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Benzo[ cd]indol-2(1H)-one derivatives were developed as new RORy inhibitors for
developing therapeutic drug treating Th17 mediated autoimmune diseases.
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RORYy isapromising drug target for treating Th17-mediated autoimmune diseases.
A hit compound was obtained by structure-based virtual screening.
77 new compounds were designed and prepared starting from the hit compound.

Several compounds acted as RORYy inhibitors and exhibited promising activities.
SARs were analyzed based on predicted binding modes and assessed activity.
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Abstract:

Retinoic acid-related orphan recepto(RORy), a member of the nuclear hormone
receptor superfamily, is a promising therapeutic target for treating Th17-mediated
autoimmune diseases. We performed structure-based virtual screening targeting the
RORy ligand-binding domain. Among the tested compousdsiemonstrated ROR
antagonistic activities with micromolar d€values in both an AlphaScreen assay
(20.27uM) and a cell-based reporter gene assay (1iMy Optimization of thes4
compound led to the identification of compourijs 8c, 8k, and8p, all of which
displayed significantly enhanced R@mhhibition with 1G5 values of 40-140 nM.
These results represent a promising starting point for developing potent small

molecule ROR inhibitors.



1. Introduction

T-helper 17 (Th17) cells are crucial effector cells that have been implicated in the
pathology of a variety of human inflammatory and autoimmune diseases, including
multiple sclerosis, rheumatoid arthritis, psoriasis, and inflammatory bowel disease [1].
In Thl7 cells, interleukin-17 (IL-17) transcription is mediated by Thl17-specific
transcriptional regulators retinoic acid receptor-related orphan receptond y
(RORx and ROR) [2,3]. In the experimental autoimmune encephalomyelitis (EAE)
mouse model, suppression of IL-17 activity reduced severity of the inflammation
symptom. Inhibition of ROR may lead to enhanced anti-inflammatory activity.
RORYy is ligand-dependent transcriptional factor that belongs to the nuclear hormone
receptor superfamily. A large number of drugs have been developed to target nuclear
receptor superfamily members. Given its crucial role in suppression of IL-17 activity,
RORy is a promising therapeutic target for treating Thl7-mediated autoimmune

diseases [4].

Since the identification of benzenesulfonamide liver X receptor (LXR) agonist
T0901317 as an inverse R@Rgonist [5], several small molecule RPRyands have

been disclosed in the literaturigigure 1) [6,7]. Digoxin and its less toxic analogues
selectively antagonize RQRnd suppress Th17 cell differentiation [8,9]. Ursolic acid,

a natural carboxylic acid that is ubiquitously present in plants, also suppressed IL-17
production by selectively inhibiting RGR[10]. However, digoxin is a cardiac
glycoside used for treating various heart conditions with a narrow therapeutic index,
and ursolic acid also activates the glucocorticoid receptor, another nuclear receptor.
Thus, the utility of those two natural products as candidates for further development is
limiting. Using the T0901317 scaffold as a lead compound, Griffin el al. developed a
series of synthetic RORantagonists, including SR1001, SR2211, and SR1555
[11-13]. Littman et al. identified diphenylpropanamide derivativegure 1, ML209)

as ROR antagonists via quantitative high-throughput screening using a cell-based

RORy gene reporter assay [14]. Although significant progress has been made in
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developing ROR antagonists [15-17], the identification of novel, non-steroidal ROR

antagonists for therapeutic use still remains an urgent need.

In this study, we report the successful application of structure-based virtual screening
in novel ROR antagonist discovery. We screened a commercial small molecule
database with approximately 220,000 compounds that was provided by Specs Ltd.
Several non-steroidal compounds were identified as\R&@Ragonists in a biological
assay. Of these, the <4 hit compound bearing a
2-0xo-1,2-dihydrobenzo[cd]indole-6-sulfonamide scaffold was selected as a starting
point for further structural optimization. In total, 77 derivatives were designed,
synthesized or purchased, and these were assessed in a bioassay. Several derivatives
had better suppression of the ROBasal transcriptional activity than the starting
compounds4. The most potent compoundpg 8c, 8k, and8p inhibited ROR with

ICs0 values of 40-140 nM. Their RGRantagonism was 300-fold higher than the hit
compounds4. These compounds thus represent a promising starting point for
developing potent small molecule R@&ntagonist with the potential for treatment of

autoimmune diseases.

2. Resultsand discussion

2.1. Virtual screening

Structure-based virtual screening (SBVS) has been widely used in drug discovery.
There are several successful examples of SBVS, particularly in nuclear receptor
ligand discovery [18-20]. A schematic representation of the hit discovery strategy
used in this work is presented Fngure 2. In this study, SBVS was first performed

with the molecular docking program Glide, implemented in Schrodinger. After
hierarchical molecular docking, post-processing and expert inspection, 24 compounds
were selected based on their docking score, docking pose, hydrogen bond and
hydrophobic interaction characterizations. Candidates were purchased from Specs Ltd.

for further biological assay.



All of the selected compounds were assessed for their inhibitory activity using the
AlphaScreen biochemical assay, which is a widely used assay for assessing
ligand-dependent interactions between nuclear receptors and their co-regulators
[21-23]. In the present study, we monitored RORjand binding domain (LBD)
interactions with the fourth LXXLL motif of coactivator SRC1 (SRC1-4) in the
presence of the assessed compounds. Among the 24 moleSupgseentary

Figure S1, Table S1), 13 compounds demonstrated over 50% inhibition a0
concentration in the AlphaScreen ass8ypplementary Figure S2). Compounds4

was characterized by a completely new scaffétigyre 1), and it demonstrated
moderate antagonistic activity in the AlphaScreen assay §C0.27uM) and a
cell-based luciferase reporter gene assayp(#C11.84uM) (Supplementary Table

S2). To investigate the receptor-ligand interaction details, the binding mode was
predicted by molecular docking, as demonstrateBigure 3. In compounds4, the
carbonyl oxygen on the amide group forms a strong hydrogen bond with Arg367 of
helix H5, and the NH of the sulfonamide group forms a direct hydrogen bond with
Phe377. Ar-n interaction exists between the ligand and the phenyl group in region B
(Figure 1). These structure and interaction characterizations are common for nuclear
receptor ligands. The compound anchors to the hydrophobic LBD through some
conserved hydrogen bondgl was therefore selected as the starting point for further

structural optimization.

