Investigation of 8-mercaptoquinoline (thiooxine) and its derivatives
110. Physicochemical properties of 5-amino-8-mercaptoquinoline

*D. ZARUMA, *M. CIRULE, 1. ZUIKA, "Z. BROVERS, "M. ZIKMUND,
and *YU. A. BANKOVSKII

*Institute of Inorganic Chemistry, Academy of Sciences of the Latvian SSR,
SU-229 021 Salaspils

®Institute of Inorganic Chemistry, Centre for Chemical Research,
Slovak Academy of Sciences, CS-842 36 Bratislava

Received 3 January 1983

Accepted for publication 6 July 1984

Some physicochemical properties of 5-amino-8-mercaptoquinoline and
5-amino-8-methylmercaptoquinoline are described: electronic absorption
spectra have been studied and molar absorption coefficients of ionized,
protonated, thiolic and zwitterionic forms of 5-amino-8-mercaptoquinoline, of
neutral and protonated form of S5-amino-8-methylmercaptoquinoline in
aqueous solutions, as well as of thiolic and zwitterionic form of S-amino-8-mer-
captoquinoline and neutral form of 5-amino-8-methylmercaptoquinoline in
organic solvents have been determined. In polar solvents 5-amino-8-mercapto-
quinoline exists in considerable concentrations as the zwitterionic form and its
concentration increases with the increase of dielectric permeability of the
solvent.

Cumulation ionization constants have been determined and individual
ionization constants of 5-amino-8-mercaptoquinoline have been calculated. It
follows from the latter that amino group in the 5th position of quinoline ring
considerably increases the basic properties of the heterocyclic nitrogen atom
(pKs =4.74) and slightly diminishes the acidic properties of mercapto group
(pKb =7.44) when compared to those of 8-mercaptoquinoline (pKs=3.50,
pKo=7.01). This fact can be ascribed to the electron-donor effect. It may be
concluded ggm the values of protonation constants of ths%H l;eterocyclic nitrogen
atom (pK+ =4.74) and primary amino group (pKu,*=0.50) of 5-ami-
no-8-methylmercaptoquinoline that for addition of a proton to the primary
amino group considerably higher acidity than for addition of a proton to the
heterocyclic nitrogen atom is necessary.

Solubility of 5-amino-8-mercaptoquinoline in water, dependence of extrac-
tion into organic solvents on hydrogen ion concentration in aqueous phase,
two-phase ionization constant in the system chloroform—water (pK;=8.85)
and distribution constant between chloroform and water (Kp = 1.4) have been
determined spectrophotometrically.

Chem. Papers 39 (3) 329—344 (1985) 329



D. ZARUMA, M. CIRULE, I. ZUIKA, Z. BRUVERS, M. ZIKMUND, YU. A. BANKOVSKII

OnHcaHbl HEKOTOpPbIE (PU3HKO-XMMHYECKHE CBOMCTBA 5-aMHHO-8-MepKar-
TOXHHOJINHA U 5-aMUHO-8-MEeTHIMEPKANTOXUHONMHA | U3y4YEHbI JIEKTPOHHBIE
CIEKTPBI NMOMIOLICHMSI ¥ ONpefesieHbl MONSpHble KO3(UIMEHTHI 3KCTHHK-
MM HOHM3MPOBAHHOM, IPOTOHHPOBAHHLIX, THOJILHOM, LIBUTTEPHUOHHON POpM
5-aMHMHO-8-MepKaNTOXHHONMHA, HEWUTPaJNbHOH M TPOTOHMPOBAHHBLIX (hopM
5-aMHHO-8-METHIIMEPKANTOXHHONKHA B BORHBIX PAaCTBOPAX, a8 TaKXe THOJb-
HOW M LBUTTEPHOHHOH hopM 5-aMHHO-8-MeTHIMEPKANTOXHHOIHHA B OpraHu-
YECKHX pacCTBOPHUTENSX. B NOJAApHBIX pacTBOPUTENAX 5-aMHHO-8-MePKANTOXH-
HOJIMH CYILECTBYET B 3HAYUTENIbHBIX KOHLUEHTPALMAX B BUAE LBHTTEPUOHHON
¢opMBbl, KOHIIEHTPAaLUA KOTOPOH YBEJIUYHBAETCHA C yBEeIUYEHHEM JUIJIEKTPH-
YeCKOH MPOHHIIAEMOCTH PaCTBOPHUTENS.

