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1-Substituted Benzo(f)quinolines

By Ricuarp E. BensoN! anp CLIFF S. HAMILTON

Several series of benzoquinolines have been
prepared in this Laboratory. The syntheses have
heen divided into two groups; there are com-
pounds of the plasinochin and atebrin types,?2?
and syntheses resulting in compounds somewhat
related to quinine.* The present investigation has

dealt with a study of the latter type in the benzo-
(f)qumolme series.

1-Carboxybenzo(f)quinoline (I) was prepared by
the method of Robinson and Bogert.> This acid
was converted to l-chlorocarbonylbenzo(f)quino-
line hydrochloride? (IT) by treatment with thionyl
chloride. The addition of II to an ethereal solu-
tion of diazomethane yielded 1-diazoacetylbenzo-
(f)quinoline (III), by a method similar to that
emploved by Braz® for the preparation of 9-di-
azoacetylacridine. 1-Benzo(f)quinolyl bromo-
methyl ketone (IV) resulted on treatment of III
with 4877 hydrobromic acid.

Attempts to prepare ethyl 5,6-benzocincho-
ninyl acetate by means of the Claisen condensa-
tion of 1-carbethoxybenzo(f)quinoline® and ethyl
acetate, following the directions of Rabe and Pas-
ternack’ for the preparation of ethyl 4-quinolyl
acetate, and also by the directions of Chi and Lee?
for the preparation of ethyl benzoylacetate, failed.
By treatment of ethyl 4-quinolyl acetate with
bromine and hvdrobromic acid, Rabe, Pasternack
and XKindler! prepared 4-quinolyl bromomethyl
ketone.

Since the yield in the preparation of 1-diazo-
acetylbenzo(f)quinoline was low and since the
synthesis of ethyl 5,6-benzocinchoninyl acetate
had failed, a second method for the preparation
of the desired carbinol-type compounds was uti-
lized.

B-Naphthylamine and ethyl acetoacetate were
condensed to give B-2-naphthylaminocrotono-2-
naphthylainide, following the directions of
Knorr.1® The vield given by Gibson, et al.,'! for
this reaction could not be duplicated and the
original method of Knorr was used.

3-2-Naphthylaminocrotono-2-naphthylamide
was hydrolyzed to acetoaceto-g-naphthalide!! and
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the product cyclized to 3-hydroxy-1-methylbenzo-
(f)quinoline (V) by means of concentrated sulfu-
ric acid. The treatment of V with phosphorus
pentachloride and phosphorus oxychloride gave
3-chloro-1-methylbenzo(f)quinoline  (VI). 1-
Methylbenzo(f)quinoline (VII) was prepared by
reduction of VI with tin and hydrochloric acid
and by the reduction of VI with hydrogen and
palladium-on-barium sulfate catalyst. The prod-
ucts obtained were identical and melted at 98-
99°. Reed!? obtained VII by the condensa-
tion of B-naphthylamine, methylal and acetone
and gives a melting point of 112°, while Knorr and
Gibson, et al., who prepared the methyl compound
by the distillation of 3-hydroxy-1-methylbenzo(f)-
quinoline with zinc dust, report a melting point of
91-92°.

1-Formylbenzo(f)quinoline (VIII) was synthe-
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sized by the oxidation of VII with selenium diox-
ide, according to the directions of Kwartler and
Lindwall'® for the preparation of cinchoninalde-
hyde. Several condensation products of VIII
were synthesized, following the methods of these
authors. B-[1-Benzo(f)quinolyl]-8-hydroxy-a-ni-
troethane (IX) was prepared by the condensation
of VIII and nitromethane. The attempts to re-
duce IX to the corresponding amino derivative in
a neutral solution with the use of Raney nickel
catalyst resulted in a product that could not be
purified. This result agrees with the work of
Levitz and Bogert!* who found that a-(6-meth-
oxyquinolyl-4)-3-nitroethanol could not be re-
duced to the desired amino compound in neutral
solutions. The reduction was attempted by the
method of Gakenheimer and Hartung!® but the
yield was so low that an analytical sample was not
obtained.

