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Abstract: Background: Sulphamethoxazole-based Schiff-base compounds display poten-
tial antibacterial and antifungal activity. Sulphamethoxazole is considered to be a versatile
pharmacophore that can be utilized for designing and developing numerous bioactive lead
compounds. In this work, some new sulphamethoxazole-based Schiff base compounds were
synthesized, which are expected to possess antimicrobial activity, making them potentially
useful for treating microbial infections.

Objective: Concerning issues of drug resistance in presently available drugs, this study
aimed to synthesize new sulphamethoxazole-based Schiff bases and evaluate their antimi-
crobial activity.

Methods: New sulphamethoxazole-based Schiff bases were synthesized by condensing sul-
phamethoxazole with various acetophenones in methanol in the presence of glacial acetic
acid. The synthesized compounds were characterized using various techniques, such as
TLC, melting point, IR, NMR, and mass analysis. The computational properties of the com-
pounds were also assessed using online software programs, and the similarity of the target
compounds was also calculated as compared to sulphamethoxazole and clotrimazole. The
antimicrobial activity of the target compounds was tested against Bacillus subtilis (Gram-
positive), Escherichia coli (Gram-negative), and Candida albicans.

Results: The target compounds (3a-f) were successfully synthesized and characterized by
spectroscopic and analytical methods. The results of computational properties, similarity,
and antimicrobial activity against B. subtilis, E. coli, and C. albicans of new sulphamethox-
azole-based Schiff bases showed significant antimicrobial potential.

Conclusion: The synthesized new Schiff bases, particularly compound 3c, exhibited prom-
ising antimicrobial activity and good physicochemical properties as compared to standard

drugs, indicating their potential for further development as antimicrobial agents.

Keywords: Schiff base, sulphamethoxazole, acetophenones, computational studies, biological evaluation, antimicrobial activity.

1. INTRODUCTION

A Schiff base is a type of imine with the general structure
R2C=NR’, which can be either a secondary aldehyde or a sec-
ondary ketamine, depending on its structure. It is formed
through the reaction between a primary amine and a carbonyl
compound and was initially reported by Hugo Schiff [1, 2].
Various strategies have been utilized in the synthesis of Schiff
base derivatives. The conventional method involves condens-
ing carbonyl derivatives and primary amines in methanol and
glacial acetic acid medium [3, 4]. Due to their versatile chem-
ical nature [5, 6], Schiff bases have gained attention in the de-
velopment of bioactive lead compounds with various ranges
of biological activities, including anti-inflammatory, analge-
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sic, antioxidant, anti-microbial, anticonvulsant, antituberculo-
sis, anticancer, and antidepressant activities [7-37]. In this
study, we present the synthesis of computational studies of
new sulphamethoxazole-based Schiff bases with the aim of
evaluating their antimicrobial potential as therapeutic agents.

2. MATERIALS AND METHODS

2.1. Chemistry

Sulphamethoxazole was purchased from Sigma, and other
chemicals, including acetophenone, 4-methoxyacetophenone,
4-chlroracetophenone, 4-bromoacetophenone, 3-nitroaceto-
phenone, and 4-hydroxyacetophenone, were purchased from
CDH. All chemicals were of analytical grade and purified
prior to their use in the experiment. The melting points of the
prepared derivatives were determined using the open capillary

© XXXX Bentham Science Publishers 1



Anti-Infective Agents, XXXX, Vol. XX, No. XX

method and were uncorrected. IR spectra of the prepared deriv-
atives were recorded on KBr discs using a Perkin Elmer RX1
spectrometer. The 1H-NMR spectra were recorded on a Bruker
Advance Neo spectrophotometer at 500 MHz in DMSO (dime-
thyl sulfoxide) as the solvent, with TMS (tetramethyl silane)
serving as the internal standard. The chemical shift values are
reported in ppm (8). The progress of the reactions was moni-
tored using thin-layer chromatography (TLC) on silica gel G,
and the spots were visualized using an iodine chamber. The tar-
get compounds underwent recrystallization, followed by dry-
ing, and were subsequently stored under a vacuum desiccator.
The successful synthesis and structural characterization of the
compounds were confirmed through melting point, TLC, IR,
1H-NMR, and mass spectrometry methods.

2.1.1. General procedure for the synthesis of Schiff bases
(3a-f)

Equimolar amounts of sulphamethoxazole (1) (0.01mol)
and appropriate acetophenone (2) (0.01 mol) were dissolved
in 50 ml of methanol, and a few drops of glacial acetic acid
were added in a 250 ml round bottom flask. The mixture was
then refluxed for approximately 6 hrs. The resulting mixture
was filtered, and the solvent was evaporated under reduced
pressure. The resulting solid was washed with cold water, and
the crude product was purified by recrystallization [38] from
ethanol to yield the target compounds (3a-f) (Scheme 1).

2.1.1.1. Synthesis of N-(5-methylisoxazol-3-yl)-4-((1-phe-
nylethylidene) amino) benzene sulfonamide (3a)

IR (KBr)em: 3410 (N-H Str), 3060 (C-H Str Ar), 2927
(C-H str Ali), 1632 (C=C Str Ar), 1308 (C=N Str), 1143 (C-
N Str).'H-NMR (500MHz, DMSO) 5: 10.97 (s, 1H, NH), 7.93
(d, 2H, J=8.85 Hz), 7.56 (d, 2H, J= 8.8 Hz), 7.01 (d, 2H, J=
8.85 Hz), 6.66 (t, 1H, J= 8.75 Hz), 6.64 (t, 1H, J= 8.75 Hz),
6.14 (t, 1H, J= 8.75 Hz),6.04 (s, 1H, CH isoxazole), 2.50 (s,
3H. CHj3), 2.27 (s, 3H, CHzisoxazole). MS (TOF MS ES*):
m/z: 355.29. Yield: 65.63% M.P: 145-148°C, Ry 0.64 (n-
Hexane: Ethyl acetate; 2:1).

