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Abstract: In this study, a series of eight 1-[(2-nitrophenyl)carbamoyl]naphthalen-2-yl 

alkylcarbamates was prepared and characterized. The discussed compounds were prepared by 

microwave-assisted and conventional synthesis. The compounds were tested for their activity 

related to inhibition of photosynthetic electron transport (PET) in spinach (Spinacia oleracea L.) 

chloroplasts. The PET-inhibiting activity of the compounds was relatively low; the 

corresponding IC50 values ranged from 0.233 to 0.487 mmol/L and the highest activity within 

the series of compounds was observed for 1-[(2-nitrophenyl)carbamoyl]naphthalen-2-yl 

pentylcarbamate. The compounds were found to inhibit PET in photosystem II. 

Keywords: Alkylcarbamates; Hydroxynaphthalene-carboxamides; PET inhibition; Spinach 

chloroplasts; Structure-activity relationships. 

INTRODUCTION 

The presence of an amide or carbamate (–CONH–, –OCONH–) group with hydrophobic 

residue in its close vicinity is characteristic not only of a number of clinically used drugs [1] 

but also of many applied pesticides [2]. These moieties are important functional groups that 

are able, due to their electron properties, to interact and bind with a number of 
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enzymes/receptors and, by means of these target sites, affect the biological response. The 

properties of the amide and the carbamate moieties can be easily modified by various 

substitutions [3,4]. These groups are characteristic of a number of herbicides acting as 

inhibitors of photosynthetic electron transport (PET) in photosystem (PS) II [5–21]. 

Moreover, in the middle of the 1970's it was found that salicylanilides belong to effective 

uncoupling agents of oxidative phosphorylation [22–24], and acceleration of the deactivation 

reactions of water splitting enzyme system Y by 3-tert-butyl-5-chloro-N-(2-chloro- 

4-nitrophenyl)-2-hydroxybenzamide was observed [23]. Substituted salicylanilides or their 

bioisosteres inhibited PET [14–21,25–28] and reduced chlorophyll content in green alga, 

Chlorella vulgaris [25–27]. It is important to note that in addition to the above-mentioned 

herbicidal activity, the wide spectrum of biological effects of salicylanilides includes, for 

example, antibacterial, antimycobacterial, antifungal and anthelmintic activity; however, their 

mechanism of action is still under investigation [29 and refs. therein]. 

In the context of the above-mentioned facts, 1-[(2-nitrophenyl)-carbamoyl]naphthalen-2-yl 

alkylcarbamates were prepared [30] and some of them tested were for their photosynthesis-

inhibiting activity – the inhibition of photosynthetic electron transport (PET) in spinach 

chloroplasts (Spinacia oleracea L.). 

RESULTS AND DISCUSSION 

All the studied compounds were prepared according to Scheme 1 [30]. In the first step,  

N-(2-nitrophenyl)-2-hydroxynaphthalene-1-carboxamide (1) was synthesized by the 

microwave-assisted method [18]. In the second step, a modified method using triethylamine 

for activation of the phenolic group was used [16]. The addition of activated compound 1 to 

appropriate alkyl isocyanates yielded a series of eight 1-[(2-nitrophenyl)carbamoyl]-

naphthalen-2-yl alkylcarbamates 2–9. 

Scheme 1. Synthesis of 1-[(2-nitrophenyl)carbamoyl]naphthalen-2-yl alkylcarbamates 2–9 

[30]: (a) PCl3, chlorobenzene, MW; (b) TEA, acetonitrile, ambient temperature. 

 

All the predicted molecular descriptors (lipophilicity, hydrophobic distributive parameters, 

molar volumes and surface) were calculated using the ACD/Percepta ver. 2012 program 

(Advanced Chemistry Development, Toronto, ON, Canada), see Table 1. The lipophilicity of 

compounds 2–9, expressed as log P values, ranged from 3.58 (compound 2, R = C2H5) to 7.22 

(compound 9, R = C8H17). Logically, lipophilicity increases with lengthening of the alkyl tail. 

