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Associations of benflurone, i.e. 5-(2-dimethylammonioethoxy)-7-oxo-7 H-benzo|[c|fluorene chloride,
were studied by UV VIS spectrophotometry in aqueous solutions and its pK, = 7.51 was deter-
mined by potentiometry. The UV VIS spectra of the acidified benflurone solutions simulated the
second protonation, but it was disproved by the IR spectra of the prepared crystalline salt of the
benflurone base (B) B2 (HClO4)3. Multiple association equilibria were evidenced, in diluted aqueous
solutions they started with dimerization of the benflurone cations. On the addition of increasing
excess of KCI (or another strong electrolyte), gradual formation of ion pairs BHTCl™, their dimers
(BHTCI™ )2, and higher colloidal associates was manifested, after some time followed by the pre-
cipitation. The determined association constants showed that the preferred associate in the diluted
solution was the dimer (BH')» of the amphiphilic benflurone cations. The unusually sharp solubility
decrease observed on the addition of KCI indicated that while the cationic dimerization supported
the benflurone solubility, the uncharged ion pairs and their multimers were very poorly soluble.

Benflurone (Bf) was originally prepared as an an-
tineoplastic drug [1, 2] and exhibited interesting phai-
macodynamic properties [3] and biotransformation
pathways [4]. According to the reported partition co-
efficient [5], the nonprotonated base of benflurone is a
very hydrophobic compound. In the form of the stud-
ied chloride salt (Formula 1), benflurone is, however,
well soluble in water, but it is surface-active and its
more concentrated dark-orange solutions reveal even
visually their colloidal nature, like solutions of many
amphiphilic salts. The previous potentiometric mea-
surements of aqueous solutions of benflurone with
the chloride ion-selective electrode at concentrations
1072—10"! mol dm~2 indeed showed extensive asso-
ciations [6] in the form of the cationic heteroassociate
(BH*),Cl~ However, this finding was based only on
the measurements of the activity of chloride ions in
the mentioned concentration range of benflurone.
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Formula 1. Benflurone (BHCI).
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Association phenomena, affect greatly solubility [7,
8] and biological availability of drugs [9, 10], thus this
work was intended as a study of the association equi-
libria of benflurone by the UV VIS spectrophotometry
in more diluted aqueous solutions and also in the pres-
ence of another electrolyte. The effect of the formation
of the ion-associates on the solubility was followed as
well. Since benflurone is a chloride of the protonable
base, the associations may be connected with the pro-
ton transfer [9]. Therefore measurements of benflurone
basicity by potentiometry and verification of the pro-
tonation site by IR spectra were also included in the
presented work.

EXPERIMENTAL

The orange substance of benflurone, i.e. 5-(2-
dimethylammonioethoxy)-7-oxo-7H-benzo|[c|fluorene
chloride, was of the same provenience (compound V
in [2]) and purity, as stated in [5, 6]. Other chemicals
were of reagent grade and water was redistilled.

Absorption spectra of the solutions in the UV
VIS region were measured on the spectrophotometer
Specord M 40 (Zeiss, Jena), using quartz cells with op-
tical path lengths 1—50 mm. IR spectra were recorded
on the instrument Specord 75 (Zeiss, Jena) in the KBr
pellets. Elemental analyses were performed on the in-
strument C. Erba 1102. Melting points were measured
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with a proper correction on the microstage Boetius 83.

Measurements of pH were done with pH-meter
PHM-26 (Radiometer, Copenhagen) equipped with a
combined glass-calomel electrode GIX 2301. The elec-
trode was standardized [11] by the potassium tetraox-
alate buffer with pH 1.68 for measurements in acidic
solutions, and by usual standard buffers with pH
4.00, 7.00, and 9.22, respectively, for other measure-
ments. Potentiometric, spectrophotometric, and solu-
bility measurements were carried out at ambient tem-
perature (25°C).

Benflurone Perchlorate

We tried to prepare crystalline salts where ben-
flurone base would bind more than one molecule of
acid. Precipitation of benflurone (cgs = 0.1 mol dm~3)
with HCI or HNOj3 did not yield defined products.
However, precipitation with the solution of HC1O4 (c
= 1 mol dm~3) on intense cooling yielded red crys-
talline precipitate, after standing it was filtered off and
dried over silica gel at room temperature.

