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Abstract: In this study a series of twelve n-alkoxy-substituted 2-hydroxynaphthalene-1-

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

microwave-assisted synthesis. The compounds were tested for their activity related to 

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

chloroplasts. The highest PET inhibition was observed for meta-substituted compounds, 

whereas 2-hydroxy-N-(3-propoxyphenyl)naphthalene-1-carboxamide showed the highest PET 

inhibition within the whole series. In spite of medium or moderate PET-inhibiting activity it 

was found that the compounds inhibit PET in photosystem II. The activity of all positional 

isomers is strongly influenced by lipophilicity and the length/bulkiness of the alkoxy chain. 

Keywords: Hydroxyquinoline-1-carboxamides; PET inhibition; Spinach chloroplasts; 

Structure-activity relationships. 
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INTRODUCTION 

Salicylanilides (N-substituted hydroxybenzamides) represent compounds with a wide range of 

pharmacological activities, including anti-inflammatory [1], anthelmintic [2] and 

antimicrobial [3–9] properties. The exact mechanisms of action are still under investigation, 

but these compounds are known to act as inhibitors of protein kinase epidermal growth factor 

receptor and they also interact with some other enzymatic system in a cell [9,10]. In addition, 

according to the results reported recently, salicylanilides and their analogues were found to be 

inhibitors of photosynthetic electron transport (PET). [5–8,11–15]. 

Although at present approximately 20 mechanisms of action of herbicides are known [16], 

over 50% of commercially available herbicides act by reversible binding to photosystem II 

(PS II), a membrane-protein complex in the thylakoid membranes, which catalyses the 

oxidation of water and the reduction of plastoquinone [17], and thereby inhibit photosynthesis 

[18–20]. Some organic compounds, possessing an amide (-NHCO-) group, e.g., substituted 

anilides [5–8,11–15,21,22], were found to interact with tyrosine radicals TyrZ and TyrD  

(or their surroundings) which are situated in D1 and D2 proteins on the donor side of PS II. 

Due to this interaction, interruption of the photosynthetic electron transport occurs. 

In the context of the previously-described amides/carbamates [4–15,21,22], new  

N-(n-alkoxy)phenylamides of 2-hydroxynaphthalene-1-carboxylic acid were prepared and 

tested for their photosynthesis-inhibiting activity – the inhibition of photosynthetic electron 

transport in spinach chloroplasts (Spinacia oleracea L.). The 2-hydroxynaphthalene-1-

carboxanilides can be considered as cyclic analogues of above discussed salicylanilides. The 

structure-activity relationships are discussed. 

RESULTS AND DISCUSSION 

All the studied compounds were prepared according to Scheme 1. Microwave-assisted 

synthesis [6–8] facilitated the process of obtaining ring-substituted 2-hydroxynaphthalene-1-

carboxanilides, thus synthesis of the target compounds was carried out only by one step. The 

condensation of 2-hydroxy-1-naphthoic acid with n-alkoxy-substituted anilines using 

phosphorus trichloride in dry chlorobenzene under microwave conditions yielded a series of 

eleven N-substituted 2-hydroxynaphthalene-1-carboxanilides 1a–4c. All the compounds were 

recrystallized from ethanol. 

Scheme 1. Synthesis of ring-substituted 2-hydroxynaphthalene-1-carboxanilides 1a–4c: 

(a) PCl3, chlorobenzene, MW. 

 

Lipophilicity of all compounds 1a–4c was calculated as log P using ACD/Percepta ver. 2012 

(Advanced Chemistry Development, Inc., Toronto, ON, Canada). The results are shown in 

Table 1. Lipophilicity values of the compounds expressed as log P values ranged from 4.30 

(compounds 1c, R = 4-OCH3) to 5.53/5.54 (compounds 4a/b, R = 2- and 4-OC4H9). Logically 

lipophilicity increases with lengthening of the alkoxy chain. For individual substituents in the 

aniline part of the discussed compounds also electronic Hammett’s σ parameters were 

predicted using the same software; they ranged from -0.29 to -0.27 for ortho- and para-

substituted compounds and from 0.10 to 0.14 for meta-substituted compounds. Experience 
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has shown that a parameter representing the volume of the substituents on each compound 

relative to other members of the same series may often be correlated with biological 

measurement [23–25], therefore molar volume MV [cm
-3

] was also calculated. The predicted 

molecular descriptors of the studied compounds are shown in Table 1. 

