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5- and 7-Substituted 2-Methyl-8-quinolinols (1)

Herman Gershon and Maynard W. McNeil

Boyce Thompson Institute for Plant Research, Inc., Yonkers, New York 10701
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The synthesis and characterization of the 5- and 7-monosubstituted 2-methyl-8-quinolinols

where the substituents are fluorine, chlorine, bromine, iodine, nitro, amino, and sulfonic acid

groups were carried out. The bischelates with copper(Il) of those ligands containing hydrogen,
fluorine, chlorine, bromine, iodine, and nitro are also reported.

Due to our interest in attempling to relate the anti-
fungal activity of the copper(ll) chelates of 8-quinolinol
and its derivatives to the geometry and charge distribution
of the molecules (2-4) and to their stability constants
(5,0), the study was extended to a comparable series of
2-methyl-8-quinolinols. Thus it was decided to prepare
and characterize the 5- and 7-monosubstituted 2-methyl-
8-quinolinols and their respective copper(ll) chelates, where
the substituents included fluorine, chlorine, bromine, io-
dine, and nitro group.

Of the 5-substituted 2-methyl-8-quinolinols, the 5-
chloro (7), 5-bromo (7), 5-iodo (7), 5-nitro (8), and 5-
amino (8) derivatives were known. In the present study,
S5-chloro and 5-bromo-2-methyl-8-quinolinols were pre-
pared in good yield by electrophilic halogenation of the
parent compound with the respective N-halosuccinimide
in 90-93% sulfuric acid (9), and 5-fluoro-2-methyl-8-
quinolinol was obtained by the Baltz-Schiemann reaction
on 5-amino-2-methyl-8-quinolinol. The 7-chloro and 7-
bromo-2-methyl-8-quinolinols were prepared by halogena-
tion of 2-methyl-8-quinolinol-3-sulfonic acid followed by
desulfonation (10).
with N-iodosuccinimide in 90% sulfuric acid yielded the

lodination of 2-methyl-8-quinolinol

7-iodo derivative (9). 7-Fluoro-2-methyl-8-quinolinol was
obtained by nitration of 2-methyl-8-quinolinol-5-sulfonic
acid (11), desulfonation and hydrogenation followed by
replacement of the amino group with fluorine under the
conditions of the Baltz-Schiemann reaction (12). The
bischelates of these ligands with copper(Il) were sub-
scquently prepared by mixing solutions containing stoichio-
metric quantities of copper(ll) acetate monohydrate in
75% aqueous methanol with solutions of the ligand in
methanol or methanol dimethyl formamide mixtures.

Since a number of 5-sulfonic acids were prepared as
intermediates and a significant portion of the literature
on 8-quinolinol-7-sulfonic acids has recently been correct-

ed (13), it was decided to make and characterize the
additional members of the series of 5- and 7- 2-methyl-
8-quinolinol sulfonic acids, where the second substituent
consisted of fluorine, chlorine, bromine, iodine, nitro, or
sulfonic acid group. Although 2-methyl-8-quinolinol-5-
sulfonic acid was reported, it was not fully characterized
(14). This was accomplished by converting the sulfonic
acid to 7-chloro-2-methyl-8-quinolinol, as indicated earlier
in this work. The 7-chloro compound was shown to be
different from the known 5-chloro derivative, and both
yielded 5,7-dichloro-2-methyl-8-quinolinol on further chlo-
rination.  7-Nitro-2-methyl-8-quinolinol was similarly re-
ported but not fully characterized (11). The preparation
of 7-chloro and 7-bromo-2-methyl-8-quinolinol-5-sulfonic
acids was mentioned earlier, and although 7-bromo-2-
methyl-8-quinolinol-3-sulfonic acid was previously report-
ed, it was not fully characterized (11). 7-Fluoro-2-methyl-
8-quinolinol-5-sulfonic acid was obtained by sulfonation
of 7-fluoro-2-methyl-8-quinolinol. lodination of 2-methyl-
8-quinolinol-5-sulfonic acid to the 7-iodo derivative was
achieved with N-iodosuccinimide.