The composition of the prepared red salt from ben-
flurone was established as Bo(HC1O4)3, m.p. = 227°C.
It follows from the potentiometric titration (glass elec-
trode) of ca. 0.052 g of the precipitate in 50 cm® of
acetone with aqueous NaOH (¢ = 0.1 mol dm™3). The
average consumption was 102.6 %, with respect to
the formula Bz(HClO4)3 For C42H41N2016013 (M
= 936.15) wi(calc.): 53.89 % C, 441 % H, 2.99 % N;
w;(found): 52.59 % C, 4.26 % H, 2.98 % N. The analy-
ses confirmed relatively well the formula B,(HCIO4)3
of the prepared salt, allowing a slight excess of the
perchloric acid in the sample. A salt with higher stoi-
chiometric content of HC1O, did not precipitate from
the benflurone solutions.

The elemental analysis of the original sample of
benflurone (Co;HooNO,Cl, M, = 353.83, m.p. =
268°C) was carried out for the sake of comparison and
the result was as follows: w;(calc): 71.28 % C, 5.69 %
H, 3.96 % N; w;(found): 71.20 % C, 5.79 % H, 4.14 %
N.

Determination of the Benflurone Solubility in
Water and in Solutions of KCI

Solubility in water. Series of graduated test tubes
with constant samples of benflurone and various vol-
umes of water were gently shaken for 8 h. As the satu-
rated solution was regarded that one, where the sam-
ple was completely dissolved and the solution was at
most slightly iridiscent but did not reprecipitate af-
ter two weeks standing and occasional stirring at con-
stant temperature. Two weeks of equilibrating was a
necessary condition, since benflurone formed super-
saturated solutions quite easily and later they again
precipitated.

Solubility in the presence of KCI. The aqueous so-
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lutions of benflurone and KCIl were mixed together
in such a way that the initial concentrations of ben-
flurone were cgf = 0.001 or 0.005 mol dm~3, whereas
the concentrations of IXCl gradually increased in the
range cxcy = 0.005—0.2 mol dm~* On mixing, only
a change of the colour shade occurred, indeed some of
the solutions with cg¢ = 0.001 mol dm—2 were used for
the spectrophotometric measurements of associations.
However, in the course of several hours or days,
massive precipitation started in the solutions with
higher concentrations of IXCl, so that the supernatant
over the orange precipitate of benflurone remained
only light yellowish. The mixtures were stirred oc-
casionally, left to equilibrate for two weeks and then
the precipitate was removed. The final benflurone con-
centration in the remaining solutions was determined
spectrophotometrically at A = 465 nm, where the mo-
lar absorption coefficient is not too sensitive to the
concentration and to the presence of KCl

RESULTS
Protonation and Basicity of Benflurone
IR Spectra of Benflurone and Perchlorate Salt

In order to elucidate the protonation of the ben-
flurone base, some assigned vibration modes [12] seen
in the recorded absorption IR spectra of the origi-
nal benflurone BHCI and its prepared perchlorate salt
By (HClO4); are summarized in Table 1. The spectra
are mutually very similar and the protonated tertiary
amino group is recognized in both cases. Although the
perchlorate salt has higher content of HClOy4, and it
was precipitated at pH = 0, no signs of eventual sec-
ond protonation of the benflurone base are seen in the
IR spectra. The wavenumbers of the suspected car-
bonyl (or etheric) group are practically the same in
both the salts.

Under the studied conditions the benflurone base

Table 1. IR Spectra of Benflurone Salts

pfem—1!
Vibration mode
BHCI B2(HCIO4)3

v(C—H)arom 3080 w, 3015 w 3057 w, 3012 w
v(C—H)aliph 2955 w, 2900 w 2943 w, 2900 w
v(N+—H) 2580 w, 2440 w 2670 w, 2450 w
v(C=0) 1710 s 1713 s
V(C=C)arom 1580 s 1580 s
6s(CH3NT) 1431 m 1427 m
bas(N+—H) 1403 m 1400 m
Vas(C—O0—C) 1270 m 1270 m
vs(C—0—C) 1048 m 1049 m
Vas(C3Nt) 996 m, 977 m 984 m, 936 m

- strong, m — medium, w — weak.
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B thus accepts only one proton and forms a cation
BH* The extra molecule of HCIO4 in the solid salt
B,(HClOy4)3 is probably a part of the crystalline lat-
tice.