Table 1. Structure of ring-substituted 2-hydroxynaphthalene-1-carboxanilides 1a–4c, 

calculated values of log P, electronic Hammett's σ parameters, molar volume MV [cm
-3

] 

(calculated using ACD/Percepta ver. 2012) and IC50 [μmol/L] values related to PET inhibition 

in spinach chloroplasts of compounds 1a–4c in comparison with 

3-(3,4-dichlorophenyl)-1,1-dimethylurea (DCMU) standard. (ND = not determined) 

 

Comp. R log P σ 
MV 

[cm
-3

] 
PET inhibition 

IC50 [μmol/L] 

1a 2-OCH3 4.54 -0.28 37.15 477 

1b 3-OCH3 4.51 0.12 37.15 681 

1c 4-OCH3 4.30 -0.27 37.15 ND 

2a 2-OC2H5 4.88 -0.29 53.66 279 

2b 3-OC2H5 4.83 0.10 53.66 117 

2c 4-OC2H5 4.76 -0.29 53.66 493 

3a 2-OC3H7 5.22 -0.29 70.16 152 

3b 3-OC3H7 5.14 0.14 70.16 77.3 

3c 4-OC3H7 5.21 -0.28 70.16 171 

4a 2-OC4H9 5.53 -0.28 86.67 237 

4b 3-OC4H9 5.49 0.14 86.67 94.5 

4c 4-OC4H9 5.54 -0.28 86.67 151 

DCMU – – –  1.9 

The evaluated 2-hydroxynaphthalene-1-carboxanilides derivatives showed a wide range of 

PET-inhibiting activity related to PET inhibition in spinach (Spinacia oleracea L.) 

chloroplasts, see Table 1. The PET-inhibiting activity was expressed by negative logarithm of 

IC50 value (compound concentration in mol/L causing 50% inhibition of PET). It was not 

possible to determine IC50 value for compound 1c (R = 4-OCH3) due to its interaction with 

2,6-dichlorophenol-indophenol (DCPIP). 2-Hydroxy-N-(3-propoxyphenyl)naphthalene-1-

carboxamide (3b) expressed the highest PET-inhibiting activity (IC50 = 77.3 µmol/L), 

although it can be stated that all the compounds demonstrated rather moderate PET inhibition. 

With respect to these small but specifically substituted groups of compounds some structure-

activity relationships (SAR) can be proposed. 

Correlations between log(1/IC50 [mol/L]) and lipophilicity (expressed as log P), electronic 

properties of the individual alkoxy substituents in compounds 1a–4c (expressed as electronic 

Hammett's σ parameters) and the length (bulkiness) of the alkoxy tail (expressed as molar 

volume MV [cm
-3

]) of individual alkoxy chains were performed, see Figure 1. Based on the 

obtained results it is evident that meta substitution of the aniline ring is preferred. Figure 1A 

(the dependences between PET inhibition and lipophilicity) and Figure 1C (the dependences 

between PET inhibition and molar volume) illustrate the general quasi-parabolic trend within 

all three positional isomers. The propoxy substituent in the ortho and meta positions of aniline 
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(compounds 3a, 3b) seems to be the most favourable. Among para-substituted compounds 

2c, 3c, 4c butyl derivative 4c is the most effective PET inhibitor (see Figures 1A and 1C, blue 

line). The dependence of PET inhibition on electronic σ properties of the anilide substituents 

plays a secondary role, see Figure 1B. It can be stated that weak electron-withdrawing 

properties of a substituent in the meta position are more preferable than electron-donor 

properties of alkoxy moieties in the ortho and para positions. 

Figure 1. Dependence of PET-inhibiting activity log(1/IC50 [mol/L]) of studied compounds 

1a–4c in spinach chloroplasts on lipophilicity expressed as log P (A), N-substituent electronic 

Hammett's σ parameters (B) and molar volume MV [cm
-3

] of individual alkoxy chains (C). 
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Application of artificial electron donors allows specifying the section in the photosynthetic 

electron transport chain in which PET is stopped by an inhibitor [26]. One of such suitable 

artificial electron donors is 2,5-diphenylcarbazide (DPC) which supplies electrons in the site 

of Z

/D

 
intermediate on the donor side of PS II [20]. Consequently, in the presence of DPC 

the PET which was inhibited in the section between the oxygen evolving complex and the 

Z

/D


 intermediate can be restored. On the other hand, PET restoration by DPC does not occur 

if the site of PET inhibition is situated on the acceptor side of PS II, between P680 and 

secondary quinone acceptor QB. However, if PET inhibitors directly interact with the 

herbicide-binding niche they can be displaced from their binding site similarly as it was 

demonstrated for atrazine [27] or metribuzin [28], which is also connected with complete 

restoration of the photochemical activity of chloroplasts. 

As application of DPC to chloroplasts, the activity of which was inhibited (up to 15% of the 

control), caused practically complete PET restoration, it can be concluded that the site of 

studied n-alkoxy-substituted 2-hydroxynaphthalene-1-carboxanilides is situated mainly on the 

donor side of PS II. However, for univocal confirmation whether the PET inhibition by the 

studied compounds occur also on the acceptor side of PS II further investigation would be 

necessary. The site of action situated on the donor side of PS II was found also for 
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2-alkylthio-6-R-benzothiazoles (R = 6-formamido-, 6-acetamido-, and 6-benzoylamino-) [29], 

anilides of 2-alkylpyridine-4-carboxylic acids acting in the intermediates Z

/D


 [30] and 

2-alkylsulphanyl-4-pyridinecarbothioamides acting in the D

 intermediate [31]. 

