Accepted Manuscript =

EUROPEAN JOURNAL OF

Synthesis of sulfamoylbenzamide derivatives as HBV capsid assembly effector

Ozkan Sari, Sebastien Boucle, Bryan D. Cox, Tugba Ozturk, Olivia Ollinger Russell,

Leda Bassit, Franck Amblard, Raymond F. Schinazi 7
PII: S0223-5234(17)30516-0
DOI: 10.1016/j.ejmech.2017.06.062

Reference: EJMECH 9557

To appearin:  European Journal of Medicinal Chemistry

Received Date: 10 May 2017
Revised Date: 27 June 2017
Accepted Date: 28 June 2017

Please cite this article as: O. Sari, S. Boucle, B.D. Cox, T. Ozturk, O.O. Russell, L. Bassit, F. Amblard,
R.F. Schinazi, Synthesis of sulfamoylbenzamide derivatives as HBV capsid assembly effector, European
Journal of Medicinal Chemistry (2017), doi: 10.1016/j.ejmech.2017.06.062.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.ejmech.2017.06.062

ACCEPTED MANUSCRIPT

F
¥ XL
’s
"~ ﬁ” ]
———> F F

Compound 4f

HBV ECq, = 1.2 uM (HepAD38)
ECsgp = 1.0 uM (HBeAg)
CCso =27 uM (HepG2)

KEYWORDS: sulfamoylbenzamide, antiviral agent, HBV, capsid assembly effector, cccDNA, HBeAg.



Synthesis of sulfamoylbenzamide derivativesas HBV capsid assembly effector

Ozkan Sari, Sebastien Boucle, Bryan D. Cox, Tugba®, Olivia Ollinger Russell, Leda Bassit, Framsinblard, and Raymond

F. Schinazi*

Center for AIDS Research, Laboratory of Biochemical Pharmacology, Department of Pediatrics, Emory University School of
Medicine, Atlanta, GA 30322, USA.

ABSTRACT: The synthesis of novel series of sulfathepzamides as HBV capsid assembly effector isrtegoThe structure

was divided into five parts which were independentbdified as part of our lead optimization. Allnslyesized compounds were
evaluated for their anti-HBV activity and toxicity human hepatocytes, lymphocytes and other cktiglitionally, we assessed
their effect on HBV cccDNA formation in an HBeAgparter cell-based assay. Among the 27 compoundstexf) several analogs
exhibited submicromolar activities and significaeduction of HBeAg secretion. Selected compound® weidied under negative-
stain electron microscopy for their ability to dipt the HBV capsid formation. Structures were medeéhto a binding site recently
identified in the HBV capsid protein for similar kecules to rationalize the structure-activity reelaships for this family of

compounds.

1. Introduction

Hepatitis B virus (HBV) remains a major public Heatoncern with over 2 billion people estimatedb® infected worldwide.
However, while most healthy adults are capableesbvering from the infection, up to 50% of childretil develop chronic
infections if the infection occurs before the adeé ¢1]. If left untreated, these subjects, adaitsl children, will experience liver
diseases such as cirrhosis and hepatocellularncemei. A constant suppression of the viral replicatis then required with
available treatments involving polymerase inhitstsuch as lamivudine (3TC), entecavir (ETV) andotewir-diisoproxyl

fumarate (TDF) or tenofovir alafenamide (TAF) [Although these drugs are very effective at contrglivirus infection, long-
term treatments may cause drug resistance or seideeeffects and more importantly, none of thesegsl can cure HBV

infections [3, 4].
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Fig 1. Capsid assembly effectors.

Nucleocapsids have an important role in the HB\almieplication cycle since they play a role durgepome packaging, reverse
transcription, intracellular trafficking and maintnce of chronic infection [5]. Early discoveriemvh shown that interactions of
the core proteins with small heterocyclic molecutes induce faulty assembly which leads to the &iom of dysfunctional
nucleocapsids [6, 7]. By acting on the encapsidatimcess of viral material, capsid assembly effsc{CAES) are expected to
significantly decrease the formation of cccDNA paresponsible of the viral persistence [B]srupting HBV capsids allows

exposure of cccDNA to degrading enzymes. In recgedrs, several classes of CAE targeting the HBVlewoapsid
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formation/disruption have emerged. Among them, foateylpyrimidines (GLS-4, phase [B], phenylpropenamides (AT-13[)0]
and sulfamoylbenzamide derivatives (DVR-23 [11], RI8-778 [12], phase lla, structure not yet disali)sexhibited promising
antiviral effects and could potentially lead towaative treatment (Figure 1). As part of our HB\8earch program, we turned our
attention towards the sulfamoyl scaffold of DVR-@3d designed new series of derivatives. Hereinyish to report their detailed

synthesis along with their antiviral evaluation ahéracterization.

2. Resultsand discussion

2.1. Chemical synthesis

To simplify the structure-activity relationship (8Astudy, the sulfamoylbenzamide scaffold was didith five parts labeled A, B,
C, D and E (Figure 2).

Fig 2. Structure of the sulfamoylbenzamide scaffold.

Part A: Various groups selected from alkyls, cyligls, alkylaryls or sulfonyls were introduced ahig position.
Sulfamoylbenzamide derivativela-s were prepared from 2-fluorobenzoic adidy reaction with chlorosulfonic acid leading to
sulfonyl chloride2 in 77% yield (Scheme 1) [13]. Subsequent reactidth thionyl chloride followed by treatment with 43,
difluoroaniline provided the amid® in 65% yield. This key intermediate was then redatith various primary and secondary
aliphatic and benzyl amines, amino acids and salfides to afford a small library of structurallywelise sulfamoyl analogs
(Compounddla-s).
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Scheme 1. Reagents and conditions: (i) CI$D 80 °C, 4 h, 77%; (ii) SOGI80 °C, 16 h then 3,4-difluoroaniline, tolueneQFT,
2 h, 65%; (iii) amine, BN, CH,Cl,, 0 °C to rt (or 40 °C), 2 h, 26-94%.

Part B: Inversion of the sulfonamide portion wasoainvestigated. The synthesis of derivati9ekl was achieved in four steps

from commercially available 5-amino-2-fluorobenzaicid 5 by first Boc-protection of the amino group to affalerivative6 in

74% vyield (Scheme 2). The resulting intermediats teen activated using HATU and reacted with 3fd+dioaniline to afford
2



compound? in 90% vyield. Finally, deprotection of the Boc gpousing TFA followed by reaction with differentatyalkylsulfonyl
chlorides (cycloproyl, cyclopentyl and cyclohexgtpvided the desired analo@sl1 in moderate yields (23-47%).
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Scheme 2. Reagents and conditions: (i) B&@; NaHCQ, 1,4-dioxane/KO, 0 °C to rt, 16 h, 74%; (ii) 3,4-difluoroanilinelATU,
DIPEA, DMF, rt, 1 h, 90%; (iii) TFA, DCM, 0 °C ta,r2 h, 60%; (iv) cycloalkylsulfonyl chloride, £, CH,Cl,, DMAP, 40 °C, 3
h, 23-47%.

Part C: Inversion of the amide group was also etellithrough the synthesis of compoud The synthesis was initiated by a
Friedel-Craft sulfonylation of 2-fluoroacetanilid@ by treatment witlchlorosulfonic acid [14]. As expected, the reactwaduced

a mixture of regioisomers separable by column clatography. Structure of both isomers was estaldistyecareful analysis of
coupling constant observed iH NMR. The regioisomet3 was then reacted with cyclopentylamine to afforetimediatel4 in
88% vyield. Finally, deacetylation under acidic ciiods followed by reaction with 3,4-difluorobenZahloride gave the targeted
analogl6 (Scheme 3).
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Scheme 3. Reagents and conditions: (i) CIg@Q 80 °C, 5 h, 62%; (ii) cyclopentylamine,;sBt CH,Cl,, rt, 2 h, 88%; (iii) HCI 6N,
100 °C, 1 h, 74%; (iv) 3,4-difluorobenzoyl chlorjdg:N, CH,Cl,, 0 °C to rt, 2 h, 36%.

Part D: The original aniline moiety of our scaffolebs replaced with various substituted benzyl amingsing the chemistry
described in scheme 4. Cyclopropyl-substituted Yenzine 18 was prepared by treatment of 3,4-difluorobenziaitt7 with
ethylmagnesium bromide and titanium isopropoxidg],[While a-dimethyl substituted benzylamir2® was prepared fromi7 by
treatment with methyl lithium in presence of ceriahioride [16]. Coupling of aci@ with either18 or 20 and subsequent reaction

with cyclopentylamine afforded derivativ&8 and21, respectively.
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Scheme 4. Reagents and conditions: (i) EtMgBr, Ti¢Pr),, BF:.ELO, EtO, -78 °C, 1 h, 56%; (ii) MeLi, CegITHF, -25 °C, 1 h,
51%; (iii) 2, SOC}, 80 °C, 16 h thed8 or 20, toluene, 110 °C, 2 h; (iv) cyclopentylaminesNEtCH,Cl,, rt, 2 h, 34% forl9 and

25% for21 over two steps.

Part E: Finally, a new series of more rigid bicyclderivatives was synthesized (Scheme 5). Comnilgrcévailable
phenylethylamine22 and 3-phenyl-1-propylamin23 were acylated using methyl chloroformate and sybsetly treated with
trifluoromethanesulfonic acid to form derivativésl and 25, respectively. These intermediates were then setgotively
sulfonylated by treatment with chlorosulfonic atidafford the corresponding 3-sulfonyl chloride idatives 26 and 27 in high
yields. 26 and 27 were then reacted with cyclopentylamine afdhethylcyclopentylamine to afford compoun2®-30 in yields
ranging from 64% to 94%. These intermediates waen N-alkylated with 3,4-difluorobromobenzenga a copper iodide
catalyzed Ullmann reaction. Overall, these reastiere sluggish, requiring 12-15 hr of heatingighliemperature (150 °C) and
a stoichiometric amount (and sometimes an excésgypper iodide to reach full conversion. Intenegly, the coupling was found
to proceed faster withl-methyl substrate80 and 31 under microwave irradiation after 90 minutes while improvement was
observed for the unsubstituted substr@®snd29. It is noteworthy that additional arylation of tealfonamide moiety was also

observed when starting from substré28snd29.
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Scheme 5. Reagents and conditions: (i) (a) methyl chlorofaen&sN, DMF, 0 °C to rt, 1 h; b) GJSO;H, 70 °C, 24 h, 82% faz4
and 84% for25 over two steps; (ii) CIS§, 60 °C, 16 h, 83 % fo26 and 79% for27; (iii) cyclopentylamine orN-
methylcyclopentylamine, B, CH,Cl,, rt, 2 h, 81% for28, 97% for29, 69% for30, 94% for31; (iv) 3,4-difluorobromobenzene,
Cul, K,CO;, DMF, 150 °C, 16 h (or microwave, 150 °C, 90 mi§% for32, 58% for33, 28% for34 and 35% foi35.

2.2. Biological evaluation

Thein vitro anti-HBV activity and safety profile of all new mpounds were assessed by RT-PCR in HepAD38 cefiseasously
described by Stuyveet al. [17] The concentration of compound that inhibite@\H DNA replication by 50% (E&) was
determined by linear regression. All data were gixgative to the untreated control. In additioptotoxicity was determined by
using the CellTiter 96 non-radioactive cell pralggon colorimetric assay (Promega) in periphetabth mononuclear (PBM) cells
and in human T lymphoblast (CEM), African green k®nkidney (Vero), and human hepatocellular cantiaoqHepG2) cell
lines. Toxicity levels were measured as the coma#oh of test compound that inhibited cell grovith 50% (CG,). Several
derivatives exhibited potent activities with &Comprised between 0.8 and 9.2 uM while only digpla moderate toxicities in
primary human lymphocytes, Vero and CEM cells (compmis4a-s, 9-11, 16, 19, 21, 32-35, Table 1). Overall, cycloalkyls gave
the best results among the first 19 synthesizetbgsavhile benzyl, amino acid or disulfonamide gitbsed compounds were
found to be less potent or devoid of antiviral atyi (Part A). The potency of cyclopentyl sulfonal@ida, previously reported by
Campagnat al. [11] (DVR-56), was confirmed in our assay with &@s, of 0.8 + 0.2 uM (reported Egin HepDES19 cells: 0.14
+ 0.09 uM). The difluoro azetidine substituted dative 4f exhibited a comparable anti-HBV activity (& 1.2 + 0.6 uM) but
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displayed higher toxicity in CEM and Vero cellsidtnoteworthy that inversion of the sulfonamidewgy on part B (compoun®s

11) mostly preserved the potency of the parent comgowith the cyclopentyl-substituted analdg being the most active
compound of this series (E£= 2.1 £ 1.3 pM). Regarding modifications on bo#rtpC and D, the inversion of the amide group
(compoundl6) and replacement of the 3,4-difluoroarylamide gravith its a-substituted benzyl counterparts (compod8dand
21) led to complete loss of activity. Similarly, thecyclic analogs32-35 did not exhibit any activity suggesting the relati

importance of preserving the NH-aryl amide moiatyhe flexibility of the molecule (Part E).