The benzoin type reaction on VIII gave 1'-
benzo(f)quinolylglycolyl-1-benzo(f)quinoline (X).
The aldehyde (VIII) was condensed with quinal-
dine to give a few crystals melting at 193-194°.
Diphenacyl-1-benzo(f)quinolylmethane (XI) was
synthesized by the condensation of VIII and aceto-
phenone. 1-Benzo(f)quinolylcarbinol (XII) re-
sulted from a cross-Cannizzaro reaction with VIII.
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The aldeliyde (V1II) was condensed with several
amines to yield the corresponding anils. In this
manner, 35,6-benzocinchoninal-p-hydroxyaniline
(XIID), 5,6-benzocinchoninalaniline (XIV), 5,6-
benzocinchoninal-p-[1-(3,4 -dimethyl-1,2,5-triazo-
lyl)]-aniline (XV) and 8-(5,6-benzocinchoninala-
mino)-6-methoxyquinoline (XVI) were prepared.

1-(p-Hydroxyanilinoinethyl)-benzo(f) quinoline
(XVII) resulted from the reduction of XIII by
zinc dust and sodium hydroxide, and by a hydro-
gen reduction with palladium-on-barium sulfate
catalyst. The attempts to reduce the oxime
(XVIII) of VIII to l-aminomethylbenzo(f)quino-
line were unsuccessful.

Experimental

1-Chlorocarbonylbenzo(f)quinoline Hydrochloride
(IT) .3—A mixture of 20 g. (0.090 mole) of I and 110 ml. of
thionyl chloride was refluxed for thirty minutes and the ex-
cess chlorinating agent removed at reduced pressure. The
residue was broken up under dry benzene. The product
was collected by filiration and dried in a vacuuin desiccator
over potassium hydroxide; yield 23 g. (92%).

1-Diazoacetylbenzo(f)quinoline (III).—Seven and
seven-tenths grams (0.028 mole) of II was added with
constant stirring over a period of thirty minutes to an ice
cold ethereal solution of diazomethane (approximately 0.1
mole). The diazomethane was prepared from nitroso-
methylurea.®-17  Stirring and cooling were continued for
three hours and the mixture allowed to stand overnight in
the refrigerator. Filtration and concentration of the fil-
trate gave a yellow solid which, on recrystallization from

benzene—petroleum ether (b. p. 70-80°), weighed 1.6 g. .

(23%). The yellow crystals melt at 144.5-145.5° with
decomposition. The use of a larger excess of diazoniethaie
(approximately 0.14 mole) gave a 30% yield. The com-
pound decomposed so violently on heating slightly above
its melting point that it was not analyzed.

1-Benzo(f)quinolyl Bromomethyl Ketone (IV).—To 20
ml., of 48%, hydrobromic acid was added 1.6 g. (0.006 mole)
of III in small portions with constant stirring. After
twenty minutes the sohttion was diluted with four times
its volume of water, cooled internally and externally with
ice and made alkaline with dilute sodium hydroxide. The
solid was filtered immediately, dried and crystallized from
a small voluine of acetoune and then from absolute ethanol.
The yield was 1.5 g. (779,) of slightly yellow needles;
m. p. 132-133°.

Anal. Caled. for C;H,BrNO: C, 60.02; H, 3.36.
Found: C,60.20,60.25; H, 3.48, 3.50.

3-Hydroxy-1-methylbenzo(f)quinoline (V).—A miix-
ture of 26 g. (0.115 mole) of acetoaceto-3-naphthalide and
75 ml. of concentrated sulfuric acid was heated on a boiling
water-bath for fiftcen ininutes with constant shaking. The
resulting solution was poured with stirring into 200 ml.
of water and a white solid iinmediately separated. The
product was filtered, triturated with dilute ammonium

hydroxide and washed with water; yield 18 g. (756%),

m. p. 285-286°. Knorri® and Gibson, et al.,!! prepared
this compound by cyclization of acetoaceto-B-naphthalide
with conceuntrated hydrochloric acid and give a inelting
point of 286 .

