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Abstract

Proteasomes of pathogenic microbes have become attractive targets for anti-infectives. Co-
evolving with its human host, Mycobacterium tuberculosis (Mtb) has developed mechanisms to
resist host-imposed nitrosative and oxidative stresses. Genetic deletion or pharmacological
inhibition of the Mtb proteasome (Mtb20S) renders non-replicating Mtb susceptible to reactive
nitrogen species in vitro and unable to survive in the lungs of mice, validating the Mtb proteasome
as a promising target for anti-Mtb agents. Using a structure-guided and flow chemistry-enabled
study of structure-activity relationships, we developed phenylimidazole-based peptidomimetics
that are highly potent for Mth20S. X-ray structures of selected compounds with Mtb20S shed light
on their selectivity for mycobacterial over human proteasomes.

Graphical Abstract

"Corresponding Authors: gal2005@med.cornell.edu; Huilin.Li@vai.org.
acurrent address: New Path Molecular, Babraham Research Campus; Babraham, CB22 3AT, UK
bcurrent address: Cancer Research UK, Therapeutic Discovery Laboratory, Jonas Webb Building, Babraham, CB 22 3AT, UK.
CCurrent address: Orka Scientific, Nantwich, UK.
Author Contributions
These authors contributed equally.

ASSOCIATED CONTENT

Experimental procedures for the biological assays

The synthesis and NMR spectra and HRMS of final compounds and key intermediates

Molecular formula strings (CSV)

Accession Codes

The coordinates and associated diffraction data have been deposited in RCSB PDB with accession codes 60CW (Mtbh20S-A85),
60CZ (Mth20S-A86), and 60DE (Mtb20S-B6). Authors will release the atomic coordinates upon article publication.

The authors declare no competing financial interest.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Zhan et al.

Keywords

Page 2

" > o T
FF O, Qg (R,
f— !

A S QELN,

[
<y4¢ P
K s
e, A
s
I

A
h:‘&-{
i

b B
L
K
e

) %

Gy, Mtb20S =8 nM

A hu i-20S >100,000 nM

‘*\'\‘ Ryga ¢ | V) e L ' hu ¢-205>100,000 nM
ey

Mtb Proteasome

Mycobacterium tuberculosis, Species selectivity; Mtb proteasome inhibitors; Automated SAR

INTRODUCTION

Tuberculosis (TB) is one of the top ten deadly diseases worldwide and the single leading
cause of death from infection, leading to an estimated 1.3 million deaths worldwide in
2017.1:2 Multi-drug resistant TB worsens the public health crisis. New drugs that can
circumvent resistance and shorten the long course of treatment will be critical for effective
control of TB.

Drug development targeting the ubiquitin proteasome system has expanded from cancer to
autoimmune diseases and more recently to infections. The 20S core proteasomes of
Plasmodium falciparum, Trypanosoma, Leishmania, Trichomonas vaginalis, Schistosoma
mansoni and Babesia have become attractive targets for treatment of malaria, Chagas’
disease, leishmaniasis, trichomoniasis, schistosomiasis and babesiosis, respectively.3-2
Mycobacterium tuberculosis (Mtb) is rare among bacterial pathogens in expressing a
functional 20S.10-14 Mtb hosts a set of related proteins that are biochemically distinct from
but functionally parallel to several proteins in the eukaryotic UPS,1® such as the prokaryote
ubiquitin like protein (Pup),16 the Pup ligase PafA,17 the depupylase Dop,8 the ATP-
independent proteasome activator PafE1% 20, and the ATP-dependent mycobacterium
proteasomal activator Mpa,3 21 a novel proteasome interactor Cpa.22 Genetic knockout or
knockdown of prcBA (genes that encode Mth20S) renders Mtb unable to survive in mice in
the chronic phase of infection.23: 24

For candidacy as anti-TB drugs, Mtb20S inhibitors need to have high selectivity for Mtb20S
over the human constitutive proteasome, immunoproteasome, and thymoproteasome, in
addition to having drug-like properties. Several classes of Mth proteasome-selective
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inhibitors with varied degrees and spectra of selectivity have been reported (Figure 1).
Syringolins and 1,3,4-oxathiazol-2-ones are irreversible inhibitors.25-27 N/, C-Capped
dipeptide DPLG2 is a noncovalent inhibitor.28: 29 These three classes of compounds are
mycobactericidal against non-replicating Mtb under nitrosative stress. However, 1,3,4-
oxathiazol-2-ones and N, C-capped dipeptides are metabolically unstable, making them
unsuitable for further development and new scaffolds are needed. Herein we report
phenylimidazole-based proteasome-specific inhibitors that are potent and selective for Mtb
proteasome over human proteasomes.

