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Abstract

Pharmacologic blockade of STAT3 activation in tyrosine kinase inhibitor (TKI)-resistant chronic
myeloid leukemia (CML) cell lines characterized by kinase-independent resistance re-sensitized
CML cells to TKI therapy, suggesting that STAT3 inhibitors in combination with TKIs are an
effective combinatorial therapeutic for the treatment of CML. Benzoic acid-based STAT3
inhibitors, SH-4-54 and SH-5-07, developed in our lab, demonstrated promising activity against
these resistant CML cell lines. However, pharmacokinetic studies in murine models (CD-1 mice)
revealed that both SH-4-54 and SH-5-07 are susceptible to glutathione conjugation at the para
position of the pentafluorophenyl group via nucleophilic aromatic substitution (SyAr). To
determine whether the electrophilicity of the pentafluorophenyl sulfonamide could be tempered,
an in-depth structure activity relationship (SAR) study of the SH-4-54 scaffold was conducted.
The studies revealed that AM-1-124, possessing a 2,3,5,6-tetrafluorophenylsulfonamide, retained
STAT3 protein affinity (Ki = 15 pM), as well as selectivity over STAT1 (Ki >250 uM). Moreover,
in both hepatocytes and in /n7 vivo pharmacokinetic studies (CD-1 mice), AM-1-124 was found to
be dramatically more stable than SH-4-54 (t1;2 = 1.42 h ¢f. 10 minutes, respectively). AM-1-124
represents a promising STAT 3-targeting inhibitor with demonstrated bioavailability, suitable for
evaluation in preclinical cancer models.
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AM-1-124 represents a promising STAT3-targeting inhibitor with demonstrated activity in tyrosine

kinase inhibitor (TKI)-resistant chronic myeloid leukemia (CML) cell lines. In contrast to

SH-4-54, AM-1-124 exhibits promising bioavailability in murine models (CD-1 mice), making it a
candidate for evaluation in preclinical cancer models.
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Introduction

Chronic myeloid leukemia (CML) is a hematopoietic stem cell disorder caused by BCR-

ABL1, a constitutively active tyrosine kinase generated as a result of a reciprocal

translocation between the long arms of chromosomes 9 and 22, cytogenetically visible as the
Philadelphia chromosome. BCR-ABL1 fusion results in increased cellular proliferation, loss
of stromal adhesion, and resistance to apoptosis.[*] Effective CML management has been
achieved with BCR-ABL1-targeting tyrosine kinase inhibitors (TKISs), initially imatinib, and
subsequently second-generation inhibitors, dasatinib and nilotinib. Approximately 20-30%
of patients with chronic -phase CML (CP-CML) fail imatinib treatment due to primary or
acquired resistance.[?] Resistance to BCR-ABL1 TKI inhibitors occurs through two main
mechanisms. First, point mutations in the BCR-ABL1 kinase domain impair TKI binding.E3]

Second, BCR-ABL 1-independent resistance can occur due to activation of alternative
signaling pathways. Aberrant signal transducer and activator of transcription 3 (STAT3)
activation has been associated with BCR-ABL1 independent resistance.[4]. 5] We have

reported that inhibiting STAT3 in TKI-resistant CML lines exhibiting kinase-independent

resistance re-sensitized CML cells to TKI therapy, suggesting that STAT3 inhibitors in
combination with TKIs are an effective combinatorial therapeutic for the treatment of
cML.Bl
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In addition to CML, aberrant STAT3 activation has been implicated in malignant
transformation and drug resistance in a variety of cancers.[6] Various intrinsic and extrinsic
factors can lead to constitutive activation of STAT3, such as acquired activating mutations,[’]
silencing of STAT3 negative regulators,[8] and activation by autocrine production of I1L-6.[°]
SRC family kinases are upstream of STAT3,[19] and have also been linked to imatinib
resistance in CML cell lines and patient samples.l!Y] Recently, Traer and Eiring et a/.[5°: 62]
found that a subset of CML patients with TKI resistance exhibited STAT3 activation. Given
that diverse upstream signals can activate STAT3, in the context of drug resistance, direct
targeting of STAT3 may be a universal approach to overcome resistance.[12]

In physiological conditions the JAK/STAT3 pathway is initiated by activation of
extracellular receptors by cytokines, which in turn, leads to the phosphorylation of JAK, and
subsequent Tyr phosphorylation of the JAK-associated receptor. Tyr phosphorylation sites
serve to recruit STAT3 protein via its phospho-Tyr-binding Src-homology 2 (SH2) domain.
STAT3, once phosphorylated at Tyr705 by JAK (pSTAT3), dissociates from the receptor, and
forms a pSTAT3:pSTAT3 homodimer via reciprocal SH2: Tyr705 interactions. The
homodimer translocates to the nucleus, binds to promoter regions on DNA to promote
transcriptions of genes involved in cell growth, proliferation, and differentiation.

Inhibiting STAT3 phosphorylation and/or dimerization is expected to ablate the function of
STAT3 as a transcriptional activator. Past efforts have utilized peptidomimetics,[13] metal-
based complexes,[*4! oligonucleotides,[*>! and small molecule inhibitors.[6] We have
previously developed SH2 domain-targeting small molecule STAT3 inhibitors, BP-5-087.[5]
and SH-4-54 (Table 1).18] In the context of CML, a salicylic acid-based inhibitor, BP-5-087
was used successfully in combination with imatinib in the kinase-independent TKI-resistant
CML lines AR230R. Experiments demonstrated that pSTAT3 inhibition with BP-5-087 re-
sensitized AR230R cells to imatinib. While promising data with BP-5-087 was generated,
BP-5-087"s liabilities included poor lipophilic efficiency (LipE) (BP-5-087, LipE = 4.79 cf.
-2.25 for SH-4-54), poor solubility (logP = 4.11 (StarDrop)),[*7] and low ligand efficiency
(LE) (BP-5-087, LE = 0.150 cf. 0.165 for SH-4-54 (StarDrop)).

Thus, two alternative inhibitors developed in our lab, SH-4-54 and SH-5-07.[4] SH-4-54 and
SH-5-07 were previously shown to bind STAT3 with a Ky of 300 and 612 nM (surface
plasmon resonance (SPR)), respectively. Both compounds exhibited nM cytotoxic potency in
glioblastoma brain tumour stem cells (GBM BTSC line 30M derived from a GBM patient)
with concomitant effects against pSTAT3.[4] Preclinical data from our lab in orthotopically
engrafted models of glioblastoma multiforme showed reduction in tumour growth with
SH-4-54 at 10 mg/kg by V. In AR230 and AR230R CML cell lines, SH-4-54 exhibited
excellent potency, with 1Cgq values of 2.9 and 2.6 uM, respectively. Herein, we describe
identification of more drug-like STAT3 inhibitors for combination with imatinib to treat
CML.
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Results and Discussion

Pharmacokinetic Analyses of SH-4-54 and SH-5-07

For PK/ADME characterization, SH-4-54 was subjected to metabolic stability studies in
cryopreserved hepatocytes (human, mouse, rat, and dog) and bioavailability measured /n
vivo in CD-1 mice (AdmeScope, Oulu Finland). In all species, SH-4-54 was rapidly
metabolized with a t1, of 5 minutes (Figure 1A). Bioavailability studies in CD-1 mice
treated with 20 mg/kg SH-4-54 (10% DMA, 65% PEG 400, 25% saline vehicle) via
intraperitoneal (IP) injection indicated rapid plasma clearance of the parent compound.
SH-4-54 showed a t1/, of ~10-15 mins (IP) with a Cpax Of 1657 +/- 829 ng/mL (Figure
1B). Similarly, with IV dosing, SH-4-54 decreased rapidly from 124 ng/mL at 5 min. to 4.43
ng/mL at 15 min. post treatment (5 mg/kg, 10% PEG 400) with a Cax Of only 124 ng/mL
(data in SI). In the case of SH-5-07, plasma levels of compound were barely within the
detectable range following IP administration, with a Cp,,x 0f 299 +/- 74 ng/mL (Figure 1C).
To further evaluate the pharmacokinetic profile, SH-5-07 was dosed via both IV and PO
routes of administration at 5 and 20 mg/kg, respectively. In both cases, there was negligible
accumulation of compound in the plasma (~700 ng/mL after 30 mins (IV), data included in
the SI). From these results, we hypothesize that the anti-tumor activity of SH-4-54 observed
in vivois likely due to metabolites.

