyl 67 163 3.63 3.70
Cl 2-Methoxy-
4-je thyl-

phenyl 42 215 3.73 3.91
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FIGURE |

Preparation of I-(4-Methoxyphenoxy)-2-

. propanone (l)

OCH, 0 0CH,
4+ CI CH,C CH, —
0
OH O-CH,G CHy

(1

FIGURE 2

Preparation of | -(4-Ethoxyphenoxy)-2-

propanone  (Il)

0 G,Hs 06, H,

0)

t CI-CH,C-CH, >

OH | | oongc:Ha
(1)
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FIGURE 3

Preparation of |-(4- Propoxyphenoxy)- 2-

propanone (1)
0-C3 H, 0-C,H,
0
+ CI-CHzCLH; —
- Q
H 0-CH,CC Hs

(un

FIGURE 4

Preparation of {-(4-—Butoxyphenoxy) - 2-

propanone (1V)

0-C4Ho 0-C, Hg
0
+ CI-CH,C-CHy __, O
Q
H O GHyC GH,

(V)


http://CI-CH.2C.CH3

4|
FIGURE 5

Preparation of I1-(2-Methoxy-4-methylphenoxykr
2-propanone (V)

OH OGH,GC CH,
0
0-CHy " OGH;
L 3CI-CHG-CHy —>
G Hy CH,
(V)
FIGURE 6

Preparation of  Alkoxyphenol (V1)

OH OR

OH OH

(V1)
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FIGURE 7

Preparation of 5-Methy|isﬁ¥in(\/ll)

CH

N

NH,+NH,OH 4 CClsCH (OH),

CM
NH-COCH:N OH4 HCI 4+ H,0

H SO
2
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FIGURE 8

Prepa ration of 5-Chloroisatin (VIII)

C|

h''g

N H2+ NHZOH +C GI_:"-CH(OH)2

Gl

H-GOGH=NOH 4+ HCI 4H,0

Hp S04
cl o

\N/ =0
H

(VL)
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FIGURE 9

Preparation of 3-(4-Methoxyphenoxy)-4-

quifialdinecarboxylic acid (IX)

0 o
3 3% KOH =,

0

H
éJOOH

=0 H, G- -0-G-H

+ —
H, 0=

H ()

3

C OOH
- 0 “0G H,
~CH

3

(X



FIGURE 10

Preparation of 3-(4- Ethoxyphenoxy)-4-

quinaldinecarboxylic acid (X)

=0 239 KOH
=0
H

GOOH

45



46

FIGURE 11

Preparation of 3-(4-Prgpoxyphenoxy)-4-

quinaldinecarboxylic acid ( XI|)

C|=0 33% KOH
C=0
-~

v
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FIGURE 12

Preparation of 3{4-Butoxyphenoxy)-4 -

quinaldinecarboxylic acid  {(XI1).

I=O 33% KOH y

A0

H

COOH

=0 H,C-0 OC,H

+ ZI 4''9 |
H2 0=(|3
H._C (1V)

3

COOH
CH,

(X1)



FIGURE 13

Preparation of 3-{2-Methoxy-4-methylphenoxy)-4-

quinaldinecarboxylic acid ( XIil)

0 33% KOH

>
7~
0
H
OCH
=0 HZ "O Ha
—>
NHZ O= .O-GH3
Hy (V)

COOH
H, Hs

(X111)



FIGURE 1|4

Preparation of 6-Methyl-3(4-methoxyphenoxy)-4 -

quinaldinecarboxylic acid {(X[V)

HGC
3 -
33% KOH N
:O -
H
OOH
Hs% =0 H, C~0 OCH
+ o —
H, o=
Hy (n
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FIGURE 15

Preparation of 6-Methyl-3(4 -ethoxyphenoxy)-4-

guinaldinecarboxylic acid (XV)

H,C ;
i 33% KOH .
\N/ =0 7
H
L ioou
3 - —
oy mgo roen
NH, o
H ()

0 OH
H,C OO_O C,Hs
CH,

(XV)
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FIGURE I86

Preparation of 6-Methyl-3-(4-propex yphenox y»-4-

quinaldinecarboxylic acid (XVI)

HSC 0
' §3°/o KQH
=0
H

2

HG | IOOH
0+ HG

Hy 0=

H

3
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FIGURE 17

Preparation of 6-Methyl-3-(4-butoxyphenoxy)-4-

quinaldinecarboxylic acid (XVII)

33% KOH

N
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FIGURE 18

Preparation of 6-Methyl-3(2-methoxy-4-methyl-

phenoxy- 4-quinaldinecarboxylic acid (XViii)

H,C =0
33% KOH

.
"
o
N

COOH
H,C OOC H,
CH, O-C Hy

(XVIH)



54

FIGURE 19

Preparation <of 6-Chioro-3-(%-methoxyphen oxy-

4-quinaldinecarboxylic acid (X 1X)

Cl =
O 339 KkoH
N =0 i
H
¢cOOH
|
Cl s 0 H,C-0 CH
_l' 2| 3 —
N H, o=¢
Hy G

(1

COOH

Hs

(X1X)



FIGURE 20

Preparation of 6-Chloro-3-(4-ethoxyphenoxy-4-

quinaldinec arboxylic acid (X X)

Cl G=0
L 33% KOH
G0
H
COOH
Cl —C=0 C~0 D C_H
+ HZ | 25
NH, 0= ¢
H.C
3 (1)
?OOH
CH,

tX X)
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FIGURE 21

Preparation of 6-Chloro-3(4-propoxyphenoxy)-4-

quinaldinecarboxylic acid (XXI)

Cl

=0
/j_’o 33% KOH
N
H

0OH
cl ) ]
0 H, oOoo,,H., 5
0
H, G

COOH

Ci
H3

(X X1)



FIGURE 22

Preparation of 6-Chloro-3(4-butexyphenoxy}-4-

quinaidinecarboxylic acid (XXI1)

Cl

=z

OOH
cl
0 4 He -O‘QOG4H9

NH, 0-
H, (V)
0O0H
cl
—<3v004H9
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FIGURE 23

Preparation of 6-Chloro-3-(2-methoxy-4-methylphenoxy)-

4-quinaldinecarboxylic acid (XXIII)

Cl
-0
j 33% KOH .
=0 . 7
H
Gl E?OH ]
NH2 0= OCHs
H
3 (V)
GO OH
Gl
0 CH,
W I YTR

(X X11)
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