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Isomer Determination by NMR of (2R,5R)-6-(benzyloxy)-2-fluoro-1,6-
diazabicyclo[3.2.1]octan-7-one (A) and (2S,5R)-6-(benzyloxy)-2-fluoro-1,6-
diazabicyclo[3.2.1]octan-7-one (B):
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Figure S1. NMR analysis of [somer A

The coupling constant for H2 proton (5.45 ppm), 2Ji.r = 46 Hz and 3Jion3 (axian) = 4.5 Hz,
implying that the H2 proton is in the equatorial position. The vicinal coupling constants for the
HS5 proton (3.36 ppm) are J = 5.5 Hz and 2.5 Hz, indicating that it is in the equatorial position.
Based on the coupling constants of H2 and H5 protons, it was concluded that this isomer is in

trans configuration as shown.
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Figure S2. 'H NMR of Isomer A
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Isomer B
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Figure S3. NMR analysis of Isomer B

The coupling constants for H2 proton (5.95 ppm), 2Jipr = 46 Hz, *Ji2.13 (axiany = 10.5 Hz and
=5 Hz, imply that it is in the axial position. The vicinal coupling constant for

J H2-H3 (equatorial) —

H2 proton (3.71 ppm), J = 3 Hz, indicates that it is in the equatorial position. Based on the

coupling constants of H2 and H5 protons, it was concluded that this isomer is in the cis

configuration as shown.
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Figure S4. '"H NMR of Isomer B
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Figure S5. 'H NMR spectrum of compound 21 (ANT3310)
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Figure S6. '°F NMR spectrum of compound 21 (ANT3310)
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Figure S7. Expanded '°F NMR spectrum of compound 21 (ANT3310)
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Figure S8. 3C NMR of compounds 21 (ANT3310)
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Figure S9. HPLC analysis of compound 21 (ANT3310)
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Figure S10. MS spectrum of compound 21 (ANT3310)
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Figure S11. HRMS analysis of compound 21 (ANT3310)
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In vitro enzyme assays and 1Cs, determination

Enzyme inhibition assays were performed using six clinically relevant purified B-lactamase
enzymes in a 96-well microplate setup: TEM-1 (0.55 ng/well), KPC-2 (10 ng/well), AmpC
(0.42 ng/well), OXA-48 (4.7 ng/well), OXA-23 (1.65 ng/well) and CTX-M-15 (8.8 ng/well) in
10 mM HEPES buffer (pH7.5) (and supplemented with 50 mM NaHCO; for OXA-23 assay)
in 96-well microtiter plates.

Nitrocefin (Sigma-Aldrich, St Louis, Miss.), a chromogenic cephalosporin (A, 482 nm; &y,
15,000 M-!-cm™"), was used as a reporter substrate at 100 uM for TEM-1, KPC-2, AmpC, OXA-
23, OXA-48 and at 50 uM for CTX-M-15. Enzymes were preincubated in the presence of
varying concentrations of inhibitors (0.006 to 3,000 nM, compound were dissolved in DMSO
and subsequently diluted in the reaction buffer, the maximum residual DMSO concentration
did not exceed 1%) for 10 minutes (to allow the formation of the enzyme-inhibitor covalent
complex). Nitrocefin was then added and its hydrolysis by the uninhibited enzyme fraction
followed for 10 min at 30 °C using a Envision UV fluorescence plate reader (Perkin Elmer,
Waltham, Mass.).

Hydrolysis rate data were used to determine inhibitory activities, expressed in ICsy values
(corresponding to the compound concentration (WM) required to inhibit 50% of enzymatic

reaction).

Bacterial strains and antimicrobial susceptibility testing

The following SBL-positive clinical isolates were used to support SAR: Enterobacter
cloacae KPC-2/TEM-1, Klebsiella pneumoniae SHV-11/TEM-1/KPC-3, K. pneumoniae
SHV-11/0XA-181, Acinetobacter baumannii OXA-23 and K. pneumoniae TEM-
OSBL/CTX-M-14/0XA-48. The first four isolates were supplied by P. Nordmann and the
last isolate was purchased from IHMA (International Health Management Associates, Inc).
Additional studies were performed against 50 KPC-CRE, 48 OXA-CRE and 50 OXA-CRAB
from the 2017 global IHMA collection.

MEM and MEM/ANT3310 minimal inhibitory concentrations (MICs) were determined by
broth microdilution according to Clinical and Laboratory Standards Institute (CLSI)
guidelines, using cation-adjusted Mueller-Hinton (CAMBH; Becton Dickinson).