Onpenenedbl 6pyTTO-KOHCTaHTbl HOHM3ALMH M BHIYHUCIEHBI MHIHBHAYAJIb-
Hble KOHCTaHThl HOHHM3aLMH 5-aMHHO-8-MepKanToxuHOIMHa. W3 mociemHux
CIefyeT, YTO aMMHOTIDYyNNa B MATOM MOJIOXEHNM XMHOJIMHOBOIO SAApa BClel-
CTBHeE 3JIEKTPOHHO-JOHOPHOTO BITHSHHS 3HaYMTENILHO YBEJHYHBAET OCHOBHbIE
CBOMCTBa retepouukiIndeckoro atoMa asora (pKs=4,74) u HeMHOTO yMeHb-
maeT KHUCJIOTHble cBolcTBa Mepkantorpynnbl (pKp=7,44) mo cpaBHeHHIO
¢ TakoBbIMH 8-MepkanToxuHonuua (pKs = 3,50, pKp =7,01). U3 noxaaa’reneu
KOHCTaHT MPOTOHH3ALMH TeTEPOUMKIMIECKOTO aToMa a30Ta (me,+ =4,74)
¥ MEepBHYHOH aMHHOTPYNbI (me,;-— 0,50) 5-aMHHO-8-MeTHIMEPKANITOXHHO-
JIMHa MOXHO CHeJaThk BLIBOM, YTO /IS IPHCOEIMHEHHS MPOTOHA K NEPBHYHOM
aMHHOTpynne HeoGXORMMO 3HAYMTENLHO 6ojiee BBICOKAst KHCIOTHOCTb, YeM
IJIS TIPUCOERUHEHHUs MPOTOHA K IeTepOLMKINYEeCKOMY aTOMY a30Ta.

CnekTpodOTOMETPHYECKMM METOROM OIpelesieHa PacCTBOPHMOCTL B Bofe
5-aMHHO-8-MepKANTOXHHONNHA, 3aBHCHMOCTh 3KCTPAKLHMH OpraHHYeCKHMH
PacTBOPUTENSIMH OT KOHIIEHTPAIlM¥ HOHOB BOIOPOAAa B BOXHOMH ¢a3e, nByxda3s-
Has KOHCTAaHTa MOHM3alMM B cHcTeMe Bopma—xiaopogopm (pK:=8,85)u kon-
CTaHTa pacnpefelsieHduss Mexpy xjsopodopmom u Bopol (Kp=1,4).

The investigation of different derivatives of 8-mercaptoquinoline, i.e., the study
of the influence of the nature and position of the substituents in the molecule on
physicochemical and analytical properties of these reagents is of considerable
theoretical and practical interest [1]. In the present investigation the effect of
amino group in the S5th position of the molecule of 8-mercaptoquinoline upon
physicochemical properties of the reagent was studied.

Absorption spectra

Equilibrium among different forms of 5-amino-8-mercaptoquinoline and 5-ami-
no-8-methylmercaptoquinoline in aqueous solutions in dependence on hydrogen
ion concentration can be represented by the following explanatory schemes (A)
and (B), respectively.
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Absorption spectra of equilibrium forms of 5-amino-8-mercaptoquinoline and
5-amino-8-methylmercaptoquinoline are shown in Figs. 1 and 2, maxima (Amax)
and molar absorption coefficients (€max) Of these forms are given in Table 1.
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Fig. 1. Absorption spectra of aqueous solutions of 5-amino-8-mercaptoquinoline at different hydrogen
ion concentrations: 1. pH=14; 2. pH=6; 3. pH=2; 4. 5 M-HCL.
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Table 1

Absorption maxima, molar absorption coefficients, and maximum formation intervals in aqueous
solutions of equilibrium forms of 5-amino-8-mercaptoquinoline and S-amino-8-methylmercapto-

quinoline
Maximum Armax Emax
Form of reagent in solution formation nm dm’mol~' cm '
interval
5-Amino-8-mercaptoquinoline diprotonated (I) =5 M-HCI 242 16 800
260 sh
319 4900
360 sh
— monoprotonated (II) pH 13 269 24 000
320 sh
464 2 300
— zwitterionic (III) pH 5—7 280 17 700*
518 1700*
— thiolic (IV) pH 5—7 258 19 700*
371 2 300*
— ionized (V) pH=12 253 20 000
398 4 000
5-Amino-8-methylmercaptoquinoline neutral (VI) pH=7 257 20 600
371 3 800
— monoprotonated (VII) pH 1.5—3 269 29 000
320 sh
447 2 600
— diprotonated (VIII) =4 M-HCI 242 13 600
269 14 800
319 3900
391 2 000

* Calculated from the total concentration of the reagent in solution, irrespective of the presence of
other forms.