Table 1. Anti-HBV activity and cytotoxicity

Anti-HBYV activity (UM) Cytotoxicity CGyg (ULM)
Compound

ECs ECyo PBM CEM Vero HepG2
da 0.8+0.2 7.8+0.6 15.6 +0.01 14.0 £0.01 32.7+0.11 37.1+£0.04
4b 7716 >10 (87 +£0.2) 25.8+£0.03 14.5 +0.07 18.3+0.13 48.6 £ 0.01
4c 45+0.3 9.4+0.1 > 100 10.3+0.09 > 100 > 100
4d 6.7+0.6 >10(83+1.7) > 100 4.8 +0.78 21.3+0.06 > 100
de 92+13 >10 (59 + 14) > 100 <1 9.0 £0.02 > 100
4f 1.2+0.6 6.3+2.9 69.1 £ 0.07 3.7+0.04 14.7 £ 0.04 27.0x0.07
4g >10 N/A > 100 37.8+£0.16 39.6 £0.13 >100
4h 32x04 8.9+0.05 30.1 £ 0.06 13.6 +0.12 79.2 £0.03 62.3+0.13
4 4612 10+0.01 > 100 22.9+0.05 30.7 £ 0.02 > 100
4 6.8+£0.9 9.6+0.1 > 100 3.8+£0.07 39.4+£0.26 88.2 £0.08
4k 7.7+£25 9.3+0.03 > 100 3.6+£0.16 68.0 £ 0.03 > 100
4 >10 N/A > 100 31.1+£0.16 13.1 +0.06 455+0.11
4m >10 N/A > 100 31.6 £0.08 > 100 76.8 £0.01
4n > 10 N/A 58.1+0.04 10.8 £ 0.05 39.1£0.09 > 100
40 27x11 >10 (82+3.2) 13.0+0.05 6.4 £0.04 5.8+0.04 26.4£0.03
4p >10 N/A > 100 > 100 > 100 > 100
4q >10 N/A > 100 > 100 > 100 > 100
ar >10 N/A >100 >100 > 100 > 100
4s >10 N/A >100 >100 > 100 > 100
9 6.9x0.1 >10 (76 + 1.6) 39.2+0.04 11.8+0.12 30.7 £0.04 61.8 +0.03
10 21x13 9.5+0.8 > 100 54.2+0.11 29.1+£0.08 > 100
11 3.7x0.1 >10 (86 +2.1) > 100 745+ 0.07 6.4 +£0.06 80.4+0.11
16 >10 N/A 81.0+0.01 13.6 +0.01 87.5+£0.01 >100
19 >10 N/A > 100 > 100 12.7 +0.03 > 100
21 >10 N/A > 100 64.0 £ 0.04 84.3+£0.04 > 100
32 >10 N/A > 100 > 100 > 100 > 100
33 >10 N/A > 100 50.6 £ 0.10 > 100 > 100
34 >10 N/A 71.2+0.03 36.0 £ 0.07 > 100 > 100
35 >10 N/A > 100 > 100 > 100 > 100
3TC 0.04 £0.03 0.3+0.02 > 100 > 100 > 100 >10

Data are the mean of replicates of two or thregaxidard deviation (SD) from 2 independent experievith representative
results. N/A: not applied. Results in parentheXif inhibition + SD at 10 uM.

To determine whether our active derivatives haveefiiect on the levels of cccDNA formation, secretiof HBe antigen was
measured (by ELISA, Biochain) as a cccDNA-dependegtker using the HepAD38 cells and tested thepaiallel with GLS4,

and 3TC or entecavir [18, 19]. Potent polymerassetidnhibitors, such as 3TC or entecavir, are d@rgeto have negligible on
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cccDNA formation/amplification both in vivo and intro. Although they suppress HBV DNA levels in ger, they do not inhibit
de novo formation of viral cccDNA in infected hepeytes [18-21]. Thus, as expected, GLS4 reducemtsec of HBeAg whereas
10 uM 3TC or ETV had no effect (Table 2). All figelected derivatives reduced secreted HBeAg, with<Evarying from 1.0 to
9.7 uM, and with drug-induced inhibition of intrafea viral replication. Remarkably, HBeAg secretiwas reduced by 90% at 3-4
MM with compoundsta and 4f versus 2 pM with GLS-4. The novel sulfamoyl defives could be negatively acting on the
stabilization maturation-associated nucleocapsidsequently interrupting the release of relaxedsicamto the nucleus, and the

subsequent cccDNA formation.

Table 2. Sulfamoyl derivatives reduce HBV cccDNAnfation in an HBeAg reporter cell-based assay.

Compound HBeAg Secretion HBV DNA - Extracellular HBV DNA ntracellular

ECso (M) EGyo (UM) EGo (UM) EGyo (HM) EGo (UM) EGyo (HM)
4a 13x04 46+2.0 0.8+0.2 7.8+0.6 0.6 +£0.002 4.3 +0.07
af 1.0£0.05 3.2+0.01 12+0.6 6.3+2.9 0.9+0.05 9.7 +£0.04
9 5.5+0.02 >10(61+17) 6.9+0.1 >10 (76 +1.6) 0.8+0.01 8.1 +0.001
10 6.0+2.9 >10(66+59) 21+13 95+0.8 0.3+0.04 3.6+0.14
11 97+25 >10 (67 +15.3) 3.7+0.1 >10(86+2.1) <0.1(63+23) 7.9+0.17
3TC >10 (<1 +0.03) N/A 0.04 +0.03 0.3+0.02 <0.01(74+4.4) 0.7+0.05
ETV >10(<1+02) NA 0.0007 +0.00001 0.1 +0.03 <0.0001 (53 £ 0.5) 0.009 +0.002
GLS-4 0.7+0.2 1.9+0.04 0.2+0.1 1.0+£0.1 <0.01(82+3.4) 0.05+0.0001

Data are the mean of replicates of two or thregaxidard deviation (SD) from 2 independent experisevith representative
results. N/A: not applied. Results in parentheXif inhibition + SD at 10 uM.

2.3. Electron microscopy

Recently published results show that a compoundchidadly similar to4f inhibits replication by disrupting the HBV capgitbtein
[22]. To determine if our compounds act by this haedsm, HBV capsid formation was monitored by nizgastain electron
microscopy. In the absence of drug, the HBV Cpl#é8eds assemble upon addition of NaCl into regulgiolw spheres with a
diameter of approximately 40 nm (Figure 3A) [23fhr&e compounds includirgg, 4f and the inactive compour®d were tested at
20 pM in a single-blind series of experiments. HBY@149 dimers were incubated with the agents for,lahd assembly was
induced with the addition of NaCl overnight. Onenpte yielded properly formed HBV Cp149 capsids idfier shape, size and
yield as the drug-lacking images (Figure 3B and.3R)e other two samples exhibited morphology digainio the wild-type
capsids correctly identifyinga and4f as the active agents. Compoutadinduces Cp149 to form greater numbers of disfigure
circular assemblies (Figure 3D). Pre-incubatiorhvdbmpoundf yielded a large number of incomplete, but typicaipherical
capsids aggregated into clusters (Figure 3E andTfése results support that sulfamoyl agentsdik@hibit HBV replication by

binding to the capsid protein and affecting assgmbl



Fig 3. Perturbation of HBV Cp149 capsid formation by aolbyl compounds at 20 uM determined by negativie-KEM. A)
HBV Cp149 capsids formed in the absence of drugnBhe presence ¢fl, C) properly formed capsid D) in the presencdaf
E) in the presence df and F) incomplete and aggregated capsid.

2.4. Molecular modeling

A recent crystal structure revealed the binding &t sulfamoyl-based HBV capsid effectors at thpel 49 chain B-C dimer-dimer
interface (Figure 4A) [22]. Chain B formed a “comeathat contributes most protein-ligand interactiavhile chain C acted as a
“lid”. The compound4f was modeled into this pocket at the interfacehafic B and chain C using Glide Docking. To refihe t
docked model and identify transient interactiohg, éntire HBV Cp149 hexamer was simulated for 1threxplicit solvent using
Desmond MD (Figure 4A). The simulation rapidly ddwated in ~2.5 ns, and protein RMSF agreed wite éxperimentally
observed thermal factors (see Supporting Informdtidhe resulting protein-ligand contacts from tmelecular dynamics
simulation provided insight into the structure-wityi relationships observed for this series (Figd® 4C). In most frames, the
amide oxygen accepted a hydrogen bond from Trpli82:Kile also engaging in a minor water-mediatedidpei with the Phe23
backbone (observed in 5% of frames). The amideggtn acted as a hydrogen bond donor to the Thiitl28ckain alcohol on the
other interfacial partner. These amide noncovabenids bridged the two proteins comprising the liggiocket. Compound32-
35 are cyclized at the amide N thereby lacking thdrbgen-bond donating functionality, and these ageiot not inhibit HBV
replication supporting the necessity of the hydrogending interactions. The difluorobenzyl ring piosed into a hydrophobic
pocket formed by Pro25, Leu30, Trpl02, and Vall®4nfthe interfacial partner. The central monoflum®ozyl ring falls into a
hydrophobic pocket lined by Phel10, Leu140, andLZ&rfrom chain C. The sulfonamide group formed diamt water bridges
with Serl41. The Serl41 water bridge must be weakdynamic since the “flipped” sulfonamide composidll retain modest
anti-HBV activity. The difluoroazetidine group ptiens in a narrow, hydrophobic solvent-exposed &lin8ince this group does
not form specific interactions with the HBV capgitbtein, several small, hydrophobic substitutiores talerated (compoundi,
4b, 4c, 4d, 4e, 4h, 4i, 4j, 4k, and4o). Bulkier substitutions on the sulfonamide (compdsi4l, 4m, and4n) are predicted to
sterically clash with the HBV protein resulting imactivity. This model and subsequent dynamicaleolations help explain the

structure-activity relationships for this seriesl avill be useful in optimizing future sulfamoyl ags as HBV inhibitors.
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Fig 4. Model of sulfonamide compountf bound to HBV capsid protein from dynamic simulati®he model was generated by
docking compoundf into HBV Cp149 Y132A hexamer crystal structure B¥D 5T2P) followed by 10ns dynamic simulation. A)
Binding locus for compoundf in HBV capsid hexamer. B) The binding pocket kghe interface of two HBV Cp149 proteins
(chain B in red and chain C in green). Residues ititaract with compoundf from the simulation are shown. C) Simulation
interaction diagram of compoudd bound to HBV Cp149 Y132A hexamer from the produef.5 ns of a 10 ns simulation. Green
residues are hydrophobic, hydrogen bond interastase indicated by purple arrows, polar residuessaown in cyan, and water
bridges are shown in grey. The values in purplécatd the percentage of frames from the produgtibase in which these

interactions were observed.

3. Conclusion

Among the 27 sulfamoylbenzamides prepared, seaealbgs exhibited potent anti-HBV activities in thes micromolar range.
Antiviral activity was correlated with reduction @ccDNA level by measuring HBeAg secretion. Thadéamoyl derivatives were
found to inhibit HBV replication by disrupting theapsid assembly leading to misshaped unviable ddsmnmResults from this
work validate this novel class of small moleculeC#sE and the model used to rationalize our SAR @¢dehd to the discovery of
more potent and effective analogs. Ultimately theséamoyl derivatives, when combined with otherdailities (e.g., nucleoside

analogs), could lead to a novel therapeutic styatéth reduced treatment duration and a functiaueé for HBV infection.



4. Experimental section

4.1. Chemistry

Commercially available chemicals were of reageatigrand used as received. Nuclear magnetic reseidiMR) spectra'tl, *°C
and™°F) were recorded on a Bruker Ascend™ 400 MHz Fouransform spectrometer at rt, with tetramethgisél (TMS) as an
internal standard. Chemical shif®) @re reported in parts per million (ppm) and sigreae quoted as s (singlet), d (doublet), t
(triplet), q (quartet), m (multiplet), bs (broadysal), dd (doublet of doublets) or ddd (doubletofiblets of doublets}’C NMR
data is reported as observed, that is, some caigoals overlap with solvent signals. High-resantmass spectra (HRMS) were
recorded on a ThermoFisher Q exactive Plus higblwden mass spectrometer with electrospray iorwra(ESI). Thin-layer
chromatography (TLC) was performed on 0.25 mmaifiel. Purifications were performed on silica gglan chromatography
(60 A, 63-200 or 40-7qum). Reactions under microwave irradiation were @ened on a CEM Discovery SP Microwave

Synthesizer using 5 mL sealed tubes.

4.1.1. 5-Chlorosulfonyl-2-fluorobenzoic aci@)

To chlorosulfonic acid (23.8 mL, 0.35 mol, 10 eqpigooled to 0 °C was added portion wise 2-fluoratméc acidl (5.0 g, 35
mmol). After addition, the yellow solution was alled to warm to room temperature and heated at 7®r@6 h. The reaction
mixture was cooled to room temperature and casefidbed dropwise into crushed ice. The white pittp was filtered, washed
with water and driedéh vacuo to afford compoun@ as a white solid (6.4 g, 77%). Spectral data veessistent with that previously
reported. CAS: 37098-75-2.

4.1.2. 3-((3,4-Difluorophenyl)carbamoyl)-4-fluorobenzenkésnyl chloride @)

A solution of2 (3 g, 12.6 mmol) in SOGI(20 mL) was heated at 80 °C for 16 h. The mixtwess concentrated under reduced
pressure and co-evaporated with toluene. The aresidue was dissolved in toluene (25 mL) and 3flatioaniline (1.24 mL,
12.6 mmol) was added. The mixture was heated at°Cl@r 2 h and concentrated under reduced pres3ime residue was
purified by silica gel column chromatography ushexanes/EtOAc (8:2) to affordl (2.87 g, 65% over two stepsH NMR (400
MHz, Acetoneds) § 9.99 (s, 1H), 8.54 (dd,= 6.1, 2.6 Hz, 1H), 8.43 — 8.32 (m, 1H), 7.98877(m, 1H), 7.73 (dd] = 9.7, 8.9 Hz,
1H), 7.54 — 7.45 (m, 1H), 7.33 (dt= 10.5, 9.0 Hz, 1H):*C NMR (101 MHz, Acetonek) 5 163.4 (d,J = 262.3 Hz), 160.2, 149.6
(dd,J = 244.5, 13.3 Hz), 146.8 (dd,= 243.6, 12.8 Hz), 140.2 (d,= 3.2 Hz), 135.3 (dd] = 8.9, 3.2 Hz), 132.2 (d,= 11.2 Hz),
130.1 (d,J = 4.9 Hz), 125.9 (d] = 16.7 Hz), 118.9 (d] = 25.0 Hz), 117.3 (d] = 18.3 Hz), 116.5 (dd} = 6.1, 3.5 Hz), 109.6 (d,

= 22.1 Hz) F NMR (377 MHz, Acetonek) 5 -103.6, -139.3 — -139.4 (m), -145.6 — -145.7 (m).