Dissociation Constant (pK,)

The acid-base dissociation of benflurone cation,
BHT — B + H' was followed by the potentiome-
try in methanol—water medium (¢, =1 1) and the
corresponding dissociation constant I(,, or

pK. = pH + log ([BH*]/[B]) (1)

was determined.

Potentiometry was chosen because the investigated
proton dissociation is not reflected in the UV VIS
spectrum of benflurone and, on the other hand, the
spectrum is sensitive to the addition of another elec-
trolyte. The 50 % methanol—water medium was nec-
essary due to the very poor aqueous solubility of
the benflurone base B. The methanol—water solution
with total concentration of benflurone cg;y = 0.002 mol
dm~3 was titrated with aqueous NaOH (¢ = 0.1 mol
dm~2) and pH was measured with the glass electrode.
The obtained titration curve fitted well to the one-
proton dissociation of the benflurone cation BH™

The pK, values were calculated from five se-
lected titration curves using eqn (1), as described in
[13], with some modifications. Because of the used
methanol—water medium, the involved activity coef-
ficlent v+ had to be determined by analogous five
potentiometric titrations. In this case, HCI (¢ = 0.1
mol dm~3) in the same methanol—water medium was
titrated with the above-mentioned aqueous NaOH and
log yg+ = pHc — pH,,, where pH,, was measured and
pH. was calculated from the concentration of the non-
neutralized HCI.

The found average result was pK, = 7.51 + 0.04.
This value is somewhat lower than expected for pK,
of the aliphatic tertiary amino group in the benflurone
side chain probably due to the used methanol—water
medium [13]. In aqueous solution, the benflurone ba-
sicity may be somewhat higher.

Spectrophotometric Investigation
of Associations

UV VIS Absorption Spectra of Benflurone

The UV VIS spectrum of the orange aqueous so-
lution of benflurone, measured at the concentration
gt = 2 x 107* mol dm—3, exhibits absorption bands
at wavelengths (A/nm) 221, 232, 271, 292, and 484
and the molar absorption coefficients at the respec-
tive maxima are (e/(cm?® mmol~!)) 2.74 x 104, 2.31
x 10*,2.96 x 10%, 2.90 x 10%, and 806. Especially in
the visible region, the spectrum markedly depends on
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Fig. 1. Absorption curves of aqueous solutions of benflurone
at various concentrations cps/(mol dm~3): 1. 0.0002
(5 cm cell), 2. 0.00025 (4 cm cell), 3. 0.0005 (2 cm cell),
4. 0.001 (1 cm cell), 5. 0.002 (0.5 cm cell), 6. 0.01 (0.1
cm cell).

concentration and on the eventual presence of another
electrolyte in the solution.

Some absorption curves in the visible region, at
various concentrations of benflurone (cgr = 107%—
10~2 mol dm~3), are shown in Fig. 1. When the ben-
flurone concentration increases, the band at A = 484
nm diminishes, while at first a shoulder and then a
new absorption maximum develops at A = 417 nm.
The effect of the admixture of KCI or HCI into the di-
luted solution of benflurone (cpy = 0.001 mol dm~3)
is shown in Figs. 2 and 3, respectively. The effect of
the growing excess of KCl or HCI on the absorption
curves is strikingly similar to the concentration in-
crease of benflurone, the band at A = 484 nm again
diminishes and the new maximum develops at A = 417
nm, although the concentration of benflurone remains
low.

The absorption curves in Figs. 1 and 2 thus in-
dicate that some associations occur at the increasing
concentration of benflurone and the addition of the
excess of chloride anions. The measured spectra were
sufficiently time-independent and therefore they were
used for the investigation of the association equilib-
ria, although some of the measured solutions precip-
itated later on. With respect to the determined pK,,
the acid-base dissociation could not substantially in-
terfere in the association studies, since the measured
solutions of benflurone, or benflurone with KCl, were
in the range of pH = 6.0—6.5.