5-Amino-8-mercaptoquinoline is an amphoteric compound. In aqueous solu-
tions at the isoelectric point (pH = 6.1) and closely to it 5-amino-8-mercaptoquino-
line exists predominantly as the zwitterionic form (III, absorption maxima at
280 nm and 518 nm). The zwitterionic form is formed best of all in the range of pH
5 to 7 (Fig. 3, curve 1) giving the violet coloured solutions. Alongside zwitterionic
form there exists also thiolic form of 5-amino-8-mercaptoquinoline (IV, absorp-
tion maxima at 258 nm and 371 nm). The correctness of correlation of absorption
maxima of the thiolic form is substantiated by coincidence of absorption spectra in
aqueous solutions at pH =7 (Fig. 2, Table 1), as well as in organic solvents (Fig. 5,
Table 2) of 5-amino-8-methylmercaptoquinoline, in which the possibility to form
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zwitterionic forms as a result of substitution of hydrogen atom by methyl group in
mercapto group is excluded.

At pH values above isoelectric point (best of all at pH =12, Fig. 3, curve 4), the
ionized form of 5-amino-8-mercaptoquinoline (V, absorption maxima at 253 nm

£+ 107/(dm® mol™ cm™)
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Fig. 2. Absorption spectra of aqueous solutions of 5-amino-8-methylmercaptoquinoline at different
hydrogen ion concentrations: 1. pH=10; 2. pH=3; 3. pH=0; 4. 5 M-HCL.
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Fig. 3. Dependence of formation of zwitterionic (1), monoprotonated (2), diprotonated (3), and
ionized form (4) of 5-amino-8-mercaptoquinoline on hydrogen ion concentration in aqueous solution.
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and 398 nm) is formed. At pH values below isoelectric point the monoprotonated
form (II, absorption maxima at 269 nm, 320 nm (shoulder), 464 nm) exists, which
is formed best of all in the range of pH 1 to 3 (Fig. 3, curve 2). The diprotonated
form of 5-amino-8-mercaptoquinoline (I, absorption maxima at 242 nm, 260 nm
(shoulder), 319 nm, 360 nm (shoulder)) is best of all formed in the media of
¢ =5 M-HCI (Fig. 3, curve 3).

In aqueous solutions at pH=1.5—3 5-amino-8-methylmercaptoquinoline (Fig.
4, curve 2) exists predominantly as monoprotonated form (VII, absorption
maxima at 269 nm, 320 nm (shoulder), 447 nm). On further increase of hydrogen
ion concentration in media of ¢ =4 M-HCI (Fig. 4, curve 3) diprotonated form is
predominantly formed (VIII, absorption maxima at 242 nm, 269 nm, 319 nm,
391 nm; Fig. 2, Table 1).
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Fig. 4. Dependence of formation of neutral (1), monoprotonated (2), and diprotonated form (3) of
5-amino-8-methylmercaptoquinoline on'hydrogen ion concentration in aqueous solution.

Protonation of nitrogen atom of amino group (i.e. formation of diprotonated
form) takes place at considerably higher acidity of the medium than protonation of
the heterocyclic nitrogen atom (formation of monoprotonated form).

As it is known [2—4] in case of quinoline, pyridine and acridine derivatives, the
first to be protonated is the heterocyclic nitrogen atom. Analogous dependence is
observed also in the case of 5-amino-8-mercaptoquinoline and 5-amino-8-methyl-
mercaptoquinoline : the first to be protonated is the heterocyclic nitrogen atom
(pK,,~ =4.74) thus forming monoprotonated form (II, VII) and at considerably
higher hydrogen ion concentration protonation of amino group takes place
(pK» =0.50) forming diprotonated form (I, VIII) where the heterocyclic
nitrogen atom and amino group are protonated.

Bathochromic shift (93 nm) of the absorption band on protonation of the neutral
form is conditioned by protonation of the heterocyclic nitrogen atom (monoproto-
nated form IT). In more acidic solutions (best of all in the medium of ¢ =5 M-HCI)
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protonation of the amino group takes place (diprotonated form, I), and it causes
hypsochromic shift (104 nm) of this band with respect to the monoprotonated form
10).

Electronic absorption spectra of S-amino-8-mercaptoquinoline and 5-ami-
no-8-methylmercaptoquinoline in some organic solvents (Fig. 5, Table 2) have
been studied. In slightly polar and nonpolar organic solvents 5-amino-8-mercapto-
quinoline exists as the thiolic form (absorption maxima at 260 nm and
374—380 nm) giving the yellow coloured solutions. In polar solvents, for instance,
in n-aliphatic alcohols or in formamide beside the thiolic form there exists
zwitterionic form of 5-amino-8-mercaptoquinoline (absorption maxima around
576—581 nm) which gives the greenish coloured solutions. Absorption spectra of
5-amino-8-mercaptoquinoline in nonpolar organic solvents are similar to those of
S-amino-8-methylmercaptoquinoline (Fig. 5, Table 2) because these two com-
pounds under investigation in nonpolar solvents exist as the thiolic form.

