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Abstract

Thermometric titrations performed in suitable conditions permit the determination of the enthalpic and entropic parts of the standard
transfer-free enthalpy of a particular 5-formyl-1,2-dithiole-3-thione from waternmbotanol. It may be inferred from this determination
that the far too high water/n-octanol I&gvalues of 5-acyl-1,2-dithiole-3-thiones originate in an entropic effect which is in agreement
with the hypothesis that these derivatives are more solvated in water than expected and hence with the hypothesis that during partitioning
between the two phases, more molecules of water than expected are released from the solvated solute in the agueous phase. The family o
1,2-dithiole-3-thiones is of growing importance in pharmacology.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the organic solvent. For the watemctanol system the
following relation betweem\ G5 and InP stands:
The knowledge of the water/n-octanol partitioning coef-

ficient P of a solute defined by: AGT ersm-octanoy = —RTIN P(water—n-octanol 2
Cy-octanol - A It pertains to isobaric and isothermal conditions. Strictly
P= Cwater (at partition equilibriun (1) speaking,P must be defined as being the ratio of the ac-

_ _ _ _ . tivities in both solvents at equilibrium. (Statistical thermo-
is of considerable interest in pharmacochemistry. Actually, dynamic reasoning shows that activities must be related to
only logP values are considered. The importance offog  concentrations expressed in mot'rather than to any other

in the field of drug deSign is such that several methods havekind of expression of the Composition so that %gorre-

been devised to compute[I-3]. Some of them are based sponds exclusively to the solvation changes accompanying
on the fact that the loB values of the molecular or atomic  the transfef4].)

fragments into which the molecule under consideration may  Hence, it is evident that some of the above-mentioned
be reduced, may be added to provide an accuratéi@jue  computing methods of |0 are based on the additivity of
for the whole molecule. the partitioning free enthalpies of the different constitutive
Fundamentally, from the thermodynamic standpoint, fragments of the molecule and the thermodynamic signif-
logP is endowed with the significance of the standard free jcance of logP induces immediately the search for its en-
enthalpy of partitionin%G% of the solute from water into tha|p|c AHT and entropicAST components. Their knowl-
edge may bring some interesting insight into the solvation
and desolvation processes which occur during the transfer
* Corresponding author. Tels33 223234870; fax:33 223234912, [5]. Some determinations of this kind have already been per-
E-mail address: gwenola.burgot@univ-rennesi.fr (G. Burgot). formed [6—8]. The knowledge oAHT and ASr may also
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provide an explanation for occasional failure of the additiv-
ity of fragmental lodg® values. Reciprocally, failure is evi-
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Prior to each determination, the purity of each deriva-
tive was checked by determination of its melting point and

denced by significant discrepancies between computed andalso by TLC using two pairs of solventp-Methyl- and

experimental values.

p-formylbenzoic acids, the partitionings of which were also

We have devised a calorimetric method which permits the studied for the sake of comparison, were commercial prod-

determination of the transfer enthalpyH+ of a solute be-

ucts (Acros) and used as they were purchased. Hydrochlo-

tween two phases. In some favourable cases it permits alsaic acid (1 mol L) andn-octanol were of analytical grade.

the determination of its loB and hence its transfer entropy
ASr [9]. It involves isoperibol thermometric titrations. The

advantage of this methodology is to provide a direct calori-

metric measurement &fHt. However, it requires the solute

to be an acid or a base. In this work this methodology was ap-

plied to the determination of the water/n-octanol partitioning
parametersA Hy, AGT and AS7 of 1,2-dithiole-3-thiones
1land2

S——5 $—S
o}
CHj s s
i
" &
COOH COOH
1 2

in order to obtain a beginning of explanation for the far too

Water andn-octanol were mutually saturated before exper-
iments.

