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Introduction

Hydroxamic acid derivatives of nonsteroidal anti-inflam-
matory drugs (NSAIDs) are efficient anti-inflammatory 
drugs, and some of them are registered internationally1–4. 
In general, they present lower acute toxicity and a favora-
ble therapeutic index, and they are less damaging to the 
gastrointestinal tract, less irritating, and more permeable 
through the topical membrane than NSAIDs from which 
they are derived5,6. In this article we report the synthesis 
of O-methyl and O-ethyl NSAID hydroxamic acids (deriva-
tives of ibuprofen, fenoprofen, ketoprofen, diclofenac, and 
indomethacin) and their antimicrobial activity as well as 
their ability to inhibit soybean lipoxygenase. The suggested 
structural variations could affect both efficiency and their 
tolerability, partly due to differences in their physico-
chemical properties, which determine their distribution in 

the body and their ability to pass through and to enter the 
interior of the membranes7,8.

Hydroxamic acids are well known to form strong com-
plexes with a variety of transition metals. This property has 
been exploited in the use of hydroxamates as inhibitors of 
several metalloenzymes. Since it is generally believed that 
lipoxygenase (LO) contains a catalytically important iron 
atom, this enzyme is a logical candidate for inhibition by 
hydroxamic acid derivatives9. Hydroxamic acids have been 
reported as highly specific and potent inhibitors of bacte-
rial, jack bean, and sword bean urease10–12. Urease inhibi-
tors have been regarded as targets for the treatment of ulcer, 
urolithiasis, pyelonephritis, ammonia and hepatic encepha-
lopathy, hepatic coma, and urinary catheter encrustation10. 
In the present study, the potential of NSAID hydroxamic 
acid derivatives to inhibit urease is reported as well.
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This paper reports the synthesis of O-methyl and O-ethyl NSAID hydroxamic acids, their antimicrobial activities, 
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Keywords: NSAID hydroxamic acids; antimicrobial activity; urease; antioxidant activity; soybean lipoxygenase; 
inhibition

Abbreviations: AAPH, 2,2′-azobis(2-amidinopropane) dihydrochloride; DPPH, 1,1-diphenyl-2-picrylhydrazyl 
radical; LO, lipoxygenase; LP, lipid peroxidation; MIC, minimal inhibitory concentration; MMcC, minimal microbicidal 
concentration; NDGA, nordihydriguaiaretic acid; NFC, norfloxacin; NSAID, nonsteroidal    anti-inflammatory drug; NST, 
nystatin; OTC, oxytetracycline hydrochloride; ROS, reactive oxygen species

http://www.informahealthcare.com/enz

mailto:bzbz@pharma.hr
http://www.informa.com/doifinder/10.1080/14756360902779128


1180  Zrinka Rajić et al.

Reactive oxygen species (ROS) are characteristic of 
 aerobic organisms that can normally defend themselves 
against these highly reactive species using enzymes and 
naturally occurring antioxidants. ROS, like superoxide 
radical anion, hydrogen peroxide, and hydroxyl radical, are 
produced during the inflammation process by phagocytic 
leukocytes (e.g. neutrophils, monocytes,  macrophages, eosi-
nophils) that invade the tissue. Moreover, these reactive spe-
cies are involved in the biosynthesis of prostaglandins and 
in the cycloxygenase and lipoxygenase mediated conversion 
of arachidonic acid into proinflammatory intermediates13,14. 
The rates of ROS production are increased in most patho-
physiological  conditions15;  therefore, it is evident that the 
treatment of various diseases could benefit from the use 
of drugs that combine antioxidant and anti-inflammatory 
activity. This has been already proven for a number of 
 commercially available NSAIDs, which act either as inhibi-
tors of free radical production or as radical scavengers16–18. 
Compounds with antioxidant properties could be expected 
to offer protection in rheumatoid arthritis and inflamma-
tion and to lead to potentially effective drugs15,19–25. Thus, we 
tested the new derivatives with regard to their antioxidant 
ability and in comparison to well known antioxidant agents.

Materials and methods

Chemistry
General experimental details
Melting points were determined on a Stuart melting point 
apparatus SMP3 (Stuart Barworld Scientific, UK) and were 
uncorrected. Infrared (IR) spectra were recorded on an 
FTIR PerkinElmer Paragon 500 spectrometer (PerkinElmer, 
UK). 1H and 13C nuclear magnetic resonance (NMR) spectra 
were recorded on a BruAvanse DRX 500, DRX 300 (Bruker, 
Germany), operating at 300 and 75.5 MHz for the 1H and 13C 
nuclei, respectively. Samples were measured in dimethyl 
sulfoxide (DMSO)-δ

6
 solutions at 20°C in 5-mm NMR tubes. 

Chemical shifts (δ) in ppm were referred to tetramethylsi-
lane (TMS). Coupling constants (J) in Hz were observed 
through three bonds. For thin layer chromatography (TLC), 
silica gel plates Kieselgel 60 F

254
 (Merck, Germany) and mix-

tures of cyclohexane/ethyl acetate/methanol (3:1:0.6) and 
chloroform/methanol (95:5) were used. Spots were visual-
ized by short-wave UV light, iodine vapor, or Fe(III) chloride 
solution (w = 1%).

