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The constants of ionization pKg,* of substituted 6,9-dichloracridines have been determined in the
mixed ethanol — water solvent (60 mole percent of ethanol) at the temperature of 25°C by the method
of potentiometric titration. It has been shown that these compounds are weak bases (pKg,,* of the
corresponding associated acids is in the range of 3.71-3.95). It has been proven that their basicity de-
pends upon the nature and position of substituents in the heterocycle. Introduction of 9-chlorine sub-
stituent to the molecule of acridine leads to significant weakening of basic properties (pK,,* = 0.82)
due to decrease of the electron density on the atom of nitrogen (reactive centre). The appearance of
9-chloracridine of chlorine atoms in the molecule in 2-, 4-positions also decreases basicity of the hete-
rocycle, but approximately 6.5 times less (pK,,* = 0.13 (2-Cl), pK,,," = 0.14 (4-Cl)). On the contrary,
the donor substituents increase basicity. The quantitative assessment of the substituents influence
has been performed within the principle of available energy linearity according to the Hammet equa-
tion by the correlation analysis method. The equation obtained, which includes pKg,,* of all experimental
compounds, proved to be statistically uncertain. On the plot of pKg,* — f(c) dependence, the value of
pKg,* for 4-methoxy substituent is supposed to be out of the linear dependence. Elimination from cor-
relation of pKg,* for 4-methoxy substituted 6,9-dichloracridine allowed to obtain the correlation equa-
tion of pKg,* — f(o) relationship with reliable statistic characteristics. This equation allows to predict re-
activity of other members of this homologous series. The low value of the reaction constant is p = 0.86
and testifies a slight sensitivity of the reactive centre (heterocyclic atom of nitrogen) to the influence of
substituents in the molecule of substituted 6,9-dichloracridine. It is notable that the reactive constants
p for 6,9-dichloracridines, 5-nitro-9-chloracridines within the limits of experimental error coincide, and
it indicates the single mechanism of the electronic influence of substituents on the reactive centre.

Substituents of 9-chloracridine are widely used as
starting substances for obtaining various biologically
active 9-amino-, 9-alkylamino-, 9-arylamino-, 9-hydra-
zineacridines [3-5, 8-12, 16, 18-20]; markers in genetic
engineering [6]; luminescent indicators in analytical che-
mistry [6, 15, 17].

The aim of the research is to study reactivity of sub-
stituted 6,9-dichloracridines because the reactivity of
compounds of this homologous series has not been in-
vestigated in details [5, 12]. Thus, the relevance of the
research is beyond a doubt as it allows to optimize the
synthesis of these compounds.

The reactivity of this class of compounds has been in-
vestigated by the study of the acid-base balance (Scheme).

The ionization constants (pK, ") of acids associated
with substituents of 6,9-dichloracridine in the mixed
solvent such as ethanol-water (50 mole percent of etha-
nol) have been determined by the method of potentio-
metric titration at the temperature of 25°C (Table).

These data testify that substituted 6,9-dichloracri-
dines are weak bases; pK_," of the corresponding as-

sociated acids are in the range of 3.71-3.95. Basicity of
substituted 6,9- dichloracridines depends on the nature
and position of substituents in the heterocycle. Intro-
duction of 9-chlorine substituent to the molecule of acri-
dine leads to significant weakening of basic properties
(pK,,,"=0.82) [13] due to decrease of the electron den-
sity on the atom of nitrogen (reactive centre). The ap-
pearance of 9-chloracridine of chlorine atoms in the mo-
lecule in 2-, 4-positions also decreases basicity of the
heterocycle, but approximately 6.5 times less (pK,, =
0.13 (2-Cl), pK,,,= 0.14 (4-CI)). On the contrary, the
donor substituents increase basicity.

The quantitative assessment of the substituents influ-
ence has been performed within the principle of avail-
able energy linearity according to the Hammet equation
by the correlation analysis method. The equation ob-
tained (1) is statistically uncertain because of the low

value of the correlation coefficient (r):

pKy' = (3.85+£0.04) — (0.50+0.09)'c
n=9 r=0.845 s=0.016
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1 R=H; 2 R=2-OCHj; 3 R=4-OCHj3; 4 R=2-CHj; 5 R=4-CH3;
6 R=2-Cl; 7 R=4-Cl; 8 R=1,3-(CH3),; 9 R=2,3-(CH3),

On the plot of pK, "~ f(c) dependence (Fig.) the va-
lues of pK,,"4- for 4-methoxy substituent are out of the
linear dependence. The same effect is observed when
studying 5-nitro-9-chloracridines [5], 9-thioacridones
[10], 9-hydrazineacridines [11]. Probably it is connect-
ed with the intramolecular hydrogen bonding between
oxygen of 4-methoxygroup and heterocyclic nitrogen.