4.1.3. General procedure to compourdsn

To a solution of sulfonyl chloride derivativa2(100 mg, 0.286 mmol) in Ci€l, (3 mL) were added the appropriate amine (0.286
mmol) and EMN (0.315 mmol) at 0 °C. The mixture was stirred atlroom temperature, diluted with &, and washed with
water. The organic layer was dried over Mg2(Dd concentrated under reduced pressure. Theueesids purified by silica gel

column chromatography using hexanes/EtOAc to affbeddesired sulfonamide derivatives.

4.1.3.1. 5-(N-Cyclopentylsulfamoyl)N-(3,4-difluorophenyl)-2-fluorobenzamidéd)

Yield 81%.'"H NMR (400 MHz, Acetonek) & 9.89 (s, 1H), 8.29 (dd] = 6.6, 2.4 Hz, 1H), 8.12 — 8.05 (m, 1H), 8.01 927(m,
1H), 7.58 — 7.47 (m, 2H), 7.43 — 7.28 (m, 1H), 6(@2] = 7.3 Hz, 1H), 3.72 — 3.57 (m, 1H), 1.83 — 1.71 PH), 1.68 — 1.58 (m,
2H), 1.55 — 1.37 (m, 4H}*C NMR (101 MHz, Acetonek) 5 161.4 (d,J = 255.9 Hz), 161.2, 149.6 (dd= 244.2, 13.3 Hz), 146.6
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(dd,J = 243.4, 12.7 Hz), 138.8 (d,= 3.5 Hz), 135.5 (dd] = 9.0, 3.2 Hz), 131.9 (d,= 10.0 Hz), 129.7 (d] = 3.8 Hz), 124.5 (d]
=15.7 Hz), 117.4 (d) = 6.1 Hz), 117.2, 116.3 (dd,= 6.0, 3.5 Hz), 109.4 (d, = 22.1 Hz), 78.3, 55.1, 54.1, 32.9, 23% NMR
(377 MHz, Acetoneds) & -110.5 — -110.6 (m), -139.5 — -139.6 (m), -146.6146.2 (m). HRMS (ESI): m/z [M+H]calcd for
CyaH16FsN,0;S: 399.0990, found: 399.0985.

4.1.3.2. 5-(N-CyclopentylN-methylsulfamoyl)N-(3,4-difluorophenyl)-2-fluorobenzamidék)

Yield 84%."H NMR (400 MHz, Acetonek) & 9.88 (s, 1H), 8.24 (dd} = 6.5, 2.5 Hz, 1H), 8.10 — 8.02 (m, 1H), 8.02 947(m,
1H), 7.61 — 7.49 (m, 2H), 7.35 (dt= 10.5, 9.0 Hz, 1H), 4.38 (g,= 8.1 Hz, 1H), 2.77 (s, 3H), 1.71 — 1.54 (m, 4H}R2 — 1.35 (m,
4H). ®C NMR (101 MHz, Acetonel;) & 161.6 (d,J = 256.4 Hz), 161.1 (d} = 1.7 Hz), 149.6 (dd] = 244.2, 13.3 Hz), 146.6 (dd,
=243.3,12.7 Hz), 136.4 (d,= 3.7 Hz), 135.5 (dd] = 9.0, 3.2 Hz), 132.1 (d,= 10.0 Hz), 129.9 (d] = 3.8 Hz), 124.7 (d] = 15.8
Hz), 117.5 (dJ = 24.4 Hz), 117.3 (d] = 18.5 Hz), 116.3 (dd] = 6.1, 3.6 Hz), 109.4 (d, = 22.2 Hz), 58.3, 28.2, 27.6, 23
NMR (377 MHz, Acetoneg) & -110.1 — -110.2 (m), -139.4 — -139.6 (m), -146:0146.1 (m). HRMS (ESI): m/z [M+H]calcd for
CioH10FsN,0,S: 413.1147, found: 413.1142.

4.1.3.3. N-(3,4-Difluorophenyl)-5-((4,4-difluoropiperidin-1Rgsulfonyl)-2-fluorobenzamide4€)

Yield 86%.'"H NMR (400 MHz, DMSOd;) & 10.88 (s, 1H), 8.07 (dd, = 6.2, 2.4 Hz, 1H), 8.06 — 7.97 (m, 1H), 7.92 837(m,

1H), 7.68 (tJ = 9.1 Hz, 1H), 7.52 — 7.41 (m, 2H), 3.18 — 3.09 4H), 2.18 — 1.99 (m, 4H}’C NMR (101 MHz, DMSQds) &

161.8 (dJ = 257.5 Hz), 161.7, 149.4 (ddl= 243.7, 13.2 Hz), 146.3 (dd,= 242.4, 12.7 Hz), 135.9 (d,= 8.9 Hz), 132.6 (d] =

10.5 Hz), 130.0 (d) = 4.3 Hz), 126.1 (dJ = 17.0 Hz), 124.5, 122.1, 119.7, 118.5J¢; 23.5 Hz), 118.1 (d] = 17.8 Hz), 116.8,
109.4 (d,J = 21.7 Hz), 43.8 (tJ = 5.7 Hz), 33.2 (1) = 23.6 Hz)."*F NMR (377 MHz, DMSOd,) & -97.5, -107.0, -136.9 (d, =

23.0 Hz), -143.5 (d] = 23.0 Hz). HRMS (ESI): m/z [M+H]calcd for GgH,sFsN,O5S: 435.0802, found: 435.0796.

4.1.3.4. N-(3,4-Difluorophenyl)-5-((3,3-difluoropyrrolidin-i4)sulfonyl)-2-fluorobenzamide4()

Yield 79%."H NMR (400 MHz, DMSOd,) 5 10.87 (s, 1H), 8.22 — 8.05 (m, 2H), 7.98 — 7.831H), 7.68 (tJ = 9.2 Hz, 1H), 7.52
—7.41 (m, 2H), 3.68 (] = 12.9 Hz, 2H), 3.42 (] = 7.4 Hz, 2H), 2.43 — 2.25 (m, 2HC NMR (101 MHz, DMSOd,) 5 162.0 (d,
J=257.7 Hz), 161.7, 149.4 (ddl= 243.8, 13.2 Hz), 146.3 (dd~= 242.6, 12.6 Hz), 135.9 (dd~= 9.0, 3.0 Hz), 132.8 (d,=10.1
Hz), 132.4 (dJ = 3.3 Hz), 130.4, 130.3 (d,= 4.3 Hz), 128.0, 125.9 (d,= 16.5 Hz), 125.5, 118.4 (d,= 23.5 Hz), 118.1 (d] =
18.0 Hz), 117.0 — 116.4 (m), 109.5 (&5 21.6 Hz), 54.1 (&) = 32.0 Hz), 46.1, 33.9 (§,= 23.9 Hz)**F NMR (377 MHz, Acetone-
ds) 8 -101.5 — -101.6 (m), -109.0 — -109.1 (m), -139.6139.7 (m), -146.1 — -146.2 (m). HRMS (ESI): mkt+H]" calcd for
Cy7H135FsN,0;S: 421.0645, found: 421.0639.

4.1.3.5. N-(3,4-Difluorophenyl)-2-fluoro-5-((3,3,4,4-tetrafbuopyrrolidin-1-yl)sulfonyl)benzamidel€)

Yield 82%."H NMR (400 MHz, DMSOd,) & 10.88 (s, 1H), 8.22 (dd, = 6.3, 2.5 Hz, 1H), 8.21 — 8.12 (m, 1H), 7.97 837(m,
1H), 7.70 (tJ = 9.2 Hz, 1H), 7.56 — 7.42 (m, 2H), 4.19 — 3.92 4id). *C NMR (101 MHz, DMSOd,) 5 162.3 (d,J = 258.4 Hz),
161.6, 149.4 (dd) = 243.8, 13.3 Hz), 146.3 (dd,= 242.6, 12.6 Hz), 136.0 (dd,= 8.9, 2.9 Hz), 133.0 (d = 10.3 Hz), 132.1,
130.8 (d,J = 4.4 Hz), 126.0 (d) = 16.6 Hz), 121.0 () = 24.8 Hz), 118.6 (d] = 23.3 Hz), 118.1 (dJ = 17.7 Hz), 117.2 — 116.3
(m), 115.8 (tJ = 24.9 Hz), 109.4 (d] = 21.6 Hz), 51.1 (t = 30.7 Hz).°F NMR (377 MHz, Acetonek) 5 -107.97 — -108.05 (m),
-124.1 — -124.2 (m), -139.5 — -139.7 (m), -146.1146.2 (m). HRMS (ESI): m/z [M+H]calcd for G/H1,FN,0;3S: 457.0457,
found: 457.0456.
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4.1.3.6. 5-((3,3-Difluoroazetidin-1-yl)sulfonyIN-(3,4-difluorophenyl)-2-fluorobenzamidéfj

Yield 79%.'"H NMR (400 MHz, DMSOdg) & 10.92 (s, 1H), 8.21 (dd, = 6.3, 2.5 Hz, 1H), 8.20 — 8.11 (m, 1H), 7.93 867(m,
1H), 7.73 (tJ = 9.2 Hz, 1H), 7.52 — 7.42 (m, 2H), 4.36J& 12.7 Hz, 4H)"*C NMR (101 MHz, DMSOdj) & 162.4 (d,J = 258.7
Hz), 161.6, 149.4 (dd] = 243.8, 13.2 Hz), 146.3 (dd= 242.7, 12.6 Hz), 135.9 (dd~= 9.1, 2.9 Hz), 133.6 (d,= 10.2 Hz), 131.3
(d,J=4.4 Hz), 130.4 (dJ = 3.2 Hz), 126.1 (d] = 16.5 Hz), 118.6 (d] = 23.7 Hz), 118.1 (d] = 17.8 Hz), 117.5, 116.9 (dd=
6.0, 3.4 Hz), 114.8, 112.1, 109.5 (tz 21.5 Hz), 62.4 (&) = 27.6 Hz), 46.1*°F NMR (377 MHz, DMSOd,) & -98.3, -105.8, -
136.9 (dJ = 22.8 Hz), -143.5 (d] = 23.1 Hz). HRMS (ESI): m/z [M+H]calcd for GeH;,FsN,O;S: 407.0489, found: 407.0484.

4.1.3.7. N-(3,4-Difluorophenyl)-2-fluoro-5-((2-oxopyrrolidid-yl)sulfonyl)benzamide4g)

Note: 2-pyrolidinone (24 mg, 0.286 mmol) was treatéth sodium hydride (12 mg, 0.286 mmol, 60% disp in mineral oil) in
THF (3 mL) prior to the addition &. Yield 37%."H NMR (400 MHz, Acetonel) 5 9.93 (s, 1H), 8.41 (dd} = 6.5, 2.5 Hz, 1H),
8.30 — 8.20 (m, 1H), 8.03 — 7.92 (m, 1H), 7.57 @4d,10.0, 8.8 Hz, 1H), 7.55 — 7.49 (m, 1H), 7.36 Jdt 10.5, 9.0 Hz, 1H), 4.01
(t, J = 7.0 Hz, 2H), 2.46 (dd] = 8.4, 7.6 Hz, 2H), 2.20 — 2.11 (m, 2HC NMR (101 MHz, Acetonek) & *C NMR (101 MHz,
Acetonesds) § 173.5, 162.5 (d) = 258.3 Hz), 160.9, 149.6 (dd= 244.3, 13.3 Hz), 146.6 (dd,= 243.4, 12.9 Hz), 135.5 (dd~=
8.9, 3.2 Hz), 135.2, 133.3 (d= 10.6 Hz), 130.8 (d] = 4.4 Hz), 124.7 (d) = 16.2 Hz), 117.5 (d] = 5.5 Hz), 117.2, 116.6 — 115.9
(m), 109.4 (dJ = 22.2 Hz), 47.4, 31.6, 18.F NMR (377 MHz, Acetonek) & -107.9, -139.5 — -139.7 (m), -146.0 — -146.2 (m).
HRMS (ESI): m/z [M+H] calcd for G/H,3F3N,0,S: 399.0626, found: 399.0619.

4.1.3.8. 5-(N-Cyclopropylsulfamoyl)N-(3,4-difluorophenyl)-2-fluorobenzamidéh)

Yield 77%."H NMR (400 MHz, DMSO#d) 5 10.86 (s, 1H), 8.09 (s, 2H), 8.07 — 7.98 (m, ITHY1 — 7.84 (m, 1H), 7.65 @,= 9.2
Hz, 1H), 7.48 — 7.42 (m, 2H), 2.21 — 2.08 (m, 16158 — 0.47 (m, 2H), 0.45 — 0.36 (M, 2)C NMR (101 MHz, DMSQdy) &
162.0, 161.2 (dJ = 256.1 Hz), 149.4 (dd, = 243.7, 13.2 Hz), 146.3 (dd,= 242.7, 12.9 Hz), 137.3 (d,= 3.2 Hz), 135.9 (d] =
6.1 Hz), 132.0 (d) = 9.9 Hz), 129.4 (d] = 4.0 Hz), 125.6 (dJ = 16.7 Hz), 118.2, 118.0 (d,= 4.6 Hz), 116.8 (dd] = 5.7, 3.4 Hz),
109.5 (d,J = 21.7 Hz), 24.6, 5.6°F NMR (377 MHz, DMSOdg) 6 -108.2, -136.9 (d] = 23.0 Hz), -143.5 (d] = 23.0 Hz). HRMS
(ESI): m/z [M+HT calcd for GeHi5FsN,0O5S: 371.0677, found: 371.0672.

