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Abstract

The conditions of the chira resolution of the racemic malathion O,0-di-n-alkyl derivatives on cellulose tris(3,5-
dimethylphenylcarbamate) are described. Quantitative relationships between chromatographic parameters obtained on chira
and achiral stationary phases and acute toxicity of the compounds towards house fly are derived and discussed. [0 1998

Elsevier Science BV. All rights reserved.
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1. Introduction

Malathion (O,0-dimethyl-S-1,2-di(ethoxycar-
bonyl)ethyl dithiophosphate) (Fig. 1) is one of the
most widely used acaroinsecticides. It has been
applied as a racemic mixture athough it is known
that (R)-enantiomer of the O,O-diethyl analogue of
malathion shows a higher biological activity than
(S)-isomer [1]. The first total synthesis of malathion
enantiomers was published by Berkman and Thomp-
son in 1992 [2]. Recently, the synthesis and insectici-
dal activity evaluation (as LD., towards the house
fly — Musca domestica L.) of racemic and homo-
chiral O,0-di-n-alkyl malathion derivatives (Fig. 1)
were reported (Polec et al., private communication).
The enantiomeric purity of the homochiral com-
pounds was determined with the aid of high per-
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formance liquid chromatography on cellulose

tris(3,5-dimethylphenylcarbamate) stationary phase.
It is known that the biological activity of com-

pounds may correlate with some molecular parame-
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Fig. 1. Chemical structures of malathion derivatives.
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ters such as lipophilicity, molecular refraction, etc.
[3=7]. It is dso known that chromatographic capaci-
ty factors k may be correlated with the classical
shake-flask log P values (octanol-water partition
coefficient) according to the Collander equation [8]:

logP=alogk +b (1)

2. Experimental
2.1 Materials

The malathion and its analogues were obtained
from the Institute of Industrial Organic Chemistry,
Warsaw, Poland.

The solvents were HPLC-grade from J.T. Baker
(via Witko-Eurocolor, Lodz, Poland).

Chiral  column:  Celulose  tris(3,5-methyl-
phenylcarbamate) (Chiralcel OD-H),), 25 cmX4.6
mm 1.D., 5 wm mean particle diameter was pur-
chased from Daicel (via Witko-Eurocolor, Lodz,
Poland). Achiral column: Chemicaly bound octa-
decylsilane (Kromasil C18), 25 cmX4.6 mm |.D., 5
pm particle size was a gift from Eka Nobel, Bohus,
Sweden.

2.2. Methods

LogP values were calculated with the aid of
ProLogP 5.0 program from CompuDrug, Budapest,
Hungary.

A HPLC system Varian 5000 consisting of a
gradient pump, a heating chamber, a UV/VIS vari-
able wavelength detector and a Valco valve injector
with a 10-pl loop was used. The system worked
under LC Star Workstation program version 4.0.
Flow rate was 1 ml/min, temperature 26°C, A=220
nm. The following mobile phases were employed:

Chiral  chromatography:  hexane—propanol-2
(250:1, v/v).

Achiral chromatography: methanol—-water (50, 25,
20, and 15% of methanol).

3. Results and Discussion

In order to determine the enantiomeric purity of
(R)- and (S)-enantiomers of the compounds high-

performance liquid chromatography on chiral sup-
ports was employed. Very good resolution (a =1.25—
131, Ry=1.77-2.96) for &l the compounds was
obtained on celulose trig(3,5-dimethylphenyl-
carbamate). (R)-enantiomers of the compounds were
the first-eluted isomers (Table 1). An exemplary
chromatogram is shown in Fig. 2. Capacity factors of
(R)- and (S)-enantiomers plotted against their log P
values gave amost parallel descending lines (Fig. 3)
and selectivities (ag,z) Were aimost constant for the
whole series. That would mean that an akyl sub-
stituent (X) does not participate in enantiodifferen-
tiating interactions with chiral sites on the stationary
phase. That was different from an observation made
for a series of homologous hypnotic—sedative com-
pounds where selectivity changed with the elonga
tion of an aliphatic substituent [9]. What we observe
here could probably be attributed to a long distance
between the asymmetry centre and the akyl sub-
stituent in malathion derivatives. The shape of
capacity factors curves (positive curvature) could be
interpreted in terms of a growing repulsive inter-
action between the cellulose stationary phase and the
compounds with the elongation of the aliphatic
chains of X-substituents [10,11].

The biological activity of the compounds (Polet et
a., private communication) was correlated with
chromatographic capacity factors which could, in
general, be considered as a measure of lipophilicity.
In the present work the lipophilicity of racemic
malathion derivatives was estimated by means of
partition chromatography on octadecylsilica station-
ary phase (RP-18) and for structure—activity study
log k values were used.

Table 1
Chromatographic parameters obtained on chira stationary phase
for compounds 1-7°

Compound  log(1/LD,) logk, logks @gr R,

1 0.28 0.94 1.04 126 263
2 0.72 0.64 0.76 132 296
3 0.33 0.53 0.63 126 269
4 —0.48 0.41 0.51 125 236
5 —-1.22 0.31 0.42 128 199
6 —1.60 0.28 0.40 131 19
7 —-175 0.27 0.38 128 177

“Column, Chiralcel OD-H, 25 cmXx 4.6 mm 1.D., 5 pm; flow
rate, 1 ml/min, temperature 26°C, A=220 nm; mobile phase,
hexane—propanol-2 (250:1, v/v).
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Fig. 2. An exemplary chromatogram of malathion derivatives on cellulose tris(3,5-dimethylphenylcarbamate). Compound, 3; column,
Chiralcel OD-H, 25 cmXx4.6 mm I.D., 5 um; flow-rate, 1 ml/min; temperature, 26°C; A=220 nm. Mobile phase: hexane—propanol-2

(250:1, v/v).
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Fig. 3. Relationship between calculated lipophilicity log P_, ., and
capacity factors for compounds 1-7. Column, Chiralcel OD-H, 25
cmXx4.6 mm 1.D., 5 pum; flow-rate, 1 ml/min; temperature, 26°C;
A=220 nm. Mobile phase: hexane—propanol-2 (250:1, v/v).

