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A series of Mannich bases has been obtained from 2~ and 4-substituted
6-hydroxyquinoline 5, 8-quinones, and their structure has been demon~
strated by an analysis of their PMR spectra and by oxidation withhydrogen
peroxide. A consideration of the ionization constants of the Mannich
bases permits the conclusion that they have a zwitterionic structure.

It has been shown previously that 6-hydroxyquinoline
5,8-quinone readily takes part in the Mannich reaction
[1] under the same conditions as 2-hydroxy-1,4-naph-
thoquinone [2, 3]. In the course of an investigation of
quinoline quinones, we have obtained a series of 2- and
4-substituted 6-hydroxyquinoline 5,8-quinones [4—7].
In this paper we describe the preparation of Mannich
bases from these compounds. The reaction was carried
out with the hydroxyquinoline quinones, formalin, and
secondary amines—dimethylamine, diethylamine, pi-
peridine, and morpholine. One of the hydroxyquinones
that we used is a derivative of quinaldine and the other
of 4-hydroxyquinaldine. It is known that quinaldine [8]
and 4-hydroxyquinaldine [9,10] take partinthe Mannich
reaction with the replacementby a dialkylaminomethyl
group of, in the first case, the hydrogen of the methyl
group and, in the second case, the hydrogen at C;.
Consequently, we had to show that when the Mannich
reaction was performed with 6-hydroxyquinaldine 5,8~

*For part IV, see [7].

quinone and 4,6-dihydroxyquinaldine 5,8-quinone the
hydrogen at atom C; of the quinoline ring was replaced.

The structure of I (Table 1) was confirmed by its
PMR spectrum, in which signals of the following groups
were observed: singlets with 5CH3 2.96 ppm and GCHZ
4.20 ppm, and doublets of the protons at C3 and C4—
8.19 and 8.90 ppm, respectively. Such a spectrum
would not be observed with the alternative structure
since in this case the signal of the methyl group would
be absent and signals of two interacting methylene
groups and, in the weak-field region (at 6 = 5,5) asin-
glet corresponding tothe proton at C; wouldbe observed.

The structure of compounds Il and IV was shown
chemically. On oxidation with hydrogen peroxide, they
formed 4-hydroxy-2-methylpyridine-5,6-dicarboxylic
acid, which was identical with the product of the oxi-
dation of 4,6~dihydroxyquinaldine 5,8-quinone.

The products of the Mannich reaction are orange or
red crystalline substances insoluble in ether, benzene,
and hexane, and sparingly soluble in alcohols. Com-
pounds I-IV are readily soluble in water, acids, and
alkalis, while the higher-molecular-weight compounds
V~-VIN are insoluble in water but are soluble in acids
and alkalis. In contrast to the other compounds of this
series, V gives a hydrochloride sparingly soluble in
hydrochloric acid which is hydrolyzed by water. In an

Table 1
2- and 4-Substituted 7-Dialkylaminomethyl-6-hydroxyquinoline 5,8-Quinones*
’ R
A
N
R HN, I |
2 \/\’/ N//\R'
0
Found, % Calculated, %.
Com- Solvent for re- B . d > i
DOundé R R NR: crystailization »°C| Empirical formula | ™ P e . Y;:‘d’
1
1 CH; H N(CH,), Ethanol-ether | 223—225 C,SHX4N203-2—H20 61.05| 640 | 1081 61.16| 592 | 1098 81
Y (1:1) {decomp.)
11 CH; H N \ Ethanol-ether | 184—185]C ;HsN;O; 67.04] 6.61 951 | 67.11] 6.34 9.79| 89
cH (1:1) {decomp.)
1I* | CH, OH N(CH,), Water 23\1—182)@3}1“1@204-31420 4986 | 637 | 856 49.36| 650 | 886| 71
ecomp.
v CH; OH N > FEthanol-water CyHsN20, 6367 607 | 951| 6356] 6.00 | 927 86
(8:1)
vl CoHg COOH NL> ok (2(12%:"%8% CagHaoNoOs - 2H,0 | 62.03| 550 | 6.63| 61.67| 565 | 654| 51
Vi CeHs COOH N . 190—191 |Cp HisNoO5 - HoO | 6163 | 534 | 670! 61.16| 489 | 679| 85
N/ (decomp.)
Vil CeHs COOH N(C,H;), o EE @ p)CZleoNzos-Hzo 63.00 | 5.85 6.75| 63.30| 557 7.03) 83
ecomp.
VIII CH=CH—C¢Hj; H N 0 ke CoaHzoNoO4 - 2H,0 | 6156 | 590 6401 61.38 | 6.09 651 792
! (decomp.)

