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1. Materials and General Methods 

Chemicals and solvents were purchased as pure “for synthesis” or “analytical grade” reagents 
from Sigma-Aldrich (St. Louis, MO, USA), ARMAR, and POCh and were used mostly without further 
purification. In particular, 4-hydroxybenzhydrazide (4a - 4-HBAH,), dimethylsulfoxide (DMSO), 
syringaldazine (SNG, 4-hydroxy-3,5-dimethoxybenzaldehyde azine), 2,6-bis(hydroxymethyl)-4-
methylbenzene were purchased in Sigma-Aldrich; citric acid monohydrate, sodium phosphate dibasic 
dodecahydrate purchased in POCh (Poland), and were used without further purification. Laccase 
from Trametes versicolor was purchased in lyophilized powder from Sigma-Aldrich. 

Methyl alcohol (CH3OH) was distilled prior to condensation reaction from Mg element shavings 
in the presence of I2. Diethyl ether (DEE) was distilled slowly over a mixture of LiAlH4 and CaH2 
powders from the water bath. Hydrazide-hydrazones 1–3 were prepared by condensation of an 
equimolar mixture of an appropriate carboxylic acid hydrazide (4a - 4-HBAH, 4b, or 4c - 3-HBAH) 
with the appropriate unit of an aldehyde or their derivatives (5–7) in CH3OH in the presence of the 
catalytic amount of AcOH, as given below. Analytical TLC was performed on PET foils precoated 
with silica gel (Merck silica gel, 60 F254), and were made visual under UV light (λmax = 254 nm), or by 
staining with iodine vapor. Melting points were determined on an Electrothermal IA 91100 digital 
melting-point apparatus using the standard open capillary method. FT-IR spectra (4000–400 cm−1) 
were recorded as KBr plates on a Perkin–Elmer 2000 FT-IR or on Bruker VERTEX 70V spectrometer 
using diamond ATR accessory. Absorption maxima are reported in wavenumbers (cm–1). 1H-NMR 
and 13C-NMR spectra were recorded on a Jeol 400yh (399.78 for 1H and 100.52 for 13C) or on a Bruker 
Avance 600 Spectrometer (600.58 for 1H and 151.03 for 13C) at 295 K. Chemical shifts (δ) are given in 
parts per million (ppm) downfield relative to TMS, and coupling constants (J) are in Hz. Residual 
solvent central signals were recorded as follows: DMSO-d6, δH = 2.50, δC = 39.43; CH3OH-d4, δH = 3.31, 
δC = 49.05; CDCl3, δH = 7.263, δC = 77.00. When measured, signals of DEPT experiment were referred to 
(+) or (–). High-resolution mass spectra (HRMS) were recorded on a Waters LCD Premier XE 
instrument, and only the [M + H]+ or [M + Na]+ molecular species are reported. Purity and 
homogeneity of known hydrazide-hydrazones 1–3, 4-methoxybenzhydrazide (4b), 3-
hydroxybenzhydrazide (4c), and aldehydes 6–7 were confirmed by measuring their melting points, 
FT-IR, 1H-NMR, and 13C-NMR spectra and/or HRMS and compared them with literature data [1–6,8–
10,12–14,16–17,19–24,26–28,30–31]. All new hydrazide-hydrazones 1b, 1d, 2a–b, 2e–f, 2h, and 3a–g, 
were fully characterized. The positions of hydrogen and carbon atoms in the NMR data were 
determined by supporting the standard dept-135 and ATP experiments and by the 2D HMQC, HMBC, 
NOESY experiments map analysis, if measured. 

2. General procedure for the synthesis of benzoic acid hydrazides 4b–c 

The synthesis procedure was adapted from the literature [7]. To a solution of substituted benzoic 
acid methyl ester (10 mmol) in dry CH3OH (25 mL), H2NNH2 × H2O (98%, 1.0 mL, 20 mmol) was 
added. The reaction mixture was stirred and carried out under gentle reflux for two days. Reaction 
mixture was concentrated before crystallization to obtain the hydrazides 4b–c. 

4-Methoxybenzohydrazide (4b): The general procedure starting from 4-methoxybenzoic acid methyl 
ester (8b, 1.66 g, 10 mmol) was employed. Colorless powder; 1.42 g, 8.5 mmol, 85% yield; m.p.: 136–
138 °C (from CH3OH) (m.p.: 136 °C [8]); 1H-NMR (DMSO-d6, 400 MHz): δ 9.62 (s, 1H, NH), 7.81 (d, 3J = 
9.0 Hz, 1H, H-2,6), 6.97 (d, 3J = 9.0 Hz, 1H, H-3,5), 4.43 (s, 2H, NH2), 3.79 (s, 3H, OMe) ppm; 13C-NMR 
(DMSO-d6, 100 MHz): δ 165.61 (C=O), 161.39 (C-4), 128.68 (C-2,6), 125.45 (C-1), 113.47 (C-3,5), 55.23 
(OMe) ppm. 1H-NMR and 13C-NMR data are consistent with literature values [8]. 

3-Hydroxybenzohydrazide (4c): The general procedure starting from 3-hydroxybenzoic acid methyl ester 
(8c, 1.52 g, 10 mmol) was employed. Colorless powder; 1.02 g, 6.5 mmol, 67% yield; m.p.: 157.5–159.5 
°C (from CH3OH) (m.p.: 157–159 °C [9]); 1H-NMR (DMSO-d6, 400 MHz): δ 9.66 (s, 1H, OH), 9.48 (s, 1H, 
NH), 7.18–7.24 (m, 3H, ArH), 6.85–6.92 (m, 1H, ArH), 4.45 (s, 2H, NH2) ppm; 13C-NMR (DMSO-d6, 100 
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MHz): δ 165.97 (C=O), 157.25 (C), 134.72 (C), 129.27 (CH), 117.91 (CH), 117.34 (CH), 114.02 (CH) ppm. 
1H-NMR and 13C-NMR data are consistent with literature values [10]. 

3.  Preparation of salicylic aldehydes 6a–b, 6d–f, 7a–b, 7d–f  

3-Phenylsalicylic aldehyde (6a). The salicylic aldehyde 6a was obtained from 2-hydroxybiphenyl via 2-
(methoxymethoxy)-1,1’-biphenyl regiospecific LICTMEDA (n-butyllithium in the presence of 
N,N,N’,N’-tetramethylethylenediamine) metallation in dry DEE and by formylation of the formed 
metaloorganic intermediate with DMF according to the literature procedure [11]. Pale yellowish 
crystals; 82% overall yield; m.p.: 47.5–48.5 °C (m.p.: 47–48 °C [12]); selected FT-IR (ATR) νmax/cm–1: 
3210 (O-H), 3076 (C-H), 3054 (C-H), 3030 (C-H), 2829 (CHO), 2740 (CHO), 1670 (C=O), 1609, 1451, 
1432, 1303, 1264 (C-O), 1213, 1065, 1026, 762, 721, 695, 651, 530; 1H-NMR (CDCl3, 400 MHz): δ 11.55 (s, 
1H, OH), 9.96 (s, 1H, CHO), 7.63 (dd, 3J = 7.5 Hz, 4J = 1.7 Hz, 1H, ArH), 7.61 (dd, 3J = 8.0 Hz, 4J = 1.5 Hz, 
2H, PhH-2,6), 7.57 (dd, 3J = 7.7 Hz, 4J = 1.7 Hz, 1H, ArH), 7.46 (dd, 3J = 8.0 Hz, 3J = 7.4 Hz, 2H, PhH-3,5), 
7.39 (tt, 3J = 7.4 Hz, 4J = 1.5 Hz, 1H, PhH-4), 7.12 (dd, 3J = 7.7 Hz, 3J = 7.5 Hz, 1H, ArH-5) ppm; 13C-NMR 
(CDCl3, 150 MHz): δ 196.80 (CHO), 158.85 (C), 137.78 (CH), 136.26 (C), 133.16 (CH), 130.45 (C), 129.23 
(2 × CH), 128.76 (2 × CH), 127.64 (CH), 120.84 (C), 119.89 (CH) ppm. 13C-NMR data are consistent with 
literature value [13].  