Elimination from correlation of pKy,," for 4-methoxy
substituted 6,9-dichloracridine (3) leads to sharp improve-
ment of statistical characteristics:

pKgy = (3.86+0.02) — (0.86+0.05)-c 2)
n=8 r=0.989 s=0.016

The low value of the reaction constant p = 0.86 tes-
tifies a slight sensitivity of the reactive centre (hetero-
cyclic atom of nitrogen) to the influence of substituents
in the molecule of substituted 6,9-dichloracridine. It is
interesting to note that reactive constants p for 6,9-di-
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chloracridines [5], 5-nitro-9-chloracridines [5] within
the limits of experimental error coincide, and it indi-
cates the single mechanism of the electronic influence
of substituents on the reactive centre.

Experimental Part

The study of the acid-base balance was performed
by the method [1]. The titrant was 0.01 M aqueous so-
lution of hydrochloric acid. The concentration of the
solutions to be titrated was 0.005 mol/dm?* in the point
of semi-neutralization. Potentiometric titration was per-
formed on an EV-74 ionomer using glass (ESP-43-074)
and silver chloride (EVP-1M) electrodes at 25°C. The
experiments were carried out in triplicate, and the data
obtained were analyzed according to the requirements
of the SPhU [2]. The correlative analysis was conduct-
ed by methods of mathematic statistics (with the confi-
dence interval of 0.95) [7].

In order to prepare the mixed solvent, the bidistil-
late free of CO, and ethanol were used.

| | | -
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ig. Dependence of pKg,,* — f(o) for substituted 6,9-dichloracridines (1-9).
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Table

Properties of substituted 6,9-dichloracridines (1-9)

H 0, 0,
Compound | Yield, % ;\Q)?Lt;?ogqc - Fouréd, % - h?g:(::lljr NCalculacted, /oH Ky, *
1 96 100-101 5.64 | 6290 | 2.81 C,,H,CI,N 565 | 6293 | 2.84 3.85+£0.02
2 93 123-125 | 5.05 | 60.42 | 3.25 C,,H,CI,NO 5.04 | 60.46 | 3.26 3.94+0.04
3 95 119-121 5.03 | 60.40 | 3.25 C,,H,CI,NO 5.04 | 60.46 | 3.26 3.95+0.04
4 92 129-132 | 533 | 64.19| 345 C,,H.CLN 534 | 64.15 | 3.46 3.92+0.01
5 90 127-129 | 535 | 64.18 | 345 C,H.CLLN 534 | 64.15 | 3.46 3.89+0.03
6 94 98-100 | 4.95 |55.21| 2.13 C,;H,CI,N 496 |55.26| 214 | 3.72+0.03
7 93 99-101 495 | 5522 | 2.13 C;;HCLN 496 | 55.26 | 2.14 3.71+£0.02
8 91 133-135 | 5.08 |65.20 | 4.00 C,.H,,CLN 507 | 65.24 | 4.01 3.95+0.03
9 90 137-139 | 5.06 | 65.28 | 4.02 C,sH,,CL,N 5.07 | 65.24 | 4.01 3.94+0.04

The synthesis of substituted 6,9-dichloracridines
(1-9) was carried out by the method [14]; their physical
and chemical parameters corresponded to the literature
data [14].

CONCLUSIONS

1. The reactivity of substituted 6,9-dichloracridines
has been researched in the reverse conditions by study-
ing the acid-base balances of the corresponding associat-
ed acids in the mixed ethanol — water solvent (50 moles
percent of ethanol) at 25°C.

2. The influence of the nature and position of sub-
stituents in the heterocycle upon the strength of the cor-
responding associated acids has been analyzed.

3. It has been proven that acceptor substituents weaken
basicity of 6,9-dichloracridine, but donor substituents
cause the opposite effect.