Studied compounds affected the chlorophyll a (Chla) fluorescence in spinach chloroplasts. As 

shown in Figure 2, the intensity of the Chla emission band at 686 nm belonging to the 

pigment–protein complexes in photosystem II decreased in the presence of compound 2b 
[26]. This finding indicates a perturbation of the Chla–protein complexes in the thylakoid 

membrane caused by the tested compound, which contributes to PET inhibition. A similar 

Chla fluorescence decrease in spinach chloroplasts was observed previously with several PET 

inhibitors, e.g., ring-substituted 3-hydroxynaphthalene-2-carboxanilides [6], 2-hydroxy-

naphthalene-1-carboxanilides [7] and 1-hydroxynaphthalene-2-carboxanilides [8] or ring-

substituted 4-arylamino-7-chloroquinolinium chlorides [32]. 

Figure 2. Fluorescence emission spectra of chlorophyll a in untreated spinach chloroplasts in 

presence of compound 2b: 0, 102, 204, 408 and 612 μmol/L (curves from top to bottom; 

ex = 436 nm; chlorophyll concentration 10 mg/L).  
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EXPERIMENTAL 

General 

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

(Merck, Darmstadt, Germany). TLC experiments were performed on alumina-backed silica 

gel 40 F254 plates (Merck, Darmstadt, Germany). The plates were illuminated under UV 

(254 nm) and evaluated in iodine vapour. The melting points were determined on 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 Electron Corporation, West Palm Beach, FL, USA). The 

spectra were obtained by accumulation of 256 scans with 2 cm
−1

 resolution in the region of  

4000–600 cm
−1

. All 
1
H- and 

13
C-NMR spectra were recorded on an Agilent 300 MHz VNMR 

spectrometer (299.96 MHz for 
1
H and 75.43 MHz for 

13
C, Agilent Technologies, Santa Clara, 

CA, USA) in DMSO-d6. Chemical shifts () are reported in ppm. Mass spectra were measured 

using a LTQ Orbitrap Hybrid Mass Spectrometer (Thermo Electron Corporation) with direct 

injection into an APCI source (400 °C) in the positive mode. 
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Synthesis 

Alkyloxy anilines (except commercially available o-, m- and p-anisidine) were prepared from 

corresponding aminophenols and alkyl bromides using the method described by De Marco 

et al. [33]. Freshly distilled crude products were used directly in the next step. 

General procedure for synthesis of carboxamide derivatives (1a–4c): 2-Hydroxynaphthalene-

1-carboxylic acid (5.3 mmol) and the corresponding substituted aniline (5.3 mmol) were 

suspended in dry chlorobenzene (30 mL). Phosphorous trichloride (2.65 mmol) was added 

dropwise, and the reacting mixture was heated in the microwave reactor at maximal allowed 

power 500 W and 130 °C, using infrared flask-surface control of temperature, for 15 min. The 

solvent was evaporated under reduced pressure, the solid residue washed with 2M HCl, and 

the crude product was recrystallized from aqueous ethanol. Studied compounds 1a–4c are 

presented in Table 1. 

2-Hydroxy-N-(2-methoxyphenyl)naphthalene-1-carboxamide (1a). Yield 76% [7]. 

2-Hydroxy-N-(3-methoxyphenyl)naphthalene-1-carboxamide (1b). Yield 77% [7]. 

2-Hydroxy-N-(4-methoxyphenyl)naphthalene-1-carboxamide (1c). Yield 74% [7]. 

N-(2-Ethoxyphenyl)-2-hydroxynaphthalene-1-carboxamide (2a). Yield 62%; Mp 116 °C; IR 

(cm
−1

): 3318, 2970, 2880, 1623, 1611, 1601, 1579, 1539, 1490, 1464, 1452, 1391, 1338, 

1284, 1254, 1222, 1203, 1118, 1043, 968, 926, 831, 809, 796, 745, 727; 
1
H-NMR (DMSO-d6) 

δ: 10.48 (br. s, 1H), 9.43 (s, 1H), 8.19 (d, 1H, J = 9.2 Hz), 8.15 (d, 1H, J = 9.2 Hz), 7.88 (d, 

1H, J = 8.4 Hz), 7.84 (d, 1H, J = 7.0 Hz), 7.48 (td, 1H, J = 8.4 Hz, J = 1.1 Hz), 7.34 (td, 1H, 

J = 8.1 Hz, J = 1.1 Hz), 7.24 (d, 1H, J = 9.2 Hz), 7.13-6.96 (m, 3H), 4.10 (q, 2H, J = 7.0 Hz), 

1.36 (t, 3H, J = 7.0 Hz); 
13

C-NMR (DMSO-d6), δ: 165.06, 152.42, 148.91, 131.81, 131.05, 

127.94, 127.73, 127.73, 126.85, 124.50, 124.12, 123.03, 121.74, 120.33, 118.25, 116.60, 

112.21, 63.99, 14.57; HR-MS: for C19H17NO3 [M+H]
+
 calculated 308.12812 m/z, found 

308.12827 m/z. 