4.1.3.9. N-(3,4-Difluorophenyl)-2-fluoro-5-((octahydro-1H-iott1-yl)sulfonyl)benzamide4)

Yield 26%.'"H NMR (400 MHz, Acetonek) & 9.89 (s, 1H), 8.26 (dd] = 6.6, 2.4 Hz, 1H), 8.14 — 8.06 (m, 1H), 8.02 947(m,
1H), 7.58 — 7.50 (m, 2H), 7.36 (dt= 10.5, 9.0 Hz, 1H), 3.68 — 3.60 (m, 1H), 3.57.493(m, 1H), 3.30 — 3.20 (m, 1H), 1.96 — 1.79
(m, 3H), 1.72 — 1.53 (m, 5H), 1.44 — 1.34 (m, 2B¢ NMR (101 MHz, Acetonel) & 161.7 (dJ = 256.4 Hz), 161.2, 149.6 (dd,
=244.1, 13.2 Hz), 146.6 (dd= 243.1, 12.6 Hz), 135.6 (dd= 9.0, 3.0 Hz), 135.4 (d,= 3.4 Hz), 132.2 (d] = 10.0 Hz), 129.9 (d,
J=3.9Hz), 124.6 (d) = 15.7 Hz), 117.5 (d] = 24.2 Hz), 117.5 - 117.1 (m), 116.5 — 116.1 (0.3 (d,J = 22.2 Hz), 59.6, 47.3,
37.7,29.7, 27.3, 25.9, 22.9, 21-% NMR (377 MHz, Acetonek) 5 -110.3 —-110.4 (m), -139.6 — -139.7 (m), -146:446.3 (m).
HRMS (ESI): m/z [M+H] calcd for G;H,,FsN,0;S: 439.1303, found: 439.1297.

4.1.3.10.N-(3,4-Difluorophenyl)-2-fluoro-54-(2-phenylpropan-2-yl)sulfamoyl)benzamidg )(

Yield 69%."H NMR (400 MHz, DMSO#d,) 6 10.69 (s, 1H), 8.25 (s, 1H), 8.05 — 7.82 (m, THJ5 (dd,J = 6.5, 2.4 Hz, 1H), 7.74 —
7.62 (m, 1H), 7.52 — 7.44 (m, 2H), 7.44 — 7.35 (i), 7.30 — 7.23 (m, 2H), 7.18 — 7.04 (m, 3H), 1(§36H).”*C NMR (101 MHz,
DMSO-ds) 6 161.9, 160.7 (d) = 255.4 Hz), 149.4 (dd, = 243.6, 13.2 Hz), 146.3 (dd= 242.5, 12.6 Hz), 145.5, 140.2 (t5 3.3
Hz), 136.0 (ddJ = 8.8, 2.9 Hz), 131.3 (d,= 9.9 Hz), 129.0 (d) = 3.9 Hz), 128.1, 126.9, 126.1, 124.7 J¢; 16.3 Hz), 118.0 (d]
=17.8 Hz), 117.4 (d] = 23.7 Hz), 116.9 (ddl = 6.2, 3.3 Hz), 109.5 (d,= 21.6 Hz), 58.1, 30.2%F NMR (377 MHz, Acetonel,)
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§-111.4 — -111.5 (m), -139.7 — -139.8 (m), -146.8146.4 (m). HRMS (ESI): m/z [M+H]calcd for G,H1oF:N,0,S: 449.1147,
found: 449.1142.

4.1.3.11 N-(3,4-Difluorophenyl)-2-fluoro-54-(1-phenylethyl)sulfamoyl)benzamidék)

Yield 75%."H NMR (400 MHz, Acetonek) & 9.73 (s, 1H), 8.06 (dd} = 6.7, 2.5 Hz, 1H), 8.02 — 7.93 (m, 1H), 7.89 Z#77(m,

1H), 7.59 — 7.47 (m, 1H), 7.45 — 7.27 (m, 2H), 7-24.09 (m, 6H), 4.67 — 4.51 (m, 1H), 1.41 Jd 7.0 Hz, 3H)*C NMR (101

MHz, Acetones,) & 161.2 (dJ = 255.8 Hz), 161.0 (dl = 9.6 Hz), 149.6 (dd] = 244.1, 13.3 Hz), 146.6 (dd,= 243.3, 12.8 Hz),
142.7, 138.7 (t) = 3.9 Hz), 136.0 — 135.0 (m), 131.7 (dr 10.2 Hz), 129.8 (d] = 4.0 Hz), 128.2, 127.1, 126.2, 123.9 (dd;

15.5, 4.6 Hz), 117.3 (d, = 18.1 Hz), 117.0 (d] = 24.5 Hz), 116.6 — 116.0 (m), 109.4 (dd; 22.2, 8.6 Hz), 53.8 (d, = 9.6 Hz),

23.1 (d,J = 3.6 Hz)!°F NMR (377 MHz, Acetonek) 5 -109.4 — -109.5 (m), -138.3 — -138.4 (m), -144.8145.0 (m). HRMS
(ESI): m/z [M+HT calcd for G,H,;/F;N,O5S: 435.0990, found: 435.0986.

4.1.3.12.1sopropyl ((3-((3,4-difluorophenyl)carbamoyl)-4-8rophenyl)sulfonyl)-L-alaninatel()

Yield 94%.'"H NMR (400 MHz, Chlorofornd) & 8.61 (d,J = 10.4 Hz, 1H), 8.48 (dd} = 6.9, 2.5 Hz, 1H), 8.16 — 7.93 (m, 1H),
7.82 - 7.69 (m, 1H), 7.32 — 7.26 (m, 1H), 7.25207qm, 1H), 7.18 — 7.04 (m, 1H), 5.89 (s 7.4 Hz, 1H), 4.99 — 4.71 (m, 1H),
4.00 (t,J = 7.4 Hz, 1H), 1.38 (dJ = 7.2 Hz, 3H), 1.14 (dJ = 6.3 Hz, 3H), 1.11 (dJ = 6.3 Hz, 3H).*C NMR (101 MHz,
Chloroformd) & 171.6, 162.1 (dJ = 256.4 Hz), 160.1 (d] = 2.9 Hz), 150.0 (dd] = 247.3, 13.2 Hz), 147.4 (dd,= 246.6, 12.8
Hz), 137.5 (dJ = 3.0 Hz), 133.8 (dd] = 8.8, 3.3 Hz), 132.5 (d,= 10.6 Hz), 131.1 (d] = 3.4 Hz), 122.7 (d] = 13.4 Hz), 117.4 (d,
J = 41.9 Hz), 117.4, 116.3 (dd, = 6.1, 3.6 Hz), 110.4 (d] = 21.9 Hz), 69.9, 51.8, 21.4, 21.4, 19'% NMR (377 MHz,
Chloroformd) § -106.5, -135.4 (dJ) = 21.2 Hz), -141.4 (d) = 21.7 Hz). HRMS (ESI): m/z [M+H]calcd for GgH,sFsN,OsS:
445.1045, found: 445.1038.

4.1.3.13 Methyl ((3-((3,4-difluorophenyl)carbamoyl)-4-flugsbenyl)sulfonyl)-L-phenylalaninatéif)

Yield 91%."H NMR (400 MHz, Chlorofornd) § 8.44 (d,J = 10.8 Hz, 1H), 8.23 (dd} = 6.9, 2.5 Hz, 1H), 7.78 — 7.51 (m, 2H),
7.16 — 7.00 (m, 6H), 6.99 — 6.93 (m, 2H), 5.81)(d,9.0 Hz, 1H), 4.26 — 4.10 (m, 1H), 3.49 (s, 3M®8 (ddJ = 13.8, 5.5 Hz, 1H),
2.86 (dd,J = 13.8, 7.5 Hz, 1H)"*C NMR (101 MHz, Chlorofornd) & 171.5, 162.0 (dJ = 256.2 Hz), 160.0 (d} = 3.0 Hz), 150.0
(dd,J =247.4, 13.3 Hz), 147.4 (dd~ 246.6, 12.7 Hz), 137.2 (d,= 2.9 Hz), 135.1, 133.8 (dd,= 8.8, 3.3 Hz), 132.3 (d,= 10.7
Hz), 131.0 (dJ = 3.4 Hz), 129.3, 128.6, 127.2, 122.4 Jd; 13.3 Hz), 117.5 (d) = 7.5 Hz), 117.2, 116.3 (dd,= 6.0, 3.6 Hz),
110.4 (d,J = 21.9 Hz), 57.2, 52.7, 39.6F NMR (377 MHz, Chlorofornd) & -106.5, -135.3 (dJ = 21.8 Hz), -141.3 (d] = 21.6
Hz). HRMS (ESI): m/z [M+H] calcd for GH,oFsN,OsS: 493.1045, found: 493.1038.

4.1.3.14 Ethyl ((3-((3,4-difluorophenyl)carbamoyl)-4-fluorbpnyl)sulfonyl)-L-leucinate4n)

Yield 89%."H NMR (400 MHz, Chlorofornd) § 8.51 (d,J = 10.3 Hz, 1H), 8.37 (dd} = 6.8, 2.5 Hz, 1H), 7.93 — 7.81 (m, 1H),
7.77 — 7.59 (m, 1H), 7.25 — 7.12 (m, 2H), 7.10976m, 1H), 5.64 (d) = 9.9 Hz, 1H), 3.95 — 3.88 (m, 1H), 3.84 {¢; 7.1 Hz,
2H), 1.76 — 1.60 (m, 1H), 1.43 (@,= 7.2 Hz, 2H), 1.03 (t) = 7.1 Hz, 3H), 0.81 (tJ = 6.6 Hz, 6H).”*C NMR (101 MHz,
Chloroformd) & 171.2, 161.1 (dJ = 256.6 Hz), 159.0 (d] = 2.9 Hz), 149.0 (dd] = 247.4, 13.3 Hz), 146.4 (dd,= 246.6, 12.8
Hz), 136.2 (dJ = 3.2 Hz), 132.8 (dd] = 8.8, 3.2 Hz), 131.5 (d,= 10.6 Hz), 130.2 (d] = 3.3 Hz), 121.6 (d] = 13.4 Hz), 116.7 —
116.3 (m), 116.2 (dJ = 5.1 Hz), 115.2 (dd) = 5.9, 3.6 Hz), 109.3 (d] = 21.9 Hz), 60.8, 53.6, 41.0, 23.3, 21.6, 20.391%F
NMR (377 MHz, Chloroformd) § -106.4, -135.4 (d) = 21.7 Hz), -141.4 (d) = 21.4 Hz). HRMS (ESI): m/z [M+H]calcd for
C,1H23F3N,05S: 473.1358, found: 473.1351.
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4.1.3.155-(N-(Cyclopentyloxy)sulfamoyIN-(3,4-difluorophenyl)-2-fluorobenzamidéd)

To a solution of3 (100 mg, 0.3 mmol) in acetonitrile (5 mL) were ad®-cyclopentylhydroxylamine hydrochloride (0.04 mg3 0
mmol) and EN (0.2 mL, 1.5 mmol). The mixture was stirred 4th68 °C. After completion (checked by LC-MS), tleaction
mixture was absorbed on silica and purified byHlabromatography using hexanes/EtOAc (7:3) to dffar (48 mg, 39%) as a
white solid."H NMR (400 MHz, Acetonel) & 9.88 (s, 1H), 9.36 (s, 1H), 8.29 (dbs 6.5, 2.5 Hz, 1H), 8.19 — 8.06 (m, 1H), 8.05
—7.91 (m, 1H), 7.64 — 7.48 (m, 2H), 7.37 @t 10.5, 9.0 Hz, 1H), 4.70 — 4.55 (m, 1H), 1.87.761(m, 2H), 1.76 — 1.66 (m, 2H),
1.65 — 1.47 (m, 4H)*C NMR (101 MHz, Acetonek) & 162.2 (d,J = 257.3 Hz), 161.0 (dl = 1.7 Hz), 149.7 (dd] = 244.3, 13.2
Hz), 146.7 (ddJ = 243.4, 12.7 Hz), 135.5 (dd= 9.0, 3.2 Hz), 134.5 (d,= 3.4 Hz), 133.6 (d) = 10.4 Hz), 131.2 (d] = 4.2 Hz),
124.6 (dJ=16.1 Hz), 117.3 (d] = 18.0 Hz), 117.3 (d] = 24.6 Hz), 116.3 (dd} = 6.1, 3.5 Hz), 109.4 (d,= 22.1 Hz), 88.1, 30.9,
23.2.%F NMR (377 MHz, Acetonel)  -108.6 — -108.7 (m), -139.5 — -139.7 (m), -146146.1 (m). HRMS (ESI): m/z [M+H]
calcd for GgH1gF3N,0,S: 415.0939, found: 415.0936.

4.1.3.16.N-(3,4-Difluorophenyl)-2-fluoro-54¢-(methylsulfonyl)sulfamoyl)benzamidé)

Title compounddp was obtained fron3 using the same procedure as for compodmaYield 42%, triethylamine saltH NMR
(400 MHz, Acetoneds) 6 9.89 (s, 1H), 8.78 (s, 1H), 8.24 (dts 6.8, 2.4 Hz, 1H), 8.09 — 8.03 (m, 1H), 8.03 947(m, 1H), 7.57 —
7.48 (m, 1H), 7.38 — 7.28 (m, 2H), 3.32 Jc5 7.3 Hz, 4H), 2.89 (s, 3H), 1.34 {t= 7.3 Hz, 6H)*C NMR (101 MHz, Acetonel,)
8 162.0 (d,J = 1.7 Hz), 160.5 (dJ = 253.4 Hz), 149.6 (dd} = 243.8, 13.2 Hz), 146.5 (dd,= 242.9, 12.8 Hz), 142.8 (d,= 3.5
Hz), 135.8 (ddJ = 9.0, 3.1 Hz), 131.9 (d,= 9.6 Hz), 129.2 (dJ = 3.5 Hz), 123.4 (d] = 15.3 Hz), 117.2 (d] = 18.1 Hz), 116.3
(dd,J = 6.1, 3.5 Hz), 116.0 (d, = 23.8 Hz), 109.3 (d] = 22.2 Hz), 46.2, 42.3, 8.fF NMR (377 MHz, Acetonek) & -113.6 — -
113.7 (m), -139.7 — -139.8 (m), -146.4 — -146.5.(MRMS (ESI): m/z [M+H] calcd for G,H,FsN,OsS,: 409.0140, found:
409.0133.

