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The solubility, ionization constant, and chelating behavior of dihydroxyquinoxaline,
mainly 5,8-dihydroxyquinoxaline (5,8-DHQ) derivatives, have been measured and will be
discussed. The introduction of a hydroxyl group into quinoxaline greatly lowers the solubility.
The order of the decreasing solubility of 2,3-disubstituted 5,8-DHQ in water (at 20℃) is:

O(CH2)2OC2H5<H<OH<CH3<C6H5<OC2H5<Cl<SH<SC2H5. For 5,8-DHQ the
introduction of electron-repelling groups into 2,3-positions raises both the pKNH and pKoH values,
while the introduction of electron-attracting groups into the same positions lowers both PKNH
and PKOH. 5,8-DHQ and its derivatives form colored precipitates with metal ions, but some
derivatives which have PKNH values lower than zero fail to show any precipitation or coloration.
6,7-DHQ forms precipitate, and the precipitation colors distinctively with Cr(III) or Fe(II).
The composition and stability constant (K) of copper(II) chelates of 5,8-DHQ and its deriva-
tives in a dioxane-water (10:90 v/v) solution were studied spectrometrically. The copper
chelate of 5,8-DHQ had a metal: ligand ratio of 1:1 and a log K value of 6.28 at pH 4.0.
The structures of these copper chelates will be proposed.

It has been reported that 5,8-dihydroxyquinox-
aline (5,8-DHQ) produces more deeply colored
inner salts with many kinds of metallic ions1) than
8-hydroxyquinoline, and that 5-hydroxyquinox-
aline2) and 5,8-DHQ3) show a growth-inhibiting
bacterial action. In this series of studies the author
has attempted to find some useful knowledge about
DHQ derivatives in the field of analytical chemistry
and pharmaceutical science. Many derivatives of
DHQ have been prepared,4,5) and their solubility,
ionization constants, and chelating behavior have
been determined.

Experimental

Materials. All the reagents used in this work ex-
cept 2,3,5,8-tetrahydroxyquinoxaline and 1,4-dimethyl-
5,8-dmethoxy-2,3-dioxo- 1,2,3,4-tetrahydroquinoxaline
have been described previously4,5) (see Table 1). Those
two were prepared as follows.

2,3,5,8-Tetrahydroxyquinoxaline. A mixture of 2,3-
dihydroxy-5,8-dimethoxyquinoxaline,5) acetic acid, and
hydrobromic acid (48%) was refluxed for 6hr; then
the mixture was poured into water and neutralized
with aqueous ammonia. The precipitate thus formed
was filtered and washed with water. The compound

was hardly soluble in the organic solvents tested, even
in pyridine or dimethylformamide. The compound
was purified by repeated dissolutions in alkali and by
reprecipitation by acetic acid. A colorless powder
which does not melt below 360C was produced. Yield,
75%.

Found: N, 14.37%. Calcd for C8H6O4N2: N,
14.43%.

1,4-Dimethyl-5,8-dimethoxy-2,3-dioxo-1,2,3,4-tetrahydro-
quinoxaline. 5,8-Dimethoxy-2,3-DHQ (1.5g) was dis-
solved in a 2N aqueous solution (60ml) of sodium
hydroxide and shaken with dimethyl sulfate (6ml)
for 2hr. The reaction mixture was then cooled and
extracted with chloroform. After the removal of the
chloroform, the residue was repeatedly recrystallized
from methanol. Yield, 1.1g (65%). Colorless needless
which melt at 180C were produced. Found: C,
57.52; H, 5.38; N, 10.58%. Calcd for C12H14O4N2:
C, 57.59; H, 5.64; N, 11.20%.