3-tert-Butylsalicylic aldehyde (6b). The salicylic aldehyde 6b was obtained from 2-tert-butylphenol via 2-
(methoxymethoxy)-1-tert-butyl-benzene via regiospecyfic metallation with LICTMEDA (n-
butyllithium in the presence of N,N,N’,N’-tetramethylethylenediamine) in dry DEE in the 6-position 
and formylation of the formed intermediate with DMF according to literature procedure [11]. Pale 
transparent oil; 70% overall yield; b.p.: 147–148 °C (b.p.: 147.0–148.5 °C [14]); 1H-NMR (CDCl3, 400 
MHz): δ 11.80 (d, 5J = 0.6 Hz, 1H, OH), 9.88 (s, 1H, CHO), 7.54 (ddd, 3J = 7.7 Hz, 4J = 1.7 Hz, 5J = 0.6 Hz, 
1H, H-4), 7.40 (dd, 3J = 7.7 Hz, 4J = 1.7 Hz, 1H, H-6), 6.96 (dd, 3J = 7.7 Hz, 3J = 7.7 Hz, 1H, H-5), 1.43 (s, 
9H, 3 × CH3) ppm; 13C-NMR (CDCl3, 100 MHz): δ 197.12 (CHO), 161.17 (C-2), 138.19 (C-3), 134.07 (C-4), 
131.95 (C-6), 120.59 (C-1), 119.17 (C-5), 34.80 (C – t-Bu), 29.15 (3 × CH3) ppm.  

5-Bromosalicylic aldehyde (6d). The salicylic aldehyde 6d was obtained with Reimer-Thiemann 
formylation of 4-bromophenol according to the literature procedure [15] adapted to the laboratory 
gram  scale. Pale needles; m.p.: 104.5–105.5 °C (m.p.: 104–105 °C [16]); selected FT-IR (ATR) νmax/cm–1: 
3225 (br, O-H), 3068 (C-H), 3042 (C-H), 2880 (CHO), 1670 (C=O), 1652 (C=C), 1464, 1271 (C-O), 1153, 
1114, 892, 828, 766, 694 (C-Br), 626, 538, 448, 424; 1H-NMR (CDCl3, 400 MHz): δ 10.93 (d, 5J = 0.4 Hz, 
1H, OH), 9.84 (d, 5J = 0.6 Hz, 1H, CHO), 7.67 (dd, 4J = 2.5 Hz, 5J = 0.3 Hz, 1H, H-6), 7.60 (ddd, 3J = 8.9 
Hz, 4J = 2.5 Hz, 5J = 0.4 Hz, 1H, H-4), 6.91 (ddd, 3J = 8.9 Hz, 5J = 0.6 Hz, 5J = 0.3 Hz, 1H, H-3) ppm; 13C-
NMR (CDCl3, 100 MHz): δ 195.41 (CHO), 160.50 (C-2), 139.66 (C-4), 135.60 (C-6), 121.69 (C-1), 119.77 
(C-3), 11.32 (C-5) ppm. The 1H-NMR data are consistent with literature values [16]. 

6-Methoxysalicylic aldehyde (6e). The salicylic aldehyde 6e was prepared from 1,3-dimethoxybenzene 
via regiospecific metallation with LICTMEDA (n-butyllithium in the presence of N,N,N’,N’-
tetramethylethylenediamine) in the 2-position, DMF formylation of the formed intermediate, and by 
AlCl3 monodemethylation [17] adapted to the laboratory gram scale. Colorless powder; 62% overall 
yield; m.p.: 67–69 °C (m.p.: 68–70 °C [17]); selected FT-IR (ATR) νmax/cm–1: 2500–3300 (br, OH), 3035 (C-
H), 2985 (C-H), 2953 (C-H), 2892 (CHO), 2849 (CHO), 1638 (C=C), 1615 (C=O), 1579, 1461, 1447, 1307, 
1237 (br, C-O), 1199, 1161, 1085 (C-O), 832, 756, 702, 652, 476; 1H-NMR (CDCl3, 400 MHz): δ 11.98 (s, 
1H, OH), 10.34 (d, 4J = 0.7 Hz, 1H, CHO), 7.41 (dd, 3J = 8.5 Hz, 3J = 8.3 Hz, 1H, H-4), 6.53 (ddd, 3J = 8.5 
Hz, 4J = 0.8 Hz, 4J = 0.7 Hz, 1H, H-3), 6.37 (dd, 3J = 8.3 Hz, 4J = 0.8 Hz, 1H, H-5), 3.90 (s, 3H, OMe) ppm; 
13C-NMR (CDCl3, 100 MHz): δ 194.31 (CHO), 163.58 (C-2), 162.44 (C-6), 138.38 (C-4), 110.78 (C-1), 
109.81 (C-3), 100.92 (C-5), 55.77 (OMe) ppm. 13C-NMR data are consistent with literature values [17].  

2,6-Dimethoxybenzaldehyde (6f). The dimethoxybenzaldehyde 6f was prepared from 1,3-dimethoxy-
benzene via regiospecific metallation with LICTMEDA (n-butyllithium in the presence of 
stoichiometric amount of N,N,N’,N’-tetramethylethylenediamine) in anhydrous THF at the 2-position 
followed by DMF formylation following a literature procedure [18]. Pale prisms; 86% yield; m.p.: 95–
97 °C (m.p.: 95.5–97.0 °C [19]); selected FT-IR (ATR) νmax/cm–1: 3015 (C-H), 2979 (C-H), 2956 (C-H), 2889 
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(C-H), 2847 (CHO), 2798 (CHO), 1671 (C=O), 1590 (C=C), 1578 (C=C), 1480, 1461, 1419, 1254 (C-O), 1109 
(C-O), 819, 776, 715, 645, 559, 496; 1H-NMR (DMSO-d6, 400 MHz): δ 10.51 (s, 1H, CHO), 7.44 (t, 3J = 8.5 
Hz, 1H, H-5), 6.57 (d, 3J = 8.5 Hz, 2H, H-4,6), 3.89 (s, 6H, OMe) ppm; 13C-NMR (DMSO-d6, 100 MHz): δ 
189.38 (CHO), 152.13 (C-2,6), 135.89 (C-4), 114.23 (C-1), 103.79 (C-3,5), 55.99 (2 × OMe) ppm. The 1H- 
and 13C-NMR data are consistent with literature values [19]. 

3-Hydroxymethyl-5-methylsalicylic aldehyde (7a). The salicylic aldehyde 7a was prepared by MnO2 
oxidation of 2,6-bis(hydroxymethyl)-p-cresol in acetone according to a procedure described in [20]. 
Colorless crystals; m.p.: 72–73 °C (m.p.: 70–72 °C [21]); selected FT-IR (ATR) νmax/cm–1: 3284 (O-H), 
3141 (O-H), 2942 (C-H), 2899 (C-H), 2855 (CHO), 1640 (C=O), 1603 (C=C), 1454, 1378, 1320, 1251 (C-O), 
1215, 1161, 1077, 1042 (C-O), 992, 870, 739, 718, 538, 470; 1H-NMR (CDCl3, 400 MHz): δ 11.17 (s, 1H, Ar-
OH), 9.85 (s, 1H, CHO), 7.40 (d, 4J = 2.3 Hz, 1H, H-4), 7.29 (d, 4J = 2.3 Hz, 1H, H-6), 4.72 (s, 2H, CH2), 
2.33 (s, 3H, Me), 2.30 (s, 1H, CH2OH) ppm; 13C-NMR (CDCl3, 100 MHz): δ 196.58 (CHO), 155.37 (C-2), 
135.32 (C-4), 130.73 (C-6), 130.31 (C-3), 128.23 (C-5), 120.33 (C-1), 57.14 (CH2), 19.93 (Me) ppm. The 1H-
NMR and 13C-NMR data are consistent with literature values [20] and [21], respectively.  