Isopropyl showed lower lipophilicity value than propyl. For individual substituents – alkyl 

chains of the discussed compounds – also hydrophobic properties expressed as distributive 

parameters π were predicted; they ranged from 0.99 to 4.18. Bulkiness (i.e. tail 

length/branching) of individual substituents expressed as molar volume MV [cm
-3

] and 

surface activity expressed as surface tension ST [dyne/cm] of the discussed carbamates were 

determined as other parameters that could influence PET-inhibiting activity. 
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Table 1. Structure of 1-[(2-nitrophenyl)carbamoyl]naphthalen-2-yl alkylcarbamates 2–9, 

calculated values of log P and surface tension (ST [dyne/cm]) of compounds and hydrophobic 

distributive parameters π and molar volume MV [cm
-3

] of R substituents (calculated using 

ACD/Percepta ver. 2012) and IC50 [mmol/L] values related to PET inhibition in spinach 

chloroplasts of tested compounds in comparison with 3-(3,4-dichlorophenyl)-1,1-dimethyl-

urea (DCMU). 

 

Comp. R log P π MV [cm
3
] 

ST 

[dyne/cm] 

PET inhibition 

IC50 [mmol/L] 

2 C2H5 3.58 0.99 47.29 61.24 0.450 

3 C3H7 3.96 1.52 63.80 59.35 0.365 

4 CH(CH3)2 3.80 1.34 64.18 58.30 0.664 

5 C4H9 4.32 2.05 80.31 57.71 0.274 

6 C5H11 5.15 2.58 96.81 56.26 0.233 

7 C6H13 5.71 3.12 113.32 54.97 0.283 

8 C7H15 6.81 3.65 129.83 53.82 0.352 

9 C8H17 7.22 4.18 146.33 52.79 0.487 

DCMU – – – – – 0.002 

The PET-inhibiting activity was expressed by negative logarithm of IC50 value (compound 

concentration in mol/L causing 50% inhibition of PET). The evaluated 1-[(2-nitrophenyl)-

carbamoyl]naphthalen-2-yl alkylcarbamates showed relatively low activity related to PET 

inhibition in spinach (Spinacia oleracea L.) chloroplasts with IC50 values ranging from 0.233 

to 0.487 mmol/L, see Table 1. 1-[(2-Nitrophenyl)carbamoyl]naphthalen-2-yl pentylcarbamate 

(6) had the highest PET-inhibiting activity (IC50 = 0.233 mmol/L) within the investigated 

series. 

The dependences of the PET-inhibiting activity log(1/IC50 [mol/L]) of compounds 2–9 

in spinach chloroplasts on lipophilicity (expressed as log P), hydrophobicity (expressed 

as distributive parameter π) and bulkiness expressed as molar volume MV of the alkyl tails 

as well as on surface activity expressed as surface tension ST of compounds are illustrated 

in Figures 1A–1D. Bilinear dependences of activity on individual descriptors can be observed 

in all Figures. The PET-inhibiting activity within the series linearly increased with the 

increase of log P values (as lipophilicity of the whole structure including intramolecular 

interactions, correlation coefficient r = 0.9541, n = 4, Fig. 1A), distributive parameter 

(influence of substituent R hydrophobicity, r = 0.9949, n = 4, Fig. 1B), molar volume 

(influence of substituent R bulkiness, r = 0.9949, n = 4, Fig. 1C) and with increasing surface 

tension (i.e. with a decrease of surface activity, r = 0.9851, n = 4, Fig. 1D) up to pentyl 

derivative 6. After this optimum, activity linearly decreased with the subsequent increase 

of lipophilicity (r = -0.9666, n = 4, Fig. 1A), distributive parameter (r = -0.9919, n = 4, 

Fig. 1B), molar volume (r = -0.9923, n = 4, Fig. 1C) and surface tension (i.e. with a surface 

activity decrease, r = -0.9956, n = 4, Fig. 1D). A better correlation coefficient estimated 

for the dependence of log(1/IC50) on distributive parameter π characterizing 

the hydrophobicity of R substituent compared to that of log(1/IC50) on log P characterizing 
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the lipophilicity of the whole molecule indicates that the inhibitory activity is dominantly 

affected by R substituent causing perturbation of thylakoid membranes. On the other hand, in 

general limited PET-inhibiting activity of the compounds can be caused by possible interactions 

of amide and carbamate groups (responsible also for interactions with photosynthetic apparatus) 

with the spatially close NO2 moiety in the ortho position of anilide ring [16–19,31]. 