4.1.3.17 5-(N-(Cyclopropylsulfonyl)sulfamoyIN-(3,4-difluorophenyl)-2-fluorobenzamidéd)

Title compounddq was obtained fron3 using the same procedure as for compodmdYield 59% yield, triethylamine saltH
NMR (400 MHz, Acetoned) & 9.86 (s, 1H), 8.93 (s, 1H), 8.26 (dbk 6.8, 2.4 Hz, 1H), 8.13 — 8.04 (m, 1H), 8.03 947(m, 1H),
7.62 — 7.47 (m, 1H), 7.39 — 7.28 (m, 2H), 3.32)q, 7.3 Hz, 4H), 2.79 — 2.64 (m, 1H), 1.35Jt 7.3 Hz, 6H), 0.97 — 0.76 (m,
4H). ®C NMR (101 MHz, Acetonel) 8 161.9, 160.5 (dJ = 253.3 Hz), 149.6 (dd} = 244.0, 13.2 Hz), 146.5 (dd= 242.5, 13.2
Hz), 143.2 (dJ = 3.3 Hz), 135.8 (dd] = 9.0, 3.0 Hz), 131.9 (d,= 9.6 Hz), 129.3 (d] = 3.4 Hz), 123.4 (d] = 15.3 Hz), 117.2 (d,
J=18.1Hz), 116.4 - 116.1 (m), 116.0 Jc; 23.9 Hz), 109.3 (d] = 22.1 Hz), 46.1, 32.2, 8.1, 4/ NMR (377 MHz, Acetone)
§-113.7 — -113.8 (m), -139.7 — -139.8 (m), -146.8.46.6 (m). HRMS (ESI): m/z [M+H]calcd for GeH14FsN,0sS,: 435.0296,
found: 435.0289.

4.1.3.18 N-(3,4-Difluorophenyl)-5-N-(N,N-dimethylsulfamoyl)sulfamoyl)-2-fluorobenzamicdér §

Title compounddr was obtained fron3 using the same procedure as for compodmdYield 48%, triethylamine saltH NMR
(400 MHz, Acetoneds) § 9.90 (s, 1H), 8.27 (dd,= 6.8, 2.4 Hz, 1H), 8.13 — 8.03 (m, 1H), 8.04 977(m, 1H), 7.63 — 7.51 (m, 1H),
7.43 — 7.27 (m, 2H), 3.36 (d,= 7.3 Hz, 4H), 2.63 (s, 6H), 1.37 (= 7.3 Hz, 6H).°C NMR (101 MHz, Acetone) 5 162.0,
160.4 (d,J = 253.2 Hz), 149.6 (dd, = 243.8, 13.2 Hz), 146.5 (dd= 242.9, 12.7 Hz), 142.9 (d~ 3.5 Hz), 135.8 (dd] = 9.1, 3.1
Hz), 131.8 (dJ = 9.6 Hz), 129.2 (d) = 3.4 Hz), 123.3 (d] = 15.2 Hz), 117.2 (d] = 17.8 Hz), 116.3 (dd, = 6.1, 3.5 Hz), 116.0 (d,
J=23.9 Hz), 109.3 (d] = 22.0 Hz), 46.4, 38.1, 8 fF NMR (377 MHz, Acetonek) 5 -113.8 — -113.9 (m), -139.7 — -139.8 (m), -
146.4 —-146.6 (m). HRMS (ESI): m/z [M+Hgalcd for GsH1sFsN30sS,: 438.0405, found: 438.0399.
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4.1.3.19.N-(3,4-Difluorophenyl)-5--((3,4-difluorophenyl)sulfonyl)sulfamoyl)-2-fluor@mzamide 4s)

Title compoundds was obtained fron3 using the same procedure as for compodmdYield 69%, triethylamine saltH NMR
(400 MHz, Acetoneds) § 9.81 (s, 1H), 8.13 (dd,= 6.8, 2.4 Hz, 1H), 8.05 — 7.91 (m, 2H), 7.74 647(m, 1H), 7.64 — 7.59 (m, 1H),
7.56 — 7.49 (m, 1H), 7.40 — 7.27 (m, 3H), 3.38Jq, 7.3 Hz, 6H), 1.35 (t) = 7.3 Hz, 9H)*C NMR (101 MHz, Acetonelk) 5
161.68 (dJ = 1.7 Hz), 160.58 (d] = 253.9 Hz), 151.40 (dd,= 250.6, 12.7 Hz), 149.62 (dd= 244.0, 13.3 Hz), 149.12 (dd~=
249.4, 13.4 Hz), 147.9 — 145.1 (m), 142.8J¢ 4.1 Hz), 142.2 (d) = 3.3 Hz), 135.7 (dd] = 9.1, 3.1 Hz), 131.8 (d,= 9.6 Hz),
129.3 (d,J = 3.5 Hz), 124.0 (dd] = 7.3, 3.8 Hz), 123.3 (d,= 15.3 Hz), 117.3, 117.1, 117.0, 116.5 — 116.2 (rhp.1, 109.4 (d]

= 22.0 Hz), 46.6, 8.2%F NMR (377 MHz, Acetonek) & -113.0, -137.6 — -137.7 (m), -139.6 — -139.8 (+#©%0.1 — -140.2 (m), -
146.3 —-146.4 (m). HRMS (ESI): m/z [M+Hgalcd for GgH1,FsN,0sS,: 507.0108, found: 507.0104.

4.1.4. 5-((tert-Butoxycarbonyl)amino)-2-fluorobenzoic a¢&)

To a solution of 5-amino-2-fluorobenzoic a&d2 g, 12.9 mmol) in a mixture of 1,4-dioxangfH(14 mL, 1:1) were added Bgz
(4.22 g, 19.3 mmol) and NaHG@2.16 g, 25.8 mmol) at 0 °C. The mixture was strfor 16 h at room temperature and the
volatiles were removed under reduced pressureafjbeous layer was extracted with EtOAc (3 x 10 rilbe combined organic
layers were washed with 1M HCI, water, brine aniédliover MgSQ. Concentration under reduced pressure affoléi45 g,
74%) as a white solidH NMR (400 MHz, DMSOdg) & 9.56 (s, 1H), 8.05 (dd,= 6.6, 2.9 Hz, 1H), 7.74 — 7.54 (m, 1H), 7.21 (dd,
J=10.5, 9.0 Hz, 1H), 1.47 (s, 9HJC NMR (101 MHz, DMSQd) & 165.4 (d,J = 3.3 Hz), 156.7 (dJ = 251.9 Hz), 153.2, 136.1
(d, J = 2.9 Hz), 124.3 (dJ = 8.1 Hz), 121.1, 119.5 (d,= 11.1 Hz), 117.5 (dJ = 23.5 Hz), 79.9, 28.5°F NMR (377 MHz,
DMSO-d;) 6 -119.1 —-121.9 (m).

4.1.5. tert-Butyl (3-((3,4-difluorophenyl)carbamoyl)-4-thwophenyl)carbamaté&’

To a solution 06 (3 g, 11.7 mmol) in DMF (20 mL) were added 3,4wdifoaniline (1.4 mL, 14.1 mmol), DIPEA (6.1 mL, .35
mmol) and HATU (6.7 g, 17.6 mmol). The mixture vesred 1 h at room temperature, diluted with EtCead washed with 1N
HCI, water and brine. The organic layer was driedrdMigSQ and concentrated under reduced pressure. Theieesids purified
by silica gel column chromatography using hexan€sAg (8:2) to afford7 (3.87 g, 90%) as a brown solitH NMR (400 MHz,
DMSO-d;) 8 10.63 (s, 1H), 9.60 (s, 1H), 7.97 — 7.84 (m, ITH}Y8 (dd,J = 6.3, 2.8 Hz, 1H), 7.57 (ddd,= 9.0, 4.5, 2.8 Hz, 1H),
7.51 —7.36 (m, 2H), 7.28 (1,= 9.4 Hz, 1H), 1.48 (s, 9H)*C NMR (101 MHz, DMSOd,) & 163.3, 154.3 (d] = 244.1 Hz), 153.3,
149.4 (ddJ = 243.5, 13.3 Hz), 146.1 (dd= 242.3, 12.7 Hz), 136.9 — 135.7 (m), 136.3 —13M), 124.7 (dJ = 16.2 Hz), 122.4,
119.1, 118.0 (dJ = 18.0 Hz), 117.6 — 116.30 (m), 116.6, 109.2)&, 21.6 Hz), 79.9, 28.53°F NMR (377 MHz, DMSOd,) 5 -
124.1 — -124.2 (m), -138.3 — -138.5 (m), -145.345:4 (m). HRMS (ESI): m/z [M+H]calcd for GgH1gF3N,O5: 367.1270, found:
367.1263.

4.1.6. 5-Amino-N-(3,4-difluorophenyl)-2-fluorobenzamid8&)(

To a solution of7 (250 mg, 0.68 mmol) in C}l, (7 mL) was added TFA (522, 6.8 mmol) at 0 °C. The mixture was stirred 1 h
at 0 °C and then 1 h at room temperature. Theisalutas diluted with CKCl, and neutralized by addition of solid NaHEOhe
mixture was washed with water. The organic layes sgparated, dried over MgSénd concentrated under reduced pressure. The
residue was purified by silica gel column chromaapdry with hexanes/EtOAc (7:3) to affoBd(109 mg, 60%)*H NMR (400
MHz, Chloroformd) 6 8.51 (dJ = 17.6 Hz, 1H), 7.92 — 7.76 (m, 1H), 7.43 (dd; 6.5, 3.1 Hz, 1H), 7.25 — 7.10 (m, 2H), 7.00 (dd,
J=11.9, 8.7 Hz, 1H), 6.86 — 6.75 (m, 1H), 3.77244). *C NMR (101 MHz, Chlorofornd) § 161.5 (d,J = 3.8 Hz), 153.8 (dJ =
236.5 Hz), 150.1 (dd] = 247.2, 13.2 Hz), 147.2 (dd,= 245.9, 12.8 Hz), 143.5 (d,= 1.9 Hz), 134.2 (dd] = 8.7, 3.2 Hz), 120.8

(d, J = 12.1 Hz), 120.0 (dJ = 9.0 Hz), 117.0, 116.7, 116.0 (dii= 5.9, 3.6 Hz), 110.3 (d} = 22.0 Hz)’*F NMR (377 MHz,

14



Chloroformd) § -127.9 — -128.0 (m), -136.9 — -137.0 (m), -143.843.6 (m). HRMS (ESI): m/z [M+H]calcd for GzH;FsN,O:
267.0745, found: 267.0738.

4.1.7. 5-(Cyclopropanesulfonamiddy-(3,4-difluorophenyl)-2-fluorobenzamid8)(

To a solution oB (180 mg, 0.68 mmol) in C}l, (6 mL) were added cyclopropylsulfonyl chloride (@9 0.68 mmol), EiN (104
pL, 0.75 mmol) and DMAP (4 mg, 0.03 mmol). The migwvas heated at 40 °C during 3 h and cooled dowadm temperature.
The solution was diluted with G&l, and washed with 1M HCI and brine. The organic lay@s dried over MgS©and
concentrated under reduced pressure. The residsipuvdied by silica gel column chromatography gsirexanes/EtOAc (7:3) to
afford 9 (119 mg, 47%)*H NMR (400 MHz, Acetone) 5 9.67 (s, 1H), 8.79 (s, 1H), 8.03 — 7.94 (m, 1H327(dd,J = 6.2, 2.9
Hz, 1H), 7.63 — 7.56 (m, 1H), 7.56 — 7.48 (m, 1H}1 — 7.27 (m, 2H), 2.72 — 2.56 (m, 1H), 1.07960(m, 4H).**C NMR (101
MHz, Acetonesls) 5 161.9 (dJ = 2.2 Hz), 156.6 (d) = 246.4 Hz), 149.6 (dd, = 244.0, 13.2 Hz), 146.5 (dd= 243.1, 12.8 Hz),
135.7 (ddJ = 9.0, 3.1 Hz), 135.0 (d,= 2.9 Hz), 126.2 (d) = 8.8 Hz), 124.1 (d] = 15.6 Hz), 123.3 (d] = 2.9 Hz), 117.3, 117.1,
116.9, 116.3 (dd) = 6.1, 3.6 Hz), 109.4 (d, = 22.2 Hz), 4.8"F NMR (377 MHz, Acetonek) 5 -121.3 — -121.4 (m), -139.6 — -
139.7 (m), -146.3 — -146.4 (m). HRMS (ESI): m/z [MI¥ calcd for GgH14FsN,O5S: 371.0677, found: 371.0669.

4.1.8. 5-(Cyclopentanesulfonamid®-(3,4-difluorophenyl)-2-fluorobenzamidéq)

To a solution o8 (180 mg, 0.68 mmol) in C}&l, (6 mL) were added cyclopentylsulfonyl chloride (@6 0.68 mmol), EN (104
pL, 0.75 mmol) and DMAP (4 mg, 0.03 mmol). The migwas heated at 40 °C for 3 h and cooled dowmamrtemperature.
The solution was diluted with G&l, and washed with 1M HCI and brine. The organic lay@s dried over MgS©and
concentrated under reduced pressure. The residsi@uvdied by silica gel column chromatography gsirexanes/EtOAc (7:3) to
afford 10 (62 mg, 23%)'H NMR (400 MHz, Acetonel) 5 9.67 (s, 1H), 8.82 (s, 1H), 8.13 — 7.92 (m, 1Hy97(dd,J = 6.2, 2.9
Hz, 1H), 7.61 — 7.55 (m, 1H), 7.55 — 7.50 (m, 1AH}0 — 7.24 (m, 2H), 3.68 — 3.58 (m, 1H), 2.04931(m, 4H), 1.81 — 1.68 (m,
2H), 1.67 — 1.55 (m, 2H}°C NMR (101 MHz, Acetonek) 5 161.9, 156.3 (dJ = 246.1 Hz), 149.6 (dd), = 244.0, 13.2 Hz), 146.5
(dd,J=242.9, 12.8 Hz), 135.7 (dd~= 9.1, 3.1 Hz), 135.3 (d,= 2.9 Hz), 125.1 (d] = 8.7 Hz), 124.2 (d] = 15.6 Hz), 122.1 (d]
=2.6 Hz), 117.2 (dd] = 18.2, 0.9 Hz), 117.1 (d,= 24.7 Hz), 116.2 (ddl = 6.2, 3.4 Hz), 109.3 (d,= 22.2 Hz), 60.5, 27.6, 25.5.
F NMR (377 MHz, Acetonek) & -122.0 — -122.1 (m), -139.7 — -139.8 (m), -146:446.6 (m). HRMS (ESI): m/z [M+H]calcd
for CygH1gFaN,03S: 399.0990, found: 399.0985.