Benzotriazole, triphosgene, O-methylhydroxylamine 
hydrochloride, O-ethylhydroxylamine hydrochloride, 
and O-benzylhydroxylamine hydrochloride were pur-
chased from Aldrich (USA), triethylamine from Sigma 
(USA), and hydroxylamine hydrochloride from Carlo Erba 
(Italy). Ibuprofen, fenoprofen, ketoprofen, diclofenac, and 
indomethacin were obtained as gift samples from PLIVA 
(Zagreb, Croatia), Belupo (Koprivnica, Croatia), and the 
University of Potchefstroom (South Africa). All solvents 
were of analytical grade purity and were dried prior to use.

NSAID benzotriazolides 2a–e were prepared 
 following the method previously described by us26,27. 

N-hydroxy-2-(4-isobutylphenyl) propanamide (4a), 
N-benzyloxy-2-(4-isobutylphenyl) propanamide (4b), 
N-hydroxy-2-(3-phenoxyphenyl)propanamide (4c), 
N-benzyloxy-2-(3-phenoxyphenyl)propanamide (4d), 2- 
[(2,6-dichlorophenyl)amino]-N-hydroxybenzeneacetamide 
(4e), 2-[(2,6-dichlorophenyl)amino]-N-hydroxy-N-methyl-
benzeneacetamide (4f), N-benzyloxy-2-[(2,6-dichlorophenyl)
amino]-benzeneacetamide (4g), 1-(4-chlorobenzoyl)-N-
hydroxy-5-methoxy-2-methyl-1H-indole-3-acetamide (4h), 
and N-benzyloxy-1-(4-chlorobenzoyl)-5-methoxy-2-methyl-
1H-indole-3-acetamide (4i) were prepared following the 
method previously described by us28.

General method for the preparation of hydroxamic acid 
derivatives (3a–h)
A suspension of NSAID benzotriazolide 2a–e (0.0010 mol), 
appropriate hydroxylamine hydrochloride (0.0012 mol), 
triethylamine (TEA) (0.0050 mol), and sodium dithionite 
(10 mg) in toluene (10 mL) was stirred at room temperature 
for 6.5–48 h. Compounds 3a–f: the reaction mixture was 
extracted four times with water, and the organic layer was 
dried (Na

2
SO

4
), filtered, and evaporated. Compounds 3g 

and 3h: the synthesis was done with 1.3 equivalents of TEA 
(0.0013 mol). The reaction mixture was evaporated. The 
residue was dissolved in acetone/H

2
O and acidified with 5% 

HCl to pH 1. Acetone was evaporated under reduced pres-
sure without heating. The precipitated product was filtered 
off and washed several times with water.

The following compounds were prepared: 
N-ethoxy-2-(4-isobutylphenyl)propanamide (3a), 
N-ethoxy-2-(3-phenoxyphenyl)propanamide (3b), 
N-ethoxy-2-(3-benzoylphenyl)propanamide (3c), 
N-benzyloxy-2-(3-benzoylphenyl)propanamide (3d), 
N-methoxy-2-[2-(2,6-dichlorophenyl)amino]benzene-
acetamide (3e), N-ethoxy-2-[2-(2,6-dichlorophenyl)amino]
benzeneacetamide (3f), 1-(4-chlorobenzoyl)-2-methyl-
N-methoxy-5-methoxy-1H-indol-3-acetamide (3g), and 
N-ethoxy-1-(4-chlorobenzoyl)-2-methyl-5-methoxy-1H-
indol-3-acetamide (3h).

N-hydroxy-2-(3-benzylphenyl)propanamide (3i) After 
three vacuum/H

2
 cycles to remove air from the reaction flask, 

the suspension of 3d (0.0010 mol) and 10% Pd/C (50 mg) in 
methanol (20 mL) was hydrogenated at ambient pressure 
and room temperature for 2.3 h. The reaction mixture was 
filtered, and the filtrate evaporated under reduced pressure.

Biological evaluation
General experimental details
Microbial species (Bacillus subtilis ATCC6633, 
Staphylococcus aureus ATCC 25923, Enterococcus faecalis 
ATCC 29212, Kocuria rhizophila ATCC 9341, Escherichia 
coli ATCC 10536, Salmonella enterica subsp. enterica ATCC 
13076, Pseudomonas aeruginosa ATCC 27853, and Candida 
albicans ATCC 10231) used in the study were obtained from 
the American Type Culture Collection, LGC Promochem 
(UK). Trypticasa soy agar and Müller–Hinton agar were 
purchased from Merck (Germany), Sabouraud 2% (m/V)-
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glucose agar from BBL (Germany), oxytetracycline hydro-
chloride (OTC) and nystatin (NST) from Pliva (Croatia), and 
norfloxacin (NFC) from Krka (Slovenia).