It follows from Fig. 5 and Table 2 that in the ultraviolet part of spectra of
5-amino-8-mercaptoquinoline and 5-amino-8-methylmercaptoquinoline there is
an intense absorption band in the region around 260—262 nm (8-band) and a less
intense absorption band in the region around 374—385 nm, which consists of
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Fig. 5. Absorption spectra of 5-amino-8-mercaptoquinoline in chloroform (1), in formamide (2), in
methanol (3) and those of 5-amino-8-methylmercaptoquinoliné in chloroform (4). (¢* — calculated
from the total concentration of the reagent irrespective of the thiolic or zwitterionic form.)
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Table 2

Absorption maxima and molar absorption coefficients of 5-amino-8-mercaptoquinoline, 5-ami-
no-8-methylmercaptoquinoline, and 5,5'-diamino-8,8'-diquinolyl disulfide in organic solvents

Amax Emax

Substance Solvent

nm dm® mol™' cm™
5-Amino-8-mercaptoquinoline Chloroform 260 21 000
374 4 000
Benzene 380 3900
Methanol 259
385 3 700*
581 80*
Formamide 381 3300*
576 310*
5-Amino-8-methylmercaptoquinoline Chloroform 262 17 800
378 4250
Benzene 384 4 600
5,5'-Diamino-8,8'-diquinolyl disulfide Chloroform 261 36 800
376 9200

* Calculated from the total concentration of the reagent, irrespective of the form, thiolic or
zwitterionic.

a considerable intersection of a- and p-bands. All these absorption bands might be
attributed to 71— * electronic transition. It might be presumed that (a, p)-band
coincidences with the closely spaced n— & * transition band, appearing as a result
of interaction of the lone electron pair on nitrogen atom with s-electrons of
quinoline ring.

In solutions of 5-amino-8-mercaptoquinoline a bathochromic shift of absorption
maxima of thiolic form is observed in comparison to 8-mercaptoquinoline ([1]
p- 50) by 50—62 nm and of absorption maxima of zwitterionic form by 88—94 nm,
due to the increase of coupling in the system under the influence of amino group in
the 5th position of quinoline ring.

Zwitterionic form

In aqueous solutions almost all (92.5 %) 5-amino-8-mercaptoquinoline exists as
the violet coloured zwitterionic form. Solutions of 5-amino-8-mercaptoquinoline in
n-aliphatic alcohols are green in colour, in formamide — violet green. The colour
of solutions of 5-amino-8-mercaptoquinoline in polar solvents depends on the
position of absorption maximum of zwitterionic form and on concentration ratio of
the thiolic and zwitterionic forms. The rise of the zwitterion and its stabilization in
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polar solvents can be explained by the formation of molecular complex of the
zwitterion with the molecule of the solvent.

Concentration of the zwitterionic form of 5-amino-8-mercaptoquinoline in
aqueous solution at pHi.. has been determined using Ebert’s equation [5]

K. =antilog (pKy* — pKnu+) — 1 (1)

For 5-amino-8-mercaptoquinoline the value K,=12.4 has been obtained, it
corresponds to the content of zwitterionic form (92.5 %).

As it follows from Table 2, the molar absorption coefficient at the absorption
maximum of thiolic form of 5-amino-8-mercaptoquinoline in nonpolar and slightly
polar organic solvents depends on the nature of the solvent only to a little degree.
However, in polar solvents as a result of existence of zwitterionic form, which is in
equilibrium with the thiolic form, decrease of molar absorption coefficient at
absorption maximum of thiolic form is observed. The strongest decrease of molar
absorption coefficient is observed in formamide (concentration of zwitterionic form
is the highest). Concentration of zwitterionic form in formamide (=17 %) has
been calculated according to the decrease of molar absorption coefficient at
absorption maximum of thiolic form in formamide, if compared to the mean value
of molar absorption coefficient of thiolic form in nonpolar and slightly polar
solvents, as described in paper [6].

Molar absorption coefficient of zwitterionic form of 5-amino-8-mercaptoquino-
line in formamide has been found to be &.ix=1800 dm® mol™' cm™".

Analogously to the independence of the value of molar absorption coefficient of
thiolic form of 5-amino-8-mercaptoquinoline upon the nature of the solvent one
can presume the same independence also for zwitterionic form [7]. Therefore &,
found in formamide can be applied to determination of the concentration of
zwitterionic form of 5-amino-8-mercaptoquinoline in other solvents, e.g., in
methanol zwitterionic form of 5-amino-8-mercaptoquinoline was found to be
=4 %.