5-Hydroxymethyl-3-methylsalicylic aldehyde (7b). The aldehyde 7b was prepared as colorless needles in a 
moderate 41% yield by formaldehyde hydroxymethylation of 3-methylsalicylic aldehyde according to 
a literature procedure [22]; m.p.: 82–83 °C (m.p.: 83 °C [22]); selected FT-IR (ATR) νmax/cm–1: 3264 (br, 
O-H), 2956 (C-H), 2925 (C-H), 2864 (CHO), 1647 (C=O), 1607 (C=C), 1450, 1383, 1321, 1262 (C-O), 1208, 
1152, 1032 (C-O), 992, 953, 868, 711, 606, 550, 479; 1H-NMR (CDCl3, 400 MHz): δ 11.25 (s, 1H, Ar-OH), 
9.87 (s, 1H, CHO), 7.40 (s, 2H, H-4,6), 4.65 (s, 2H, CH2), 2.28 (s, 3H, Me), 1.74 (br s, 1H, OH) ppm; 13C-
NMR (CDCl3, 100 MHz): δ 196.61 (CHO), 159.55 (C-2), 136.95 (C-4), 131.85 (C-5), 129.64 (C-6), 127.22 
(C-3), 119.65 (C-1), 64.36 (CH2), 15.05 (Me) ppm. The 1H-NMR data are consistent with literature value 
[22].  

3-tert-Butyl-5-methylsalicylic aldehyde (7d). The aldehyde 7d was prepared in 86% yield via 2-tert-butyl-
4-methylphenol monoformylation with paraformaldehyde according to a literature procedure [23] . 
Colorless prisms; m.p.: 77–78 °C (m.p: 74–75 °C [23]); selected FT-IR (ATR) νmax/cm–1: 2600–3300 (br, O-
H), 3002 (C-H), 2960 (C-H), 2913 (C-H), 2865 (C-H), 2839 (CHO), 1644 (C=O), 1617 (C=C), 1597, 1463, 
1439, 1355, 1320, 1264, 1229 (C-O), 1211, 1159, 971, 866, 745, 708, 517, 408; 1H-NMR (CDCl3, 400 MHz): 
δ 11.61 (d, 5J = 0.6 Hz, 1H, OH), 9.83 (s, 1H, CHO), 7.34 (d, 4J = 2.2 Hz, 1H, ArH), 7.18 (dd, 4J = 2.2 Hz, 5J 
= 0.6 Hz, 1H, ArH), 2.33 (s, 3H, Me), 1.42 (s, 9H, t-Bu) ppm; 13C-NMR (CDCl3, 150 MHz): δ 197.05 
(CHO), 159.12 (C), 137.95 (C), 135.37 (CH), 131.41 (CH), 128.12 (C), 120.35 (C), 34.72 (C), 29.21 (3 × 
CH3), 20.55 (Me) ppm. The 1H-NMR data are consistent with literature value [24]. 

3-Isopropyl-6-methylsalicylic aldehyde (7e). Synthesis of ‘ortho-formylthymol’ 7e was performed by ortho 
formylation of thymol according to a procedure described in [25]. Transparent oil; 67% yield; b.p.: 261 
°C (b.p.: 261 °C at 760 mmHg [26]); 1H-NMR (CDCl3, 400 MHz): δ 12.30 (s, 1H, OH), 10.31 (s, 1H, 
CHO), 7.32 (d, 3J = 7.7 Hz, 1H, H-4), 6.68 (d, 3J = 7.7 Hz, 1H, H-5), 3.33 (sept, 3J = 6.9 Hz, 1H, CH(CH3)2), 
2.58 (s, 3H, Me), 1.22 (d, 3J = 6.9 Hz, 6H, CH(CH3)2) ppm; 13C-NMR (CDCl3, 100 MHz): δ 195.64 (CHO), 
160.82 (C-2), 139.19 (C-6), 135.29 (C-3), 133.93 (C-4), 121.36 (C-5), 117.97 (C-1), 25.96 (CH(CH3)2), 22.22 
(CH(CH3)2), 17.88 (Me) ppm. 1H-NMR and 13C-NMR data are generally consistent with literature 
values [27] with the discrepancy of the formyl carbon signal reported at 95.6 ppm. 

4,6-Dimethoxysalicylic aldehyde (7f). Salicylic aldehyde 7f was prepared via 3,5-dimethoxyphenol 
isopropyl carbamate by direct ortho lithiation followed by DMF formylation by a literature procedure 
[28]. Colorles crystals; m.p.: 73–74 °C (m.p.: 72 °C [28]); selected FT-IR (ATR) νmax/cm–1: 2500–3300 (br, 
O-H), 3024 (C-H), 2985 (C-H), 2898 (C-H), 2843 (CHO), 2767 (CHO), 1641 (C=C), 1617 (C=O), 1581, 
1476, 1424, 1373, 1335, 1301 (C-O), 1218 (C-O), 1155, 1108 (C-O), 1043, 936, 803, 789, 600, 515, 463; 1H-
NMR (CDCl3, 400 MHz): δ 12.52 (s, 1H, OH), 10.09 (s, 1H, CHO), 6.01 (d, 4J = 2.2 Hz, 1H, H-3), 5.91 (d, 
4J = 2.2 Hz, 1H, H-5), 3.85 (s, 3H, 6-OMe), 3.83 (s, 3H, 4-OMe) ppm; 13C-NMR (CDCl3, 100 MHz): δ 
191.81 (CHO), 168.10 (C-4), 166.29 (C-2), 163.50 (C-6), 105.94 (C-1), 92.85 (C-3), 90.51 (C-5), 55.68 (2 × 
OMe) ppm. The 1H-NMR and 13C-NMR data are consistent with the literature values [28]. 
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4. Synthesis of benzoic acid methyl esters 8b and 8c  

General procedure: The synthesis was adapted from a literature procedure [29] (see Section 
4.1.1.). To a mixture of substituted benzoic acid 9a–b (0.10 mmol) in dry CH3OH (140 mL), SOCl2 was 
added slowly at water-ice bath (0–5 °C) temparature. The solution was stirred for 2 days under gentle 
reflux (ca. +65 °C), and then the solvent was evaporated under 20 mmHg pressure. The residue was 
repeatedly evaporated with toluene until the smell of residual SOCl2 disappears (2 × 60 mL). The 
crude product was filtered through silica gel (70–230 mesh, 100g) eluted with CHCl3 to obtain the 4-
methoxy- or 3-hydroxy-benzoic acid methyl esters 8b and 8c, respectively. 

4-Methoxybenzoic acid methyl ester (8b). The general procedure starting from 4-methoxybenzoic acid 
(9b, 15.2 g, 0.10 mmol) and SOCl2 (1.0 mL, 14 mmol) was employed to obtain methyl ester 8b. 
Colorless solid; 15.5 g, 0.093 mol, 93% yield; m.p.: 46–47 °C (from DEE) (m.p.: 48–49 °C [30]). The 
crude oil product was used in the hydrazide 4c synthesis without further purification. 

3-Hydroxybenzoic acid methyl ester (8c). The general procedure starting from 3-hydroxybenzoic acid (9c,  
13.8 g, 0.10 mmol) and SOCl2 (5.0 mL, 69 mmol) was employed to obtain methyl ester 8c. Colorless 
solids; 13.1 g, 0.086 mol, 86% yield; m.p.: 70–71 °C (m.p: 69–71 °C [31]); 1H-NMR (CDCl3, 400 MHz): δ 
7.58–7.62 (m, 2H, ArH), 7.31 (dd, 3J = 8.1 Hz, 3J = 8.1 Hz, 1H, ArH), 7.08 (ddd, 3J = 8.1 Hz, 4J = 2.6 Hz, 4J = 
1.1 Hz, 1H, ArH), 6.23 (s br, 1H, OH), 3.92 (s, 3H, OMe) ppm; 13C-NMR (CDCl3, 100 MHz): δ 167.75 
(C=O), 156.06 (C), 131.04 (C), 129.70 (CH), 121.71 (CH), 120.50 (CH), 116.36 (CH), 52.43 (OMe) ppm. 
1H-NMR and 13C-NMR data are consistent with literature values [31]. 

5. NMR spectra and 2D experiments of selected compounds 1–8 
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Figure S1. Expansion of the 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 1a. 
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Figure S2. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1a. 
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Figure  S3. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1a. 
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Figure  S4. 13C-NMR (100 MHz, DMSO-d6) experiment dept-135 of compound 1a. 
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Figure  S5. Expansion of 13C-NMR (100 MHz, DMSO-d6) experiment dept-135 of compound 1a. 
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Figure  S6. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-benzylidene]-
benzohydrazide (1a).  

X : parts per Million : Proton
7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8

Y
 : 

pa
rts

 p
er

 M
ill

io
n 

: C
ar

bo
n1

3
13

1.
0

12
9.

