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ABSTRACT

Microbial resistance to antibiotics is an unresolved global concern, which needs urgent and coordinated ac-
tion. One of the guidelines of the Centers for Disease Control and Preventions (CDC) to combat antibiotic

MVLUBVHJPZOZLV-KKMKTNMSSA-N
RXERGSIGGJWJQK-KKMKTNMSSA-N
HDYVUMZUWCJPKC-KKMKTNMSSA-N
RXESTGQXLDYIKG-IPBVOBEMSA-N

resistance is the development of new antibiotics to treat drug-resistant bacteria. In our effort to find new
antibiotics, we report the synthesis and antimicrobial studies of 30 new pyrazole derivatives. These novel
molecules have been synthesized by using readily available starting materials and benign reaction conditions.
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Microbial resistance to antibiotics is an unsolved American and
global concern.' Without urgent and coordinated action, we are moving
toward an era in which normal infections or minor injuries may become
fatal. Guidelines from the Centers for Disease Control and Prevention
(CDC) recommend combatting antibiotic resistance® by promoting the
development of new antibiotics and new diagnostic tests for drug-re-
sistant bacteria. The ESKAPE (Enterococcus faecium, Staphylococcus
aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter species) bacteria cause two-thirds of no-
socomial infections in the United States, and these bacteria are effec-
tively escaping the existing antibiotics. The need for combating bac-
terial resistance to existing drugs is greater than ever.’

A. baumannii, a Gram-negative bacterium, is normally found in soil
and water. It is responsible for different diseases in humans. A. bau-
mannii in particular causes 80% of the diseases associated with the
Acinetobacter genus. Acinetobacter infections threaten the lives of people
with weakened immune systems, chronic lung disease, and diabetes.
Acinetobacter infection outbreaks commonly happen in healthcare set-
tings, particularly intensive care units, and this bacterium can live in
tracheostomy sites or open wounds for several days without causing
infection.” Since 2003, the beginning of the Iraq war, several US service
members have been infected by A. baumannii which is a huge problem
in veterans.>® It is challenging for the medical community to find new
antibiotics that can treat the infected people with multi-drug resistant
(MDR) A. baumannii because almost all the approved antibiotics have
failed. In late February 2017, the World Health Organization (WHO)
has released a list of 12 drug resistant bacteria that pose the greatest
threat to human health and for which new antibiotics are desperately
needed. Carbapenem-resistant A. baumannii is on the top of the list and
Enterobacter occupies the third position.”® It is very important to find
novel molecules that can inhibit the growth of non-fermenting bacteria.
These types of bacteria are opportunistic and nosocomial pathogens and
several non-fermenting bacteria are multi-drug resistant such as A.
baumannii and P. aeruginosa.® A. baumannii has a highly impermeable
outer membrane that prevents the uptake of most molecules including
several antibiotics.'® That’s why finding new antibiotics to prevent the
growth of A. baumannii infection is very challenging.

S. aureus, a Gram-positive bacterium, is found in the nares of about
30% of the population. This bacterium may cause sepsis, pneumonia,
endocarditis, and osteomyelitis. S. aureus resistant to different anti-
biotics has evolved into different strains such as methicillin-resistant S.
aureus (MRSA), vancomycin-intermediate S. aureus (VISA), and vanco-
mycin-resistant S. aureus (VRSA).'' Two percent of the world popula-
tion are nasal carriers of MRSA. Invasive infection caused by S. aureus
and its drug resistant strains has decreased over the years but MRSA
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and other drug resistant strains are still a major threat in healthcare
settings.'”

Recently, we have reported the synthesis of novel pyrazole deriva-
tives as potent antimicrobial agents. Pyrazole-derived arylamines and
hydrazones were found to be anti-MRSA and anti-A. baumannii agents,
respectively (Fig. 1).'*"*

Pyrazole derivatives are known to show a wide range of pharma-
ceutical properties including antimicrobial activities.'>'® In drug de-
sign, the fluorine atom is a common substitution in various synthesized
compounds. The unique properties of fluorine play an important role in
medicinal chemistry. Fluorine has small size (van der Waals radius
1.47 A), high electronegativity, and high lipophilicity. Incorporating
fluorine in a compound is beneficial as it changes the physicochemical
and pharmacokinetic properties of the resultant molecule.'” Fluorine
increases the metabolic stability and membrane permeation ability of a
molecule. Another property of fluorinated compounds is improved
binding affinity of the drug to the target protein. It has been found that
even a single substitution of fluorine in a drug results in an intense
pharmacological effect. Since 2011, around 51 fluorinated molecules
have been approved, or are in the last stages of clinical studies (phase
II/11D). In addition, between 2001 and 2011, ~40 fluorinated drugs
have been approved by the FDA.'®