Upon sulfonation of 5-fluoro, 5-chloro, and 5-bromo-
2-methyl-8-quinolinols with 10% oleum, the respective
7-sulfonic acids were obtained. 2-Methyl-8-quinolinol-7-
sulfonic acid was produced by hydrogenolysis of the 5-
chloro derivative, and 5-iodo and 5-nitro-2-methyl-8-quin-
olinol-7-sulfonic acids were prepared by iodination with
N-iodosuccinimide and nitration of the 7-sulfonic acid,
respectively. For the preparation of 2-methyl-8-quinolinol-
5,7-disulfonic acid, 2-methyl-8-quinolinol was dichloro-
sulfonated with chlorosulfonic acid and subsequently
hydrolyzed in water.

The data characterizing the compounds are contained
in Table I, and the 60 MHz nmr spectral features of the
compounds taken in dg-DMSO using tetramethyl silane
as the internal standard are listed in Table 1I. Infrared
spectra in potassium bromide are shown in Figures 1-6.
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1.85 (singlet)

1.00 (doublet

Ja3z=9)

1.86 (doublet

7.03
J34=9)

5-Br, 7-S03H

1.62 (singlet)

1.10 (doublet
Jaz=9)

1.90 (doublet
J3a=9)

7.02

5-1, 7-SO3H

1.21 (singlet)

0.65 (doublet

Ja3=9)

1.92 (doublet

713
J34=9)

5-NO,, 7-SO3H

1.87 or 1.91

0.25 (doublet

Jaz=9)

7.01 1.87 or 1.91

7.F, 5-S03H

= 9)

(doublet JHF
1.90 (singlet)

(doublet J34 = 9)
1.98 (doublet

J34=9)

0.42 (doublet
Ja3=9)

7.08

7-Cl, 5-SO3H

1.76 (singlet)

0.45 (doublet

Jaz=9)

2.00 (doublet

7.09
J34=9)

7.Br, 5-S03H
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1.60 (singlet)

1.12 (doublet

Jaz=9)

1.90 (doublet
J34=9)

7.03

7-1, 5-SO3H

1.41 (singlet)

0.52 (doublet

Jaz=9)

1.94 (doublet
J34=9)

7.09

7-NO,, 5-SO3H

1.58 (singlet)

0.14 (doublet

Jaz=9)

1.77 (doublet

J34=9)

6.99

5,7(S03H),

(a) Spectra taken on 3% solutions of sulfonic acids in dg-DMSO and 5% solutions of other compounds.
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Figure 2. Ir spectra in potassium bromide of 1: 7-fluoro-
2-methyl-8-quinolinol, 2: 7-chloro-2-methyl-8-quinolinol,
3: 7-bromo-2-methyl-8-quinolinol, 4: 7-iodo-2-methyl-
8-quinolinol, 5: 2-methyl-7-nitro-8-quinolinol.

The compound which was dried under vacuum at room tempera-
ture was obtained in 76% yield.

5-Fluoro-2-methyl-8-quinolinol.
Method 1.

5-Amino-2-methyl-8-quinolinol hydrochloride (26.2 g., 0.125
mole) was suspended in 250 ml. of tetrahydrofuran with stirring.
Fluoroboric acid (48-50%, 113 ml.) was added, and the tempera-
ture was maintained at 0-5°. Solid sodium nitrite (9.0 g., 0.13
mole) was added in small portions over 0.5 hour and stirring was
continued for an additional 2 hours. The precipitate was removed
by filtration on a coarse sintered glass funnel, slurried twice with
35 ml. portions of cold 1:1 ether-ethanol mixture (v/v) and twice
with 65 ml. portions of cold ether, and dried under vacuum at
30-35° overnight. The yield of product was 42 g., m.p. 179° dec.
The compound was combusted in 2 portions of 21 g. spread over
the bottom of Fernbach flasks fitted with air condensers. Each
product was boiled in 100 ml. of 5% sulfuric acid, and the com-
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Figure 3. Ir spectra in potassium bromide of I: bis(2-
methyl-8-quinolinolato)copper(ll), 2: bis(5-fluoro-2-meth-
yl-8-quinolinolato)copper(Il), 3:  bis(5-chloro-2-methyl-
8-quinolinolato)copper(ll), 4:  bis(5-bromo-2-methyl-8-
quinolinolato)copper(Il), 5:  bis(5-iodo-2-methyl-8-quin-
olinolato)copper(ll), 6: bis(2-methyl-5
lato)copper(1]).