Apparatus and Procedure. Measurements of
the absorbance in the visible and ultraviolet regions
were made with a Hitachi EPU-2A spectrophotometer
and an EPS-3T recording spectrophotometer, using

quartz-stoppered cells with a light path of 10mm.
pH Measurements were made with a Hitachi-Horiba

Model P extension glass and calomel electrodes.
The first ionization constant of PKNH quinoxaline

derivatives, the so-called "proton-gained pKa" value,
was measured by the spectrometric method in a dioxane-
water (10:90 v/v) solution in the usual manner.6,7),

*1 Part V, Studies of Chelating Reagents Contain-
ing N-Heterocycles. Part IV: see Ref. 4.
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For the pH range from 1 to 9, a hydrochloric acid-formic
acid buffer, acetate buffer, a phosphate buffer and a
borax-potassium hydroxide buffer were used, in that
order. For the compounds whose pKa values lie below
1, hydrochloric acid or sulfuric acid was used and the
pKa values were calculated using the acidity function.8,9)
The first ionization constant of the pKOH hydroxyl
group, the so-called "proton-lost pKa" value, was cal-
culated from the data of theeeeeeeee titration curve in a dioxane-
water (50:50 v/v) mixture.10,11) A mixed solvent
was used because of the insolubility of DHQ in water.
The solubility in water was measured at 20±1℃

spectroscopically and gravimetrically by the method
Albert has renorted.12) A sample was dissolved in
deoxidized water under a nitrogen stream at 100℃

and left to stand at 20±1℃ for one day under a nitrogen

atmosphere before measurements.
Reactions with Metal Ions. The following metal

ions were tested at pH 5.2 (A), 8.4 (B), and 12.4 (C)
for precipitation and coloration: Mg(II), Ca(II),
Cu(II), Cd(II), Hg(II), Al(III), Pb(II), Sn(II), Sn(IV),
Th(IV), Zr(IV), Ce(IV), As(III), As(V), Cr(III),
Mn(II), Fe(II), Fe(III), Co(II), Ni(II), Ag(I).

The degree of dissociation (a) and the stability
constant (K) of chelate compounds were determined
by the following formula, which was measured spectro-
photometrically by the molar ratio method: a=
(Am-As)/Am, where Am is the maximum extinction
obtained from the horizontal portion of the curve and
whose As is the extinction at the stoichiometric ratio.
The stability constant, K, for a chelate compound,
MLn, was calculated by the following formula:13,14)
K=(1-a)/nnCnan＋1, where C is the total concentra-

tion of the chelate in mol/l.

Results and Discussion

Solubility. The solubility of a number of
quinoxaline derivatives has been determined; the
results are shown in Table 1. The introduction
of one hydroxyl group into quinoxaline lowers
the solubility roughly 400 times. When two
hydroxyl groups are introduced into quinoxaline,
the solubility decreases from 1000 to 15000 times
(Nos. 3-5). As Albert pointed in his study of
pteridine15) and purin series,16,17) these decreases

are probably to be attributed to unusually strong
crystal lattice forces originating in the hydrogen
bonding between the hydroxyl groups and the
ring-nitrogen atoms of the neighbouring molecules
of quinoxaline derivatives. These very hydro-

philic groups in the organic molecules exert more
attraction toward each other than toward water
molecules. This is clearly demonstrated by the
following facts. The alkoxyl derivatives or N-
methyl derivatives of quinoxaline, which are not
capable of forming hydrogen bonding, show a
remarkable increase in solubility. 5-Methoxy-

quinoxaline is 22 times more soluble than 5-hydro-
xyquinoxaline (Nos. 1 and 2; see also Nos. 3 and
7, Nos. 4 and 8, and Nos. 10 and 19). N,N'-
Dimethyl derivatives of 2,3-DHQ are 115 times
more soluble than 2,3-DHQ (Nos. 5 and 31;
see also Nos. 23 and 28), which exists predominantly
in the diamide form in solution.18) However,
the O-methyl derivative (No. 9) of 2,3-DHQ (No.
5) shows an exceptionally smaller solubility than
2,3-DHQ.