Urease (5 U mg−1 derived from jack bean) was obtained 
from Merck. Phenol red was bought from Kemika (Croatia) 
and used as a solution (1 g L−1 phenol red in 96% ethanol). The 
control buffer of pH 7.70 was prepared by diluting a mixture 
of 1 M KH

2
PO

4
 (0.1 mL) and 1 M Na

2
HPO

4
 (0.7 mL) with H

2
O 

to 80 mL. Buffer of pH 6.70 was prepared by diluting a mixture 
of 1 M KH

2
PO

4
 (1 mL) and 1 M Na

2
HPO

4
 (1 mL) with H

2
O to 

100 mL. The buffered urea solution of pH 6.70 was obtained 
by dissolving urea (3 g) in a buffer of pH 6.70 (100 mL).

DPPH, AAPH, NDGA, sodium linoleate, soybean 
lipoxygenase, caffeic acid, and trolox were purchaced from 
 Aldrich-Sigma (USA).

Each experiment in vitro was performed at least in tripli-
cate and the standard deviation of absorbance was less than 
10% of the mean.

Antimicrobial activity
Before testing, the microbial strains were removed from the 
culture collection in nutrient agar, and subcultured twice on 
trypticasa soy agar for bacterial species, and on Sabouraud 
2% (m/V)-glucose agar for yeast species  during 24 h at 37°C. 
All inoculums from microbial culture used for antimicro-
bial susceptibility testing were from freshly 24 h-prepared 
 culture in physiological saline. Müller–Hinton agar was used 
as nutritional medium for zones of inhibition detections. 
OTC, NST, and NFC were used as a control of susceptibility 
of microbial cultures by hole-plate diffusion method. Stock 
solutions of antibiotics were prepared in buffer solutions 
according to European Pharmacopoeia guidelines29. At the 
highest concentration of min. 99%, solvent (DMSO) did not 
show antimicrobial activity.

Zones of inhibition were determined in vitro using 
the hole-plate diffusion method according to European 
Pharmacopoeia guidelines29. A solution of the tested 
substance in DMSO (50 µL) was dropped in a hole, and 
incubated first for 1 h at +4°C, then 18 h at 37°C. DMSO 
was used as a control. For determination of the minimal 
inhibitory (MIC) and the minimal microbicidal concentra-
tions (MMcC), the microdilution broth method in 96-well 
 microtiter plates (TTG, Switzerland) using Clinical and 
Laboratory Standards Institute M7-A4 guidelines and 
Müller–Hinton broth was employed30. The inoculum was 
prepared with physiological saline to obtain approximately 
0.5 McFarland units density of the microbial cells. MIC and 
MMcC endpoints were determined after the incubation 
period (24 h), and after the subcultivation of all dilutions to 
the surface of the Müller–Hinton agar. After 24 h of incuba-
tion, MIC endpoints were determined as the lowest con-
centration causing growth of ≤20% of the control level, and 
MMcC as the lowest  concentration with no visual growth.

Antiurease activity
The antiurease activity was determined by a modified color-
imetric timing method31,32. Phenol red solution (25 µL) was 

added to DMSO (50 µL) diluted with the control buffer (175 
µL), referred to as C solution, and to sample solution (tested 
compound in DMSO; 50 µL) diluted with the buffered solu-
tion of pH 6.70 (175 µL), referred to as S solution. After the 
addition of the urease solution (460 units in 25 mL H

2
O; 250 

µL), both C and S solutions were  pre-incubated at 30°C for 
30 min. The C solution was diluted with the  control buffer 
(2.5 mL) and absorbance of the resulting solution was meas-
ured at 560 nm. The S solution was diluted with buffered 
urea solution of pH 6.70 (2.5 mL). A time interval for the 
absorbance of the S solution to reach the measured absorb-
ance of the C solution was measured at 560 nm by using a 
stop-watch. Each sample was measured in triplicate.

Interaction with 1,1-diphenyl-picrylhydrazyl (DPPH) 
activity33

To a solution of DPPH (0.05 mM) in absolute ethanol an equal 
volume of 0.1 or 0.05 mM ethanolic solution of the tested 
compound was added. After 20 and 60 min the absorbance 
was recorded at 517 nm and compared with the appropriate 
standard NDGA. Ethanol was used as a control.

Soybean lipoxygenase inhibition activity33

DMSO solution of the tested compound was incubated with 
sodium linoleate (0.1 mM) and 0.2 mL of soybean lipoxyge-
nase solution (1/9 × 10−4 w/v in saline) at room temperature. 
The conversion of sodium linoleate to 13-hydroperoxylino-
leic acid was recorded at 234 nm and compared with the 
standard inhibitor caffeic acid, according to the procedure 
previously reported.

Inhibition of linoleic acid lipid peroxidation34

Oxidation of linoleic acid to conjugated diene  hydroperoxide 
in an aqueous dispersion was monitored at 234 nm. AAPH 
was used as a free radical initiator. Ten microliters of the 
16 mM linoleic acid dispersion was added to the UV cuvette 
 containing 0.93 mL of 0.05 M phosphate buffer, pH 7.4, 
prethermostated at 37°C. The oxidation reaction was initi-
ated at 37°C under air by the addition of 50 L of 40 mM 
AAPH solution. Oxidation was carried out in the presence 
of the compound (10 L, final concentration 0.1 mM). In the 
assay with no antioxidant, lipid oxidation was measured in 
the presence of the same level of DMSO. The rate of  oxidation 
was monitored at 37°C by recording the increase of  absorption 
at 234 nm caused by conjugated diene hydroperoxide. The 
results were compared to the standard inhibitor trolox.