In the case of 5-amino-8-mercaptoquinoline, and also as it was shown previously
for 8-mercaptoquinoline and series of its derivatives [1] there generally exists
a tendency towards proportional dependence between concentration of zwitterio-
nic form and dielectric permeability of the solvent.

Ionization constants and distribution constants in two-phase system

Denoting the free 5-amino-8-mercaptoquinoline (IV) as RNSH, 5-ami-
no-8-mercaptoquinolinate ion (V) as RNS~, 5-amino-8-mercaptoquinolinium ion
(II) as RNH*SH, the free 5-amino-8-methylmercaptoquinoline (VI) as H,NRN,
5-amino-8-methylmercaptoquinolinium ion ( VIII) protonated at heterocyclic ni-
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trogen atom as H,NRNH* and 5-ammonio-8-methylmercaptoquinolinium ion
( VIII) protonated at the amino group as *H;NRNH", the ionization processes may
be expressed in the following way

[RNSH]

NH'SH = H+H" K, =pH — log —t >0
RNHS RNSH+ pK,=pH ~log [RNH*SH] (2)
H = - _ 1. [RNS7]

RNSH = RNS +H pK.=pH "’g[RNs ] 3)
H,NRNH* =2 H,NRN+H K H,NRN]
" * + = —_ _[_2_.__

2:NR 2N + PRy pH lOg [H2 R +] (4)

*H.NRNH* =2 H,NRNH*'+H*' pKj.>=pH-log [H.NRNH"] (5)

["H;NRNH"]

pK: characterizes the basic properties of heterocyclic nitrogen atom, pK, the
acidic properties of mercapto group in the molecule of 5-amino-8-mercaptoquino-
line, pK.- the basic properties of heterocyclic nitrogen atom in the molecule of
5-amino-8-methylmercaptoquinoline and pKﬂi the basic properties of nitrogen
atom of amino group in S-amino-8-methylmercaptoquinolinium ion.

Spectrophotometric methods were used for determination of ionization con-
stants. Spectrophotometric determination of ionization constants is performed at
analytical wavelength at which the greatest difference of values of absorbance is
observed (at identical concentrations and thickness of layer of solution) among
reagent forms involved in equilibrium. The values of ionization constants of
5-amino-8-mercaptoquinoline have been calculated using eqn (6) and those of
protonation constants of 5-amino-8-methylmercaptoquinoline using eqns (7) and

(8)

pK, =pH + log 2= £ (6)
€ — Em

pKos =pH+log€—_ﬂ (7)

W £2—¢€
pKiay- =pH+log --— (8)

E— &3

where ¢ — molar absorption coefficient of mixture of equilibrium forms,

&1 — molar absorption coefficient of ionized form of 5-amino-8-mercapto-

quinoline,

€2 — molar absorption coefficient of monoprotonated form of 5-ami-
no-8-mercaptoquinoline, ‘

£; — molar absorption coefficient of diprotonated form of 5-amino-8-
-methylmercaptoquinoline,

em — molar absorption coefficient of neutral form of the substance.
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By means of the spectrophotometric method (I =0.1 mol dm™>, 6 =20 °C, in the
presence of 2 % ethanol), the following values of ionization constants for 5-ami-
no-8-mercaptoquinoline pK,=8.72+0.04 and those for 5-amino-8-methylmer-
captoquinoline pKff:f =4.74+0.02 and pK:::i =0.50+0.02 have been
calculated.

Ionization constants characterizing basic properties of nitrogen atom in the
molecule of 5-amino-8-mercaptoquinoline could not be determined using the
spectrophotometric method because of the rapid oxidation of the reagent in acidic
medium.

By the potentiometric method for 5-amino-8-mercaptoquinoline the following
values of cumulation ionization constants have been obtained: pK;=3.46 +0.04
and pK.=8.75+0.04.

Since 5-amino-8-mercaptoquinoline in aqueous solutions exists as both the
thiolic form and the zwitterionic form (92.5 %), the constants K; and K, are
cumulation constants and do not give correct notion about acidic properties of
mercapto group and basic properties of nitrogen atom. Equilibrium among
different forms of 5-amino-8-mercaptoquinoline is characterized more properly by
individual ionization constants Ka, Ks, K¢, and Kp. Only pKg is determined
experimentally (pKs = pKore ), negative logarithms of other individual ionization
constants are calculated using eqns (9—11)

pKa=pKs—log K, (9)
chszl +pK2_pKA (10)
pKo=pK;+pK;—pKs (11)

The following values have been obtained: pKa=3.65; pKs=4.74; pKc=8.53;
pKo=7.44.