N-(3-Ethoxyphenyl)-2-hydroxynaphthalene-1-carboxamide (2b). Yield 64%; Mp 133 °C; IR 

(cm
−1

): 3323, 3053, 2966, 2916, 2872, 1623, 1614, 1594, 1578, 1536, 1510, 1466, 1448, 

1387, 1315, 1284, 1243, 1230, 1208, 1158, 1052, 964, 866, 834, 758, 735, 681; 
1
H-NMR 

(DMSO-d6) δ: 10.34 (s, 1H), 10.05 (br. s, 1H), 7.85 (d, 2H, J = 8.8 Hz), 7.68 (d, 1H,  

J = 8.1 Hz), 7.53 (t, 1H, J = 2.0 Hz), 7.46 (td, 1H, J = 7.6 Hz, J = 1.3 Hz), 7.36-7.19 (m, 4H), 

6.66 (ddd, 1H, J = 7.9 Hz, J = 2.2 Hz, J = 0.7 Hz), 4.02 (q, 2H, J = 7.0 Hz), 1.34 (t, 3H,  

J = 7.0 Hz); 
13

C-NMR (DMSO-d6), δ: 165.68, 158.73, 151.55, 140.74, 131.36, 130.04, 

129.34, 127.87, 127.35, 126.85, 123.35, 122.91, 118.58, 118.31, 111.53, 109.19, 105.66, 

62.87, 14.60; HR-MS: for C19H17NO3 [M+H]
+
 calculated 308.12812 m/z, found 308.12869 m/z. 

N-(4-Ethoxyphenyl)-2-hydroxynaphthalene-1-carboxamide (2c). Yield 53%; Mp 202 °C; IR 

(cm
−1

): 3267, 1623, 1530, 1506, 1460, 1414, 1392, 1338, 1288, 1244, 1229, 1203, 1171, 

1143, 1117, 1047, 825, 802, 705; 
1
H-NMR (DMSO-d6) δ: 10.22 (s, 1H), 10.06 (s, 1H), 7.84 

(d, 2H, J = 8.4 Hz), 7.71 (d, 2H, J = 9.2 Hz), 7.69 (d, 1H, J = 6.6 Hz), 7.46 (td, 1H,  

J = 7.6 Hz, J = 1.3 Hz), 7.32 (td, 1H, J = 7.3 Hz, J = 1.1 Hz), 7.24 (d, 1H, J = 9.2 Hz), 6.91 

(d, 2H, J = 9.2 Hz), 4.01 (q, 2H, J = 7.0 Hz), 1.33 (t, 3H, J = 7.0 Hz); 
13

C-NMR (DMSO-d6), 

δ: 165.06, 154.44, 151.92, 132.75, 131.45, 129.89, 127.84, 127.37, 126.78, 123.45, 122.86, 

120.71, 118.69, 118.32, 114.33, 63.08, 14.60; HR-MS: for C19H17NO3 [M+H]
+
 calculated 

308.12812 m/z, found 308.12866 m/z. 

2-Hydroxy-N-(2-propoxyphenyl)naphthalene-1-carboxamide (3a). Yield 80%; Mp 125 °C; IR 

(cm
−1

): 3307, 2963, 2934, 2869, 1622, 1614, 1600, 1578, 1537, 1488, 1451, 1390, 1336, 

1286, 1255, 1221, 1201, 1117, 977, 826, 795, 751, 741, 725; 
1
H-NMR (DMSO-d6) δ: 10.49 

(s, 1H), 9.40 (s, 1H), 8.20 (d, 1H, J = 9.2 Hz), 8.15 (d, 1H, J = 9.2 Hz), 7.88 (d, 1H,  
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J = 8.8 Hz), 7.84 (d, 1H, J = 7.0 Hz), 7.48 (td, 1H, J = 7.3 Hz, J = 1.3 Hz), 7.34 (td, 1H,  

J = 7.9 Hz, J = 1.1 Hz), 7.28 (d, 1H, J = 9.2 Hz), 7.16-6.95 (m, 3H), 4.00 (t, 2H, J = 6.4 Hz), 

1.76 (sx, 2H, J = 6.8 Hz), 0.97 (t, 3H, J = 7.3 Hz); 
13

C-NMR (DMSO-d6), δ: 165.04, 152.45, 

149.03, 131.81, 131.10, 127.96, 127.75, 127.63, 126.85, 124.52, 124.11, 123.04, 121.71, 

120.27, 118.23, 116.53, 112.09, 69.76, 21.98, 10.35; HR-MS: for C20H19NO3 [M+H]
+
 

calculated 322.14377 m/z, found 322.14438 m/z. 

