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The distribution kinetics of 20 isothiocyanates in two-phase 1-octanol/
water system was characterized by transport rate parameters relating the
flux through the interface to concentration of the solute in the aqueous and
the organic compartment (/, and /,, respectively). The parameters were
shown to be dependent on the partition coefficient P = /,//, as:

log (/,/(ms™')) = log P — log (BP + 1) + const
log (I,/(ms™')) = — log (BP + 1) + const
const = — 4.907, = 0.261

Importance of this finding for assessment of distribution of the compounds
in biological systems is discussed.

Kuneruka pacnpenenenus 20 H30THOLMAHATOB B ABYX(}a30Boii cHcTeMe
l-oxTaHON/BOona Obljla XapaKTepH30BaHa CKOPOCTHBIMH JIaHHBIMH TpaHC-
nopTa. 3TH JaHHbIE ABJAIOTCA KOHCTAHTOH NPONOPHHOHATBHOCTH MEXIY
TeYeHHEeM 4epe3 Mex(da3oBblii pa3fienl M KOHIEHTpalMed TpaHcmop-
THPOBAaHHOTO BELLECTBAa B BOAHOM M opranuyeckoit pasax (/, u /,) ¥ 3aBUCAT
ot ko3dduimenta pacupenenenus P =1, /1;:

log (/,/(ms™")) = log P — log (BP + 1) + const
log (,,/(ms™")) = — log (BP + 1) + const
const = — 4,907, f= 0,261

3HayeHHe 3TOro OINPCACIICHUS I pACNIPEOCIICHHA BCILIECTB B 6uonoruyec-
KHX CHCTEMAX o6cy)x11ae'rcx.

Isothiocyanates are naturally occurring or synthetic compounds with broad
spectrum of antimicrobial and cytotoxic activities [1]. They enter the cell by
diffusion through lipidic part of the membrane, i.e. by the same mechanism as
most of xenobiotics [2] and also some metabolites and cell constituents (ethanol,
urea, glycerol) [3]. As this process is independent of structure of both the
transported solutes and membrane components [2] it can be studied advan-
tageously in model systems [4], one of the simplest being the two-phase system
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water—immiscible organic solvent [5]. Its interface physically resembles that
existing between the membrane and surrounding aqueous medium due to the
presence of diffusion layers on aqueous as well as on “organic” side in both the
cases. This approach makes it possible to study in more detail the key step, i.e.
the transition of the transported substance from aqueous to unpolar phase.

The kinetics of the process is characterized by transport rate parameters /,
and /, (direction water—organic solvent and backwards, resp.). The kinetic
parameters were shown to be dependent on the partition coefficient P = /,//,
[6—8]

log {/;} = log P — log (P + 1) + const 0))]
log {/,} = — log (BP + 1) + const 2

where the constants § and const are dependent on the model system.

In this study distribution kinetics of 20 isothiocyanates is investigated in
1-octanol/water system with the aim to verify the published relationships (1)
and (2). In addition, the dynamic method was used to determine the partition
coefficients of the compounds tested as classical shake-flask method [2] is
unsuitable due to instability of isothiocyanates in aqueous solutions [1].

Experimental

The experiments were performed in the all-glass apparatus described in [9]. The
two-phase 1-octanol/water system was stirred with frequency 1.3 Hz satisfying that no
concentration gradients could appear in either phase and the motion of the phase
interface was minimal. At constant stirring rate the size of the interface was virtually
constant, its shape being slightly conical.

The measuring vessel was filled with redistilled deionized 1-octanol—saturated water
(175 cm®), temperated to 25°C and surfaced with the solution of the respective compound
in freshly distilled 1-octanol saturated with water (25°C, 20 cm®). At appropriate time
intervals samples (2 cm®) for spectrophotometric determination of the solute concentra-
tion were withdrawn with a syringe. The UV and VIS spectra were recorded in the whole
spectral range to monitor the stability of compounds in the given medium in addition to
their concentrations.

Transport of a compound in the two-phase system can be described by a
system of two linear differential equations

—de,/dt = (SL/ V) e, — (SLI V) ¢, (3)
—dcy/dt = —(SL/V3) e, + (SLIV) ¢, 4)

where ¢ stands for concentration of the compound, ¥ for volume (subscripts 1
and 2 indicate aqueous and l-octanol phases, resp.), S for surface of the
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interface, / for transport rate parameters in direction water—I-octanol and
backwards (subscripts 1 and 2, resp.), and ¢ for time. Provided that the com-
pound is present in 1-octanol only at the beginning of partition in the concentra-
tion ¢,, the time course of concentration in aqueous phase (c,) can be expressed
by the equation

ey = bWl —exp (= SU/ Vi + L/ V) 0]/ LV, + LW) )

As for the time course of absorbance in the aqueous phase, it is described by eqn
(5) multiplied by molar absorption coefficient £ and the length of light path d.

The values of transport rate parameters /, and /, were determined by non-
linear regression analysis [10] according to eqn (5) expressed through absor-
bance, the initial estimates of /, and /, being made on the basis of eqns (6) and
(7) resulting from eqn (5)

I (4, — A) = const — S,/ V, + L/ V;) t 6)
A = edc,,St]V, (for t - 0) 7)

where A is absorbance, subscript e indicates attainment of distribution equilib-
rium, i.e. cancelling of the time term from eqn (5). Eqn (7) represents eqn (5)
expressed through absorbance with its exponential part being substituted by the
first two terms of the corresponding Taylor series for time approaching zero.

