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Abstract: The synthesis and photosynthesis-inhibiting activity of 14 new 3-(2-akylsulfanyl-
6-benzothiazolylaminomethyl)-2-benzoxazol ethiones are reported. The new compounds were
prepared by the reaction of 2-alkylsulfanyl-6-aminobenzothiazoles with 3-hydroxymethyl-2-
benzoxazolethione. The structures of the compounds were verified by *H NMR spectra. The
compounds inhibit photosynthetic electron transport in spinach chloroplasts. The
photosynthetic activity was found to depend on the calculated lipophilicity of the new
compounds. Some structure characteristics and quantum chemical parameters were
calculated by AM1 method.

Keywords. Photosynthetic electron transfer inhibition, AM1 quantum chemical method,
QSAR, caculated lipophilicity,  3-(2-alkylsulfanyl-6-benzothiazolylaminomethyl)-2-
benzoxazol ethiones.

I ntroduction

Benzothiazole derivatives have shown a large scale of biological activities. 2-Alkylsulfanyl-6-
aminobenzothiazoles [1] and their derivatives substituted at the amino group [2] are of interest both for
agricultural and pharmaceutical chemistry.
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3-(2-Alkylsulfanyl-6-benzothiazolylaminomethyl)-2-benzothiazol ethiones [3] have shown antifungal
and anticandidous [4, 5] activities. The compounds were not stable enough on longer storing. Replacing
one sulphur atom in the heterocyclic system by an oxygen atom perfectly solved the stability of the
products. All the same, the change was unadvantageous for the anticandidous activity.

Various derivatives of 2-alkylsulfanyl-6-aminobenzothiazoles substituted at the amino group were
found to inhibit photosynthetic processes in spinach chloroplasts and the chlorophyll production in algae
Chlorella vulgaris [6 - 8]. Photosynthesis-inhibiting activity of the above compounds showed the so-
called "cut off" effect - a decreased activity for the more lipophilic substances in the series.

Results and Discussion

This work, based on 14 new 3-(2-alkysulfanyl-6-benzothiazolylaminomethyl)-2-benzoxazol ethiones
(Scheme 1, Table 1) is focused on their inhibitory effect on the photosynthetic electron transport in

spinach chloroplasts.
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Scheme 1.

Table 1. Characterisation of the prepared 3-(2-alkylsulfanyl-6-benzothiazolylaminomethyl)-2-
benzoxazol ethiones.

Comp. R Formula W, (calc) % / Wi (found) % Yield M.p.
M, C H N S % °C
1 -CH3 Ci6H13N30S; 53.46 3.65 11.69 | 26.76 | 88.9 192-194
359.49 53.54 3.67 11.68 | 26.71
2 -CHs Ci7H1sN30S; 54.67 4.05 11.25 | 25.75 | 86.6 | 169.0- 170.5
373.52 54.90 399 | 1131 | 2553
3 -(CH2),CH3 | CygH17N30S; 55.99 4.40 10.79 | 24.71 | 69.2 | 167.5- 169.0
389.33 55.97 433 | 1090 | 24.63
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Continuation of the Table 1.

Comp. R Formula W, (calc) % / Wi (found) % Yield M.p.
M, C H N S % °C

4 -CaHs? CisH1sN30S; 56.28 390 | 1085 | 2484 | 84.0 155-157
387.31 56.29 389 | 1094 | 25.12

5 -(CH2)sCH3 | CioH19N30Ss 56.83 477 | 1046 | 2395 | 85.0 159-160
401.57 56.54 4.67 10.30 | 23.93

6 -CHS CioH19Nz0S; 56.83 477 | 1046 | 2395 | 634 | 166.5- 168.5
401.57 56.98 4.75 1047 | 24.26

7 -(CH2)4CH3 | CxHxuN30S; 57.80 509 | 10.11 | 23.15 | 70.9 | 150.0- 152.5
415.60 57.97 510 | 10.16 | 23.29

8 -CH(CHy)s® | CxH19N3OS; 58.08 463 | 1016 | 23.26 | 749 | 179.5- 1815
413.58 58.12 456 | 1014 | 23.28