Colonies were taken directly from a culture plate and prepared to a suspension equivalent to
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the 0.5 McFarland standard using normal saline. Microplates were inoculated within 15 min
after adjustment of the inoculum suspension turbidity, and incubated at 37°C for 16 to 20 h.
Quality control (QC) testing was performed each day of testing as specified by the CLSI
using the following isolates: E. coli ATCC 25922 and P. aeruginosa ATCC 27853.

CYP Inhibition Assay Procedure

158 uL of human liver microsomes working stock solution was added to all wells of the
reaction plate (0.253 mg/mL, 158 uL/ well) then 2 pL of test compound/positive inhibitor
working solutions were added to the reaction plate (2 uL/ well). For the control, 2 uL. of
acetonitrile containing DMSO (without inhibitor) were added to the reaction plate. Then
20 uL of substrate pool were added to all the wells of the reaction plate. The reaction plate
was shaken and pre-incubated at 37°C for 20 min. 20 uL of the NADPH solution (pre-
warmed at 37°C for 5 minutes) were added to the reaction plate which was then incubated
at 37°C for 10 min. The reaction was terminated by adding cold acetonitrile (200 pL/well)
to the reaction mixture. The plate was then centrifuged at 4,000 rpm for 20 minutes. After

centrifugation, the supernatant was separated and analyzed by LC-MS/MS.

CYP inhibition (Time dependent) assay procedure

158 pL of human liver microsomes working stock solution was added to all wells of the
reaction plate (0.253 mg/mL, 158 pL/ well) then 2 pL of test compound/positive inhibitor
working solutions were added to the reaction plate (2 pL/ well). The reaction plate was pre
warmed for 10 min at 37 degrees. 25 pL of NADPH solution were added to NADPH pre-
incubation' wells. 25 pL of substrate solution were added to ‘substrate pre-incubation’
wells. The plate was mixed and incubated for 5 min at 37°C on a Julabo shaking water bath.
After 10 minutes the reaction was terminated by adding ice cold acetonitrile (200puL)
containing the internal standard to all the wells. The plate was then centrifuged at 4000 rpm
for 30 minutes. The supernatant was diluted 1:1 with water and the corresponding
metabolite was assayed by LC-MS/MS analysis.
S11



Generalised Protocol for Plasma Protein Binding

3 uL of I mM of test compound in methanol was added to 297 uL of plasma (mouse, rat, dog
human). 200 pL of this solution was added to the donor well. 350 uL of PBS buffer pH7.4
was added to the receiver well. The plate was incubated at 37°C in a thermomixer at 400 rpm
for 5 hours. The samples were matrix equilibrated with the opposite matrix (ie equal volumes
of plasma/buffer samples were matched with blank buffer/plasma). Samples were
precipitated with 200 pL of acetonitrile containing the internal standard then vortexed at 1000
rpm for 5 minutes and centrifuged at 4000 rpm for 10 minutes. The supernatant was analysed
by LC-MS/MS. The percentage of unbound drug was determined by the equation % Unbound
=100 x Fc/Tc and the percentage recovery by the equation % Recovery = 100 x (Fc + Tc)/T
where Tc = total compound concentration as determined by the calculated concentration on
the plasma side of the membrane; Fc = total compound concentration as determined by the
calculated concentration on the buffer side of the membrane; T = total compound

concentration as determined before dialysis.