3-Chloro-1-methylbenzo(f)quinoline (VI).—A solution
of 22.5 g. (0.107 mole) of V', 160 1nl. of pliosphorus oxy-
chloride and 24 g. of phosphorus pentachloride was refluxed
for six honrs. The chlorides of phosphorus were removed
at reduced presstire and the residue broken up with ice and
ice water. The solid was filtered, dissolved in 80 ml. of 12
.V hydrochloric acid and the solution filtered through a
glass cloth. The yellow-brown filtrate was added drop-
wise to 500 ml. of water. The product was collected by

(16) Arndt, l.oewe and Avan, Ber., T3B, 606 (1940).
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filtration, triturated with dilute ammonium hydroxide and
washed with water. The white solid was crystallized
from acetone to give white needles of m. p. 155°; yield
14.6 g. (60%). -Gibson, et al., give a m. p. of 153-154°.

1-Methylbenzo(f)quinoline (VII).—A mixture of 29.2 g.
(0.128 mole) of VI, 200 ml. of water, 150 ml. of 12 N
hydrochloric acid, 280 ml. of 95%, ethanol and 22.5 g. of
mossy tin was refluxed for eighteen hours, at the end of
which time VT had completely dissolved. The solution
was decanted from a small amount of unreacted tin and
most of the alcohol removed by distillation. The mixture
was made definitely alkaline with sodium hydroxide,
warmed to decompose the stannous salt and extracted with
ether until the ethereal extracts were colorless. The ether
layers were combined, decolorized with carbon, and the
ether removed to give an oil that solidified at room tem-
perature. The solid was recrystallized from acetone—
water to give white needles of m. p. 98-99°; yield 16 g.
(65%) .

Reed gives a m. p. of 112°, while Knorr and Gibson,
et al., give a m. p. of 91-92° for VII.

The methyl compound (VII) was also prepared by a
catalytic reduction. To a solution of 2.26 g. (0.01 mole)
of VI in acetone and ethanol was added 20 ml. of 109
alcoholic potassium hydroxide and 4 g. of palladium-on-
barium sulfate catalyst. The reduction was begun at a
pressure of two pounds. The excess solvent was removed
by distillation and VII crystallized on the addition of
water to give white needles of m. p. 98-99°; yield 1.7 g.
(88%) .

Anal. Caled. for CHuN: C, 87.01;
Found: C, 87.29,87.33; H, 5.92, 5.94. )

1-Formylbenzo(f)quinoline (VIII).—A solution of 17 g.
(0.0882 mole) of VII in 150 ml. of dry xylene was placed
in a 3-necked flask and heated by means of an oil-bath
maintained at 135°. Sublimed selenium dioxide (14.7 g.)
was added in small portions over a period of forty-five
minutes with constant stirring. The temperature was
maintained at 135° and stirring continued for one hour
longer.

The reaction mixture was cooled, filtered and the xylene
removed by steam distillation. Extraction of the residue
with ether, followed by decolorization with carbon and the
addition of petroleum ether (b. p. 70-80°) gave 12.6 g. of
light tan crystals of m. p. 74-77°. A second crystalliza-
tion from ether-petroleum ether gave white needles of
m. p. 81.5-82.5°; yield, 11.5 g. (63%). The melting
point remains unchanged after recrystallization from
ethanol-water.

Anal. Caled. for CyHeNO: C, 81.14;
Found: C, 80.92, 81.12; H, 4.58, 4.56.

The fluffy, yellow 2,4-dinitrophenylhydrazone melts at
270-271° with decomposition.

Extrdction of the selenium residue with dilute sodium
hydroxide, followed by decolorization with carbon and
acidification with glacial acetic acid, gave a small amount
of 1-carboxybenzo(f)quinoline; m. p. 300-301°.

