
QUANTITATIVE RELATIONSHIPS BETWEEN INHIBITION 
OF PHOTOSYNTHESIS AND LIPOPHILICITY 
OF PIPERIDINOETHYL ALKOXYPHENYLCARBAMATES

Katarina KRALOVAa,*, Dusan LOOSa and Jozef CIZMARIKb

a Institute of Chemistry, 
Comenius University, 842 15 Bratislava, The Slovak Republic
b Department of Pharmaceutical Chemistry, 
Comenius University, 832 32 Bratislava, The Slovak Republic

Received March 29, 1994
Accepted July 28, 1994

Piperidinoethyl esters of 2-, 3- and 4-alkoxy substituted phenylcarbamic acids (PAPC) inhibit photo-
synthetic processes in alga Chlorella vulgaris and spinach chloroplasts. These inhibitory activities of
PAPC were correlated with chromatographically determined lipophilicity characteristics log k′ (from
HPLC) and Kovats indices KIO (from gas chromatography) using parabolic and bilinear model. Both
theoretical models are suitable for description of studied correlations, however from the viewpoint of
statistical analysis Kubinyi’s bilinear model gives better results.

Piperidinoethyl esters of 2-, 3- and 4-alkoxy substituted phenylcarbamic acids (PAPC) I
belong to membrane-active amphiphilic compounds with a wide spectrum of biological,
e.g. local anaesthetic1, antimicrobial2 and algicidal3 activity.

Recently it was found that PAPC inhibit photosynthetic processes in plant chloro-
plasts causing destruction of photosystem II with subsequent release of Mn2+ ions from
the manganese–protein complex3. The intensity of the biological effects of PAPC de-
pends on the alkyl chain length as well as on the position of the alkoxy substituent on
the benzene ring of the effector1–3. The highest local anaesthetic activity was shown by
2-alkoxy substituted PAPC derivatives1 but as antimicrobial and algicidal agents were
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the most effective 4-substituted derivatives2,3. The quasi-parabolic dependence of the
above mentioned biological activities of amphiphilic PAPC compounds on the
lipophilicity of the effectors can be explained by the free volume theory4,5. According
to this theory, short chain molecules incorporated in the membrane create relatively
large free volume below their chain, however the number of these molecule in the
membrane is low due to their low lipophilicity. On the other hand, the high lipophilicity
of long chain derivatives enables incorporation of numerous molecules into the mem-
brane with a relatively small free volume created bellow their chains. However, the
resulting inhibitory effects in both above cases are relatively low in comparison to
those of the molecules having sufficiently high hydrophobicity, but simultaneously cre-
ating sufficiently large free volume in the membrane5.

This paper presents correlations between biological activity of PAPC concerning
photosynthesis inhibition in photosynthesizing organisms (Chlorella vulgaris and spinach
chloroplasts) and chromatographically determined lipophilicity characteris log k′  (from
HPLC) and Kovats indices KIO (from gas chromatography). For the description of
above correlations two theoretical models – the parabolic model of Hansch6 and
Kubinyi’s bilinear model7 have been used.

EXPERIMENTAL

Piperidinoethyl esters of 2-, 3- and 4-alkoxy substituted phenylcarbamic acids (alkyl = methyl – n-decyl)
(PAPC) were synthesized according to Cizmarik et al.1. Effect of PAPC on chlorophyll production of
stationary cultured alga Chlorella vulgaris (7 days, photoperiod 16 h light/8 h dark) was investigated
using method described by Kralova et al.8. Their effect on oxygen evolution rate in spinach chloro-
plasts was studied spectrophotometrically (Specord UV-VIS Zeiss, Jena, Germany) in the presence of
electron acceptor 2,6-dichlorophenolindophenol3. The inhibitory activity of PAPC on photosynthesiz-
ing organisms has been expressed by minimum inhibitory concentration MIC (for algae) and IC50-
value (for chloroplast systems), i.e. by concentration of the effector causing total or 50% inhibition
of the studied parameter.

Chromatographic retention factors log k′ were determined9 by HPLC (Separon* SGXC 18 column
150 × 3.2 mm, particle size 5 µm, flow-rate 0.6 ml/min). The compounds were dissolved in methanol
(1 mg/1 ml). For preparation of the mobile phase, 90% methanol and 3.4 g CH3COONa was added
to 500 ml. A Waters diode detector model 990 was used in the range 210 – 290 nm. The Kovats
indices KIO were determined by gas chromatography (apparatus Chrom 4 with FID, packed glass column
1 200 mm, diameter 4 mm, with OV 17 on Chromosorb W HP 80 – 100 mesh; temperature of injectors
300 °C; N2 gas carrier inlet pressure flow rate of 0.1 MPa; H2 40 ml/min; flow rate of air 0.5 l/min)
using methanolic solutions of corresponding PAPC derivatives10. The correlation indices between log k′
and KIO or the number of carbon atoms m in the alkoxy substituent of PAPC and between KIO and m
were in the range of 0.989 – 0.999.