4.1.9. 5-(Cyclohexanesulfonamiddy-(3,4-difluorophenyl)-2-fluorobenzamidéx)

To a solution o8 (180 mg, 0.68 mmol) in C}&l, (6 mL) were added cyclohexyllsulfonyl chloride (@8, 0.68 mmol), EN (104
pL, 0.75 mmol) and DMAP (4 mg, 0.03 mmol). The mrgwas heated at 40 °C during 3 h and cooled dowadm temperature.
The solution was diluted with G&l, and washed with 1M HCI and brine. The organic lay@s dried over MgS©and
concentrated under reduced pressure. The residsi@uvdied over silica gel column chromatographingshexanes/EtOAc (7:3)
to afford11 (98 mg, 35%):H NMR (400 MHz, Acetonesk) 5 9.68 (s, 1H), 8.84 (s, 1H), 7.99 (ddds 13.0, 7.4, 2.6 Hz, 1H), 7.79
(dd,J=6.1, 2.9 Hz, 1H), 7.58 (ddd = 8.9, 4.3, 2.9 Hz, 1H), 7.56 — 7.51 (m, 1H), 7-4D.25 (m, 2H), 3.17 — 3.03 (m, 1H), 2.19 —
2.12 (m, 2H), 1.89 — 1.79 (m, 2H), 1.70 — 1.62 {id), 1.60 — 1.44 (m, 2H), 1.37 — 1.23 (m, 3HEZ NMR (101 MHz, Acetonel,)

8 161.9, 156.1 (dJ = 245.6 Hz), 149.6 (dd} = 243.9, 13.2 Hz), 146.5 (dd~= 242.9, 12.7 Hz), 135.7 (dd= 9.1, 3.2 Hz), 135.4
(d,J=2.8Hz), 124.5 (d) = 8.6 Hz), 124.2 (d] = 15.7 Hz), 121.6 (d] = 2.6 Hz), 117.2 (dJ = 18.3 Hz), 117.1 (d] = 24.6 Hz),
116.2 (ddJ = 5.9, 3.6 Hz), 109.3 (d,= 22.1 Hz), 60.0, 26.3, 24.9, 24'F NMR (377 MHz, Acetonek) 5 -122.4 — -122.5 (m), -
139.7 —-139.9 (m), -146.5 — -146.6 (m). HRMS (E81)jz [M+H]" calcd for GgH,oFsN,0;S: 413.1147, found: 413.1139.
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4.1.10. 3-Acetamido-4-fluorobenzenesulfonyl chloridi)

To chlorosulfonic acid (20 mL) at 0 °C was addedtipa wise 2-fluoroacetanilide (5 g, 32.6 mmol).eTholution was heated at
80 °C for 5 h, cooled down to room temperature podred into crushed ice. The white precipitate fileered, washed with cold
water and driedn vacuo. 'H NMR revealed the presence of 2 regioisomers whigte separated by silica gel column
chromatography using hexanes/EtOAc (8:2) to affbeddesired isomei3 (5.1 g, 62%) H NMR (400 MHz, DMSOe€g) § 9.74 (s,
1H), 8.11 (ddJ = 7.7, 2.2 Hz, 1H), 7.35 (ddd,= 8.5, 4.9, 2.2 Hz, 1H), 7.17 (ddi= 10.9, 8.5 Hz, 1H), 2.08 (s, 3HYC NMR
(101 MHz, DMSO#d;) 6 169.1, 153.9 (d) = 246.5 Hz), 144.6, 125.8 (d,= 12.2 Hz), 122.9 (d] = 8.4 Hz), 122.2, 115.1 (d,=
20.4 Hz), 23.9F NMR (377 MHz, DMSOde) 6 -125.6 — -125.7 (m). HRMS (ESI): m/z [M+HEalcd for GHgCIFNO;S:
251.9897, found: 251.9889.

4.1.11. N-(5-(N-Cyclopentylsulfamoyl)-2-fluorophenyl)acetamided)

To a solution of compounti3 (1 g, 3.97 mmol) in CkCl, (10 mL) was added cyclopentylamine (496, 3.97 mmol) and EN
(610 pL, 4.37 mmol). The mixture was stirred 2 h at rommperature, diluted with Gi&l, and washed with water. The organic
layer was dried over MgSOand concentrated under reduced pressure. Theueesigas purified by silica gel column
chromatography using hexanes/EtOAc (8:2) to affiet@1.05 g, 88%)'H NMR (400 MHz, Chlorofornd) & 8.81 (ddJ = 7.3, 2.3
Hz, 1H), 7.79 (dJ = 3.1 Hz, 1H), 7.68 — 7.59 (m, 1H), 7.19 (dd&s 10.3, 8.6 Hz, 1H), 5.17 (d,= 7.3 Hz, 1H), 3.61 (K] = 6.8 Hz,
1H), 2.26 (s, 3H), 1.89 — 1.73 (m, 2H), 1.70 — 1(66 2H), 1.56 — 1.33 (m, 4H}J°C NMR (101 MHz, Chlorofornd) & 168.8,
154.3 (d,J = 251.5 Hz), 137.5 (d] = 3.3 Hz), 127.1 (d) = 11.3 Hz), 123.6 (d] = 8.8 Hz), 120.8, 115.4 (d,= 21.0 Hz), 55.3,
33.4, 24.5, 23.2°F NMR (377 MHz, Chloroforndg) & -124.6. HRMS (ESI): m/z [M+H]calcd for GsH1gFN,O,S: 301.1022,
found: 301.1017.

4.1.12. 3-Amino-N-cyclopentyl-4-fluorobenzenesulfonamidis)

A solution of compound4 (1 g, 3.33 mmol) in HCI 6N (5 mL) was stirred &01°C for 1 h and neutralized with NaOH 1M. The
mixture was extracted with GBI, (3 x 10 mL). The organic layer was dried over Mg®@d concentrateish vacuo. The residue
was purified by silica gel column chromatographingshexanes/EtOAc (1:1) to affortb (639 mg, 74%)'H NMR (400 MHz,
DMSO-d;) 6 7.48 (d,J = 7.0 Hz, 1H), 7.22 (dd} = 8.4, 2.4 Hz, 1H), 7.16 (dd,= 11.3, 8.4 Hz, 1H), 6.97 — 6.91 (m, 1H), 5.62 (s,
2H), 3.43 — 3.32 (m, 1H), 1.65 — 1.49 (m, 4H), 1-48.26 (m, 4H)"*C NMR (101 MHz, DMSOd,) & 152.5 (d,J = 243.2 Hz),
138.2 (d,J = 2.8 Hz), 137.5 (d] = 13.9 Hz), 115.8 (d] = 19.9 Hz), 114.6 (d] = 13.6 Hz), 114.6, 54.9, 32.9, 23'% NMR (377
MHz, DMSO-ds) § -131.2 — -131.4 (m). HRMS (ESI): m/z [M+Hgalcd for GiH,6FN,O,S: 259.0917, found: 259.0910.

4.1.13. N-(5-(N-Cyclopentylsulfamoyl)-2-fluorophenyl)-3,4-difludsenzamide 16)

To a solution ofl5 (250 mg, 0.968 mmol) in Gi&l, (5 mL) were added 3,4-difluorobenzoyl chlorideZi2, 0.97 mmol) and
Et;N (148pL, 1.06 mmol) at O °C. The mixture was stirred athroom temperature, diluted with @El, and washed with water.
The organic layer was dried over MgsSénd concentrated under reduced pressure. Theseesids purified by silica gel column
chromatography using hexanes/EtOAc (8:2) to affi@ @138 mg, 36%)"H NMR (400 MHz, Acetonesk) 5 9.60 (s, 1H), 8.63 (dd,
J=7.2,2.4 Hz, 1H), 8.06 — 7.99 (m, 1H), 7.97 917(m, 1H), 7.77 — 7.69 (m, 1H), 7.62 — 7.49 (m),1H45 (dd,) = 10.4, 8.6 Hz,
2H), 6.67 (dJ = 7.2 Hz, 1H), 3.73 — 3.56 (m, 1H), 1.87 — 1.73 2#H), 1.70 — 1.57 (m, 2H), 1.56 — 1.38 (m, 45¢ NMR (101
MHz, Acetoness) 6 163.7, 156.2 (d] = 252.4 Hz), 152.5 (dd, = 252.4, 12.7 Hz), 149.9 (dd= 247.7, 13.1 Hz), 138.4 (d= 3.6
Hz), 132.1 - 131.1 (m), 126.8 @z 12.5 Hz), 125.2 (dd} = 7.5, 3.7 Hz), 124.8 (d,= 8.9 Hz), 123.5 (d] = 2.8 Hz), 117.6 (d] =
18.0 Hz), 117.3 (dd] = 18.8, 1.3 Hz), 116.1 (d,= 21.4 Hz), 55.1, 32.8, 235F NMR (377 MHz, Acetonek) & -120.3 — -120.4
(m), -134.5 —-134.6 (m), -138.8 — -138.9 (m). HREESI): m/z [M+H] calcd for GgH,5FsN,O5S: 399.0990, found: 399.0985.
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4.1.14. 1-(3,4-Difluorophenyl)cyclopropan-1-amin&g)

To a solution of 3,4-difluorobenzonitrile (278 ngmmol) in dry E2O (10 mL) at -78 °C was added dropwise Ti(OjR0.64 mL,

2.2 mmol) followed by EtMgBr (1.5 mL, 2.2 mmol, 3 E,O). After 10 minutes, BFELO (0.5 mL, 4 mmol) was added and the
solution was stirred for 1 h at -78 °C. The reattias quenched by addition of 1N HCI (2 mL) anditéitl with EO (10 mL). The
organic layer was separated, washed with watenebaind dried over MgSOThe volatiles were evaporated under reduced
pressure and the residue was purified by silicazgleimn chromatogrpahy using hexanes/EtOAc (1:Bffiord 18 (189 mg, 56%).

'H NMR (400 MHz, Chlorofornd) 6 7.16 — 7.04 (m, 2H), 7.03 — 6.98 (m, 1H), 1.9123), 1.16 — 1.05 (m, 2H), 1.01 — 0.90 (m,
2H). ®C NMR (101 MHz, Chlorofornd) § 150.1 (dd,J = 247.5, 12.8 Hz), 148.6 (dd,= 246.2, 12.8 Hz), 144.2 (dd,= 5.0, 3.5
Hz), 121.2 (dd,) = 6.2, 3.4 Hz), 116.9 (d,= 17.0 Hz), 114.7 (d] = 17.7 Hz), 36.2, 18.2°F NMR (377 MHz, Chlorofornd) & -
139.3 —-139.4 (m), -143.3 — -143.4 (m). HRMS (E8l)z [M+H]" calcd for GH,oF,N: 170.0781, found: 170.0776.

4.1.15. 5-(N-CyclopentylsulfamoyIN-(1-(3,4-difluorophenyl)cyclopropyl)-2-fluorobenzéte (19)

A solution of2 (240 mg, 1 mmol) in SOg(2.5 mL) was heated at 80 °C for 16 h. The mixtwes concentrated under reduced
pressure and co-evaporated with toluene. The cmigtire was dissolved in toluene (2.5 mL) and aisoh of 18 (170 mg, 1
mmol) in toluene (2 mL) was addeth cannula. The mixture was heated at 110 °C fomBdconcentrated under reduced pressure.
The residue was purified by silica gel column chatmgraphy using hexanes/EtOAc (8:2) to afford theired sulfonyl chloride
derivative. To a solution of this sulfonyl chlori§@14 mg) in CHCI, (5 mL) were added cyclopentylamine (83, 0.844 mmol)
and EtN (129uL, 0.929 mmol). The mixture was stirred 2 h at rommperature, diluted with GBI, and washed with water. The
organic layer was dried over Mgg@nd concentrated under reduced pressure. Theueesids purified by silica gel column
chromatography using hexanes/EtOAc (8:2) to afi®r@149 mg, 34% over two stepsif NMR (400 MHz, Acetonetk) 5 8.49 (s,
1H), 8.25 (ddJ = 6.6, 2.5 Hz, 1H), 8.07 — 7.99 (m, 1H), 7.47 (@&, 10.4, 8.7 Hz, 1H), 7.41 — 7.32 (m, 1H), 7.31.327(m, 2H),
6.68 (d,J = 7.2 Hz, 1H), 3.68 — 3.48 (m, 1H), 1.80 — 1.69 RH), 1.67 — 1.56 (m, 2H), 1.53 — 1.31 (m, 8KE NMR (101 MHz,
Acetoneeds) 5 162.7 (d,J = 2.3 Hz), 161.7 (d) = 254.9 Hz), 149.8 (dd, = 244.8, 12.9 Hz), 148.5 (dd= 244.4, 12.6 Hz), 140.9
(dd,J=5.5, 3.6 Hz), 138.8 (d,= 3.5 Hz), 131.5 (d] = 10.2 Hz), 130.0 (d] = 4.3 Hz), 124.2 (d) = 15.9 Hz), 122.2 (dd} = 6.3,
3.4 Hz), 117.1 (dJ = 25.0 Hz), 116.8 (dJ = 17.2 Hz), 115.0 (d] = 18.3 Hz), 55.1, 34.7, 32.8, 22.9, 17%6.NMR (377 MHz,
Acetonedg) & -110.5 — -110.6 (m), -141.9 — -142.0 (m), -145.245.3 (m). HRMS (ESI): m/z [M+H]calcd for G;H,,FsN,0sS:
439.1303, found: 439.1300.