To identify the /n vivo metabolites, cryopreserved hepatocytes from mouse, rat, dog, and
human were treated with SH-4-54 and analysed using LC/TOF-MS analysis (Admescope,
Finland). In each species, SH-4-54 metabolism was found to proceed predominantly via
glutathione conjugation at the para-position of the pentafluorobenzene via nucleophilic
aromatic substitution (SNAr), M6 (Scheme 1) with further metabolism of the gluthathione
(GSH)-adduct to the S-cysteinyl glycine (M4, Scheme 1) and S-cysteine (M2, Scheme 1). In
addition, N-Me demethylation was observed, as well as phase Il acylation at the resultant
amine (M1 and M9, Scheme 1). The cyclohexyl ring was also found to be hydroxylated in
several metabolites (M10 and M7, Scheme 1). The major metabolite was found to be M6,
having ~47% of the total combined peak area of SH-4-54 (in human) and a 71-90% share in
mouse, rat, and dog (Data provided in the SI, Table 3). These results were recapitulated /n
vivowith SH-4-54; employing NMRI mice dosed intravenously (1 and 5 mg/kg) and orally
(5 and 25 mg/kg) (Admescope Ltd, Finland). As in the hepatocyte study, M6 was found to
be the major metabolite (Data provided in the Sl, Table 4). Combined, these results
supported the hypothesis that the pentafluorobenzene sulfonamide (PFBS) in both SH-5-07
and SH-4-54 might behave like an electrophilic ‘warhead’ toward thiol-based nucleophiles
in vivo, specifically glutathione. These data led to site-directed structural modifications to
eliminate the observed PK issues and facilitate the development of a more chemically stable
drug.

First, to prevent oxidation at the R position, we evaluated removal or replacement of the N\-
Me substituent. This focused library included a demethylated analog of SH-4-54, DR-3-111,
as well as molecules containing a bulky isopropyl substituent (PSL-3-40) and a non-native,
N-cyclopropyl ring (DR-3-036) for which metabolic stability precedent exists.[18] The
cytotoxicity results against AR230 and AR230R CML cells are outlined in Table 2. The
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demethylated analog, DR-3-111, showed an approximate 5-fold reduction in activity
(AR230R cells: SH-4-54, ICsq = 2.6 uM cf. DR-3-111, ICsq = 15.6 uM). While PSL-3-40,
possessing a bulky isopropyl substituent conferred similar losses in activity, DR-3-036,
equipped with a cyclopropy! group, exhibited similar ICsq values to SH-4-54 (AR230R:
SH-4-54 1C5g = 2.6 UM cf. DR-3-036 IC5q = 2.6 uM) (Table 2).

Next, while retaining the N-cyclopropyl group, the size and composition of the cyclohexyl
ring on the para-aminobenzyl substituent was optimized with the overarching goal of
improving metabolic stability whilst maintaining potency in the phenotypic screens. A range
of cyclic and acyclic functional groups with varying size, ring strain, hydrophobicity/
hydrophilicity, hetero-atom composition, and flexibility were prepared and screened against
AR230 and AR230R cells (Table 3). Several interesting phenotypic trends were observed.

Varying the ring size from 6 to both 5 and 7 did not have a marked effect on activity or
selectivity in the pSTAT3-dependent cell line, AR230R (~2-fold selectivity over AR230)
(Table 3). However, DR-3-093, containing a 5-membered ring, with a lower logP value (logP
= 4.23), was considered more drug-like as compared to the cycloheptyl derivative, DR-3-165
(logP = 4.8). Of particular note, DR-3-162, possessing a para-t-Bu group, was 3-fold more
potent (AR230R, 1C5q = 0.8 uM), and 4-fold more selective for AR230R over parental
AR230 cells. The analogous, less bulky, trifluoromethyl analog, DR-3-186, was equipotent
(AR230R, I1C5o = 0.72 pM), but marginally less selective (<2-fold). Introduction of
heteroatoms, N or O, or a combination thereof, to the 6-membered ring, while favourably
reducing logP, negligibly impacted potency and selectivity. Further studies are required to
determine whether this trend is a result of the respective analogs’ cell penetrating properties.

With several promising candidates in hand, most notably DR-3-093 and DR-3-162, focus
was directed toward reducing the electrophilicity of the pentafluorobenzene ring. For SAR
purposes, we elected to retain the cyclopentyl ring of DR-3-093 and the tert-butyl group of
DR-3-162. To prevent glutathionation of prospective analogs, we screened a number of
different aryl and heterocyclic substituents (Table 4). Towards this end, the electron
withdrawing para-fluoro atom of the PFBS was substituted with other electron withdrawing
substituents with varying electronegativities. As can be seen, replacing the PFBS with either
the 2- or 3-pyridyl substituents resulted in a complete loss of activity. Moreover, retaining
the problematic para-fluoro atom (AES-1-094), while at the same time reducing the overall
fluorine content of the sulfonyl group, failed to elicit a significant effect on cell viability.
Substituting the para-fluorine with less electron withdrawing groups proved to be a more
productive route to recovering activity. While introducing either a bromo- or chloro
heteroatom yielded modest cytotoxic activity, ultimately, the introduction of hydrogen at the
para-aryl position afforded the most potent compound of the series, AM-1-020 (AR230R,
IC5p = 13.1 uM).

To further improve cell-based activity, the 2,3,5,6-tetrafluorobenzene group was substituted
into the most potent of the R1 series of compounds (Table 5) in the hope that a more potent
compound, lacking the electrophilic warhead, might be discovered. The t-Bu (DR-3-162) R1
group, with 1Cgq value of 0.8, was incorporated into the AM-1-020 scaffold, yielding
AM-1-124 (Table 5).
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Most promisingly, AM-1-124 (R1 = t-Bu) exhibited 1Csq values of 26.9 and 4.8 uM in
AR230 and AR230R cell lines, respectively. AM-1-124, not possessing a PFBS group, with
only a modest reduction in potency, and 5-fold improvement in selectivity, represented an
interesting lead analog of SH-4-54.

To experimentally assess whether GSH conjugation remained a major metabolic
impediment, a time-course GSH conjugation assay was employed. AM-1-124 (100 uM) and
SH-4-54 (100 uM) were incubated with a 100-fold excess of GSH (10 mM) and the reaction
sampled every 15 min to determine the rate of conversion to the GSH adduct. As expected,
AM-1-124 negligibly reacted with glutathione, exhibiting a ty/, > 100 h (SI Figure 1). These
data indicated that the ortho-fluoro position of the 2,3,5,6-tetrafluorobenzenesulfonamide
was not reactive to thiol-based nucleophiles, likely due to steric hindrance or a general
reduction in stabilization of the anionic SyAr intermediate. Control compound, SH-4-54 was
rapidly converted to its corresponding GSH adduct, with a ty, of 79 minutes (95%
confidence interval = 74.1 — 88.8 minutes, SI Figure 1). The relatively slow rate of GSH
uptake when compared to the preceding mouse hepatocyte data, likely points to the
involvement of the GSH-conjugating enzyme, glutathione S-transferase.[19]

19F NMR comparative examination of SH-4-54 and AM-1-124 binding to STAT3

Since both SH-4-54 and AM-1-124 possess fluorine substituents, 1°F NMR studies can be
readily used to track defluorination, as would be observed in the case of a covalent mode-of-
action. First, as a control, SH-4-54 was incubated with glutathione at 37 °C and the reaction
monitored in real time using a 600 MHz spectrometer (Varian) equipped with an H(F)CN
room temperature probe. As can be seen in Figure 2C/D, the peak corresponding to the para-
arylfluoride disappeared, and was accompanied by the simultaneous production of fluoride
ions. In contrast, under similar reaction conditions, AM-1-124 was inert to glutathione, with
negligible changes to both the ortho- and meta-arylfluoride of the tetrafluorophenyl and no
observed fluoride ion produced (Figure 2F,G). Next, upon treatment of STAT3 with excess
of either SH-4-54 or AM-1-124, binding of inhibitor was observed as indicated by
broadening of the peaks corresponding to the ortho- and meta-arylfluorides of the
fluorophenyl rings (Figure 2E,H). The observed broadening is a result of the faster dipole-
dipole (T2) relaxation due to protein-drug interactions.[20] Interestingly, the binding of
SH-4-54 to STAT3 resulted in fluoride ion production. This demonstrates that SH-4-54
covalently modifies the STAT3 protein, an interaction that was undetectable in previously
employed binding assays. Most promisingly, this is distinct from the binding interaction
with AM-1-124, where no fluoride ion production upon STAT3 binding was observed. This
provided unequivocal evidence that the interactions between STAT3 and AM-1-124 are non-
covalent (Figure 2E,H). The mode of STAT3 inhibition by SH-4-54 is being further explored
and will be reported elsewhere.