*Hydrochloride, Cj3H14N2O4 - 2HC1 - H;0: mp 203-205" C (decomp., from ethanol with ether). Found, %: Cl1 20.06; N 7.95. Calculated, %: C1 2007; N 7.93.
*#Hydrochloride, CyyHygN2O35 - HCL: mp 167-168° C (decomp., from ethanol with ether). Found, %: C18.28; N 6.53. Calculated, %: Cl 8.27; N 6.53.

*#**Pyrified via the hydrochloride by hydrolyzing it with water,

*#xFor purification the substance was dissolved in 4 N HCIl, and the solution was filtered and neutralized with an equivalent amount of 1 N NaOH.
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anhydrous medium, compound III forms a yellow dihy-
drochloride.

The initial hydroxyquinoline quinones are compara-
tively strong acids [4, 6, 7]. The introduction into position
7 of strongly basic substituents leads to the formation
of compounds existing in the form of zwitterions. In
the determination of the ionization constants of com-
pounds II-IV, a phenomenon characteristic for zwitter-
ions is observed: the pKy value of the basic group de-
termined by titrating the substance with alkali and the
pK, value of the acid group by titration with acid [11].
The following values of pK, were obtained for com-
pounds II, III, and IV, respectively: 3.16, 1.95, and
2.47 (addition of a proton), and 11.31, 9.19, and 9.46
(detachment of a proton). The initial 6-hydroxyquin-
aldine 5,8-quinone [4] and 4,6-dihydroxyquinaldine 5,8-
quinone [6] had pKy values of, respectively, 4.18 and
3.21, while the pK, values of the substituents were of
the order of 10, and, therefore, the assignment of the
constants can be made unambiguously.

The IR spectra of compounds II[-VIII and their salts
had bands in the 16001800 em-1! region that are char-
acteristic for the carbonyl groups of quinones, while
those of V—VII had, in addition, bands ascribable to
the carbonyl of a carboxyl group.

EXPERIMENTAL

The PMR spectra were obtained on an INM 4H 100 spectrometer
with a working frequency of 100 MHz using D0 as solvent and dioxane
{8 3.70) as internal standard. The ionization constants were calculated
from the curves of titration with 0.001- and 0.01-molar aqueous solu-
tions. The pH measurements were carried out on a LPU-01 pH-meter,
The IR spectra were taken in paraffin oil on a UR-10 spectrophotom~
eter.

Preparation of the Mannich bases, A suspension of 10 mM of a
hydroxyquinoline quinone in 50 ml of anhydrous ethanol was treated
with 11 mM of a secondary amine, and the mixture was cooled to 5-
10°C and 0.95 ml of 40% formalin was added with stirring, Stirring at
room temperature was continued for 3~4 hr and then the mixture was
left overnight, and the precipitate was filtered off, washed with a
small amount of ethanol and ether, and purified. In the preparation of
compounds I and II a smaller amount of ethanol (15 m1) was used,
since the reaction products are moderately soluble in it,

4-Hydroxy-2-methylpyridine~ 5, 6- dicarboxylic acid, A) To 0.70
g (2.2 mM) of III (or the equivalent amount of IV) in a solution of 0.4
g of sodium bicarbonate in 20 ml of water was added 2.5 ml of 40%
hydrogen peroxide, and the mixture was heated at 70-80° C andstirred
until it had become decolorized (~ 20 min). Then it was acidified with
dil (1:1) HCI to pH 1 and was cooled. The colorless crystals that de-
posited were separated off, washed with water (1 ml), and dried in a
desiccator over CaCly. Yield 0.29 g (61%). The substance is moder-
ately soluble in water, acetic acid, and ethanol, sparingly soluble in
acetone, chloroform, and benzene, and insoluble in ether and petro-
leum ether. The substance melted at 160-161°C, and then solidified
and began to decompose from 220°C, Found, %t C 44,53; H 4.27;

N 6,62, Calculated for C4H;NOs - HyO, % C 44.65; H 4.22; N 6,51,
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Equivalent on titration with 0.1 N NaOH: found 106,5-107,2. Calcu-~
lated 107.6.

Table 2

Absorption of Compounds II-VIII in the 1600~
1800 cm~1 Region

vo=0 (of Lop —
Compound q(l:nm?nés) \; qgmoczles) vCc=0 (COOH)
I — 1680 1520
11 -— 1650 1650
111 - 2HCH — 1695 1625
v — 1670 1645
v 1720, 1735 | 1690 1613
V- HCl 1745 1675 1650, 1620
VI 1738 1690 1610
Vil 1730 1690 1615
VIII | 1680 1640, 1610

B) The oxidation of 0.50 g (2,1 mM) of 4, 6-dihydroxyquinaldine
5, 8-quinone [6] as described above yielded 0.35 g (73%) of an acid.
After recrystallization from water, it melted at 160-161°C, and then
solidified and began to decompose at 220° C. It gave no depression of
the melting point with a sample obtained by method (A).
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