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Membrane permeability is a natural defense barrier that contributes to increased bacterial drug resistance, particularly for Gram-negative

critical priority pathogens P. aeruginosa, A. baumannii, and Enterobacterales. As such, accurate delivery of the antibacterial agent to the target

has become a growing research area in the infectious diseases field as a means of improving drug efficacy. Although the efficient transport of

siderophore-antibiotic conjugates into the cytosol still remains challenging, great success has been achieved in the delivery of β-lactam

antibiotics into the periplasmic space via bacterial iron uptake pathways [1]. Cefiderocol, the first siderophore-cephalosporin conjugate

approved by the US Food and Drug Administration, is a good example [2]. Huge efforts are currently been devoted to developing β-lactamase

inhibitors that are able to reduce the impact of the main bacterial resistance mechanism, thus, hydrolysis of β-lactam antibiotics catalyzed by

β-lactamase enzymes. These conjugation strategies were applied to the precise delivery of β-lactamase inhibitors, penicillin-based sulfones,

to restore β-lactam antibiotic efficacy in multidrug-resistant bacteria [3,4]. These compounds have a unique mechanism of action. Thus, when

binding to the enzyme active site a nucleophilic attack by the catalytic serine residue to generate an indolizine adduct, which is stable against

hydrolysis, is obtained.

▪ Compound 2, which contains a catechol group linked to the pro-S methyl 
of the sulfone scaffold via an aromatic ester, is the best inhibitor of the 
series.

▪ Compound 2 is a β-lactamase inhibitor with an expanded spectrum of
activity.

▪ The susceptibility of ampicillin in combination with 2 against E. coli and K.
pneumoniae producing ESBL CTX-M-14 and OXA-48, respectively was
increased.

▪ In silico studies have shown that the linkage of the catechol group via an
aromatic ester appears to promote extra key interactions with the residues
of the active site, thus reducing the flexibility obtained with compound 1.

▪ The aromatic ester linkage improves  internalization into the periplasmic 
space.
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Scheme 1. (a) Ph2CN2, CH2Cl2/MeOH, RT. (b) ClCO2Allyl, Py, CH2Cl2, –10 °C. (c) MeCO3H,
CH2Cl2, –5 °C. (d) 2-mercaptobenzothiazole, MgSO4, dioxane, ∆. (e) ClCH2CO2H, AgOAc, AcOEt,
RT. (f) Bu3SnH, Pd(PPh3)4 (cat.), AcOH, DCM, RT, 86% from 10. (g) 1. Tf2O, Et3N, DCM, –78 °C→0 
°C. 2. Et3N, –78 °C. 3. HCl (0.5 M). (h) 2-pyridylmethyltriphenylphosphonium bromide, DCM, –78
°C or RT. (i) MCPBA, DCM, RT. (j) Thiourea, Py, DMF, 0 °C→RT. (k) ArCO2H, EDC, DMAP, DCM, –15
°C→RT. (l) PPTS, tBuOH, RT. (m) 1. m-cresol, 50 °C. 2. NaHCO3 (aq.). (n) TBAF, AcOH, THF, 0 °C.

Scheme 2. (a) ethyl acrylate, Pd(OAc)2, P(o-tol)3, Et3N, DMF, 100 °C. (b) NaBH4,
MeOH, 0 °C→80 °C. (c) TBDPSCl, imidazole, DMF, RT. (d) 1. MCPBA, CHCl3, RT. 2.
Ac2O, 90 °C. 3. KOH, MeOH, 0 °C→RT. (e) CBr4, Ph3P, CH2Cl2, 0 °C. (f) Ph3P,
PhMe, Δ. (g) 1. Tf2O, Et3N, CH2Cl2, –78 °C → 0 °C. 2. Et3N, −78 °C. 3. HCl (0.5 M), –
78 °C → RT. (h) 1. 45, tBuOK, THF, RT. 2. 45, DCM, –78 °C. (i) MCPBA, DCM, RT. (j)
TBAF, AcOH, THF, 0 °C. (k) 51, EDC, DMAP, DCM, –15 °C→RT. (l) 1. m-cresol, 50
°C. 2. NaHCO3 (aq.).

G
O

A
LS

✓ To explore the impact on the bacterial activity of diverse penicillin-

based sulfones siderophore conjugates, compounds 1–8.

✓ In vitro evaluation with multidrug-resistant pathogens producing 

challenging β-lactamases and with isolated enzymes

✓ To know the molecular basis of the inhibitory properties of the most 

relevant compound by molecular dynamics simulation studies.

SYNTHESIS OF TARGET COMPOUNDS 1 - 8
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SIMULATION STUDIES WITH OXA-48 AND PDC-1

CONCLUSIONS

Figure 1. Binding mode of inhibitor 2 (blue) to the OXA-48 active site for the acylation reaction (A,B) and inactivated by 2 (C) obtained by
MD simulation studies. The large hydrophobic region near the active site (yellow), which is the OXA-48 enzyme feature, and the position of
the catalytic serine residue (red) are highlighted.
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Figure 2. Binding mode of inhibitor 2 (blue) to the PDC-1 active site for the acylation reaction (A) and inactivated by 2 (B) obtained by MD
simulation studies.
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