2.2. Calorimetric determinations

Calorimetric measurements involved thermometric titra-
tions of the carboxylate salts of dithiolethionksind 2 by
an aqueous hydrochloric acid solution in a biphasic medium
containing a known ratio of water andn-octanol volumes
[9]. The overall physico-chemical processes which occur
may be schematized according to:

RCOQ; + HE — RCOOH, = RCOOH

We demonstrated that slopeof the titration curve: ther-
mal effects versus volumes of added titrant solution is
given by relation:

A=Cp [AHP+ 3)

1+ @/P)
where AHp is the protonation enthalpy of the carboxylate

AHT i|

important differences between the experimental and com- g4t and Cr the titrant molarity. Thermal effects which

puted logP values of 5-acyl-1,2-dithiole-3-thion€410,11]

S——S S——=S

0.
NS R /S/gs
R R R
3 4

The family of dithiolethionest is currently of growing

are taken into account are, of course, those corrected for
inevitable parasitic thermal effects accompanying a ther-
mometric titration[16]. Let us recall that for this relation

to apply, the following assumption was admitted: the only
species to partition is the acid and the concentrationsTOH
and [H'] in the aqueous phase are negligible in the elec-
troneutrality relation. Furthermore, thermal effects resulting
from the possible salting out af-octanol from water or
conversely during the titration were neglected. In the current

pharmacological importance. Among other properties, itis at work, ratiosr/P were negligible in relation (3) and hence
the center of the pharmacological concept of cancer chemo-the independent determination AHp was necessary.

prevention[12]. 5-Acyldithiolethiones3 are also endowed
with other interesting pharmacological properti&3].

2. Experimental

2.1. Materials

UV spectra were recorded on a UVIKON 922 apparatus.

pH-metric titrations for pl§ determinations of derivativel
and 2 were recorded on a Metrohm ion analysis Ltd CH
9101 piloted by the software Tinet. Thermometric titrations
were performed with the apparatus already descr[td§l
Dithiolethionesl and2 had been designed for the purpose
of this work (seeSection 3). Their synthesis is described
elsewherd15]. It must be noticed that synthesis of dithio-
lethione?2 offered some difficulties.

The following procedure was validated in a previous work
[9]. The total volume of both the aqueous and organic phases
in the calorimeter was 92 cinDifferent volumes were cho-
sen for the organic phase (0.5-1-2-5-18)ct obtain dif-
ferent ratios of n-octanol and water volumes# Vag/Vocy).

The volume of the aqueous phase necessary to complete that
of the organic phase (to obtain the required total volume) was
introduced into the calorimeter and followed by the intro-
duction of the organic phase. The aqueous phase contained 5
x 10~*mol of titrand. The titrant (1 mol £1) was delivered

at the constant rate of 0.0085 (46 10~°) cm®s~1. Titra-

tion vessel and titrant delivery tip were enclosed in a bath at
constant temperature. Care was taken to exactly match the
temperatures of titrand and titrant solutions at the beginning
of the titrant addition in order to minimize non-chemical
thermal effects. Protonation enthalpiasip were obtained

in the same manner as above except for the fact that no
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n-octanol was added into the calorimeter. For all calorimet-

ric measurements, only initial slopes of the thermograms
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3. Results and discussion

were retained. It has, indeed, been demonstrated that work- Table 1mentions the average slope valugable 2gives

ing with them minimize parasitic thermal effe¢is’]. There
was a further reason to work with the initial slope in the case
of the determination of protonation enthalpies for which no
octanol was added: the precipitation of the carboxylic acid
formed by protonation during the titration gives a supple-
mentary parasitic thermal effect. At the very beginning of
the titration corresponding to the initial slope of the ther-
mogram no precipitation had occurred yet. Finally, working
with the initial slope is interesting because at the beginning
of the titration, the curvature of the thermogram which pos-
sibly would result from the protonation equilibrium:

RCOC® + H® = RCOOH

is negligible [18]. Hence the protonation enthalpy cannot

the thermodynamic parameters of water/n-octanol transfer

of dithiolethionesl, 2 and of p-methylbenzoic acicb and
p-formylbenzoic acidb

CH; CHO
COOH COOH
5 6

The goal of this work was to provide a thermodynamic
explanation for the very abnormal I&gvalues of 5-acyl (or
5-formyl) dithiolethiones3. A comparison of experimen-
tal logP values with calculated ones evidenced this phe-

be underestimated because of an incomplete reaction. Thenomenon, log values were calculated with the help of frag-
initial slope values retained for calculations were the average mental constants (o) and f(l) (chosen according to the sub-

of four measurements for each ratio
2.3. Determination of log P values

This work required determining Idg values of dithio-
lethionesl and?2. Partition coefficient® were calculated as
ratios of concentrations in moH! in octanol and in water
according to relation (1). Our methodology, previously val-
idated[9], consisted in determining the concentration of the

solute in the aqueous phase once the partition equilibrium

stituent in position 4) and with the help of the fragmental
aromatic constant f(CHO) for the position 5 together with the
convenient Rekker fragmental constant for the substituent in
4110,11]