2.1.1.2. Synthesis of 4-((1-(4-methoxyphenyl) ethylidene)
amino)-N-(5-methylisoxazol-3-yl) benzenesulfonamide (3b)

IR (KBr) cmt: 3430 (N-H Str), 3055 (C-H Str Ar), 2930
(C-H Sstr Ali), 1634 (C=C Str Ar), 1308 (C=N Str), 1143 (C-
N Str). IH-NMR (500MHz, DMSO0) &: 10.93 (1H, NH), 7.51
(d, 2H, J=8.85 Hz), 7.50 (d, 2H, J= 8.8 Hz), 7.49 (d, 2H, J=
8.85 Hz), 6.62 (t, 1H, J= 8.75 Hz), 6.61 (t, 1H, J= 8.75
Hz),6.06 (1H, CH isoxazole), 2.51 (s. 3H. OCH-). 2.50 (3H,
CHs), 2.28 (3H, CHaisoxazole). MS (TOF MS ES*): m/z:
385.32. Yield: 50.38% M.P: 144-146°C, Ry: 0.87 (n-Hexane:
Ethyl acetate; 2:1).

2.1.1.3. Synthesis of 4-((1-(4-chlorophenyl) ethylidene)
amino)-N-(5-methylisoxazol-3-yl) benzenesulfonamide (3c)

IR (KBr)em™: 3431 (N-H Str), 3060 (C-H Str Ar), 2900 (C-
H Str Ali), 1635 (C=C Str Ar), 1308 (C=N Str), 1145 (C-N Str).
'H-NMR (500MHz, DMSO) §: 10.96 (1H, NH), 7.54 (d, 2H,
J=8.85 Hz), 7.52 (d, 2H, J= 8.8 Hz), 6.65 (d, 2H, J= 8.85 Hz),
6.63 (t, 1H, J=8.75 Hz), 6.13 (t, 1H, J=8.75 Hz),6.05 (1H, CH
isoxazole). 2.50 (3H, CHz3), 2.27 (3H, CHaisoxazole). MS (TOF
MS ES*): m/z: 389.74.Yield: 65.55% M.P: 135-138°C, Ry: 0.72
(n-Hexane: Ethyl acetate; 2:1).
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2.1.1.4. Synthesis of 4-((1-(4-bromophenyl) ethylidene)
amino)-N-(5-methylisoxazol-3-yl) benzenesulfonamide (3d)

IR (KBr)em™: 3410 (N-H Str), 3060 (C-H Str Ar), 2925
(C-H Str Ali), 1631 (C=C Str Ar), 1308 (C=N Str), 1143 (C-
N Str). *H-NMR (500MHz, DMSO) &: 10.74 (1H, NH),7.83
(d, 2H, J=8.85 Hz), 7.66 (d, 2H, J= 8.8 Hz), 7.57 (d, 2H, J=
8.85 Hz), 6.67 (t, 1H, J= 8.75 Hz), 6.13 (t, 1H, J= 8.75
Hz),6.05 (1H, CH isoxazole). 2.50 (3H. CHj3), 2.26 (3H,
CHaisoxazole). MS (TOF MS ES*): m/z: 434.19. Yield:
90.16% M.P: 125-128°C, R+ 0.82 (n-Hexane: Ethyl acetate;
2:1).

2.1.1.5. Synthesis of 4-((1-(3-nitrophenyl) ethylidene)
amino)-N-(5-methylisoxazol-3-yl) benzenesulfonamide (3¢e)

IR (KBr)em™: 3462 (N-H Str), 3064 (C-H Str Ar), 2928
(C-H str Alli), 1633 (C=C Str Ar), 1437 (N-O Str), 1308 (C=N
Str), 1143 (C-N Str). 'H-NMR (500MHz, DMSO) &: 10.93
(1H, NH), 8.57 (d, 2H, J=8.85 Hz), 8.39 (d, 2H, J= 8.8 Hz),
8.37 (d, 2H, J=8.85 Hz), 6.63 (t, 1H, J=8.75 Hz), 6.11 (t, 1H,
J=8.75 Hz),6.03 (1H. CH isoxazole). 2.50 (3H, CHg3), 2.27
(3H, CHsisoxazole). MS (TOF MS ES*): m/z: 400.29. Yield:
80.0% M.P: 90-93°C, Ry: 0.80 (n-Hexane: Ethyl acetate; 2:1).

2.1.1.6. Synthesis of 4-((1-(4-hydroxyphenyl) ethylidene)
amino)-N-(5-methylisoxazol-3-yl) benzenesulfonamide (3f)

IR (KBr) cmt: 3461 (N-H Str), 3060 (C-H Str Ar), 2915 (C-
H Str Ali), 1634 (C=C Str Ar), 1308 (C=N Str), 1159 (C-N Str).
IH-NMR (500MHz, DMSO) &: 10.93 (1H, NH), 7.84 (d, 2H,
J=8.85 Hz), 7.58 (d, 2H, J= 8.8 Hz), 6.89 (d, 2H, J= 8.85 Hz),
6.68 (t, 1H, J= 8.75 Hz), 6.66 (t, 1H, J= 8.75 Hz), 6.14 (s, 1H,
OH), 6.02 (1H. CH isoxazole). 2.50 (3H, CHs), 2.25 (3H,
CHiaisoxazole). MS (TOF MS ES*): m/z: 371.39. Yield: 92.0%
M.P: 92-95°C, R¢: 0.75 (n-Hexane: Ethyl acetate; 2:1).

2.2. Computational Studies

The physicochemical properties (MW, MR, CAA, CMA,
CSEV, Ovality, LogP, number of rotatable bonds, H-bonds, Gl
absorption, synthetic accessibility, Abbott bioavailability score,
Lipinski filter) of the target compounds (3a-f) and standard
drugs (Sulphamethoxazole and Clotrimazole) were calculated
using Chem 3D Ultra version 12.0 and SwissADME free soft-
ware programs. The comparison of physicochemical character-
istics was made, and the similarity of target compounds was
measured with respect to standard drugs [39-51].

2.3. Antimicrobial Activity of Schiff Bases

The in vitro antimicrobial activity of the target compounds
was tested against the bacterial and fungal species, Bacillus
subtilis, Escherichia coli, and Candida albicans by agar disc
diffusion method. Sulphamethoxazole and clotrimazole were
used as standards for antibacterial and antifungal agents. The
standard samples for antimicrobial activity were used at 100
pg/ml concentration in DMSO. The test organisms were grown
on nutrient agar medium in petri plates. The discs were placed
on the previously seeded plates and incubated at 37°C. The di-
ameter of the inhibition zone around each disc was measured
after 24 h for bacterial and 72 h for fungal species. Antimicro-
bial activity was determined by measuring the diameter of the
zone showing complete inhibition (mm) [52-61].
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Scheme 1. Synthesis of target compounds (3a-f).
2.3.1. Statistical Analysis

The obtained values of antimicrobial activity were ex-
pressed as mean * standard deviation. Statistical analysis was
carried out by one-way ANOVA; a value of P <0.05 was con-
sidered statistically significant.