It follows from protonation constants of heterocyclic nitrogen atom, pKi =
4.74, and those of primary amino group, pK:CH':’»« =0.50, that the addition of
a proton to the primary amino group (i.e., the second proton) requires considera-
bly higher acidity than the addition of the first proton to the heterocyclic nitrogen
atom. An analogous regularity is observed for 5-aminoquinoline ([4] p. 85),
pK,=5.46, pK;=0.97. As seen from individual ionization constants of 5-ami-
no-8-mercaptoquinoline, amino group in the Sth position of quinoline ring due to
the electron-donor effect considerably increases basic properties of nitrogen atom
and slightly decreases acidic properties of mercapto group if compared to those of
the molecule of 8-mercaptoquinoline (pKs = 3.50, pKp=7.01) ([1] p. 90).

According to the data listed in Table 3 introduction of NH, group into the
molecule of 8-S-methylquinoline causes considerably larger increase of basic
properties of nitrogen atom (ApKnwu+ = 1.24) than it results from additive contribu-
tion of this group in 5-aminoquinoline (ApKnu+=0.52). It follows from the
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Table 3

Changes of basic properties of nitrogen atom on introduction of NH, group into the molecule of
quinoline and of 8-S-methylquinoline determined experimentally (ApKnu+) and calculated in sp- and
spd-bases of sulfur atom

(teor) (beor)
Compound ApKns+ ApKw* ApKau*
(sp-base) (spd-base)
5-Amino-quinoline 0.52 0.40 0.40
5-Amino-8-S-methylquinoline 1.24 0.30 1.60

calculation of protonation energy of this compound (approach of CNDO/2
spd-base of sulfur atom [10]) that the observed changes of pKnu+ value are
conditioned.l_)y the contribution of structure IX in the fundamental state of

*

Ix

A

H3CS

5-amino-8-methylquinoline. In comparison to 5-amino- and 8-S-methylquinoline,
in this compound bond energy C—NH; (AE 0.15 eV), S—CH; (AE =0.48 ¢V)
and the charge on nitrogen atom (Agq = + 0.004) and sulfur atom (Aq = —0.020)
are increased. According to this the energy of hydrogen bond S..."NH in the
protonated form of 5-amino-8-S-methylquinoline if compared to 8-S-methyl-
quinoline increases.

The intervals of extraction of 5-amino-8-mercaptoquinoline into organic sol-
vents are restricted by pH values of aqueous phase at which in considerable
concentration ionized and protonated forms of 5-amino-8-mercaptoquinoline are
formed. 5-Amino-8-mercaptoquinoline is best of all extracted into chloroform in
the range of pH=4.5—9 and into benzene in the range of pH=5—9 (Fig. 6).
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Fig. 6. Dependence of extraction of 5-amino-8-mercaptoquinoline on hydrogen ion concentration in
aqueous phase: 1. chloroform; 2. benzene.
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Distribution constant of 5-amino-8-mercaptoquinoline in the system organic
solvent—water at isoelectric point is expressed as follows

_[RH]o
" Z[R]s

where X [R]s =[RH]s + [RH""]p is the sum of molar concentrations of the thiolic
[RH]s and zwitterionic [RH* ]z form in aqueous phase at isoelectric point.
Distribution constant of 5-amino-8-mercaptoquinoline in the system chloro-
form—water Kp =1.4 was found spectrophotometrically.

Two-phase ionization constant of 5-amino-8-mercaptoquinoline in the system
organic solvent—water in accordance to equilibrium

[RH]o 2 [R7]s+[H']s

(where [RH]o is concentration of neutral molecules in organic phase and [R7]s is
concentration of ionized molecules in aqueous phase) is expressed by the following
equation

Ko

(12)

,_[R7]s[H"]s

or logarithmically
- [RH]o
pKs=pH +log R s (14)

[R7]s =[Reota] — [RH]O

Equilibrium concentration of neutral molecules in organic phase is found according
to Beer’s equation

A

[RH]o === (15)

Eo

where Ao is absorbance of the organic phase at absorption maximum of the reagent

and &o is maximum molar absorption coefficient of the reagent in organic solvent.
Two-phase ionization constant of 5-amino-8-mercaptoquinoline in the system

chloroform—water was found to be pK;=_8.85 (8 =20 °C).