>-nitro-8-quinolino-

bined liquids were brought to pH 5-6 with dilute sodium hydroxide

solution and steam distilled. A yield of 6 g. of compound was
obtained by filtration of the distillate, m.p. 57-58°. Upon ad-
justing the filtrate to pH 7 with sodium bicarbonate, 2.1 g. of
additional compound, m.p. 53-54.5° was obtained. The combined
yield of product was 37%, and crystallization of the first yield of
compound from methanol did not alter the melting point.

Method I1.

To 20 g. (0.122 mole) of 5-fluoro-8-quinolinol (17) dissolved
in 800 mi. of anhydrous ether was added 200 ml. (2.3 N, 0.46

Vol. 9
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Figure 4. Ir spectra in potassium bromide of 1: bis(7-
fluoro-2-methyl-8-quinolinolato)copper(ll), 2: bis(7-chlo-
ro-2-methyl-8-quinolinolato)copper(ll), 3: bis(7-bromo-2-
methyl-8-quinolinolato)copper(ll), 4: bis(7-iodo-2-meth-
yl-8-quinolinolato)copper(ll), 5: bis(2-methyl-7-nitro-8-
quinolinolato)copper(ll).

mole) of methyl lithium dropwise with stirring at 0°. Stirring was
continued for 2 hours, after which 50 ml. of water was added
dropwise with continued stirring. The mixture was brought to pH
5-6 by addition of acetic acid. The ether layer was separated and
the aqueous layer was extracted twice again with ether. The com-
bined ether solutions were freed of ether by flash evaporation and
the residue was steam distilled. The crude product was obtained
in 70% yield, after filtration and drying under vacuum at room
temperature, m.p. 50-51°.

5-Chloro-2-methyl-8-quinolinol.

To a solution of 32 g. (0.2 mole) of 2-methyl-8-quinolinol in
1000 mi. of 90% sulfuric acid, kept at 25° by means of external
cooling, was added 27 g. (0.2 mole) of N-chlorosuccinimide in
small portions, with stirring. The mixture was allowed to stir for
3 hours, after which it was poured onto ice and adjusted to pH 6-7
with sodium hydroxide. The precipitate was removed by filtration,
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Figure 5. Ir spectra in potassium bromide of 1: 2-methyl-

8- qumolmol -sulfonic acid, 2: 7-fluoro-2-methyl-8-quin-
-sulfonic acid, 3: 7-chloro-2-methyl-8-quinolinol-
S-sulfonic acid, 4: 7-bromo-2-methyl-8-quinolinol-5-sul-
fonic acid, 5: 7-iodo-2-methyl-8-quinolinol-5-sulfonic acid,

6: 2-methyl-7-nitro-8-quinolinol-5-sulfonic acid.

olinol-5

washed with water, and dried at 35° in a vacuum desiccator over-
night. The yield of product was 33 g. (85%), m.p. 55-58°. After
several recrystallizations from methanol, the compound melted at
63-64° [Lit. (7) m.p. 60-61°; lit. (18) m.p. 68°; lit. (19) m.p.
64°] and was shown to be over 99% pure by gas chromatography.

5-Bromo-2-methyi-8-quinolinol.