Results and discussion

Structures, transport rate parameters /, and /, as well as the partition coeffi-
cients P of the derivatives tested are summarized in Table 1. As indicated by the
values of statistical parameters, eqn (5) is a good description of distribution
kinetics. Consequently, hydrolysis of the compounds [1] under the given con-
ditions is negligible. Otherwise it would be necessary to take this process into
account and modify the corresponding eqns (3—7).

The dependence of transport rate parameters /; and /, on the partition
coefficient P can be described by eqns (/) and (2) with the following values
of adjustable parameters optimalized by nonlinear regression analysis:
const = —4.907, = 0.261, statistical parameters being number of points
n = 40, correlation coefficient r = 0.996, standard deviation s =0.162 and
F-test F = 4390. The values of const and B are in good agreement with those
published previously for 2-furylethylenes and determined under identical exper-
imental conditions [9] (in that paper the value of const = — 5.600 is erroneous
and ought to be replaced by —4.976, B = 0.261). The difference between ours
and the van de Waterbeemd’s values of const and f[7, 8] is caused probably by
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various quality of diffusion layers on the interface resulting from different
hydrodynamics of both test systems.

Table 1

Structures of the investigated isothiocyanates (R-NCS), transport rate parameters in direction
‘water—1-octanol (/,) and backwards (/,), the partition coefficients P = /,//,. The values of /, and /,
were determined by nonlinear regression analysis [10] of kinetic data according to eqn (5). In
individual experiments, the lowest values of number of experimental points, correlation coefficient,
and F-test weren = 11,r = 0.987, and F = 111, the maximum value of standard deviation s = 0.038

R —log(l,/(ms~")) —log(h/(ms~")) log P
CH, 4.727 5.665 0.938
CH,(CH,), 4.337 7.255 2918
CH,CH(CH,)CH, 4.555 7.379 2.824
CH,CH,CH(CH,) 4.251 7.064 2.813
CH, 4.158 7.527 3.369
4-CH,—CH, 4.198 8.100 3.902
3-CH,0—CgH, 4.291 7.970 3.679
4-CH,0—CH, 4.230 7.809 3.579
3-COOH—C,H, 4.508 6.909 2.401
4-COOH—C,H, 4.489 6.929 2.440
3-CN—CH, 4.289 7.418 3.129
4-CN—CH, 4319 6.973 2.654
4-N(CH,),—CH, 4.283 8.242 3.959
3-OH—CH, 4.290 7.524 3.234
3-CI—CH, 4.141 7.502 3.361
4-CI—CH, 4.241 8.147 3.906
3-Br—CH, 4.261 8.378 4.117
4-Br—CH, 3.885 7.868 3.983
41—CH, 4.078 8.296 4218
4-NO,—C,H, 4.262 7.809 3.547

It can be concluded that the distribution kinetics of low-molecular-mass
compounds in a two-phase system is, in fact, structurally independent and
determined by the only physicochemical property — the partition coefficient.
Quality of the interface is involved in the terms const and . Van de Waterbeemd
showed that const is decadic logarithm of the rate constant for transport
through organic diffusion layer and fis the ratio of rate constants characterizing
diffusion through organic and aqueous diffusion layers.

In view of solute transport, biological systems can be considered as composed
of alternating aqueous and lipidic phases. The results presented can be used for
estimation of concentration in individual compartments of biological systems
[11—14].

404 Chem. Papers 41 (3) 401 —405 (1987)



PARTITIONING BEHAVIOUR OF ISOTHIOCYANATES

O 00 3

References

. Drobnica, L., Kristian, P., and Augustin, J., in The Chemistry of Thiocyanate and Isothiocyanate

Groups. (Patai, S., Editor.) Wiley, New York, 1977.

. Martin, Y. C., Quantitative Drug Design. M. Dekker, New York, 1979.
. Horak, J., Kotyk, A., and Sigler, K., Biochemie transportnich pochodii. (Biochemistry of

Transport Processes.) Academia, Prague, 1984.

. Membranes and Transport. (Martonosi, A. N., Editor.) Plenum Press, New York, 1982.
. Doluisio, J. T., Billups, M. F., Dittert, L. W, Sugita, E. T., and Svintosky, J. V., J. Pharm. Sci.

58, 1196 (1969).

. Kubinyi, H., J. Pharm. Sci. 67, 26 (1978).

. Van de Waterbeemd, H., van Boeckel, S., and Jansen, A., Eur. J. Med. Chem. 15, 279 (1980).
. Van de Waterbeemd, H., van Bakel, P., and Jansen, A., J. Pharm. Sci. 70, 1081 (1981).

. Balaz, ., Kuchar, A., Sturdik, E., Rosenberg, M., Stibranyi, L., and Ilavsky, D., Collect.

Czechoslov. Chem. Commun. 50, 1642 (1985).

. Fletcher, R. and Powell, M. J. D., Comput. J. 6, 163 (1963).
. Balaz, §., Sturdik, E., Hrmova, M., Breza, M., and Liptaj, T., Eur. J. Med. Chem. 19, 167 (1984).
. Balaz, 8. and Sturdik, E., in QSAR in Design of Bioactive Compounds. (Kuchat, M., Editor.) P.

289. Prous, Barcelona, 1984.

. Balaz, S. and Sturdik, E., in QSAR in Toxicology and Xenobiochemistry. (Tichy, M., Editor.) P.

257. Elsevier, Amsterdam, 1985.

. Balaz, S., Sturdik, E., and Augustin, J., Gen. Physiol. Biophys. 6, 65 (1987).

Translated by §. Balaz

Chem. Papers 41 (3) 401 —405 (1987) 405