Murine Thigh Infection Model

Infection models in the thigh muscle tissue of neutropenic mice have been the bedrock of in
vivo pre-clinical validation studies and are routinely used to translate in vitro data to in vivo
efficacy of antimicrobial agents. In these studies, the efficacy of test articles in reducing the
bacterial burden in the mouse thigh following infection with two different strains of K.
pneumonia was determined. All procedures were conducted in accordance with the United
Kingdom Animal (Scientific Procedures) Act 1986, approved by institutional ethical review
committees (Agenda Resources, Alderley Park Animal Welfare and Ethical Review Board)
and conducted under the authority of the Project Licence PA67EOBAA.
Specific pathogen free male CD-1 mice (11-15 g on receipt) (Charles River Laboratories,
Margate, Kent, UK) were allowed to acclimatize for ~10 days. Mice were kept in
individually ventilated cages (IVCs; Tecniplast, Italy) at a temperature of 20°C to 24°C,
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humidity of 50% to 60%, 60 air exchanges per hour in the cages, and a 12/12-hour light/dark
cycle with the lights on at 6:00 AM. The maximum caging density was five mice per cage.
As bedding, aspen chip (Datasand Stockport UK) were provided. Mice were fed a
standardized mouse chow and provided drinking water ad libitum. All materials, including
IVCs, lids, feeders, bottles, bedding, and water were autoclaved before use. Throughout the
duration if the experiment, mice were monitored for changes is health as frequently as
clinically indicated but at least twice daily pre-infection and every 2h post infection.
Following acclimatization mice were rendered neutropenic by immunosuppression with
cyclophosphamide by subcutaneous injection at 150 mg/kg 4 days before infection and 100
mg/kg 1 day before infection. The immunosuppression regime leads to neutropenia starting
24 h post administration of the first injection continuing throughout the study. Previously
prepared frozen stocks of K. pneumoniae NR-48977 (KPC-2, TEM-1, SHV-11, SHV-12) and
K. pneumoniae ACC00783 (OXA-48) were diluted immediately prior to infection to a
concentration of 6.33 x 10° CFU/mL and 2.3 x 107 CFU/mL, respectively. Mice were
randomized into groups of 5 mice per group, then infected with 0.05 mL of the corresponding
bacterial suspension by intramuscular (IM) injection under brief inhaled anaesthesia (2.5%
isofluorane in 87.5% oxygen for 3-4 minutes) into both thighs (3.17 x 10° cfu/thigh and 1.15
x 106 cfu/thigh, respectively). Meropenem/vaborbactam and tigeycline were used as positive
controls against KPC-2 K. pneumoniae NR-48977 and OXA-48 K. pneumoniae ACC00783,
respectively. Test articles were administered intravenously (IV) at 10 mL/kg. Meropenem
alone or with either ANT3310 or vaborbactam was dosed at 1, 3, 5, and 7 h post-infection
and tigecycline was administered once 1 h post-infection. One group of animals was
humanely euthanized using pentobarbitone overdose 1-hour post-infection to provide a pre-
treatment control group. All animals in the additional groups were euthanized at the end of
the study, 9 h post-infection. Thigh samples were homogenized in ice cold sterile phosphate
buffered saline; the homogenates were quantitatively cultured onto CLED agar and incubated
at 37°C for 18 - 24 h before colonies were counted. The data from the culture burdens were
analyzed using appropriate non-parametric statistical models (Kruskal-Wallis using Conover-
Inman to make all pairwise comparisons between groups) with StatsDirect software v. 3.1.22,
and compared to vehicle control. For all calculations, the thighs from each animal were

treated as two separate data points even though they are not completely independent samples.
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X-ray crystallography

The OXA-48 carbapenem-hydrolyzing B-lactamase was purified and crystallized using the
sitting drop method essentially as previously described!-3. Crystals of the native enzyme were
obtained at pH 7.5 in 0.1 M HEPES buffer containing 12% PEG4000 and 3% 1-butanol.
Crystals were soaked for 15 minutes by adding 0.7 pL. of a 50 mM solution of compound 21
(ANT3310) in the precipitant solution, prior to transferring to the cryoprotectant (20% PEG400
in the precipitant solution) and flash-freezing in liquid nitrogen. X-ray diffraction data were
collected at the Diamond Light Source (beamline 104; Didcot, United Kingdom). Data were
processed as described elsewhere!># and the structures obtained by molecular replacement
using the native structure of the corresponding enzyme (PDB entry, 3HBR), excluding solvent
and other ligands. Refinement was performed with REFMACS5> from the CCP4 suite®, using
an iterative manual rebuilding and modelling of missing atoms in the electron density using
COOT’. Water molecules were added using the standard procedures implemented in the
ARP/wWARRP suite?. Data collection and model refinement statistics are shown in Table S1. The

coordinates and structure factors were deposited in the Protein Data Bank under code 6ZXI.

Table S1. Data collection and refinement statistics.

Parameter

OXA-48:21 (ANT3310)

X-ray source

Wavelength (A)

Data collection temp (K)
Space group

Cell dimensions (A)
subunits/asymmetric unit
Matthews coefficient (A3 Da'!)
Solvent content (%)
Resolution limits (A)“

No. of reflections measured?

No. of unique reflections”

Diamond beamline 104
0.9795
100
P22,2,
a=44.80,b=105.11,c=125.43
2
2.62
53.13
53.85—-1.85(1.95-1.85)
387,486 (56,588)
51,511 (7,403)



Completeness (%)“ 100.0 (99.9)
Rinerge (%0)*7 6.8 (87.1)
Multiplicity® 7.5 (7.6)
I/o(I )4 14.8 (2.2)
Wilson B factor (A2?) 28.27
Reryst (%0)%0 17.41 (29.0)
Reee (%0)*? 21.75 (31.4)
Protein atoms 3,981
Ligand atoms 42
Water molecules 428
Avg B factor (A2) 33.25
RMSD bond length (A) 0.010
RMSD bond angle (°) 1.617

“Data in parentheses refer to results for the highest-resolution shell.

meerge = z:hz:i’Ii,h - I_hl/zhzi]i,h x100. Rcryst(Rfree) = 2h||Fh,0bS| - |Fh,calc|/ Zh||Fh,0bS| x100.
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