4.1.16. 2-(3,4-Difluorophenyl)propan-2-amin2Q)

A solution of anhydrous Ce€(2.84g, 11.5 mmol) in THF (18 mL) was stirred & 4C for 3 h and cooled down to room
temperature. Then, 3,4-difluorobenzonitrile (800, 8¢5 mmol) was added and the mixture was cooteundo -25 °C before
addition of MeLi (9.6 mL, 14.4 mmol, 1.5 M in J). The solution was stirred 1 h at -25 °C and ghed with NaOH 30% (4 mL).
The mixture was stirred for 16 h at room temperiamd the cerium salts were filtered and washed WHF. The filtrate was
dried over MgS@and concentrated under reduced pressure. Theleesids dissolved in THF and HCI (4N in dioxane) wadded
and the solution was concentraied/acuo. The resulting salts were filtered, washed witldmes and then treated with aqueous
ammonium hydroxide (5 mL). The solution was thetrasted with CHCI,, dried over MgS@and concentrateth vacuo. The
residue was purified by silica gel column chromagpipy using CHCl,/MeOH (98:2) to afford?0 (502 mg, 51%)'H NMR (400
MHz, Chloroforme) & 7.41 — 7.32 (m, 1H), 7.27 — 7.19 (m, 1H), 7.11 Jdt 10.2, 8.4 Hz, 1H), 1.49 (s, 6HJC NMR (101 MHz,
Chloroformd) 8 150.51 (ddJ = 121.6, 12.6 Hz), 148.83 — 147.43 (m), 147.48E16.9 Hz), 120.69 (dd,= 6.1, 3.5 Hz), 116.62
(d,J=16.8 Hz), 114.26 (dl = 17.8 Hz), 52.12 (d] = 1.4 Hz), 33.01F NMR (377 MHz, Chlorofornd) & -139.4 — -139.5 (m), -
143.4 —-143.5 (m). HRMS (ESI): m/z [M+Hgalcd for GHy,F,N: 172.0938, found: 172.0932.
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4.1.17. 3-(N-Cyclopentylsulfamoyl)N-(2-(3,4-difluorophenyl)propan-2-yl)benzamidzl)

A solution of2 (507 mg, 2.12 mmol) in SOL(5 mL) was heated at 80 °C for 16 h. The mixtueswoncentrated under reduced
pressure and co-evaporated with toluene. The gouaiduct was dissolved in toluene (3 mL) and a sarludf 20 (360 mg, 2.12
mmol) in toluene (2 mL) was addeth cannula. The mixture was heated at 110 °C agai foand concentrated under reduced
pressure. The crude residue was purified by sdiglacolumn chromatography using hexanes/EtOAc (&12fford the sulfonyl
chloride intermediate. To a solution of this sulfbohloride (338 mg) in CKCl, (5 mL) were added cyclopentylamine (BB,
0.904 mmol) and BN (139uL, 0.995 mmol). The mixture was stirred 2 h at rommperature, diluted with GBI, and washed
with water. The organic layer was dried over Mg@@d concentrated under reduced pressure. Thaieesids purified by silica
gel column chromatography using hexanes/EtOAc (@.2¥ford21 (230 mg, 25% over two steps NMR (400 MHz, Acetone-
d) 8 8.15 (ddJ = 6.7, 2.5 Hz, 1H), 8.03 — 7.98 (m, 1H), 7.971¢d), 7.54 — 7.42 (m, 2H), 7.40 — 7.33 (m, 1H), 7=3321 (m, 1H),
6.66 (d,J = 7.2 Hz, 1H), 3.73 — 3.34 (m, 1H), 1.80 (s, 6HY;8 — 1.69 (m, 2H), 1.68 — 1.57 (m, 2H), 1.54331(m, 4H)."*C NMR
(101 MHz, Acetoned;) & 161.6 (dJ = 253.8 Hz), 161.4 (d = 2.0 Hz), 149.7 (dd] = 244.4, 12.7 Hz), 148.5 (dd= 244.4, 12.7
Hz), 146.0 — 144.6 (m), 138.7 (@~ 3.3 Hz), 131.2 (d) = 10.0 Hz), 129.7 (d] = 4.3 Hz), 125.0 (d] = 16.3 Hz), 121.6 (dd] =
6.4, 3.4 Hz), 117.1, 116.9, 116.7 (d5 17.0 Hz), 114.4 (d] = 18.3 Hz), 55.8 (d] = 1.3 Hz), 55.1, 32.8, 22.8F NMR (377 MHz,
Acetonedg) & -111.0 — -111.1 (m), -141.9 — -142.0 (m), -145-445.5 (m). HRMS (ESI): m/z [M+H]calcd for G;H,3FsN,0,S:
441.1460, found: 441.1453.

4.1.18. 3,4-Dihydroisoquinolin-1(2H)-one24)

To a solution of phenethylamine (3 mL, 24 mmol) aBgN (3.6 mL, 26.4 mmol) in DMF (50 mL) was added nyth
chloroformate (2.0 mL, 26.4 mmol) at O °C. The teacmixture was stirred 1 h at room temperaturé dituted with EtOAc (100
mL). The solution was washed three times with wéex 30 mL). The organic layer was dried over Mg®@d concentrateih
vacuo. The residue was purified by silica gel columnachatography using hexanes/EtOAc (1:1 to 0:1) tordfthe carbamate
intermediate (3.72 g, 86%) as a colorless liquidSC26011-68-7. The obtained carbamate (3 g, 16mblnwas dissolved in
trifluoromethanesulfonic acid (30 mL) at 0 °C ar tmixture was stirred for 24 h at 70 °C. The migtwas then poured into
crushed ice and extracted with H,. The organic layer was dried over MgSé&nhd concentrateth vacuo. The residue was
purified by silica gel column chromatography ushexanes/EtOAc (1:1) to affo#t (2.34 g, 95%) as a yellow oil. CAS: 1196-38-
9.

4.1.19. 2,3,4,5-Tetrahydro-1H-benzo[c]azepin-1-088)(

To a solution of phenylpropylamine (3 mL, 21.1 mjnahd E{N (3.2 mL, 23.2 mmol) in DMF (50 mL) was added nyth
chloroformate (1.8 mL, 23.2 mmol) at O °C. The teacmixture was stirred 1 h at room temperature dituted with EtOAc (100
mL). The solution was washed three times with wé&ex 30 mL). The organic layer was dried over Mg®@d concentrated in
vacuo. The resulting liquid was purified by siligal column chromatography using hexanes/EtOAc {d@:0:1) to afford the
carbamate intermediate (3.80 g, 93%) as a cololigisl. CAS: 111944-09-3. This carbamate (3.63.89 mmol) was dissolved
in trifluoromethanesulfonic acid (30 mL) at 0 °Cdathe mixture was stirred for 24 h at 70 °C. Thetmie was poured into
crushed ice and extracted with @H,. The organic layer was dried over MgSénd concentrateth vacuo. The residue was
purified by silica gel column chromatography usiexanes/EtOAc (1:1) to affo2b (2.74 g, 90%) as a yellow oil. CAS: 6729-50-
6.

4.1.20. N-Cyclopentyl-1-ox0-1,2,3,4-tetrahydroisoquinolinesalifonamide 28)
To chlorosulfonic acid (25 mL) cooled to 0 °C walklad portion wise compourid (2 g, 13.6 mmol). After complete addition, the
yellow solution was allowed to warm up to room temgiure, then heated at 60 °C for 16 h. The reactiixture was then cooled

down to room temperature and poured dropwise inished ice. The light yellow precipitate was fiéédy washed with water and
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cold EtO and driedn vacuo to afford the desired sulfonyl chloride intermedi26. To a solution of compour2b (1 g, 4.07 mmol)
in CH,CI, (10 mL) were added cyclopentylamine (400 4.07 mmol) and EN (624 puL, 4.48 mmol). The mixture was stirred 2 h
at room temperature and quenched with 1M HCI. Tieeipitate was filtered and washed with water aold €,0. The solid was
dried invacuo to afford28 (971 mg, 81%) as a light yellow solitH NMR (400 MHz, DMSOd) & 8.27 (d,J = 2.1 Hz, 1H), 8.19
(s, 1H), 7.87 (dd) = 7.9, 2.1 Hz, 1H), 7.75 (d,= 6.9 Hz, 1H), 7.53 (d] = 8.0 Hz, 1H), 3.46 — 3.39 (m, 2H), 3.06 — 2.96 2H),
1.64 — 1.49 (m, 4H), 1.44 — 1.23 (m, 4FC NMR (101 MHz, DMSOd,)  163.7, 144.0, 140.7, 130.4, 129.7, 129.1, 12%A,5
39.2, 32.9, 28.0, 23.2. HRMS (ESI): m/z [M+Halcd for G,H;gN,O5S: 295.1116, found: 295.1110.

4.1.21. N-Cyclopentyl-1-o0x0-2,3,4,5-tetrahydro-1H-benzo[@pine-8-sulfonamide2Q)

To chlorosulfonic acid (10 mL) cooled to 0 °C walslad portion wise compour#b (955 mg, 5.92 mmol). After complete addition,
the yellow solution was allowed to warm up to romperature, then heated at 60 °C for 16 h. Thetiomamixture was cooled
down to room temperature and poured dropwise inished ice. The light yellow precipitate was fiéédy washed with water and
cold EtO and driedn vacuo to afford the desired sulfonyl chloride intermedid7. To a solution of compoung? (250 mg g,
0.963 mmol) in CHCI, (5 mL) were added cyclopentylamine (144, 0.963 mmol) and BN (148 L, 1.06 mmol). The mixture
was stirred 2 h at room temperature, diluted with,Cl, and washed with water. The organic layer was doeet MgSQ and
concentrated under reduced pressure. The residsipuvdied by silica gel column chromatography gsirexanes/EtOAc (7:3 to
8:2) to afford the desired sulfonamide deriva®9g(183 mg, 97%) as a light yellow solitH NMR (400 MHz, DMSOd) & 8.27 (t,
J=5.9Hz, 1H), 7.91 (d] = 2.1 Hz, 1H), 7.82 (ddl = 7.9, 2.1 Hz, 1H), 7.70 (d,= 7.1 Hz, 1H), 7.49 (d] = 7.9 Hz, 1H), 3.44 —
3.37 (m, 1H), 2.91 (] = 6.3 Hz, 2H), 2.82 (] = 7.1 Hz, 2H), 1.93 (p] = 6.7 Hz, 2H), 1.65 — 1.22 (m, 8HJC NMR (101 MHz,
DMSO-dg) & 170.9, 142.7, 140.7, 137.1, 130.1, 128.9, 126 78,58.8, 32.9, 30.11, 30.04, 23.3. HRMS (ESI¥ [M+H]" calcd
for CysH»;N,05S: 309.1273, found: 309.1266.

4.1.22. N-CyclopentylN-methyl-1-ox0-1,2,3,4-tetrahydroisoquinoline-7-suiémide 80)

To a solution of compound6 (1 g, 4.07 mmol) in CkCl, (10 mL) were addedll-methylcyclopentylamine (480L, 4.07 mmol)
and EfN (624 pL, 4.48 mmol). The mixture was stirred for 2 h @dm temperature, diluted with GEl, and washed with water.
The organic layer was dried over MgsSénd concentrated under reduced pressure. Theieegids purified by silica gel column
chromatography using hexanes/EtOAc (7:3 to 8:Aftord the desired sulfonamide derivati®@ (1.13 g, 90%) as a light yellow
solid. "H NMR (400 MHz, DMSO#g,) 5 8.22 (s, 1H), 8.17 (d} = 2.1 Hz, 1H), 7.87 (dd} = 8.0, 2.1 Hz, 1H), 7.56 (d,= 8.0 Hz,
1H), 4.25 (pJ = 8.1 Hz, 1H), 3.48 — 3.38 (m, 2H), 3.02Jt 6.6 Hz, 2H), 2.64 (s, 3H), 1.55 — 1.45 (m, 4H}5 — 1.35 (m, 2H),
1.35 — 1.25 (m, 2H)°C NMR (101 MHz, DMSOd,) 6 163.6, 144.6, 137.7, 130.5, 130.2, 129.4, 12@8(8,59.2, 28.9, 28.0, 27.8,
24.0. HRMS (ESI): m/z [M+H]calcd for GsH,,N,0,S: 309.1273, found: 309.1267.

4.1.23. N-CyclopentylN-methyl-1-ox0-2,3,4,5-tetrahydro-1H-benzo[clazep#isulfonamide 1)

To a solution of compound7 (250 mg, 0.963 mmol) in Ci&l, (5 mL) were addedN-methylcyclopentylamine (144L, 0.963
mmol) and EN (148pL, 1.06 mmol). The mixture was stirred for 2 h @adm temperature, diluted with GEl, and washed with
water. The organic layer was dried over Mg®Dd concentrated under reduced pressure. Theueesids purified by silica gel
column chromatography using hexanes/EtOAc (7:32p t® afford the desired sulfonamide derivatdie(292 mg, 94%) as a light
yellow solid."H NMR (400 MHz, DMSOe,) 6 8.30 (t,J = 5.9 Hz, 1H), 7.82 (s, 2H), 7.52 (@@= 8.7 Hz, 1H), 4.24 (p] = 8.1 Hz,
1H), 2.92 (qJ = 6.3 Hz, 2H), 2.83 () = 7.1 Hz, 2H), 2.64 (s, 3H), 1.93 {t~ 6.8 Hz, 2H), 1.56 — 1.45 (m, 4H), 1.44 — 1.36 (m
2H), 1.35 — 1.23 (m, 2H)°C NMR (101 MHz, DMSOdg) 6 170.7, 143.3, 137.6, 137.4, 130.4, 129.4, 1278(8,538.8, 30.09,
30.04, 28.9, 27.7, 24.1. HRMS (ESI): m/z [M+Hhlcd for GeH,aN,05S: 323.1429, found: 323.1423.
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4.1.24. N-Cyclopentyl-2-(3,4-difluorophenyl)-1-oxo-1,2,3 dttahydroisoquinoline-7-sulfonamid 82

To a solution of compoun2B (50 mg, 0.170 mmol) in DMF (0.5 mL) were added-@i#uorobromobenzene (38, 0.170 mmol),
Cul (32 mg, 0.170 mmol) and,RG0; (47 mg, 0.340 mmol). The mixture was heated at ®BGor 16 h and then diluted with
EtOAc and water and filtered over a pad of Celltee filtrate was washed with a saturated solutibN&COs, water, dried over
MgSQO, and concentrated under reduced pressure. Theueesiths purified by silica gel column chromatograpimsing
hexanes/EtOAc (9:1 to 7:3) to affod@ (39 mg, 56%)"H NMR (400 MHz, DMSOd) & 8.36 (d,J = 2.1 Hz, 1H), 7.95 (dd} = 7.9,
2.1 Hz, 1H), 7.80 (d] = 6.9 Hz, 1H), 7.67 — 7.58 (m, 2H), 7.57 — 7.47 M), 7.38 — 7.28 (m, 1H), 5.76 (s, 1H), 4.04 953(m,
2H), 3.24 (t,J = 6.4 Hz, 2H), 1.68 — 1.50 (m, 4H), 1.42 — 1.27 4H). °C NMR (101 MHz, DMSOd,) & 162.6, 149.9 (dd] =
137.6, 13.0 Hz), 147.4 (dd,= 137.0, 12.9 Hz), 143.8, 141.0, 139.9 (dd; 8.3, 3.4 Hz), 130.2 (d] = 21.4 Hz), 129.1, 126.4,
123.0 (ddJ = 6.5, 3.3 Hz), 117.7 (d, = 17.8 Hz), 115.8 (d] = 18.8 Hz), 55.4, 54.9, 49.0, 32.9, 28.0, 28B.NMR (377 MHz,
DMSO-g) § -139.0, -142.5. HRMS (ESI): m/z [M+Htalcd for GgH,,F.N,0;S: 407.1241, found: 407.1235.