0
12

7.
0

12
5.

0
12

3.
0

12
1.

0
11

9.
0

11
7.

0
11

5.
0

11
3.

0

1a
HMQC

 

Figure  S7. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-
benzylidene]benzohydrazide (1a).  
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Figure  S8. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-
benzylidene]benzohydrazide (1a).  
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Figure  S9. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-
benzylidene]benzohydrazide (1a).  
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Figure  S10. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 1b. 
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Figure  S11. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 1b. 
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Figure  S12. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1b. 
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Figure  S13. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1b. 
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Figure  S14. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 1b. 
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Figure  S15. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 1b. 
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Figure  S16. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(1E)-3-
phenylpropylidene]benzohydrazide (1b).  
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Figure  S17. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(1E)-
3-phenylpropylidene]benzohydrazide (1b).  
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Figure  S18. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(1E)-3-
phenylpropylidene]benzohydrazide (1b).  
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Figure  S19. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(1E)-3-
phenylpropylidene]benzohydrazide (1b).  
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Figure  S20. 1H-1H NMR (400 MHz, DMSO-d6) NOESY experiment of 4-hydroxy-N'-[(1E)-3-
phenylpropylidene]benzohydrazide (1b).  
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Figure  S21. Expansion of 1H-1H NMR (400 MHz, DMSO-d6) NOESY experiment of 4-hydroxy-N'-
[(1E)-3-phenylpropylidene]benzohydrazide (1b).  
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Figure  S22. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 1c. 
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Figure  S23. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 1c. 
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Figure  S24. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1c. 
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Figure  S25. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1c. 
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Figure  S26. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 1c. 
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Figure  S27. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 1c. 
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Figure  S28. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(4-
methylphenyl)methylidene]benzohydrazide (1c).  
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Figure  S29. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-
(4-methylphenyl)methylidene]benzohydrazide (1c).  
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Figure  S30. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(4-
methylphenyl)methylidene]benzohydrazide (1c).  
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Figure  S31. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-
(4-methylphenyl)methylidene]benzohydrazide (1c).  
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Figure  S32. 1H-NMR (400 MHz, CH3OH-d4) spectrum of compound 1d. 
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Figure  S33. Expansion of 1H-NMR (400 MHz, CH3OH-d4) spectrum of compound 1d. 



S22 
Molecules 2020, 25, 1255; doi:10.3390/molecules25051255   www.mdpi.com/journal/molecules 

ppm (t1)
050100150200

16
7.

07
16

2.
80

14
8.

93
14

5.
22

13
2.

84
13

1.
51

13
1.

02
13

0.
60

12
8.

29

12
4.

62

11
6.

32

49
.9

0
49

.0
5

N NH

O
OH

1d

SO3Na

 

Figure  S34. 13C-NMR (100 MHz, CH3OH-d4) spectrum of compound 1d. 
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Figure  S35. Expansion of 13C-NMR (100 MHz, CH3OH-d4) spectrum of compound 1d. 
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Figure  S36. 13C-NMR (100 MHz, CH3OH-d4) dept-135 experiment of compound 1d. 
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Figure  S37. Expansion of 13C-NMR (100 MHz, CH3OH-d4) dept-135 experiment of compound 1d. 
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Figure  S38. 2D-NMR (400 MHz, CH3OH-d4) HMQC experiment of sodium 2-{(E)-[2-(4-
hydroxybenzoyl)hydrazinylidene]methyl}benzenesulfonate (1d).  
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Figure  S39. Expansion of 2D-NMR (400 MHz, CH3OH-d4) HMQC experiment of sodium 2-{(E)-[2-
(4-hydroxybenzoyl)hydrazinylidene]methyl}benzenesulfonate (1d).  
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Figure  S40. 2D-NMR (400 MHz, CH3OH-d4) HMBC experiment of sodium 2-{(E)-[2-(4-
hydroxybenzoyl)hydrazinylidene]methyl}benzenesulfonate (1d).  
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Figure  S41. Expansion of 2D-NMR (400 MHz, CH3OH-d4) HMBC experiment of sodium 2-{(E)-[2-
(4-hydroxybenzoyl)hydrazinylidene]methyl}benzenesulfonate (1d). 
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Figure  S43. 1H-NMR (400 MHz, DMSO-d6) spectrum of 1e.  
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Figure  S44. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 1e.  
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Figure  S45. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1e.  
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Figure  S46. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1e.  
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Figure  S47. 13C-NMR (100 MHz, DMSO-d6) experiment dept-135 of compound 1e.  
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Figure  S48. Expansion of 13C-NMR (100 MHz, DMSO-d6) experiment dept-135 of compound 1e.  
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Figure  S49. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N’-[(E)-[2-
hydroxyphenyl)methylidene]benzohydrazide (1e).  
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Figure  S50. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N’-[(E)-[2-
hydroxyphenyl)methylidene]benzohydrazide (1e).  
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Figure  S51. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N’-[(E)-[2-
hydroxyphenyl)methylidene]benzohydrazide (1e).  
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Figure  S52. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N’-[(E)-[2-
hydroxyphenyl)methylidene]benzohydrazide (1e).  
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Figure  S53. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 1f.  
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Figure  S54. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 1f.  
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Figure  S55. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1f.  
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Figure  S56. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1f.  
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Figure  S57. 13C-NMR (100 MHz, DMSO-d6) experiment dept-135 of compound 1f.  
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Figure  S58. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 1f.  
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Figure  S59. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(3-
hydroxyphenyl)methylidene]benzohydrazide (1f).  
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Figure  S60. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(3-
hydroxyphenyl)methylidene]benzohydrazide (1f).  
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Figure  S61. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(3-
hydroxyphenyl)methylidene]benzohydrazide (1f).  
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Figure  S62. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(3-
hydroxyphenyl)methylidene]benzohydrazide (1f).  
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Figure  S63. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 1g.  
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Figure  S64. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 1g.  
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Figure  S65. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1g.  
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Figure  S66. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1g.  
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Figure  S67. 13C-NMR (100 MHz, DMSO-d6) experiment dept-135 of compound 1g.  
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Figure  S68. Expansion of 13C-NMR (100 MHz, DMSO-d6) experiment dept-135 of compound 1g.  
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Figure  S69. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(4-
hydroxyphenyl)methylidene]benzohydrazide (1g).  
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Figure  S70. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(4-
hydroxyphenyl)methylidene]benzohydrazide (1g).  
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Figure  S71. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(4-
hydroxyphenyl)methylidene]benzohydrazide (1g).  

X : parts per Million : Proton
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Figure  S72. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(4-
hydroxyphenyl)methylidene]benzohydrazide (1g).  
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Figure  S73. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 1h.  
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Figure  S74. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 1h.  
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Figure  S75. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1h.  

ppm (f1)
110120130140150160170

16
2.

52
16

0.
57

15
7.

57

14
2.

19

13
1.

24
12

9.
59

12
5.

36
12

3.
79

12
2.

46
12

0.
66

11
4.

92

11
1.

73

N NH

O
OH

1h

OMe

 

Figure  S76. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1h.  
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Figure  S77. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 1h.  
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Figure  S78. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 1h.  
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Figure  S79. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(2-
methoxyphenyl)methylidene]benzohydrazide (1h).  
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Figure  S80. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(2-
methoxyphenyl)methylidene]benzohydrazide (1h).  
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Figure  S81. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(2-
methoxyphenyl)methylidene]benzohydrazide (1h).  
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Figure  S82. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(2-
methoxyphenyl)methylidene]benzohydrazide (1h).  
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Figure  S83. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 1i.  
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Figure  S84. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 1i.  
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Figure  S85. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1i.  
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Figure  S86. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1i.  
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Figure  S87. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 1i.  
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Figure  S88. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 1i.  
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Figure  S89. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(3-
methoxyphenyl)methylidene]benzohydrazide (1i).  
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Figure  S90. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(3-
methoxyphenyl)methylidene]benzohydrazide (1i).  
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Figure  S91. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(3-
methoxyphenyl)methylidene]benzohydrazide (1i).  
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Figure  S92. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(3-
methoxyphenyl)methylidene]benzohydrazide (1i).  
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Figure  S93. 1H-NMR (600 MHz, DMSO-d6) spectrum of compound 1j.  

ppm (t1)
7.007.508.008.50

8.
36

99

7.
80

07

7.
78

62

7.
65

93

7.
64

50

7.
02

02

7.
00

58

6.
86

08

6.
84

64

2.00

2.00

0.95

2.01

1.98

N NH

O
OH

1j
MeO

 

Figure  S94. Expansion of 1H-NMR (600 MHz, DMSO-d6) spectrum of compound 1j.  
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Figure  S95. 13C-NMR (150 MHz, DMSO-d6) spectrum of compound 1j.  
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Figure  S96. Expansion of 13C-NMR (150 MHz, DMSO-d6) spectrum of compound 1j.  