2.2. Chemistry
Compounds4 (Figure 1) features a 2-oxo-1,2-dihydrobenzo[cd]indole-6-sulfonamide

scaffold and was selected as a template for new yR&Ragonist optimization.
Considering the predicted interactions betws&and the residues in the RQRBD,

we kept the common benzo[cd]indol-2(1H)-one moiety and modified two regions of
this molecule to improve antagonistic activiidure 1). First, the hydrogen atom in
region A was replaced with an ethyl to explore whether a larger group was tolerable.
The amine group in region B was then replaced with different primary and secondary

amines to explore how shape, hydrophobicity, and flexibility affect potency.



A general procedure for the synthesis of the designed compdyrigs8) is outlined
in Scheme 1. The commercially available benzo[delisochromene-1,3-didhe (
reacted with PTSA in the presence of pyridine to produce compauwtiich was
then reacted with NaOH followed by HCI treatment to produce comp@.ind
Subsequently, compoun8 was reacted with ethyl iodide in DMF to produce
compound 4, and compound4 was then reacted with chlorosulfonic acid in
chloroform to obtain compoun8. Finally, the target compounds, (7, 8) were

obtained from the reactions of compoundith different amines.
OTs
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Scheme 1. Synthesis of 2-0x0-1,2-dihydrobenzo[cd]indole-6-sulfonamide derivatives.

Reagents and conditions: (a) MbH-HCI, pyridine, PTSA, 95 °C, 1 h; (b) (1) 2.7
mol/L NaOH, EtOH, HO, reflux, 3 h; (2) HCI, rt 30 min; (c) NaH 85I, DMF, 0 °C

to rt 3 h; (d) HSQCI, CHCE, 0 °C to 50 °C, 6.0 h; (e),”mH-R3, DMAP, TEA, DMF,

rt overnight or DIPEA, DCM, rt overnight or 2,6-lutidine, THF/acetone=1:1, 65 °C,
overnight or pyridine, rt overnight.

2.3. SAR study

Starting from the hit compounsd4, we purchased and synthesized 77 compounds.
First, we investigated the influence of different fused heterocyclic ring derivatives in a
protein-based AlphaScreen assay and a cell-based reporter gene assay. For the
cell-based reporter gene assay, we determined they R@f&criptional activity using

a widely used Gal4-driven promoter. We also assessed compounds for their
suppression of the transcriptional activity of the RQBporter gene that contained

the natural ROR response element (RORE), which was derived from the Purkinje cell
protein 2 gene (seexperimental section for details) [23]. Dose response curves for

T0901317 and compounds in this study are demonstrat8dpiplementary Figure
6



$4. For most compounds, the suppression effects of the basal transcriptional activity
for both ROR LBD and full length ROR are similar. As demonstrated Trable 1,
compound6a demonstrated 11-fold improved inhibition compared wsthin a
reporter gene assay, while adding one flexible carbon atom between the scaffold and
the fused heterocyclic ring completely abolished inhibitiéin, Gc, 6d, 6e vs. 6a).
Compound6f contained an isoquinoline group on the right side and demonstrated
significant improvement with an kgvalue of 0.1QuM. Naphthalene@gg), benzofuran

(6h), or indoline 6i) derivatives resulted in complete loss of RORhibition.

To further explore SAR, substituents with different rings that were linked by linkers
of various lengths were attached to sulfonamidable 2). Introduction of a
4-morpholinophenyl moiety increased RPpotency by more than 35-foldg vs. s4).

An ethyl substituent at the;Position did not greatly alter the potendp (vs. 7a),

while increasing linker flexibility by adding 3 carbon atoms to the morpholine group
resulted in a loss of inhibition7d vs. 7a). Modifying the substituent Rfrom
4-morpholinophenyl {a) to biphenyl-4-yl {e) also resulted in a loss of inhibition.
Introducing of a 3-morpholinophenyrfl to the R position completely abolished
inhibition, suggesting that the substituent position and hydrophobic properties are
critical for binding f vs. 7a). Similar to 7f, compounds/7g, 7h and 7i did not
demonstrate any inhibition. Interestingly, inserting an oxygen atom between biphenyl
groups dramatically improved R@Hnhibition and had an I§g of 0.14uM (7] vs.7e).

The compounds with relatively rigid diazer#) or amide {m) linkers demonstrated

moderate gains in cellular activity.

To investigate the spatial effect, smaller compounds were also obtained and assessed
for SAR analysis Table 3). There was a slight increase in inhibition with the
introduction of aert-butyl carbamate group at tineetaposition of the phenyl group
(8avs.s4), which was completely lost with a similar group attached to piperidine ring

at the R position 8b). An acetyl group attached to both the phenyl and piperidine

groups resulted in significant gains in cellular activity; however, an aromatic phenyl
7



group was preferred. Compou8f which has an acetyl group at thktho-position of

the phenyl group, was inactive, whisg and8c have an acetyl group at theeta or
para-position and were ranked as the most potent R&Ragonists. Modifying the
substituent from 3ert-butyl phenyl 8i) to 2-tert-butyl phenyl §) caused a loss of
inhibition. CompoundBk, which bears a 3,4-dimethoxybenzyl group, demonstrated
comparable activity t@&c and8g. Adding another substituent group at thepsition
resulted in similar inhibition8p vs. 8k). Adding one atom before the aromatic ring
resulted in a loss of inhibitior8ih, 8r, 8t, 8u), but adding small substituents, such as
a halogen atom, caused minor gains in activyy 8q and others not listed in this
table), which is presumably because of the disruption oftthetacking interaction

between the ligand and LBD residues.

To rationalize the SAR between these novel inhibitors and yR@#® investigated
ligand binding modes within the LBD using a molecular docking method. The crystal
structure demonstrated that digoxin bound in the ligand-binding pocket of QR
Three O atoms of digoxin made direct hydrogen bonds with Phe3p-6thand 1,
Arg367 in helix H5 and His479 in helix H11. Two O atoms of digoxin formed
hydrogen bonds via water molecules with Glu379 in loop s1-s2 and Val367 in the H5.
A recently reported crystal structure demonstrated that T0901317 (PDB code
4NB6.pdb) is bound in the R@Rigand-binding pocket. In the ligand binding pocket,
the phenyl-sulfonamide group on T0901317 forms a unigmestacking interaction

with Phe378, Phe388 and Phe401 [15]. In the present study, comgbuliectly

forms two hydrogen bonds with residues in the LBD. The carbonyl oxygen on the
amide forms a strong hydrogen bond with Arg367 of H5, while the NH of the
sulfonamide group makes a direct hydrogen bond with the carboxyl oxygen atom of
the Phe377 backbone. Strongr interactions also exist between the inhibitors and
Phe378, Phe388 and Phe401. All of the compounds presented here bear similar
structural characteristics but differ in shape and flexibility on the right side. The
predicted binding modes of the most potent compoungs,8c, 8k, 8p, are