S—S §——S

o) (D)

had been achieved by shaking both solvents. The aqueous |t must be noticed that when the fragmental f(CHO)

concentration of dithiolethionesand2 were, respectively,
determined by HPLC (with a UV-visible detector) and di-
rectly by UV spectrophotometry at 410 nm. In both cases

aliphatic value was used, the discrepancy between the ex-
perimental and the calculated IBgwas still higher than
with the fragmental f(CHO) aromatic one. The mean of

the sample concentration was determined by comparison tothe discrepancyAlogP between the experimental and the

a calibration curve constructed with five points chosen in

calculated lod® established starting from 14 derivatives

the same range of concentrations as the measured one (fronyas 1.08 and, thus, was well above the ligid.2 retained
0.5to 1.5 times the Sample Concentration). OWIng to the low by Rekker[zo] to consider some derivatives as being out-

water solubility of solutes, the solutions used to build up
the calibration curve were prepared by dissolving a known
amount of solute in methanol; this solution was first diluted
with methanol/water (50/50, v/v). Then the latter solution
was diluted with pure water. The resulting precision of the
log P determination was estimated to #®.1 logP unit.

2.4. pKy determinations

They were performed at 298 K according to our method-
ology which consists in finding the best-fit between calcu-
lated and experimental pH-curves obtained during titration
of the acidg[19]. Owing to the poor solubility of acids in
water, working solutions were filtered before they were stud-

liers (from the standpoint of log values) in a chemically
homogeneous series.

In a first step the hypothesis of the formation of some kind
of dimer of derivatives3 in octanol (which would explain
the abnormal lo@ values[21]) was ruled out by determi-
nation of logP starting with different initial concentrations
of solute. After that, we thought of an abnormal entropic or
enthalpic effect occurring during the partitioning.

To check this hypothesis we addressed ourselves to the
study of the derivativ® to obtain the partitioning enthalpy
and entropy of a derivative bearing a formyl group in position
5. Compound2 was designed according to the following
requirements:

ied in order to eliminate the undissolved solute. Hence, the e first of all our calorimetric methodology requires that the
concentration of compounds was unknown. As a result, the molecule under study must be a protolyte. Hence, the

fitting process of the calculated titration curve to the ex-
perimental one required taking into account both, @d
concentration parameters as unknowns.

presence of the carboxylic group is justified,;
e secondly the occurrence of the carboxylic group must not
change the solvations of 5-formyl and 5-acyl groups of
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Table 1
Average slope values (Jmdl) at each ratiar for derivativesd, 2, 5, 6 at T = 298K

r=5.13 r=8.20 r =17.40 r =45 r=91 r =183 r =305.7
5-Methyldithiolethione 1) - —2483 —2165 —1921 —1407 —924 -
5-Formyldithiolethione (2) - —2989 —2644 —2034 —1468 - -
p-methylbenzoic acid (5) - - —2596 —2269 —1926 —1592 —1217
p-Formylbenzoic acid (6) —2163 —1965 —-1763 —1333 —999 —-707 -

derivatives3 in both solvents. It seemed to us that this fies very strongly the physico-chemical properties of groups
may be the case with derivati&in which a bridge of which are adjacent to it or which are even separated by one
two methylene groups separates the dithiole nucleus frommethylene bridg¢24].

the carboxylic group. The choice op-methylbenzoic acid andp-formylbenzoic

In another respect, we also decided to compare results6 acid was justified by the fact that it may permit finding
obtained with derivatived and 2 on the one hand with some trends in the evolution of the partitioning thermody-

) . o namic parameters when a methyl on an aromatic nucleus

D e e iy 5 18aced by fomy| roup T s n case i dir
. ) X . olethionesl and2. The chemistry of 1,2-dithiole-3-thiones

entrop|c. or e”th‘f’"p'c effect during the transfer?pfAt first . is, indeed, characterized by two main physico-chemical
glance, mcjeed, it may be thought that for. phyS|co—c'he'm|caI properties which may be born in mind:
reasons given below, the same trends in the variation of
partitioning parameters exist wh@amethylbenzoic acid is o they are aromatic compoungzs,26],
replaced byp-formylbenzoic acid on the one hand and when o the 3-thioxo-1,2-dithiole-5-yl group is a very strong
dithiolethionel is replaced by dithiolethion2 on the other electron-withdrawing ongL9].
hand.