9 -(CH2)sCH3 | CxH2N30Ss 58.71 5.40 9.78 | 2239 | 82.0 | 156.5- 158.5
429.63 58.78 5.44 9.78 | 22.03

10 -(CH2)eCH3 | CxHxN30Ss 59.56 5.68 947 | 2168 | 86.7 | 149.5151.0
443.65 59.68 5.60 9.46 | 21.85

11 -(CHZ);CH3 | CgxHxN3OS; 60.36 5.95 918 | 21.02 | 874 151-152
457.68 60.48 5.89 9.08 | 21.40

12 -(CHZ)sCH3 | CasH2N30S; 61.11 6.20 891 | 20.39 | 795 143-145
471.71 61.11 6.22 8.88 | 20.31

13 -CH,-CeHs | CxHi/N30S; 60.66 3.93 9.65 | 2208 | 75.6 | 151.5-1535
435.59 60.46 3.88 9.56 | 21.87

14 -CH,OHY | CiyHNL0,S; | 52.42 3.88 | 10.79 | 24.70 | 68.0 | 165.0-167.5
389.52 52.13 3.83 | 10.87 | 24.69

2dlyl; "sec — butyl; “cyclopentyl; “2-hydroxyethy!.

75

The compounds have been synthesized by reaction of 2-alkylsulfanyl-6-aminobezothiazoles [1] with

3-hydroxymethyl-2-benzoxazol ethione (Scheme 2).
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The structures of the new compounds have been verified by '"H NMR spectroscopy. The '"H NMR
spectra showed a doublet signal in the range of 5.79 - 5.77 d belonging to the NCH, group with J = 7.1
- 6.8 Hz, a multiplet of aromatic protons in the range of 7.9 - 6.9 d and the signals of alkyl groups,
which were in accordance with the values of d given in literature [9]. The signal of the NH group was
partialy overlapped by the aromatic signals.

The structures and the atomic charges of the synthesized compounds were calculated by quantum
chemical AM1 method [12]. The calculated torsion angles between benzothiazolyl and benzoxazolyl
parts were in the range 80 - 82° and the akylsulfanyl substituents were in the plane of the thiazolyl rings
(Figure 1) except for cyclopentyl (19°) and benzyl (89°).

Figure 1. Scheme of the most active compound (7, R = - (CH,),CHj3). Oxygen isindicated by red,
nitrogen by green and sulphur by yellow colour.
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The changes of the atomic chargesin all positions are very small. Atomic charges on C at position 6
arein the range 0.035 - 0.054 and at position 2 in the range -0.390 — -0.404. Similar differences are on
all atoms.

The inhibition of the photosynthetic electron transport in spinach chloroplasts was monitored by
reduction of DCPIP in the presence of the studied compounds. The inhibitory activity has been
expressed by 1Cs values, i.e. by concentrations of the inhibitors causing 50 % decrease of the oxygen
evolution rate (OER) as compared with the untreated control sample (Table 2).

Table 2. Experimental values of 1Cs, of the studied compounds concerning oxygen evolution rate
inhibition in spinach chloroplasts and calculated log P.

Comp. | logP | ICs?* (mmol dm’®)

1 3.64 -

2 3.98 183
3 4.45 74
4 4.38 113
5 4.85 77
6 4.87 68
7 5.25 56
8 4.83 63
9 5.64 75
10 6.04 90
11 6.43 124
12 6.83 208
13 5.42 63
14 3.20 -

% Cso - molar concentration of the inhibitor causing 50 % decrease of activity against control