3. RESULTS AND DISCUSSION

3.1. Synthesis of Schiff bases (3a-f)

The synthesis of Schiff bases with specific acetophenones
in methanol as a solvent and catalyst (glacial acetic acid) re-
sulted in six new sulphamethoxazole-based target compounds
(3a-f) (Scheme 1). Target compounds were characterized by
spectroscopic methods. The FTIR spectra of target compounds
showed that the band of C=N at 1308 and the band of NH ap-
peared in the prepared target compounds with different shifting

(3f)

2

from 3410 to 3462 cm™. The *H-NMR spectrum of the target
compounds showed the following characteristic chemical
shifts: the singlet signal in between & = 2.25-2.28 ppm sug-
gested the attribution of the protons of the CHz group, the sin-
glet signal at 3 = 6.02-6.06 ppm suggested the attribution of the
proton of CH of the isoxazole ring, the signal at 3 =8.57t0 6.11
ppm suggested the attribution of the protons of two aromatic
benzene rings, and the singlet signal at & = 10.97 to 10.74 ppm
suggested the attribution of the proton of the NH group. The
mass spectra of target compounds showed the molecular ion
peaks corresponding to the respective molecular masses.

3.2 Computational studies

3.2.1. Calculation of physicochemical properties

The physicochemical properties of target compounds were
calculated and are given in Tables 1 and 2.
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Table 1. Physicochemical properties of target compounds (3a-f).

Kumar and Haider

Cpd. Code MW?2 MRP CAA° CMAY CSEV*® ovf Log P¢

3a 355.41 97.63 594.54 308.65 262.60 1.5563 3.10

3b 385.44 104.88 641.30 334.96 285.74 1.5966 2.97

3c 389.86 102.24 631.59 397.99 281.21 1.5801 3.66

3d 434.31 105.32 627.73 328.85 282.71 1.5786 3.93

3e 400.41 105.91 638.63 335.62 291.86 1.5773 2.37

3f 371.41 99.45 562.88 299.19 261.13 15143 271
Clotrimazole 344.84 102.07 540.04 284.91 270.20 1.4096 5.19
Sulphamethox- 253.28 64.83 446.49 219.81 181.31 1.4189 0.86

azole

Abbreviations: MW? = Molecular Weight, MR® = Molar Refractivity, CAA® = Connolly Accessible Area, CMA = Connolly Molecular Area, CSEV® = Connolly
Solvent Excluded VVolume, Ovf = Ovality, Log P? = Log of the partition coefficient.

Table 2. Physicochemical properties of target compounds (3a-f).

Cpd. Number of Number of H- Number of H- . Synthetic . AbPOtt_ . RV
Rotatable Gl Absorption . Bioavailability Lipinski Filter
Code bond Acceptors bond Donors Accessibility
Bonds Score
3a 5 5 1 High 3.31 0.55 Yes; 0 violation
3b 6 6 1 High 3.33 0.55 Yes; 0 violation
3c 5 5 1 High 3.29 0.55 Yes; 0 violation
3d 5 5 1 High 3.33 0.55 Yes; 0 violation
3e 6 7 1 Low 3.46 0.55 Yes; 0 violation
3f 5 6 2 High 3.26 0.55 Yes; 0 violation
. . Yes; 1 violation:
cl 4 1 0 High 2.25 0.55 MLOGP>4 15
Sul* 3 4 2 High 2.73 0.55 Yes; 0 violation

Abbreviations: CI*; Clotrimazole: Sul*; Sulphamethoxazole.

Target compounds (3a-f) demonstrated lipophilicity in be-
tween ranges of standard drugs, indicating their ability to pen-
etrate the lipophilic cell membrane. Molecular size is a signif-
icant factor in determining both the physicochemical and bio-
logical properties of compounds, as they are often size-de-
pendent. Various methods can be employed to measure mo-
lecular size, such as calculating molecular weight from the
molecular formula or counting the number of atoms in the
molecule. The permeability of compounds is usually influ-
enced by their molecular size. Most drugs commercially avail-
able have molecular weights ranging from 200 to 600 Daltons.
The molecular weight of the target compounds falls within the
range of the standard drugs. Molar refractivity (MR) is a size
descriptor that is related to the molecular weight and polariza-
bility of molecules. Molar refractivity is calculated as the ratio
of the liquid density and is also influenced by the refractive
index of the liquid. In this study, we used molar refractivity as
a physicochemical property to evaluate the target compounds
and standard drugs, which can provide valuable information
for drug design and optimization [62]. Ovality, which
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measures the ratio of the surface area of a molecule to the sur-
face area of a sphere with the same volume, was calculated as
a size descriptor. The results showed that the ovality values of
the target compounds were within the range observed for the
standard drugs. The physicochemical properties of the test
compounds, including CAA, CMA, CSEV, number of rotata-
ble bonds, number of hydrogen bond acceptors, number of hy-
drogen bond donors, Gl absorption, Synthetic Accessibility
(SA) score, Abbott bioavailability, and Lipinski rule of five
criteria, were evaluated and compared to those of standard
drugs [63-75]. The values obtained for these descriptors were
found to be within the range observed for the standard drugs.

3.2.2. Similarity Calculation

A comparison of physicochemical characteristics was
made, and the similarity of target compounds (3a-f) with re-
spect to standard drugs was calculated using six physicochem-
ical properties. Firstly, the distance (di) of a particular target
compound (j) to the drug molecule, e.g., sulphamethoxazole
and clotrimazole, was calculated by the following formula:
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[1-Xi’jj
di? = i X sta

=1 n

Where Xi.j represents the value of molecular parameter ‘i’
for compound ‘j°, and Xi,std is the value of the same molecu-
lar parameter for the standard drugs, e.g., sulphamethoxazole
and clotrimazole. Then, the similarity between compound j’
and the standard drug was calculated using the following
equation:

Similarity (%) = (1 - R) x 100, where R = \d?, representing
the quadratic mean (root mean square) and indicating a meas-
ure of central tendency. Among the compounds analyzed, (3a)
and (3f) showed the highest structural similarity to both sul-
phamethoxazole and clotrimazole, as detailed in Table 3.

