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THE REACTIVITY OF SUBSTITUTED 9AMINOACRIDINES

Annotation

The reactivity of substituted 9-aminoacridines has been studied in reversible conditions by the
method of potentiometric titration in the binary ethanol-water solvent at 298 K. The influence of the
electronic nature and position of substituents in the molecule of 9-aminoacridine on the basicity of
these compounds has been analyzed. Within the principle of linearity of free energies the unified
correlation equation for all members of homologous series (except 4-OCHs) describing the relationship
of pKgyt+ with the Hammett o-constants with convincing statistical characteristics has been
determined. This equation is of great importance for the molecular design of active pharmacophores in
this homological series.
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Introduction

Derivatives of 9-aminoacridine have a wide range of the pharmacological activity [1,2], which
depends on their reactivity [3,4]. Therefore, to create drugs with the expected high therapeutic effect
the reactivity of this series has been investigated for the first time in reversible conditions by studying
the process of ionization of acids conjugated with substituted 9-aminoacridines. At the same time, this
study has allowed to quantify the sensitivity of the heterocycle to the effect of substituents with
different electronic nature. Therefore, the work is of undoubted scientific and practical interest.

PURPOSE OF THE STUDY

To study the reactivity of 9-aminoacridine derivatives having a wide range of pharmacological

activity.
MATERIALS AND METHODS
The acid-base equilibrium has been studied:

NH, NH,
N pKpy" N X X 4
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where R = H; 6-NOy; 6-ClI, 7-NO,
R; = H; 2-CHgs; 4-CHgs; 1,3-(CHa)z; 2,3-(CHs)y; 2,4-(CHs),; 1-OCH3; 2-OCHs; 3-OCHs; 4-
OCHg3; 2-ClI

The ionization constants have been determined by the method of potentiometric titration in the
binary ethanol-water solvent (50 mole % of ethanol) at 298°K.

The study of acid-base equilibria was conducted in accordance with the method [5] on an EV-
74 ionomer using a glass electrode (ESP-43-074) and a silver-silver chloride electrode (EVL-1M) at
the temperature of 25°C. The titrant was 0.01 M aqueous solution of HCI. The concentration of the
solutions to be titrated was 0.001 M. Titration of each substance was performed in triplicates.
Assessment of the accuracy of the results obtained was carried out by methods of mathematical
microstatistics (the confidence interval was 0.95) [6].

To prepare the binary solvent a bidistillate, which was free of CO,, and ethanol were used.
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The synthesis of 9-aminoacridine derivatives was carried out by the method [7], their

physicochemical parameters coincide with the literature data.
RESULTS AND DISCUSSION

Protonization in the study occurs only on the heterocyclic nitrogen [8]. It has been confirmed
by our experimental data: mathematical tests of the pH — f(Vuci) experimental curves have not been
revealed the second point of inflection.

The results obtained show that the presence of the 9-NH, — group in the molecule increases its
basicity by five orders (pKgyt+ of acridine is 4.12) [9] due to the fact that the cation of 9-
aminoacridinium is stabilized by conjugation that is absent in the neutral molecule:

+
NH, NH,
e EE—
<
N
N N
H H

However, appearance of the NH;, — group in positions 1, 2, 4 of the acridine molecule when the
resonance stabilization of the corresponding cations is impossible causes only a slight increase in the
basicity (ApKgy+ =~ 0.2) [9].

It is interesting to note that the relative change of the basicity of 4-aminobenzo(g)quinoline
compared to benzo(g)quinoline is the same (ApKgyt+ = 4.1) as in our study due to resonance
stabilization of 4-amino(g)quinolium [9].

Introduction of electron-donor groups increases the basicity of the molecule of 9-aminoacridine
(Table 1) due to the increased electron density on the reaction center. Acceptor substituents have the
opposite effect.

Within the principle of linearity of free energies (LFE) the quantitative relationships pKgn+
with the Hammett c-constants were determined by the method of correlation analysis.