DPLG?2 potently and selectively inhibits Mtb20S over both human constitutive proteasome
(c-20S) and immunoproteasome (i-20S).28 The co-crystal structure of DPLG2 with Mtb20S
shows that P1-naphthyl strongly contributes to potency against Mtb20S, while P3 asparagine
side chain CONEt, and P1 naphthyl dictate species selectivity. Additionally, the peptide
backbone of DPLG2 forms 6 hydrogen bonds with the substrate binding cleft of Mtb20S, all
of which likely contribute to potency. However, the peptidic character of DPLG2 poses a
substantial challenge for improving its pharmacokinetic properties. We thus sought to
replace the peptide backbone with amide bioisosteres after first identifying improved P3 and
P4 substituents.

Optimization of N,C-capped dipeptides

To efficiently and rapidly explore the SAR of N,C-capped dipeptides, we used an iterative,
automated microfluidic system developed by Cyclofluidic Limited, termed CyclOps™.30-34
A “design layer” algorithm facilitated variation in P1, P2, P3 and P4 moieties while
sampling within multidimensional chemical space.31-34 The evolving SAR prediction model
was automatically updated after each cycle of synthesis and in-line testing against
recombinant Mtb20S and c¢-20S (Figure 2). Because there was no spectral validation of the
target molecules in this flow-chemistry based approach, all steps were initially optimized in
flask reactions prior to applying to CyclOps™. The masses of intermediates and target
molecules in the flow-chemistry were closely monitored by LC-MS. Fractions that displayed
desired mass to ions of the target molecules were collected for in-line assays. In total, 118
dipeptide compounds were synthesized and assayed against Mth20S and c¢-20S (Table S1).
We selected and resynthesized 2 compounds, A85 and A86, and synthesized two new
analogues, A119 and A120 (Table 1 and Figure 2). Compared to DPLG2, A85 showed
improved solubility while maintaining potency for Mtb20S. Although the selectivity for
Mtb20S over c-20S p5c was 202-fold, the selectivity over i-20S B5i dropped to 4-fold. To
restore selectivity, a 2-phenylpyrrolidinyl (A86) was used to replace 2-methylpiperidin-1-yl
in A85. This yielded a 2.4-fold improvement in ICgq values against Mtb20S and improved
selectivity for both human ¢-20S and i-20S. Using A86 as template, we further reduced the
potency against human i-20S, by replacing P1 2,4-diF-benzyl in A86 with 2,6-diF-benzyl in
A119, whereas the potency against Mtb20S was maintained. When P1 was changed to 2-
MeO-benzyl in A120, the potency against Mtb20S and human proteasomes were all

J Med Chem. Author manuscript; available in PMC 2020 October 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Zhan et al.

Page 4

reduced. This seems to indicate that R2 2-phenylpyrrolidinyl can be used as an anchor for
SAR iteration to maintain potency and selectivity for Mtb20S over human proteasomes.

X-ray structures of Mtb20S with A85 and A86

To understand how the P1 benzyl and P3 2-methylpiperidin-1-yl / 2-phenylpyrrolidinyl
contribute to the potency and selectivity of the dipeptides, we determined X-ray structures of
Mtb20S complexed with A85 at 2.6 A, and with A86 at 2.7 A, respectively. As anticipated,
AB85 and A86 bind to Mtb20S non-covalently by forming a short antiparallel p-strand
between the inhibitors and the backbone atoms of Thr-21, Gly-47, and Ala-49 (Figure 4).
The P1, P3, and P4 groups are inserted into the S1, S3, and S4 binding pockets, respectively.
No significant conformational change is observed in S1 and S3 binding pockets among the
two Mtb20S-inhibitor complexes. Ser-27 (which is conserved in i-20S but not in c-20S),
Asp-124 of the neighboring subunit, and a water molecule coordinated by Ala-50 and
Asp-124 of the neighboring subunit further reinforce the antiparallel p-strand binding. In
addition, the hydrogen bond between the 5-methylisoxazole of P4 group and the NH of
Ala-126 of the neighboring subunit and a water molecule coordinated by 5-methylisoxazole
of P4 group and Ala-125 of the neighboring subunit provide further interactions between
inhibitors and proteasome. Replacement of Asn diethylamide of DPLG2 with Asn 2-
methylpiperidin-1-yl amide in P3 of A85 preserves the Mth20S specific interaction between
GIn-22 and dipeptide inhibitors. However, when the bulky 2-phenylpyrrolidinyl P3 group of
A86 is inserted into the shallow S3 binding pocket of the Mtb20S, the carbonyl of the Asn is
pushed away from interacting with GIn-22. Overall, despite of the different P1 and P3
groups, the two inhibitors bind to Mtb proteasome similarly (Table 1 and Table S1).