The title compound was prepared in a manner similar to that
of the chloro analog by using N-bromosuccinimide in place of N-
chlorosuccinimide. The yield of product was nearly quantitative,
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Figure 6. Ir spectra in potassium bromide of 1:
8-quinolinol-7-sulfonic acid, 2: 5-fluoro-2-methyl-8-quin-
olinol-7-sulfonic acid, 3: 5-chloro-2-methyl-8-quinolinol-7-
sulfonic acid, 4: 5-bromo-2-methyl-8-quinolinol-7-sulfonic
acid, 5: 5-iodo-2-methyl-8-quinolinol-7-sullonic acid, 6:
2-methyl-7-nitro-8-quinolinol-7-sulfonic acid, 7: 2-meth-
yl-8-quinolinol-5,7-disulfonic acid.

2-methyl-

m.p. 63-67°. Upon crystallization from methanol, a gas chromato-
graphically pure compound was obtained which melted at 67-68°
[Lit. (7) m.p. 63-64°; Lit. (20) m.p. 68°].

5-lodo-2-methyl-8-quinolinol.

A solution of 120 g. (0.47 mole) of iodine and 90 g. (0.54
mole) of potassium iodide in 250 ml. of water was added over 4
hours to a suspension of 80 g. (0.5 mole) of 2-methyl-8-quinolinol
in a solution of 98 g. (1.0 mole) of potassium acetate in 600 ml.
of water at room temperature. After stirring overnight, sufficient
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sodium bisulfite was added to reduce any unreacted iodine, and
the product was removed by filtration, washed with water, and
dried at 70° overnight. The dried product was extracted with 300
ml. of boiling ethanol, which on refrigeration overnight, yiclded
102 g. (71%) of material, m.p. 126-148°. After several additional
recrystallizations from cthanol the compound melted at 151-152°
[Lit. (7) m.p. 151-153°} and was over 9Y9% pure by gas chromato-
graphic assay.

5-Fluoro-2-methyl-8-quinolinol-7-sulfonic Acid.

5-Fluoro-2-methyl-8-quinolinol (1.8 g., 0.0] mole) was heated
to 200° in 30 ml. of 10% oleum. The solution was allowed to cool
1o room temperature and was poured onto ice. The crystalline
sulfonic acid was filtered off, washed with water followed by
acetone, and dried at 70° overnight. The yield of product was
2.1 g. (75%) as the monohydrate.

5-Chloro-2-methyl-8-quinolinol-7-sulfonic Acid.

The title compound was prepared from 5-chloro-2-methyl-8-
quinolinol (5.0 g., 0.026 mole) by heating in 50 ml. of 10% oleum
to 160°. The isolalion procedure was similar to that for the 5-
fluoro compound. The yield of product was 6.3 g. (84%) as the
monohydrate.

5-Bromo-2-methyl-8-quinolinol-7-sulfonic Acid.

This compound was obtained in 78% yield by the same method
as employed for the preparation of the 5-chloro derivative.

2-Methyl-8-quinolinol-7-sulfonic Acid.

A suspension of 9.5 g. (0.033 mole) of 5-chloro-2-methyl-8-
quinolinol-7-sulfonic acid and 1.0 g. of 10% palladium on charcoal
in 250 ml. of hot water was shaken in a Parr hydrogenator until
0.033 mole of hydrogen was taken up. The mixture was heated
and filtered, and the insoluble residue was extracted twice with
100 ml. volumes of hot water. After refrigerating overnight, the
product was oblained by filtration, washed with water and acetone,
and dried at 70° overnight. A yield of 8.5 g. (83%) of compound
was obtained, m.p. 305-306° dec.

5-lodo-2-methyl-8-quinolinol-7-sulfonic Acid.

2-Methyl-8-quinolinol-7-sulfonic acid (2.05 g., 0.0086 mole)
and N-iodosuccinimide (2.25 g., 0.01 mole) were stirred overnight
in a mixture of 20 ml. of methanol and 5 ml. of water. The prod-
ucl was removed by filtration, washed with water and acetone, and
dried at 70° overnight, and the yield was 95% of the theoretical.