Lipoid-solubilizing groups (e. g., Me, Ph, Cl,
OC2H5, and SC2H5) decreased the solubility of
5,8-dimethoxyquinoxaline (5,8-DMQ) and 5,8-
DHQ. This phenomenon can be seen in the follow-
ing compounds: Nos. 7: 19, Nos. 3: 10 (Me);
Nos. 7: 20, Nos. 3: 11 (Ph); Nos. 7: 26 Nos.
3: 17 (Cl); Nos. 7: 21, Nos. 3: 12 (OC2H5),
and Nos. 7: 24 and Nos. 3: 15 (SC2H5). The
order of the decreasing solubility of 2,3-disubsti-
tuted 5,8-DHQ is: O(CH2)2OC2H5<H<OH<
CH3<C6H5<OC2H5<Cl<SH<SC2H5.
Hydrophobic CH3- and (CH3)2N- groups decrease
the solubility of 5,8-DMQ, but the degree of
decrease is small (Nos. 19 and 27). This phenom-
enon may be explained by the basicity increase
of the ring nitrogen by electron-repelling groups,
such as the CH3 or (CH3)2N- group. The electron
pair on the ring-nitrogen atom is able to form
hydrogen bonds with water; this causes the 5, 8-
DMQ to be more soluble in water than is expected
from hydrophobic groups. The special insolubility
of 6,7-DHQ and its derivatives may be attributed
to a high crystal-lattice force between o-dihydroxyl
groups and ring nitrogens. In harmony with this
concept, 6,7-DHQ derivatives (Nos. 4, 32 and 33)
do not melt below 360℃, but 6,7-DMQ and 2,3-

dichloro-6,7-DMQ (Nos. 8 and 35) melt at 151℃

and 178℃ respectively.

Ionization Constant. a) pKNH Value. The
results of the measurement of the pKa values of
quinoxaline and 8-hydroxyquinoline in aqueous
dioxane are given in Tables 2 and 3. The pKa
values observed in a dioxane-water (10:90 v/v)
solution are somewhat lower than those in water.
This lowering effect is usually observed in mixed
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J. Am. Chem. Soc., 74, 1383 (1952).
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J. Chem. Soc., 1952, 4219.

13) T. Sakaguchi, K. Taguchi, S. Fukushima and
N. Obi, Yakugaku Zasshi, 78, 177 (1958).

14) Y. Kidani, Chem. & Pharm. Bull. (Tokyo), 6,
563 (1958).

15) A. Albert, D. J. Brown and G. N. H. Cheeseman,
J. Chem. Soc., 1951, 474.16) A
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London Press. (Althlone), London (1959), p. 43. 18) G. W. H. Cheeseman, J. Chem. Soc., 1958, 108.
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TABLE 1. SOLUBILITIES AND MELTING POINTS

* Source-A: R. G. Jones and K. C. Mclaughin, "Organic Syntheses", 30, 86 (195); B: 2); C: 19);
D: 3); E: J. Ehrlich and M. T. Bogert, J. Org. Chem. 12, 522 (1947); F: G. T. Newbold and F. S.
Spring, J. Chem. Soc., 1948, 519; G: D. C. Morrison, A. Furst, J. Org. Chem. 21, 470 (1956); H: S.
Kawai, S. Tanaka and K. Ichikawa, Nippon Kagaku Zasshi (J. Chem. Soc. Japan, Pure Chem. Sect.), 75,
40 (1954); I: S. Kawai, J. Kosaka and M. Hatano, Proc. Japan Acad., 30, 774 (1954); J: 4); K: This
paper; L: 5); M: S. Kawai, S. Oguchi, et al., Nippon Kagaku Zasshi (J. Chem. Soc. Japan, Pure Chem.
Sect.), 80, 778 (1959); N: S. Oguchi, ibid. 86, 246 (1965).

TABLE 2. IONIZATION CONSTANTS (at 20℃)*1

*1 Measured spectrometrically at ionic strength 0.1.

*2 Albert reported 0.56.21)
*2 Albert reported 5.13.22)
*4 I rving reported 4.48.21)

solvents.19,20) The values of 5-24) and 6-hydroxy-
quinoxaline22) (0.9 and 1.40 respectively; quinox-
aline, 0.5621)), which were determined in an

19) H. Irving and H. S. Rossotti, Analyst, 80, 245
(1955).20) A

. Albert and E. P. Serjeant, "Ionization Con-
stants of Acids & Bases," Methuen & Co., London
(1962), p. 66.21) A

