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Abstract: In this study, a series of nine 4-chloro-2-(3,4-dichlorophenylcarbamoyl)phenyl
N-alkylcarbamates was prepared. The procedures for synthesis of the compounds are
presented. The compounds were analyzed using RP-HPLC to determine lipophilicity. They
were tested for their activity related to inhibition of photosynthetic electron transport (PET) in
spinach (Spinacia oleracea L.) chloroplasts. For the compounds, the relationships between the
lipophilicity and the chemical structure of the studied compounds are discussed, as well as
their structure-activity relationships (SAR).
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INTRODUCTION

Salicylanilides are an important class of aromatic compounds with a wide range of
pharmacological activities. A number of them showed antibacterial [1], antimycobacterial
[2,3], antifungal [2,4]. In the recent past, a number of organic carbamates have been found to
be potential antibacterial, antimycobacterial and antiviral agents [5,6]. The carbamate residue
present in these new molecules contributes as a core component [7] or, incorporated into a
known molecule, contributes to the improvement of its pharmacodynamic and
pharmacokinetic properties [8]. In particular, carbamate was successfully used to protect
phenolic drugs [9].

The presence of an amide or thioamide (-NHCO- or -NHCS-) group, is characteristic of a
number of herbicides acting as photosynthesis inhibitors (acylanilides, thioacylanilides,
phenylcarbamates, ureas, etc.), e.g. [10-13]. A wide spectrum of biological effects of
salicylanilides includes in addition herbicidal activity, e.g. [14,15]. Moreover, salicylanilides
were found to be uncouplers of photosynthetic phosphorylation [16].

The inhibitory activity of the R substituted salicylanilides related to the inhibition of oxygen
evolution rate in spinach chloroplasts correlated with the hydrophobic parameter n™ and the
Hammett constant ¢ of the R' substituents and the compounds were found to interact with the
intermediate D* (Tyrp) in the photosynthetic apparatus of spinach chloroplasts [14].
Intermediate D° is situated at the 161st position in D, protein occurring at the donor side of
photosystem (PS) 2. In the presence of R "substituted salicylanilides, the decreased intensity of
the fluorescence emission band at 686 nm (belonging to the chlorophyll-protein complexes
mainly in PS 2 [17]) suggested PS 2 as the site of action of the studied inhibitors. Upon
addition of 1,5-diphenylcarbazide (DPC, an artificial electron donor of PS 2 with a known site
of action in the intermediate Z°/D°® on the donor side of PS 2 [18]) to chloroplasts treated with
R’ substituted salicylanilides, inhibition of the oxygen evolution rate was practically
completely restored indicating that the own core of PS 2 (P 680) and a part of the electron
transport chain - at least up to plastoquinone - remained intact. These results are in accordance
with  those obtained for 3-bromo- and 3,5-dibromosalicylanilides [19] and
3-methylsalicylanilides [15]. However, it could be stressed that 3,5-dibromosalicylanilides
with R' = 3-F and R = 3-Cl interacted not only with the intermediate D* (Tyrp) but also with Z°
intermediate (Tyrz) which is situated in the 161st position in D1 protein occurring at the donor
side of PS 2 [19].

This is a follow-up paper to our previous articles [20-27] dealing with syntheses and
especially herbicidal activity of various aromatic ring-substituted like-carboxamide
derivatives. The compounds were tested for their photosynthesis-inhibiting activity (the
inhibition of photosynthetic electron transport) in spinach chloroplasts (Spinacia oleracea L.).
Lipophilicity (log k) of the compounds was determined using RP-HPLC. Relationships among
the structure and in vitro inhibitory activity related to inhibition of photosynthetic electron
transport (PET) in spinach chloroplasts of the carbamates are discussed.

RESULTS AND DISCUSSION

The preparation of the carbamates is outlined in Scheme 1. They were routinely prepared by
the reaction of 5-chlorosalicylic acid with 3,4-dichlorophenylamine in chlorobenzene with
PCl; [4] By using microwave irradiation, the reaction time was shortened from several hours
to minutes. For the synthesis of the corresponding carbamates, a suspension of salicylanilide
in acetonitrile (MeCN) was treated with one equivalent of triethylamine (TEA), adding then
the corresponding isocyanate. This reaction was performed at room temperature due to
thermal instability of the products. The prepared carbamates 1-9 are described in Table 1. The
yields of the synthesized compounds varied in the interval of 35-80%. Prepared carbamates



were described as potential antituberculotic active compounds and their characterisation by
means of infrared, NMR spectroscopy and elemental analyses [6].