Phenylimidazole based Mtb20S inhibitors

With P3 and P4 optimized, we set out to replace the C-terminal amide with heterocyclic
rings. We identified a phenylimidazole that maintained modest inhibitory activity against
Mtb20S (compound B1, Figure 5). Furthermore, B1 weakly inhibited c-20S g5c with 1C5q ~
10 pM. With this as a starting point, we launched an iterative SAR analysis of peptide
phenylimidazoles using the CyclOps™ (Figure 2). In total, 35 phenylimidazole analogues
were synthesized by flow-chemistry and evaluated for inhibition of Mtb20S and hu c-20S.
The structures of all compounds and ICsq values determined inline are listed in Table S3.

Most peptide phenylimidazole compounds exhibited submicromolar to double-digit
nanomolar inhibitory potency against Mth20S, and double-digit to single-digit micromolar
inhibition against the hu c-20S B5c, representing a 1-2 orders of magnitude of species
selectivity. Among the different R1 substituents on the phenyl ring, 2,4-diF-benzyl was
superior to 2- or 4-F-benzyl and far superior to unsubstituted benzyl when comparing across
analogues with a P3 2-methylpiperidin-1-yl and a P4 5-methylisoxazolyl (compounds B2,
B3, B4 and B5). Replacing 2-methylpiperidin-1-yl (B3) with 2-phenylpyrrolidinyl (B6)
improved the potency by 10-fold, again indicating that R2 2-phenylpyrrolidinyl offered a
markedly better binding affinity to the S3 pocket of the Mtb20S. We screened a variety of
amides and sulfonamides as A~caps. Most of them were tolerated but not better than 5-
methylisoxazole-3-carboxylate. Among them, 4-methylpentanoate and 4,4-
dimethylpentanoate stood out with respect to potency against Mtb20S and species
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selectivity. Eleven basic groups were investigated at R3 with 4-methylpentanoate or 4,4-
dimethylpentanoate as the N-cap. R2 2-ethylpiperidin-1-yl variant (B24) demonstrated the
best inhibitory activity against Mtb20S with an ICsg value of 30 nM, while the IC50 values
of other analogues were submicromolar in potency.

Next, we re-synthesized compound B6 and synthesized two analogues, B36 and B37,
differing only at P1. All three compounds were highly potent and markedly selective for
Mtb20S over both ¢-20S and i-20S (Table 2 and Figure 6).

X-ray structures of Mtb20S with compound B6

To understand how this class of phenylimidazole binds to the Mtb20S, and to probe why no
compound in the SAR iteration showed any appreciative inhibition of hu c-20S, we
determined the X-ray co-crystal structure of B6 and the Mth20S at 2.9 A (Figure 7).

Similar to the binding pose and binding site of dipeptides,28 B6 binds to the Mth20S with an
antiparallel p-sheet (Figure 7A, B). The P1 phenylimidazole moiety inserts into the S1
pocket and the P3-phenylpyrrolidinyl group binds to the S3 pocket (Figure 7C, D). B6
makes several pairs of hydrogen bonds with the Mtb20S similar to those found in the
dipeptides, but the imidazole ring forms two additional hydrogen bonds with Gly-47 and
Ser-20 (Figure 7E).

When the two p-subunits of the Mth20S with B6 bound in between are superimposed with
the corresponding subunits of hu ¢-20S (5LF3) and i-20S (6AVO), we found that the
phenylimidazole moiety fitted into the S1 pockets of neither ¢c-20S nor i-20S (Figure 8). This
observation likely explains why all compounds with the phenylimidazole moiety did not
show potent inhibitory activity against c-20S and i-20S.