STAT3 vs. STAT1 SH2 domain fluorescence polarization

To confirm the 1%F NMR studies, previously reported competitive fluorescence polarization
(FP) binding experiments with STAT3[21] were performed with AM-1-124. In addition, to
examine selectivity, AM-1-124 was also assessed in a STAT1[22] FP assay. FP experiments
revealed that AM-1-124 was able to selectively disrupt a STAT3:1L-6R/gp130 peptide
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complex (Ki = 15.3 uM, Figure 3A) over that of the homologous STAT1:1FN-y receptor
complex (Ki > 250 uM, Figure 3B).

Immunofluorescent staining of AM-1-124 treated AR230R cells

To confirm that the cytotoxicity of AM-1-124 in the AR230R cell line is associated with
STAT3 inhibition we performed immunofluorescent staining with antibodies against STAT3
and pSTAT3. AR230R cells were serum starved overnight to reduce STAT3 activation,
treated for 2 hours with AM-1-124 (10 uM), then cytokine stimulated with IL-6 and IFN-p.
The cells were then fixed 1 hour after cytokine treatment and cytospun onto glass slides for
fluorescent staining. As seen in Figure 4 (and fluorescent microscopy images shown in Sl,
Figure 9), AM-1-124 pre-treatment partially inhibited cytokine-induced pSTAT3 activation.
Furthermore, AM-1-124 reduced the nuclear STAT3 protein localization, which is correlated
with transcriptional activity (Figure 4).[23] These experiments demonstrate that AM-1-124
inhibits STAT3 in the AR230R cell line and provides an explanation why this compound has
much better activity in the TKI-resistant/STAT3 dependent AR230R cell line compared to
the STAT3-independent AR230 parental line.

Metabolic Stability of AM-1-124 in Mouse Hepatocytes

As described above, SH-4-54 was rapidly metabolized in CD-1 mouse hepatocytes, with
degradation of the parent molecule occurring within 10 mins. The majority of metabolites
were glutathione conjugates (S, Table 3). To evaluate liver stability relative to SH-4-54,
AM-1-124 was incubated with similar mouse hepatocytes for 120 mins and analyzed at
regular intervals by LC-MS to assess metabolic degradation. As can be seen from Figure 5,
AM-1-124 was shown to have a ty/, of 38.6 mins cf. 10.1 mins for SH-4-54 in CD-1 mouse
hepatocytes (Pharmaron, information included in the SI). Encouraged, we next evaluated the
bioavailability of AM-1-124 in CD-1 mice.

AM-1-124 Plasma Protein Binding Study

AM-1-124 was also assessed for plasma protein binding (PPB) using plasma protein isolated
from CD-1 mice (Pharmaron, China). In the assay, plasma protein treated with AM-1-124
was dialyzed with PBS buffer for a period of 6 hours under typical cell growing conditions
(i.e. apparatus incubated at 37°C under a 5% CO, atmosphere). Both the plasma protein and
PBS buffer compartments were analysed to find the percentage of free compound.
Ketoconazole was used as a positive control. It was found that AM-1-124 was 99.7% bound
to mouse plasma proteins (CD-1 mice, information included in the SI).

In vivo bioavailability of AM-1-124 (IP Route of Administration)

AM-1-124 and SH-4-54 were administered to a cohort of 3 mice via IP injection (20 mg/kg,
10% DMA, 65% PEG 400, 25% saline). Plasma samples were collected at 15, 30, 60, 90,
180, and 360 mins post-treatment and analyzed for parent compound by LC-MS
(Pharmaron). As expected, SH-4-54 was rapidly cleared (Figure 6), thus, recapitulating the
findings of ADMEScope. However, AM-1-124 was detectable at concentrations above 2000
ng/mL for the first 120 mins of the study (Figure 6), exhibiting an /n sero half-life of 1.42 h.
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This data supports our hypothesis that removal of the para-fluoro substituent affords /n vivo
stability and significantly reduces the metabolic liabilities of SH-4-54.

Conclusions

In summary, we have conducted a focused SAR on SH-4-54, a promising /in vitro anti-
pSTATS3 inhibitor with limited bioavailability /n vivo (t;, = 10 mins), to afford AM-1-124.
AM-1-124 has a lower molecular weight than SH-4-54, demonstrated a more selective
cytotoxic effect against imatinib resistant CML cells AR230R cf. AR230 cells (5.6-fold
selectivity cf. 1.1-fold for SH-4-54), was ~4-fold more resistant to metabolism in mouse
hepatocytes (t1» = 38.9 min cf. 10.2 min for SH-4-54), and possessed a significantly
improved half-life in bioavailability studies in CD-1 mice (IP (20 mg/kg, t1;» = 1.42 h cf. 15
mins for SH-4-54).

Experimental Section

Experimental Details All NMR chemical shifts (8) are reported in parts per million after
calibration to residual isotopic solvent and coupling constants (J) are reported in Hz.
Compounds AM-1-124 and DR-3-186 were fully characterized using 1D and 2D NMR,
images for which are provided in supporting information. Compound purity was assessed
using a HP 1100 HPLC equipped with a Phenomenex Luna 5 pm C18(2) 100 A, 150 x 4.6
mm column. Measures of absorbance were taken at 254 nm. Gradient solvent mixtures were
administered at a flow rate of 1.2 mL/min. The linear gradient consisted of a changing
solvent composition of either (I) 100% H,O with 0.1% TFA (v/v) / 0% acetonitrile to 0%
H»0 with TFA / 100% acetonitrile over 30 minutes or (I1) 100% H,O with 0.1% TFA (v/v) /
0% acetonitrile to 0% H,O with TFA / 100% acetonitrile over 60 minutes. For reporting
HPLC data, percentage purity is given in parentheses after the retention time (r;) for each
condition. All final products were lyophilized from water/acetonitrile prior to testing.
Biologically evaluated compounds are = 95 % chemical purity as measured by HPLC.
Traces of the HPLC results are provided in supporting information. High Resolution Mass
Spectrometry (HRMS) was performed on an AB/Scienx QStar mass spectrometer with an
ESI source.

4-(N-(4-Cyclopentylbenzyl)-2-((N-cyclopropyl-2,3,5,6-
tetrafluorophenyl)sulfonamido)acetamido)benzoic acid (AM-1-20)

1H NMR (400 MHz, CDCls3) § 0.81 —0.83 (d, /= 5.2 Hz, 4H), 1.48 — 1.62 (m, 2H), 1.62 -
1.73 (m, 2H), 1.73 - 1.86 (m, 2H), 2.04 (td, /= 10.7, 4.2 Hz, 2H), 2.88 — 3.03 (m, 2H), 3.95
(d, J=35.5 Hz, 2H), 4.80 (s, 2H), 7.00 (d, J= 7.6 Hz, 2H), 7.10 — 7.21 (m, 4H), 7.26 - 7.35
(m, 1H), 8.12 (d, /= 8.4 Hz, 2H); 13C NMR (100 MHz, CDCl3) § 23.2, 29.9, 33.0, 33.2,
52.4,52.8,67.0, 125.6, 126.5, 128.15, 128.22, 128.3, 128.5, 128.6, 131.4, 134.2, 135.5,
136.3, 141.7, 165.1, 166.3; 1°F NMR (376 MHz, CDCl3) § —134.51 to —134.99 (m, 2F),
-131.80 to -132.27 (m, 2F); HRMS (ESI-) m/z [M-H]-Calcd for C3gHy7F4N205S:
603.1573, found: 603.1582; HPLC r; (I1) = 41.5 min (96.7%).
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4-(N-(4-Cyclopentylbenzyl)-2-((N-cyclopropyl-2,3,5,6-tetrafluoro-4-
methylphenyl)sulfonamido)acetamido)benzoic acid (AM-1-030)

IH NMR (500 MHz, CDCls) § 0.79 — 0.86 (m, 4H), 1.51 — 1.60 (m, 2H), 1.63 — 1.73 (m,
2H), 1.75 — 1.85 (m, 2H), 1.99 — 2.10 (m, 2H), 2.35 (t, J= 1.9 Hz, 4H), 2.96 (m, 2H), 4.00
(s, 2H), 4.81 (s, 2H), 7.02 (d, J= 7.7 Hz, 2H), 7.16 (t, J= 9.0 Hz, 4H), 8.11 (d, J= 8.5 Hz,
2H); 13C NMR (126 MHz, CDCl3) § 1.2, 8.2, 25.6, 30.2, 34.7, 45.7, 52.5, 53.2, 117.5

(t, 2JcF = 14.4 Hz), 121.4 (t, 2JcF = 19.2 Hz), 127.5, 128.7, 129.6, 132.2, 133.4, 144.1
(dm, 1Jer = 257.1 Hz), 144.2 (dm, LJcg = 257.1 Hz), 145.33 (dm, LJc = 249 Hz), 145.46
(dm, LJcr = 252.2 Hz), 145.57, 146.41, 166.85, 170.83; 19F NMR (564 MHz, CDCl5) § =
-136.9 (m, 2F), =141.5 (m, 2F); HRMS (ESI-) m/z [M-H]-Calcd for C3;H,gF4N»O5S:
617.1739, found: 617.1736; HPLC r; (1) = 43.3 min (98.3%).