demonstrated ifrigure 4 (seeSupplementary Figure S3 for other compounds). The
8



2-0x0-1,2-dihydrobenzo[cd]indole-6-sulfonamide moiety on the left side fits snugly
into the hydrophobic pocket, and the polar head forms a conserved hydrogen bond
with Arg367. This bulky group linked with a sulfonamide restrains the direction of the
Rs; group. The phenyl group close to the sulfonamide NH forms a sttang
interaction; however, the rigid substituent group connected to this phenyl group
reduces potency because of steric conflicts with 1le36,77¢, 7g). This phenyl group

is important for potency because of the stranginteraction, and two aromatic rings
linked with a flexible atom are able to maintain the potency of the compoikds (
7m, 7j). The compounds bearing a flexible linker with different carbon chain lengths
or piperidine rings lose inhibition in both the reporter gene assay and the
protein-based AlphaScreen assay, (7d, 8e, 8m, 8q, 8r, 8t, 8u and 7h, 8b). The

most potent and simple substitute is a small aromatic phenyl8gngk, 8p). Further
medicinal chemistry optimization should be performed with small or flexible

substituents on the right side or a small substituent on the left side.

3. Conclusion

In summary, we have discovered a new series of \R@Ragonists using a
structure-based virtual screening approach in conjunction with medicinal chemistry
optimization and biological evaluation. Based on the initial hit compadnd/7
derivatives were synthesized or purchased and assessed with the AlphaScreen assay
and the luciferase reporter gene assays. Of these, 20 derivatives demonstrated
remarkably improved activity; the most potent compounds, 8c, 8k, 8p,
demonstrated 300-fold improvement compared with compadndSAR analysis
demonstrated that changes ign dgRoup substituents critically influenced antagonistic
activity. Further left side structural optimization and in vivo studies are currently in

progress and will be reported in due course.

4. Experimental section
4.1. Molecular docking
The crystal structure of RGRN complex with the antagonist digoxin (PDB code:
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3BOW.pdb) was used as the reference structure in the docking study. Protein structure
preparation for docking studies included water deletion, hydrogen atom addition and
protonation state adjustment. All of the ligand and protein preparation were performed
in Maestro (version 9.4, Schrédinger, LLC, New York, NY, 2013) implemented in the
Schrodinger program (http://www.schrédinger.com). The Specs database subset with
nearly 220,000 compounds was selected and downloaded from the ZINC website
(http://zinc.docking.org) for virtual screening. In this study, structure-based virtual
screening was performed with the Glide molecular docking program (version 6.1,
Schrodinger, LLC, New York, NY, 2013) using the high-throughput virtual screening
(HTVS), Glide SP, and Glide XP modes. For all of the methods, glide docks flexible
ligands into a rigid receptor structure. Final ranking from the docking was based on
the docking score, which combines the Epik state penalty with the Glide Score. Glide
HTVS docking without using any constraints output the top 20,000 structures for next
step evaluation. Using hydrogen bond constraints with Arg367, Glide SP output 5000
structures based on the docking score. These 5000 structures were further evaluated
with Glide XP, and 115 compounds were kept according to their binding mode and
docking scores (lower than -9.0 kcal/mol). Finally, 24 compounds were selected and
purchased from Specs Ltd. for subsequent biological evaluaBigpplementary

Figure S1 and Table S1). For these compounds, which were obtained from the
substructure search or were optimized frefnmolecular docking was performed to

predict the plausible binding mode and binding affinity.

4.2. Substructure and similarity search
To obtain structurally similar compounds ® from the Specs database, a

substructure search or similarity search was performed using the Canvas module as
implemented in Schrodinger. Part &4 was used as a query structure, and 292
compounds were obtained; the resulting structures were clustered according to their
functional-class fingerprints using the hierarchical cluster protocol in Canvas. Of
these, 37 compounds were selected based on their Fpscreen score and structural

diversity, and they were then purchased from Specs Ltd.

4.3. Chemistry

The reagents were purchased from commercial sources and used without further
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purification. For the synthesized compounds described below, flash chromatography
was performed using silica gel (300-400 mesh). All of the reactions were monitored
by TLC using silica gel plates (fluorescence F254, UV ligh{fNMR spectra were
recorded on a Bruker AV-400 spectrometer at 400 MHz. Coupling consiamiere
expressed in hertz (Hz)3C-NMR spectra were recorded at 400 or 500 MHz.
Chemical shifts § were reported in parts per million (ppm) (using TMS as an
internal control). Signals were described as singlet (s), doublet (d), triplet (t), quartet
(q), multiplet (m), and broad (br). The low- or high-resolution mass spectra (LRMS
and HRMS) were measured on an Agilent 1200 HPLC-MSD mass spectrometer or an
Applied Biosystems Q-STAR Elite ESI-LC-MS/MS mass spectrometer, respectively.
(SeeSupplementary Figure S5 for *H-NMR and®™C-NMR spectra of compound,

7a, 7k, 8a, 8c, 8i, 8k and8s).

4.3.1. 1,3-dioxo-2,3-dihydro-1H-phenalen-2-yl 4-methylbenzenesulf@)ate (

To a solution of compound (11.9 g, 60 mmol) in pyridine (70 mL) was added
hydroxylamine hydrochloride (4.18 g, 60 mmol). The reaction mixture was heated to
reflex temperature for 1 h followed by cooling to 80 °C. Powdered p-toluenesulfonyl
chloride (22.9 g, 120 mmol) was added to the system mixture refluxed for 1 h. After
cooling to room temperature, the reaction mixture was poured into ice water (1000
mL) and stirred to precipitate crystals. The precipitate was filtered and rinsed with
additional cool water (100 mL) and saturated NaH@ODO mL) to give the title
compound (17.2 g, 78% yield). The compound was used for the next step without
further purification. MS (ESI), m/z for H140sS ([M + HJ"): Calcd 366.06, found
367.0.

