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A three-component tandem protocol involving the reactions
of bis(benzohydrazides), aromatic aldehydesand chloramine
trihydrate yielded a new series of bis(1,3,4-oxadiazoles). The
target hybrids were formed by an initial bis(N-benzoyl-
hydrazones) formation, followed by chloramine trihydrate-
mediated oxidative cyclization. The 4-methoxyphenyl-
containing compoundsdemonstrated promisingantibacterial
activity against the Staphylococcus aureus and Pseudomonas
aeruginosa strainswith M1C value of 1.6 um.
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Promising in vitro antibacterial activity against
the S. aureus and P. aeruginosa strains
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One of the most serious problems confronting modern medicine
is antimicrobial resistance.! Prior resistance complicates
treatment and is estimated to kill over 700,000 people annually
worldwide.2?® Unless this trend is altered, the previous figure
could rise to 10 million by 2050, with Africa and Asia accounting
for more than 4 million deaths every year.* Research efforts are
working to create new antibacterial agents that will prevent the
development of resistance.>6

1,3,4-Oxadiazoles are excellent bio-isosteres of amides and
esters with increased bioactivity via hydrogen-bonding
interactions,’” including anticonvulsant,® antitumor,® antiviral 1
and anti-inflammatory!! properties. They belong to a large class
of potential antimicrobial scaffolds among which Furamizole!?
is used against a wide variety of strains, particularly
Staphylococcus aureus strains.'® This is due in part to the
presence of a toxophoric —-N=C—-O- linkage unit which may
react with the microbial cells nucleophilic centers.!* According
to Zheng et al.,’ 1,3,4-oxadiazoles may affect the transcription
of biofilm-related genes like sarA and fnbB, which are required
for biofilm formation.

Oxidative cyclization of N-acylhydrazones'®1” and dehydrative
cyclization of 1,2-diacylhydrazines'®1° are the general procedures
for producing 2,5-diaryl-1,3,4-oxadiazoles. Condensation of
aldehydes or carboxylic acids with hydrazides yields N-acyl-
hydrazones?® and 1,2-diacylhydrazines.?!

In this study, we aimed to prepare a new series of bis(1,3,4-
oxadiazoles) containing different arene units utilizing new
bis(benzohydrazides)prepared by a tandem protocol (Scheme 1).
Potassium carbonate-mediated bis-O-alkylation®> of methyl
salicylate 1 with o,o-dibromoalkanes 2ab afforded
bis(salicylates) 3, which were then reacted with hydrazine
hydrate to give bis(benzohydrazides) 4a,b.2

Next, a tandem protocol was investigated to prepare the target
bis(1,3,4-oxadiazoles) (Scheme 2). The typical synthesis of
target 7a comprised the reaction of bis(benzohydrazide) 4a with
benzaldehyde 5a in pyridine at 110 °C for 60 min. After the
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condensation step?* was completed, crude intermediate bis(N-
benzoylhydrazone) 6 was then subjected to oxidative cyclization.
Different reagents, mediums, reaction time and temperature
were examined to select the optimal reaction conditions (see
Online Supplementary Materials).?>-2¢ The best conditions
involved the use of three equivalents of chloramine trihydrate in
ethanol at 80 °C for 150 min (for the detailed mechanism of the
heterocyclization, see Online Supplementary Materials).2® With
this protocol, bis(benzohydrazides) 4a,b were reacted first with
different aromatic aldehydes 5a—f and then with chloramine
trihydrate to afford the target bis(1,3,4-oxadiazoles) 7a—f and
8a—f in 70-83% yields (see Scheme 2).
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Scheme 1 Reagents and conditions: i, K,CO3;, DMF, room temperature,
6 h; ii, EtOH, 80°C, 3 h.
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Table 1 MIC values in uM of new bis(1,3,4-oxadiazoles) 7a—f and 8a—f.

MIC/um
Compound
S. aureus S. mutans E. faecalis E. coli P. aeruginosa K. pneumoniae

7a 7.3 > 250 235.6 29.4 14.7 235.6
b 26.0 > 250 > 250 52.1 13.0 > 250
7c 25.1 > 250 > 250 50.3 25.1 > 250
7d 3.4 > 250 111.8 27.9 34 223.7
7e 1.6 > 250 105.8 26.4 1.6 105.8
i 3.1 > 250 202.0 25.2 3.1 101.0
8a 7.2 > 250 229.5 28.6 14.3 229.5
8b 12.7 > 250 > 250 50.9 25.4 > 250
8c 24.6 > 250 > 250 49.2 24.6 > 250
8d 3.4 > 250 218.3 54.5 3.4 109.1
8e 1.6 > 250 103.3 25.8 1.6 103.3
8f 3.0 > 250 98.7 24.6 3.0 197.5
Ciprofloxacin 2.9 2.9 2.9 2.9 2.9 2.9