Table 3. Similarity of the target compounds (3a-f) with respect
to the standard drugs.

Cpd.Code Similarity*(in%) to | Similarity**(in%) to
Sulphamethoxazole Clotrimazole
3a 61.70 92.84
3b 51.07 87.56
3c 46.09 81.27
3d 48.31 85.58
3e 49.00 85.00
3f 60.86 94.81

Note: a (1 - R) - 100, where R= quadratic mean (root mean square mean).
bCalcd. from physicochemical properties: molecular weight; molar refractiv-
ity, Connolly solvent accessible surface area; Connolly molecular surface
area; Connolly solvent excluded volume; ovality.

3.3. Antimicrobial Activity for Target Compounds (3a-f)

The antimicrobial activity of the target compounds (3a-f)
against Bacillus subtilis, Escherichia coli, and Candida albi-
cans was compared to standard drugs sulphamethoxazole and
clotrimazole. The results of antimicrobial activity are given in
Table 4.

Table 4. The Antimicrobial Activity of target compounds (3a-f).

Zone of Inhibition | Zone of Inhibi- Zb?tr:cen?f(rlnnn?;
Cpd.Code | (mm) Agz'ii.nst B. tif)n (mm) . Against
Subtilis Against E. Coli C. Albicans
3a 20 £0.00 21+0.03 20+0.01
3b 21 £0.04 22+0.05 20+0.02
3c 23+0.04 25+0.02 22+0.64
3d 22+0.08 24+0.01 21+0.04
3e 21+0.05 22+0.08 19+0.04
3f 19+0.03 20+0.04 18+0.08

Anti-Infective Agents, XXXX, Vol. XX, No. XX

Sulpha-
methoxa-
zole

26+0.00 29+0.00 -

Clotrima-
zole

The compound with a 4-chloro (3c) exhibited the highest
activity against all tested microorganisms, with inhibition
zones measuring 23 mm for B. subtilis and 25 mm for E. coli,
as compared to 26 and 29 mm of sulphamethoxazole, respec-
tively. A 22 mm zone of inhibition was observed for C. albi-
cans compared to 24 mm of clotrimazole. However, other
compounds, such as 3a, 3b, 3d, 3e, and 3f, demonstrated mod-
erate antimicrobial activity as compared with standard drugs.
The antimicrobial results revealed that the synthesized target
compounds exerted a stronger inhibitory effect on these mi-
croorganisms compared to standard drugs, which may be due
to the presence of imine or azomethine group of Schiff base
containing the basic skeleton of sulphamethoxazole in their
structure. Additionally, the extent of inhibition varied depend-
ing on the specific substitution within the Schiff bases.

24+0.02

CONCLUSION

In the present work, we synthesized six new sulphameth-
oxazole-based Schiff bases together with their predictions of
computational properties and antimicrobial activity. The
structures of the target compounds (3a-f) were determined us-
ing spectroscopic techniques (FTIR, *H NMR, and Mass spec-
tra). The physicochemical properties of the target compounds
were found to be as good as standard drugs and significantly
obeyed Lipinski's rule of 5. The target compounds showed
good similarity (46.09 - 94.81%) with respect to standard
drugs. The target compounds were evaluated for antimicrobial
activity against B. subtilis, E. coli, and Candida albicans. The
results of the study revealed that Schiff bases with a 4-chloro
group (3c) demonstrated the highest antibacterial potency
against B. subtilis, E. coli, and C. albicans due to the presence
of an electron-withdrawing group, indicating their potential
for further development as antimicrobial agents.

AUTHORS’ CONTRIBUTION

It is hereby acknowledged that all authors have accepted
responsibility for the manuscript's content and consented to its
submission. They have meticulously reviewed all results and
unanimously approved the final version of the manuscript.

ETHICS APPROVAL AND CONSENT TO PARTICI-
PATE

Not applicable.

HUMAN AND ANIMAL RIGHTS

This research did not involve any human or animal sub-
jects.

CONSENT FOR PUBLICATION
Not applicable.



Anti-Infective Agents, XXXX, Vol. XX, No. XX

AVAILABILITY OF DATA AND MATERIALS

The data supporting the findings of the article are available

within the article.

FUNDING

None.

CONFLICT OF INTEREST

The authors declared no conflict of interest, financial or

otherwise.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

(1]

[2

(3]

(4]

(5]
(6]

[7]

(8]

(]

[10]

[11]

[12]

[13]

Schiff, H. Mittheilungen aus dem Universitatslaboratorium in Pisa:
eine neue Reihe organischer Basen. Justus Liebigs Ann. Chem.,
1864, 131(1), 118-119.

http://dx.doi.org/10.1002/jlac.18641310113

Tidwell, T.T. Hugo (Ugo) Schiff, Schiff bases, and a century of -
lactam synthesis. Angew. Chem. Int. Ed., 2008, 47(6), 1016-1020.
http://dx.doi.org/10.1002/anie.200702965 PMID: 18022986

Edebi, N.V.; Samuel, J.B.; Oyeintonbara, M.; Uchechi, P.C;
Chibuzor, E.E.; Cyril, O.U. Synthesis and Anti-Microbial Evalua-
tion of Some Schiff Base Derivatives. Pharmacy and Drug Devel-
opment, 2024, 3(2), 1-8.

Shorouk, S.M.; Ashraf, S.H.; Nesrin, M.M.; Taghrid, S.H.; Hamdi,
M.H.; Fatma, M.S. Overview on Synthesis, Reactions, Applications,
and Biological Activities of Schiff Bases. Egypt. J. Chem., 2021,
64(11), 6541-6554.

Kajal, A.; Bala, S.; Kamboj, S.; Sharma, N. Schiff bases: a versatile
pharmacophore. J. Catal., 2013, 2013, 1-14.

