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It is of great importance to develop new strategies to combat antibiotic resistance. Our lab has discovered

halogenated phenazine (HP) analogues that are highly active against multidrug-resistant bacterial

pathogens. Here, we report the design, synthesis, and study of a new series of nitroarene-based HP

prodrugs that leverage intracellular nitroreductase (NTR) enzymes for activation and subsequent release of

active HP agents. Our goals of developing HP prodrugs are to (1) mitigate off-target metal chelation

(potential toxicity), (2) possess motifs to facilitate intracellular, bacterial-specific HP release, (3) improve

water solubility, and (4) prevent undesirable metabolism (e.g., glucuronidation of HP's phenol). Following

the synthesis of HP-nitroarene prodrugs bearing a sulfonate ester linker, NTR-promoted release

experiments demonstrated prodrug HP-1-N released 70.1% of parent HP-1 after 16 hours (with only 6.8%

HP-1 release without NTR). In analogous in vitro experiments, no HP release was observed for control

sulfonate ester compounds lacking the critical nitro group. When compared to parent HP compounds,

nitroarene prodrugs evaluated during these studies demonstrate similar antibacterial activities in MIC and

zone of inhibition assays (against lab strains and clinical isolates). In conclusion, HP-nitroarene prodrugs

could provide a future avenue to develop potent agents that target antibiotic resistant bacteria.

Introduction

Since the end of the antibiotic “golden age” in the late 1960s,
very few new classes of antibiotics have entered the clinic.1,2

In addition to the limited antibiotic discovery pipeline over
the last 50 years, numerous problems associated with
antibiotic resistance have significantly increased the need for
new antibacterial agents with novel modes of action.3,4

Currently in the United States, more than 2.8 million bacterial
infections occur and result in > 35 000 deaths each year.5

Bacteria are notorious for their ability to develop resistance
and evade conventional antibiotic treatments using well-
characterized mechanisms, which include: 1) target mutation
resulting in a reduction/loss of antibiotic binding, 2) target
overproduction, 3) drug modification/degradation, 4)
alterations in membrane chemistry to reduce drug
penetration, and 5) efflux pump action to reduce antibiotic
accumulation within the cell.3,6 If unanswered, antibiotic

resistant infections are expected to be the leading cause of
death in 2050 with 10 million deaths per year.7

Our lab has discovered and developed a series of
halogenated phenazine (HP) antibacterial agents that target
Gram-positive human pathogens and M. tuberculosis.8–18 The
discovery of HP agents was initially inspired by a microbial
competition interaction within the lungs of cystic fibrosis
(CF) patients. Many young CF patients initially experience
chronic Staphylococcus aureus infections within their lungs;
however, as these patient age, Pseudomonas aeruginosa co-
infects the lungs and eradicates the established S. aureus
infection by secreting redox-active phenazine antibiotics (e.g.
pyocyanin, 1-hydroxyphenazine).19–21

During preliminary investigations, we have reported the
chemical synthesis, microbiological studies, and structure–
activity relationships (SAR) of > 100 HP analogues. Potent HP
analogues have demonstrated excellent activities against
planktonic bacteria (minimum inhibitory concentration, MIC
≤ 0.1 μM) and established biofilms (minimum biofilm
eradication concentration, MBEC ≤ 10 μM), including
methicillin-resistant S. aureus (MRSA), methicillin-resistant S.
epidermidis (MRSE), and vancomycin-resistant Enterococcus
faecium (VRE).9–11,13,15,18 Unlike redox-active phenazine
antibiotics (e.g., pyocyanin), HPs operate through a unique
iron-starvation mechanism utilizing the critical iron
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chelation moiety (1-hydroxyl group and the adjacent
nitrogen) in the HP scaffold.12,15,16,18 In transcript profiling
(RNA-seq) studies, we demonstrated HP-14 rapidly induces
the transcription of multiple iron uptake gene clusters in
MRSA biofilms.12 In follow-up work, we have shown that
other potent HP analogues have induced the transcription of
iron-uptake biomarkers (e.g., sbnC, staphyloferrin B,
siderophore used for iron uptake from local environment;
isdB, iron-regulated surface determinant, involved in iron
acquisition from heme).15,16,18