2-Methyl-5-nitro-8-quinolinol-7-sulfonic Acid.

2-Methyl-8-quinolinol-7-sulfonic acid (2.05 g., 0.008 mole) was
dissolved in 11 ml. of 2% oleum. Nitric acid (0.75 mlL) was added
with stirring during 30 minutes keeping the temperature at 0°,
Stirring was continued for an additional 30 minutes at 0°, and the
solution was then poured onto ice. The product was obtained in
97% yield by filtration, washing with water and acetone, and
drying at 70° overnight.

2-Methy!-8-quinolinol-5-sulfonic Acid.

2-Methyl-8-quinolinot (500 g., 3.14 moles) was dissolved in
2000 ml. of sulfuric acid with heating and stirring. The solution
was allowed to cool to 65° and 1000 ml. of 20% oleum was added.
Stirring was continued for an additional 2 hours after which the
solution was poured onto ice. Acetone (3000 ml.) was added to
the mixtlure and the crystalline product was removed by filtration,
washed with acetone and dried at 70° overnight. The product was
obtained in 81% yield as the monohydrate.
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7-Chloro-2-methyl-8-quinolinol-5-sulfonic Acid.

To a solution of 25.7 g. (0.1 mole) of 2-methyl-8-quinolinol-5-
sulfonic acid monohydrate and 16 g. (0.28 mole) of potassium
hydroxide in 250 ml. of water was added 250 ml. of sodium
hypochlorite (5.25% active chlorine). After stirring for 1.5 hours
at ambient temperature, the solution was passed through a column
of Amberlite IR-120 (H+) to remove cations, and the effluent was
flash evaporated to a small volume, which was doubled by addition
of acetone. The product was obtained by filtration, washing with
acetone, and drying at 70° overnight. The yield of compound was
91%, m.p. 306-307° dec.

7-Bromo-2-methyl-8-quinolinol-5-sulfonic Acid.

To a slurry of 25.7 g. (0.1 mole) of 2-methyl-8-quinolinol-5-
sulfonic acid monohydrate in 80 ml. of water adjusted to pH 6
with potassium hydroxide was added dropwise with stirring a
solution of potassium hypobromite composed of 14 g. (0.25 mole)
of potassium hydroxide and 20 g. (0.125 mole) of bromine in
60 ml. of water. After completion of addition of the hypobromite
solution, stirring was continued for an additional hour. The mix-
ture was brought to pH 1 with 48% hydrobromic acid and cooled
to 5°, after which the product was removed by filtration and
washed with water and acetone. The yield of compound was
85%, m.p. 271° dec.

7-lodo-2-methyl-8-quinolinol-5-sulfonic Acid.

The title compound was obtained as the monohydrate in 52%
yield by reacting 2-methyl-8-quinolinol-5-sulfonic acid monohy-
drate with N-iodosuccinimide in the same manner as for the pre-
paration of 5-iodo-2-methyl-8-quinolinol-7-sulfonic acid.

2-Methyl-7-nitro-8-quinolinol-5-sulfonic Acid.

2-Methyl-8-quinolinol-5-sulfonic acid monohydrate (486 g¢.,
2.0 moles) was dissolved in 2500 ml. of sulfuric acid and cooled to
-30° in a dry ice acetone bath. Nitric acid (70%, 200 g., 3.0 moles)
was added dropwise with agitation during the course of 2 hours.
After all of the nitric acid had been added, the temperature was
allowed to rise to 0°, and the solution was poured onto ice. The
product was removed by filtration, washed with acetone, and air
dried. The yield of compound was 88%, m.p. 283°.

2-Methyl-7-nitro-8-quinolinol.