For description of correlations between biological activity and chromatographic characteristics of
PAPC reflecting lipophilicity of the effector two theoretical models have been used – the parabolic
model of Hansch6 (1) and Kubinyi’s bilinear model7 (2a and 2b):

log (1/Y) = AX + BX2 + C (1)
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log (1/Y) = A log X − B log (βX + 1) + C (2a)

log (1/Y) = AX − B log (β . 10X + 1) + C  , (2b)

where Y is the corresponding biological (MIC or IC50 value) and X the corresponding lipophilicity
characteristics (log k′ and KIO). The study was completed with correlations between inhibitory activity of
PAPC against photosynthesizing organisms and the number of carbon atoms m in the alkoxy substi-
tuent of the effector.

RESULTS AND DISCUSSION

The biological (log 1/MIC and log 1/IC50) and physico-chemical characteristics (log k′
and KIO) are summarized in Table I. From the Table I the quasi-parapobolic course of
the dependences of log 1/MIC (or log 1/IC50) = f(log k′) or f(KIO) or f(m) is evident. The
regression coefficients of regression equations as well as the corresponding parameters
of the statistical analysis obtained by both theoretical models (parabolic (P) and bilinear
(B) respectively) are shown in Table II.

Table II shows that both applied theoretical models – P and B – are suitable for
description of above mentioned correlations. From comparison of the corresponding
parameters of statistical evaluation it can be concluded that the bilinear model gave
better results (higher correlation indices r, higher F-test values (F) as well as positive
values of the partial F-test (pF) determined according to Kubinyi7). Better results of
statistical evaluation were obtained for chloroplast systems. This is manifested by the
values of correlation indices r and of the F-test which are in the range of 0.966 – 0.996
and 42.0 – 394.6 respectively in comparison with the range of the corresponding par-
ameters obtained for algal systems, i.e. r = 0.840 – 0.979, F = 7.2 – 68.3. This is in
good accordance with results obtained for correlations of photosynthesis inhibiting ac-
tivity of structurally similar morpholinoethyl esters11 and quaternary ammonium salts
of heptacain12 and the lipophilicity of these effectors.

By application of the bilinear model more effective improvement of the statistical
parameters of parabolic equations was obtained with the algal systems. The best im-
provement of statistical parameters (pF in the range of 2.8 – 25.8) was found for rela-
tionships log (1/MIC) = f(m) and log (1/IC50) = f(m).

In general it can be concluded that the calculated alkyl chain length corresponding to
the derivative showing the highest biological activity was heptyl – nonyl for chloro-
plast systems and pentyl – octyl for algal systems. 4-Alkoxy substituted derivatives
reach maximum of activity at longer alkyl chains than the 2- and 3-substituted ones.
Nine membres in the set (n = 9) can be regarded as unsufficient for the more-parameter
equations, however the calculated statistical parameters (r, s, F) and the confidence
intervals of the regression coefficients (p < 0.01) show that the obtained results are
significant.
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TABLE I
Biological and physico-chemical characteristics of piperidinoethyl esters of alkoxyphenylcarbamic
acids

Substituent
position

m log (1/IC50) log (1/MIC) log k′ KIO

1 1.220 3.497 0.0969 2.341

2 1.782 4.003 0.1207 2.468

3 2.114 4.103 0.1761 2.566

4 2.591 4.282 0.2540 2.622

2 5 3.262 – 0.3319 2.694

6 3.431 4.846 0.4409 2.782

7 3.485 4.971 0.5187 2.924

8 – 4.878 0.6110 3.022

9 3.252 3.459 0.7175 3.088

10 3.002 2.804 0.8342 3.188

2 2.388 4.263 0.0717 2.564

3 2.581 4.399 0.1514 2.653

4 3.117 4.833 0.2398 2.750

5 3.563 4.962 0.3079 2.857

3 6 3.965 5.000 0.4239 2.973

7 4.048 5.041 0.5279 3.061

8 4.351 4.937 0.5836 3.104

9 3.875 4.205 0.7342 3.247

10 4.020 3.902 0.8691 3.354

1 1.477 4.239 0.0111 2.552

2 2.204 4.395 0.0717 2.653

3 2.609 4.701 0.1532 2.709

4 3.262 4.904 0.2540 2.847

4 5 3.184 4.845 0.3446 2.919

6 3.720 5.091 0.4464 3.029

8 4.712 5.104 0.6612 3.207

9 4.079 4.947 0.7744 3.293

10 3.876 3.858 0.9020 3.424
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