In separate work, HP-29 demonstrated in vivo efficacy in
dorsal wound infections against S. aureus UAMS-1 (0.82-log10
reduction in CFU/lesion, 3 day treatment in mice) and E.
faecium OG1RF (1.73-log10 reduction in CFU/lesion, 3 day
treatment).15 Currently, we are working to expand HP
treatments to address systemic infections through the
development of prodrugs of lead HPs. To do this, we are
synthetically functionalizing the phenolic hydroxyl group of
active HPs to afford prodrug molecules that (1) mitigate off-
target metal chelation (addressing toxicity issues), (2) possess
trigger motifs that allow intracellular, bacterial-specific
release of HP molecules, (3) improve water solubility, and (4)
prevent undesirable metabolism (e.g., glucuronidation of the
phenolic group in HP agents).11,13,14,16,17 We have reported
several types of HP prodrugs that include carbonate-based
PEGs,11,13 antibiotic conjugates,14,16 and quinone triggers
(QuAOCOM- and ether-linked).13,17

In this study, we describe a new HP prodrug strategy that
targets nitroreductase (NTR) enzymes found within most
bacteria.22–24 NTR enzymes are known to reduce nitroarenes
to the corresponding aniline products. Here, we aim to
leverage NTR's ability to reduce nitroarenes and implement
Chopra and Chakrapani's design that utilizes a sulfonate
ester linker to develop HP prodrugs.22 The sulfonate ester
linker (1) allows a straightforward synthesis of HP-nitroarene
prodrug analogues, and (2) facilitates the release of the active
HP warhead following reduction of the nitroarene to aniline

(which includes loss of SO2 gas; see Fig. 1). For this work, we
selected 6,8-CF3-HP (compound 8, a new potent HP analogue;
Fig. 2), and three potent HP analogues (HP-1: 9, 7-Cl-HP: 10,
HP-29: 11; Fig. 2B)8,13,15 to synthesize and investigate
nitroarene prodrugs. These HP prodrugs were further
evaluated in enzymatic release experiments and
microbiological assays.

Results and discussion

The synthesis of 6,8-CF3-HP was initiated with a potassium
tert-butoxide-promoted condensation between
3,5-bis(trifluoromethyl)aniline 5 and 3-nitroanisole 6 to form
a nitroso intermediate (not shown) that was immediately
taken forward and reacted with N,O-bis(trimethylsilyl)
acetamide (BSA) to produce 1-methoxy-6,8-
bis(trifluoromethyl)phenazine 7 with a 39% yield (Fig. 2A).
Our synthesis of phenazine 7 was inspired by Wróbel and co-
workers.25–28 1-Methoxyphenazine 7 was then subjected to (1)
demethylation with boron tribromide (BBr3, 95% yield), and
(2) bromination using N-bromosuccinimide (NBS) to
synthesize 6,8-CF3-HP (98% yield). We found this route to be
scalable, producing 326 milligrams of 6,8-CF3-HP from 1
gram of starting 3,5-bis(trifluoromethyl)aniline 5.

The synthesis of initial nitroarene prodrugs involved a
single reaction between four potent HP agents and
(4-nitrophenyl)methanesulfonyl chloride in the presence of
triethylamine to afford target HP-nitroarene prodrugs HP-1-N
(1; 89% yield), 7-Cl-HP-N (15; 90%), 6,8-CF3-HP-N (16; 98%)
and HP-29-N (17; 97%) in good to excellent yields (Fig. 2B).
In addition to HP-nitroarene prodrugs, we synthesized the
analogous sulfonate ester analogues without the key nitro
functional group to probe this particular molecular trigger in
this prodrug design. To this end, the same four HP molecules
were reacted with 4-phenylmethanesulfonyl chloride to yield
sulfonate ester comparator compounds HP-1-SE (18; 99%), 7-

Fig. 1 Within the bacterial cell, HP-nitroarene prodrugs (e.g., HP-1-N) are designed to release active HP 4 following NTR-promoted reduction of
the nitroarene to aniline, and subsequent release of sulfur dioxide (SO2).
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Cl-HP-SE (19; 97%), 6,8-CF3-HP-SE (20; 100%), and HP-29-SE
(21, 98%).

Following the synthesis of HP nitroarene prodrugs and
sulfonate ester control compounds, we used UV-vis
spectroscopy to determine if our new analogues are able
to directly chelate iron(II) or not.15,18 This is a critical
design element to HP prodrugs as we aim to make
analogues that are unable to bind iron(II), and other

metal cations, until the molecular trigger is activated and
HP is released within the bacterial cell. For all parent
HPs, we observed direct iron(II) binding, as expected,
based on a new peak formed in the UV-vis spectrum at
∼550 nm (see HP-1, Fig. 2C). In UV-vis experiments with
HP nitroarenes and sulfonate ester control compounds,
we observed no direct iron(II) binding, as designed
(Fig. 2C; ESI†).