4. The Hammet correlation equation has been obtained
with convincing statistic characteristics; it is used to pre-
dict acid-base properties of substituted 6,9-dichloracri-
dines.
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PEAKUINHA 30ATHICTb 3AMILLEHUX 6,9-AUXNOPAKPUOUHIB

O.M.CeeyHikosea, C.B.KonicHuk, O.B.KonicHuk

Knroyosi crnoea: 6,9-0uxnopakpuduH, peakuiliHa 30amHicmb, KUCIIOMHO-OCHOBHI pieHO8az2u;
CripsixeHi kucriomu, pieHsIHHS [lamMmema; npuHyUn niHiGHoCMi 8irbHUX eHepeil; dOHOPHI 3aMiCHUKU;
aKuernmopHi 3aMiCHUKU; KOPESUitHI Pi6HSHHS

BusHa4eHi koHcmaHmu ioHisauii pKg,* 3amiujeHux 6,9-0uxmiopakpuduHy 8 3MiluaHOMy PO3HYUHHUKY
emaHos-eoda (50 monbHUX gidcomkie emaHosy) rpu 25°C Memodom nomeHyioMmempu4yHo20 mu-
mpyeaHHs. [MokazaHo, wo yi crnonyku — crnabki ocHosu (pKg,,* 6I0MOGIOHUX CrIPSXKEHUX KUC/I0m 3Ha-
xodumabcs 8 Mexax 3,71-3,95). [JoeedeHo, W0 ix 0CHOBHICMb 3anexxumsp 8i0 MpuUpoOU ma MosIoKeH-
Hs1 3aMiCHUKI8 y eemepoyukri. BeedeHHs y Monekyny akpuduHy 9-xrop3amicHuka npuzeodums 9o
cymmegoeo nocnabneHHs1 ocHosHux enacmusocmel (pKg," = 0,82) yepe3 3MeHWeHHs efleKmpOHHOI
eycmuHu Ha amomi HimpoeeHry (peakuitHull ueHmp). lNosiga y Monekyrii 9-xnopakpudOuHy amomig Xi1o-
py y 2-, 4-rONOXeHHSIX MakoX 3MeHWYe OCHOBHICMb 2emepOoUUKIy, ane npubnusHo y 6,5 pasie MeH-
we (pKgy' = 0,13 (2-Cl), pKy,,* = 0,14 (4-Cl)). JoHopHI 3amiCHUKU Hasnaku rnosuuiytoms OCHO8HICMb.
KinbkicHa ouiHka ennusy 3amiCHuUKie 30iliCHI08anack y Mexax npuHYUny MiHiGHUX eHepail 3a pieHsIH-
Ham [ammema memodom KopernayitiHoeo aHanidy. OdepxaHe pigHAHHS, wo micmums pKg,* ecix do-
CridXysaHUX CroMyK 8USBUIIOCH CMamucmuy4YHo HegipoziOHuMm. Ha epacpiky 3anexHocmi pKg,* — (o)
3Ha4yeHHs pKy,, 4-Mmemokcu3amiweHo20 3Haxo0umbCs 1103a JiHilHOI 3anexHocmi. BUKYeHHs 3 Ko-
pensauii pKy,,* 0ns 4-memokcu3samiwieHoeo 6,9-0uxnopakpuduHy 0038051uU0 o0epxamu KopensuyitiHe
pigHsIHHS 38’A3KYy pKg,t — f(0) 3 HadiiHuMu cmamucmuyYHUMU Xapakmepucmukamu. Lle pieHsHHS 0o-
380/15I€ MPO2HO3y8amu peakuitiHy 30amHicmb IHWUX YIIEHI8 Ub020 20Moso2id4Ho20 psdy. Hesernuke
3Ha4YeHHs1 peakUiliHol KoHcmaHmu p = 0,86 cgidyumb PO HEBUCOKY Yymirugicmb peaKkuitiHo20 UeH-
mpa (eemepoyukniyHo2o amoma HimpoeeHy) 0o ennusy 3amiCHUKI8 y MorneKy i 3amiweHux 6,9-0u-
xropakpuduHy. Llikago 8id3Hayumu, wo peakuitiHi KoHcmaHmu p 0ns 6,9-0uxnopakpuduHis, 5-Himpo-
9-x10pakpuduHie y Mexax rnoxubku exkcriepumeHmy crigernadaroms, WO 8Ka3ye Ha €OUHUU MexaHi3Mm
e/IeKMpPOHHO20 8r1/1U8Y 3aMICHUKI8 Ha peakyitiHul yeHmp.