4.3.2. Benzo[cd]indol-2(1H)-on&).

To a solution of compoun® (17.2 g, 47 mmol) in ethanol (50 mL) and water (40 mL)
was added an aqueous solution of sodium hydroxide (2.7 mol/L, 60 mL) at room
temperature. The mixture was heated to reflux temperature for 3 h while distilling the
ethanol. After the reaction was completed, the reaction mixture was cooled to 75 °C,

concentrated hydrochloric acid was added dropwise, and a yellow precipitate was
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formed. Then, the mixture was further cooled. The precipitate was collected by
filtration and washed with water (100 mLx2). The resulting crude product was
purified by silica gel chromatography with dichloromethane to give the title product
as a yellow solid (6.65 g, 82%). MS (ESI), m/z foplGNO (M + H]"): Calcd
169.05, found 170.0.

4.3.3. 1-ethylbenzo[cd]indol-2(1H)-oné)(

Compound3 (6.65 g, 39 mmol) and sodium hydride (2.81 g, 117 mmol) were
dissolved in DMF (100 mL) and cooled to 0 °C. Ethyl iodide (7.33 g, 47 mmol) was
added dropwise. The reaction mixture was stirred at 0 °C for approximately 0.5 h. The
cooling bath was removed, and the reaction mixture was stirred at room temperature.
TLC demonstrated that the reaction was complete, and ice water (200 mL) was added.
The reaction mixture was extracted with ethyl acetate (150 mLx2). The organic layer
was washed with brine and dried over,8@,. The solid was filteredff, and the

filtrate was concentrated under reduced pressure. The resulting crude product was
purified by silica gel chromatography with petroleum ether/ethyl acetate (10/1, v/v) to
yield the title product as a yellow oil (6.46 g, 84%). MS (ESI), m/z fgGNO ([M

+ H]*): Calcd 197.08, found 198.0.

4.3.4. 1-ethyl-2-ox0-1,2-dihydrobenzo[cd]indole-6-sulfonyl chlorie (

To a solution of compound (6.46 g, 33 mmol) in chloroform (100 mL) was added
chlorosulfonic (11.5 g, 99 mmol) dropwise at 0 °C for 10 min. The reaction mixture
was heated at 50 °C for 6 h. The mixture was then poured into ice water. The reaction
mixture was extracted with DCM (150 mLx2). The organic layas washed with

brine and dried over N&QO,. The solid was filteredoff, and the filtrate was
concentrated under reduced pressure. The resulting crude product was purified by
silica gel chromatography with petroleum ether/ethyl acetate (5/1, v/v) to yield the
title product as a yellow solid (5.75 g, 59%). MS (ESI), m/z faH&CINOsS (M +

H]™): Calcd 295.01, found 296.0.
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4.3.5. 1l-ethyl-N-(isoquinolin#yl)-2-oxo-1,2-dihydrobenzo[cd]indole-6-sulfonamide
(6f).

A reaction mixture of compounsl (70 mg, 0.237 mmol) and isoquinolin-7-amine (68
mg, 0.473 mmol) in pyridine (4 mL) was stirred at room temperature overnight. Water

was added, the aqueous layer was extracted with ethyl acetate (50 mLx3), and the

organic layer was washed with water and brine, dried wit68&aand evaporated.

The residue was purified by silica gel chromatography with petroleum ether/ethyl

acetate (2/1, v/v) to afforif (76 mg, 96%) as a yellow soltH-NMR (400 MHz,
DMSO-dg) & 11.04 (s, 1H, S@NH), 9.15 (s, 1H, 8-H), 8.74 (d,= 8.4 Hz, 1H, 5-H),

8.32 (d,J = 5.6 Hz, 1H, 7-H), 8.29 (d,= 8.0 Hz, 1H, Ar-H), 8.09 (d] = 7.2 Hz, 1H,

3-H), 7.93 (t,J = 7.6 Hz, 1H, 4-H), 7.78 (dl = 8.8 Hz, 1H, Ar -H), 7.72 (s, 1H, Ar

-H), 7.62 (d,J = 6.0 Hz, 1H, Ar -H), 7.47 (d] = 9.2 Hz, 1H, Ar -H), 7.23 (d] = 8.0

Hz, 1H, 8-H), 3.84 (q) = 7.2 Hz, 2H, CH)), 1.18 (t,J = 7.2 Hz, 3H, Ch). *C-NMR

(500 MHz, DMSO€dg) 6 167.57, 152.46, 144.42, 142.79, 137.32, 134.77, 132.63,

131.69, 129.91, 129.39, 128.90, 128.22, 126.98, 126.17, 125.76, 124.84, 124.80,

120.78, 114.67, 104.85, 35.50, 14.47. MS (ESI), m/z f8HGN3OsS (M - HI):

Calcd 403.45, found 402.0.

4.3.6.
1-ethyl-N-(4"-morpholinophenyl)-2-oxo-1,2-dihydrobenzo[cd]indole-6-sulfonamide

(7a).

To a solution of compounsl (100 mg, 0.338 mmol) and 4-morpholinoaniline (84 mg,
0.473 mmol) in THF (10 mL) and acetone (10 mL) was added 2,6-lutidine (1 mL),
and the reaction mixture was stirred at room temperature overnight. Water was added,
and the aqueous layer was extracted with ethyl acetate (50 mLx3). The organic layer
was washed with brine, dried with )80, and evaporated. The residue was purified

by silica gel chromatography with petroleum ether/ethyl acetate (2/1, v/v) to @#ford

(79 mg, 53%) as a yellow solidH-NMR (400 MHz, DMSOds) & 10.08(s, 1H,
SO:NH), 8.65 (d,J = 8.4 Hz, 1H, 5-H), 8.11 (dl = 6.8 Hz, 1H, 7-H), 8.00 (dl= 7.6

Hz, 1H, 3-H), 7.86 (t) = 8.4 Hz, 1H, 4-H), 7.20 (d= 7.6 Hz, 1H, 8-H), 6.87 (d} =
13



8.8 Hz, 2H, Ar-H), 6.70 (d] = 9.2 Hz, 2H, Ar-H), 3.87 (q] = 6.8 Hz, 2H, Ch), 3.62
(m, 4H, 2-H), 2.91 (m, 4H, 3H), 1.22 (t,J = 7.2 Hz, 3H, Ch). *C-NMR (500 MHz,
DMSO-ds) 5 167.63, 149.16, 143.91, 133.95, 131.34, 130.31, 129.54, 129.20, 126.88,

126.02, 125.65, 125.06, 123.45, 116.39, 104.90, 66.88, 49.32, 35.51, 14.54. MS (ESI),
m/z for G3H23N304S ([M - H]): Calcd 437.51, found 436.0.