Fig. 2 Synthetic schemes of 6,8-CF3-HP, HP-nitroarene prodrugs and sulfonate ester control compounds. UV-vis spectroscopy showing HP-
nitroarene prodrugs and control compounds unable to bind iron(II).
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Fig. 3 In vitro findings with nitroreductase-promoted release of HP analogues from nitroarene prodrugs (e.g., HP-1-N) alongside sulfonate ester
control compounds (e.g., HP-1-SE).

Fig. 4 Agar diffusion assay to determine the zone of inhibition against MRSA 1707. (A.) DMSO, negative control, (B.) HP-1, zone of inhibition =
5.08 ± 0.52 cm2, (C.) HP-1-N, zone of inhibition = 1.13 ± 0.24 cm2, and (D.) HP-1-SE, zone of inhibition = 0 cm2. **P-Value <0.01, ***P-value
<0.001, na: not applicable (Students' T-test).
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Next, we subjected the HP-nitroarenes and sulfonate esters
to in vitro prodrug release experiments22 in the presence of
nitroreductase (NTR from Escherichia coli; Fig. 3).
Experimentally, all test compounds were incubated at 37 °C
in Tris buffer with or without NTR for 2 and 16 hours
(compound concentration: 1 mM; enzyme concentration: 0.1
mg mL−1). The percent HP release from HP-nitroarene and
sulfonate ester control compounds was quantified using LC-
MS (see Supporting Information for details). After 2 hours
incubation with NTR, 30.3% of HP-1 was released from
prodrug HP-1-N, whereas only 3.5% HP-1 was released in the
absence of the enzyme (likely caused by sulfonate hydrolysis).
After 16 hours, NTR promoted 70.1% release of HP-1 from
HP-1-N, whereas only 6.8% HP-1 release was observed in the
absence of NTR. As expected, no HP-1 was released from the
corresponding sulfonate ester control compound HP-1-SE
following incubation with NTR. HP-nitroarene compounds 7-
Cl-HP-N and 6,8-CF3-HP-N (and their corresponding sulfonate
ester control compounds) demonstrated similar HP-release
profiles in experiments with NTR (Fig. 3); however, HP-29-N
gave highly inconsistent results in these experiments (data
not shown), likely due to solubility issues.

Following in vitro assessment of bacterial nitroreductase,
we evaluated HP-nitroarene prodrugs against MRSA 1707
using Petri dishes to determine relative antibacterial activity
of analogues via the relative zone of inhibition in agar
diffusion assays (Fig. 4). Our experimental approach was to
evaluate HP-1, prodrug HP-1-N and control HP-1-SE alongside
on a single Petri dish (minimum of three independent
replicates; other focused HP prodrug series were evaluated
using an analogues approach, see Supporting Information).
In these experiments, HP-1 demonstrated the most potent
activity with a zone of inhibition at 5.08 ± 0.52 cm2 against
MRSA 1707, while nitroarene prodrug HP-1-N gave a zone of
inhibition of 1.13 ± 0.24 cm2. We believe the overall
reduction in zone of inhibition results for HP-1-N compared
to HP-1 is indicative of the time needed for the processing of
the nitroarene prodrug moiety to release the active HP
warhead. As designed, HP-1-SE showed no inhibition activity

against MRSA 1707, demonstrating the (1) requirement of the
nitro-group functionality of HP-1-N, and (2) stability of the
sulfonate ester linker for HP-1-SE. Similar activity profiles
were observed for the 7-Cl-HP and HP-29 series in the Petri
dish growth inhibition experiments against MRSA 1707;
however, control compound 6,8-CF3-HP-SE (designed to be
inactive against bacteria) demonstrated some antibacterial
activities in these experiments, likely due to some non-
specific linker cleavage (Table 1).