B-[1-Benzo(f)quinolyl] - 8-hydroxy-a-nitroethane (IX).
—A solution of 2.5 g. (0.041 mole) of nitromethane, 10
drops of diethylamine and 10 ml. of absolute ethanol was
cooled and 2.5 g. (0.0121 mole) of VIII in 30 ml. of abso-
lute ethanol added. The solution was allowed to stand at
room temperature for twenty-four hours and then cooled
to give yellow crystals that were collected by filtration.
Recrystallization from 909, ethanol gave slightly yellow
crystals of m. p. 169-170° with decomposition; yield, 2.0
g (62%).

Anal. Calcd. for C(s,H]zL Y203: C, 6715,
Found: C, 67.43,67.38; H, 4.67, 4.63.

1’-Benzo(f) quinolylglycolyl-1-benzo (f) quinoline (X).—
To a solution of 2.07 g. (0.01 mole) of VIII in 20 ml. of
95% ethanol was added a solution of 0.125 g. of sodium
cyanide in 10 ml. of water. The resulting solution was re-
fluxed for thirty minutes, the mixture cooled and the solid
collected by filtration. The product was washed with
water and ethanol. The yellow solid weighed 1.7 g.
(82%) and is insoluble in alcohol, benzene, toluene and

H, 5.74.

H, 4.38.

H, 4.51.
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acetone. It was recrystallized from a water-acetic acid
mixture to give a yellow powder of m. p. 272-273° with
decomposition.

Anal. Caled. for ngHlsNzozi C, 81.14; H, 4.38.
Found: C, 81.43, 81.40; H, 4.25, 4.29.
Diphenacyl-1-benzo(f) quinolylmethane (XI).—To a

mixture of 1.2 g. (0.01 mole) of acetophenone, 21 ml. of
109, sodium hydroxide, 25 ml. of 95%, ethanol and a few
chips of ice, was added 1.0 g. (0.0048 mole) of VIII in 25
ml. of 959, ethanol. The resulting solution was shaken
and allowed to stand overnight at room temperature.
After cooling, the solid was collected by filtration and re-
crystallized from 909, ethanol to give fine, white needles of
m.p. 146.5-147.5°; yield, 0.95 g. (46%).

Anal. Caled. for CypHuNO.: C, 83.89;
Found: C, 84.10, 84.13; H, 5.60, 5.59.

1-Benzo(f)quinolylcarbinol (XII).—A solution of 3.4 g.
of potassium hydroxide in 25 ml. of methanol was heated to
60°, and a solution of 5.0 g. (0.025 mole) of VIII and 2.62
ml. of formalin in 5() ml. of methanol added with constant
stirring. The stirring was continued and the temperature
maintained at 60-70° for three hours. Most of the alcohol
was removed by distillation and the residue poured into
water. The solid was removed by filtration and crystal-
lized from benzene to give a white powder of m. p. 171-
175° after softening at 164°; yield, 2.8 g. (56%).

Anal. Caled. for C HyNO: C, 80.36; H, 5.30.
Found: C, 80.41, 80.04; H, 5.57, 5.57.

5,6-Benzocinchoninal-p-hydroxyaniline (XIII).—To a
solution of 7.8 g. (0.0377 mole) of VIII in 45 ml. of n-
butanol and 45 ml. of toluene, was added 4.5 g. (0.0413
mole) of p-aminophenol in 45 ml. of n-butanol. A few
drops of diethylamine were added and the solution re-
fluxed for four hours. After cooling, the solid was col-
lected by filtration and washed with ethanol. The yellow
product weighed 9.4 g. (839%); m. p. 241-242° with de-
composition. An analytical sample was obtained by
recrystallization from methyl alcohol to give yellow needles
of m. n. 243-243.5° with decomposition.

Anel. Caled. for CpHiyN,O: C, 80.51;
Found: C, 80.49, 80.64; H, 4.92, 4.95.

§,6-Benzocinchoninalaniline (XIV).—In a manner simi-
lar to the preparation of XIII, aniline and VIII were
condensed ta give XIV. The product was crystallized
from benzene-petroleum ether to give a 67% yield of
yellow needles of m. p. 202-205°, with decomposition, after
softening at 186°.

Anel. Caled. for CoHyN2: C, 85.08;
Found: C, 85.22,85.30; H, 5.28, 5.23.