For substituted 9-aminoacridines (Table 1, series 1):

pKgnt =(9.35+0.01) — (0.83+0.03)'c (1)

n=4 r=0.997 s =0.003

For substituted 6-nitro-9-aminoacridines (Table 1, series 2):
pPKgpt = (8.98+0.01) — (0.79+0.03)-c (@)

n="7 r=0.996 s = 0.008

For substituted 6-chloro-7-nitro-9-aminoacridines (Table 1, series 3):

pKgnt = (8.834£0.08) — (0.15+0.11)'c (3)

n=38 r=0.286 s =0.082

Equation (3) is statistically insignificant. The pKgy+ for 4-OCHs-substituent is out of the
correlation (Fig.); it is possibly due to the presence of the hydrogen bond between the oxygen atom of
the methoxy group and the reaction center of the molecule. Similar data are available in the literature
[10]. Elimination of pKgu+ of this compound from the correlation allows obtaining the equation with
statistically significant characteristics:

(Table 1, series 3, without 4-OCH3-substituent)
pKent = (8.984+0.01) — (0.79+0.03)-c 4)
n=7 r=0.986s=0.014

The reaction constant p within the error of the experiment (equations 1,2,4) is the same. The
correlation for all substituted 9-aminoacridines studied (excluding 4-OCHs-substituent) was
performed, and the unified correlation equation with convincing statistical characteristics was
obtained:

pPKeyt+ = (9.35+0.02) — (0.80+0.05)-c (5)
n=18r=0.994 s =0.027
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It follows from equation (5) that the sensitivity of the reaction center of the molecule of 9-
aminoacridine to the effect of substituents is insignificant. It is interesting to note that within the error
of the experiment the value of the reaction constant p for these compounds coincides with p for
substituted 9-chloroacridine [10].

The data obtained allow to analyze the effects of condensation on the sensitivity of the reaction
center (heterocyclic nitrogen). The high value p = 5.92 for substituted 4-aminopyridine shows a strong
interaction between the substituent and the positive nitrogen atom [11]; for substituted 9-
aminoquinoline the value p decreases to 5.40 [11] despite the fact that the change of substituents
occurs in the pyridinium fragment of the molecule. Further annelation to 9-aminoacridine leads to a
great decrease in the sensitivity of the reaction center (p = 0.80) due to the considerable distance of

This equation (5) allows predict the acid-base properties of various substituted 9-
aminoacridines; it is of great importance for the molecular design of active pharmacophores in this
homological series.

Table 1 - The ionization constants (pKgny+) of acids conjugated with substituted 9-
aminoacridines

NH,
| XYY
R—I —R;
NP N

Series No. R Ry pPKpy+

1 H H 9,35+0,03
H 2-CH3 9,40+0,02
H 4-CHjs 9,38+0,04
H 2-OCHjs 9,44+0,03

2 6-NO, 2-Cl 8,84+0,04
6-NO; 2-CH3 9,03+0,04
6-NO, 4-CHj; 9,01+0,02
6-NO; 1-OCHg3 9,08+0,03
6-NO, 3-OCHgs 9,07+0,03
6-NO; 1,3-(CHa), 9,06+0,02
6-NO, 2,3-(CHa), 9,06+0,04

3 6-Cl,7-NO; H 8,82+0,03
6-Cl,7-NO; 2-CHs 8,87+0,04
6-Cl,7-NO; 4-CHjs 8,83+0,04
6-Cl,7-NO; 2-OCHjs 8,91+0,04
6-Cl,7-NO, 4-OCHjs 8,78+0,02
6-Cl,7-NO, 2,3-(CH3)2 8,91+0,03
6-Cl,7-NO, 2,4-(CHs). 8,94+0,05
6-Cl,7-NO; 2-Cl 8,70+0,02
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Picture 1 - The dependence of pKpy+ for substituted 9-aminoacridines
(1 —series 1, 2 — series 2, 3 — series 3).

CONCLUSIONS

1. The reactivity of substituted 9-aminoacridines has been studied in reversible conditions.

2. The ionization constants of the corresponding conjugate acids (pKgyt) have been determined
for 19 compounds by the method of potentiometric titration in the binary ethanol-water solvent at 298
K.

3. The influence of the electronic nature and position of substituents in the molecule of 9-
aminoacridine on the basicity of these compounds has been analyzed. The electron donating
substituents have been shown to increase their basicity, and the acceptor ones weaken it.

4. Within the principle of linearity of free energies the unified correlation equation for all
members of homologous series (except 4-OCHgs) describing the relationship of pKpy+ with the
Hammett o-constants with convincing statistical characteristics has been determined.