2-Hydroxy-N-(3-propoxyphenyl)naphthalene-1-carboxamide (3b). Yield 87%; Mp 125 °C; IR 

(cm
−1

): 3352, 2962, 2926, 2874, 1629, 1608, 1578, 1538, 1513, 1493, 1437, 1321, 1276, 

1243, 1182, 1003, 988, 819, 777, 742, 684; 
1
H-NMR (DMSO-d6) δ: 10.34 (s, 1H), 10.10 (br. 

s, 1H), 7.85 (d, 2H, J = 8.8 Hz), 7.68 (d, 1H, J = 8.4 Hz), 7.55 (t, 1H, J = 1.3 Hz), 7.46 (td, 

1H, J = 7.1 Hz, J = 1.1 Hz), 7.38-7.18 (m, 4H), 6.67 (dd, 1H, J = 8.1 Hz, J = 2.2 Hz), 3.92 (t, 

2H, J = 6.6 Hz), 1.74 (sx, 2H, J = 7.0 Hz), 0.99 (t, 3H, J = 7.3 Hz); 
13

C-NMR (DMSO-d6), δ: 

165.69, 158.91, 151.55, 140.74, 131.36, 130.04, 129.33, 127.87, 127.35, 126.87, 123.35, 

122.91, 118.58, 118.31, 111.50, 109.22, 105.70, 68.83, 21.98, 10.32; HR-MS: for C20H19NO3 

[M+H]
+
 calculated 322.14377 m/z, found 322.14420 m/z. 

2-Hydroxy-N-(4-propoxyphenyl)naphthalene-1-carboxamide (3c). Yield 71%; Mp 153 °C; IR 

(cm
−1

): 3328, 3185, 2962, 2935, 2875, 1627, 1599, 1577, 1531, 1507, 1464, 1435, 1236, 

1169, 1043, 968, 818, 754, 742; 
1
H-NMR (DMSO-d6) δ: 10.23 (s, 1H), 10.00 (br. s, 1H), 7.84 

(d, 2H, J = 8.4 Hz), 7.71 (d, 2H, J = 8.8 Hz), 7.68 (d, 1H, J = 7.0 Hz), 7.45 (td, 1H,  

J = 7.0 Hz, J = 1.1 Hz), 7.32 (td, 1H, J = 8.0 Hz, J = 2.0 Hz), 7.24 (d, 1H, J = 9.2 Hz), 6.92 

(d, 2H, J = 8.8 Hz), 3.91 (t, 2H, J = 6.6 Hz), 1.73 (sx, 2H, J = 7.0 Hz), 0.99 (t, 3H,  

J = 7.3 Hz); 
13

C-NMR (DMSO-d6), δ: 165.07; 154.62, 151.51, 132.75, 131.45, 129.89, 

127.84, 127.37, 126.76, 123.45, 122.85, 120.71, 118.69, 118.32, 114.38, 69.09, 22.02, 10.32; 

HR-MS: for C20H19NO3 [M+H]
+
 calculated 322.14377 m/z, found 322.14429 m/z. 

N-(2-Butoxyphenyl)-2-hydroxynaphthalene-1-carboxamide (4a). Yield 70%; Mp 108 °C; IR 

(cm
−1

): 3301, 2938, 2872, 1621, 1613, 1603, 1578, 1536, 1492, 1454, 1392, 1337, 1287, 

1255, 1220, 1200, 1115, 971, 827, 751, 739, 724, 709; 
1
H-NMR (DMSO-d6) δ: 10.45 (s, 1H), 

9.37 (s, 1H), 8.17 (d, 1H, J = 8.4 Hz), 8.12 (d, 1H, J = 9.5 Hz), 7.88 (d, 1H, J = 8.8 Hz), 7.84 

(d, 1H, J = 7.0 Hz), 7.47 (td, 1H, J = 7.0 Hz, J = 1.1 Hz), 7.34 (td, 1H, J = 7.9 Hz,  

J = 2.0 Hz), 7.27 (d, 1H, J = 9.2 Hz), 7.13-6.95 (m, 3H), 4.04 (t, 2H, J = 6.4 Hz), 1.73 (qi, 2H, 

J = 6.9 Hz), 1.42 (sx, 2H, J = 7.4 Hz), 0.88 (t, 3H, J = 7.3 Hz); 
13

C-NMR (DMSO-d6), δ: 

165.04, 152.42, 149.08, 131.75, 131.05, 127.94, 127.72, 127.61, 126.82, 124.55, 124.06, 

123.03, 121.77, 120.27, 118.22, 116.62, 112.10, 67.95, 30.64, 18.58, 13.57; HR-MS: for 

C21H21NO3 [M+H]
+
 calculated 336.15942 m/z, found 336.15982 m/z. 

N-(3-Butoxyphenyl)-2-hydroxynaphthalene-1-carboxamide (4b). Yield 46%; Mp 118 °C; IR 

(cm
−1

): 3350, 2956, 2929, 2870, 1628, 1608, 1578, 1537, 1493, 1437, 1321, 1276, 1241, 

1208, 1182, 1159, 982, 819, 777, 742, 684; 
1
H-NMR (DMSO-d6) δ: 10.33 (s, 1H), 10.10 (br. 

s, 1H), 7.85 (d, 2H, J = 8.8 Hz), 7.67 (d, 1H, J = 8.1 Hz), 7.54 (t, 1H, J = 1.8 Hz), 7.46 (td, 

1H, J = 7.2 Hz, J = 1.1 Hz), 7.36-7.18 (m, 4H), 6.69-6,65 (m, 1H), 3.96 (t, 2H, J = 6.4 Hz), 

1.72 (qi, 2H, J = 7.3 Hz), 1.45 (sx, 2H, J = 7.5 Hz), 0.94 (t, 3H, J = 7.3 Hz); 
13

C-NMR 

(DMSO-d6), δ: 165.68, 158.91, 151.55, 140.72, 131.36, 130.02, 129.33, 127.87, 127.34, 

126.85, 123.35, 122.89, 118.57, 118.31, 111.51, 109.21, 105.67, 67.01, 30.68, 18.67, 13.60; 

HR-MS: for C21H21NO3 [M+H]
+
 calculated 336.15942 m/z, found 336.15963 m/z. 