PEAKUMOHHAA CNOCOBHOCTb 3AMELLEHHbIX 6,9-0UXNTOPAKPUONHOB
E.H.CeeyHukoea, C.B.KonecHuk, E.B.KonecHuk

Knrodesnie criosa: 6,9-0uxnopakpuduH; peakyuoHHasi CriocobHOCMb, KUCITOMHO-OCHO8HbIE
pasHOBECUS; COMNPSIKEHHbIE KUC/IOMbI, ypasHeHue ammema; npuHyun auHetiHocmu c80b600HbIX
9Hepeaull; OOHOPHbIE 3aMecmumernu; akyenmopHbie 3aMecmumernu; KOppensyuoHHbIEe ypasHEeHUSs
OnpedeneHbl KOHCmMaHmMbl UoHU3ayuu pKg,* 3ameweHHbIx 6,9-0uxnopakpuduHa 8 cMelwaHHOM pac-
meopumene amaHosn-800a (50 mornbHbIx % amaHona) ripu 25°C Memodom NomeHyUOMempu4ecKo20
mumposaHus. NokazaHo, 4mo amu coeduHeHusi — criabble ocHosaHusi (pKg," coomeemcmeyrowux
COMnpsiKeHHbIX Kucsom Haxodumces 6 npedenax 3,71-3,95). [JokazaHo, 4mo ux OCHO8HOCMb 3a8U-
cum om ripupoObl U MOIoXeHUs1 3amecmumeriell 8 ezemepoyukrie. BeedeHue 8 Monekyny akpuduHa
9-xnop3amecmumers Npu8oOUM K CyuecmaeHHOMY ocriabneHuro 0CHO8HbIx ceolicms (pKy," = 0,82)
gcriedcmeue yMeHbUWEeHUS 371eKMPOHHOU MIOMHOCMU Ha amomMe a3oma (peakUyUuoHHbIU UeHMP).
lNosieneHue 8 mosnekyrne 9-xropakpuduHa amomMoeg Xsiopa 80 2, 4-MosIoKeHUSIX MaKxXe yMeHbwaem
OCHOBHOCMb 2emepoyuksa, Ho npubnuaumesibHo 8 6,5 pas meHbwe (PKy,* = 0,13 (2-Cl), pKg,* = 0,14
(4-Cl)). HoHopHble 3amecmumerniu Haobopom rosasiwarm ocHoO8HOcMb. KonudyecmeeHHas oueHka
8nusiHUSI 3amecmumernel npoeoousiack 8 2paHuyax MpUHYUNa AuHelHbIX 3Hepaul Mo ypasHeHUH
Fammema memodom KoppernsyuoHHO20 aHanu3a. lNonyyeHHoe ypasHeHue, codepxawee pKy,t ecex
uccriedyemMbix COeOUHeHUU, 0Ka3asloCb cmamucmuYecku HedocmoesepHbiM. Ha epacghuke 3agucumo-
cmu pKg," — (o) 3HayeHue pKy,* 4-memokcu3ameuw,eHHo20 Haxo0umcsi 8He NUHeUHOU 3a8ucuMocmul.
UcknroveHue u3 koppensayuu pKg,* 0nsa 4-memokcudameuwjeHHo20 6,9-0uxmiopakpuduHa rno38onusio
ronny4ums KoppesnsyuoHHoe ypasHeHue g83aumocesisu pKy," — f(0) ¢ HadexHbiMu crmamucmu4ecKumu
Xapakmepucmukamu. Omo ypagHeHuUe 0380/1siem npoeHo3upos8ams PeakyUOHHYI0 CrlocoObHOCMb
Opyaux 4sieHo8 3Moe20 20MoJsiocu4YecKozo psida. Hebonbwoe 3HayeHUe peakyUuOHHOU KOHCmaHmabl
p = 0,86 ceudemenbcmayem O HE8bICOKOU Yy8CmeUmebHOCMU PeakyUuOHHO20 UeHmpa (eemepo-
UUKITUYEeCKO20 amoma a3oma) K 6/lUsiHUK 3amecmumersiel 8 MorieKyrne 3aMmeueHHbIx 6,9-0uxmop-
akpuduHa. VIHmepecHoO ommemumab, Ymo peakyUuoHHbIe KOHCMaHmbl p 0 6,9-0uxriopakpuduHos,
5-Humpo-9-xnopakpuduHos 8 npedenax owubKu aKkcrnepuMeHma cosrnadarom, 4Ymo yKasbieaem Ha
€0UHbIU MexaHU3M 371eKMPOHHO20 8/IUSIHUSI 3aMecmumerneli Ha peakUUOHHbIU UeHmp.