Following agar diffusion experiments, we assessed
antibacterial activities of HP prodrugs alongside their
corresponding HP parent and non-nitro containing sulfonate
ester analogue in minimum inhibition concentration (MIC)
assays (Fig. 5; Table 2). During the course of these studies,
prodrug HP-1-N demonstrated good-to-moderate antibacterial
activities against MRSA, MRSE, VRE, E. faecalis and S.
pneumoniae strains (MIC profiles can be viewed in Table 2),
similar to the activity profile of parent HP-1 (≤4-fold
difference in MIC values). In addition, the sulfonate ester
control HP-1-SE was found to be inactive across all strains
(MIC > 100 μM), demonstrating ideal linker stability in these
experiments. In addition, the HP-29 series demonstrated
ideal MIC profiles with prodrug HP-29-N (MIC = 0.10–0.59
μM against MRSA, MRSE, VRE, S. pneumoniae; MIC = 4.69
μM against E. faecalis OG1RF) demonstrating near equipotent
activity compared to HP-29 (MIC = 0.10–0.39 μM) across most
strains while HP-29-SE reported no activity (MIC > 100 μM)
in these assays.

Despite the HP-1-N and HP-29-N series demonstrating
ideal MIC profiles, the 7-Cl-HP-N and 6,8-CF3-HP-N series
demonstrated less-than-ideal sulfonate ester linker stabilities
as evident from the SE (control) analogues (Table 2). All SE
analogues in this study were designed to be inactive in
antibacterial assays (expecting MIC values > 100 μM) and
synthesized to probe general linker stability; however, 7-Cl-
HP-SE reported MIC values of 1.17–4.69 μM against 5 of the 7
strains used in our panel, while 6,8-CF3-HP-SE was found to
demonstrate antibacterial activities against 6 of 7 strains
(MIC = 0.15–18.8 μM). Evaluating the 7-Cl-HP-N and 6,8-CF3-

Table 1 Experimental results evaluating the performance of HP-nitroarene prodrugs and control compounds. Findings include: in vitro NTR-promoted
HP release, media stability, iron binding (UV–vis), and zone of inhibition against MRSA 1707 (antibacterial activity)

Compound
Iron binding
(UV-vis)

2 h release (%) 16 h release (%) MRSA 1707 zone
of inhibition (cm2)NTR/no NTR NTR/no NTR

HP-1 Yes — — 5.08 ± 0.52
HP-1-N No 30.3 ± 5.6/3.5 ± 1.4 70.1 ± 15.9/6.8 ± 3.0 1.13 ± 0.24
HP-1-SE No 0/0 0/0 0
7-Cl-HP Yes — — 1.70 ± 0.07
7-Cl-HP-N No 26.3 ± 11.9/5.8 ± 2.9 53.9 ± 17.4/7.6 ± 3.3 0.66 ± 0.07
7-Cl-HP-SE No 0/0 0/0 0
6,8-CF3-HP Yes — — 4.58 ± 0.17
6,8-CF3-HP-N No 17.7 ± 7.3/9.9 ± 4.3 67.5 ± 32.7/16.6 ± 9.4 2.57 ± 0.19
6,8-CF3-HP-SE No 0/0 0/0 1.07 ± 0.08
HP-29 Yes — — 3.85 ± 0.18
HP-29-N No — — 0.87 ± 0.09
HP-29-SE No — — 0
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Fig. 5 MIC assay of HP prodrug analogues against MRSA 1707.

Table 2 Summary of antibacterial activities (MIC values reported) and cytotoxicity of HP analogues. All biological results in this table are reported in
micromolar (μM) concentrations

Compound
MRSA
BAA-1707

MRSA
BAA-44

S. epi
12228

MRSE
35984

VRE
700221

E. faecalis
OG1RF

S. pneu.
6303

% hemolysis
(200 μM)

HEK-293
(CC50)

HP-1 1.17a 1.56 2.35a 1.56 4.69a 18.8a 1.17a <1 —
HP-1-N 1.17a 1.56 4.69a 4.69a 9.38a 37.5a 4.69a <1 51.7
HP-1-SE >100 >100 >100 >100 >100 >100 >100 — >100
7-Cl-HP 0.075a 0.15a 0.30a 0.39 0.59a 4.69a 0.30a <1 —
7-Cl-HP-N 0.10b 0.15a 0.15a 0.39 0.59a 4.69a 0.15a <1 6.4
7-Cl-HP-SE 2.35a 1.17a 3.13 4.69a >100 >100 1.56 — 30.3
6,8-CF3-HP 0.15a 0.15a 0.10b 0.05b 0.20 0.10b 0.10b 16.7 —
6,8-CF3-HP-N 1.56 4.69a 0.15a 0.78 1.56 0.78 0.20 10.4 2.9
6,8-CF3-HP-SE >100 18.8a 0.15a 1.56 0.78 0.39 0.20 — 3.6
HP-29 0.10b 0.10b 0.10b 0.10b 0.15a 0.39 0.10b <1 18.3
HP-29-N 0.10b 0.30a 0.59a 0.15a 0.59a 4.69a 0.15a <1 34.1
HP-29-SE >100 >100 >100 >100 >100 >100 >100 — 49.6
Vancomycin 0.78 0.30a 1.56 0.59a >100 1.56 0.59a <1 —
QAC-10 4.69a — — 2.35a 2.35a — — >99 —