S53 
Molecules 2020, 25, 1255; doi:10.3390/molecules25051255   www.mdpi.com/journal/molecules 

ppm (f1)
0.05.010.0

11
.5

21
3

10
.1

05
3

8.
37

47

7.
81

49
7.

79
33

7.
66

23
7.

64
16

7.
01

87
6.

99
68

6.
87

21
6.

85
04

3.
79

78

3.
38

62

2.
50

00

-0
.0

11
2

1.97

3.00

2.01
2.02

2.02

0.88

0.95

0.91

N NH

O
OH

1j
MeO

 

Figure  S97. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 1j.  
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Figure  S98. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 1j.  
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Figure  S99. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1j.  
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Figure  S100. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 1j.  
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Figure  S101. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 1j.  
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Figure  S102. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 1j.  
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Figure  S103. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(4-
methoxyphenyl)methylidene]benzohydrazide (1j).  
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Figure  S104. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(4-
methoxyphenyl)methylidene]benzohydrazide (1j).  
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Figure  S105. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(4-
methoxyphenyl)methylidene]benzohydrazide (1j).  
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Figure  S106. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(4-
methoxyphenyl)methylidene]benzohydrazide (1j).  
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Figure  S107. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 2a.  
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Figure  S108. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 2a.  
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Figure  S109. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 2a.  
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Figure  S110. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 2a.  
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Figure  S111. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 2a.  
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Figure  S112. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 2a.  
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Figure  S113. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(2-hydroxy-3-phenyl-
phenyl)methylidene]benzohydrazide (2a).  
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Figure  S114. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(2-hydroxy-3-
phenyl-phenyl)methylidene]benzohydrazide (2a).  
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Figure  S115. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(2-hydroxy-3-phenyl-
phenyl)methylidene]benzohydrazide (2a).  
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Figure  S116. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(2-hydroxy-3-
phenyl-phenyl)methylidene]benzohydrazide (2a).  
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Figure  S117. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 2b.  
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Figure  S118. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 2b.  
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Figure  S119. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 2b.  
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Figure  S120. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 2b.  
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Figure  S121. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 2b.  
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Figure  S122. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 2b.  
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Figure  S123. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(3-tert-butyl-2-
hydroxyphenyl)methylidene]benzohydrazide (2b).  

X : parts per Million : Proton
8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7

Y
 : 

pa
rts

 p
er

 M
ill

io
n 

: C
ar

bo
n1

3
13

0.
0

12
0.

0

2b
HMQC

 

Figure  S124. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(3-tert-butyl-
2-hydroxyphenyl)methylidene]benzohydrazide (2b).  
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Figure  S125. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(3-tert-butyl-2-
hydroxyphenyl)methylidene]benzohydrazide (2b).  

X : parts per Million : Proton
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Figure  S126. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(3-tert-butyl-2-
hydroxyphenyl)methylidene]benzohydrazide (2b).  
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Figure  S127. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 2c.  
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Figure  S128. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 2c.  
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Figure  S129. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 2c.  
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Figure  S130. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 2c.  
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Figure  S131. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 2c.  
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Figure  S132. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 2c.  
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Figure  S133. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(2,4-
dihydroxyphenyl)methylidene]benzohydrazide (2c).  
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Figure  S134. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(2,4-
dihydroxyphenyl)methylidene]benzohydrazide (2c).  
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Figure  S135. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(2,4-
dihydroxyphenyl)methylidene]benzohydrazide (2c).  

X : parts per Million : Proton
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Figure  S136. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(2,4-
dihydroxyphenyl)methylidene]benzohydrazide (2c).  
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Figure  S137. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 2d.  
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Figure  S138. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 2d.  
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Figure  S139. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 2d.  

ppm (f1)
110120130140150160170

16
2.

50
16

0.
91

15
6.

33

14
4.

92

13
3.

25

13
0.

54
12

9.
74

12
3.

04
12

1.
26

11
8.

59

11
5.

05

11
0.

30

N NH

O
OH

2d

OH

Br

 

Figure  S140. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 2d.  
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Figure  S141. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 2d.  
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Figure  S142. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 2d.  



S76 
Molecules 2020, 25, 1255; doi:10.3390/molecules25051255   www.mdpi.com/journal/molecules 

X : parts per Million : Proton
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

Y
 : 

pa
rts

 p
er

 M
ill

io
n 

: C
ar

bo
n1

3
15

0.
0

13
0.

0
11

0.
0

90
.0

70
.0

50
.0

30
.0

10
.0

2d
HMQC

 

Figure  S143. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(5-bromo-2-
hydroxyphenyl)methylidene]benzohydrazide (2d).  
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Figure  S144. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(5-bromo-2-
hydroxyphenyl)methylidene]benzohydrazide (2d).  
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Figure  S145. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(5-bromo-2-
hydroxyphenyl)methylidene]benzohydrazide (2d).  

X : parts per Million : Proton
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Figure  S146. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(5-bromo-2-
hydroxyphenyl)methylidene]benzohydrazide (2d).  
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Figure  S147. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 2e.  
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Figure  S148. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 2e.  
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Figure  S149. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 2e.  
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Figure  S150. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 2e.  
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Figure  S151. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 2e.  
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Figure  S152. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 2e.  
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Figure  S152. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(6-methoxy-2-
hydroxyphenyl)methylidene]benzohydrazide (2e).  
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Figure  S154. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(6-methoxy-2-
hydroxyphenyl)methylidene]benzohydrazide (2e).  
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Figure  S155. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(6-methoxy-2-
hydroxyphenyl)methylidene]benzohydrazide (2e).  
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Figure  S156. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(6-methoxy-2-
hydroxyphenyl)methylidene]benzohydrazide (2e).  
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Figure  S157. 1H-NMR (400 MHz, DMSO-d6) spectrum of analytical sample compound 2f.  
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Figure  S158. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of analytical sample compound 2f.  
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Figure  S159. 1H-NMR (400 MHz, DMSO-d6) spectrum recrystallized compound 2f.  
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Figure  S160. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum recrystallized compound 2f.  
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Figure  S161. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 2f.  

ppm (t1)
110120130140150160170

16
2.

36
16

0.
43

15
8.

57

14
2.

48

13
0.

90

12
9.

56

12
4.

05

11
4.

88

11
1.

24

10
4.

31

N NH

O

2f

OMe

OMe

OH

 

Figure  S162. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 2f.  
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Figure  S163. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 2f.  
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Figure  S164. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 2f.  
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Figure  S165. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(2,6-
dimethoxyphenyl)methylidene]benzohydrazide (2f).  

X : parts per Million : Proton
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Figure  S166. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(2,6-
dimethoxyphenyl)methylidene]benzohydrazide (2f).  
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Figure  S167. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(2,6-
dimethoxyphenyl)methylidene]benzohydrazide (2f).  

X : parts per Million : Proton
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Figure  S168. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(2,6-
dimethoxyphenyl)methylidene]benzohydrazide (2f).  
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Figure  S169. 2D-NMR (400 MHz, DMSO-d6) NOESY experiment of 4-hydroxy-N'-[(2,6-
dimethoxyphenyl)methylidene]benzohydrazide (2f).  
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Figure  S170. Expansion of 2D-NMR (400 MHz, DMSO-d6) NOESY experiment of 4-hydroxy-N'-[(2,6-
dimethoxyphenyl)methylidene]benzohydrazide (2f).  
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Figure  S171. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 2g.  
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Figure  S172. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 2g.  
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Figure  S173. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 2g.  
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Figure  S174. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 2g.  
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Figure  S175. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 2g.  
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Figure  S176. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 2g.  
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Figure  S177. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(4-hydroxy-3-
methoxyphenyl)methylidene]benzohydrazide (2g).  
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Figure  S178. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(4-hydroxy-3-
methoxyphenyl)methylidene]benzohydrazide (2g).  
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Figure  S179. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(4-hydroxy-3-
methoxyphenyl)methylidene]benzohydrazide (2g).  