Scheme 1. Synthesis of 4-Chloro-2-(3,4-dichlorophenylcarbamoyl)-phenyl N-alkylcarbamates
1-9: (a) PCls, chlorobenzene, microwave irradiation; (b) TEA, MeCN.
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The hydrophobicity (log P/Clog P values) of the studied compounds 3, 4, 5a-5g, and 6a-69
were calculated using two commercially available programs (ChemDraw Ultra 10.0 and
ACD/LogP). Their hydrophobicities were measured experimentally by RP-HPLC
determination of their capacity factors (k) with subsequent calculation of log k. This
procedure measures the retention times of the compounds under isocratic conditions with
various amounts of an organic modifier (methanol) in the mobile phase. Using an end-capped
non-polar C,g stationary RP column, the capacity factor k can be calculated. Log k is used as a
lipophilicity index converted to the log P scale [28]. The results are shown in Table 1.

The results obtained with respect to all compounds show that the experimentally determined
lipophilicities (log k values) are lower than those indicated by the calculated log P/Clog P as
shown in Figure 1.

As expected, 4-chloro-2-(3,4-dichlorophenylcarbamoyl)phenyl ethylcarbamate (1) showed the
lowest lipophilicity, whereas 4-chloro-2-(3,4-dichlorophenylcarbamoyl)phenyl
undecylcarbamate (9) was the most lipophilic within each series. The calculated log P/Clog P
data and the determined log k values correspond to the expected trend in lipophilicity,
increasing within each series of evaluated compounds (ethyl << butyl < pentyl < hexyl <
heptyl < oktyl < nonyl < decyl < undecyl derivatives). This dependence is approximately
linear. The log k data corresponds to the lipophilicity within the series of compounds
discussed.

The evaluated carbamates showed a wide range of activities (from 56 to 505 umol/L) related
to inhibition of photosynthetic electron transport (PET) in spinach chloroplasts, see Table 1.
4-Chloro-2-(3,4-dichlorophenylcarbamoyl)phenyl buylcarbamate (2) expressed the highest
PET-inhibiting activity (ICso: 56.4 pumol/L). PET inhibition by compounds 8 and 9 could not
be determined due to precipitation of the compounds during the experiments.

The PET-inhibiting activity was expressed by negative logarithm of 1Csy value (compound
concentration in mol/L causing 50% inhibition of PET). Despite the relatively low inhibitory
activity of the studied compounds, correlations between log (1/1Cso) and log k of compounds
1-7 were determined, see Figure 2.



Table 1. The calculated lipophilicities (log P/Clog P), the determined log k values and 1Cs
[umol/L] values related to PET inhibition in spinach chloroplasts of compounds 1-7 in
comparison with standard 3-(3,4-dichlorophenyl)-1,1-dimethylurea (DCMU).

p 0
CI\dLH o
o)
o}\HR
log P/Clog P log P PET inhibition
Comp. = log k C%emOff?ce ACD?LogP ICso [umol/L]
1 CoHs 1.0234 | 4.35/4.8194 | 4.88 £0.41 82.3
2 CsHg 1.0457 | 5.25/5.8774 | 5.94+0.41 56.4
3 CsHyy 1.0601 | 5.67/6.4064 | 6.47 £0.41 99.2
4 CeH13 1.0611 | 6.08/6.9354 | 7.01 £0.41 143.5
5 C/Hss 1.0667 | 6.50/7.4644 7.54+£0.41 169.08
6 CgH17 1.0845 | 6.92/7.9934 | 8.07+0.41 431.6
7 CoH19 1.0880 | 7.34/8.5224 | 8.60+0.41 505.5
8 CioH21 1.0894 | 7.77/9.0514 9.13+£0.41 a
9 Ci1H»s 1.0903 | 8.17/9.58041 | 9.66 +0.41 a
DCMU — — — — 1.9

Figure 1. Comparison of the log P/Clog P values computed using two the programs with the
calculated log k values. Compounds 1-9 are ordered according to the increase in log k values.
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Figure 2. The relationships between the PET-inhibiting activity log (1/ICsp) [mol/L] in
spinach chloroplasts and the determined lipophilicity log k of the studied compounds 1-7.
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Thus, it could be concluded that lipophilicity (significantly affected by the length of the
substituted alkyl chain/substituent bulkiness) was decisive for photosynthesis-inhibiting
activity. The parabolic dependence of PET-inhibiting activity on lipophilicity (log k) of the
studied compounds can be observed in Figure 2. Within the series of carbametes 1-7, activity
increases from ethyl to butyl derivative and then the PET-inhibition decreases with
lipophilicity increase.