N-(4-Butoxyphenyl)-2-hydroxynaphthalene-1-carboxamide (4c). Yield 43%; Mp 158 °C; IR 

(cm
−1

): 3325, 3180, 2955, 2931, 2871, 1619, 1600, 1577, 1532, 1507, 1464, 1435, 1238, 

1170, 968, 819, 742; 
1
H-NMR (DMSO-d6) δ: 10.22 (s, 1H), 10.07 (br. s, 1H), 7.84 (d, 2H,  

J = 8.8 Hz), 7.71 (d, 2H, J = 9.2 Hz), 7.68 (d, 1H, J = 7.3 Hz), 7.46 (td, 1H, J = 7.3 Hz,  

J = 1.1 Hz), 7.32 (td, 1H, J = 8.1 Hz, J = 1.1 Hz), 7.24 (d, 1H, J = 9.2 Hz), 6.92 (d, 2H,  
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J = 9.2 Hz), 3.95 (t, 2H, J = 6.4 Hz), 1.70 (qi, 2H, J = 6.2 Hz), 1.44 (sx, 2H, J = 6.6 Hz), 0.94 

(t, 3H, J = 7.1 Hz); 
13

C-NMR (DMSO-d6), δ: 165.07, 154.63, 151.51, 132.74, 131.45, 129.89, 

127.84, 127.37, 126.76, 123.45, 122.85, 120.71, 118.69, 118.32, 114.38, 67.27, 30.75, 18.67, 

13.62; HR-MS: for C21H21NO3 [M+H]
+
 calculated 336.15942 m/z, found 336.15990 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 [34]. The inhibition of photosynthetic electron transport (PET) in spinach 

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

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

et al. [35], 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 50% decrease in the oxygen evolution rate relative to 

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

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

) was about 1.9 μmol/L. The 

results are summarized in Table 1. 

Study of fluorescence of chlorophyll a in spinach chloroplasts 

The fluorescence emission spectra of chlorophyll a (Chla) in spinach chloroplasts were 

recorded on fluorescence spectrophotometer F-2000 (Hitachi, Tokyo, Japan) using excitation 

wavelength λex = 436 nm for monitoring fluorescence of Chla, excitation slit 20 nm and 

emission slit 10 nm. The samples were kept in the dark for 2 min before measuring. The 

phosphate buffer used for dilution of the chloroplast suspension was the same as described 

above. Due to low aqueous solubility the compounds were added to the chloroplast 

suspension in DMSO solution. The DMSO concentration in all samples was the same as in 

the control (10% (v/v)). The chlorophyll concentration in the chloroplast suspension was 

10 mg/L. 

ACKNOWLEDGEMENTS 

This study was supported by the IGA VFU Brno 37/2014/FaF, the Slovak Grant Agency 

VEGA, Grants No. 1/0612/11 and 1/0972/12, and by the Project ENVIMET Reg. No. 

CZ.1.07/2.3.00/20.0246. 

REFERENCES 

1. Roth, H.J.; Fenner, H. Arzneistoffe, 3rd ed.; Deutscher Apotheker Verlag: Stuttgart, 

Germany, 2000. 

2. Sjogren, E.B.; Rider, M.A.; Nelson, P.H.; Bingham, S.; Poulton, A.L.; Emanuel, M.A.; 

Komuniecki, R. Synthesis and biological activity of a series of diaryl-substituted alpha-

cyano-beta-hydroxypropenamides, a new class of anthelmintic agents. J. Med. Chem. 1991, 

34, 3295–3301. 



 9 

3. Macielag, M.J.; Demers, J.P.; Fraga-Spano, S.A.; Hlasta, J.D.; Johnson, G.S.; Kanojia, 

M.R.; Russell, K.R.; Sui, Z.; Weidner-Wells, A.M.; Werblood, H.; Foleno, B.D.; 

Goldschmidt, R.M.; Loeloff, M.J.; Webb, G.C.; Barrett, J.F. Substituted salicylanilides as 

inhibitors of two-component regulatory systems in bacteria. J. Med. Chem. 1998, 41, 

2939–2945. 

4. Imramovsky, A.; Vinsova, J.; Monreal-Ferriz, J.; Dolezal, R.; Jampilek, J.; Kaustova, J.; 

Kunc, F. New antituberculotics originated from salicylanilides with promising in vitro 

activity against atypical mycobacterial strains. Bioorg. Med. Chem. 2009, 17, 3572–3579. 

5. Imramovsky, A.; Pesko, M.; Kralova, K.; Vejsova, M.; Stolarikova, J.; Vinsova, J.; 

Jampilek, J. Investigating spectrum of biological activity of 4- and 5-chloro-2-hydroxy-

N-[2-(arylamino)-1-alkyl-2-oxoethyl]benzamides. Molecules 2011, 16, 2414–2430. 