On the other hand, the absorption curves measured
in the solutions of benflurone with HCI (Fig. 3) might
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Fig. 2. Absorption curves of the solutions of benflurone (cg¢
= 0.001 mol dm~—3) with the excess of KCI. ckc)/(mol
dm_s): 1. 0.0, 2. 0.005, 3. 0.015, 4. 0.04, 5. 0.1, 6. 0.2,
7. 0.6, 8. 1.0.
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Fig. 3. Absorption curves of the solutions of benflurone (cgy
= 0.001 mol dm—3) with the excess of HCl. Concentra-
tions of HCl are the same as ckc) in Fig. 2.

simulate another acid-base equilibrium of benflurone,
besides of the above investigated dissociation of the
BHT* cations. However, the eventual second protona-
tion of benflurone, e.g. on its ketone carbonyl (For-
mula 1), has been disproved by the IR spectra of the
prepared crystalline perchlorate salt (Table 1). Aro-
matic ketones are usually too weak bases to be pro-
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tonated at pH above or about zero [14], structurally
similar fluorenone [15] has pK, = —6. Therefore the
spectral changes observed on the addition of both KCl
and HCI in the benflurone solution are regarded as
the manifestation of associations of benflurone with
chloride anions, although the corresponding absorp-
tion curves in Figs. 2 and 3 differ somewhat at the
higher respective concentrations of KCl and HCI.

Absorption curves quite similar to those in Figs. 2
and 3 were also observed in the benflurone solutions in
the presence of the excess of other strong electrolytes,
namely KNO3z, HNOj3, KCl0y4, and HC1Oy4, before the
precipitation occurred. Benflurone apparently asso-
ciates readily with a number of inorganic anions. In
this work we investigated in particular associations in
the diluted aqueous solutions of benflurone, without
and with the presence of KCI.

Solutions of Benflurone with the Excess of IXCl

Solutions with constant concentrations of ben-
flurone (¢pg/(mol dm~3) = 0.0001, 0.0002, and 0.001)
in the presence of increasing excess of KCl (ckcy
= 5cgr—1.0 mol dm™3) were examined at first, us-
ing convenient modifications of the spectrophotomet-
ric methods for the study of chemical equilibria [16].
Careful inspection of the measured visible spectral re-
gion reveals that the absorption curves can be grouped
into two different families, one at lower (cxcr < 0.06
mol dm~3) and the other at higher (ckc; > 0.06 mol
dm~2) concentrations of I{Cl; some examples are seen
in Fig. 2. Curves of each family intersect in their own
isosbestic point, although the two isosbestic points are
close together. In Fig. 2, the curves 1—4 intersect at
A = 460 nm and the curves 5—8 at A = 475 nm. It
points out that two different, though partially overlap-
ping association equilibria of benflurone with chloride
anions take place under the studied conditions.

The molar absorption coefficients ¢ at three se-
lected wavelengths, namely A = 385 nm, 417 nm, and
484 nm, were used to investigate the manifested asso-
ciation equilibria. In Fig. 4, two examples of the plots
of log {¢} against log {cc)-} are shown, where {e}
= ¢/(cm? mmol~') and {c¢j-} = c¢-/(mol dm™3).
Symbol c¢;- stands for the increasing total concentra-
tion of chlorides (cqy- = cxear + cpe) in the series of
the measured solutions with constant concentration of
benflurone. The two different equilibria are well doc-
umented especially by the shape of the curve 1 (A =
385 nm) in Fig. 4.