Question if propyl, isopropyl, isobutyl or tert-butyl express higher PET-inhibiting activity
than compound 2 (n-butyl derivative) can not be answered based on the results discussed
herein and now it is under investigation.

EXPERIMENTAL

Synthesis
All the discussed compounds were synthesized as described previously [6].

Lipophilicity HPLC determination (capacity factor k / calculated log k)

A Waters Alliance 2695 XE HPLC separation module and a Waters Photodiode Array
Detector 2996 (Waters Corp., Milford, MA, USA) were used. A Symmetry® Cig 5 um,
4.6x250 mm, Part No. WAT054275 (Waters Corp., Milford, MA, USA) chromatographic
column was used. The HPLC separation process was monitored by Millennium32®
Chromatography Manager Software, Waters 2004 (Waters Corp., Milford, MA, USA). A
mixture of MeOH p.a. (70.0%) and H,O-HPLC — Mili-Q Grade (30.0%) was used as a mobile
phase. The total flow of the column was 1.0 mL/min, injection 30 pL, column temperature
45 °C and sample temperature 10 °C. The detection wavelength of 210 nm was chosen. The
K1 methanolic solution was used for the dead time (tp) determination. Retention times (tg)
were measured in minutes.

The capacity factors k were calculated using the Millennium32® Chromatography Manager
Software according to formula k = (tg - tp)/tp, where tr is the retention time of the solute,



whereas tp denotes the dead time obtained via an unretained analyte. Log k, calculated from
the capacity factor k, is used as the lipophilicity index converted to log P scale [28]. The log k
values of the individual compounds are shown in Table 1.

Lipophilicity calculations

Log P, i.e. the logarithm of the partition coefficient for n-octanol/water, was calculated using
the programs CS ChemOffice Ultra ver. 10.0 (CambridgeSoft, Cambridge, MA, USA) and
ACD/LogP ver. 1.0 (Advanced Chemistry Development Inc., Toronto, Canada). Clog P
values (the logarithm of n-octanol/water partition coefficient based on established chemical
interactions) were generated by means of CS ChemOffice Ultra ver. 10.0 (CambridgeSoft,
Cambridge, MA, USA) software. The results are shown in Table 1.

Study of inhibition photosynthetic electron transport (PET) in spinach chloroplasts
Chloroplasts were prepared from spinach (Spinacia oleracea L.) according to Masarovicova
and Kralova [29]. The inhibition of photosynthetic electron transport (PET) in spinach
chloroplasts was determined spectrophotometrically (Genesys 6, Thermo Scientific, USA),
using an artificial electron acceptor 2,6-dichlorophenol-indophenol (DCIPP) according to
Kralova et al. [30], and the rate of photosynthetic electron transport was monitored as a
photoreduction of DCPIP. The measurements were carried out in phosphate buffer
(0.02 mol/L, pH 7.2) containing sucrose (0.4 mol/L), MgCl, (0.005 mol/L) and NaCl
(0.015 mol/L). The chlorophyll content was 30 mg/L in these experiments and the samples
were irradiated (~100 W/m?) from 10 cm distance with a halogen lamp (250 W) using a 4 cm
water filter to prevent warming of the samples (suspension temperature 22 °C). The studied
compounds were dissolved in DMSO due to their limited water solubility. The applied DMSO
concentration (up to 4%) did not affect the photochemical activity in spinach chloroplasts.
The inhibitory efficiency of the studied compounds was expressed by ICsy values, i.e. by
molar concentration of the compounds causing 50% decrease in the oxygen evolution rate
relative to the untreated control. The comparable 1Cso value for a selective herbicide
3-(3,4-dichlorophenyl)-1,1-dimethylurea, DCMU (Diurone®™) was about 1.9 pmol/L [31]. The
results are summarized in Table 1.
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