X : parts per Million : Proton
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Figure  S180. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(4-hydroxy-3-
methoxyphenyl)methylidene]benzohydrazide (2g).  
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Figure  S181. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 2h.  
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Figure  S182. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 2h.  



S96 
Molecules 2020, 25, 1255; doi:10.3390/molecules25051255   www.mdpi.com/journal/molecules 

ppm (f1)
050100150200

16
2.

25
16

2.
15

15
4.

87
14

9.
35

13
7.

43
13

2.
05

13
0.

44
12

9.
58

12
9.

15
12

8.
73

12
7.

99
12

6.
95

12
4.

39
11

9.
43

11
8.

22
11

3.
82

55
.4

1

39
.4

3

N NH

O

2h

OMePh OH

 

Figure  S183. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 2h.  
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Figure  S184. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 2h.  
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Figure  S185. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 2h.  
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Figure  S186. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 2h.  
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Figure  S187. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment for 4-methoxy-N'-[(E)-2-hydroxy-3-
phenylbenzylidene]benzohydrazide (2h).  
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Figure  S188. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-methoxy-N'-[(E)-2-hydroxy-3-
phenylbenzylidene]benzohydrazide (2h).  
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Figure  S189. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-methoxy-N'-[(E)-2-hydroxy-3-
phenylbenzylidene]benzohydrazide (2h).  

X : parts per Million : Proton
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Figure  S190. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-methoxy-N'-[(E)-2-hydroxy-3-
phenylbenzylidene]benzohydrazide (2h).  
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Figure  S191. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 3a.  
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Figure  S192. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 3a.  
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Figure  S193. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 3a.  
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Figure  S194. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 3a.  
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Figure  S195. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 3a.  
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Figure  S196. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 3a.  
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Figure  S197. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-2-hydroxy-3-
hydroxymethyl-5-methylbenzylidene]benzohydrazide (3a).  

X : parts per Million : Proton
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Figure  S198. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-2-hydroxy-3-
hydroxymethyl-5-methylbenzylidene]benzohydrazide (3a).  
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Figure  S199. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-2-hydroxy-3-
hydroxymethyl-5-methylbenzylidene]benzohydrazide (3a).  

X : parts per Million : Proton
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Figure  S200. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-2-hydroxy-3-
hydroxymethyl-5-methylbenzylidene]benzohydrazide (3a).  
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Figure  S201. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 3b.  
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Figure  S202. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 3b.  
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Figure  S203. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 3b.  
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Figure  S204. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 3b.  
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Figure  S205. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 3b.  
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Figure  S206. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 3b.  
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Figure  S207. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-2-hydroxy-5-
hydroxymethyl-3-methylbenzylidene]benzohydrazide (3b).  

X : parts per Million : Proton
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Figure  S208. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-2-hydroxy-5-
hydroxymethyl-3-methylbenzylidene]benzohydrazide (3b).  
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Figure  S209. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-2-hydroxy-5-
hydroxymethyl-3-methylbenzylidene]benzohydrazide (3b).  
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Figure  S210. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-2-hydroxy-5-
hydroxymethyl-3-methylbenzylidene]benzohydrazide (3b).  
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Figure  S211. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 3c.  
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Figure  S212. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 3c.  
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Figure  S213. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 3c.  
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Figure  S214. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 3c.  
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Figure  S215. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 3c.  
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Figure  S116. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 3c.  
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Figure  S217. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of N'-[(E)-(3,5-di-tert-butyl-2-
hydroxyphenyl)methylidene]-4-hydroxybenzohydrazide (3c).  
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Figure  S218. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of N'-[(E)-(3,5-di-tert-butyl-2-
hydroxyphenyl)methylidene]-4-hydroxybenzohydrazide (3c).  
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Figure  S219. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of N'-[(E)-(3,5-di-tert-butyl-2-
hydroxyphenyl)methylidene]-4-hydroxybenzohydrazide (3c).  
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Figure  S220. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of N'-[(E)-(3,5-di-tert-butyl-2-
hydroxyphenyl)methylidene]-4-hydroxybenzohydrazide (3c).  
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Figure  S221. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 3d.  
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Figure  S222. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 3d.  
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Figure  S223. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 3d.  
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Figure  S224. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 3d.  
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Figure  S225. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 3d.  
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Figure  S226. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 3d.  
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Figure  S227. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-3-tert-butyl-2-hydroxy-5-
methylbenzylidene]benzohydrazide (3d).  
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Figure  S228. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-3-tert-butyl-2-
hydroxy-5-methylbenzylidene]benzohydrazide (3d).  
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Figure  S229. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-3-tert-butyl-2-hydroxy-5-
methylbenzylidene]benzohydrazide (3d).  

X : parts per Million : Proton
8.7 8.6 8.5 8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7

Y
 : 

pa
rts

 p
er

 M
ill

io
n 

: C
ar

bo
n1

3
17

0.
0

16
0.

0
15

0.
0

14
0.

0
13

0.
0

12
0.

0
11

0.
0

3d
HMBC

 

Figure  S230. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-3-tert-butyl-2-
hydroxy-5-methylbenzylidene]benzohydrazide (3d).  



S120 
Molecules 2020, 25, 1255; doi:10.3390/molecules25051255   www.mdpi.com/journal/molecules 

X : parts per Million : Proton
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

Y
 : 

pa
rts

 p
er

 M
ill

io
n 

: P
ro

to
n

12
.0

11
.0

10
.0

9.
0

8.
0

7.
0

6.
0

5.
0

4.
0

3.
0

2.
0

1.
0

0
3d

NOESY

 

Figure  S231. 2D-NMR (400 MHz, DMSO-d6) NOESY experiment of 4-hydroxy-N'-[(E)-3-tert-butyl-2-hydroxy-5-
methylbenzylidene]benzohydrazide (3d).  
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Figure  S232. Expansion of 2D-NMR (400 MHz, DMSO-d6) NOESY experiment of 4-hydroxy-N'-[(E)-3-tert-butyl-2-
hydroxy-5-methylbenzylidene]benzohydrazide (3d).  
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Figure  S233. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 3e.  
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Figure  S234. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 3e.  
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Figure  S235. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 3e.  
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Figure  S236. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 3e.  
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Figure  S237. 13C-NMR (100 MHz, DMSO-d6) dept 135 experiment of compound 3e.  
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Figure  S238. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept 135 experiment of compound 3e.  
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Figure  S239. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(2-hydroxy-3-isopropyl-5-
methylphenyl)methylidene]benzohydrazide (3e).  
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Figure  S240. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(2-hydroxy-3-
isopropyl-5-methylphenyl)methylidene]benzohydrazide (3e).  
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Figure  S241. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(2-hydroxy-3-isopropyl-5-
methylphenyl)methylidene]benzohydrazide (3e).  
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Figure  S242. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(2-hydroxy-3-
isopropyl-5-methylphenyl)methylidene]benzohydrazide (3e).  
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Figure  S243. 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 3f.  
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Figure  S244. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of compound 3f.  
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Figure  S245. 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 3f.  
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Figure  S246. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of compound 3f.  
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Figure  S247. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 3f.  
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Figure  S248. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of compound 3f.  
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Figure  S249. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(2-hydroxy-4,6-
dimethoxyphenyl)methylidene]benzohydrazide (3f).  
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Figure  S250. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 4-hydroxy-N'-[(E)-(2-hydroxy-
4,6-dimethoxyphenyl)methylidene]benzohydrazide (3f).  
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Figure  S251. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(2-hydroxy-4,6-
dimethoxyphenyl)methylidene]benzohydrazide (3f).  
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Figure  S252. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-hydroxy-N'-[(E)-(2-hydroxy-
4,6-dimethoxyphenyl)methylidene]benzohydrazide (3f).  
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Figure  S253. 1H-NMR (400 MHz, DMSO-d6) spectrum of 3g.  
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Figure  S254. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of 3g.  
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Figure  S255. 13C-NMR (100 MHz, DMSO-d6) spectrum of 3g.  
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Figure  S256. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of 3g.  
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Figure  S257. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of 3g. 
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Figure  S258. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of 3g.  
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Figure  S259. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 3-hydroxy-N'-[(E)-(3-tert-butyl-2-hydroxy-5-
methylphenyl)methylidene]benzohydrazide (3g). 
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Figure  S260. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 3-hydroxy-N'-[(E)-(3-tert-butyl-
2-hydroxy-5-methylphenyl)methylidene]benzohydrazide (3g). 
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Figure  S261. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 3-hydroxy-N'-[(E)-(3-tert-butyl-2-hydroxy-5-
methylphenyl)methylidene]benzohydrazide (3g). 
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Figure  S262. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 3-hydroxy-N'-[(E)-(3-tert-butyl-2-
hydroxy-5-methylphenyl)methylidene]benzohydrazide (3g). 
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Figure  S263. 1H-NMR (400 MHz, DMSO-d6) spectrum of 4-methoxybenzohydrazide (4b).  
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Figure  S264. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of 4-methoxybenzohydrazide (4b).  
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Figure  S265. 13C-NMR (100 MHz, DMSO-d6) spectrum of 4-methoxybenzohydrazide (4b).  

ppm (t1)
110120130140150160170

16
5.