Based on the above facts of fluorine substituted molecules such as
improved stability and membrane permeability, we designed fluori-
nated molecules built on our lead compounds reported previously.'*"?
To our delight, we found several molecules with broader and several
fold improved activities against both Gram-positive and Gram-negative
bacteria. Reaction of 4-hydrazinobenzoic acid (1) with bisfluoro acet-
ophenyl derivatives (2) led to the formation of hydrazones (3). Eva-
poration of the solvent followed by reaction with POCl3/DMF (Vils-
meier-Haack reaction) formed the formyl pyrazole derivative (4).
Reaction of these two aldehydes (4a & 4b) with different hydrazine
derivatives formed hydrazones. All the synthesized molecules were
tested against the ESKAPE pathogens, Bacillus subtilis, and Escherichia
coli. Several compounds have shown good activity against Gram-posi-
tive bacteria: B. subtilis, S. aureus, and MRSA, and a Gram-negative
bacterium, A. baumannii (Scheme 1).

Reaction of 4-[3-(2,4-difluorophenyl)-4-formyl-1H-pyrazol-1-yl]
benzoic acid (4a) with different hydrazine derivatives formed new
hydrazone derivatives (Table 1). Phenyl hydrazone derivative (5a)
showed activity against S. aureus, MRSA, B. subtilis, and A. baumanni
with an MIC value of 25 pg/mL. Fluoro substituted compounds (5b, 5c,
and 5d) showed similar activity against S. aureus and MRSA but in-
creased activity against B. subtilis and A. baumannii with an MIC as low
as 6.25 ug/mL. Fluoro substitution increased the activity but its position

Fig. 1. Pyrazole derived hydrazones as potent anti-
microbial agents.
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Scheme 1. Synthesis of bisfluorophenyl pyrazole-derived aldehyde.
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Table 1
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Synthesis and antimicrobial studies of 2, 4 difluoro substituted hydrazone derivatives, Gram-positive bacteria: S. aureus (Sa) and B. subtilis (Bs), Gram-negative
bacteria: A. baumannii (Ab), and E. aerogenes (Ea), and NA = no activity. Values are the average of two closely related experimental values.

F F
O, N
N —
: : =N,
HO R
Comp. No. R Microorganism (MIC in ug/mL) Product yield (%)
Sa MRSA Bs Ab PA Ea
5a 25 25 25 25 NA NA 86%
NH
=
5b F 25 25 12.5 12.5 NA NA 90%
i,
5c F 25 25 12.5 6.25 NA NA 88%
",
5d 25 25 6.25 6.25 NA NA 82%
NH F
i,
5e F 12.5 12.5 3.12 12.5 NA NA 89%
o H{ ?
F
5f F NA NA NA NA NA NA 92%
N H-<§ é)
F F
58 F F NA NA NA NA NA NA 81%
NH F
M,
F F
5h Cl 3.125 0.78 0.78 12.5 NA NA 80%
NHOCI
i,
5i 12.5 12,5 12.5 1.56 NA NA 83%
“%':‘H Br
5j @ NO NA NA NA NA NA NA 95%
NH 2
i
5k CO,H NA NA NA NA NA NA 78%
o
NH
51 NH O NA NA NA NA Na NA 89%
| CO,H
M,
5m g N: : NA NA NA NA NA NA 76%
5n s / \ NA NA NA NA NA NA 90%
Fa N N—
DMSO NA NA NA NA NA NA
Ciprofloxacin 1.56
Colistin 12.5 0.78 0.39
Vancomycin 6.25 12.5