The association equilibriumn occurring at lower con-
centrations of KCl was established as ion pairing of
the benflurone cations with chloride anions, BHY +
Cl~ — BH*CI™ and the corresponding association
constant was denoted as K

K, = [BH*CI-]/([BH*][CI)) (2)

Chem. Papers 51(2)99—106 (1997)
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Table 2. Association Constants I; of Benflurone

{K;} = K;/(mol=1 dm3)? for i = 1,2, and 4, q=1; fori =3, q=3;fori =5. ¢ =2
Equilibrium Constant Slope A/nm
2BHt — (BHT), log{K1}
2.87 £ 0.09 385
2.77 £ 0.04 417
2.89 £ 0.08 484
BH* + ClI~ — BH*CI— log {2}
2.07 £+ 0.19 0.93 £ 0.08 385
2.03 £ 0.19 0.97 £ 0.16 417
1.89 + 0.16 1.07 £ 0.07 484
2BH* + 2CI— — (BH*TCI™), log{N3}
6.15 + 0.18 1.96 £ 0.18 385
5.94 £ 0.19 1.98 + 0.19 417
6.64 £ 0.22 1.56 £ 0.30 484
2(BHTCI™) — (BHTCl7); log{K4}
2.01 385
1.88 417
(BH%)2 + 2C1~ — (BH*Cl™)» log{ s}
3.28 385
3.05 417

log IC}

[ T ! | |
|
2.90 . I . —
BH'CL | (BH'CL I
|
|
|
I
2.85 [~ | 7
|
2.80 | 1
|
|
1 1 I I
-3 =2 -1 0
log {cc[_}
Fig. 4. Molar absorption coefficient (¢/(cin? mmol=!)) of ben-

flurone (cgr = 0.001 mol dm™3) in the solutions with
the excess of KCl - a logarithmic plot. Total chloride
concentration cq—- = cgcl + ¢y, ¢g-/(mol dm~—3).
1. A = 385 nm, 2. A = 484 nm.

It was evaluated by means of the logarithmic function

log {Y} =log {K>} + log {cka} (3)

where Y'is an auxiliary variable defined as
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Y= (¢ — epu+)/(eip — <)

The molar absorption coefficient cgy+ of the ben-
flurone cations BH* was found from the measure-
ments of the solutions without KCI, by a slight ex-
trapolation to the zero benflurone concentration. Val-
ues of ¢ were measured in the solutions with con-
stant concentration of benflurone and the excess of
KCl, ckc1 = 5¢r—0.05 mol dm~2 The molar absorp-
tion coefficient ;;, of the ion pairs BHtCl~ had to be
found by an iteration least-squares procedure, because
of overlapping with the following association equilib-
rium. The resulting values of log { K}, determined at
the three wavelengths and cg¢ = 0.0001 mol dm™3, are
in Table 2. The slopes of the dependences, of log {Y }
on log {ckci} are also given in Table 2, and their val-
ues are close to 1. It confirms the 1 1 stoichiometry in
accordance with eqn (3). which means the formation
of the uncharged ion pairs BHTC1~

The association equilibrium prevailing at cxci >
0.06 mol dm™3 was established as the formation of
the dimerized ion pair from the monomers, 2BHt +
2C1~ — (BH*Cl7),. The corresponding association
constant was denoted as K3

K = [(BHTCI™),]/([BHYJ?[CI7]?) (4)
It was evaluated using the logarithmic function
log {Y} =log {K3} + 2 log {ckci} (5)
and here the variable Y was defined as
103



Y = (¢ — epu+)(€ipa/2 — epu+)/(2ce(€ipa/2 — €)?)

The molar absorption coefficient sgy+ was the same
as in eqn (3), coefficients ¢ were measured at constant
concentration of benflurone cgy = 0.001 mol dim~3 and
the increasing concentrations of IXCl, ¢k = 0.08—0.6
mol dm~3 The molar absorption coefficient €ipd Of
the ion pair dimer (BH*Cl7), had to be found again
by iterations, because at concentrations of cyc) =~ 1
mol dm™3, the pattern of the benflurone association
again changed. It is indicated by the upward course of
the right-hand end of curve 1 in Fig. 4. Visually the
solutions became slightly iridiscent, which manifested
the starting colloidal aggregation.

The resulting values of log {K3}, determined at
the three wavelengths, are summarized in Table 2, to-
gether with the slopes of the respective dependences
of log { Y} on log {ckci}. For the respective measure-
ments at A = 385 nm and 417 nm the evaluated slopes
are close to 2, confirming in accordance with eqn (5)
the formation of the uncharged dimerized ion pairs
(BH*C17),. More devious value of the slope was found
at A = 484 nm, at this wavelength the conditions are
obviously less favourable for the determination, so the
corresponding value of log {K3} is regarded as less
reliable.