4-(N-(4-Cyclopentylbenzyl)-2-((N-cyclopropyl-2,3,5,6-tetrafluoro-4-
(trifluoromethyl)phenyl)sulfonamido)acetamido)benzoic acid (AM-1-066)

1H NMR (500 MHz, CDCls) § = 0.86 (d, J= 6.0 Hz, 4H), 1.51 — 1.63 (m, 2H), 1.64 — 1.74
(m, 2H), 1.76 — 1.87 (m, 2H), 1.99 — 2.11 (m, 2H), 2.87 — 3.02 (m, 2H), 4.00 (s, 2H), 4.78 (s,
2H), 6.98 (d, J= 7.7 Hz, 2H), 7.11 to 7.19 (m, 4H), 8.13 (d, J= 8.4 Hz, 2H); 13C NMR (126
MHz, CDCl3) § 7.4, 24.6, 29.3, 33.7, 44.7, 51.9, 52.3, 112 (m), 119.5 (q, LJcr = 272 Hz),
122.8 (m), 126.5, 127.7, 128.7, 131.2, 132.1, 143.5 (dm, LJcr = 258.7 Hz) 145.6, 165.5,
169.4; 19F NMR (564 MHz, CDCls) § = -56.6 (t, 25.9 Hz, 3F), =132.5 (m, 2F), -138.4 (bs,
2F); HRMS (ESI-) m/z [M-H]-Calcd for C31HpgF7N205S: 671.1454, found: 671.1446;
HPLC r; (1) = 46.0min (96.5%).

4-(N-(4-Cyclopentylbenzyl)-2-((N-cyclopropyl-2,3,5,6-tetrafluoro-4-
bromophenyl)sulfonamido)acetamido)benzoic acid (AM-1-77)

1H NMR (500 MHz, CDCls3) § = 0.78 — 0.93 (m, 4H), 1.50 — 1.62 (m, 2H), 1.65 — 1.76 (m,
2H), 1.76 — 1.88 (m, 2H), 2.01 — 2.11 (m, 2H), 2.97 (m, 2H), 4.01 (s, 2H), 4.80 (s, 2H), 7.00
(d, J= 7.6 Hz, 2H), 7.16 (m, 4H), 8.12 (d, /= 8.5 Hz, 2H); 13C NMR (126 MHz, CDCl3) §
8.2, 25.6, 30.2, 34.6, 45.7, 52.7, 53.2, 105.3 (t, 2JcF = 22.5 Hz), 119.6 (t, 2Jcr = 14.9 Hz),
127.5,128.6, 129.6, 132.1, 133.2, 144.4 (dm, 1Jcr = 261 Hz), 144.6 (dm, LJcg = 260 Hz),
145.28, 145.3 (dm, 1Jeg = 251.4 Hz), 145.5 (dm, LJcg = 261 Hz), 146.5, 166.7, 179.7; 19F
NMR (564 MHz, CDCls) § -133.7 (d, 3J=15.1 Hz), -131 (d, 3J= 16.8 Hz); HRMS (ESI-)
m/z [M-H]-Calcd for C3gH»7BrF4N>0sS: 681.0685, found: 681.0677; HPLC r; (1) = 44.9
min (98.1%).

4-(N-(4-Cyclopentylbenzyl)-2-((N-cyclopropyl-2,3,5,6-tetrafluoro-4-
chlorophenyl)sulfonamido)acetamido)benzoic acid (AM-1-112)

14 NMR (500 MHz, CDClg) § = 0.83 (m, 4H), 1.45 (m, 2H), 1.55 (m, 2H), 1.68 (m, 2H),
1.76 — 1.84 (m, 2H), 1.99 — 2.12 (m, 2H), 2.93 — 3.00 (m, 2H), 3.99 (s, 2H), 4.77 (s, 2H),
6.99 (d, J= 7.7 Hz, 2H), 7.14 (m, 4H), 8.11 (d, J= 8.0 Hz, 2H); 13C NMR (126 MHz,
CDCly) § 8.3, 25.6, 30.2, 34.7, 45.7, 52.7, 52.7, 53.2, 53.5, 117.2 (t, 2Jcr = 19.8 Hz), 119
(t, 2JcF = 15.2 Hz), 120.4, 127.5, 128, 128.4, 128.7, 132, 133.3, 144.6 (dm, Lcr = 259 Hz),
144.8,146.5, 148.4, 149.1, 152.3, 166.7, 170.3; 19F NMR (564 MHz, CDCl3) § = -138.9
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(m, 2F), -134.1 (m, 2F); HRMS (ESI-) m/z [M-H]-Calcd for C3gH,7CIF4N,05S: 637.1179,
found: 637.1182; HPLC ry (1) = 45.2 min (95.8%).

4-(N-(4-Cyclopentylbenzyl)-2-((N-cyclopropyl-6-fluoropyridine)-3-
sulfonamido)acetamido)benzoic acid (AM-1-116)

1H NMR (500 MHz, CDCl3) § = 0.72 (m, 2H), 0.79 (m, 2H), 1.49 — 1.63 (m, 2H), 1.63 —
1.75 (m, 2H), 1.75 — 1.85 (m, 2H), 2.00 — 2.10 (m, 2H), 2.62 (m, 1H), 2.96 (m, 1H), 3.94 (s,
2H), 4.82 (s, 2H), 7.01 — 7.10 (m, 3H), 7.14 — 7.21 (m, 4H), 8.15 (d, J= 8.5 Hz, 2H), 8.32
(ddd, J= 8.6, 7.2, 2.5 Hz, 1H), 8.77 (d, J= 2.6 Hz, 1H); 13C NMR (126 MHz, CDCl5) § 8.2,
25.6,30.3, 34.7, 45.7, 52.4, 53.3, 109.7 (d, 2Jcr = 37.4 Hz), 127.5, 128.6, 129.6, 132, 133.4,
134 (d, *Jc = 4.5Hz), 142 (d, 3)cg = 9.5Hz), 145.7, 146.5, 148.9 (d, 3/oF=16.6Hz), 165.3
(d, 1Jer = 247.3Hz), 167.4, 170.5; 19F NMR (564 MHz, CDCl3) § = -61.1 (s, 1F); HRMS
(ESI-) m/z [M-H]-Calcd for CogH29FN305S: 550.1806, found: 550.1806; HPLC r, (I1) =
38.7 min (95.3%).

4-(N-(4-Cyclopentylbenzyl)-2-((N-cyclopropyl-5-fluoropyridine)-2-
sulfonamido)acetamido)benzoic acid (AM-1-117)

IH NMR (500 MHz, CDCls3) § = 0.66 — 0.77 (m, 4H), 1.49 — 1.59 (m, 2H), 1.62 — 1.71 (m,
2H), 1.73 - 1.82 (m, 2H), 1.99 — 2.08 (m, 2H), 2.82 — 2.90 (m, 1H), 2.94 (m, 1H), 3.99 (s,
2H), 4.80 (s, 2H), 7.03 (d, J= 7.9 Hz, 2H), 7.13 (d, J= 8.1 Hz, 2H), 7.20 (d, /= 8.1 Hz, 2H),
7.55 (m, 1H), 8.03 (dd, /=8.7, 4.2 Hz, 1H), 8.08 (d, /= 8.5 Hz, 2H), 8.40 (d, /= 2.8 Hz,
1H); 13C NMR (126 MHz, CDCls) § 8, 25.5, 30.9, 34.6, 45.6, 52.3, 53.3, 124.2 (d, 3Jc =
18.2 Hz), 124.9 (d, *Jcr = 5.3 Hz), 127.3, 128.5, 128.6, 131.8, 133.6, 138.4 (d, 2Jcr = 25.7
Hz), 146.2, 153.2, 160.6 (d, 1Jcr = 268 Hz), 167.4, 170; 19F NMR (564 MHz, CDCls) § =
-119.8 (s, 1F); HRMS (ESI-) m/z [M-H]-Calcd for CygH29FN305S: 550.1817, found:
550.1810; HPLC r; (1) = 37.1 min (95.6%).