An increase of PET-inhibiting activity with the prolongation of the alkyl tail estimated for 

compounds 2, 3, 5, 6 is connected with the fact that a longer alkyl chain can be incorporated in the 

thylakoid membrane to a greater extent and subsequently causes membrane damage. This 

biological activity is connected with the surface activity of these compounds (they can be 

considered as non-ionic surfactants) and with the alkyl tail length (molar volume), which is 

again reflected in lipophilicity. Nevertheless, besides the above-mentioned physicochemical 

parameters, also the appropriate concentration of the compound at the site of action in the 

photosynthetic apparatus is important for PET-inhibiting activity. Consequently, a compound 

having poor water solubility cannot pass through the hydrophilic regions of the thylakoid 

membrane to reach the site of action, which results in a significant decrease of inhibitory activity. 

The solubility of hexyl derivative 7 and especially derivatives 8 and 9 with longer alkyl chains 

was significantly lower than that of pentyl derivative 6, which resulted in a notable activity 

decrease. From the aspect of PET-inhibiting activity, the lipophilicity optimum can be found for 

C5, see Fig. 1. With the further elongation of the alkyl chain (hydrophobic part) to octyl, so 

called ‘cut-off’ effect, i.e. the loss of biological activity with the increasing lipophilicity of the 

compounds usually observed for amphiphilic compounds was manifested [5,28,32–34]. 

Figure 1. Dependence of PET-inhibiting activity log(1/IC50 [mol/L]) of compounds 2–9 in 

spinach chloroplasts on lipophilicity of compounds expressed as log P (A), hydrophobic 

distributive parameters π of R substituents (B), bulkiness of R substituents expressed as molar 

volume MV [cm
-3

] of alkyl tail (C) and surface tension (ST [dyne/cm]) (D) of compounds. 
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The application of 2,5-diphenylcarbazide (DPC, artificial electron donor) that supplies 

electrons in the site of Z

/D

 
intermediate, i.e. tyrosine radicals TyrZ and TyrD (or their 

surroundings) that are situated in D1 and D2 proteins on the donor side of PS II [10], to 

chloroplasts, the activity of which was inhibited by the most active compound 6 (up to 30% of 
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the control), caused practically complete PET restoration already at addition of 3-fold DPC 

concentration with regard to the applied concentration of compound 6. Therefore it can be 

concluded that the site of action of the studied 1-[(2-nitrophenyl)carbamoyl]naphthalen-2-yl 

alkylcarbamates is situated mainly on the donor side of PS II. The site of action situated on 

the donor side of PS II was found also for 2-alkylthio-6-R-benzothiazoles (R = 6-formamido-, 

6-acetamido-, and 6-benzoylamino-) [35], anilides of 2-alkylpyridine-4-carboxylic acids [36], 

cationic surfactants [37,38] acting in the intermediates Z

/D


 and 2-alkylsulphanyl- 

4-pyridinecarbothioamides acting in the D

 intermediate [39]. 

EXPERIMENTAL 

General 

All reagents were purchased from Aldrich (Sigma-Aldrich, St. Louis, MO, USA) and Alfa 

(Alfa-Aesar, Ward Hill, Massachusetts, USA). TLC experiments were performed on 

alumina-backed silica gel 60 F254 plates (Merck, Darmstadt, Germany). The plates were 

illuminated under UV (254 nm) and evaluated in iodine vapour. The melting points were 

determined on a Kofler hot-plate apparatus HMK (Franz Kustner Nacht KG, Dresden, 

Germany) and are uncorrected. Infrared (IR) spectra were recorded on a Smart MIRacle™ 

ATR ZnSe for Nicolet™ Impact 410 FT-IR spectrometer (Thermo Scientific, West Palm 

Beach, FL, USA). The spectra were obtained by accumulation of 256 scans with 2 cm
−1