Besides of the formation from monomeric ions,
the considered associate (BHTCl™), may also arise
by the dimerization of the ion pairs, 2(BH*Cl™) —
(BH*C17),. This equilibrium is described by the as-
sociation constant Ky

Ky = [(BH*CI-),]/[BH*CIJ? (6)

The constant K4 can be readily calculated from the
determined K, and K3

log{Ky} = log{K3} — 2 log{ K>} (7)

Values of log {K4}. corresponding to the convenient
wavelengths A = 385 nm and 417 nm, are also pre-
sented in Table 2.

Solutions of Benflurone as a Single Solute

Some results of the spectrophotometric measure-
ments of aqueous solutions of benflurone as a single
solute are seen in Figs. 1 and 5. The curves in Fig. 5
indicate that associations of benflurone begin gradu-
ally at cgr = 10™* mol dm~2 and proceed continuously
at higher concentrations. It is therefore reasonable to
suppose that the associations start with the formation
of either ion pairs or cationic dimers. With respect to
the determined value of the constant Ky, any substan-
tial ion pairing without the presence of another elec-
trolyte can be disregarded at such dilution. For that
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reason, the dimerization of the amphiphilic benflurone
cations, 2(BH*) — (BH'),, was examined and indeed
established at concentrations up to cgy = 0.001 mol
dm~3 The symbol K, was reserved for the dimeriza-
tion constant

Ky = [(BH*),]/[BH*]? (8)

and it was evaluated as a slope of an origin-passing
line

Y= .K] CBf (9)
The variable Y was given here by the formula
Y = (epn+ — €)(eBu+ — £a/2)/(2(c — €a/2)?)

where the molar absorption coefficient egy+ of the
monomer cations was found by the same way as in eqn
(3), the coefficients € were measured at cgr = 0.0001—
0.001 mol dm~3 and the molar absorption coefficient
eq of the dimerized cations (BH'), was found by it-
erative fitting the experimental data into equ (9).
Values of the dimerization constant, determined at
the three used wavelengths, are again given in Ta-
ble 2 in the form of log {K}. Values of ¢ measured
at cgr > 0.001 mol dm~? did not fit in the linear
relationship (9). At higher concentrations (the right-
hand side of Fig. 5), the benflurone associations ap-
parently proceed beyond dimerization, towards big-
ger aggregates. However, due to the limitations of
the used spectrophotometry, we could not reliably es-
tablish the association equilibria at higher benflurone
concentrations. The results of this work thus can-

2.9

log {6}

2.7

25

]
-4 -3
log {c
Fig. 5. Molar absorption coefficient (¢/(cm? mmol~!)) of ben-

flurone (cgg/(mol dm~3)) in aqueous solutions - a log-
arithmic plot. 1. A = 385 nm, 2. A = 484 nm.
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not be directly compared with the previous poten-
tiometric study [6], but they are not in contradic-
tion.

From the above determined constants it is possi-
ble to calculate also the equilibrium constant of the
association of the dimerized benflurone cation with
two chloride ions, (BH™); + 2Cl~ — (BHTCL™),. The
value of the corresponding constant

Ks = [(BH*CI7)2]/([(BH*)][CI7]?) (10)
follows from the relationship
log {Ks} = log {K3} — log {K1} (11)

Values of log {Ks} calculated after eqn (11) from the
data determined at the two favourable wavelengths
are listed in Table 2.

The Effect of Associations on the Benflurone
Solubility

The found saturated concentration of benflurone
in water was in average cgr = 0.19 mol dm~ The
addition of KCI caused extremely sharp decrease of
the benflurone solubility, which did not obey the solu-
bility product law. The dependence of the determined
solubility of benflurone on the KCI concentration in
the range of cxcy = 0—0.2 mol dm~3 was therefore
expressed in the form of the following semilogarithmic
empirical function

log {cpt} = — 0.724—6.053 {ckci}!/? (12)

The mean deviation of the experimental solubili-
ties from the used empirical function (log {cpr}) was
+ 0.041. Eqn (12) enables practical calculations of the
benflurone solubility in the presence of KCl. In the
approximately physiologically isosmotic solution, cor-
responding to cxc; = 0.15 mol dm~3, the benflurone
solubility is only cgr = 1.1 x 10~% mol dm™3, after
eqn (12). Mixing the benflurone solutions with other
electrolytes should be therefore avoided.