a Midpoint value for 2-fold range in MIC values observed. b Lowest concentration tested. “Hemolysis” refers to percent lysis of red blood cells
observed at 200 μM. Each data point is the result of three independent experiments.
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HP-N analogue series were insightful and their linker stability
concerns became the primary reason we moved forward with
the HP-1-N and HP-29-N series.

Following our initial antibacterial assessment, HP
analogues were evaluated in hemolysis and cytotoxicity assays
(Table 2). HP and nitroarene prodrug analogues demonstrated
negligible (< 1%) hemolysis activity against red blood cells
(RBC) at 200 μM with the exception of 6,8-CF3-HP and
6,8-CF3-HP-N reporting 16.7 and 10.4% hemolysis at this
concentration (note: QAC-10 is a known membrane-lysing
antibacterial agent29 and was used as a comparator in these
experiments, demonstrating >99% hemolysis during these
studies). Several HP analogues were evaluated against HEK-
293 cells with HP prodrugs HP-1-N (CC50 = 51.7 μM) and HP-
29-N (CC50 = 34.1 μM) demonstrated good cytotoxicity
profiles (note: when comparing the CC50 values in HEK-293
cells to MIC values against MRSA, a selectivity index of ∼200
can be quantified for prodrug HP-29-N). Finally, we note
improved cytotoxicity against HEK-293 cells regarding
prodrug HP-29-N (CC50 = 34.1 μM) compared to parent HP-29
(CC50 = 18.3 μM).

After we determined the HP-1 and HP-29 prodrug series
demonstrated good antibacterial targeting profiles, we
evaluated these focused collections against a panel of
multidrug-resistant MRSA and MRSE clinical isolates that
were obtained from patients treated at Shands Hospital
(Gainesville, FL; Table 3). In addition to evaluating select HP
prodrug series, we profiled the clinical isolate strains with six
conventional antibiotics, including vancomycin, methicillin,
ciprofloxacin, tetracycline, erythromycin, and tobramycin. All
clinical isolates demonstrated resistance to methicillin (MIC
values = 6.25 to > 100 μM) and at least one other antibiotic
tested. Isolate S. aureus 129 was found to be resistant to four
of the six antibiotics tested (methicillin, MIC = 37.5 μM;
ciprofloxacin, erythromycin, tobramycin, MIC > 100 μM);
however, most of the MRSA and MRSE isolates in our panel
demonstrated resistance to three or more conventional
antibiotics. Prodrug HP-1-N demonstrated 2- to 4-fold

reductions in antibacterial potency (MIC = 3.13–6.25 μM)
compared to parent HP-1 (MIC = 0.78–2.35 μM) against the
clinical isolates, which we believe is indicative of prodrug
processing by NTR. As designed, HP-1-SE was completely
inactive against the clinical isolates (MIC > 100 μM),
demonstrating the requirement of the nitro-group in HP-1-N
for activity. In addition, the HP-29 series demonstrated
similar activity profiles against the clinical isolates with
increased overall potency as HP-29-N reported elevated MIC
values (0.30–2.35 μM) compared to HP-29 (MIC = 0.10–0.39
μM); however, HP-29-SE was inactive (MIC > 100 μM) as
designed.

Collectively, our findings show that select halogenated
phenazine analogues can be successfully advanced as
nitroreductase-targeting prodrug molecules. We focused
these initial investigations on determining the potential for
this prodrug strategy, which included: (1) investigating a
focused series of HP antibacterial agents as starting points
for prodrug synthesis, (2) demonstrating target prodrugs do
not bind iron(II), (3) characterizing in vitro NTR-promoted
release of prodrugs, and (4) evaluating antibacterial activity
profiles of HP-NTR prodrugs. From a focused series of four
HP-NTR prodrug collections, we found a spectrum of ideal to
non-ideal prodrug profiles to rank and guide future studies
in this area (Fig. 6). Each prodrug was rapidly synthesized in
good yields and were shown to not bind iron(II) directly,
which was a critical starting point for further investigations;
however, additional examination of these compounds
revealed insights critical to the development of HP-NTR
prodrugs.