It is supposed that the best estimation of lipo-
philicities may be obtained for capacity factors
extrapolated to pure water (logk,,) [12]. Therefore,
the capacity factors for different contents of metha-
nol were measured and log k,, values (Table 2) were
calculated according to the Soczewihski—Wachtmeis-
ter equation [13]:
logk =logk, — S® (2)
@, volume fraction of methanol in eluent.

The very good linearity observed between log k
values at different concentrations of methanol (Table
2) permitted the extrapolation to 0% methanol. The
obtained log k,, values often referred to as ‘hydro-
phobic index’ [14] correlated very well (linear
regression coefficient r =0.998) with the calculated
lipophilicities (log P_,.)-
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Table 2

Isocratic and extrapolated capacity factors determined using methanol as an organic modifier

Compound log Kgg log Kg, log K, log ks, logk, S ré

1 0.04 0.19 0.36 152 3.89 4.62 0.998

2 0.22 0.42 0.64 2.01 4.85 5.53 0.998

3 0.47 0.72 0.98 2.56 5.89 6.47 0.999

4 0.73 1.03 134 - 6.25 6.52 1.000

5 1.00 1.35 1.73 - 7.50 7.69 1.000

6 1.24 1.68 211 - 9.02 9.18 1.000

7 1.59 2.02 2.50 - 9.78 9.69 1.000

#Linear correlation coefficient.

log P, = 1.02(+0.06) log k,, — 1.18(*0.41) compounds (R)-enantiomers (Table 3). The bell-

n=7r=0.992 s=0.3079 F = 303.88 shaped curve could not be described by the Hansch
’ ’ ’ ’ arabolic model proposed for lipophilicity—biologi-

P <0.001 @ P prep POPITICIY=DI0Iog

n, the number of compounds; r, correlation coeffi-
cient; s, standard error of estimate; F, the F-test of
significance; P, significance level.

The ‘hydrophobic index’ exhibited a nonlinear
correlation (Fig. 48 with the acute toxicities of the
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cal activity relationships [15-17].

Because the application of the achiral capacity
factors did not result in a significant correlation with
the biological activity of the compounds we used the
capacity factors obtained for (R)-enantiomers on
cellulose trig(3,5-dimethylphenylcarbamate). Chiral
capacity factors for (R)-enantiomers plotted as log kg
against biological activity (expressed as log 1/LD.)
(Fig. 4b) exhibited a very good fitting to the Hansch
parabolic model (Eqg. (4)).

log (1/LDy,) = — 11.83(*0.44)(log kg)?
+ 17.28(+0.53)(log k)
— 552(+0.13);n=7,r =0.998, s
=0.0532, F = 1069.92, P < 0.001
(4)
Table 3

Hydrophobic index, calculated lipophilicities and acute toxicity
for malathion analogues 1-7

log(1/LD-50)
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Compound LDy, (pg/individua)® log P logk,"
1 0.53 2.70 3.89
2 0.19 3.56 4.85
3 0.47 4.68 5.89
4 2.99 571 6.25
5 16.76 6.73 7.50
6 39.74 7.76 9.02
7 56.20 8.76 9.78

 Acute toxicities of more active (R)-enantiomers against house

log k(R)

Fig. 4. Relationship between reciprocal of acute toxicity and
achiral (8) and chiral (b) capacity factors for compounds 1-7.

fly (Musca domestica L.). Data taken from reference (Polec et al.,
private communication) with the authors' permission.

® Column, Kromasil C18, 25 cmXx 4.6 mm |.D., 5 pm — a gift
from Eka Nobel, Bohus, Sweden.
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The curve exhibited maximum for log ky=0.73
what corresponded to the predicted acute toxicity
value of 0.16 pg/individua. The calculated value
was not much different from the experimentally
found (0.19 pg/individual) for diethylmalathion
derivative 2. The data suggested that the optimum of
biological activity was almost reached in the tested
series of compounds.

The plot (Fig. 4b) could also be described by the
Franke's mixed linear-parabolic model [18] (qua-
dratic Eq. (5) for ascending and linear Eq. (6) for
descelznding part of the plot) with critica log kg, =
0.64.

log (1/LD,,) = — 10.95(+1.86)(log ks)?
+ 16.52(*1.67)(log k)
—5.37(*=0.34) (5)
for log kg=log kg,
n=6,r=0.998, s= 0.0591, F = 755.81,
P <0.001
log (1/LDy,) = — 1.47 (log kg) + 1.66 (6)
for log ky=log kg,
(n=2).
The relationships between chiral biological inter-
actions (acute toxicity of (R)-isomers) and chiral

chromatographic parameters may be well explained
by the simple parabolic or mixed linear-parabolic

*Corresponding to critical log P, value [18], where the linear
relationship changes into a nonlinear one.

model. Similar relationships for achiral capacity
factors would require more complicated models.
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