New bis(1,3,4-oxadiazoles) 7 and 8 were screened in vitro
against each of Staphylococcus aureus (ATCC:6538),
Streptococcus mutans (ATCC:25175), Enterococcus faecalis
(ATCC:29212), Escherichia coli (ATCC:9637), Pseudomonas
aeruginosa (ATCC:27953), and Klebsiella pneumoniae
(ATCC:10031) bacterial strains. The MIC values against the
selected strains were assessed using the microbroth serial
dilution method using ciprofloxacin as a standard drug (MIC
values of 2.9 pM) (see Table 1).3°3! Compounds 7e and 8e
displayed more effective antibacterial activity than ciprofloxacin
against the S. aureus and P. aeruginosa strains with MIC values
of 1.6 uM. Moreover, hybrids 7d,f and 8d,f showed comparable
efficacy to ciprofloxacin with MIC values ranging from 3.0 to
3.4 uM against these strains. The remaining hybrids had lower
activity, with MIC values ranging from 7.2 to 26.0 uM against
the S. aureus strain and 13.0 to 25.4 uM against the P. aeruginosa
strain. With regards to the E. coli strain, all tested hybrids
displayed comparable efficacy with MIC values ranging from
25.2 to 54.5 uM. Additionally, all tested bis(1,3,4-oxadiazoles)
showed weak antibacterial activity against the S. mutans,
E. faecalis, and K. pneumoniae bacterial strains. They had MIC
values in the range of 98.7 to more than 250 pMm.

The selectivity of bis(1,3,4-oxadiazoles) 7 and 8 against
S. aureus and P. aeruginosa strains is consistent with studies on
similar hybrids by Navin® and Rezki.®® Several papers have
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Scheme 2 Reagents and conditions: i, pyridine, 110 °C, 45-75 min;
ii, CINH,- 3H,0 (3 equiv.), EtOH, 80 °C, 120-180 min.

been published in an attempt to explain the mechanism of action
of 1,3,4-oxadiazoles on above bacterial strains. As a result,
Hofny34 and Omar3® reported the ability of 1,3,4-oxadiazoles to
inhibit bacterial topoisomerases Il (DNA gyrase) and 1V, which
are required for bacterial DNA replication. Furthermore,
Shingare® demonstrated that 1,3,4-oxadiazoles have the ability
to inhibit MurD ligase, an enzyme involved in the biosynthesis
of cytoplasmic peptidoglycan precursor.

SwissADME  (http://www.swissadme.ch) was used to
estimate physicochemical properties, lipophilicity, and drug
likeness of new compounds (see Online Supplementary
Materials).®” Lipinski’s rule of five states that orally active drugs
must not violate more than one of the following physicochemical
properties: molecular weights (MW) < 500, hydrogen bond
donors (HD) < 5, hydrogen bond acceptors (HA) < 10 and the
partition coefficient between octanol and water (log P,y,) < 5.3
According to this rule, the hybrids 7a,d,eand 8a,d,e violate only
one parameter (MW > 500) and are thus classified as drug-like.
Other hybrids are not classified as drug-like scaffolds because
they violate two parameters: hybrids 7b and 8b had MW > 500
and log P, > 5, whereas hybrids 7c,f, and 8c,f had MW > 500
and HA > 10.

To summarize, a tandem protocol was used to produce new
bis(1,3,4-oxadiazoles) via initial formation of the intermediate
bis(N-benzoylhydrazones) followed by their oxidative cyclization
using chloramine trihydrate. Some of the new hybrids
demonstrated promising antibacterial activity against S. aureus
and P. aeruginosa strains and could be classified as drug-like, as
predicted by SwissADME.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi: 10.1016/j.mencom.2022.09.014.

References

1 R. Laxminarayan, A. Duse, C. Wattal, A. K. M. Zaidi, H. F. L. Wertheim,

N. Sumpradit, E. Vlieghe, G. L. Hara, I. M. Gould, H. Goossens,

C. Greko, A. D. So, M. Bigdeli, G. Tomson, W. Woodhouse, E. Ombaka,

A. Q. Peralta, F. N. Qamar, F. Mir, S. Kariuki, Z. A. Bhutta, A. Coates,

R. Bergstrom, G. D. Wright, E. D. Brown and O. Cars, Lancet Infect.

Dis., 2013, 13, 1057.

A. E. M. Mekky and S. M. H. Sanad, Bioorg. Chem., 2020, 102, 104094.

G. Annunziato, Int. J. Mol. Sci., 2019, 20, 5844.

S. M. H. Sanad and A. E. M. Mekky, Can. J. Chem., 2021, 99, 900.

A.E. M. Mekky, S. M. H. Sanad, A.Y. Said and M. A. A. Elneairy, Synth.

Commun., 2020, 50, 2376.