5,6-Benzocinchoninal-p-{1-(3,4-dimethyl-1,2,5-tri-

azolyl)]-aniline (XV).—Similar to the preparation of
XIII, 1-(p-aminophenyl)-3,4-dimethyl-1,2,5-triazole and
VIII were condensed to give XV. The yield was 71%; of
yellow crystals of m. p. 181-182° from 90%, ethanol.

Anel. Caled. for CuHygN;: C, 76.37; H, 5.07.
Found: C, 76.52,76.58; H, 5.21, 5.19.

8-(5,6-Benzocinchoninalamino) -6-methoxyquinoline

(XVI).—In a manner similar to the preparation of XIII,
6-methoxy-8-aininoquinoline and VIII reacted to give
XVI. After crystallization from absolute ethanol, there

H, 5.40.

H, 4.73.

H, 5.00.
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\évla; obtained yellow crystals of m. p. 208.5-209.5°; yield
-

Anal. Caled. for CuHpN;O: C, 79.32;
Found: C,79.38,79.45; H, 4.87, 4.93.

1-(p-Hydroxyanilinomethyl) -benzo (f) quinoline (XVII).
—To a dilute sodium hydroxide solution of 3.0 g. (0.01
mole) of XIII was added 2.0 g. of zinc dust and the mixture
refluxed for three and one-half hours. The unreacted zinc
was removed by filtration and the filtrate made slightly
acid to litmus with dilute hydrochloric acid. The solid
was filtered, triturated with very dilute alkali, washed with
dilute acetic acid and finally washed with water. The
product was crystallized from ethanol-water to give a
white powder of m. p. 212.5° after softening at 206°;
yield, 0.5 g. (17%,).

The amine XVII was also prepared by a catalytic reduc-
tion. To a hot solution of 1.0 g. of XIII in 95%, ethanol
was added 2.5 g. of palladium-on-barium sulfate catalyst
and the reduction begun at a hydrogen pressure of eight
pounds. After two hours, the mixture was reheated, 1.0
g. of catalyst added and the reduction continued for
another hour.

The catalyst was removed by filtration and the volume of
the filtrate reduced by distillation. On cooling, white crys-
tals separated of m. p. 212°. A mixed melting point with
the product from the zinc reduction showed no depression.

Anal. Caled. for CypHeN.O: C, 79.97; H, 5.37.
Found: C,79.77,79.85; H, 5.59, 5.63.

1-Formylbenzo(f)quinoline Oxime (XVIII).—The oxime
of VIII was prepared in the usual manner in 849, yield.
The product was recrystallized from 809, ethanol to give a
white solid of m. p. 223-224° after softening at 210°.

Anal. Caled. for Cy HN:O: C, 75.66; H, 4.54.
Found: C,75.78,75.83; H, 4.49, 4.58.

Summary

The preparation of 1-diazoacetylbenzo(f)quino-
line is described. This compound was converted
to 1-benzo(f)quinolyl bromomethyl ketone. 1-
Methylbenzo(f)quinoline was synthesized and
oxidized to 1-formylbenzo(f)quinoline. This al-
dehyde was condensed with nitromethane to yield
B-[1-benzo(f)quinolyl] - 3-hydroxy-a-nitroethane
and with acetophenone to give diphenacyl-1-
benzo(f)quinolylmethane. 1’-Benzo(f)quinolyl-
glycolyl-1-benzo(f)quinoline and 1-benzo(f)quin-
olylcarbinol were also prepared.

1-Formylbenzo(f)quinoline was condensed with
appropriate amines to give 3,6-benzocinchoninal-
p-hydroxyaniline, 5,6-benzocinchoninalaniline, 5,-
6-benzocinchoninal - p-[1-(3,4-dimethyl-1,2,5-tri-
azolyl)]-aniline and 8-(5,6-benzocinchoninalam-
ino)-6-methoxyquinoline.  5,6-Benzocinchoninal-
p-hydroxyaniline was reduced to 1-(p-hydroxyani-
linomethyl)-benzo(f)quinoline.

H, 4.72.
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