61

16
1.

39

12
8.

68

12
5.

45

11
3.

47

H2N NH

O
OMe

4b

 

Figure  S266. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of methoxybenzohydrazide 4b.  



S138 
Molecules 2020, 25, 1255; doi:10.3390/molecules25051255   www.mdpi.com/journal/molecules 

ppm (t1)
050100150200

12
8.

68

11
3.

47

55
.2

3

H2N NH

O
OMe

4b

 

Figure  S267. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of 4-methoxybenzohydrazide (4b).  
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Figure  S268. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of benzohydrazide 4b.  
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Figure  S269. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-methoxybenzohydrazide (4b).  
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Figure  S270. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 4-methoxybenzohydrazide (4b).  
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Figure  S271. 1H-NMR (400 MHz, DMSO-d6) spectrum of 3-hydroxybenzohydrazide (4c).  
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Figure  S272. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of 3-hydroxybenzohydrazide (4c).  
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Figure  S273. 13C-NMR (100 MHz, DMSO-d6) spectrum of 3-hydroxybenzohydrazide (4c).  
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Figure  S274. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of 3-hydroxybenzohydrazide (4c).  
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Figure  S275. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of 3-hydroxybenzohydrazide (4c).  
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Figure  S276. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of benzohydrazide 4c.  
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Figure  S277. 1H-NMR (600 MHz, CDCl3) spectrum of 3-phenyl-salicylic aldehyde (6a).  
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Figure  S278. Expansion of 1H-NMR (600 MHz, CDCl3) spectrum of 3-phenyl-salicylic aldehyde (6a).  
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Figure  S279. 13C-NMR (150 MHz, CDCl3) spectrum of 3-phenyl-salicylic aldehyde (6a).  
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Figure  S280. Expansion of 13C-NMR (150 MHz, CDCl3) spectrum of 3-phenyl-salicylic aldehyde (6a).  
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Figure  S281. 13C-NMR (100 MHz, CDCl3) dept-135 experiment of 3-phenyl-salicylic aldehyde (6a).  
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Figure  S282. Expansion of 13C-NMR (100 MHz, CDCl3) dept-135 experiment of salicylic aldehyde 6a.  
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Figure  S283. 1H-NMR (400 MHz, CDCl3) spectrum of 3-tert-butyl-salicylic aldehyde (6b).  
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Figure  S284. Expansion of 1H-NMR (400 MHz, CDCl3) spectrum of 3-tert-butyl-salicylic aldehyde (6b).  
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Figure  S285. 13C-NMR (100 MHz, CDCl3) spectrum of 3-tert-butyl-salicylic aldehyde (6b).  
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Figure  S286. 13C-NMR (100 MHz, CDCl3) dept 135 experiment of 3-tert-butyl-salicylic aldehyde (6b).  
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Figure  S287. 2D-NMR (400 MHz, CDCl3) HMQC experiment of 3-tert-butyl-salicylic aldehyde (6b).  
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Figure  S288. Expansion of 2D-NMR (400 MHz, CDCl3) HMQC experiment of 3-tert-butyl-salicylic aldehyde (6b).  
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Figure  S289. 2D-NMR (400 MHz, CDCl3) HMBC experiment of 3-tert-butyl-salicylic aldehyde (6b).  
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Figure  S290. Expansion of 2D-NMR (400 MHz, CDCl3) HMBC experiment of 3-tert-butyl-salicylic aldehyde (6b).  
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Figure  S291. 1H-NMR (400 MHz, CDCl3) spectrum of 5-bromosalicylaldehyde (6d).  
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Figure  S292. Expansion of 1H-NMR (400 MHz, DMSO-d6) spectrum of 5-bromosalicylaldehyde (6d).  



S151 
Molecules 2020, 25, 1255; doi:10.3390/molecules25051255   www.mdpi.com/journal/molecules 

ppm (f1)
050100150200

19
5.

41

16
0.

50

13
9.

66

13
5.

60

12
1.

69

11
9.

77
11

1.
32

77
.0

0

CHO

6d

OH

Br

 

Figure  S293. 13C-NMR (100 MHz, DMSO-d6) spectrum of 5-bromosalicylaldehyde (6d).  
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Figure  S294. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of 5-bromosalicylaldehyde (6d).  
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Figure  S295. 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 5-bromosalicylaldehyde (6d).  
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Figure  S296. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 5-bromosalicylaldehyde (6d).  
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Figure  S297. 1H-NMR (400 MHz, CDCl3) spectrum of 6-methoxy-salicylic aldehyde (6e).  
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Figure  S298. Expansion of 1H-NMR (400 MHz, CDCl3) spectrum of 6-methoxy-salicylic aldehyde (6e).  
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Figure  S299. 13C-NMR (100 MHz, CDCl3) spectrum of 6-methoxy-salicylic aldehyde (6e).  
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Figure  S300. Expansion of 13C-NMR (100 MHz, CDCl3) spectrum of 6-methoxy-salicylic aldehyde (6e).  
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Figure  S301. 13C-NMR (100 MHz, CDCl3) dept-135 experiment of 6-methoxy-salicylic aldehyde (6e).  
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Figure  S302. Expansion of 13C-NMR (100 MHz, CDCl3) dept-135 experiment of salicylic aldehyde 6e.  
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Figure  S303. 2D-NMR (400 MHz, CDCl3) HMQC experiment of 6-methoxy-salicylic aldehyde (6e).  
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Figure  S304. Expansion of 2D-NMR (400 MHz, CDCl3) HMQC experiment of 6-methoxy-salicylic aldehyde (6e).  
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Figure  S305. 2D-NMR (400 MHz, CDCl3) HMBC experiment of 6-methoxy-salicylic aldehyde (6e).  

X : parts per Million : Proton
7.9 7.8 7.7 7.6 7.5 7.4 7.3 7.2 7.1 7.0 6.9 6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8

Y
 : 

pa
rts

 p
er

 M
ill

io
n 

: C
ar

bo
n1

3
20

0.
01

90
.0

18
0.

0
17

0.
0

16
0.

0
15

0.
0

14
0.

0
13

0.
0

12
0.

0
11

0.
0

10
0.