The dependence of the photosynthesis-inhibiting activity on the calculated lipophilicity [13] of the
studied compounds showed a quas - parabolic course with the maximum activity for the pentyl
derivative (ICs = 56 mmol dm™®). The least lipophilic compounds, methyl (1) and hydroxyethyl (14)
derivatives did not inhibit oxygen evolution rate in spinach chloroplasts. It can be assumed that the
passage of these compounds (log P = 3.64 and 3.20 respectively) through the lipophilic regions of
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thylakoid membranes is limited, what results in an insufficient number of inhibitors reaching the site of
action in proteins situated on the inner side of thylakoid membrane. The decrease of the inhibitory
activity with more lipophilic compounds (log P > 5.25) is probably connected with the too high
lipophilicity of these compounds causing a limited penetrability through the hydrophilic regions of
thylakoid membranes. Similar results were a so obtained for the dependence of photosynthesis-inhibiting
activity on the lipophilicity for several homologous series of NH,-substituted 2-akylsulfanyl-6-
aminobenzothiazoles [6 - 8], including 3-(2-akylsulfanyl-6-benzothiazolylamino-methyl)-2-
benzothiazolethiones [7, 8]. Based on the results obtained with EPR spectroscopy it has been shown
that the site of action of the above benzothiazole derivatives in the photosynthetic apparatus of spinach
chloroplasts is the donor side of photosystem 2, upstream of the site of diphenylcarbazide action, i.e. in
the oxygen evolving complex [7]. Significant dependence of the OER inhibitory activity in spinach
chloroplasts upon the lipophilicity of the compounds was found also with 2-(6-acetamidobenzothiazole-
thio) acetic acid esters [10], what means broadening of the variability of substituents for compounds
with OER inhibiting activity by the akoxycarbonylmethylsulfanyl group at position 2 of the
benzothiazole skeleton.

The relatively small differences between charge densities of atoms do not alow meaningful
correlation between biological activity and theoretical parameters. The parabolic dependence of the
calculated log P on the biological activity has high statistical significance.

log(1/1Cso) = (2.553+0.245)log P - (0.240+0.026)log’ P - 2.578
r=0.965 s=0.189 F=58.0 n=12

The bilinear model [14, 15] gave dtatistically more significant results, the best value of the
lipophilicity (log Po) was aso calculated.

log(L/1Csp) = (0.821+0.075)log P - (1.276+0.107)log(b+1) + 0.540
r=0.971 s=0.049 F=749 n=12 logP,=5.18 b =1.202.10°

The F-test value is statistically significant at the 99.5 % level of probability. The biologica efficiency
of the molecule decreases when the value calculated for log P is lower or higher than the value
calculated for log P,. The compound 7 (R = -(CH,)4CH3) has the best biological activity.

Experimental
General

The starting 2-alkylsulfanyl-6-aminobenzothiazoles were synthesized according to [1]. 3-
Hydroxymethyl-2-benzoxazolethione was prepared by the method described in [11]. Melting points
were determined on a Kofler hotstage apparaturs and are uncorrected. ‘H NMR spectra were obtained
on a TESLA BS 587 spectrometer (80 MHz) in deuterated dimethylsulfoxide (DMSO) solution.
Tetramethylsilane was used as inner standard.

The inhibitory effect of the studied compounds on the rate of photosynthetic electron transport in
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spinach chloroplasts was investigated spectrophotometrically (Specord UV VIS, Zeiss Jena, Germany)
in the presence of electron acceptor 2,6-dichlorophenol-indophenol (DCPIP) immediately after treating
the chloroplast suspension with the inhibitor. The measurements were carried out in phosphate buffer
(20 mmol, pH = 7.2) containing sucrose (0.4 mol dm™), MgCl, (5 mmol dm®) and NaCl (15 mmol dm’
%) and the chlorophyll content in the suspension was 30 mg dm™. The samples were irradiated (~100 W
m?) from 10 cm distance with a halogen lamp (250 W) using water filter to exclude warming of the
samples. The applied DM SO concentration (up to 5 %) did not affect the oxygen evolution rate.

Structures and atomic charges were calculated by quantum chemical AM1 method with standard
parametrization and full optimalization (keyword PRECISE) [12]. Log P were found by Crippent
method [13].

3-(2-Alkyl sulfanyl-6-benzothi azol ylaminomethyl)-2-benzoxazol ethiones 1 — 14

The mixture of 2-alkylsulfanyl-6-aminobenzothiazole (0.02 mol) and 3-hydroxymethyl-2-
benzoxazolethione (0.02 mol, 3.4 g) was refluxed in ethanol (50 cm®) for 5 min. After cooling the
reaction mixture to 4 °C the product was filtered off and washed with the mixture of isohexane and
cyklohexane (2 : 1).
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