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Summary: The invention in this patent application is related to heterobicyclic compounds represented generally by formula (Ia), which are

β-lacatamase inhibitors. These compounds may potentially be useful for the treatment of bacterial infections, including infections

caused by drug and multidrug resistant organisms.

β-lactam antibiotics treat infectionswith a broad spectrumofGram-positive andGram-negative bacteria by inhibiting the cell wall synthesis of

the bacterium. They are generally safe and well-tolerated drugs that exhibit low toxicity because their biological target has no eukaryotic

analogue.However, there aremany infectious bacterial strains that show significant resistance to these drugs, causing patientmorbidity and

mortality. Examples of resistant strains includemethicillin-resistant Staphylococcus aureus (MRSA) andmultidrug resistant (MDR) strains

of Pseudomonas aeruginosa, Acinetobacter baumannii, Escherichia coli, Klebsiella pneumonia, and other Enterobacteriaceae. The bacterial

resistance is primarily caused by extended-spectrum β-lactamases (ESBLs). β-lactamases are bacterial enzymes that cleave the β-lactam

rings rendering the antibiotic drugs inactive. There are currently four known classes of β-lactamases denotedClass A, Class B, Class C, and

Class D. Classes A, C, and D are serine β-lactamases, while Class B enzymes are metallo-β-lactamases (MBLs).

To improve the effectiveness of β-lactam antibiotics, they may be used in conjunction with β-lactamase inhibitors. Most β-lactamase inhibitors

have little antibiotic activity of their own, but they canblock the activity ofβ-lactamases to allow theβ-lactamantibiotics towork andovercome

bacterial resistance. Currently available β-lactamase inhibitors, clavulanic acid, tazobactam, and sulbactam, are only effective against certain

Class A enzymes.Otherβ-lactamase inhibitors such as Avibactam andMK7655, currently in clinical trials, work primarily onClasses A andC

enzymes but showminimal effect against Class D enzymes. In order to effectively combat the significant β-lactam antibiotics resistance seen

today by different bacteria strains, there is a need to develop β-lactamase inhibitors that can effectively block all three serine β-lactamases

classes. There is also a need to develop new β-lactamase inhibitors which are effective against class D β-lactamases.

Important Compound Classes:

Key Structures: The inventors listed the structure and synthesis of 29 examples of the compounds of formula (I) including these three compounds:
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Biological Assay: Minimum Inhibitory Concentrations (MICs) were determined by the brothmicrodilutionmethod in accordance with the Clinical and

Laboratory Standards Institute (CLSI) guidelines.

Biological Data: The inventors assessed the synergy of compounds of formula (I) with β-lactams against several organisms producing a variety of

β-lactamases belonging to different classes. MIC values were determined according to the CLSI guidelines. The data from the above

three examples are listed in the following table:

Synergy was defined as a 4-fold or more reduction in the MIC of the β-lactam in the presence of the compound of formula (I),

compared to the β-lactam alone.

Claims: Claims 1�15: composition of matter; variations of formulas Ia

Claim 16�18: composition of matter; specific examples of formula Ia

Claim 19: pharmaceutical composition

Claim 20�23: use of compounds as a medicament for the treatment of bacterial infection
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