 

resolution in the region of 4000–650 cm
−1

. All 
1
H- and 

13
C-NMR spectra were recorded on a 

JEOL ECZR 400 MHz NMR spectrometer (400 MHz for 
1
H and 100 MHz for 

13
C, JEOL, 

Tokyo, Japan) in DMSO-d6. 
1
H and 

13
C chemical shifts () are reported in ppm. High-

resolution mass spectra were measured using a high-performance liquid chromatograph 

Dionex UltiMate
®
 3000 (Thermo Scientific) coupled with a LTQ Orbitrap XL™ Hybrid Ion 

Trap-Orbitrap Fourier Transform Mass Spectrometer (Thermo Scientific) with injection into 

HESI II in the positive mode. The lipophilicity (log P) of the final compounds, the surface 

tension and the molar volume of R substituents were predicted using ACD/Percepta ver. 2012 

(Advanced Chemistry Development, Inc., Toronto, ON, Canada). 

Synthesis 

The synthetic pathway and the characterization of N-(2-nitrophenyl)-2-hydroxynaphthalene-1-

carboxamide (1) were described by Gonec et al. [18]. The characterizations of target  

1-[(2-nitrophenyl)carbamoyl]naphthalen-2-yl alkylcarbamates 2–9 were published recently 

[30], nevertheless, for the complexity of the studies, the analytical data of individual 

discussed compounds are mentioned below. 

General procedure for synthesis of alkylcarbamates 2–9: N-(2-nitrophenyl)-2-

hydroxynaphthalene-1-carboxamide (1, 1.0 mmol) and triethylamine (1.1 mmol) were 

suspended in dry acetonitrile (10 mL). The solution of the appropriate alkyl isocyanate 

(1.2 mmol) in acetonitrile (5 mL) was added in four portions within 2 h, and the reacting 

mixture was stirred for 24 h at ambient temperature. The solvent was evaporated under 

reduced pressure, and the solid residue was washed with methanol and ethyl acetate to give 

pure product. Studied compounds 2–9 are presented in Table 1. 

1-[(2-Nitrophenyl)carbamoyl]naphthalen-2-yl ethylcarbamate (2). Yield 40%; Mp 157–159 °C; 

IR (cm
−1

): 3320, 3216, 2963, 2917, 2843, 1743, 1705, 1656, 1645, 1608, 1580, 1532, 1504, 

1462, 1432, 1357, 1341, 1294, 1270, 1250, 1216, 1199, 1162, 1144, 1079, 1034, 993, 822, 

791, 779, 732, 667;
 1

H-NMR (DMSO-d6) δ: 10.94 (s, 1H), 8.07 (d, J = 9.1 Hz, 1H), 8.01–8.05 

(m, 3H), 7.71–7.80 (m, 3H), 7.65 (ddd, J = 8.2 Hz, 6.9 Hz, 1.4 Hz, 1H), 7.59 (ddd, J = 8.2 Hz, 

6.9 Hz, 1.4 Hz, 1H), 7.41–7.48 (m, 2H), 3.04–3.11 (m, 2H), 1.03 (t, J = 7.1 Hz, 3H);  
13

C-NMR (DMSO-d6), δ: 164.12, 153.71, 145.56, 142.98, 133.89, 130.62, 130.51, 130.33, 
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130.26, 128.10, 127.42, 125.91, 125.82, 125.70, 124.96, 124.90, 124.43, 122.62, 35.39, 14.75; 

HR-MS: for C20H16O5N3 [M + H]
+
 calculated 378.10845, found 378.10934 m/z. 