During the course of these studies, we felt our most ideal
prodrug was HP-1-N (Fig. 6) as it demonstrated: (1) the most
significant NTR-promoted HP release in vitro (with minimal
hydrolysis in analogous experiments without NTR present),
(2) ideal antibacterial activity profiles in Petri dish
experiments and MIC assays (against lab strains and clinical
isolates), and (3) the control HP-1-SE proved inactive against
all strains demonstrating a stable sulfonate ester linkage and

Table 3 Summary of antibacterial activities (MIC values reported) of HP analogues against MRSA and a MRSE clinical isolate. All biological results in this
table are reported in micromolar (μM) concentrations

Compound MRSA 2 MRSA 1 S. aureus 129 S. aureus 138 S. aureus 147 S. aureus 156 S. epidermidis CL-1

HP-1 2.35a 0.78 1.56 1.56 1.56 1.56 1.56
HP-1-N 3.13b 3.13 6.25 4.69a 6.25 6.25 6.25
HP-1-SE >100 >100 >100 >100 >100 >100 >100
HP-29 0.15a 0.10c 0.10c 0.10c 0.10c 0.10c 0.39
HP-29-N 0.30a 0.30a 1.17a 0.39 0.59a 0.59a 2.35a

HP-29-SE >100 >100 >100 >100 >100 >100 >100
Vancomycin 0.39 0.39 0.39 0.39 0.59a 0.39 0.59a

Methicillin >100 37.5a 37.5a 37.5a 6.25 25 12.5
Ciprofloxacin >100 0.78 >100 >100 1.17a 0.78 0.30a

Tetracycline 0.10c 0.10c 0.10c 0.15a 0.10c 0.15a 25
Erythromycin 18.8a 100 >100 >100 37.5a >100 >100
Tobramycin 6.25 6.25 >100 12.5 6.25 12.5 1.56

a Midpoint value for 2-fold range in MIC values observed. b Midpoint value for 4-fold range in MIC values observed. c Lowest concentration
tested. Each data point is the result of three independent experiments.
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the absolute requirement for the nitro group in HP-1-N to
possess antibacterial activity. In addition, we used a shake
method30–33 protocol to show HP-1-N possesses acceptable

water solubility with an experimental log P of 0.42 (parent
HP-1, log P = 0.25). The prodrug we ranked as second best in
this study is HP-29-N, which demonstrated ideal antibacterial

Fig. 6 Biological activity profile overview of HP-nitroarene prodrug analogues. The HP-nitroarenes are ranked in order from most ideal (rank 1) to
least ideal (rank 4) prodrugs for future studies.
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profiles (significantly more potent than HP-1-N, as expected,
and control HP-29-SE was inactive in all antibacterial assays);
however, we were unable to obtain in vitro data to show NTR-
release despite multiple attempts, likely due to solubility
issues (log P = 3.11). We ranked prodrug 7-Cl-HP-N as third
(and unacceptable) as unexpected antibacterial activity was
observed for control compound 7-Cl-HP-SE demonstrating
this molecule has an unstable linker that is likely susceptible
to hydrolysis liberating the 7-Cl-HP warhead that can
subsequently bind iron and inhibit bacterial growth. We
ranked 6,8-CF3-HP-N as our lowest performing prodrug for
linker stability concerns, which were apparent in the in vitro
experiments without NTR present, Petri dish experiments
and MIC assays.

During the course of these studies, we synthesized and
evaluated a new series of HP prodrugs designed to utilize a
nitroarene trigger to be reduced by nitroreductase enzymes
in bacteria. Following synthesis of a focused series of HP-N
prodrugs and control molecules (designed to assess linker
stability), we showed these compounds were unable to bind
iron(II), which is critical for their mode of action and
required for mitigating off-target cytotoxicity. Following
chemical synthesis, in vitro nitroreductase-promoted release
assays and antibacterial assessments were used to
characterize the action of HP-N prodrug molecules that led to
the identification of HP-1-N as an ideal candidate due to a
combination of targeted release by nitroreductase,
antibacterial activities, linker stability, and a good cytotoxicity
profile. Future optimization efforts will focus on the
development of the nitroarene motif and a modified stable
linker. Overall, we believe the development of HP prodrug
antibacterial agents can lead to groundbreaking discoveries
and provide new treatment options for antibiotic resistant
infections.
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