4-(N-(4-(tert-butyl)benzyl)-2-(N-cyclopropyl-2,3,5,6-
tetrafluorophenylsulfonamido)acetamido)benzoic acid (AM-1-124)

1H NMR (500 MHz, CDCls) § 0.83 (d, /= 5.3 Hz, 4H), 1.30 (s, 9H), 2.98 (t, J= 5.3 Hz,
1H), 4.01 (bs, 2H), 4.80 (s, 2H), 7.03 (d, /= 7.9 Hz, 2H), 7.17 (d, J= 8.0 Hz, 2H), 7.30 (m,
3H), 8.12 (d, J= 8.5 Hz, 2H). 13C NMR (126 MHz, CDCl5) & 8.21, 30.30, 31.44, 34.67,
52.61, 53.14, 110.08, 121.00, 125.68, 128.44, 128.69, 129.63, 132.13, 133.03, 144.41

(dm, LJcg = 258.1 Hz), 145.38, 146.26 (dm, 1/eF = 250.9 Hz), 151.02, 166.66, 170.69. 19F
NMR (658 MHz, CDCls3) § -136.61 (m, 2F), —135.06 (m, 2F); HRMS (ESI-) m/z [M-H]-
Calcd for C3oHo6F3N,05S: 591.1573, found: 591.1582; HPLC r; (1) = 24.1 min (96.4%);
HPLC r; (1) = 39.4 min (96.6%).

4-(N-(4-Cyclopentylbenzyl)-2-(N-cyclopropylpyridine-3-sulfonamido)acetamido)benzoic
acid (RG 1 066)

1H NMR (500 MHz, Methanol-d4) § 0.62 — 0.78 (m, 4H), 1.45 — 1.59 (m, 2H), 1.59 - 1.71
(m, 2H), 1.71 - 1.83 (m, 2H), 1.96 — 2.06 (m, 2H), 2.50 — 2.62 (m, 1H), 2.93 (tt, J=9.8, 7.5,
1H), 3.90 (s, 2H), 4.67 (s, 3H), 7.02 (d, J=7.7, 2H), 7.14 (dd, J=14.0, 7.9, 4H), 7.52 — 7.58
(m, 1H), 7.99 — 8.07 (m, 2H), 8.20 (dt, J=8.1, 1.8, 1H), 8.75 (s, 1H), 8.99 (s, 1H). 13C NMR
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(126 MHz, cd3od) 6 = 7.57, 25.23, 30.22, 34.38, 45.51, 52.04, 52.93, 123.85, 127.13,
128.40, 131.36, 133.41, 136.36, 144.49, 146.10, 148.18, 152.54, 167.48, 167.56; HRMS
(ESI+) m/z[M+H]* Calcd for CogH33N305S: 534.2057, found: 534.2061; HPLC r; (1) =
22.4 min (99.1%); HPLC r¢ (1) = 37.1 min (99.1%).

4-(N-(4-Cyclopentylbenzyl)-2-(N-cyclopropylpyridine-2-sulfonamido)acetamido)benzoic
acid (RG 1 085)

1H NMR (400 MHz, CDCI3) § 0.67 (m, 4H), 1.55 (m, 2H), 1.67 (m, 2H), 1.79 (m, 2H), 2.05
(m, 2H), 2.93 (m, 2H), 4.03 (s, 2H), 4.83 (s, 2H), 7.05 (d, J = 7.7 Hz, 2H), 7.14 (d, J = 7.8
Hz, 2H), 7.20 (d, J = 7.9 Hz, 2H), 7.48 (dd, J = 6.0 Hz, 1H), 7.92 (dd, 3JHH = 7.7 Hz, 1H),
8.05 (m, 3H), 8.68 (d, 3JHH = 4.2 Hz, 1H); 13C NMR (100 MHz, CDCI3) § 25.3, 30.7,
34.4,45.4,52.3,53.0, 122.9, 126.5, 127.1, 128.27, 128.32, 128.35, 128.40, 128.5, 131.6,
133.5, 137.8, 146.0, 149.5, 157.2, 167.3, 169.5; HRMS (ESI+) m/z[M+H]* Calcd for
CpgH33N305S: 534.2057, found: 534.2062; HPLC r (1) = 23.4 min (97.2%); HPLC r; (I1) =
38.7 min (96.7%).

4-(N-(4-cyclohexylbenzyl)-2-(2,3,4,5,6-pentafluoro-N-
isopropylphenylsulfonamido)acetamido)benzoic acid (PSL-3-040)

1H NMR (400 MHz, CDCls) § 1.11 (d, /= 6.8 Hz, 6H), 1.36-1.43 (m, 5H), 1.74-1.87 (m,
5H), 2.48-2.52 (m, 1H), 3.83 (s, 2H), 4.41 (sep, J= 6.8 Hz, 1H), 4.64 (s, 2H), 4.68 (s, 1H),
6.7 (d, /= 8.0 Hz, 2H), 6.87 (d, /= 8.0 Hz, 2H), 6.95 (d, J= 8.0 Hz, 2H), 7.18 (d, /= 8.0
Hz, 2H); 13C NMR (126 MHz, CDCl3) § 21.1, 26.0, 26.7, 29.7, 34.3, 44.1, 45.2, 51.3, 52.9,
115.2, 118.5 (m), 125.5, 127.9, 128.4, 128.9, 130.2, 137.8 (dm, LJcg = 260.2 Hz), 137.9,
143.2 (dm, LJcg = 236.0 Hz), 145.0 (dm, LJcg = 256. 2 Hz), 148.9, 155.1, 167.6. 19F NMR
(658 MHz, CDCl3). -160.33 (t, J= 21.0 Hz, 2F), -148.07 (t, /= 21.0 Hz, 1F), -135.63 (d, J
=21.0 Hz, 2F); HPLC r (1) = 31.6 min (96.6%).

4-(2-((N-Cyclopropyl)-2,3,4,5,6-pentafluorophenyl)sulfonamido)-N-(4-
morpholinobenzyl)acetamido)benzoic acid (PSL-3-089)

1H 1H NMR (400 MHz, CD30D) § 0.76-0.82 (m, 4H), 2.81-2.83 (m, 1H), 3.22 (t, J= 4.0
Hz, 4H), 3.85 (t, J= 4.0 Hz, 4 H), 4.03 (s, 2H), 4.81 (s, 2H), 7.01 (d, J= 8.0 Hz, 2H), 7.09
(d, J= 7.8 Hz, 2H), 7.20 (d, J= 8.0 Hz, 2H), 8.03 (d, J= 7.8 Hz, 2H); 13C NMR (126 MHz,
CDCls) § 8.1, 29.7, 30.0, 50.2, 52.5, 52.7, 66.3, 116.6, 128.4, 128.5, 129.4, 129.9, 130.0,
130.0, 132.0, 169.2, 169.3; 1°F NMR (658 MHz, CDCl3) § -159.85 (t, J= 20.3 Hz, 2F),
-146.43 (t, J= 20.3 Hz, 1F), -134.11 (d, J= 20.3 Hz, 2F). HRMS (ESI+) m/z [M+H]*
Calcd for CogHogFsN30gS: 640.1535, found: 640.1537; HPLC r; (11) = 29.1 min (96.7%).

4-(N-Benzyl-2-((N-cyclopropyl)-2,3,4,5,6-
pentafluorophenyl)sulfonamido)acetamido)benzoic acid (PSL-3-115)

1H NMR (400 MHz, CDCl3) § 0.77-0.80 (m, 2H), 0.86-0.85 (m, 2H), 2.91-2.92 (m, 1H),
4.14 (s, 2H), 4.92 (s, 2H), 7.19 (d, J= 6.6 Hz, 2H), 7.33-7.26 (m, 5H), 8.06 (d, J= 8.1 Hz,
2H); 13C NMR (100 MHz, CDCls) § 8.1, 29.7, 30.0, 52.5, 53.3, 115.8 (m), 128.0, 128.3,

128.4,128.5, 128.5, 128.5, 132.0, 135.9, 137.8 (dm, Jcg = 282 Hz), 144.5 (dm, Jof = 132
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Hz), 145.4 (dm, Jeg = 155 Hz), 166.5, 170.0; HRMS (ESI+) m/z [M+H]* Calcd for
CasHagFsN,05S: 554.09, found: 555.10; HPLC ry (I1) = 33.2 min (98.4%).