. Albert, "Physical Method in Heterocyclic
Chemistry," Vol. 1, ed. by A. R. Katritzky, Academic
Press, New York and London (1963), p 76.
22) A. Albert and J. N. Phillips, J. C/um. Soc., 1956,

1294.
23) H. Irving and Mrs. H. Rossotti, ibid., 1954, 2910.
24) A. Albert and H. Hampton, ibid., 1954, 505.
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TABLE 3. PHYSICAL PROPERTIES OF QUINOXALINE DERIVATIVES AND RELATED SUBSTANCES

*1 Measured spectrometrically. *2 Analytical wavelength *3 Measured potentiometrically
at ionic strength 0.2. *4 Concentration of the substance. *5 Cited from Ref. 24.

*6 Cited from J . Chem. Soc., 1956, 123.
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.aqueous solution by Albert, show that the hydroxyl
groups in the phenyl nucleus' of quinoxaline has
some electron-repelling effect; this effect also exists
in 5,8-DHQ (0.6l) and 6,7-DHQ (0.89) and their
O-methyl derivatives (Table 3). From Table 3 it

can also be seen that the base-strengthening effect
of the methoxyl group is somewhat weaker than
that of the hydroxyl group. It has been reported18)
that the pKa values of 2-methoxyquinoxaline (0.28
in water) and 2,3- DMQ (-1.15 in water) are
considerably smaller than that of quinoxaline (0.56
in water); this fact suggests that the inductive effect
is more effective than the mesomeric effect at 2
and/or 3 positions of quinoxaline. Similar effects
are observed in the following compounds: 2,3-di-
ethoxy-, 2,3-bis(ethoxyethoxy)- and 2,3-bis(ethyl-
thio)-suhstituents of 5,8-DHQ and 5,8-DMQ.
The pKa values of the 2,3-DHQ derivatives can be
expected to be the same as that of 2-hydroxyqui-
noxaline because of their same partial structures.
However, their pKa values could not be determined
by the spectrometric method, because their spectra
did not change with the pH of medium as in the
case of 2,3-DHQ. Electron-repelling substituents,
such as methyl and dimethylamino groups, in the
2,3-position raise the pKa values of 5,8-DHQ and
5,8-DMQ. Phenyl groups in the same positions
lower the pKa value. In 2,3-dichloro-5,8-DHQ,
chlorine atoms are expected to have a base-weaken-
ing effect. However, its pKa value could not be
determined by the spectrometric method. The
introduction of the alkoxycarbonyl group into the
6,7-positions of 5,8-DHQ induces hardly any
appreciable effect on the pKNx value.

b) pKOH Value. By comparing the pKa value
of the 8-hydroxyquinoline anion (in dioxane-water
50:50 v/v, 10.80) with 5-hydroxyquinoxaline (9.29
in dioxane-water 50:50 v/v,)23) the lowering effect
of the pKa value upon the further introduction of
ring nitrogen may be seen. On the contrary, the
further introduction of the hydroxyl group into the
8-position of 5-hydroxyquinoxaline raises the pKa
value (by an acid-weakening effect) (Table 3). The
introduction of electron repelling substituents such
as the methyl group into the 2,3-positions of 5,8-
DHQ raises the pKOH value (11.36), while the
introduction of electron-attracting substituents, such
as ethoxy and chloro groups, into the same positions,
or that of the ethoxycarbonyl group into the 6,7-

positions, lowers the pKOH value (10.04, 9.66, and
9.28 respectively).

Chelating Behavior with Metal Ions. Reac-
tions with metal ions are shown in Table 4. 5,8-
DHQ and its derivatives formed a colorful precip-
itate, but some 2,3-disubstituted 5,8-DHQ failed
to show any precipitation or coloration with metal
ions in the buffer solution tested. Table 4 also
shows the metal chelates and pKNH and pKOH
values of 5,8-DHQ and its derivatives. Accord-
ing to Irving,16) a linear relationship between
logβ (β; stability constant of the metal chelate)

and the pKOH of ligand exists for the chelate
formation of 8-hydroxyquinoline and related com-
pounds. Form Table 4, it is found that a close
relationship exists between the precipitation of
the mead chelate of 5,8-DHQ derivatives and the
pKNH value of the ligand, but the pKoH value
has not special relation with the precipitation of
the chelate. The basicity of a precipitate-forming
ligand is higher than that of a ligand which does
not form any precipitate. The limit of the value
of pKNH for causing the precipitation and colora-
tion of chelates of 5,8-DHQ derivatives seems to
lie near 0- -1 (obtained in dioxane-water, 50:
50 v/v).