1-[(2-Nitrophenyl)carbamoyl]naphthalen-2-yl propylcarbamate (3). Yield 75%; Mp 153–155 °C; 

IR (cm
−1

): 3298, 3223, 2960, 2930, 2873, 1727, 1717, 1662, 1589, 1537, 1520, 1505, 1488, 

1463, 1440, 1353, 1285, 1257, 1224, 1146, 1106, 1051, 996, 981, 914, 865, 818, 779, 731, 

666;
 1

H-NMR (DMSO-d6) δ: 10.93 (s, 1H), 8.07 (d, J = 9.1 Hz, 1H), 8.01–8.05 (m, 3H), 

7.72–7.82 (m, 3H), 7.65 (ddd, J = 8.2 Hz, 6.9 Hz, 1.4 Hz, 1H), 7.59 (ddd, J = 8.2 Hz, 6.9 Hz, 

1.4 Hz, 1H), 7.41–7.48 (m, 2H), 3.00 (q, J = 6.5 Hz, 2H), 1.42 (sx, J = 7.1 Hz, 2H), 0.80 (t, 

J = 7.3 Hz, 3H); 
13

C-NMR (DMSO-d6), δ: 164.14, 153.94, 145.61, 142.89, 133.91, 130.69, 

130.53, 130.33, 130.33, 128.11, 127.43, 125.93, 125.79, 125.72, 125.64, 124.91, 124.46, 

122.62, 42.29, 22.37, 11.10; HR-MS: for C21H18O5N3 [M + H]
+
 calculated 392.12410, found 

392.12521 m/z. 

1-[(2-Nitrophenyl)carbamoyl]naphthalen-2-yl isoproylcarbamate (4). Yield 69%; Mp 172–176 °C; 

IR (cm
−1

): 3355, 3320, 2974, 1738, 1665, 1586, 1532, 1505, 1489, 1440, 1362, 1245, 1213, 

1173, 1149, 1056, 1018, 953, 924, 826, 778, 763, 732;
 1

H-NMR (DMSO-d6) δ: 10.93 (s, 1H), 

8.07 (d, J = 9.1 Hz, 1H), 8.01–8.05 (m, 3H), 7.75–7.80 (m, 3H), 7.66 (ddd, J = 8.2 Hz, 

6.9 Hz, 1.4 Hz, 1H), 7.59 (ddd, J = 8.2 Hz, 6.9 Hz, 1.4 Hz, 1H), 7.46 (td, J = 8.2 Hz, 1.4 Hz, 

1H), 7.42 (d, J = 9.1 Hz, 1H), 3.65 (sx, J = 6.4 Hz, 2H), 1.07 (d, J = 6.4 Hz, 6H); 
13

C-NMR 

(DMSO-d6), δ: 164.18, 153.10, 145.61, 142.94, 133.92, 130.69, 130.54, 130.37, 130.33, 

128.14, 127.46, 125.96, 125.85, 125.80, 125.72, 124.94, 124.46, 122.71, 42.86, 22.32;  

HR-MS: for C21H18O5N3 [M + H]
+
 calculated 394.13975, found 394.14058 m/z. 

1-[(2-Nitrophenyl)carbamoyl]naphthalen-2-yl butylcarbamate (5). Yield 82%; Mp 171–174 °C; 

IR (cm
−1

): 3293, 3222, 2957, 2873, 1724, 1661, 1589, 1549, 1532, 1520, 1505, 1471, 1463, 

1439, 1350, 1279, 1257, 1227, 1145, 1109, 1006, 914, 865, 818, 779, 769, 731, 680, 667; 
 

1
H-NMR (DMSO-d6) δ: 10.92 (s, 1H), 8.07 (d, J = 9.1 Hz, 1H), 8.01–8.05 (m, 3H), 7.73–7.80 

(m, 3H), 7.65 (ddd, J = 8.2 Hz, 6.9 Hz, 1.4 Hz, 1H), 7.58 (ddd, J = 8.2 Hz, 6.9 Hz, 1.4 Hz, 

1H), 7.45 (td, J = 8.2 Hz, 1.4 Hz, 1H), 7.38 (d, J = 9.1 Hz, 1H), 3.03 (q, J = 6.2 Hz, 2H), 1.38 

(qi, J = 7.0 Hz, 2H), 1.23 (sx, J = 7.0 Hz, 2H), 0.81 (t, J = 7.1 Hz, 3H); 
13

C-NMR (DMSO-d6), 

δ: 164.13, 153.91, 145.58, 142.77, 133.91, 130.74, 130.52, 130.32, 130.31, 128.10, 127.41, 

125.91, 125.74, 125.73, 125.56, 124.91, 124.44, 122.59, 40.18, 31.23, 19.27, 13.58; HR-MS: 

for C22H20O5N3 [M + H]
+
 calculated 406.13975, found 406.14081 m/z. 