(ortho: 5b, meta: 5¢, and para: 5d) did not alter the activities of re-
sultant molecules. Bisfluoro substitution on the phenyl ring (5e)
showed good activity against S. aureus, MRSA, and A. baumannii with an
MIC value of 12.5ug/mL. This compound showed very good activity
against B. subtilis with an MIC value as low as 3.12ug/mL.
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Polyfluorinated (tetra and penta) compounds (5f and 5g) did not show
any significant activity against all the tested bacteria. The bischloro
derivative (5h) showed potent activity against all three tested Gram-
positive bacteria with MIC value as low as 0.78 pg/mL. This compound
(5h) is the most potent in the whole series. This compound also showed
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Table 2
Synthesis and antimicrobial data of 3, 4 difluoro substituted hydrazone derivatives.
F
F
4b + R-NH, _EOH 0 N
reflux, 8h N
—
HO =N,
-6m
Comd. No. R Microorganism (MIC pg/mL) Product yield (%)
Sa MRSA Bs Ab Pa Ea
6a NH@ 25 25 25 6.25 NA NA 88%
M,
6b F 12.5 12,5 12.5 6.25 NA NA 85%
)
",
6¢ F 12.5 12.5 12.5 6.25 NA NA 90%
29
e,
6d 25 25 25 6.25 NA NA 88%
NH F
T,
6e F NA NA 3.125 6.25 NA NA 80%
NH
F
6f F F 12.5 12.5 6.25 NA NA NA 78%
NH
“,
F F
6g 0.78 0.78 0.78 3.12 NA NA 81%
NH CF
. 3
i,
6h 6.25 6.25 6.25 1.56 NA NA 91%
A a
6i Cl 1.56 1.56 0.78 3.125 NA NA 75%
,NH@—Cl
o,
6j 3.12 1.56 1.56 0.78 NA NA 89%
NH Br
.,
6k NA NA NA NA NA NA 90%
NH NO,
",
61 NA NA NA NA NA NA 81%
NH CO,H
e
6m 3 / \ NA NA NA NA NA NA 72%
2N N—
A,

good activity against A. baumanni with an MIC value of 12.5 ug/mL.
Bromo substituted hydrazone (5i) showed good activity against Gram-
positive bacteria and the activity against A. baumannii is very potent

Table 3
Growth inhibition data of active molecules against other Staphylococcus aureus
strains.

Comp. No. Microorganism (MIC in pg/mL)
LAC (MRSA) UAMS-1 (MSSA)
5h 12.5 25.0
5i 25.0 25.0
6g 3.12 6.25
6i 6.25 6.25
6j 12.5 12.5
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with an MIC value of 1.56 ug/mL. Strong electron withdrawing groups
such as nitro and carboxylic acid on the phenyl ring of the hydrazones
(5j, 5k, and 51) ceased the activity of the hydrazone derivatives against
all the tested bacteria. Hydrazone derivatives of aliphatic compounds
such as piperidine (5m) and N-methyl piperazine (5n) did not show any
activity.

Reaction of 3,4-bisfluophenyl derived aldehyde (4b) with hydrazine
derivatives resulted the formation of hydrazones (Table 2) in good
yield. Phenyl hydrazone derivative (6a) inhibited the growth of S.
aureus, MRSA and B. subtilis (6a) with an MIC value of 25 pg/mL. This
compound also inhibited the growth of A. baumannii with a lower MIC
value, 6.25 pg/mL. Ortho (6b) and meta (6c¢) substituted fluorine de-
rivatives showed the inhibition of Gram-positive bacteria (S. aureus,
MRSA, and B. subtilis) with an MIC value of 12.5pug/mL. Para-fluoro
substituted derivative (6d) showed weaker activity (25 pg/mL) than its
ortho and meta regioisomers (6b and 6c¢). These monofluoro phenyl
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Fig. 2. Cytotoxic assay of active compounds on HEK293 cell line by using resazurin assay.