2,3-DHQ and its 5,8- or 6,7-dimethoxy-
derivatives fail to show any precipitation or colora-
tion with metal ions. 6,7-DHQ, however, gives a
distinct coloration and precipitations with Fe(II)
and Cr(III) like catechol.25,26) It is interesting
to note that 2,3,5,8-tetrahydroxyquinoxaline can
form precipitates with a larger number of metals
(Table 4).

Kawai et al.27) reported that the composition of
copper chelates of 5,8-DHQ was not in accord
with the molar ratio of metal:ligand=1:1,
whose ratio was based on the assumed structure of
Fig. 1.

Though 5,8-DHQ and its derivatives give
precipitates with copper salt in an aqueous solu-
tion, in aqueous dioxane the copper chelates were
kept in a colloidal solution. The composition of
the copper chelate of 5,8-DHQ in a dioxane-water
(10:90 v/v) solution was measured by the fol-
lowing two methods:

(1) Job's Continuous Variation Method: Fig. 3.
The composition of the chelate was determined to
be 1:1 (reagent: copper) at pH 4; 400mμ.

Fig. 1.

25) R. E. D. Clark and R. G. Nevile, Chem. Educ.,
36, 390 (1959).

26) F. P. Dwyer and D. P. Mellor, "Chelating Agents
and Metal Chelates," Academic Press, New York

(1964), p. 106.
27) S. Kawai, H. Hamaguchi and M. Tatsumoto,

Bunseki Kagaku (Japan Analyst), 5, 165 (1956).
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Fig. 2. Effect of pH on the absorbance of copper

chelate of 5,8-DHQ. at 500mμ. Concn. of 5,8-

DHQ: 2×10-4M/l

Fig. 3. Absorption curve of copper chelate of 5,8-
DHQ (Continuous variation method).
Total concn.: 2.5×10-4M/l, μ=0.1, pH 4.0 at

500mμ

Fig. 4. Absorption curve of copper chelate of
5,8-DHQ (Molar ratio method).
Concn. of copper: 2×10-4M/l, μ=0.1, pH 4.0

at 500mμ

(2) Molar Ratio Method: Fig. 4. The com-
position of the chelate was found to be 1:1 (reagent:
copper) at pH 4: 400m.

By the same procedures, the compositions of

Fig. 5. Absorption curve of copper chelate of
6,7-bis(ethoxycarbonyl)-5,8-DHQ (Continuous
variation method).
Total concn.: 2.5×10-4M/l, μ=0.1, pH 6.2 at

625mμ

Fig. 6. Absorption curve of copper chelate of
6,7-bis(ethoxycarbonyl)-5, 8-DHQ (Molar ratio
method)
Concn. of copper: 1×10-4M/t, μ=0.1, pH 6.2

at 625mμ

Fig. 7. R=H, 5,8-DHQ Cu chelate
R=COOC2H5, 2,3-Bis(ethoxycarbonyl)-5,8-
DHQ Cu chelate n=1

TABLE 5. COMPOSITION, DEGREE OF DLSSOCIAT2ON (α)

AND STABILITY CONSTANT (K) OF COPPER CHELATES
OF 5,8-DHQ



April, 1968] 987

the copper chelates of 5,8-DHQ derivatives were
measured (Figs. 5 and 6). The compositions, the
degrees of dissociation (α), and the stability con-

stants (K) of the copper chelates calculated are
shown in Table 5. The composition of the cop-
per chelate of 2,3-dimethyl-5,8-DHQ could not
be obtained by these procedures, however, because
the absorbance of the mixed solution of cupric
ions and the ligand varied rapidly and the pre-
cipitates separated.

From these chelate compositions (Table 5), the
structures of chelates may be represented as in
Fig. 7.
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