4.3.7.
(E)-1-ethyl-2-ox0-N-(4"-(phenyldiazenyl)phenyl)-1,2-dihydrobenzo[cd]indole-6-sulfo
namide Tk).

A reaction mixture of compounsl (70 mg, 0.237 mmol) and (E)-4- (phenyldiazenyl)
aniline (111 mg, 0.473 mmol) in pyridine (4 mL) was stirred at room temperature
overnight. Water was added, and the aqueous layer was extracted with ethyl acetate
(50 mLx3). The organic layer was washed with water and brine, dried wiBQNa

and evaporated. The residue was purified by silica gel chromatography with
petroleum ether/ethyl acetate (2/1, v/v) to affékd(51 mg, 47%) as a yellow solid.
'H-NMR (400 MHz, DMSOdg) 5 11.10 (s, 1H, SENH), 8.74 (d,J = 8.4 Hz, 1H,

5-H), 8.26 (dJ = 7.6 Hz, 1H, 7-H), 8.11 (d, = 7.2 Hz, 1H, 3-H), 7.95 (§ = 7.8 Hz,

1H, 4-H), 7.73 (mJ = 9.0 Hz, 4H, 8-H, Ar-H), 7.50 (m, 3H, Ar-H), 7.27 (m, 3H,
Ar-H), 3.86 (g,J = 7.2 Hz, 2H, Ch), 1.20 (t,J = 7.2 Hz, 3H, Ch). **C NMR (500

MHz, DMSO-g) 6 167.30, 152.77, 148.68, 144.24, 141.25, 134.04, 131.51, 131.26,
129.82, 129.65, 128.57, 126.78, 125.67, 124.32, 122.78, 119.86, 104.41, 35.28, 14.00.
MS (ESI), m/z for GsH2oN4O3S ([M - H]): Calcd 456.52, found 455.1.

4.3.8.
Tert-butyl(3"-(1-ethyl-2-oxo-1,2-dihydrobenzo|[cd]indole-6-sulfonamido)phenyl)carba
mate 8a).

To a solution of compoun8 (60 mg, 0.203 mmol), DAMP (5 mg, 0.041 mmol) and
tert-butyl(3-aminophenyl)carbamate (85 mg, 0.406 mmol) in DMF (10 mL) was

added TEA (0.08 mL, 0.61 mmol), and the reaction mixture was stirred at room
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temperature overnight. Water was added, and the aqueous layer was extracted with
ethyl acetate (50 mLx3). The organic layer was washed with brine, dried wBONa

and evaporated. The residue was purified by silica gel chromatography with
petroleum ether/ethyl acetate (5/1, v/v) to affBad55.3 mg, 58%) as a yellow solid.
'H-NMR (400 MHz, CDC}) 5 8.58 (d,J = 8.4 Hz, 1H, 5-H), 8.17 (d} = 8.0 Hz, 1H,

7-H), 8.00 (dJ = 7.2 Hz, 1H, 3-H), 7.68 (1 = 7.6 Hz, 1H, 4-H), 7.17 (s, 1H, 2"-H),

7.01 (m, 2H, 8-H, 5°-H), 6.83 (d, = 7.6 Hz, 1H, Ar-H), 6.73 (d) = 7.2 Hz, 1H,

Ar-H), 6.63 (s, 1H, CONH), 3.91 (g} = 7.0 Hz, 2H, CH), 1.43 (s, 9H, C(CH),

1.25 (t,J = 7.0 Hz, 3H, CH). *C-NMR (400 MHz, DMSOds) 5 167.66, 153.44,
144.16, 141.12, 138.83, 134.48, 131.51, 130.20, 130.03, 128.83, 126.96, 126.07,
125.76, 124.96, 114.38, 113.77, 109.99, 104.84, 79.98, 35.52, 28.97, 14.54. MS (ESI),
m/z for G4H2sN30sS ([M - H]): Calcd 467.15, found 466.1.

4.3.9. N-(4"-acetylphenyl)-1-ethyl-2-ox0-1,2-dihydrobenzo[cd]indole-6-sulfonamide
(8c).

To a solution of compoun8d (100 mg, 0.338 mmol) and 1-(4-aminophenyl) ethanone
(64 mg, 0.473 mmol) in THF (10 mL) and 10 mL acetone (10 mL), and the reaction
mixture was stirred at room temperature overnight. Water was added, and the aqueous
layer was extracted with ethyl acetate (50 mLx3). The organic layer was washed with
brine, dried with NgSO, and evaporated. The residue was purified by silica gel
chromatography with petroleum ether/ethyl acetate (5/1, v/v) to afor(®0 mg,

67%) as a yellow solidH-NMR (400 MHz, DMSO#€l) 5 10.82 (s, 1H, SEH), 8.69

(d, J= 8.4 Hz, 1H, 5-H), 8.19 (d = 7.6 Hz, 1H, 7-H), 8.09 (d = 7.2 Hz, 1H, 3-H),

7.94 (t,J=8.0 Hz, 1H, 4-H), 7.57 (m, 2H, 3"-H, 5"-H), 7.31 Jd; 5.6 Hz, 2H, 2"-H,

6"-H), 7.25 (d,J = 7.6 Hz, 1H, 8-H), 3.86 (q] = 6.8 Hz, 2H, CH), 2.43 (s, 3H,
COCH), 1.22 (t,J = 6.8 Hz, 3H, CH). *C-NMR (400 MHz, DMSOd;) & 197.57,
167.30, 144.12, 138.69, 138.44, 133.81, 131.15, 130.07, 129.73, 128.68, 126.73,
125.63, 124.76, 124.55, 124.37, 119.28, 104.38, 35.26, 26.95, 13.98. MS (ESI), m/z
for Co1H18N204S ([M - H]): Calcd 394.1, found 393.0.
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4.3.10.
N-(2"-(tert-butyl)phenyl)-1-ethyl-2-oxo-1,2-dihydrobenzo[cd]indole-6-sulfonamide

(8i).