4-(2-((N-Cyclopropyl)-2,3,4,5,6-pentafluorophenyl)sulfonamido)-N-(4-
fluorobenzyl)acetamido)benzoic acid (PSL-3-122)

1H NMR (400 MHz, CDCls) § 0.83 (m, 4H), 2.88 — 2.92 (m, 1H), 3.97 (s, 2H), 4.78 (s, 2H),
6.96 (t, /= 8.3 Hz, 2H), 7.04 — 7.07 (m, 2H), 7.12 (d, /= 8.1 Hz, 2H), 8.13 (d, /= 8.1 Hz,
2H); 13C NMR (100 MHz, CDCls) § 8.1, 29.7, 30.0, 52.5, 115.5, 115.8, 128.5, 130.4, 130.5,
130.5, 130.7 (dm, Jcr = 260.2 Hz), 131.7, 132.2, 137.6 (dm, JcF = 260.2 Hz), 143.9 (dm,
JoF = 263.4 Hz), 145.0 (dm, Jor = 259.7 Hz), 161.5, 163.4, 166.6, 170.1; 1°F NMR (376
MHz, CD30D) § -163.02 (t, /= 19.6 Hz, 2F), -150.07 (t, /= 21.9 Hz, 1F), -136.70 (d, /=
21.9 Hz, 2F), —116.66 (s, 1F). HRMS (ESI+) m/z [M+H]* Calcd for Co5H19FgNO5S:
572.08, found: 573.09; HPLC r; (1) = 34.1 min (95.4%).

4-(2-((N-Cyclopropyl)-2,3,4,5,6-pentafluorophenyl)sulfonamido)-N-(4-
cyclopropylbenzyl)acetamido)benzoic acid (PSL-3-132)

14 NMR (400 MHz, CDClg) 0.65 — 0.68 (m, 2H), 0.82 — 0.83 (m, 4H), 0.93 — 0.98 (m, 2H),
1.89 - 1.92 (m, 1H), 2.89 — 2.95 (m, 1H), 3.97 (s, 2H), 4.75 (s, 2H), 6.96 (s, 4H), 7.12 (d, J=
7.7 Hz, 2H), 8.11 (d, J= 7.7 Hz, 2H); 13C NMR (126 MHz, CDCl3) § 8.2, 9.6, 15.3, 29.9,
30.2,52.7, 53.2, 116.0, 126.0, 128.6, 128.8, 129.6, 132.2, 132.9, 137.9 (dm, LJcr = 254.0
Hz), 143.9 (dm, 1Jcr = 268.0 Hz), 144.1, 145.2 (dm, Lk = 269.0 Hz), 145.3, 166.6, 170.4;
HRMS (ESI+) m/z [M+H]* Calcd for CogHo5FsN,0sS: 595.1321, found: 595.1326; HPLC
re (11) = 36.0 (96.7%).

4-(N-(4-Cyclohexylbenzyl)-2-((N-cyclopropyl)-2,3,4,5,6-

pentafluorophenyl)sulfonamido)acetamido)benzoic acid (DR-3-036)
1H NMR (700 MHz, CD3CN) § 0.74 — 0.76 (m, 4H), 1.26 — 1.28 (m, 1H), 1.39 — 1.42 (m,
4H), 1.71 - 1.74 (m, 1H), 1.79 — 1.82 (m, 4H), 2.48 — 2.51 (m, 1H), 2.85 (p, /= 5.6 Hz, 1H),
4.00 (bs, 2H), 4.84 (s, 2H), 7.08 (d, J= 7.5 Hz, 2H), 7.15 (d, J= 7.5 Hz, 2H), 7.26 (d, /= 8.2
Hz, 2H), 8.00 (d, J= 8.2 Hz, 2H); 13C NMR (125 MHz, CDCls) § 8.1, 26.1, 26.8, 30.3, 34.4,
44.2,52.6,53.1,113.9, 115.8 (m), 127.1, 128.4, 128.5, 129.4, 132.0, 133.1, 137.7 (dm, LJr
= 255.1 Hz), 143.8 (dm, LJor= 262.1 Hz), 145.0 (dm, LJo= 257.5 Hz), 145.2, 147.9, 166.4,
170.0; 19F NMR (658 MHz, CD3CN) & -162.0 (m, 2F), -149.4 (m, 1F), =136.7 (m, 2F);
HRMS (ESI-) m/z[M-H]~ Calcd for C31H2gFsN2>OsS: 635.1645, found: 635.1648; HPLC r;
(1) = 27.5 min (95.8%); HPLC r; (1) = 45.9 min (97.1%).

4-(N-(4-Cyclopentylbenzyl)-2-((N-cyclopropyl-2,3,4,5,6-
pentafluorophenyl)sulfonamido)acetamido)benzoic acid (DR-3-093)

1H NMR (700 MHz, CD3CN) § 0.74 — 0.76 (m, 4H), 1.51 — 1.55 (m, 2H), 1.66 — 1.69 (m,
2H), 1.78 = 1.80 (m, 2H), 2.00 — 2.04 (m, 2H), 2.83 — 2.86 (m, 1H), 6 2.97 (td, /= 8.8, 7.6,
2.4 Hz, 1H), 4.01 (bs, 2H), 4.84 (s, 2H), 7.08 (d, /= 7.4 Hz, 2H), 7.18 (d, /= 7.4 Hz, 2H),
7.26 (d, J= 8.2 Hz, 2H), 8.00 (d, /= 8.2 Hz, 2H); 13C NMR (125 MHz, CDCl3) § 8.1, 25.5,
30.0, 34.5, 45.6, 52.5, 53.1, 115.8 (m), 127.4, 128.5, 129.5, 132.0, 133.0, 137.7 (dm, LJe=
255.2 Hz), 143.8 (dm, LJo= 260.0 Hz), 145.0 (dm, ZJor= 257.4 Hz), 145.3, 146.4, 166.4,
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170.4; 19F NMR (658 MHz, CD3CN) § —162.0 (m, 2F), —149.4 (m, 1F), =136.6 (m, 2F);
HRMS (ESI-) m/z[M-H]~ Calcd for CagH2gF5N205S: 621.1488, found: 621.1490; HPLC ry
(1) = 24.2 min (98.4%); HPLC r; (11) = 40.1 min (98.2%).

4-(N-(4-Cyclopentylbenzyl)-2-((perfluorophenyl) sulfonamido)acetamido)benzoic acid
(DR-3-111)

IH NMR (700 MHz, CD3CN) § 1.51 — 1.55 (m, 2H), 1.66 — 1.69 (m, 2H), 1.77 — 1.80 (m,
2H), 1.98 - 2.05 (m, 2H), 2.97 (tt, J=10.0 Hz, 7.5 Hz, 1H), 3.73 (bs, 2H), 4.79 (s, 2H), 6.69
(bs, 1H), 7.08 (d, J= 7.4 Hz, 2H), 7.18 (d, J= 7.4 Hz, 2H), 7.26 (d, /= 8.2 Hz, 2H), 8.00 (d,
J=8.2 Hz, 2H); 13C NMR (125 MHz, CDCls) § 25.5, 34.5, 45.1, 45.6, 53.5, 116.4 (m),
127.4,128.4,128.7, 130.0, 132.2, 132.6, 137.7 (dm, LJcg = 256.3 Hz), 143.8 (dm, LJor=
260.3 Hz), 144.2, 144.5 (dm, LJo= 256.0 Hz), 146.7, 166.4, 170.0; 19F NMR (658 MHz,
CD3CN) 6 —162.0 (m, 2F), —149.5 (m, 1F), —138.5 (m, 2F); HRMS (ESI-) m/z [M-H]~
Calcd for Co7H,F5N»05S: 581.1173, found: 581.1169; HPLC r; (1) = 23.8 min (97.4%);
HPLC r; (I1) = 39.4 min (97.1%).