Raczuk, E.; Dmochowska, B.; Samaszko-Fiertek, J.; Madaj, J. Dif-
ferent Schiff Bases—Structure, Importance and Classification. Mol-
ecules, 2022, 27(3), 787.
http://dx.doi.org/10.3390/molecules27030787 PMID: 35164049
Pradeep, S.D.; Gopalakrishnan, A.K.; Manoharan, D.K.; Soumya,
R.S.; Gopalan, R.K.; Mohanan, P.V. Isatin derived novel Schiff ba-
ses: An efficient pharmacophore for versatile biological applica-
tions. J. Mol. Struct., 2023, 1271, 134121.
http://dx.doi.org/10.1016/j.molstruc.2022.134121

Abdellatif, K.R.A.; Elsaady, M.T.; Abdel-Aziz, S.A.; Abu Sabah,
AH.A.; Ahmed, A. Synthesis, anti-inflammatory and molecular
docking study of Schiff bases containing methanesulphonyl pharma-
cophore. Lett. Drug Des. Discov., 2017, 14(8), 930-937.
http://dx.doi.org/10.2174/1570180814666161214163759

Sahoo, B.; Dinda, S.; Kumar, B.V.V.; Panda, J.; Brahmkshatriya, P.
Design, green synthesis, and anti-inflammatory activity of Schiff
base of 1,3,4-oxadiazole analogues. Lett. Drug Des. Discov., 2013,
11(1), 82-89.

http://dx.doi.org/10.2174/15701808113109990041

Hamid, S.J.; Salih, T. Design, synthesis, and anti-inflammatory ac-
tivity of some coumarin Schiff base derivatives: in silico and in vitro
study. Drug Des. Devel. Ther., 2022, 16, 2275-2288.
http://dx.doi.org/10.2147/DDDT.S364746 PMID: 35860526

Afridi, H.H.; Shoaib, M.; Al-Joufi, F.A.; Shah, S.W.A.; Hussain, H.;
Ullah, A.; Zahoor, M.; Mughal, E.U. Synthesis and investigation of
the analgesic potential of enantiomerically pure Schiff bases: a
mechanistic approach. Molecules, 2022, 27(16), 5206.
http://dx.doi.org/10.3390/molecules27165206 PMID: 36014445
Chinnasamy, R.; Sundararajan, R.; Govindaraj, S. Synthesis, char-
acterization, and analgesic activity of novel schiff base of isatin de-
rivatives. J. Adv. Pharm. Technol. Res., 2010, 1(3), 342-347.
http://dx.doi.org/10.4103/0110-5558.72428 PMID: 22247869
Sondhi, S.M.; Singh, N.; Kumar, A.; Lozach, O.; Meijer, L. Synthe-
sis, anti-inflammatory, analgesic and kinase (CDK-1, CDK-5 and
GSK-3) inhibition activity evaluation of benzimidazole/benzoxazole

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Kumar and Haider

derivatives and some Schiff’s bases. Bioorg. Med. Chem., 2006,
14(11), 3758-3765.

http://dx.doi.org/10.1016/j.bmc.2006.01.054 PMID: 16480879
Santos, J.; Lima, R.; Pereira, T.; Carmo, A.; Raposo, N.; Silva, A.
Antioxidant activity of thio-Schiff bases. Lett. Drug Des. Discov.,
2013, 10(7), 557-560.
http://dx.doi.org/10.2174/1570180811310070002

Bayrak, H.; Fahim, A.M.; Yaylaci Karahalil, F.; Azafad, I.; Boyraci,
G.M.; Taflan, E. Synthesis, antioxidant activity, docking simulation,
and computational investigation of novel heterocyclic compounds
and Schiff bases from picric acid. J. Mol. Struct., 2023, 1281,
135184.

http://dx.doi.org/10.1016/j.molstruc.2023.135184

Alipour Noghabi, S.; Ghamari kargar, P.; Bagherzade, G.; Beyzaei,
H. Comparative study of antioxidant and antimicrobial activity of
berberine-derived Schiff bases, nitro-berberine and amino-berber-
ine. Heliyon, 2023, 9(12), e22783.
http://dx.doi.org/10.1016/j.heliyon.2023.e22783 PMID: 38058428
Mumtaz, A.; Zahoor, F.; Zaib, S.; Nawaz, M.; Saeed, A.; Waseem,
A.; Khan, A.; Hussain, I.; Igbal, J. Synthesis, characterization and
biological activities of creatinine amides and creatinine Schiff bases.
Med. Chem., 2017, 13(2), 196-203.
http://dx.doi.org/10.2174/1573406412666160805100313 PMID:
27494039

Rudrapal, M.; De, B.; Devanna, N. Synthesis and antimicrobial ac-
tivity of some novel Schiff bases of 4-methyl-2-thiazolamine. Anti-
infect. Agents, 2012, 10(1), 72-74.

Asiri, AM.; Khan, S.A. Synthesis and anti-bacterial activities of
some novel Schiff bases derived from aminophenazone. Molecules,
2010, 15(10), 6850-6858.
http://dx.doi.org/10.3390/molecules15106850 PMID: 20938399
Matar, S.A.; Talib, W.H.; Mustafa, M.S.; Mubarak, M.S.; AlDamen,
M.A. Synthesis, characterization, and antimicrobial activity of
Schiff bases derived from benzaldehydes and 3,3’-diaminodipropyl-
amine. Arab. J. Chem., 2015, 8(6), 850-857.
http://dx.doi.org/10.1016/j.arabjc.2012.12.039

Kumar, S.; Kumar, P.; Sati, N. Synthesis and biological evaluation
of Schiff bases and azetidinones of 1-naphthol. J. Pharm. Bioallied
Sci., 2012, 4(3), 246-249.
http://dx.doi.org/10.4103/0975-7406.99066 PMID: 22923968
Sridhar, S.K.; Saravanan, M.; Ramesh, A. Synthesis and antibacte-
rial screening of hydrazones, Schiff and Mannich bases of isatin de-
rivatives. Eur. J. Med. Chem., 2001, 36(7-8), 615-625.
http://dx.doi.org/10.1016/S0223-5234(01)01255-7 PMID:
11600231

Haj Mohammad Ebrahim Tehrani, K.; Hashemi, M.; Hassan, M;
Kobarfard, F.; Mohebbi, S. Synthesis and antibacterial activity of
Schiff bases of 5-substituted isatins. Chin. Chem. Lett., 2016, 27(2),
221-225.

http://dx.doi.org/10.1016/j.cclet.2015.10.027

Zhu, J.; Teng, G.; Li, D.; Hou, R.; Xia, Y. Synthesis and antibacterial
activity of novel Schiff bases of thiosemicarbazone derivatives with
adamantane moiety. Med. Chem. Res., 2021, 30(8), 1534-1540.
http://dx.doi.org/10.1007/s00044-021-02759-w