Determination of lipophilicity as Clog P
Lipophilicity was theoretically calculated as Clog P value 
in n-octanol-buffer using the CLOGP Program of Biobyte 
Corp.35.

Results and discussion

Chemistry
NSAID hydroxamic acid derivatives 3a–h and 4a–i 
were prepared from NSAID benzotriazolides 2a–e 
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(NSAIDs: ibuprofen, fenoprofen, ketoprofen, diclofenac, 
and indomethacin) and corresponding hydroxyl-
amine (hydroxylamine, N-methylhydroxylamine, 
O-benzylhydroxylamine, O-methylhydroxylamine, 
and O-ethylhydroxylamine)  following our published 
 procedure28. Product 3i was obtained by catalytic hydro-
genation of ketoprofen O-benzylhydroxamic acid (3d). 
Figure 1 depicts the general method for the conversion of 
NSAIDs to hydroxamic acid derivatives. Compounds from 
series 3 are new compounds (except 3e and 3g) and their 
structures were deduced from analysis of their IR and 1H 
and 13C NMR spectra and  confirmed by elemental analysis 
(Tables 1 and 2). Compounds 4a–i are known substances 
and their synthesis has been previously described by us or 
other authors.

O-alkyl substituted NSAID hydroxamic acid derivatives 
3a–h were tested for antimicrobial activity and for their abil-
ity to inhibit urease, lipoxygenase, and lipid peroxidation. 
Antioxidant activity was screened by 1,1-diphenyl-2-picryl-
hydrazyl radical (DPPH) test. Their activity was compared 
with that of NSAID hydroxamic acids 4a–i and 3i with free 
and O-benzyl substituted hydroxy groups.

Antimicrobial activity
The results of the hole-plate diffusion method showed that 
only NSAID hydroxamic acids with free and O-ethyl substi-
tuted hydroxy groups possessed noticeable antimicrobial 
activity at concentration 29.6 mg mL−1 (data presented 
in Table 3). The other compounds showed no inhibition 
zones of growth, and were considered inactive in the 
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Figure 1. Synthesis of NSAID hydroxamic acids and their O-alkyl derivatives.

Table 1. Reaction conditions and analytical data for compounds 3a–i.

Compound
Reaction time 

(h) Purification method Yield (%) Mp. (°C)
Molecular formula 

(M
r
)

Calc./found

C H N

3a
40 CCa 61 Oil C

15
H

23
NO

2
72.25 9.30 5.62

    (249.35) 72.40 9.38 5.82

3b 24
Recrystallization 

(ether/petrolether)
59 60–61

C
17

H
19

NO
3

(285.34)
71.56
71.21

6.71
6.70

4.91
4.90

3c
24 CCb 47 75–77 C

18
H

19
NO

3
72.71 6.44 4.71

    (297.35) 72.66 6.50 4.80

3d 48
Trituration (ether/

petrolether)
87 82–85

C
23

H
21

NO
3

(359.42)
76.86
76.80

5.89
5.95

3.90
3.99

3e 24
Recrystallization 

(toluene)
39 178–179

C
15

H
14

Cl
2
N

2
O

2

(325.19)
55.40
55.10

4.34
4.29

8.61
8.45

3f 6.5
Recrystallization 

(toluene)
77 181–182

C
16

H
16

Cl
2
N

2
O

2

(339.22)
55.40
55.50

4.34
4.44

8.61
8.98

3g 48 
Recrystallization 

(toluene) 
65 181–183 

C
20

H
19

ClN
2
O

4

(386.83)
62.10
61.83

4.95
4.97

7.24
7.20

3h 43
Recrystallization 

(toluene)
79 184–186

C
21

H
21

ClN
2
O

4

(400.86)
62.92
62.82

5.28
5.30

6.99
6.97

3i 2.3
Recrystallization 

(toluene)
90 135–137

C
16

H
17

NO
2

(255.31)
75.27
75.18

6.71
6.85

5.49
5.55

Note. CC, column chromatography; Mp., melting point; M
r
, relative molecular mass. 

Eluens: acyclohexane/ethyl-acetate 2:1; bchloroform/methanol 95:5.
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Table 2. Spectroscopic data and atom enumeration for compounds 3a–i.