4-(2-((N-Cyclopropyl-2,3,4,5,6-pentafluorophenyl)sulfonamido)-N-(4-(4,4-
dimethylcyclohexyl)benzyl)acetamido)benzoic acid (DR-3-119)

1H NMR (700 MHz, CD3CN) § 0.74 — 0.76 (m, 4H), 0.95 (s, 3H), 0.98 (s, 3H), 1.33 - 1.37
(m, 2H), 1.47 — 1.49 (m, 2H), 1.59 — 1.62 (m, 4H), 2.41 (ddt, J= 15.9, 10.8, 5.5 Hz, 1H),
2.85 (p, J= 6.5 Hz, 1H), 4.00 (bs, 2H), 4.82 (s, 2H), 7.07 (d, J= 7.8 Hz, 2H), 7.17 (d, J= 7.8
Hz, 2H), 7.23 (d, /= 8.0 Hz, 2H), 8.00 (d, J= 8.0 Hz, 2H); 13C NMR (125 MHz, CDCls) §
8.1,24.2,29.7,30.1, 33.1, 39.6, 44.1, 52.5, 53.1, 115.8, 127.1, 128.5, 128.6, 129.5, 132.0,
133.2, 137.7 (dm, LJo£= 256.0 Hz), 143.8 (dm, LJ-e= 260.0 Hz), 145.1 (dm, L/ = 253.3
Hz), 145.3, 147.6, 166.4, 170.3; 19F NMR (658 MHz, CD3CN) & -161.7 (m, 2F), -149.0
(m, 1F), —136.3 (m, 2F); HRMS (ESI-) m/z [M-H]~ Calcd for C33H3,F5N,05S: 663.1955,
found: 663.1947; HPLC r; (1) = 29.1 min (95.8%); HPLC r; (I1) = 48.7 min (97.2%).

4-(N-(4-(tert-butyl)benzyl)-2-((N-cyclopropyl-2,3,4,5,6-

pentafluorophenyl)sulfonamido)acetamido)benzoic acid (DR-3-162)
IH NMR (700 MHz, CD3CN) 8 § 0.75 — 0.77 (m, 4H), 1.29 (s, 9H), 2.85 (p, J= 5.3 Hz, 1H),
4.02 (bs, 2H), 4.85 (s, 2H), 7.07 (d, J= 8.2 Hz, 2H), 7.17 (d, J= 8.2 Hz, 2H), 7.35 (d, J= 8.2
Hz, 2H), 8.01 (d, /= 8.2 Hz, 2H); 13C NMR (125 MHz, CDCls) § 8.1, 30.0, 31.3, 34.5, 52.6,
53.1, 115.8 (m), 125.5, 128.2, 128.4, 129.6, 132.0, 132.8, 137.7 (dm, ZJor= 253.3 Hz),
143.8 (dm, J-z= 256.5 Hz), 145.0 (dm, ZJ-z= 253.5 Hz), 145.3, 151.0, 166.4, 170.4; 19F
NMR (658 MHz, CD3CN) § —=162.0 (m, 2F), —149.4 (m, 1F), -136.7 (m, 2F); HRMS (ESI-)
m/z [M-H]~ Calcd for CygH»6F5N205S: 609.1488, found: 609.1489; HPLC r; (1) = 25.5 min
(98.3%); HPLC r; (11) = 42.3 min (98.3%).

4-(N-(4-Cycloheptylbenzyl)-2-((N-cyclopropyl-2,3,4,5,6-
pentafluorophenyl)sulfonamido)acetamido)benzoic acid (DR-3-165)
1H NMR (700 MHz, CD3CN) § 0.72 - 0.79 (m, 4H), 1.52 — 1.63 (m, 6H), 1.67 — 1.71 (m,
2H), 1.76 — 1.80 (m, 2H), 1.81 — 1.84 (m, 2H), 2.66 (tt, /= 10.6, 3.4 Hz, 1H), 2.85 (p, J=
6.4 Hz, 1H), 3.99 (bs, 2H), 4.82 (s, 2H), 7.07 (d, J= 7.8 Hz, 2H), 7.17 (d, J= 7.8 Hz, 2H),
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7.23 (d, J= 7.8 Hz, 2H), 8.00 (d, /= 8.5 Hz, 2H); 13C NMR (125 MHz, CDCl3) § 8.1, 27.2,
27.9, 30.0, 36.7, 46.7, 52.6, 53.1, 115.8 (m), 126.9, 128.4, 128.6, 129.5, 132.0, 132.8, 137.7
(dm, LJo= 255.0 Hz), 143.8 (dm, LJor= 254.4 Hz), 145.0 (dm, LJ/o2= 259.2 Hz), 145.2,
149.9, 166.4, 170.4; 19F NMR (658 MHz, CD3CN) § —161.7 (m, 2F), —149.0 (tt, J= 27.9,
5.7 Hz, 1F), -136.3 (m, 2F); HRMS (ESI-) m/z [M-H]~ Calcd for C3oH3oF5N,05S:
649.1799, found: 649.1790; HPLC r; (1) = 28.5 min (97.3%); HPLC r, (I1) = 47.5 min
(98.2%).

4-(2-(N-cyclopropyl-2,3,4,5,6-pentafluorophenylsulfonamido)-N-(4-
(trifluoromethyl)benzyl)acetamido)benzoic acid (DR-3-186)

1H NMR (700 MHz, CDCls) § 0.82 — 0.83 (m, 4H), 2.90 — 3.05 (m, 1H), 4.02 (s, 2H), 4.88
(s, 2H), 7.18 (d, J= 8.1 Hz, 2H), 7.24 (d, J= 7.9 Hz, 2H), 7.56 (d, J= 7.9 Hz, 2H), 8.15 (d, J
= 8.2 Hz, 2H). 13C NMR (126 MHz, CDCls3) § 8.30, 30.2, 52.7, 53.1, 116.0, 124.1 (q, LJcr3
= 272.2 Hz), 125.8 (q, 3Jcr3 = 3.7 Hz), 128.4, 129.0, 130.0, 130.5 (q, 2Jcr3 = 32.6 Hz),
132.5, 137.9 (dm, LU = 256.1 Hz), 140.1, 144.0 (dm, LJcg = 258.7 Hz), 145.1, 145.2

(dm, LJcg = 257.8 Hz), 167.1, 170.21. 19F NMR (658 MHz, CDCl3) § -159.72 (m, 2F),
-146.19 (t, 1F), =134.19 (m, 2F), —-62.67 (s, 3F); HRMS (ESI-) m/z[M-H]~ Calcd for
CogH17FgN205S: 621.0735, found: 621.0734; HPLC ry (I) = 23.5 min (98.3%); HPLC r; (I1)
= 39.2 min (98.9%).

4-(N-(4-Chlorobenzyl)-2-((N-cyclopropyl-2,3,4,5,6-
pentafluorophenyl)sulfonamido)acetamido)benzoic acid (DR-4-003)

1H NMR (400 MHz, CDCls) § 0.82 — 0.83 (m, 4H), 2.89 — 2.91 (m, 1H), 3.98 (bs, 2H), 4.78
(s, 2H), 7.03 (d, J= 8.0 Hz, 2H), 7.14 (d, /= 8.0 Hz, 2H), 7.22 — 7.29 (m, 2H), 8.13 (d, J=
8.0 Hz, 2H); 13C NMR (100 MHz, CDCl5) § 8.0, 29.9, 52.4, 52.5, 115.7, 128.2, 128.7,
129.9, 133.8, 134.3, 136.3, 137.6 (dm, L/o= 251.3 Hz), 144.8 (dm, ZJr= 254.4 Hz),
144.8, 144.9 (dm, 1Jor= 274.0 Hz), 166.6, 169.6; 1°F NMR (658 MHz, CDCl5) § —159.7
(m, 2F), -146.2 (m, 1F), -134.1 (m, 2F); HRMS (ESI-) m/z[M-H]~ Calcd for
Co5H17CIF5N,0O5S: 587.047, found 587.047; HPLC r; (1) = 23.8 min (95.4%); HPLC r; (I1)
= 38.8 min (95.5%).