2.Methyl-7-nitro-8-quinolinol-5-sulfonic acid (135 g., 0.46 mole)
was heated with stirring under reflux in a mixture of 750 ml. of
acetic acid and 75 ml. of sulfuric acid for 48 hours. The solution
was diluted with an equal volume of water and filtered to remove
a small quantity of 5,7-dinitro-2-methyl-8-quinolinol. The filtrate
was then adjusted to pH 5 with aqueous ammonia, and the product
was obtained by filtration, washed with water, and dried at 70°
overnight. The yield of product was 65 g. (70%), m.p. 179-181°.

7-Amino-2-methyl-8-quinolinol Hydrochloride.

The title compound was prepared in 90% yield from the
corresponding nitro derivative by the same method as employed
for the preparation of 5-amino-2-methyl-8-quinolinol hydrochloride.
7-Fluoro-2-methyl-8-quinolinol.

The title compound was prepared in 1.7% yield from the amino
derivative by the method employed for the preparation of 5-
fluoro-2-methyl-8-quinolinol.
7-Fluoro-2-methyl-8-quinolinol-5-sulfonic Acid.

7-Fluoro-2-methyl-8-quinolinol (0.8 g., 0.0049 mole) was dis-
solved in 10 ml. of 20% oleum and heated to 150°. The solution
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was cooled to room temperature and poured onto ice. An equal
volume of acetone was added to the solution, and it was stirred
for 2 hours. The product (0.8 g., 64%) which was removed by
filtration, washed with acetone, and dried at 70° overnight, melted
at 310° dec.

7-Chloro-2-methyl-8-quinolinol.

7-Chloro-2-methyl-8-quinolinol-5-sulfonic acid was desulfonated
by the method employed for the preparation of 2-methyl-7-nitro-
8-quinolinol. The yield of product was 42% of the theoretical,
m.p. 112-115° and was nearly pure by gas chromatographic assay.

7-Bromo-2-methyl-8-quinolinol.

The title compound was prepared from 7-bromo-2-methyl-8-
quinolinol-5-sulfonic acid in 57% yield in the same manner as the
7-chloro derivative, and it melted at 126-128° and was nearly pure
by gas chromatographic assay.

7-lodo-2-methyl-8-quinolinol.

To 100 g. of sulfuric acid diluted with 8 ml. of water was
added 8.5 g. (0.05 mole) of 2-methyl-8-quinolinol. The tempera-
ture was kept at 5-10° by external cooling, and 11.3 g. (0.05
mole) of N-iodosuccinimide was added in small portions during
0.5 hour. After stirring overnight, 500 g. of ice was added to the
solution which was subsequently decolorized by addition of
sodium bisulfite. The solution was adjusted to pH 5 with aqueous
ammonia and further diluted with 1000 ml. of ice water. After
filtration, washing with water, and drying at 70° overnight, the
product weighed 8.3 g. (56%), m.p. 83-84°. A gas chromatographic
assay indicated the presence of only a trace of starting material
as the impurity.

2-Methyl-8-quinolinol-5,7-dichlorosulfonate.

2.Methyl-8-quinolinol (10 g., 0.063 mole) was heated to 160°
in 100 ml. of chlorosulfonic acid. After cooling the solution to
5°, it was poured onto ice, and the precipitate was removed by
filtration, washed with water and dried at room temperature under
vacuum. The yield of product was 11.2 g. (50%), m.p. 140-175°.
An analytical sample which charred slowly above 225° was pre-
pared by recrystallizing twice from benzene.

Anal. Caled. for C;oH7CI;NOsS,: C, 33.72; H, 1.98; Cl,
19.91; N, 3.93. Found: C, 33.98; H, 2.19; CL, 19.73; N, 3.89.

2-Methyl-8-quinolinol-5,7-disulfonic Acid.

2-Methyl-8-quinolinol-5,7-dichlorosulfonate (10 g., 0.028 mole)
was hydrolyzed by stirring with 25 mi. of water overnight. Upon
flash evaporation of the liquid, 8.0 g. (80%) of the dihydrate of the
disulfonic acid was obtained, m.p. 295-300° dec.
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