Although there is a certain time lag (see Ex-
perimental) before the precipitation of benflurone
starts, the presence of KCI brings about the solu-
bility decrease which is by several orders of magni-
tude more profound than required by the solubility
product law. The observed good solubility of ben-
flurone in water without the presence of KCl is ap-
parently a consequence of the formation of cationic
dimers or bigger positively charged associates of ben-
flurone. On the other hand, the uncharged ion pairs
and their multimers, formed on the addition of KCI
or another electrolyte in the solution, are appar-
ently poorly soluble, their poor solubility in water
is similar to that of the nonprotonated base of ben-
flurone.
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DISCUSSION

Values of the association constants Ki, K>, and
Ky, or their logarithms, can be mutually compared
because of the same stoichiometry of the correspond-
ing association reactions (Table 2, ¢ = 1). Among
them, the biggest value of log {K)} points out that
the dimerization of the amphiphilic monoprotonated
cations BH™ is the prevailing form of the benflurone
associations in diluted solutions. The comparison of
log {K;} and log {K>} shows that the dimerization
of the benflurone cations, in spite of the charge repul-
sion, exceeds their ion pairing with chloride counter-
ions, when no other electrolyte is present in the so-
lution. Formation of the dimerized cations and larger
charged associates may be also responsible for the rel-
atively high solubility of benflurone in water. But since
log { K>} is only somewhat smaller than log {K;}, the
admixture of chlorides shifts the equilibrium largely
towards the formation of the poorly soluble uncharged
ion pairs. The consequence is the observed extremely
sharp decrease of the benflurone solubility in the pres-
ence of KCl, which cannot be explained by the solu-
bility product law alone.

The solubility promotion effect of the dimerization
of an amphiphilic cation was recently reported also
with dexverapamil, which is structurally quite differ-
ent from benflurone, but it is also the chloride of a
protonable amphiphilic base [8]. The sharp solubil-
ity decrease on addition of a strong electrolyte ob-
served with an anionic anticancer agent brequinar [7]
may be another example of the solubility decreasing
effect of the transformation of the charged ionic asso-
ciates into the ion pairs or larger uncharged associates.
On the other hand, small admixture of an inorganic
electrolyte into the solutions of micellizing ionic sur-
factants, like amphiphilic quaternary ammonium salts
(10, 17], promotes micellization (decreases CMC) and
does not decrease dramatically the solubility, since the
micelles are the soluble form.

In the case of benflurone, log {K;} is.also higher
than log {K4}, so the dimerization of the benflurone
cations BH*t is obviously more favoured than the
dimerization of the uncharged ion pairs BHTCl™,
where the repulsion should not play a role. Rather
surprisingly, ion pairing with chlorides does not pro-
mote but hinders the dimerization of the benflurone
cations.

Certain insight into the mechanism of the ben-
flurone associations is provided by the measured elec-
tronic spectra. The dimerization of both the free
cations and the ion pairs of benflurone is character-
ized by the development of a new absorption maxi-
mum at A = 417 nm. Spectral characteristics of the
dimerization of the benflurone cations or ion pairs
thus resemble the protonation of the carbonyl oxy-
gen of the structurally related ketones, 9-fluorenone
or anthraquinone in concentrated sulfuric acid, where
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a strong absorption maximum develops at A =~ 410 nm
[15]. The analogous protonation of the benflurone car-
bonyl is undoubtedly excluded in the measured aque-
ous solutions with pH about 6. But the similarities of
the spectral changes suggest possible intermolecular
hydrogen bonding of the type NtH- -O=C, between
the positively charged protonated amino group and
the carbonyl oxygen of benflurone cations on their as-
sociation. In this way, the investigated associations of
the amphiphilic benflurone cations are also facilitated
by the proton transfer.
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