6. Kos, J.; Zadrazilova, I.; Pesko, M.; Keltosova, S.; Tengler, J.; Gonec, T.; Bobal, P.; 

Kauerova, T.; Oravec, M.; Kollar, P.; Cizek, A.; Kralova, K.; Jampilek, J. Antibacterial 

and herbicidal activity of ring-substituted 3-hydroxynaphthalene-2-carboxanilides. 

Molecules 2013, 18, 7977–7997. 

7. Gonec, T.; Kos, J.; Zadrazilova, I.; Pesko, M.; Govender, R.; Keltosova, S.; Chambel, B.; 

Pereira, D.; Kollar, P.; Imramovsky, A.; O´Mahony, J.; Coffey, A.; Cizek, A.; Kralova, 

K.; Jampilek, J. Antibacterial and herbicidal activity of ring-substituted  

2-hydroxynaphthalene-1-carboxanilides. Molecules 2013, 18, 9397–9419. 

8. Gonec, T.; Kos, J.; Zadrazilova, I.; Pesko, M.; Keltosova, S.; Tengler, J.; Bobal, P.; 

Kollar, P.; Cizek, A.; Kralova, K.; Jampilek, J. Antimycobacterial and herbicidal activity 

of ring-substituted 1-hydroxynaphthalene-2-carboxanilides. Bioorg. Med. Chem. 2013, 

21, 6531–6541. 

9. Pauk, K.; Zadrazilova, I.; Imramovsky, A.; Vinsova, J.; Pokorna, M.; Masarikova, M.; 

Cizek, A.; Jampilek, J. New derivatives of salicylamides: Preparation and antimicrobial 

activity against various bacterial species. Bioorg. Med. Chem. 2013, 21, 6574–6581. 

10. Kratky, M.; Vinsova, J. Salicylanilide ester prodrugs as potential antimicrobial agents – a 

review. Curr. Pharm. Des. 2011, 17, 3494-3505. 

11. Musiol, R.; Tabak, D.; Niedbala, H.; Podeszwa, B.; Jampilek, J.; Kralova, K.; Dohnal, J.; 

Finster, J.; Mencel, A.; Polanski, J. Investigating biological activity spectrum for novel 

quinoline analogues 2: Hydroxyquinolinecarboxamides with photosynthesis inhibiting 

activity. Bioorg. Med. Chem. 2008, 16, 4490–4499. 

12. Otevrel, J.; Mandelova, Z.; Pesko, M.; Guo, J.; Kralova, K.; Sersen, F.; Vejsova, M.; 

Kalinowski, D.; Kovacevic, Z.; Coffey, A.; Csollei, J.; Richardson, D.R.; Jampilek, J. 

Investigating the spectrum of biological activity of ring-substituted salicylanilides and 

carbamoylphenylcarbamates. Molecules 2010, 15, 8122–8142. 

13. Imramovsky, A.; Pesko, M.; Monreal-Ferriz, J.; Kralova, K.; Vinsova, J.; Jampilek, J. 

Photosynthesis-inhibiting efficiency of 4-chloro-2-(chlorophenylcarbamoyl)phenyl alkyl-

carbamates. Bioorg. Med. Chem. Lett. 2011, 21, 4564–4567. 

14. Kos, J.; Machalova, P.; Pesko, M.; Gonec, T.; Bobal, P.; Oravec, M.; Liptaj, T.; Kralova, 

K.; Jampilek, J. Preparation and herbicidal activity of halogenated 8-hydroxyquinoline-2-

carboxanilides. ECSOC-17, 2013, November 1-30, B013, http://www.sciforum.net/ 

conference/ecsoc-17/paper/2261/paper. 

15. Kralova, K.; Perina, M.; Waisser, K.; Jampilek, J. Structure-activity relationships of  

N-benzylsalicylamides for inhibition of photosynthetic electron transport. Med. Chem. 

2014, 10, in press. 

16. Draber, W.; Tietjen, K.; Kluth, J.F.; Trebst, A. Herbicides in photosynthesis research.  

Angew. Chem. 1991, 3, 1621–1633. 



 10 

17. Tischer, W.; Strotmann, H. Relationship between inhibitor binding by chloroplasts and 

inhibition of photosynthetic electron-transport. Biochim. Biophys. Acta 1977, 460,  

113–125. 

18. Trebst, A.; Draber, W. Structure activity correlations of recent herbicides in 

photosynthetic reactions. In Advances in Pesticide Science; Greissbuehler, H., Ed.; 

Pergamon Press: Oxford, UK, 1979; pp. 223–234. 

19. Bowyer, J.R.; Camilleri, P.; Vermaas, W.F.J. In Herbicides, Topics in Photosynthesis, 

vol. 10. Baker, N.R., Percival, M.P., Eds.; Elsevier: Amsterdam, The Netherlands, 1991; 

pp. 27–85. 