A reaction mixture of compoun8l (100 mg, 0.338 mmol) and 2-(tert-butyl) aniline

(92 mg, 0.617 mmol) in pyridine (4 mL) was stirred at room temperature overnight.
Water was added, and the aqueous layer was extracted with ethyl acetate (50 mLx3).
The organic layer was washed with water and brine, dried witsS®laand
evaporated. The residue was purified by silica gel chromatography with petroleum
ether/ethyl acetate (5/1, v/v) to affoéil (50 mg, 36%) as a yellow soltH-NMR

(400 MHz, DMSO#dg) 6 9.37(s, 1H, SeNH), 8.76 (d,J=8.4 Hz, 1H, 5-H), 8.21 (dl

= 7.2 Hz, 1H, 7-H), 8.05 (dl = 7.6 Hz, 1H, 3-H), 7.94 (] = 8.0 Hz, 1H, 4-H), 7.44
(d,J=8.0 Hz, 1H, 8-H), 7.32 (&= 7.6 Hz, 1H, Ar-H), 7.15 (1) = 7.6 Hz, 1H Ar-H),

6.90 (t,J = 7.6 Hz, 1H, Ar-H), 6.36 (d] = 7.6 Hz, 1H, Ar-H), 3.97 (g] = 7.2 Hz, 2H,

CHy), 1.45 (s, 9H, C(CH)), 1.29 (t,J = 7.2 Hz, 3H, CH). *C-NMR (400 MHz,
DMSO-ds) 6 167.48, 148.58, 143.62, 134.99, 132.94, 131.90, 130.79, 130.72, 129.92,
128.31, 127.92, 126.72, 126.65, 125.71, 125.52, 124.96, 104.59, 35.90, 35.31, 32.28,
14.05. MS (ESI), m/z for £H24N203S ([M - H]): Calcd 408.15, found 407.1.

4.3.11.
N-(3",4"-dimethoxyphenyl)-1-ethyl-2-oxo-1,2-dihydrobenzo[cd]indole-6-sulfonamide
(8Kk).

To a solution of compound (70 mg, 0.237 mmol), DAMP (6 mg, 0.047 mmol) and
3,4-dimethoxyaniline (73 mg, 0.473 mmol) in DMF (10 mL) was added TEA (0.1 mL,
0.71 mmol), and the reaction mixture was stirred at room temperature overnight.
Water was added, and the aqueous layer was extracted with ethyl acetate (50 mLx3).
The organic layer was washed with brine, dried withS@ and evaporated. The
residue was purified by silica gel chromatography with petroleum ether/ethyl acetate
(5/1, vIV) to afford8k (47.6 mg, 49%) as a yellow soliti-NMR (400 MHz, CDC})

8 8.55 (d,J = 8.4 Hz, 1H, 5-H), 8.04 (1] = 3.6 Hz, 2H, 7-H, 3-H), 7.72 (§,= 7.4 Hz,

1H, 4-H), 6.82 (dJ = 7.6 Hz, 1H, 8-H), 6.64 (s, 1H, 2'-H), 6.55 (= 8.8 Hz, 1H,
16



5-H), 6.41 (d,J = 8.4 Hz, 1H, 6"-H), 3.93 (q] = 7.0 Hz, 2H, Ch), 3.73 (s, 3H,
OCH,), 3.65 (s, 3H, OCH), 1.24 (t,J = 7.0 Hz, 3H, Ch). *C-NMR (400 MHz,
DMSO-0g) 6 167.39, 149.74, 147.09, 143.83, 133.68, 131.20, 130.98, 130.08, 129.12,
126.70, 125.58, 125.00, 114.47, 113.56, 104.49, 56.61, 56.29, 35.29, 14.08. MS (ESI),
m/z for G1H20N20sS ([M - H]): Calcd 412.46, found 411.1.

4.3.12.
N-(2",5"-dichlorobenzyl)-1-ethyl-2-oxo-1,2-dihydrobenzo[cd]indole-6-sulfonamide

(8s).

To a solution of compound (100 mg, 0.338 mmol) and (2,5-dichlorophenyl)
methanamine (72 mg, 0.409 mmol) in DCM (10 mL) was added DIPEA (1 mL), and
the reaction mixture was stirred at room temperature overnight. Water was added, and
the agueous layer was extracted with ethyl acetate (50 mLx3). The organic layer was
washed with brine, dried with N8O, and evaporated. The residue was purified by
silica gel chromatography with petroleum ether/ethyl acetate (3/1, v/v) to &$ord

(32 mg, 21%) as a yellow solitH-NMR (400 MHz, DMSOd) 6 8.68 (d,J = 8.4 Hz,

1H, 5-H), 8.28 (tJ = 5.2 Hz, 1H, 7-H), 8.11 (m, 1H, 3-H), 7.88 Jt= 8.0 Hz, 1H,

4-H), 7.26 (d,J = 7.6 Hz, 1H, 8-H), 7.19 (d] = 7.2 Hz, 2H, Ar-H), 7.13 (m, 1H,
Ar-H), 4.25 (d,J = 5.2 Hz, 2H, ArCH) , 3.93 (q,J = 7.2 Hz, 2H, CH), 1.27 (tJ =

7.2 Hz, 3H, CH). *C-NMR (400 MHz, DMSOsdg) 5 167.48, 143.54, 135.99, 133.09,
132.42, 130.72, 130.57, 130.50, 128.83, 126.53, 125.40, 124.97, 104.32, 42.20, 35.25,
14.13. MS (ESI), m/z for £H16CI:N2O3S ([M - H]): Calcd 434.03, found 433.0.

4.4. Biological assays

4.4.1. Protein and peptide preparation

The human RORLBD (residues 262-507) was expressed as a His6-fusion protein
using the pET24a expression vector (Novagen, Madison, WI) as described in
reference [23]. BL21 (DE3) cells that were transformed with this expression plasmid
were grown in LB broth at 25 °C until an @ of approximately 1.0 was reached,

and the cells were then induced with 0.1 mM isoprdpkl-1-thiogalactopyranoside
17



(IPTG) at 16 °C overnight. Cells were harvested, resuspended, and high-pressure
homogenized in 200 mL of extract buffer (20 mM Tris (pH 8.0), 500 mM NacCl, 10%
glycerol, and 25 mM imidazole) per 6 liters of cells. The lysate was centrifuged at
20,000 rpm for 30 min, and the supernatant was loaded onto a 5-ml-Mi&i{2d
HisTrap HP column (GE Healthcare, Piscataway, NJ). The column was washed with
extract buffer, and the protein was eluted with a 25-500 mM imidazole gradient. A
gel filtration column (HiLoad S75, 16/60, GE Healthcare) was used for a second

purification.

4.4.2. AlphaScr een assays

Interactions between RQ@Rand ligands were assessed by luminescence-based
AlphaScreen technology (Perkin Elmer) as previously described in [22-25] using a
histidine detection kit from PerkinElmer (Norwalk, CT). All of the reactions
contained 100 nM receptor LBD bound to nickel acceptor beagg/(BL) and 20

nM biotinylated SRC1-4 peptide bound to streptavidin donor beadg/(L) in the
presence or absence of the indicated amounts of control compounds T0901317, UA,
SR2211, or candidate compounds. The N-terminal biotinylated coactivator peptide
SRC1-4 sequence was QKPTSGPQTPQAQQKSLLQQLLTE. Compound

concentrations varied from 150 nM to 200 in the dose-response assay.