Compound Structural formula IR (KBr/film) 
max

 (cm−1) 1H and 13C NMR (DMSO-d
6
)

3a

23
1

4 5
6

7
8

9
10

11
121314

15

N
H

O
O 2'

1'

3178, 2933, 870, 1659, 1512, 
464, 1042, 934,  
850

11.07 (s, 1H, 2), 7.20 (d, 2H, arom., J = 8.03), 7.08 (d, 2H, arom., 
J = 8.03), 3.75 (q, 2H, 1′, J = 7.03), 3.38 (q, 1H, 4, J = 7.05), 2.40 (d, 2H, 
12, J = 7.13), 1.87–1.73 (m, 1H, 13), 1.31 (d, 3H, 5, J = 7.04), 1.09 (t, 3H, 
2′, J = 7.03), 0.85 (d, 6H, 14, 15, J = 6.60)

170.78 (3), 139.87, 139.20 (6, 9), 129.27, 127.34 (7, 11, 8, 10),  
70.87 (1′), 44.68 (12), 42.20 (4), 30.08 (5), 22.62 (14, 15), 18.63 (13), 
13.84 (2′)

3b
2

3

1

2'
1'

16

17
6

7
8

9

10
11

12

13
14

15

5

4
O

O

H
N

O

3145, 2946, 880, 1673, 1654, 
582, 1488, 1251,  
226, 945, 694

11.10 (s, 1H, 2), 7.42–7.30 (m, 3H, arom.), 7.14 (t, 1H, arom., J = 7.36), 
7.07 (d, 1H, arom., J = 7.65), 7.01–6.96 (m, 3H, arom.), 6.86 (dd, 
1H, arom., J = 1.89, J = 6.14), 3.72 (q, 2H, 1′, J = 7.02), 3.41 (q, 1H, 4, 
J = 7.03), 1.31 (d, 3H, 5, J = 7.01), 1.08 (t, 3H, 2′, J = 7.02)

170.26 (3), 157.03, 156.99, 144.14 (6, 10, 12), 130.51, 130.33, 123.93, 
122.72, 119.08, 117.82, 117.27 (7–9, 11, 13–17), 70.91 (1′), 42.41 (4), 
18.50 (5), 13.83 (2′)

3c
2

3

1

2'
1'

16

17
6

7
8

9

10 11
12

13

14
15

5

4

O

H
N

O

O
18

3192, 2980, 936, 1660, 1597, 
448, 1319, 1284,  
042, 718, 643

11.17 (s, 1H, 2), 7.74–7.67 (m, 4H, arom.), 7.64–7.49 (m, 5H, arom.), 
3.75 (q, 2H, 1′, J = 7.02), 3.54 (q, 1H, 4, J = 7.02), 1.37 (d, 3H, 5, J = 7.04), 
1.11 (t, 3H, 2′, J = 7.03)

196.16 (12), 170.25 (3), 142.38, 137.48, 137.43 (6, 10, 13), 133.19, 
132.00, 130.06, 129.10, 129.05, 128.82, 128.73 (7–9, 11, 14–18), 70.97 
(1′), 42.43 (4), 18.59 (5), 13.83 (2′)

3d
2'

3'
4'

5'
6'

7'
2

3

1

1'

16

17
6

7
8

9

10 11
12

13

14
15

5

4

O

H
N O

O
18 3156, 2974, 876, 1662, 1642, 

596, 1448, 1270,  
024, 703

11.27 (s, 1H, 2), 7.75–7.49 (m, 10H, arom.), 7.31 (s, 5H, arom.), 4.73 
(s, 2H, 1′), 3.54 (q, 1H, 4, J = 7.08), 1.37 (d, 3H, 5, J = 6.99)

196.16 (12), 179.37 (3), 142.28, 137.48, 137.42, 136.26 (6, 10, 13, 2′), 
133.19, 132.03, 130.08, 129.41, 129.05, 128.92, 128.76, 128.71 (7–9, 
11, 14–18, 3′–7′), 77.08 (1′), 42.36 (4), 18.50 (5)

3e
1'2

3

1

Cl

Cl

H
N

4

5
6

7

8

9

10

11

12

13
14

15

16
17

N
H

O

O 3277, 3152, 979, 2866, 1644, 
592, 1510, 1452,  
280, 1064, 977, 949,  
772, 750 

11.44 (s, 1H, 2), 8.03 (s, 1H, 11), 7.44 (d, 2H, arom., J = 8.08), 7.10–7.07 
(m, 2H, arom.), 6.99–6.96 (m, 1H, arom.), 6.80–6.77 (m, 1H, arom.), 
6.22 (d, 1H, arom., J = 7.95), 3.54 (s, 3H, 1′), 3.37 (s, 2H, 4)

168.02 (3), 142.93, 137.03, 129.50, 124.48 (5, 10, 12, 13, 17), 130.38, 
129.17, 127.44, 124.19, 120.77, 116.01 (6–9, 14–16), 63.33 (1′),  
36.57 (4)

3f
1'2

3

1

Cl

Cl

H
N

4

5
6

7
8

9

10

11

12

13
14

15

16

17
N
H

O

O
2'

3298, 3152, 980, 2882, 1642, 
578, 1507, 1454,  
304, 1060, 975, 782,  
750

11.40 (s, 1H, 2), 8.12 (s, 1H, 11), 7.52 (d, 2H, arom., J = 8.08), 7.20–7.14 
(m, 2H, arom.), 7.08–7.03 (m, 1H, arom.), 6.89–6.84 (m, 1H, arom.), 
6.30 (d, 1H, arom., J = 7.88), 3.83 (q, 2H, 1′, J = 7.03), 3.46 (s, 2H, 4), 
1.14 (t, 3H, 2′, J = 7.03)