Fonkui, T.Y.; Ikhile, M.1.; Njobeh, P.B.; Ndinteh, D.T. Benzimidaz-
ole Schiff base derivatives: synthesis, characterization and antimi-
crobial activity. BMC Chem., 2019, 13(1), 127.
http://dx.doi.org/10.1186/s13065-019-0642-3 PMID: 31728454
Swathy, S.S.; Selwin Joseyphus, R.; Nisha, V.P.; Subhadrambika,
N.; Mohanan, K. Synthesis, spectroscopic investigation and antimi-
crobial activities of some transition metal complexes of a [(2-hy-
droxyacetophenone)-3-isatin]-bishydrazone. Arab. J. Chem., 2016,
9, S1847-51857.

http://dx.doi.org/10.1016/j.arabjc.2012.05.004

Pandey, A.; Rajavel, R.; Chandraker, S.; Dash, D. Synthesis of
Schiff bases of 2- amino-5-aryl-1, 3, 4-thiadiazole and its analgesic,
anti-inflammatory, anti-bacterial and antitubercular activity. E-J.
Chem., 2012, 9(4), 2524-2531.
http://dx.doi.org/10.1155/2012/145028

Lemilemu, F.; Bitew, M.; Demissie, T.B.; Eswaramoorthy, R.; En-
dale, M. Synthesis, antibacterial and antioxidant activities of Thia-
zole-based Schiff base derivatives: a combined experimental and
computational study. BMC Chem., 2021, 15(1), 67.



Synthesis, Computational Studies

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

http://dx.doi.org/10.1186/s13065-021-00791-w PMID: 34949213
Rajendran, S.P.; Karvembu, R. Synthesis and antifungal activities of
Schiff bases derived from 3-amino-2H-pyrano [2, 3-b] quinolin-2-
ones. Indian J. Chem., 2002, 41B, 222-224.

Hassanzadeh, F.; Nasab, R.R.; Mansourian, M. Synthesis, antimicro-
bial evaluation and docking studies of some novel quinazolinone
Schiff base derivatives. Res. Pharm. Sci., 2018, 13(3), 213-221.
http://dx.doi.org/10.4103/1735-5362.228942 PMID: 29853931
Verma, M.; Pandeya, S.N.; Singh, K.N.; Stables, J.P. Anticonvulsant
activity of Schiff bases of isatin derivatives. Acta Pharm., 2004,
54(1), 49-56.

PMID: 15050044

Bhat, M.A.; Al-Omar, M.A. Synthesis, characterization and in vivo
anticonvulsant and neurotoxicity screening of Schiff bases of
phthalimide. Acta Pol. Pharm., 2011, 68(3), 375-380.

PMID: 21648191

Aboul-Fadl, T.; Mohammed, F.A.H.; Hassan, E.A.S. Synthesis, an-
titubercular activity and pharmacokinetic studies of some schiff ba-
ses derived from 1- alkylisatin and isonicotinic acid hydrazide (inh).
Arch. Pharm. Res., 2003, 26(10), 778-784.
http://dx.doi.org/10.1007/BF02980020 PMID: 14609123

Saeed, A.M.; AlNeyadi, S.S.; Abdou, .M. Anticancer activity of
novel Schiff bases and azo dyes derived from 3-amino-4-hydroxy-
2H-pyrano[3,2-c]quinoline-2,5(6H)-dione. Heterocycl. Commun.,
2020, 26(1), 192-205.

http://dx.doi.org/10.1515/hc-2020-0116

Husain, A.; Varshney, M.M.; Parcha, V.; Ahmad, A.; Khan, S.A.
Nalidixic acid Schiff bases: Synthesis and biological Evaluation.
Lett. Drug Des. Discov., 2018, 15(1), 103-111.
http://dx.doi.org/10.2174/1570180814666170710160751

Azad, A.S.; Abbas, L.J.; Hussein, K.A. Synthesis, Characterisation,
and Biological and Computational Studies of Novel Schiff Bases
from Heterocyclic Molecules. Journal of Medicinal and Chemical
Sciences, 2023, 6(8), 1714-1726.

Yuldasheva, N.; Acikyildiz, N.; Akyuz, M.; Yabo-Dambagi, L.; Ay-
din, T.; Cakir, A.; Kazaz, C. The Synthesis of Schiff bases and new
secondary amine derivatives of p-vanillin and evaluation of their
neuroprotective, antidiabetic, antidepressant and antioxidant poten-
tials. J. Mol. Struct., 2022, 1270, 133883.
http://dx.doi.org/10.1016/j.molstruc.2022.133883

Goleij, M.; Youseftabar-Miri, L.; Montazeri, M.; Khakpai, F. Induc-
tion of anxiolytic, antidepressant and analgesic effects by Shiff base
of (E)-3-(1H-imidazol-4-yl)-2-((2-oxoindolin-3-ylidene)amino)pro-
panoic acid derivatives in diabetic rats. J. Diabetes Metab. Disord.,
2021, 20(1), 31-40.

http://dx.doi.org/10.1007/s40200-020-00689-9 PMID: 34222058
Azam, F.; Singh, S.; Khokhra, S.L.; Prakash, O. Synthesis of Schiff
bases of naphtha[1,2-d]thiazol-2-amine and metal complexes of 2-
(2'-hydroxy)benzylideneaminonaphthothiazole as potential antimi-
crobial agents. J. Zhejiang Univ. Sci. B, 2007, 8(6), 446-452.
http://dx.doi.org/10.1631/jzus.2007.B0446 PMID: 17565517
Daina, A.; Michielin, O.; Zoete, V. SwissADME: a free web tool to
evaluate pharmacokinetics, drug-likeness and medicinal chemistry
friendliness of small molecules. Sci. Rep., 2017, 7(1), 42717.
http://dx.doi.org/10.1038/srep42717 PMID: 28256516

Winiwarter, S.; Ridderstrom, M.; Ungell, A.L.; Andersson, T.B.; Za-
mora, |. 5.22-Use of molecular descriptors for absorption, distribu-
tion, metabolism, and excretion predictions. Comprehensive Medic-
inal Chemistry Il; John B. Taylor, David J. Triggle, Elsevier, 2007,
5, 531-554.