4.4.3. Transient transfection assays

293T cells were maintained in DMEM containing 10% fetal bovine serum (FBS).
Cells were transiently transfected in Opti-MEM using Lipofectamine 2000
(Invitrogen), according to the manufacturer’s protocol. The 96-well plates were plated
24 h prior to transfection (15000 cells per well). For all of the experiments, each well
of cells was transfected in Opti-MEM with 25 ng of reporter plasmids and 5 ng of
Renilla luciferase expression plasmids. For Gal4-driven reporter assays, the cells were
transfected with 25 ng of Gal4-R@RBD (residues 262-507) and 25 ng of pG5Luc
reporter. For native promoter reporter assays, the cells were co-transfected with the

Pcp2/RORE-Luc reporter along with the plasmids encoding full-lengthyRORe
18



cells were then transfected with the indicated expression and reporter plasmids. The
media was changed 24 h after transfection, and the compounds were added. Cells
were incubated for another 24 h followed by harvesting for a luciferase assay using
the dual-luciferase reporter assay system (Promega). Luciferase data were normalized
to Renilla luciferase data, which was used as an internal transfection control. All of
the assays were performed in triplicate, and the standard deviations were calculated

using the triplicates.
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FigureLegends

Figure 1. Selected examples of known R@&ntagonists as disclosed in the literature
and ROR virtual screening hit).

Figure 2. Schematic representation of the virtual screening workflow used foyROR
ligand discovery in this study.

Figure 3. 3D (A) and 2D (B) schematic presentation of the predicted binding mode of
s in the ROR ligand binding pocket.

Figure 4. 3D presentatiorof the predicted binding modes df (A), 8c (B), 8k (C),

8p (D) in the ROR ligand binding pocket.

Table 1. SAR of the sulfonamide with a fused heterocyclic ring.

Table 2. SAR of the sulfonamide with multiple ring substituents.

Table 3. SAR of the sulfonamide with a single ring substituent.
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Figure 1. Selected examples of known R@&ntagonists disclosed in the literature
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Figure 2. Schematic representation of the virtual screening workflow used foyROR
ligand discovery in this study.
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Table 1. SAR of the sulfonamide with a fused heterocyclic ring.

O b N 3
S\\/ "R
N- g

R]

Luciferase Alphascreen
Gal4-ROR-LBD full-length-RO RORy-LBD
Cmpd R R Rs W a 9 2 R{ RY
ICs0 (1M) ICs0(1M) ICao(uM)°
(Yomax inhibition) (%max inhibition) >0
T1317 0.54 (82) 3.5 (76) 2.50 + 0.87
UA 0.13 (76) 1.06 (63) 9.41+1.07
SR2211 0.43 (79) 0.42 (44) 3.54+0.01
< O,
s4 H H \Qﬁj 11.84 (79) 7.56 (62) 20.27 + 6.26
o
/\rs
ga* Et H [ o 0.93 (60) 1.35 (45) 6.72 + 0.89
—
< K
6b Et H L (10) (10) i
|
< R
6c Et H L@@L 1.21 (32) 12.76 (34) -
< MNNH
6d Et H Lb (30) (20) -
< N
6e Et H <101 (20) (40) -
7
6f Et H C@ 0.10 (70) 0.15 (72) 17.52 + 4.07
=
6g* Et H / (40) (10) 14.09 + 2.07
< o,
6h* H H { (10) (20) 23.77+4.35
\/\/‘O ©
A
6i Et H @f)z (40) (40) 52.26 +4.21
(o]

% Inhibition of constitutive activity of RORby tested compounds.
®Inhibition of ROR LBD recruitment of the SRC1-4 coactivator peptide.
" Denotes compounds from similarity/substructure search.

3



Table 2. SAR of the sulfonamide with multiple ring substituents.

Luciferase Alphascreen
Gal4-ROR-LBD full-length-RO RORy-LBD

Cmpd Ri R> R3 Ic I?(/l 2 Ic g V)2 R/ RY
s0 (M) s0(LM) |C50(HM)b

(%max inhibition)  (Yemax inhibition)

A

7a  Et H \@O 0.34 (60) 0.55 (71) 12.15 +0.05
o]

P
7b* H H OD 0.30 (64) 0.41 (54) 48.42 +2.93
7c  Et H /\”NOO 0.35 (63) 0.29 (63) -

e
7d  Et H Y (10) (30) -

—/

A
7e* H H J ) (20) (40) 5.93 +0.07

e
7t Et H (53) (58) -

AP -
79" Et H f@ (10) (20) :
h Bt H OO (50) (50) .

P O,
7i Et H (20) (30) 156.30 + 8.7
7* H H /W@L e 0.14 (70) 0.15 (60) 3.09+0.71

O

e
7k Et H UO 0.20 (59) 0.2 (54) 6.05 + 1.09
m* H H 0*7@ 0.38 (65) 0.18 (60) 8.35 + 0.45

% Inhibition of constitutive activity of RORby tested compounds.
®Inhibition of ROR LBD recruitment of the SRC1-4 coactivator peptide.
" Denotes compounds from similarity/substructure search.



Table 3. SAR of the sulfonamide with a single ring substituent.

Luciferase Alphascreen
Gal4-ROR-LBD  full-length-RO RORy-LBD
Cmpd R; R> Rs il a 2 a il i
ICs0 (UM) ICs0(uM) ICso (uM)"
(%max inhibition)  (%max inhibition) %0
8a Et H /{}}(}L 2.51 (79) 3.39 (80) 7.04 +1.20
A
8b Et H UT* (50) : 4
e
8c Et H ©\f 0.04 (75) 0.05 (64) 70.14 + 4.39
Pl
8d Et H \ONY 0.27 (44) 0.09 (73) -
o]
8e Et H /LCMO 6.03 (44) 0.59 (27) -
P Q,
8 Et H 6 (10) (30) -
89 Et H 4@*«» 0.01 (67) 0.04 (62) -
< o
g8h* Et H ONJ\ 0.32 (65) 0.09 (67) 89.76 + 1.27
H
e
8i Et H CgL 4.90 (70) 9.98 (65) 18.98 +3.71
8 Et H /\©)< (10) (20) 13.22£3.21
A
8k Et H W@(Zj 0.05 (72) 0.02 (71) 20.10 +1.53
sm Et H g (30) (30) 174.40
o]
8n* Et H Py 10 10 -
9en (10) (10)
X
8p* Et />,—<\j \@O/ 0.09 (70) 0.08 (55) 6.47 + 0.84
89 Et H /\,EN{j 2.57 (62) 0.41 (67) -
CF3
g Bt H D (40) (40) ]
Cl
8 Et H X 0.13 (66 1.08 (53 31.61+2.14
QO (66) (53)
Cl
8t Et H 1@ (40) (50) -