4.1.25. N-Cyclopentyl-2-(3,4-difluorophenyl)-1-oxo0-2,3,4 8ttahydro-1H-benzo[c]azepine-8-sulfonami@a) (

To a solution of compoun2B (50 mg, 0.170 mmol) in DMF (0.5 mL) were added-@i#uorobromobenzene (8., 0.170 mmol),
Cul (32 mg, 0.170 mmol) and,BG0; (47 mg, 0.340 mmol). The mixture was heated at kBGor 16 h and then diluted with
EtOAc and water and filtered over a pad of Celltee filtrate was washed with a saturated solutibN&COs, water, dried over
MgSQO, and concentrated under reduced pressure. Theueesiths purified by silica gel column chromatograpising
hexanes/EtOAc (9:1 to 7:3) to affod8 (63 mg, 58%)'H NMR (400 MHz, Chloroformd) 6 8.25 (d,J = 2.0 Hz, 1H), 7.95 (dd} =
7.9, 2.1 Hz, 1H), 7.37 (&, = 7.9 Hz, 1H), 7.32 — 7.19 (m, 2H), 7.17 — 7.08 (i), 5.21 (dJ = 7.3 Hz, 1H), 3.67 — 3.54 (m, 3H),
3.05 (t,J = 7.1 Hz, 2H), 2.19 (p] = 6.8 Hz, 2H), 1.88 — 1.71 (m, 2H), 1.66 — 1.53 &), 1.51 — 1.41 (m, 2H), 1.40 — 1.27 (m,
2H). *C NMR (101 MHz, Chlorofornd) & 169.5, 150.1 (ddj = 249.8, 13.4 Hz), 149.0 (dd,= 248.9, 12.5 Hz), 141.8, 140.5,
138.6 (ddJ = 7.7, 3.7 Hz), 136.6, 129.8, 129.3, 127.8, 1Z8BJ = 6.4, 3.6 Hz), 117.6 (d, = 18.2 Hz), 116.0 (d] = 18.5 Hz),
55.3, 49.6, 33.3, 30.0, 29.2, 23 NMR (377 MHz, Chlorofornd) & -136.6 — -136.7 (m), -140.2 — -140.3 (m). HRMS jEBV/z
[M+H]" calcd for G;H,3F,N,05S: 421.1397, found: 421.1392.

4.1.26. N-Cyclopentyl-2-(3,4-difluorophenyIN-methyl-1-oxo-1,2,3,4-tetrahydroisoquinoline-7-suaiémide 84)

To a solution of compoun8dd (300 mg, 0.972 mmol) in DMF (2 mL) were added 8iluorobromobenzene (224, 1.95 mmol),
Cul (371 mg, 1.95 mmol) and,R0; (269 mg, 1.95 mmol). The mixture was heated at kG@or 90 minutes under microwave
irradiation. The mixture was then diluted with Et©And filtered over a pad of Celite. The filtratasmvashed with a saturated
solution of NaCGQs, water, dried over MgSQand concentrated under reduced pressure. Theueesids purified by silica gel
column chromatography using hexanes/EtOAc (9:Bftord 34 (116 mg, 28%)™H NMR (400 MHz, Acetonel) & 8.43 (d,J =
2.0 Hz, 1H), 7.97 (dd] = 8.0, 2.1 Hz, 1H), 7.63 (dd,= 8.0, 0.7 Hz, 1H), 7.59 — 7.51 (m, 1H), 7.46 297(m, 2H), 4.39 (pJ = 8.1
Hz, 1H), 4.14 (ddJ = 6.9, 6.0 Hz, 2H), 3.35 (§,= 6.4 Hz, 2H), 2.76 (s, 3H), 1.73 — 1.34 (m, 8K NMR (101 MHz, Acetone)

8 162.2, 149.5 (dd) = 245.7, 13.5 Hz), 148.0 (dd,= 245.1, 12.7 Hz), 143.6, 139.9 (dbiF 8.2, 3.5 Hz), 138.7, 130.4, 128.6,
126.8, 122.0 (ddJ = 6.4, 3.5 Hz), 116.9 (d, = 18.4 Hz), 115.2 (d] = 19.2 Hz), 58.3, 48.8, 28.1, 28.0, 27.6, 2¥FNMR (377
MHz, Acetonedg) & -140.4 — -140.5 (m), -144.2 — -144.3 (m). HRMS [E®&/z [M+H]" calcd for GHyF,N,O5S: 421.1397,
found: 421.1391.

4.1.27. N-Cyclopentyl-2-(3,4-difluorophenylN-methyl-1-oxo0-2,3,4,5-tetrahydro-1H-benzo[c]azep®sulfonamide §5)
To a solution of compoungll (300 mg, 0.930 mmol) in DMF (2 mL) were added 8ifldorobromobenzene (230L, 1.86 mmol),
Cul (354 mg, 1.86 mmol) and,R0O; (258 mg, 1.86 mmol). The mixture was heated at XG@r 90 minutes under microwave

irradiation. The mixture was then diluted with Et©And filtered over a pad of Celite. The filtratasmvashed with a saturated
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solution of NaCQOs, water, dried over MgS©Oand concentrated under reduced pressure. Theueesids purified by silica gel
column chromatography using hexanes/EtOAc (9:Bftord 35 (141 mg, 35%)'H NMR (400 MHz, Acetonel) & 8.03 (d,J =
2.1 Hz, 1H), 7.90 (dd] = 7.9, 2.0 Hz, 1H), 7.64 — 7.50 (m, 2H), 7.47 287(m, 2H), 4.37 (pJ = 8.2 Hz, 1H), 3.71 ( = 6.4 Hz,
2H), 3.11 (tJ = 7.1 Hz, 2H), 2.74 (s, 3H), 2.23 (b= 6.8 Hz, 2H), 1.72 — 1.31 (m, 8HJC NMR (101 MHz, Acetonek) 5 168.8,
149.6 (ddJ = 246.1, 13.3 Hz), 148.3 (dd= 245.3, 12.7 Hz), 142.3, 139.8 (dds 8.2, 3.5 Hz), 138.4, 137.2, 127.4, 122.8 (tid,
6.4, 3.5 Hz), 117.2 (dl = 18.0 Hz), 116.0 (d] = 18.9 Hz), 58.3, 49.2, 28.1, 27.6, 23'B.NMR (377 MHz, Acetonek,) 5 -138.7 —
-138.8 (M), -142.4 — -142.6 (m). HRMS (ESI): m/z4{M]" calcd for G,H,sF,N,05S: 435.1554, found: 435.1546.

4.2. Biological evaluation

Cell culture — HepAD38 cells were seeded at 50,66ls/well in collagen-coated 96-well plates wittMBEM/F12 medium
(Thermo Scientific) supplemented with 10% heat-ivated fetal bovine serum. Cells were treated With pg/ml tetracycline as
needed. Test compounds and controls were addedisae a final concentration of 10 M or in a daependent manner ranging
from 0.001 to 10 uM. Cells were cultured in theaaiz® of tetracycline for 7 days to induce DNA swsik and cccDNA formation,
at day 7, test compounds plus tetracycline wereddb@ck to the cultures to inhibit transcriptiorvisbl RNA from integrated viral
genome. Medium and test compounds were replenistey 5 days in culture. Supernatants were hadedtday 14, clarified by
centrifugation at 5,000 rpm for 5 min, and storéee78 °C until use. ELISA - The levels of HBeAg seted in the culture medium
were measured by using HBeAg ELISA kit (BioChaistitute Inc. Hayward, CA) according to the manufieet's protocol. The

effective concentration of compound that reducedlieof secreted HBeAg by 50% (EfCwas determined by linear regression.

4.3. Electron microscopy

Expression and isolation of HBV Cp149 dimeric pioteas carried out following previous literature3[2The truncated HBV
protein (residues 1-149) was cloned into a pET-28ttor at the BAMHI and Xhol sites with a c-termiséop codon (no tag).
This vector was transformed into BL21 e. coli growmLB media with AMP100 restriction. Tteecoli were grown in LB broth at
37°C to an ORQy, = 0.8, and expression of HBV Cp149 was induceth Wit addition of 1mM IPTG at 16 °C overnight. Tdedl
pellet was solubilized 3 g/10 ml lysis buffer [50nTris, 5 mM DTT, 1 mM EDTA, 0.1 mg/ml RNase/DNag#] = 7.4] and lysed
by sonication. Cell debris was pelleted by cengdfion at 26 k x g for 1 hr. Sucrose was addechésupernatant at a final
concentration of 0.15M, and the debris was pelldégdaentrifugation at 100 k x g for 1 hr. The remiag solubilized protein,
including HBV Cp149, was pelleted by ammonium sielf@d0% saturation, 26 k x g for 1 hr). The ammangulfate precipitant
was resolubilized in Capsid Buffer (50 mM Tris, 560M NaCl, 2 mM DTT, pH = 7.4). High molecular whaigassemblies
(include HBV Cp149 capsids) were separated fromrovlecular weight protein using size exclusion amography. The capsid
fractions were dialized in Dimer Buffer (100 mM banate, 2 mM DTT, pH = 9.5), and capsids were cetapl dissociated into
the composite HBV Cp149 dimers by addition of 4 a1 The HBV Cp149 dimers were isolated from reimgimigh molecular
weight proteins using size exclusion chromatografiimg yield of HBV Dimers was ~8-10 mg/L at > 95Uripy as determined by
SDS-PAGE.

HBV Capsids were prepared for electron microscdgyl)Y imaging by adding capsid buffer at a 3:2 rdfinal concentration of
NaCl was 300 mM) to a sample of HBV Cp149 dimensdjimer buffer) yielding a final concentration oBM Cp149 monomer of
10 pM. The sample was maintained at 4 °C overnigbtevaluate the effects of compounds on capsidnaisly, HBV Cp149
dimers were incubated with the agents for 1 hrrpgaothe addition of Capsid buffer. HBV Cp149 cabassemblies were foxed

onto a charged carbon grid and stained by urarstiage contrast agent for 15 minutes. EM images wellected using a JEOL
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JEM-1400 electron microscope operating at 120 k25000 — 35,000 x magnification (Emory UniverdRgbert P. Apkarian

electron microscopy core facility).

4.4. Molecular modeling

Molecular modeling was carried out using Schrédin8aite version 2016-3 using an EXXACT MD GPU seri24]. Unless
otherwise stated, the default parameters for atlutes were used. The HBV Cpl149 Y132A crystal stmee{PDBID 5T2P) was
prepared using Protein Prep in Maestro that asdigpoad orders, added hydrogens and disulfide bonsers within 5 A of
ligands were retained in the model, and hydrogeminy was optimized using Epik for a pH = 7 [25}dfogen positions were
minimized using OPLS3 forcefield in implicit soli@® model [26]. A docking grid was created usingd@lcentered on the
cocrystallized ligand (K89) located at the integfaf chains B and C [27, 28]. The grid box was 1x 10 A and no groups were
permitted to rotate. Re-docking of the co-crystelii ligand K89 using flexible Glide docking at itandard precision yielded a
pose similar to that observed in the crystal stmec{RMSD = 0.37 A) supporting the accuracy of tiethods. Compoundf was
prepared and docked into a grid using Glide dodk wiandard precision and permitted flexibility. db@nd molecular dynamics
was used to simulation the capsid complexed to comg4f [29-31]. To avoid artifacts from misplaced amirgids not present in
the structure, the proteins were pruned to 1 —1¥2I143aa. All co-crystallized small molecules wemmoved leaving a system of
only six HBV capsid proteins with compoudti between chains B and C. This system was placedpieriodic SPC water box of
buffered by solvent at 10 A in all directions. Salis added to a final concentration of 150 mM withadditional 30 Naions to
neutralize the system. The final number of atormgtie simulation was 115,834. The molecular dynarmsimulation was carried
out in the default eight steps of progressive r@iax by Desmond molecular dynamics. The final $ation stage lasted 10 ns at
300K and 1.01325 bar pressure under NPT conditigtts frames recorded every 10ps. The simulationyasawas performed

using the Simulation Interactions Diagram tool.
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The synthesis and characterization of new sulfamoyl derivatives is described

All 27 compounds were evaluated for their anti-HBV activity and cytotoxicity
Several compounds reduced cccDNA level in an HBeAg reporter cell-based assay
Disruption of HBV capsid formation was investigated using electron microscopy

Molecular modelling into the capsid protein was used to rationalize the SAR