DISCUSSION

One difficulty in developing Mtb20S selective inhibitors is that there are three homologous
proteasomes in human — the constitutive proteasome, the immunoproteasome and the
thymoproteasome (t-20S).3° In all, there are 7 active subunits: p1c, p2c, p5c in the c-20S;
B1i, B2i, B5i in the i-20S; and P1i, P2i, 5t in the t-20S. Among them, B5i and Mth20S-p
share similarities in substrate preference at S1. The major difference in S1 between 5c¢ and
B5i lies in the conformation of Met-45 side chain, where the p5¢c Met-45 side chain
protrudes into the S1, whereas the p5i Met-45 side chain points away from the S1, leaving a
larger hydrophobic S1 pocket. Yet, when an inhibitor carries a warhead that forms a covalent
bond with p5¢ hydroxyl group of the Thr-1, bulky P1 of the inhibitors can force the Met-45
side chain to swing back, enlarging the S1 binding pocket.36 The energy loss in the
conformational change is consequently compensated by the formation of the covalent bond.
Our serendipitously-discovered first-generation Mtb20S-selective inhibitors2> were later
found to be potent B5i inhibitors.3” We subsequently identified a class of noncovalent
inhibitors that are selective for Mtb20S over human proteasomes chiefly by virtue of
incorporation of moieties at P3,2% where X-ray structure studies identify that the
hydrophobic S3 pocket of Mth20S is shallow and wide,28 whereas the S3 pockets of both
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i-20S and ¢-20S are deep and narrow. In this report, we furthered our efforts to improve the
species selectivity and potency of Mth20S inhibitors.

Using an integrated optimization platform that comprises a reagent autosampler and flow
synthesis apparatus connected to a high-performance liquid chromatography (HPLC) mass
spectrometer, we systemically explored bioisosteres of amide with heterocycles. Compounds
synthesized and subsequently purified were then reformatted to the correct concentration for
biological assays, which allowed us to quickly evaluate and identify phenylimidazole
replacement of the P1 amides that provided potency and selectivity. The iteration of
synthesis-biological evaluation-computational algorithm optimization significantly improved
the efficiency of the SAR optimization of phenylimidazole-based Mth20S inhibitors.

X-ray structures of the Mtb20S-inhibitor complexes revealed the interactions of the P1, P3,
and P4 groups in atomic detail. Although replacement of P1 with phenylimidazole and of P3
with 2-phenylpyrrolidinyl did not dramatically change the affinity toward Mtb20S, the new
P1 and P3 groups greatly increased selectivity for Mtb20S over human ¢-20S and i-20S. In
all three Mth20S-inhibitor complexes, Ser-27 (which is conserved in i-20S but not in ¢c-20S)
remains in contact with inhibitors. The Mtb-specific interaction with GIn-22 is retained only
in the A85 complex, but A85 has the least selectivity. The results suggest that the two Mtb-
specific residues (Ser-20 and GIn-22) and Ser-27 may contribute less to the selectivity of our
compounds. Instead, the hydrophobic interactions and different conformations in S1 and S3
binding pockets among Mtbh20S, ¢c-20S, and i-20S may be a more important driving force for
the specificity of these compounds.

Experimental Section

Unless otherwise indicated all chemicals and reagents were purchased from Merck, Poole,
Dorset, U.K (“Merck™). All solvents were purchased from ThermoFisher Scientific and of
HPLC or analytical grade. Enzymes were purchased from R&D Systems, Oxford, UK. All
compounds were routinely dissolved at 10 mM in 100% dimethylsulfoxide (DMSO) and
diluted appropriately; ensuring the final DMSO concentration in assays was less than 0.5%
(vol./vol.). Mycobacterium tuberculosis proteasome open gate form (“Mtb20SOG”) was
cloned, over-expressed and purified as described previously.19 11 Human proteasome
(E-360) and PA28 protein (E-381) was purchased from Boston Biochem, Cambridge, MA,
USA. Purity of all resynthesized compounds were determined on a Waters Acquity Ultra
Performance Liquid Chromatography (UPLC/MS) and all were > 95%.

CyclOps™ Platform Description.

A detailed description of the platform have been reported elsewhere.10: 11 Briefly, it
comprises a reactant autohandler and flow synthesis system connected to a HPLC
Purification system. Characterization of the components eluted from HPLC column is
performed by Liquid chromatography mass spectrometry (LCMS) with an evaporative light-
scattering detector (ELSD) to establish sample concentration. Purified sample is
subsequently reformatted to the correct concentration for biological assay using a bioassay
system.
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General Platform Flow Synthesis Method.