4-(N-(4-Cyclobutylbenzyl)-2-((N-cyclopropyl-2,3,4,5,6-
pentafluorophenyl)sulfonamido)acetamido)benzoic acid (DR-4-020)

1H NMR (700 MHz, CD3CN) § 0.72 - 0.79 (m, 4H), 1.79 — 1.87 (m, 1H), 1.96 — 2.14 (m,
3H), 2.26 — 2.34 (m, 2H), 2.85 (p, J= 5.3 Hz, 1H), 3.52 (p, /= 8.6 Hz, 1H), 4.00 (bs, 2H),
4.84 (s, 2H), 7.07 (d, J= 7.6 Hz, 2H), 7.16 (d, J= 7.6 Hz, 2H), 7.25 (d, J= 8.3 Hz, 2H), 8.00
(d, J= 8.3 Hz, 2H); 13C NMR (100 MHz, CDCl5) § 8.1, 18.2, 29.7, 30.0, 40.0, 52.5, 53.1,
115.8 (m), 126.6, 128.5, 129.5, 132.0, 133.1, 137.7 (dm, LJr= 259.2 Hz), 143.8 (dm, LJor
= 256.6 Hz), 145.1 (dm, LJor= 254.3 Hz), 145.2, 146.1, 166.4, 170.4; 19F NMR (658 MHz,
CD3CN) § —162.0 (m, 2F), —149.4 (tt, J= 20.4, 6.4 Hz, 1F), —136.7 (m, 2F); HRMS (ESI-)
m/z[M-H]~ Calcd for CogH24F5N,05S: 607.1332, found: 607.1332. HPLC r¢ (1) = 25.6 min
(97.6%); HPLC ry (11) = 42.4 min (98.2%).
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4-(2-((N-Cyclopropyl)-2,3,4,5,6-pentafluorophenyl)sulfonamido)-N-(4-(tetrahydro-2H-
pyran-4-yl)benzyl)acetamido)benzoic acid (DR-4-042)

IH NMR (700 MHz, CD3CN) § 0.73 — 0.78 (m, 4H), 1.67 — 1.72 (m, 4H), 2.76 (it, J= 9.1,
6.0 Hz, 1H), 2.84 (td, J= 6.4, 3.1 Hz, 1H), 3.42 — 3.57 (m, 2H), 3.97 (dt, /= 11.1, 3.1 Hz,
4H), 4.01 (bs, 2H), 4.85 (s, 2H), 7.11 (d, J= 7.5 Hz, 2H), 7.19 (d, J= 7.5 Hz, 2H), 7.26 (d, J
= 8.3 Hz, 2H), 8.00 (d, /= 8.3 Hz, 2H); 13C NMR (125 MHz, CDCl5) § 8.1, 30.0, 33.8,
41.1,52.5,53.1, 68.3, 115.8, 127.0, 128.4, 128.8, 129.7, 132.0, 133.8, 137.7 (dm, LJor=
271.8 Hz), 143.8 (dm, L/o= 259.0 Hz), 145.0 (dm, ZJoz= 270.0 Hz), 145.1, 145.5, 166.5,
169.9; 19F NMR (658 MHz, CD3CN) § —162.0 (m, 2F), —149.4 (tt, J= 20.3, 6.3 Hz, 1F),
-136.7 (m, 2F); HRMS (ESI-) m/z[M-H]~ Calcd for C3pH»6F5N20gS: 637.1435, found:
637.1431; HPLC r; (1) = 21.9 min (96.4%); HPLC r; (1) = 36.3 min (97.7%).

4-(N-(4-(tert-butyl)benzyl)-2-((N-cyclopropyl-4-
fluorophenyl)sulfonamido)acetamido)benzoic acid (AES-1-094A)

White solid (12.9 mg, 16%); 1H NMR (400 MHz, CD3CN) & 0.64 — 0.67 (m, 4H), 1.28 (s,
9H), 2.49 — 2.53 (m, 1H), 3.88 (bs, 2H), 4.84 (s, 2H), 7.11 (d, J= 7.9 Hz, 2H), 7.23 (d, J=
8.4 Hz, 2H), 7.28 (d, J= 8.4 Hz, 2H), 7.34 (d, J= 7.9 Hz, 2H), 7.83 (dd, /= 7.6, 5.3 Hz,
2H), 7.99 (d, J= 8.0 Hz, 2H); 13C NMR (100 MHz, CD3CN) § 9.6, 33.0, 36.5, 54.2, 54.9,
118.1, 118.4, 127.8, 127.9, 130.2, 130.7, 133.0, 133.1, 133.4, 133.48, 133.54, 136.6, 138.2,
166.0, 170.1; 19F NMR (54 MHz, CD3CN) § -=109.0; HRMS (ESI-) /m/z [M-H]" Calcd for
CagH30FN,05S: 537.1869 found: 537.1865; HPLC rt (11) = 38.4 min (98.3%)

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

A)gHepatocyte stability data measured as the disappearance of SH-4-54 using UPLC/Q-
TOF-MS; B) Mean plasma concentration of SH-4-54 vs. time profiles after IP injection in
CD-1 mice; C) Mean plasma concentration of SH-5-07 vs. time profiles after IP injection in
CD-1 mice. Studies performed by contract research organizations (ADMEScope Ltd. and
Pharmaron).
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Figure 2.

19F NMR studies were recorded at 37°C on a 600 MHz spectrometer equipped with an

Page 19

H(F)CN room temperature probe. All samples were prepared in 100 mM HEPES pH 7.2,
150 mM NaCl with a final concentration of 10% H,0 and 1% DMSO. All spectra were
normalized according to the fluorine peak of an added reference, 5-fluoro-tryptophan. A)

Shows the 1D 1F NMR spectra of the reference. B) Shows the spectra of a sample
containing 100 uM NaF as an F- reference. C) The 1°F 1D NMR spectra of 100 pM

SH-4-54. D) 100uM of SH-4-54 with 10 equivalents of glutathione incubated for 15 hours at
37°C. E) 100uM of SH-4-54 with 0.2 equivalents of STAT3 incubated for 1 hour at 37°C. F)
100uM of AM-1-124. G) 100uM of AM-1-124 with 10 equivalents of glutathione incubated
for 15 hours at 37°C. H) 100uM of AM-1-124 with 0.4 equivalents of STAT3 incubated for 1

hours at 37°C.

ChemMedChem. Author manuscript; available in PMC 2017 April 19.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Alietal.

Page 20

A) B)

= 150 -] 150
=

5 i3
s = :
ip ! ' R [~
. = .

£ H

= £

At 5 0 H A0 5 H 5
log conc. of AM-1-124 in pM log conc. of AM-1-124 in pM
Figure 3.

Competitive FP data for AM-1-124 vs. STAT3 or STATL1 in the presence of fluoresceinated
peptide (conditions in si). A) STAT3 Ki = 15.3 uM (ICgg = 30 uM, 95% Confidence Interval
=27.8-32.3 uM); B) STAT1 Ki > 250 pM (IC50 > 1000 pM, 95% Confidence Interval =
292-1167 pM).
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Figure 4.
AR230R cells were serum starved overnight, pre-treated with AM-1-124 (10 uM) or vehicle

and stimulated with the cytokines IL-6 (20 ng/mL) and IFN-u (100 ng/ml). Fluorescence
intensity of pSTAT3 (A) and total STAT3 (B) was measured in both cytoplasmic and nuclear
compartments.
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Figure 5.

Time-course metabolism study comparing SH-4-054 to AM-1-124 in CD-1 male mouse
hepatocytes. Time-point measurements of remaining parent compound were taken using LC-

MS/MS. Studies performed by a contract research organizati

ChemMedChem. Author manuscript; available in PMC 2017 April 19.

on (Pharmaron).



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Ali et al. Page 23

10000.00
9000.00
8000.00
7000.00
6000.00
5000.00
4000.00 -
3000.00
2000.00 fT
1000.00 =

0.00 += ] ] : -
0 2 4 6 8
Time (h)

et AM-1-124
-SH-4-054

.

Mean Concentration (ng/mL)

Figure 6.
In vivo metabolism study comparing SH-4-054 to AM-1-124 in CD-1 male mouse via IP.

Time-point measurements of remaining parent compound were taken using LC-MS/MS.
Studies performed by a contract research organization (Pharmaron).
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Suggested structures for the observed SH-4-54 metabolites from mouse plasma and mouse,

rat, dog and human hepatocytes.
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Table 1
Chemical structures, calculated LogP values, and inhibitor I1Csq values of SH-4-54, SH-5-07, and BP-5-087
against AR230 and AR230R cells (MTS assay)[°]

% SH-4-54 % SH-5-07 % BP-5-087
JK,N k/" N

cu,

F OH
o DH e o OH
H
SH-4-54 SH-5-07 BP-5-87
ICso AR230 (pm) 2.9 8.1 19.1
ICso AR230R (um) 2.6 7.0 17.4
Logp /2] 411 357 5.75

12

Values calculated with StarDrop.
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