Experimental

For investigation of physicochemical properties of 5-amino-8-mercaptoquinoline its bis-
(hydrochloric acid) salt 5-ammonio-8-mercaptoquinolinium dichloride, CsH,N,S - 2HCI, was
used which was obtained in the form of orange needle crystals (II). This compound is readily
soluble in water, methanol or ethanol [11].
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5-Amino-8-mercaptoquinoline dissolved in n-aliphatic alcohols and especially in aqueous
solutions is comparatively quickly oxidized by air oxygen to 5,5'-diamino-8,8’-diquinolyl
disulfide. Therefore investigations in aqueous solutions were performed in argon atmosphe-
re but in neutral and alkaline solutions where very rapid oxidation is observed also in the
presence of Na,S,0.-2H,O as reducing agent. To diminish oxidation in solutions of
n-aliphatic alcohols and in formamide triphenylphosphine was used which reduces aromatic
and alkyl disulfides [12].

Solubility in water was determined spectrophotometrically at pHi... = 6.1 in acetate buffer
solution (I=0.1 moldm™) in the presence of Na,S,0.-2H,O. Saturated solution of
5-amino-8-mercaptoquinoline is prepared by dissolving its bis(hydrochloric acid) salt in
preliminarily with argon saturated acetate buffer solution (pH=7) containing 0.3 %
Na,S;0,-2H;0. Dissolution is performed by blowing through argon for 15 min. After
dilution of the saturated solution of the reagent with buffer solution of pH=6.1 (prelimi-
narily saturated with argon) absorbance of the solution is measured at the absorption
maximum of zwitterionic form of the reagent at 518 nm. Concentration of 5-amino-8-mer-
captoquinoline is found on the basis of calibration curve. Solubility of 5-amino-8-mercapto-
quinoline in water (17 X 107> mol dm™?) could be determined approximately (with the error
of 20 %) because of rapid oxidation of the reagent in neutral aqueous solutions.

Absorption spectra of 5-amino-8-mercaptoquinoline and 5-amino-8-methylmercaptoqui-
noline have been taken at different ion concentrations in the presence of 2 % of ethanol
(c=1x10"*—2x10"* mol dm™).

For diminishing the oxidation of aqueous solutions of 5-amino-8-mercaptoquinoline the
applied buffer solutions and aqueous solutions containing various molar concentrations of
hydrogen chloride were saturated with highly pure argon. Neutral and alkaline solutions of
5-amino-8-mercaptoquinoline contained 0.1 % of Na,S.0O,-2H,O. During dissolution of the
reagent a stream of argon was blown through the solution. Recording spectrophotometer
Specord UV VIS was used for absorbance measurements of solutions of the reagent using
1 cm and 0.5 cm quartz cuvettes. In the control cuvette the respective buffer solution or
correspondingly the buffer solution containing 0.1 % of Na,S,O.-2H,O is placed.

Determining dependence of formation of zwitterionic (III), monoprotonated (II),
diprotonated (I), and ionized forms of 5-amino-8-mercaptoquinoline in aqueous solutions
on hydrogen ion concentration, solutions were thermostated at 20 °C, pH was measured
using a glass electrode. In order to diminish oxidation of 5-amino-8-mercaptoquinoline
solutions the above-described measures were taken. Absorbance of aqueous solutions of
5-amino-8-mercaptoquinoline at different hydrogen ion concentrations was measured at
absorption maximum of the respective equilibrium form. In the case of 5-amino-8-mercap-
toquinoline for monoprotonated form (II) — at 464 nm, diprotonated (I) — at 319 nm,
zwitterionic (IIT) — at 518 nm, ionized (V) — at 398 nm. In the case of 5-amino-8-methyl-
mercaptoquinoline for diprotonated (VIII) — at 319 nm, monoprotonated (VII) — at
447 nm and neutral form (VI) — at 371 nm. In control cuvette there is buffer solution
containing 0.1 % Na,S:0. or HCI solution of the respective molar concentration.
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Determination of ionization constants

Ionization constant of 5-amino-8-mercaptoquinoline pK; was determined by spectropho-
tometric and potentiometric method and pK, using potentiometric method. Spectrophoto-
metric determination of pK, of 5-amino-8-mercaptoquinoline (¢=2x10"* mol dm™,
08 =20°C) has been performed in solutions saturated with argon and containing 2 % of
ethanol and 0.1 % of Na,S;0.-2H.O. According to molar absorption coefficients
(e/dm’ mol™' cm™') determined at 398 nm for neutral (840), ionized (4000) and combina-
tion of neutral and ionized forms (pH = 7—8.5) using eqn (6) pK: is calculated. Spectropho-
tometrically were determined also ionization constants of 5-amino-8-methylmercaptoquino-
. SCH3 SCH3 | . . ..
line pKw* and pKwu,* in the presence of 2 % ethanol in aqueous solutions, ionic strength of
the solution being I=0.1 moldm™ and 6 =20 °C. Absorbance of the solutions of the
reagent (c=1x10""—2 x 10~* mol dm ) is measured at different hydrogen ion concentra-
tions (pH=4.5—5 and 0.2 M—1.5 M-HCI) at the wavelength 447 nm. Using molar
absorption coefficients (¢/dm® mol™' cm™) at 447 nm of neutral (320), monoprotonated
(2600) and diprotonated form (470) and combination of neutral and monoprotonated, as
well as mono- and diprotonated forms ionization constants were calculated by means of eqns
(7) and (8). Radiometer pH-meter PHM-4 with a glass—calomel electrode was used for pH
measurement of the solutions.