6 W.-C. Xu, M. H. Silverman, X.-Y. Yu, G. Wright and N. Brown, Bioorg.
Med. Chem., 2019, 27, 3209.

2
3
4
5

- 613 -



10

11

12
13

14
15

16
17
18

19
20

21
22

23
24

25

Mendeleev Commun., 2022, 32, 612-614

C. R. W. Guimarées, D. L. Boger and W. L. Jorgensen, J. Am. Chem.
Soc., 2005, 127, 17377.

S. Nazar, N. Siddiqui and O. Alam, Arch. Pharm., 2020, 353, €1900342.
M. J. Ahsan, A. Choupra, R. K. Sharma, S. S. Jadav, P. Padmaja,
M. Z. Hassan, A. Bin Saleh Al-Tamimi, M. H. Geesi and M. A. Bakht,
Anti-Cancer Agents Med. Chem., 2018, 18, 121.

X. Gan, D. Hu, P. Li, J. Wu, X. Chen, W. Xue and B. Song, Pest Manag.
Sci., 2016, 72, 534.

S.Yatam, S. S. Jadav, R. Gundla, K. P. Gundla, G. M. Reddy, M. J. Ahsan
and J. Chimakurthy, ChemistrySelect, 2018, 3, 10305.

K. Paruch, L. Popiotek and M. Wujec, Med. Chem. Res., 2020, 29, 1.
Poonam, G. Bhasin, R. Srivastava and R. Singh, J. Iran. Chem. Soc.,
2022, 19, 665.

A. Siwach and P. K. Verma, BMC Chem., 2020, 14, 70.

Z. Zheng, Q. Liu, W. Kim, N. Tharmalingam, B. B. Fuchs and
E. Mylonakis, Future Med. Chem., 2018, 10, 283.

J. Chauhan, M. K. Ravva and S. Sen, Org. Lett., 2019, 21, 6562.

A. Abdildinova and Y.-D. Gong, ACS Comb. Sci., 2018, 20, 309.

S. Wang, K. Wang, X. Kong, S. Zhang, G. Jiang and F. Ji, Adv. Synth.
Catal., 2019, 361, 3986.

L. Liu and S. Feng, Org. Biomol. Chem., 2017, 15, 2585.

S. M. H. Sanad, A. M. Abdel-Fattah, F. A. Attaby and M. A. A. Elneairy,
J. Heterocycl. Chem., 2019, 56, 651.

Q. Zhao, L. Ren, J. Hou, W. Yu and J. Chang, Org. Lett., 2018, 21, 210.
S. M. H. Sanad and A. E. M. Mekky, Chem. Biodiversity, 2022, 19,
€202100500.

S. M. H. Sanad and A. E. M. Mekky, J. Iran. Chem. Soc., 2020, 17, 3299.
T. Benkovi¢, D. Kontrec, S. Kazazit, V. Chis, S. Miljani¢ and N. Galic,
Mol. Diversity, 2020, 24, 1253.

M. S. Behalo, RSC Adv., 2016, 6, 103132.

26

27

28

29

30

31

32

33

34

35

36

37
38

J. Grover, N. Bhatt, V. Kumar, N. K. Patel, B. J. Gondaliya, M. E. Sobhia,
K. K. Bhutani and S. M. Jachak, RSC Adv., 2015, 5, 45535.

W. Yu, G. Huang, Y. Zhang, H. Liu, L. Dong, X. Yu, Y. Li and J. Chang,
J. Org. Chem., 2013, 78, 10337.

E. A. Musad, R. Mohamed, B. A. Saeed, B. S. Vishwanath and K. L. Rai,
Bioorg. Med. Chem. Lett., 2011, 21, 3536.

G. T. Cin, G. Verep, S. D. Topel and V. Ciger, Chem. Heterocycl.
Compd., 2013, 49, 1061.

S. M. H. Sanad, A. E. M. Mekky, A. Y. Said and M. A. A. Elneairy,
Mendeleev Commun., 2021, 31, 370.

H. Mohammad, P. N. Reddy, D. Monteleone, A. S. Mayhoub,
M. Cushman and M. N. Seleem, Eur. J. Med. Chem., 2015, 94, 306.

P. Navin, P. Sarvil, P. Amit, P. Divyesh, R. Dhansukh, R. Moo-Puc and
G. Rivera, Z. Naturforsch., C: J. Biosci., 2017, 72, 133.

N. Rezki, A. M. Al-Yahyawi, S. K. Bardaweel, F. F. Al-Blewi and
M. R. Aouad, Molecules, 2015, 20, 16048.

H. A. Hofny, M. F. A. Mohamed, H. A. M. Gomaa, S. A. Abdel-Aziz,
B. G. M. Youssif, N. A. El-koussi and A. S. Aboraia, Bioorg. Chem.,
2021, 112, 104920.

F. A. Omar, M. Abelrasoul, M. M. Sheha, H. Y. Hassan and
Y. M. lbrahiem, ChemistrySelect, 2018, 3, 2604.

R. M. Shingare, Y. S. Patil, J. N. Sangshetti, R. B. Patil, D. P. Rajani and
B. R. Madje, Med. Chem. Res., 2018, 27, 1283.

A. Daina, O. Michielin and V. Zoete, Sci. Rep., 2017, 7, 42717.

C. A. Lipinski, Drug Discov. Today: Technol., 2004, 1, 337.

Received: 28th March 2022; Com 22/6842

- 614 —