Kumar, B.R.P.; Soni, M.; Bhikhalal, U.B.; Kakkot, I.R.; Jagadeesh,
M.; Bommu, P.; Nanjan, M.J. Analysis of physicochemical proper-
ties for drugs from nature. Med. Chem. Res., 2010, 19(8), 984-992.
http://dx.doi.org/10.1007/s00044-009-9244-2

Baell, J.; Congreve, M.; Leeson, P.; Abad-Zapatero, C. Ask the ex-
perts: past, present and future of the rule of five. Future Med. Chem.,
2013, 5(7), 745-752.

http://dx.doi.org/10.4155/fmc.13.61 PMID: 23651089

Verma, S.; Kumar, S.; Kumar, S. Design, synthesis, computational
and biological evaluation of new benzodiazepines as CNS agents.
Arab. J. Chem., 2020, 13(1), 863-874.
http://dx.doi.org/10.1016/j.arabjc.2017.08.005

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Anti-Infective Agents, XXXX, Vol. XX, No. XX

Kumar, S.; Wahi, A.K.; Singh, R. Synthesis, computational studies
and preliminary pharmacological evaluation of 2-[4-(aryl substi-
tuted) piperazin-1-yl] N, N-diphenylacetamides as potential antipsy-
chotics. Eur. J. Med. Chem., 2011, 46(9), 4753-4759.
http://dx.doi.org/10.1016/j.ejmech.2011.07.028 PMID: 21824691
Kumar, S.; Kumar, A. Synthesis, Computational and Pharmacologi-
cal Evaluation of 7-(2-(2- (3- (Substituted Phenyl) Acryloyl) Phe-
noxy) Ethoxy)-4-Methyl-2H-Chromen- 2-Ones as CNS Agents.
Cent. Nerv. Syst. Agents Med. Chem., 2023, 23(1), 57-64.
http://dx.doi.org/10.2174/1871524923666230130134501 PMID:
36717998

Bokhtia, R.M.; Girgis, A.S.; Ibrahim, T.S.; Rasslan, F.; Nossier,
E.S.; Barghash, R.F.; Sakhuja, R.; Abdel-Aal, E.H.; Panda, S.S.; Al-
Mahmoudy, A.M.M. Synthesis, antibacterial evaluation, and com-
putational studies of a diverse set of linezolid conjugates. Pharma-
ceuticals (Basel), 2022, 15(2), 191.
http://dx.doi.org/10.3390/ph15020191 PMID: 35215303

Khalaf, H.S.; Naglah, AM.; Al-Omar, M.A.; Moustafa, G.O;
Awad, H.M.; Bakheit, A.H. Synthesis, docking, computational stud-
ies, and antimicrobial evaluations of new dipeptide derivatives based
on nicotinoylglycylglycine hydrazide. Molecules, 2020, 25(16),
3589.

http://dx.doi.org/10.3390/molecules25163589 PMID: 32784576
Rbaa, M.; Jabli, S.; Lakhrissi, Y.; Ouhssine, M.; Almalki, F.; Ben
Hadda, T.; Messgo-Moumene, S.; Zarrouk, A.; Lakhrissi, B. Synthe-
sis, antibacterial properties and bioinformatics computational anal-
yses of novel 8-hydroxyquinoline derivatives. Heliyon, 2019, 5(10),
€02689.

http://dx.doi.org/10.1016/j.heliyon.2019.e02689 PMID: 31687516
Theodore, C.E.; Sivaiah, G.; Prasad, S.B.B.; Kumar, K.Y.; Raghu,
M.S.; Alharethy, F.; Prashanth, M.K.; Jeon, B.H. Synthesis, antimi-
crobial activity and molecular docking studies of novel hydantoin
derivatives as potential phospholipase A2 inhibitors. Chemical
Physics Impact, 2023, 7, 100319.
http://dx.doi.org/10.1016/j.chphi.2023.100319

Yao, X.; Hu, H.; Wang, S.; Zhao, W.; Song, M.; Zhou, Q. Synthesis,
antimicrobial activity, and molecular docking studies of aminoguan-
idine derivatives containing an acylhydrazone moiety. Iran. J.
Pharm. Res., 2021, 20(2), 536-545.

PMID: 34567180

Ali, D.; Alarifi, S.; Chidambaram, S.K.; Radhakrishnan, S.K.; Ak-
bar, I. Antimicrobial activity of novel 5-benzylidene-3-(3-phenylal-
lylideneamino)imidazolidine-2,4-dione derivatives causing clinical
pathogens: Synthesis and molecular docking studies. J. Infect. Pub-
lic Health, 2020, 13(12), 1951-1960.
http://dx.doi.org/10.1016/j.jiph.2020.09.017 PMID: 33289644
Bauer, A.W.; Kirby, W.M.M.; Sherris, J.C.; Turck, M. Antibiotic
susceptibility testing by a standardized single disk method. Am. J.
Clin. Pathol., 1966, 45(4_ts), 493-496.
http://dx.doi.org/10.1093/ajcp/45.4_ts.493 PMID: 5325707

Collins, C.H.; Lyne, P.M.; Grange, J.M.; Falkinham, J.O., Ill Micro-
biological Methods, 8th ed; Arnold: London, UK, 2004, pp. 168-
186.

Ali, M.; Sholkamy, E.N.; Alobaidi, A.S.; Al-Muhanna, M.K.;
Barakat, A. Synthesis of Schiff Bases Based on Chitosan and Heter-
ocyclic Moiety: Evaluation of Antimicrobial Activity. ACS Omega,
2023, 8(49), 47304-47312.
http://dx.doi.org/10.1021/acsomega.3c08446 PMID: 38107929
Balouiri, M.; Sadiki, M.; Ibnsouda, S.K. Methods for in vitro evalu-
ating antimicrobial activity: A review. J. Pharm. Anal., 2016, 6(2),
71-79.

http://dx.doi.org/10.1016/j.jpha.2015.11.005 PMID: 29403965

Liu, Q.; Meng, X.; Li, Y.; Zhao, C.N.; Tang, G.Y.; Li, H.B. Anti-
bacterial and Antifungal Activities of Spices. Int. J. Mol. Sci., 2017,
18(6), 1283.

http://dx.doi.org/10.3390/ijms18061283 PMID: 28621716
Ceramella, J.; lacopetta, D.; Catalano, A.; Cirillo, F.; Lappano, R.;
Sinicropi, M.S. A review on the antimicrobial activity of Schiff ba-
ses: data collection and recent studies. Antibiotics (Basel), 2022,
11(2), 191.

http://dx.doi.org/10.3390/antibiotics11020191 PMID: 35203793



Anti-Infective Agents, XXXX, Vol. XX, No. XX

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

Joseyphus, R.S.; Nair, M.S. Antibacterial and antifungal studies on
some Schiff base complexes of Zinc(ll). Mycobiology, 2008, 36(2),
93-98.