hydrazones inhibited the growth of A. baumanni effectively with an MIC
value of 6.25 pug/mL. Bisfluoro (6e) did not show any activity against S.
aureus or MRSA but inhibited the growth of B. subtilis and A. baumannii
at 3.1pg/mL and 6.2 pg/mL respectively. 2,3,5,6-Tetrafluorophenyl
derivative (6f) inhibited S. aureus and MRSA with an MIC value of
12.5 pg/mL. This polyfluorinated compound (6f) showed better activity
against B. subtilis (6.25ug/mL) and this compound (6f) did not show
any activity against the tested Gram-negative bacteria. 4-Tri-
fluoromethyl phenyl derivative (6g) showed the potent activity against
Gram-positive bacteria with an MIC value as low as 0.78 pg/mL. This
compound showed the highest activity among all the compounds of this
series. 4-Chloro substituted phenyl hydrazone (6h) inhibited the
growth of Gram-positive bacteria (S. aureus, MRSA and B. subtilis) with
an MIC value of 6.25pg/mL. This compound (6h) showed enhanced
activity against A. baumannii with an MIC value of 1.56 ug/mL. Sub-
stitution of a hydrogen with one more chlorine (6i) enhanced the ac-
tivity against S. aureus and MRSA with an MIC value of 1.56 pg/mL and
this bischloro derivative (6i) showed better activity against B. subtilis
and A. baumannii with MIC values as low as 0.78 and 3.125ug/mL
respectively. 4-Bromophenyl derivative (6j) inhibited the growth of
tested bacteria: S. aureus with an MIC value of 3.125 ug/mL, MRSA and
B. subtilis with an MIC value of 1.56 pug/mL. This compound (6j) showed
very good activity against A. baumannii with an MIC value as low as
0.78 ug/mlL. As discussed in the previous series (5a-n), strong electron
withdrawing groups such as nitro (6k) and carboxylic acid (61) did not
show any activity against the tested bacteria. Methyl piperazine (6m)
and methyl hydrazine (6n) derivatives also failed to inhibit the growth
of any bacteria.

Furthermore, five of the most active anti-MRSA compounds were
tested against two additional strains of S. aureus, LAC (MRSA) and
UAMS-1 (methicillin-sensitive S. aureus [MSSA]).”°  2,4-Bis-
fluoroderivatives (5h and 5i) inhibited the growth of LAC (MRSA) and
UAMS-1 (MSSA) at higher concentration compared to the tested S.
aureus and MRSA strains. 3,4-Bisfluoro derivatives inhibited the growth
of LAC (MRSA) and UAMS-1 (MSSA) with an MIC value as low as 3.12
and 6.25 pg/mlL, respectively (Table 3).

Synthesized compounds were tested against 60 cancer cell lines of
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National Cancer Institute under the Developmental Therapeutic
Program (DTP)*' and these compounds did not show any significant
cytotoxicity against human cancer cell lines at 10 uM concentration.
Compounds showing activity against tested bacteria were also eval-
uated for growth inhibition of Human Embryonic Kidney (HEK-293)
cell line at 25 and 50 pg/mL concentration via resazurin assay.'” To our
delight, none of these active compounds showed any significant growth
inhibition at 25 ug/mL concentration. HEK293 cells also tolerated the
active compounds at 50 pg/mL concentration after incubating for 24 h.
Cell viability was more than 80% for all the compounds except 6e,
which showed 69% viability at 50 pg/mL concentration (Fig. 2).

Based on the antimicrobial properties of the synthesized molecules,
it can be concluded that these compounds are more active against
Gram-positives bacteria than Gram-negative bacteria. Halogen sub-
stitution on the phenyl ring of the hydrazone have shown better activity
than that of strongly electron withdrawing groups. Highly polar moi-
eties such as nitro (5j and 6k) and carboxylic acids (5k, 51, and 61) and
non-aromatic hydrazones (5m, 5n, and 6m) failed to show any activ-
ities against any bacteria. Hydrophobic and electron withdrawing
groups (5h, 6g, 6i, and 6j) produced the most active bacterial growth
inhibitors.

We have reported an efficient synthesis of new hydrazone deriva-
tives of 4-[3-(2,4-difluorophenyl)-4-formyl-1H-pyrazol-1-yl]benzoic
acid and 4-[3-(3,4-difluorophenyl)-4-formyl-1H-pyrazol-1-yl]benzoic
acid. Thirty compounds have been synthesized and characterized by 'H
NMR and '3C NMR spectroscopy and mass spectrometry. These new
molecules have been tested against several Gram-positive and Gram-
negative bacterial strains. The MIC values of some of the molecules
showed promising activities against different bacteria. We found sev-
eral molecules that inhibited A. baumannii growth with an MIC value as
low as 0.73 ug/mL. Three compounds showed activities against Gram-
positive bacteria, S. aureus and B. subtilis at therapeutic concentration.
Thus, these potent antimicrobial agents are good starting point for
further antibacterial drug development. Further docking and enzyme
inhibition studies, growth inhibition studies against pathogenic bac-
terial strains will be reported soon.
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