Hence, the discussion of the results follows three lines. These features are also exhibited by compdbimwhich
Firstly, we bring some experimental arguments which show the formyl group is brought by a withdrawing aromatic
that there exists no noticeable interaction between the dithi- group.
ole nucleus and the carboxylic group in compouhdnd, The following conclusions may be drawn from the consid-
thus, this justifies the attribution of some results obtained eration of the transfer thermodynamic functions of deriva-
with 2 to derivatives3. Secondly, we give the reason of the tivesl, 2, 5and6 (Table 2):

choice of the paib and6 for the sake of comparison with the ) ] o )
pair 1 and2. Finally, we draw inferences from the results. ® P-methylbenzoic acid partitioning is both enthalpic- and

pKa values of derivatived and2 determined in this work entropic-driven whereas that ptormylbenzoic acid is
are, respectively, 4.65 and 4.70. These values are those of "oughly solely an enthalpic process with a very weak en-
acetic acid (4.75 at 298 K[2]. This result precludes any tropic effect. Hence, in this series, replacing a methyl

strong interaction between the dithiole nucleus and the car-  9roup by a formyl one leads to a marked decrease in the
boxylic group in both derivatives. Moreover, the nearly iden-  transfer enthalpy. It may be explained by the fact that the
tical values 4.65 and 4.70 precludes also any interaction be- formyl group is more solvated in octanol than in water;
tween the formyl and carboxylic groups. The protonation ® it is exactly the opposne case for dithiolethiongsind
enthalpies ofl and2 (AH = —1.46 and—1.59kJ mot?, 4, Tran_sfer entropy is greatly enhanced yvh_en the methyl
respectively) are normal (for comparison §28]). As a re- group is replaced by the formyl one. It is interesting to
sult the carboxylic group is not in a strong electronic or ~ Notice that in d|th|oleth|one3_thgre exists a conjugation
steric interaction with the dithiole nucleus. We recall by the ~ Petween the formyl and the dithiole nucleus, which groups
way that the dithiolethione nucleus is a group which modi- &€ Poth strong electron-withdrawing ones (Scheme 1).

Table 2
Thermodynamic parameters of water/n-octanol transfer of derivaliv@s5, 6 at T = 298K

AH$ (kImolt) AG% (kJmol) logP ASS (IKTmol
5-Methyldithiolethione 1) —-9.59 —11.63 2.04 6.85
5-Formyldithiolethione (2) —11.05 —15.57 2.73 15.16
p-Toluic acid (5) —9.99 —13.40 2.35 11.47
p-Formylbenzoic acid (6) -7.89 —8.67 1.52 2,74

3 AH$ = —10.78kJmot! and AS§ = —6.86 JK 1 mol~! [29].
b AHS = —17.04kImot! and ASS = —22.84 JKmot? [29].
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This is exactly the case ip-formylbenzoic acid6. But,
no abnormal lodP values are mentioned for benzaldehydes
substituted by electron-withdrawing groups. Hence, the be-
haviour of 3 with respect with that of is quite different,
notwithstanding the existence in both derivatives of two con-
jugated electron-withdrawing groups in opposition.

A possible explanation is that there exists a strong sol-
vation in water of 5-acyldithiolethionek by several water
molecules which are released during the partitioning. From
the structural standpoint, the particular solvation may in-
volve the two ends of the electric dipole of water which in-
teract with the positive charge brought by the sulfur atom 1
(or even the whole dithiole nucleus) and the negative one of
the oxygen atom (Scheme 1). The occurrence of a positive
electrical charge on the nucleus of dithiolethiones is a char-
acteristic of this heterocycle and has been well-known for
many years. In the particular case of 5-acyldithiolethiones
the polarization of the dithiole nucleus and of the carbonyl
group is confirmed by theoretical calculations (Scheme 1)
which show the occurrence of both the withdrawing groups
[27].

To our knowledge there exists in the literature another
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