0
90

.0

6e
HMBC

 

Figure  S306. Expansion of 2D-NMR (400 MHz, CDCl3) HMBC experiment of 6-methoxy-salicylic aldehyde (6e).  
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Figure  S307. 1H-NMR (400 MHz, CDCl3) spectrum of 2,6-dimethoxybenzaldehyde (6f).  
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Figure  S308. Expansion of 1H-NMR (400 MHz, CDCl3) spectrum of 2,6-dimethoxybenzaldehyde (6f).  
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Figure  S309. 13C-NMR (100 MHz, CDCl3) spectrum of 2,6-dimethoxybenzaldehyde (6f).  
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Figure  S310. 13C-NMR (100 MHz, CDCl3) dept-135 experiment of 2,6-dimethoxybenzaldehyde (6f).  
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Figure  S311. 2D-NMR (400 MHz, CDCl3) HMBC experiment of 2,6-dimethoxybenzaldehyde (6f).  
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Figure  S312. Expansion of 2D-NMR (400 MHz, CDCl3) HMBC experiment of 2,6-dimethoxybenzaldehyde (6f).  
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Figure  S313. 1H-NMR (400 MHz, CDCl3) spectrum of hydroxymethyl-5-methyl-salicylic aldehyde 7a.  
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Figure  S314. Expansion of 1H-NMR (400 MHz, CDCl3) spectrum of salicylic aldehyde 7a.  
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Figure  S315. 13C-NMR (100 MHz, DMSO-d6) spectrum of 3-hydroxymethyl-salicylic aldehyde 7a.  
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Figure  S316. Expansion of 13C-NMR (100 MHz, DMSO-d6) spectrum of 5-methyl-salicylic aldehyde 7a.  
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Figure  S317. 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of 5-methyl-salicylic aldehyde 7a.  
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Figure  S318. Expansion of 13C-NMR (100 MHz, DMSO-d6) dept-135 experiment of benzaldehyde 7a.  
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Figure  S319. 2D-NMR (400 MHz, DMSO-d6) HMQC experiment of 3-hydroxymethyl-5-methyl-salicylic aldehyde 
(7a).  
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Figure  S320. Expansion of 2D-NMR (400 MHz, DMSO-d6) HMBC experiment of 3-hydroxymethyl-5-methyl-
salicylic aldehyde (7a).  
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Figure  S321. 1H-NMR (400 MHz, CDCl3) spectrum of hydroxymethyl-3-methyl-salicylic aldehyde 7b.  
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Figure  S322. 13C-NMR (100 MHz, CDCl3) spectrum of hydroxymethyl-3-methyl-salicylic aldehyde 7b.  
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Figure  S323. 13C-NMR (100 MHz, CDCl3) dept-135 experiment of 3-methyl-salicylic aldehyde 7b.  
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Figure  S324. Expansion of 13C-NMR (100 MHz, CDCl3) dept-135 experiment of salicylic aldehyde 7b.  
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Figure  S325. 2D-NMR (400 MHz, CDCl3) HMBC experiment of 5-hydroxymethyl-3-methyl-salicylic aldehyde 
(7b).  
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Figure  S326. Expansion of 2D-NMR (400 MHz, CDCl3) HMBC experiment 5-hydroxymethyl-3-methyl-salicylic 
aldehyde (7b).  
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Figure  S327. 1H-NMR (400 MHz, CDCl3) spectrum of 3-tert-butyl-5-methyl-salicylic aldehyde (7d).  
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Figure  S328. Expansion of 1H-NMR (400 MHz, CDCl3) spectrum of 5-methyl-salicylic aldehyde 7d.  
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Figure  S329. 13C-NMR (150 MHz, CDCl3) spectrum of 3-tert-butyl-5-methyl-salicylic aldehyde (7d).  
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Figure  S330. 13C-NMR (100 MHz, CDCl3) dept-135 experiment of 3-tert-butyl-salicylic aldehyde 7d.  
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Figure  S331. 2D-NMR (400 MHz, CDCl3) HMBC experiment of 3-tert-butyl-5-salicylic aldehyde (7d).  
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Figure  S332. Expansion of 2D-NMR (400 MHz, CDCl3) HMBC experiment 3-tert-butyl-5-salicylic aldehyde (7d).  



S171 
Molecules 2020, 25, 1255; doi:10.3390/molecules25051255   www.mdpi.com/journal/molecules 

ppm (t1)
0.05.010.0

12
.2

95
5

10
.3

07
8

7.
33

04
7.

31
12

7.
26

30
6.

68
88

6.
66

96

3.
38

01
3.

36
27

3.
34

54
3.

32
81

3.
31

07
3.

29
34

3.
27

61
2.

57
51

1.
23

13
1.

21
40

0.
00

57

0.98

0.99

1.00

1.00

3.07

6.26

1.00

CHO

i-Pr OH

Me
7e

 

Figure  S333. 1H-NMR (400 MHz, CDCl3) spectrum of ortho-formyl-thymol (7e).  

ppm (t1)
3.04.05.06.07.0

7.
33

04
7.

31
12

7.
26

30

6.
68

88
6.

66
96

3.
38

01
3.

36
27

3.
34

54
3.

32
81

3.
31

07
3.

29
34

3.
27

61

1.00

1.00

0.98

CHO

i-Pr OH

Me
7e

 

Figure  S334. Expansion of 1H-NMR (400 MHz, CDCl3) spectrum of ortho-formyl-thymol (7e). 
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Figure  S335. 13C-NMR (100 MHz, CDCl3) spectrum of 6-methyl-3-(propan-2-y)salicylic aldehyde (7e).  
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Figure  S336. Expansion of 13C-NMR (100 MHz, CDCl3) spectrum of ortho-formyl-thymol (7e).  
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Figure  S337. 13C-NMR (100 MHz, CDCl3) dept 135 experiment of ortho-formyl-thymol (7e).  
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Figure  S338. Expansion of 13C-NMR (100 MHz, CDCl3) dept 135 experiment of o-formyl-thymol (7e).  
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Figure  S339. 2D-NMR (400 MHz, CDCl3) HMBC experiment of 6-methyl-3-(propan-2-y)salicylic aldehyde (7e).  

X : parts per Million : Proton
7.0 6.0 5.0 4.0 3.0 2.0 1.0

Y
 : 

pa
rts

 p
er

 M
ill

io
n 

: C
ar

bo
n1

3
16

0.
0

14
0.

0
12

0.
0

10
0.

0
80

.0
60

.0
40

.0
20

.0

7e
HMBC

 

Figure  S340. Expansion of 2D-NMR (400 MHz, CDCl3) HMBC experiment of 6-methyl-3-(propan-2-y)salicylic 
aldehyde (7e).  
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Figure  S341. 1H-NMR (400 MHz, CDCl3) spectrum of 4,6-dimethoxy-salicylic aldehyde (7f).  
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Figure  S342. Expansion of 1H-NMR (400 MHz, CDCl3) spectrum of dimethoxy-salicylic aldehyde 7f.  
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Figure  S343. 13C-NMR (100 MHz, CDCl3) spectrum of 4,6-dimethoxy-salicylic aldehyde (7f).  
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Figure  S344. Expansion of 13C-NMR (100 MHz, CDCl3) spectrum of dimethoxy-salicylic aldehyde 7f.  
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Figure  S345. 13C-NMR (100 MHz, CDCl3) dept 135 experiment of dimethoxy-salicylic aldehyde 7f. 
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Figure  S346. Expansion of 13C-NMR (100 MHz, CDCl3) dept 135 experiment of salicylic aldehyde 7f.  
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Figure  S347. 2D-NMR (400 MHz, CDCl3) HMBC experiment of 4,6-dimethoxy-salicylic aldehyde (7f). 
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Figure  S348. Expansion of 2D-NMR (400 MHz, CDCl3) HMBC experiment of 4,6-dimethoxy-salicylic aldehyde 
(7f).  
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Figure  S349. 1H-NMR (400 MHz, CDCl3) spectrum of methyl ester of 3-hydroxy-benzoic acid (8c).  
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Figure  S350. Expansion of 1H-NMR (400 MHz, CDCl3) spectrum of benzoic acid methyl ester 8c.  
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Figure  S351. 13C-NMR (100 MHz, CDCl3) spectrum of 3-hydroxy-benzoic acid methyl ester (8c).  
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Figure  S352. Expansion of 13C-NMR (100 MHz, CDCl3) spectrum of benzoic acid methyl ester 8c.  
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Figure  S353. ATP (100 MHz, CDCl3) experiment of 3-hydroxy-benzoic acid methyl ester (8c).  
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Figure  S354. Expansion of ATP (100 MHz, CDCl3) experiment of hydroxy-benzoic acid methyl ester 8c.  
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6. Laccase stability in organic solvents 

 
Figure S354. The stability of laccase from T. versicolor in buffer-organic co-solvent media. The 
concentration of the components in the incubated mixture was 6.25% (v/v) for methanol or DMSO 
and 43 nM for the enzyme. Triangles and circles correspond to experimental data performed with 
methanol and DMSO co-solvents, respectively. The stability of laccase in the particular solvent was 
calculated as a percentage of residual activity defined as the ratio of the enzyme activity at the 
time, t > 0 min to the enzyme activity at the time, t = 0 min. 

1. 
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