The phenylimidazole-based target compounds were synthesized by amino acid
sulphonylation and amidation or amino acid bis-amidation with platform flow chemistry
shown in the Scheme S1. Stock solutions of the modified Aspartic acid (0.35 M in DCM),
sulfonyl chloride or acyl chloride (0.35 M in DCM), building cyclamine (0.35 M in DCM),
and HATU (0.35 M in NMP) were prepared before the initiation the flow experiment. The
stock solutions (400 pL, 2X overfill) were automatically or manually loaded to Vapourtec
loops (250 pL volume) after which the Vapourtec Flow Commander software controlled the
entire experiment. The synthesis temperature for both reactor chips were 59 °C to 61°C, and
the total reaction time was around 50 min including automated loading of loops. The product
solution was collected manually or using a fraction collector as it eluted from the second
reactor. When integrated to the CyclOps platform, a 20 uL aliquot of the product solution
was automatically captured and purified by HPLC prior to dilution and proteasome activity
assay against both Mthb20SOG and human c-20S.

Microtiter Plates Assays.

All proteasome assays were carried out in 20 mM HEPES (391338; Merck), pH 7.5
containing; 0.5 mM EDTA (E6758), 0.1 mg/mL BSA (A7030-1G) (“assay buffer”) and
vacuum filtered (126-0020; 0.2 um; Nalgene) prior to use. For the human proteasome assays
the assay buffer was supplemented with 0.02% (wt./vol.) sodium dodecyl sulfate (“SDS”;
72068-100ML). Unless otherwise stated assays were routinely carried in a total assay
volume of 25 pl in black 384 well plates (3575; Costar) at 25 + 0.5°C. For ICsgq
determinations assays were conducted by dispensing 12.5 ul assay buffer to rows B to P of
the assay plate followed by 18.75 pl assay buffer containing test article. An aliquot (6.25 pL)
was transferred from row A to row B and this mixed three times. The process was repeated
down the plate to row N to give a three-fold dilution series. To rows A to O was added 6.25
UL assay buffer containing proteasome. To row P was added 6.25 pL buffer alone. To all
wells was added 6.25 UL substrate solution to initiate the assays which were done in
triplicate. Enzyme and substrate solutions consisted of the respective assay buffers
containing 8 nM Mtb20SOG, 0.8 nM human proteasome and 160 pM Ac-RFW-AMC, 100
UM suc-LLVY-AMC, respectively. Fluorescence intensity was monitored over time every 30
s for 30 min (340/460 nm, top read mode MULTI cartridge, SpectraMax Paradigm plate
reader; Molecular Devices, Wokingham, UK) and the residual rates exported for data
analysis. Routine data plotting and regression analysis was carried out using Prism v6.03
(GraphPad Software, Inc., La Jolla, CA, USA). For ICsq determinations observed rates data
fitted using non-linear regression analysis employing symmetric four parameter logistic
model based on the equation Y = B + (T-B) / (1 + 10((LoglCsq-X)*Hill Slope)); where Y’
was the observed rates, ‘B’ was fixed to negative control, ‘T’ was the positive control and
‘X’ was logyg of the inhibitor concentration.

Crystallization and Structure Determination:

Mth20SOG expression and purification was described.28 Mtb20SOG was crystallized at 4
°C by the hanging-drop vapor diffusion method using 60 mM sodium citrate (pH 6.2) and
14% PEG-3350 as precipitant. To obtain the inhibitor—proteasome complex, Mtb20SOG
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crystals were transferred stepwise to the cryo-protectant containing 60 mM sodium citrate
(pH 6.2), 14% PEG-3350, 35% dimethylformamide, and 1 mM inhibitors. After incubation
at 4 °C for 20 h, crystals were flash-frozen in liquid nitrogen. Diffraction data were collected
at The Life Sciences Collaborative Access Team (LS-CAT) beamline of APS and were
processed with Mosflm. The space groups of inhibitor-soaked Mth20SOG crystals were all
P21. Molecular replacement was carried out to solve the inhibitor-bound Mth20SOG
structures using the program PHASER.38 Mtb20S-DPLG2 complex (PDB ID 5TRG) was
chosen as initial search model. After building the corresponding inhibitor models in COQOT,
39 the refinements were performed using Phenix-refine 40 and the statistics are provided in
Table S2.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Chemical structures of the Mtb20S selective inhibitors. Compounds in the class of 1,3,4-