1-[(2-Nitrophenyl)carbamoyl]naphthalen-2-yl pentylcarbamate (6). Yield 70%; Mp 141–143 °C; 

IR (cm
−1

): 3298, 3226, 2935, 2874, 1723, 1667, 1588, 1548, 1532, 1519, 1505, 1485, 1475, 1436, 

1347, 1322, 1284, 1253, 1226, 1142, 1108, 1037, 1025, 996, 913, 866, 819, 778, 767, 730, 680, 

660;
 1

H-NMR (DMSO-d6) δ: 10.93 (s, 1H), 8.07 (d, J = 9.1 Hz, 1H), 8.01–8.05 (m, 3H),  

7.75–7.81 (m, 3H), 7.65 (ddd, J = 8.2 Hz, 6.9 Hz, 1.4 Hz, 1H), 7.58 (ddd, J = 8.2 Hz, 6.9 Hz, 

1.4 Hz, 1H), 7.45 (td, J = 8.2 Hz, 1.4 Hz, 1H), 7.41 (d, J = 9.1 Hz, 1H), 3.02 (q, J = 6.4 Hz, 2H), 

1.40 (qi, J = 7.0 Hz, 2H), 1.09–1.33 (m, 4H), 0.82 (t, J = 6.2 Hz, 3H); 
13

C-NMR (DMSO-d6), δ: 

164.12, 153.89, 145.58, 142.80, 133.88, 130.72, 130.51, 130.31, 130.30, 128.10, 127.42, 125.91, 

125.74, 125.72, 125.58, 124.91, 124.44, 122.61, 40.47, 28.77, 28.29, 21.76, 13.83; HR-MS: for 

C23H22O5N3 [M + H]
+
 calculated 420.15540, found 420.15643 m/z. 

1-[(2-Nitrophenyl)carbamoyl]naphthalen-2-yl hexylcarbamate (7). Yield 58%; Mp 122–123 °C; 

IR (cm
−1

): 3332, 3272, 2929, 2868, 1709, 1665, 1609, 1589, 1541, 1514, 1472, 1443, 1352, 

1295, 1250, 1215, 1205, 1158, 1148, 1113, 1046, 993, 978, 911, 863, 825, 779, 761, 738, 697, 

672;
 1

H-NMR (DMSO-d6) δ: 10.93 (s, 1H), 8.07 (d, J = 9.1 Hz, 1H), 8.01–8.05 (m, 3H), 

7.75–7.81 (m, 3H), 7.65 (ddd, J = 8.2 Hz, 6.9 Hz, 1.4 Hz, 1H), 7.58 (ddd, J = 8.2 Hz, 6.9 Hz, 

1.4 Hz, 1H), 7.45 (td, J = 8.2 Hz, 1.4 Hz, 1H), 7.41 (d, J = 9.1 Hz, 1H), 3.02 (q, J = 6.0 Hz, 

2H), 1.38 (qi, J = 6.4 Hz, 2H), 1.18–1.25 (m, 6H), 0.83 (t, J = 6.6 Hz, 3H); 
13

C-NMR 
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(DMSO-d6), δ: 164.65, 154.44, 146.08, 143.25, 134.42, 131.24, 131.04, 130.83, 130.82, 128.61, 

127.94, 126.44, 126.23, 126.23, 126.06, 125.42, 124.94, 123.10, 41.03, 31.42, 29.56, 26.28, 

22.49, 14.38; HR-MS: for C24H24O5N3 [M + H]
+
 calculated 434.17105, found 434.17236 m/z. 