168.59 (3), 143.42, 137.53, 129.99, 125.12 (5, 10, 12, 13, 17), 130.83, 
129.67, 127.91, 125.68, 121.27, 116.50 (6–9, 14–16), 71.21 (1′), 36.93 
(4), 13.88 (2′)

3g

Cl

2
3

1

N

O

O

4

5
6

7

1''
2''

8
9

10
11

12

13 14
15 16

17

1819

N
H

O

O
1'

3222, 3093, 991, 2929, 1677, 
660, 1615, 1596,  
479, 1318, 1224, 072,  
849, 755

11.28 (s, 1H, 2), 7.70 (d, 2H, arom., J = 8.70), 7.65 (d, 2H, arom., 
J = 8.71), 7.12 (d, 1H, arom., J = 2.17), 6.93 (d, 1H, arom., J = 8.98), 
6.71 (dd, 1H, arom., J = 2.50, J = 6.50), 3.77 (s, 3H, 2″), 3.59 (s, 3H, 1′), 
3.40 (s, 2H, 4), 2.24 (s, 3H, 1″)

168.31 (3), 166.72 (13), 156.02, 138.08, 135.86, 134.65, 131.13, 130.71, 
113.75 (5, 6, 7, 10, 12, 14, 17), 131.64, 129.51, 115.04, 111.77, 102.22 
(8, 9, 11, 15, 16, 18, 19), 63.70 (1′), 55.91 (2″), 28.86 (4), 13.77 (1″)

3h
23

1

N

O

O Cl

4

5

6

7

1''
2''

8

9

10
11

12

13 14
15 16

17

18
19

N
H

O

O
1' 2'

3220, 3090, 988, 2933, 2889, 
678, 1659, 1614,  
595, 1479, 1316, 225,  
1071, 849, 755

11.17 (s, 1H, 2), 7.69 (d, 2H, arom., J = 8.71), 7.64 (d, 2H, arom., 
J = 8.39) 7.13 (d, 1H, arom., J = 2.17), 6.93 (d, 1H, arom., J = 8.98), 6.71 
(dd, 1H, arom., J = 2.48, J = 6.53), 3.80 (q, 2H, 1′, J = 7.05), 3.77 (s, 3H, 
2″), 3.41 (s, 2H, 4), 2.24 (s, 3H, 1″), 1.13 (t, 3H, 2′)
168.31 (3), 166.78 (13), 156.02, 138.07, 135.83, 134.66, 131.13, 130.72, 
113.90 (5, 6, 7, 10, 12, 14, 17), 131.64, 129.51, 115.04, 111.78, 102.20 
(8, 9, 11, 15, 16, 18, 19), 71.02 (1′), 55.91 (2″), 28.86 (4), 13.89 (2′), 
13.78 (1″)

3i
2

3

1
16

17
6

7

8
9

10
11

12
13

14

15

5

4

O

H
N

OH

18
3189, 3023, 904, 1632, 1533, 
486, 1072, 1029,  
723, 702

10.61 (s, 1H, 1), 8.77 (s, 1H, 2), 7.31–7.05 (m, 9H, arom.), 3.91 (s, 2H, 
12), 3.39 (q, 1H, 4, J = 7.057), 1.30 (d, 3H, 5, J = 7.019)

170.67 (3), 142.46, 141.64, 141.49 (6, 10, 13), 129.13, 128.88, 128.71, 
128.11, 127.47, 126.43, 125.43 (7–9, 11, 14–18), 42.54 (5), 41.62 (12), 
18.71 (4)
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 concentration used, probably due to their poor solubility 
in Müller–Hinton agar (precipitation of the product; data 
not shown). The ibuprofen and fenoprofen derivatives 4a 
and 4c showed a broad spectrum of antimicrobial activity 
against gram-positive and gram-negative bacterial species 
tested. Compounds 4e and 4h (diclofenac and indometh-
acin hydroxamic acids) showed noticeable bactericidal 
activity only against E. faecalis, while compound 3i showed 
 activity against S. aureus, E. coli, S. enterica subsp. enterica, 
and P. aeruginosa. O-ethyl NSAID-hydroxamic acids 3a–c 
were active against B. subtilis, while 3a showed noticeable 
 activity against K. rhizophila and P. aeruginosa. Only com-
pound 3c exhibited antifungal activity  against C. albicans.

The minimal inhibitory (MIC) and the minimal micro-
bicidal concentrations (MMcC) were determined by the 
 microdilution broth method (Table 4). Compound 4a 
showed the same MIC/MMcC value as 4c against B.  subtilis 
(0.116 and 0.232 mg mL−1, respectively) and S. enterica 
subsp. enterica species. On the other hand, 4a showed lower 
MIC/MMcC values against E. coli, while 4c was more active 
against S. aureus, E. faecalis, K. rhizophila, and P. aeruginosa. 
Product 3i showed only weak activity against S. aureus, while 
3a and 3b showed activity against K. rhizophila. In general, 
antimicrobial activity of the tested compounds was weak.