oxathiazol-2-ones and analogs of syringolin 14 are irreversible inhibitors, whereas dipeptide
DPLG2 is a noncovalent inhibitor.
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Dose-dependent inhibition of B5 activity of the Mth20S, hu ¢-20S and i-20S by N, C-capped
dipeptides. Data are representative of at least three independent experiments. Suc-LLVY-
AMC was used as substrate for Mtb20S and c-20S at 100 pM and 25 puM final
concentrations, respectively. Ac-ANW-AMC (15 uM) was used as substrate for i-20S.
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Figure 4.
Electron density maps of proteasome inhibitors in the active site of Mtb20S proteasome core

particle. The 2mFo-DFc maps are scaled to 1 o and are shown in grey mesh. The two
neighboring B-subunits are shown in green and cyan and the Thr-1 position is labeled in red.
A & C A85 (PDB: 60CW). B & D, A86 (PDB: 60CZ). Possible hydrogen bonds between
ligands and proteasome are depicted as orange dashed lines. The inhibitors are shown in
yellow sticks; the citrates are in grey sticks; water molecules are shown as red spheres.
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Figure5.

Peptidomimetic evolution of N,C-capped dipeptides to phenylimidazoles as selective
Mtb20S inhibitors.
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Figure 6.

Inhibition of Mth20S, hu ¢-20S and i-20S by phenylimidazoles. Data are representative of at
least three independent experiments. Suc-LLVY-AMC was used as substrate for Mtb20S and
¢-20S at 100 pM and 25 pM final concentration, respectively. Ac-ANW-AMC (15 pM) was
used as substrate for i-20S.
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A

Figure 7. Structures of Mtb20SOG with B6 (PDB: 60DE).
(A) Electron density maps of B6 in the active site of proteasome core particle. The 2mFo-

DFc maps are scaled to 1o and are shown in grey mesh. The two neighboring B-subunits are
shown in green and cyan and the Thr-1 position is labeled in red. (B) B6 is shown in yellow
sticks. (C) Phenylimidazole moiety of B6 binds to S1 pocket (top); (D) Phenylpyrrolidinyl
moiety of B6 binds to S3 pocket. (E) Hydrogen bond network between B6 and the Mtb20S:
P1 imidazole ring forms two hydrogen bonds with the backbone carbonyl group of Ser-20
and the backbone NH of Gly-47, respectively.
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Figure8.
Comparison of the S1 binding pockets of Mtb20S, c-20S and i-20S. Structure of B6 and

Mtb20S in (A), and human ¢-20S (5LF3) in (B) and human i-20S (6AVO) in (C) are
superimposed on the Mtb20S. Figures were made using PYMOL (Schrédinger, New York,
NY).
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Select compounds from optimization of R1 and R, of A, C-capped dipeptides and their 1Csq values against
Mtb20S, human ¢c-20S and human i-20S (data are means + SEM of at least three independent experiments).

OH\N Ho§ H
M“J\N"\r“vm Selectivity
o = H § ICso0 (M) ‘ Index
ID Y=o (i-208 + Mtb)
Ry /
(c-20S = Mtb)
Ro R1 Mtb20S | Hu i-20S B5i | Hu c-20S B5c
F
A85 0.007 0.026 1.412
Q @ £0.003 | +0.008 +0.54 3.71202
A86 Q R 0.003 7.89
N @ @ . 000 pe >100 |2,630/> 33,333
F
A119 Q@ 0.007 20.10
N 1—@ £00006 | £208 >100 |2,870/> 14,300
F
A120 Q@ @ 0.065 - 100 - 100 > 1,500 />
~per g +0.012 1,500
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Table 2.
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Select compounds from optimization of R1 of phenylimidazoles and their ICsq values against Mtb20S, human
¢-20S and human i-20S.

O-N o] o
’/\/H\FH \s)LH"\\fH/ . 1C50 (uM) Selectivity Index
ID © o (i-20S + Mtb)
N /
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> 12,500 /
B6 @ 0.008 + 0.002 > 100 > 100 ’
F > 12,500
B36 +) 0.025 + 0.004 > 100 > 100 > 4,000
B37 +H - 0.013 + 0.003 > 100 > 100 ’)77’770000’
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