s8u  Et H QQ (30) (40)

cl

% Inhibition of constitutive activity of RORby tested compounds.
®Inhibition of RORy LBD recruitment of the SRC1-4 coactivator peptide.
" Denotes compounds from similarity/substructure search.
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Supplementary Table 1.Supplier information, Glide XP GScores, and ranking for
each of the tested compounds.

Compound SPECS ID XP-GScore Ranking MW AlogP
sl AR-318/42871695 -9.09 23 364.80 2.94
s2 AK-968/15254261 -9.06 24 457.93 3.96
s3 AG-205/11218162 -10.54 4 559.41 5.35
s4 AG-690/15438001 -9.29 15 460.50 3.37
s5 AN-919/40868728 -9.26 18 565.66 4.15
s6 AG-690/40751044 -10.67 2 539.57 5.45
s7 AK-968/41170314 -9.96 8 531.51 5.10
s8 AH-487/42145080 -9.18 20 492.57 3.36
s9 AN-989/40872722 -10.61 3 540.49 2.34

s10 AK-968/40642622 -9.61 10 380.82 3.82
s11 AK-968/40709644 -9.37 13 406.84 2.90
s12 AN-329/10088022 -9.12 22 480.55 6.95
s13 AO-476/43362644 -9.15 21 463.96 3.00
sl4 AN-919/41152740 -9.51 12 582.65 3.25
s15 AN-465/41377374 -9.27 17 378.79 3.43
s16 AN-919/41439252 -9.35 14 472.62 4.06
s17 AF-399/41692703 -9.80 9 590.67 2.70
s18 AG-650/41069241 -10.35 6 456.40 0.53
s19 AO-022/43453007 -9.29 16 450.89 3.37
s20 AO-022/43454460 -10.43 5 476.50 3.65
s21 AN-465/42784379 -10.73 1 430.95 4.18
s22 AN-465/43369996 -10.08 7 390.88 3.51
s23 AP-970/42224548 -9.58 11 418.31 5.07

s24 AQ-390/43363961 -9.24 19 431.49 1.54




Supplementary Table 2.Suppression of constitutive activity of R@QRy virtually
screened compounds and reference ligands.

Alphascreen Luciferase
Cmpd RORy-LBD Gal4-ROR-LBD full-length-RORy
ICsq Inhibitory rate at  1Csg Inhibitory rate at
1Cs0(1uM)

(nM) 10uM(%) (1M) 10uM(%)
T1317 2.50+0.87 0.54 82 3.50 76
UA 9.41 £1.07 0.13 76 1.06 63
SR2211 3.54 +0.01 0.43 79 0.42 44
sl — — <10 — <10
s2 56.64+7.74 <30 <10
s3 — — <10 — <10

s4 20.27+6.26 11.84 79 7.56 77
sb 11.14+0.24 — <40 S <20
s6 11.64+1.19 — <20 — <10
s7 — — <10 — <10
s8 15.17+0.77 — <20 — <10
s9 2.44+0.56 — <30 — <20
s10 168.27+8.11 — <10 — <10
sl11 81.69+8.31 — <20 — <10
sl12 37.54+1.41 — <10 — <10
s13 — — <30 — <30
sl4 46.87+9.37 — <30 — <10
s15 — — <20 — <10
sl16 18.27+0.34 — <10 — <10
s17 142.21+8.48 — <10 — <10
s18 — — <10 — <10
s19 9.05+2.00 — <10 — <10
s20 — — <10 — <10
s21 — — <10 — <10
s22 — — <10 — <10
s23 — — <10 — <10

s24 — — <50 5.15 42




Supplementary Figure S1.2D structures of the first round hit compounds from

virtual screening.
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Supplementary Figure S2:Single point activity result for the screened compounds at
50 uM using the AlphaScreen assay.
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Supplementary Figure S3:Predicted binding modes of additional ligands with the
RORy LBD. (A) RORy-6a, (B) RORy-6d, (C) ROR-7a, (D) RORy-7k, (E)
RORy-7m, (F) ROR-8g.




Supplementary Figure S4:Dose-response curves for suppression of constitutive
activity of RORy by T1317,7j, 8c, 8k, and8p in the AlphaScreen and reporter gene
assays. Demonstrated curves are from one of the three experiments. For the
Alphascreen assay, the sifCvalues were 2.01, 3.59, 73.25, 5.88J; for
Gal4-RORLBD, the IG, values were 0.54, 0.14, 0.04, 0.05, 0.08; and for full

length ROR, the 1G values were 3.5, 0.15, 0.05, 0.02, and @&8espectively.
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Supplementary Figure S5:"H-NMR and**C-NMR spectra of compound, 7a, 7k,
8a, 8¢, 8i, 8k, and8s
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1-ethyl-N-(4"-morpholinophenyl)-2-oxo-1,2-dihydrobenzo[cd]indole-6-sulfonamide
(7a).
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(E)-1-ethyl-2-oxo-N-(4"-(phenyldiazenyl)phenyl)-1,2-dihydrobenzo[cd]indole-6-sulfo
namideyk).
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Tert-butyl(3"-(1-ethyl-2-ox0-1,2-dihydrobenzo[cd]indole-6-sulfonamido)phenyl)carba
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N-(4"-acetylphenyl)-1-ethyl-2-o0x0-1,2-dihydrobenzo[cd]indole-6-sulfona@djie
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N-(2"-(tert-butyl)phenyl)-1-ethyl-2-oxo-1,2-dihydrobenzo[cd]indole-6-sulfonamide
(8i).
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N-(3",4"dimethoxyphenyl)-1-ethyl-2-oxo-1,2-dihydrobenzo[cd]indole-6-sulfonamide
(8K).
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N-(2°,5 -dichlorobenzyl)-1-ethyl-2-oxo-1,2-dihydrobenzo[cd]indole-6-sulfonamide
(8s).
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