5. This equation allows to predict the acid-base properties of various substituted 9-
aminoacridines; it is of great importance for the molecular design of active pharmacophores in this
homological series.
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PE3IOME
CsBeunukoBa E.H. 1, Kosecunk C.B. 2
1XapLKOBCKI/II71 HanmonanbpHb1i 11€1aroru4ecKuii YyHUBEPCUTET
uM. ['.C. CkoBopobl, XapbKOB, YKpanHa
HauuoHanbHbli dbapmaleBTUUECKUN YHUBEPCUTET, XapbKOB, YKpanHa
PEAKIIMOHHAS CITIOCOBHOCTb 3AMEUHIEHHBIX 9-AMWUHOAKPUIWUHOB

HccnenoBana peaknMOHHAs CIIOCOOHOCTh 3aMEIICHHBIX 9-aMUHOAKpUAWHA B OOPAaTUMBIX
YCIOBUSAX METOAOM MOTEHIMOMETPUYECKOr0 TUTPOBAHUS B OMHAPHOM PpAcTBOPUTENE 3TaHOI-BOAA,
npu 298 K. IlpoaHanu3upoBaHO BIIMSHUE 3JIEKTPOHHON MPUPOJBI U IOJOKEHUS 3aMECTUTENIEH B
MOJIeKyJie 9-aMMHOAKpUIMHA HAa OCHOBHOCTb 3THX CO€AMHEHUH. B pamkax mpuHIUNA JUHEHHOCTH
CBOOOJHBIX OJHEPrHMi IMOJYYEHO €IUHOE KOPPEISLUOHHOE YypaBHEHME I BCEX UJICHOB
romoJjoruueckoro psana (3a uckimodenueM 4-OCHs), onuceiBatomiee cBsizb pKppyt ¢ G-KOHCTaHTaMu
I'ammera, ¢ yOenuTeIbHBIMU CTATUCTUYECKUMHU XapaKTEPUCTUKAMH. DTO YpaBHEHHE MUMEET OOJbIIoe
3Ha4YeHHUe JIJIsl MOJIEKYJIIPHOTO JIn3aifHa aKTUBHBIX (apMako(OpoOB B 3TOM FOMOJIOTHUECKOM PSNy.

TYHUIH
CBeunnkona E.H. 1, Kosecunuk C.B. 2
'rc. CKOBOPO/IBI aThIHIAFBI XaphKOB ¥JITTHIK MEAArorUKalblK YHUBEPCUTETI, XapbKOB K.
,YKpauHa
Y ITTBIK (dbapmalleBTUKAIIBIK YHUBEPCUTET, XapbKOB K., Y KpanHa
9-AMUHOAKPHU/IUHHIH OPbIH BACY PEAKIUSICBIHA TYCY KABUIETTLJIITT

9-ammuoakpuauaHIH 298 K o3TaHON-cy OWHApiBl epiTKIITEpiHJE TMOTCHIIMOMETPHSIIBIK
TUTpJIEY 9NICIMEH OpbIH 0acy peakuMsChblHa Tycy KaOUIeTTimiri 3eprreiii. 9-aMUHOAKPHIMHHIH
MOJIEKYJIaCBIH/IaFbl HET13T1 KOCBUTBICTAPFBI JIEKTPOHIBI TAOWFU JKOHE OpPBIH 0acy OpHBIHBIHBIH dcep
eTy Tanjgamachl xacaiublHabl. pKpp+ o-I'aMMeTa KOHCTaHTaJBIpMEH KapbIM-KaThIHACKIH OeWHEeNeUTiH
aKBIH CTATUCTHKAIBIK CHUTATTaMalapbiIMeH EpKiH CBI3BIKTBHIK DHEPTUSHBIH TPUHIHIN asChIHIA
TOMOJIOTHSUTBIK, Katap Mmyiuenepiniy OapnbirbiHa (4-OCHj3 kocmaranma) OipiHFail KOPPENSIHSIBIK

TeHzey aiablHIbl. OChbl TOMOJIOTUAIBIK KaTap Oencenai papMakodop MOJIEKyJaChbIHHBIH AU3aiiHbI YIIIH
MaHbI3bI 30p OOJIBIN TaOBLIA B
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