Antiurease activity
Antiurease activities of NSAID hydroxamic acids 3 and 4 
against jack bean urease were determined by the modi-
fied colorimetric timing method described by Van Slyke 
and Archibald31 and by Quan et al.32. Although there is a 
 significant difference in inhibition of H. pylori urease and 
jack bean urease12, jack bean urease was used in our research 
because H. pylori urease is rather difficult to obtain. The 
percentage of inhibition (%) for each sample was calculated 
according to the following equation:

Inhibition (%) [( - )/ ] 1000t t t

where t is a time interval (s) measured at each molar sam-
ple concentration, and t

0
 is a time interval (s) measured at 

zero molar sample concentration. The following IC
50

 values 
(concentration of the compound given in M required to 
inhibit urease activity by 50%) were obtained: 3i (193.8), 4a 
(97.4), 4c (43.2), 4e (37.4), and 4h (233.3), respectively. All 
other compounds were inactive. The results showed that 
only NSAID hydroxamic acids bearing a free hydroxy group 
inhibited urease activity. The highest inhibition was observed 
for diclofenac derivative 4e, while its N-methyl and O-alkyl 

Table 3. Antimicrobial activity of NSAID hydroxamic acid derivatives 3 and 4 determined by hole-plate diffusion method.

Compound

Bacterial species Yeast

B. subtilis 
 ATCC 6633

S. aureus  
ATCC 25923

E. faecalis  
ATCC 29212

K. rhizophila 
ATCC 9341

E. coli  
ATCC 10536

S. enterica  
subsp. enterica 

ATCC 13076
P. aeruginosa 
ATCC 27853

C. albicans 
ATCC 10231

3aa 13e NA NA 14 NA NA 9 NA

3ba 11 NA NA NA NA NA NA NA

3ca 18 NA NA NA NA NA NA 10

3ia NA 12 NA NA 9 10 10 NA

4aa 24 15 NA 10 15 17 15 NA

4ca 23 16 11 18 23 21 18 NA

4ea NA NA 13 NA NA NA NA NA

4ha NA NA 12 NA NA NA NA NA

OTCb 35 12 13 27 21 NA 17 ND

NFCc 25 NA 19 10 30 21 NA ND

NSTd ND ND ND ND ND ND ND 20

Note. OTC, oxytetracycline hydrochloride; NFC, norfloxacin; NST, nystatin; NA, no inhibition zone detected; ND, not determined. 
Concentrations: a29.6; b0.5; c0.4; d5 mg mL−1; einhibition zone of growth (mm).

Table 4. Minimal inhibitory (MIC) and minimal microbicidal concentrations (MMcC) of NSAID hydroxamic acid derivatives 3 and 4 determined by 
microdilution broth methoda.

Compound

Bacterial species Yeast

B. subtilis  
ATCC 6633

S. aureus  
ATCC 25923

E. faecalis  
ATCC 29212

K. rhizophila 
ATCC 9341

E. coli 
ATCC 10536

S. enterica  
subsp. enterica  

ATCC 13076
P. aeruginosa 
ATCC 27853

C. albicans 
ATCC 10231

3a NA ND ND 0.925 (1.850) ND ND NA NA

3b NA ND ND 3.700 (7.400) ND ND NA NA

3c NA ND ND ND ND ND NA NA

3i ND 1.850 (3.700) ND ND NA NA NA ND

4a 0.116 (0.232) 1.850 (3.700) ND NA 0.116 (0.232) 3.700 (7.400) 1.850 (3.700) ND

4c 0.116 (0.232) 0.232 (0.463) 0.925 (1.850) 0.925 (1.850) 0.232 (0.463) 3.700 (7.400) 0.463 (0.925) ND

4e ND ND NA ND ND ND ND ND

4h ND ND NA ND ND ND ND ND

Note. NA, no activity at concentrations up to 14.8 mg mL−1; ND, not determined. 

aMIC (MMcC)/mg mL−1.
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derivatives were inactive. Dose-dependent inhibition of jack 
bean urease is presented in Figure 2.

Antioxidant activity
The interaction of the examined compounds with the sta-
ble free radical DPPH was studied. Interaction with DPPH 
indicates radical scavenging ability in an iron-free system. In 
general, it seems that compounds interact with DPPH in a 
concentration dependent manner. Interactions were moni-
tored after 20 and 60 min at two concentrations of the com-
pound (0.05 and 0.1 mM). The results are presented in Table 
5. No significant changes are observed with time with the 
exception of analogs 3a, 3d, 3f, 3i, 4b, 4d. Perusal of percent-
age values at 0.05 mM shows that compounds 3b and 3i are 
very potent (77 and 58%). Compounds 3b and 3i are the most 
active in the 0.1 mM assay followed by 3d > 3a > 4g > 3h > 4b. 
No role for the lipophilicity of the whole molecules is defined. 
On the contrary, the lipophilic contribution  of substituents 
seems to be important. Thus, lower  values are correlated 

with higher reducing abilities at 0.1 mM, e.g. 3a (76% ) > 4b 
(63%) ( –CH

2
CH

3
 = 1.02,  –C

6
H

5
CH

2
 = 2.01), 3b (86%) > 4d 

(63%) ( –CH
2
CH

3
 = 1.02,  –C

6
H

5
CH

2
 = 2.01).