20. Izawa, S. Acceptors and donors for chloroplast electron transport. In Methods in 

Enzymology, Vol. 69, Part C, Colowick, P., Kaplan, N.O., Eds.; Academic Press: New 

York – London, UK, 1980; pp. 413–434. 

21. Gonec, T.; Bobal, P.; Sujan, J.; Pesko, M.; Guo, J.; Kralova, K.; Kos, J.; Coffey, A.; 

Kollar, P.; Imramovsky, A.; Placek, L.; Jampilek, J. Investigating the spectrum of 

biological activity of substituted quinoline-2-caboxamides and their isosteres. Molecules 

2012, 17, 613–644. 

22. Gonec, T.; Kos, J.; Nevin, E.; Govender, R.; Pesko, M.; Tengler, J.; Kushkevych, I.; 

Stastna, V.; Oravec, M.; Kollar, P.; O´Mahony, J.; Kralova, K.; Coffey, A.; Jampilek, J. 

Preparation and Biological Properties of Ring-Substituted Naphthalene-1-Carboxanilides. 

Molecules 2014, 19, 10386–10409. 

23. Imramovsky, A.; Pesko, M.; Jampilek, J.; Kralova, K. Synthesis and Photosynthetic 

Electron Transport Inhibition of 2-Substituted 6-Fluorobenzothiazoles. Monatsh. Chem. 

2014, 145, in press. 

24. Tengler, J.; Kapustikova, I.; Pesko, M.; Govender, R.; Keltosova, S.; Mokry, P.; Kollar, 

P.; O´Mahony, J.; Coffey, A.; Kralova, K.; Jampilek, J. Synthesis and Biological 

evaluation of 2-Hydroxy-3-[(2-aryloxyethyl)amino]propyl 4-[(alkoxycarbonyl)amino]-

benzoates. Sci. World J. 2013, 2013, Article ID 274570 (13 pages). 

25. Imramovsky, A.; Kozic, J.; Pesko, M.; Stolarikova, J.; Vinsova, J.; Kralova, K.; Jampilek, 

J. Synthesis, Antimycobacterial and Photosynthesis-Inhibiting Evaluation of 2-[(E)-2-

substituted-ethenyl]-1,3-benzoxazoles. Sci. World J. 2014, 2014, Article ID 705973 (11 

pages). 

26. Govindjee. Sixty-three years since Kautsky: Chlorophyll a fluorescence. Aust. J. Plant 

Physiol. 1995, 22, 131–160. 

27. Purcell, M; Leroux, G.; Carpentier, R. Interaction of the electron donor 

diphenylcarbazide with the herbicide-binding niche of photosystem II. Biochim. Biophys. 

Acta 1991, 1058, 374–378. 

28. Borse, T.H.; Maheswarim V.L.; Baviskar M.P. Effect of diphenyl carbazide on the 

metribuzin induced inhibition of photosystem-II photochemistry. J. Plant Biochem. 

Biotech. 2000, 9, 119–121. 

29. Kralova, K.; Sersen, F.; Sidoova, E. Effects of 2-alkylthio-6-aminobenzothiazoles and 

their 6-N-substituted derivatives on photosynthesis inhibition in Chlorella vulgaris and 

spinach chloroplasts. Gen. Phys. Biophys. 1993, 12, 421–427. 

30. Kralova, K.; Sersen, F.; Miletin, M.; Hartl, J. Inhibition of photosynthetic electron 

transport by some anilides of 2-alkylpyridine-4-carboxylic acids in spinach chloroplasts. 

Chem. Pap. 1998, 52, 52–58. 

31. Kralova, K.; Sersen, F.; Klimesova, V.; Waisser, K. 2-Alkylsulphanyl-4-pyridine-

carbothioamides—inhibitors of oxygen evolution in freshwater alga Chlorella vulgaris. 

Chem. Pap. 2011, 65, 909–912. 

 



 11 

32. Otevrel, J.; Bobal, P.; Zadrazilova, I.; Govender, R.; Pesko, M.; Keltosova, S.; Marsalek, 

P.; Imramovsky, A.; Coffey, A.; O´Mahony, J.; Kollar, P.; Cizek, A.; Kralova, K.; 

Jampilek, J. Antimycobacterial and Photosynthetic Electron Transport Inhibiting Activity 

of Ring-Substituted 4-Arylamino-7-Chloroquinolinium Chlorides. Molecules 2013, 18, 

10648–10670. 

33. De Marco, A.; De Candia, M.; Carotti, A.; Cellamare, S.; De Candia, E.; Altomare, C. 

Lipophilicity-related inhibition of blood platelet aggregation by nipecotic acid anilides. 

Eur. J. Pharm. Sci. 2004, 22, 153–164. 

34. Masarovicova, E.; Kralova, K. Approaches to measuring plant photosynthesis activity. In 

Handbook of Photosynthesis, 2nd ed.; Pessarakli, M., Ed.; Taylor & Francis Group: Boca 

Raton, FL, USA, 2005; pp. 617–656. 

35. Kralova, K.; Sersen, F.; Sidoova, E. Photosynthesis inhibition produced by 2-alkylthio-6-

R-benzothiazoles. Chem. Pap. 1992, 46, 348–350. 

 