http://dx.doi.org/10.4489/MYC0.2008.36.2.093 PMID: 23990740
Prakash, C.R.; Raja, S. Synthesis, characterization and in vitro anti-
microbial activity of some novel 5-substituted Schiff and Mannich
base of isatin derivatives. J. Saudi Chem. Soc., 2013, 17(3), 337-344.
http://dx.doi.org/10.1016/j.jscs.2011.10.022

Sharma, D.; Kumar, S.; Narasimhan, B.; Ramasamy, K.; Lim, S.M.;
Shah, S.A.A.; Mani, V. 4-(4-Bromophenyl)-thiazol-2-amine deriva-
tives: synthesis, biological activity and molecular docking study
with ADME profile. BMC Chem., 2019, 13(1), 60.
http://dx.doi.org/10.1186/s13065-019-0575-x PMID: 31384808

Al Mogren, M.M.; Zerroug, E.; Belaidi, S.; BenAmor, A.; Al Harbi,
S.D.A. Molecular structure, drug likeness and QSAR modeling of
1,2-diazole derivatives as inhibitors of enoyl-acyl carrier protein re-
ductase. J. King Saud Univ. Sci., 2020, 32(4), 2301-2310.
http://dx.doi.org/10.1016/j.jksus.2020.03.007

Bala, S.; Kamboj, S.; Kajal, A.; Saini, V.; Prasad, D.N. 1,3,4-oxadi-
azole derivatives: synthesis, characterization, antimicrobial poten-
tial, and computational studies. BioMed Res. Int., 2014, 2014, 1-18.
http://dx.doi.org/10.1155/2014/172791 PMID: 25147788

Ghosh, A.K.; Brindisi, M. Urea derivatives in modern drug discov-
ery and medicinal chemistry. J. Med. Chem., 2020, 63(6), 2751-
2788.

http://dx.doi.org/10.1021/acs.jmedchem.9b01541 PMID: 31789518
Mladenovi¢, M.; Vukovi¢, N.; Sukdolak, S.; Soluji¢, S. Design of
novel 4-hydroxy-chromene-2-one derivatives as antimicrobial
agents. Molecules, 2010, 15(6), 4294-4308.
http://dx.doi.org/10.3390/molecules15064294 PMID: 20657442
Ahmad, |.; Kuznetsov, A.E.; Pirzada, A.S.; Alsharif, K.F.; Daglia,
M.; Khan, H. Computational pharmacology and computational
chemistry of 4-hydroxyisoleucine: Physicochemical, pharmacoki-
netic, and DFT-based approaches. Front Chem., 2023, 11, 1145974.
http://dx.doi.org/10.3389/fchem.2023.1145974 PMID: 37123881
Bickerton, G.R.; Paolini, G.V.; Besnard, J.; Muresan, S.; Hopkins,
A.L. Quantifying the chemical beauty of drugs. Nat. Chem., 2012,
4(2), 90-98.

http://dx.doi.org/10.1038/nchem.1243

PMID: 22270643

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

Kumar and Haider

Ibrahim, Z.Y.; Uzairu, A.; Shallangwa, G.A.; Abechi, S.E. Pharma-
cokinetic predictions and docking studies of substituted aryl amine-
based triazolopyrimidine designed inhibitors of Plasmodium falci-
parum dihydroorotate dehydrogenase (PfDHODH). Future Journal
of Pharmaceutical Sciences, 2021, 7(1), 133.
http://dx.doi.org/10.1186/s43094-021-00288-2

Najar, M.; Eswayah, A.; Moftah, M.B.; Omar, M.K.; Bobtaina, E.;
Najwa, M.; Elhisadi, T.A.; Tahani, A.; Tawati, S.M.; Khalifa, M.M.;
Abdou, A. DowAltome, A.E. Rigidity and flexibility of pyrazole, s-
triazole, and v-triazole derivative of chloroquine as potential thera-
peutic against COVID-19. J Med Chem Sci., 2023, 6(9), 2056-2084.
Knoll, K.E.; van der Walt, M.M.; Loots, D.T. In silico drug discov-
ery strategies identified ADMET properties of decoquinate RMB041
and its potential drug targets against Mycobacterium tuberculosis.
Microbiol. Spectr., 2022, 10(2), e02315-21.
http://dx.doi.org/10.1128/spectrum.02315-21 PMID: 35352998
Bibi, S.; Sakata, K. An integrated computational approach for plant-
based protein tyrosine phosphatase non-receptor type 1 inhibitors.
Curr. Computeraided Drug Des., 2017, 13(4), 319-335.

PMID: 28382867

Raevsky, O. Physicochemical descriptors in property-based drug de-
sign. Mini Rev. Med. Chem., 2004, 4(10), 1041-1052.
http://dx.doi.org/10.2174/1389557043402964 PMID: 15579112
Doganay, D.; Ozcan, S.M.; Sentiirk, A.M.; Olgen, S. Antimicrobial
evaluation, molecular docking and ADME properties of indole am-
ide derivatives. Lett. Drug Des. Discov., 2022, 19(5), 387-396.
http://dx.doi.org/10.2174/1570180818666211006122758

Khan, I.H.; Patel, N.B.; Patel, V.M. Synthesis, in silico molecular
docking and pharmacokinetic studies, in vitro antimycobacterial and
antimicrobial studies of new imidazolones clubbed with thiazoli-
dinedione. Curr. Computeraided Drug Des., 2018, 14(4), 269-283.
http://dx.doi.org/10.2174/1573409914666180516113552 PMID:
29766819

Franchin, T.B.; Ulian Silva, B.C.; DeGrandis, R.A.; Corréa, M.F.;
de Queiroz Aranha, C.M.S.; Fernandes, J.P.S.; Campos, M.L.; Pec-
cinini, R.G. Assessment of the physicochemical properties and sta-
bility for pharmacokinetic prediction of pyrazinoic acid derivatives.
Curr. Drug Metab., 2020, 21(9), 714-721.
http://dx.doi.org/10.2174/1389200221666200907145722

PMID: 32895039

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the final version.
Major publication processes like copyediting, proofing, typesetting and further review are still to be done and may lead to changes
in the final published version, if it is eventually published. All legal disclaimers that apply to the final published article also apply
to this ahead-of-print version.