Inhibition of linoleic acid lipid peroxidation
 Azo compounds generating free radicals through spontane-
ous thermal decomposition are useful for free radical pro-
duction studies in vitro. The water soluble azo compound 
2,2′-azobis(2-amidinopropane) dihydrochloride (AAPH) has 
been extensively used as a clean and controllable source of 
thermally produced alkylperoxyl free radicals. In our studies 
AAPH was used as a free radical initiator to follow oxidative 
changes of linoleic acid to conjugated diene hydroperoxide. 
The results indicate that compounds 4i, 4g, 3h, and 3b are 
excellent inhibitors of lipid peroxidation (Table 5).

Soybean lipoxygenase inhibition
Compounds were further evaluated for inhibition of 
soybean lipoxygenase (LO) by the UV absorbance based 
enzyme assay36.   Lipoxygenases oxidize certain fatty acids 
at specific positions to hydroperoxides, precursors of leu-
kotrienes, which contain a conjugated triene structure. It 
is known that soybean lipoxygenase, which converts lino-
leic to 13-hydroperoxylinoleic acid, is inhibited by NSAIDs 
and the previously described NSAID hydroxamic acids 3e 
and 3g4 in a qualitatively similar way to that of the rat mast 
cell lipoxygenase, and may be used in a reliable screen 
for such activity. Perusal of percentage inhibition values 
or IC

50
 values shows that compound 3h is the most active 

(IC
50

 = 82 M) within the set, followed by compounds 4b 
and 4d (Table 5).

Most of the LO inhibitors are antioxidants or free radi-
cal scavengers, since lipoxygenation occurs via a carbon-
centered radical. Although lipophilicity is referred to as 
an important physicochemical property for LO inhibi-
tors37–39, all the above tested derivatives do not follow this 
concept with the exception of compound 4b, with a very 
high lipophilicity value (7.03). Our results indicate that 
lipophilicity of the molecules increases the biological 

Table 5. Interaction with DPPH, in vitro inhibition of soybean lipoxygenase (LO), lipid peroxidation (LP), and theoretically calculated Clog P values.

Compound Clog P DPPH 20 mina (%) DPPH 60 mina (%) DPPH 20 minb (%) DPPH 60 minb (%) LO IC
50

 (M) LP inhibitionb (%)

3a 3.79 8 30 76 63 400 4

3b 4.73 77 NAc 86 65 NAc 93

3c 2.88 32 25 26 31 190 54

3d 6.12 18 28 80 93 NAc 28

3f 4.83 32 35 34 55 310 32

3h 4.29 NA NA 68 45 82 96

3i 3.22 58 46 82 68 380 NAc

4b 7.03 21 44 63 63 96 71

4d 5.76 15 18 20 63 125 17

4g 8.07 11 34 76 75 250 96

4i 7.53 30 11 38 34 340 97

Caffeic acid ND ND ND ND ND 600 ND

NDGA ND 81 83 93 97 ND ND

Trolox ND ND ND ND ND ND 63

Note. NA, no activity; ND, not determined. 
Concentrations of tested compounds: a5 × 10−5 mol L−1; b1 × 10−4 mol L−1; cno activity at 1 × 10−4 mol L−1.
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Figure 2. Dose-dependent inhibition of jack bean urease by NSAID 
hydroxamic acid derivatives: 3i (▲), 4a (♦), 4c (■), 4e (*), 4h (•).
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response  substantially. For compounds 3h, 3c, 4b, and 4g 
the LO IC

50
 values  proceed in parallel to the percentage 

inhibitory values of lipid peroxidation. That means that 
their LO inhibitory activity is supported by lipid peroxida-
tion inhibition.

Conclusions

The NSAID hydroxamic acids prepared in this study showed 
significant biological activity. In general, antimicrobial 
activity of the tested compounds was weak. Only NSAID 
hydroxamic acids with free and O-ethyl substituted hydroxy 
groups possessed noticeable antimicrobial activity, but at 
rather high concentrations. The reducing abilities of the 
tested compounds and their ability to scavenge free radicals 
were determined using the stable radical DPPH at 0.05 and 
0.1 mM concentrations after 20–60 min. The results ranged 
from 8 to 77% and 20 to 93%, respectively. The highest activ-
ity was shown by compound 3b. Inhibitory activities against 
soybean lipoxygenase were measured as well. The in vitro 
tests at several concentrations showed that O-ethyl and 
O-benzyl hydroxamic acids were very potent inhibitors of 
soybean lipoxygenase and lipid peroxidation. These com-
pounds exerted much higher inhibition on lipoxygenase 
compared to caffeic acid, and better inhibitory activity of 
lipid peroxidation compared to trolox. These results indicate 
that their lipophilicity increased their biological response 
substantially. Based on these findings they could be consid-
ered as potential antioxidant/anti-inflammatory drugs.
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