1-[(2-Nitrophenyl)carbamoyl]naphthalen-2-yl heptylcarbamate (8). Yield 46%; Mp 101–102 °C; 

IR (cm
−1

): 3333, 3265, 2957, 2925, 2852, 1709, 1665, 1652, 1609, 1588, 1541, 1511, 1472, 

1464, 1441, 1350, 1294, 1250, 1215, 1205, 1148, 1045, 979, 911, 824, 779, 755, 737, 696, 

667;
 1

H-NMR (DMSO-d6) δ: 10.93 (s, 1H), 8.07 (d, J = 9.1 Hz, 1H), 8.01–8.05 (m, 3H), 

7.75–7.81 (m, 3H), 7.65 (ddd, J = 8.2 Hz, 6.9 Hz, 1.4 Hz, 1H), 7.58 (ddd, J = 8.2 Hz, 6.9 Hz, 

1.4 Hz, 1H), 7.45 (td, J = 8.2 Hz, 1.4 Hz, 1H), 7.41 (d, J = 9.1 Hz, 1H), 3.02 (q, J = 6.3 Hz, 

2H), 1.39 (qi, J = 6.4 Hz, 2H), 1.17–1.28 (m, 8H), 0.85 (t, J = 6.6 Hz, 3H); 
13

C-NMR 

(DMSO-d6), δ: 164.12, 153.89, 145.58, 142.77, 133.88, 130.74, 130.53, 130.31, 130.31, 

128.10, 127.42, 125.91, 125.73, 125.72, 125.58, 124.90, 124.44, 122.61, 40.50, 31.16, 29.11, 

28.36, 26.07, 22.04, 13.93; HR-MS: for C25H26O5N3 [M + H]
+
 calculated 448.18670, found 

448.18848 m/z. 

1-[(2-Nitrophenyl)carbamoyl]naphthalen-2-yl octylcarbamate (9). Yield 37%; Mp 92–94 °C; 

IR (cm
−1

): 3315, 3230, 2924, 2850, 1704, 1653, 1589, 1528, 1508, 1485, 1463, 1435, 1360, 

1293, 1271, 1251, 1219, 915, 834, 780, 759, 736, 701, 667;
 1

H-NMR (DMSO-d6) δ: 10.93 (s, 

1H), 8.07 (d, J = 9.1 Hz, 1H), 8.01–8.05 (m, 3H), 7.75–7.81 (m, 3H), 7.65 (ddd, J = 8.2 Hz, 

6.9 Hz, 1.4 Hz, 1H), 7.59 (ddd, J = 8.2 Hz, 6.9 Hz, 1.4 Hz, 1H), 7.46 (td, J = 8.2 Hz, 1.4 Hz, 

1H), 7.41 (d, J = 9.1 Hz, 1H), 3.03 (q, J = 5.5 Hz, 2H), 1.39 (qi, J = 6.0 Hz, 2H), 1.18–1.29 

(m, 10H), 0.86 (t, J = 6.4 Hz, 3H); 
13

C-NMR (DMSO-d6), δ: 164.12, 153.89, 145.58, 142.79, 

133.86, 130.72, 130.51, 130.32, 130.31, 128.10, 127.42, 125.91, 125.75, 125.72, 125.58, 

124.90, 124.44, 122.59, 40.50, 31.22, 29.09, 28.67, 28.59, 26.12, 22.07, 13.95; HR-MS: for 

C26H28O5N3 [M + H]
+
 calculated 462.20235, found 462.20410 m/z. 

Study of photosynthetic electron transport (PET) inhibition in spinach chloroplasts 

Chloroplasts were prepared from spinach (Spinacia oleracea L.) according to Masarovicova 

and Kralova [40]. The inhibition of photosynthetic electron transport (PET) in spinach 

chloroplasts was determined spectrophotometrically (Genesys 6, Thermo Scientific), using the 

artificial electron acceptor 2,6-dichlorophenol-indophenol (DCPIP) according to 

Kralova et al. [41], 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), MgCl2 (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
2
 with 10 cm distance) with a halogen lamp (250 W) using a 4 cm 

water filter to prevent warming of the samples (suspension temperature 4 °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 IC50 values, i.e. by molar 

concentration of the compounds causing a 50% decrease in the oxygen evolution rate relative 

to the untreated control. The comparable IC50 value for the selective herbicide  

3-(3,4-dichlorophenyl)-1,1-dimethylurea, DCMU (Diuron
®

), was about 0.002 mmol/L. The 

results are summarized in Table 1. 
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