Ionization constants K; and K, of 5-amino-8-mercaptoquinoline have been determined
potentiometrically. Potentiometric titration was performed applying automatic titrator
TTT-II with titration equiphent TTA-2, supplied with piston microburette (0.5 cm®) of
precision 0.0002 cm®. Recording of titration curve is performed with the automatic
titrograph SBR 2/SBU I (Radiometer, Copenhagen). Glass electrodes of the type G 202 B,
G 202 C were used as indicators. Saturated calomel electrodes of the type K 100 were used
as reference electrodes. In order to avert oxidation of aqueous solutions of 5-amino-8-mer-
captoquinoline, titration is performed in a closed vessel in argon atmosphere. Certain
amount of hydrochloric acid salt of 5-amino-8-mercaptoquinoline is placed in a 50 cm?®
beaker, stream of argon is let in, about 20 cm® of preliminarily boiled and with argon
saturated twice distilled water are poured into it. Titration is performed with freshly made
0.5 M-solution of KOH [13], which does not contain CO,. The solution is stirred with
magnetic stirrer. Using pH meter PHM-28 pH of the solution is measured both at the
beginning and at the end of the titration with the accuracy * 0.01 pH. From the obtained
titration curves the value of pK, and pK, can be graphically found [9].

When determining hydrogen ion concentration on extraction of 5-amino-8-mercaptoqui-
noline into organic solvents, aqueous solution of the reagent (¢ =1x107* mol dm™ in the
presence of 0.2 % of Na,S,0,-2H,0) at different pH values is vigorously shaken for 5 min
with equal amount of chloroform or benzene. After separation of phases absorbance of the
organic phase is measured at 374 nm (CHCL) or 380 nm (C.H). pH of the aqueous phase is
checked after the extraction with a glass electrode.

Two-phase ionization constant pK; of 5-amino-8-mercaptoquinoline in the system
chloroform—water has been determined in pH range which corresponds to about 50 % of
the extraction of the reagent. To 20 cm® of the solution of the reagent (c=2Xx
10* mol dm™) in the respective buffer 20 cm® of chloroform are added and shaken
vigorously for 10 min. After separation of phases absorbance of the organic phase is

Chem. Papers 39 (3) 329—344 (1985) i 343



D. ZARUMA, M. CIRULE, I. ZUIKA, Z. BRUVERS, M. ZIKMUND, YU. A. BANKOVSKII

measured at maximum absorption in chloroform at 374 nm. pH of aqueous phase after
extraction is measured with pH-meter PHM-4. In order to diminish oxidation of the reagent
the aqueous phase contained 0.3 % of Na,S,0.-2H,O, buffer solutions were preliminarily
saturated with argon. Both phases were thermostated at 20 °C.

Distribution constant K, of 5-amino-8-mercaptoquinoline between water and chloroform
was determined spectrophotometrically at pH of aqueous phase 6.1, i.e., at the isoelectric
point using the method applied to determination of pK;. Absorbance of the aqueous phase is
measured at the absorption maximum of zwitterionic form at 518 nm or at the absorption
maximum of thiolic form at 371 nm.

In order to take absorption spectra solutions of 5-amino-8-mercaptoquinoline were
prepared (¢ =1x10"—2x 107> mol dm™) in chloroform, benzene, formamide, methanol
and those of 5-amino-8-methylmercaptoquinoline in chloroform and benzene. To a certain
amount of bis(hydrochloric acid) salt of 5-amino-8-mercaptoquinoline two drops of
concentrated aqueous solution of sodium acetate are added and the free reagent is dissolved
in organic solvent. In polar solvents solutions 5-amino-8-mercaptoquinoline is relatively
quickly oxidized. In order to diminish oxidation methanol and formamide solutions
contained 0.05 % and 0.02 % of triphenylphosphine, respectively. However, in order to
take absorption spectra in methanol at the wavelengths shorter than 320 nm solutions were
prepared without triphenylphosphine, as the latter has its own absorption spectrum in this
region. In this casé the spectrum of S-amino-8-mercaptoquinoline was taken at short
intervals using each time freshly made solution. As in such a case the reagent is partly
oxidized, the exact value of molar absorption coefficient at 259 nm cannot be determined.
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