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Abstract

Retinoid-related orphan receptor gamma-t (RORyt) belongs to the nuclear receptor
superfamily that takes vital roles in the development and maturation of T-helper 17
cell (Th17) and lymph-node genesis. Because Th17 cells have been proved to be
major effectors in human autoimmune and inflammatory diseases, the agonists and
antagonists of RORyt have been discovered as promising leads for the therapeutics of
these diseases. Most of the current studies of RORyt inhibitors have been focused on
ligand binding domain (LBD) of RORYt because the structure and binding pockets of
LBD have been elucidated and studied in detail. Recent research elucidated that the
hinge domain (HD) of RORyt was significantly involved in the SUMOylation of
RORyt and thus specifically affecting T cell development but not lymph-node genesis.
These discoveries highlighted the potential of HD of RORyt as the target of RORyt
inhibitors that could specifically inhibit Thl7-related activities without affecting
lymph-node genesis. In this study, we utilized a screening system with full-length
RORyt including DBD, HD and LBD to evaluate the activities of a synthesized library
of tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine derivatives. We identified a potent
lead compound (28) that effectively inhibited Th17 cell differentiation. Docking and
structure-activity relationship (SAR) studies showed that compound 28 may not bind
in the binding pocket as most of the known inhibitors, but may bind in the pocket

closed to GIn223 and Leu244 in HD. Our studies showed evidence that the HD of



RORyt could afford a binding pocket for Th17 specific inhibitors and this domain

should be further studied to discover potent and specific RORyt inhibitors.

1. Introduction

Retinoid-related orphan receptor gamma-t (RORyt) is a crucial transcription factor
for the regulations of differentiation of the Th17 subset of helper T cells [1-3]. RORyt
has been studied as a promising target to develop therapeutics for autoimmune
inflammation diseases including multiple sclerosis (MS) and psoriasis because Th17
cells take important roles in these diseases [3-10]. Based on the wealth of structural
and biological data of RORyt LBD, many modulators targeting RORyt LBD have
been discovered and some of them have been in the clinical trials [11-22]. The
binding pockets of these modulators mainly belong to two categories: the digoxin
binding site and the pocket closed to H12 [23-26]. The modulators binding in the
digoxin site mostly could compete with digoxin and showed inhibitory effect [23].
The modulators targeting the second binding site could work as agonists or
antagonists according to their specific interactions with the key amino acid residues of
LBD [25]. An allosteric binding site of RORyt binding closed to H12 in LBD has also

been discovered [27].

Besides the function to modulate Th17 cell differentiation, RORyt also plays vital
roles in thymocyte development and lymph-node genesis, which have been showed to

be related with the side effects of some RORyt inhibitors [28-31]. The ideal RORyt
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inhibitors should only be active to inhibit Th17 cell differentiation without affecting
the thymocyte development. Recent studies discovered that the mutations of key
amino acid residues on HD of RORyt, such as serine at position 92 and leucine at
position 93, abolished RORyt’s function in Th17 differentiation but not in thymocyte
development [32, 33]. These results indicated that the HD could be a target to
modulate only Th17-related functions of RORyt. Herein, we designed and synthesized
a library consisted of tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine derivatives and
evaluated their activities with a screening system composed by full-length RORyt
protein including LBD, HD and DBDJ[34, 35]. Then the inhibitory activities of the hit
compounds on Th17 cell differentiation and 1L-17 production were evaluated in
splenic  naive CD4+ T _ cells.. Our results showed that the
tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine could be an active skeleton structure to

discover and develop RORyt inhibitors with potent Th-17 specific activities.

2. Results and discussions

2.1. Chemistry

In the previous study of RORyt inhibitors, we discovered the hit compound with
thieno[2,3-d]pyrimidine structure[35]. In this study, we synthesized compounds with
modifications on Part A and B to study the structure-activity relationship (SAR) in

detail. (Scheme 1)
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Scheme 1. The hit compound as a RORyt inhibitor was discovered in a HTS targeting
full-length RORyt. In this work, the SAR of hit was performed in Part A (circle) and

B (rectangle).

To expand the chemical diversity of Part A, we first introduced cyclohexane
structure on thiophene moiety. The alky or halogen substitutions on the cyclohexane
structure of Part A were installed to afford key intermediate 2 (Scheme 2). We also
introduced carboxylic acid group (14) on the cyclohexane structure to afford more

chemical diversity by the convenient amide synthesis. (Scheme 3)
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Scheme 2. Synthesis of compounds with alky or halogen modifications on Part A.
Reagents and conditions: (a) Morpholine, EOH, 60°C; (b) 4 N HCI in 1,4-dioxane,
100°C; (¢) POCI;5, 110°C reflux; (d) NaHCO; DMSO, 80°C.
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Scheme 3. Synthesis of compounds with amide modifications on Part A. Reagents

and conditions: (a) 1 N LiOH, RT; (b) HOBT, EDCI, DCM, RT.

To study the SAR of Part B, we used compound 2 to prepare the key intermediate

26 and then installed substitution groups by ester or amide synthesis. (Scheme 4)
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Scheme 4. Synthesis of compounds with modifications on Part B. Reagents and
conditions: (a) 4 N HCl in 1,4-dioxane, 100°C; (b) POCl; 110°C reflux; (c) NaHCOs,
DMSO, 80°C; (d) 1 N LiOH, RT; (e) HOBT, EDCI, DCM, RT.

2.2 SAR studies of Part A

First we installed cyclohexane group on Part A and this compound 6 (Table 1)
showed similar inhibitory activity with the hit compound (ECs,: 2.60 ¢M for hit vs
2.79 uM for compound 6). Then we try to study whether alky modifications on Part A
could afford better activities. The compounds with methyl (7), ethyl (8) and propyl (9)
groups were inactive and the compounds with di-alkyl groups (10 and 11) afforded
lower activity than the hit compound. Then we installed electro-withdrawing groups
such as fluorine (12), ester groups (13), and carboxylic acid (14) on Part A and
compound 12 showed the more potent inhibitory activity but higher cytotoxicity than

compound 6.



S
R N

-N

Ny
N-N
O
Table 1. The SAR studies of Part A
Compd.
No. R, R, ECso* (uM)  CCse®(uM) . clogPe
6 H H 2.79 3.98 4.01
7 Me H >10 >10 425
8 Et H >10 >10 4.46
9 Pro H >10 >10 5.03
10 Me Me 4.58 7.70 4.64
11 4C(CHy)s H 8.25 <1 4.64
12 F F 1.35 <1 3.96
0
13 }#o/\ H 6.15 >10 3.80
14 ~4COOH H >20 >10 3.32

a: ECsg (1M), half maximal (50%) effective concentration against PGL4.31+ hRORyt+ Jurkat cells.
b: CCsy (M), median (50%) cytotoxic concentration in PGL4.31+ hRORyt+ Jurkat cells

c: clogP was calculated by LigandScout 4.2
Because the ester group on part A (13) showed similar activity and better
cytotoxicity compared with compound 6, we then synthesized compounds with amide

groups in this part (Table 2). The non-polar tetrahydropyran group (15) and alkyl-



substituted phenyl groups (16, 17) totally abolished the activity. Compound 18 with
benzyl group showed weaker activity than compound 6. Then we tried to install
chlorine (19) and bromine (20) substituted phenyl groups but did not achieve better
activity. In the next, we postulated that the heterocycles may have some advantages
by forming H-bonds or electrostatic interactions in the binding site. So we synthesized
compounds with thiazole (21) and 5-methyl-thiazole (22) groups. Although
compound 21 did not show strong activity, the very similar compound 22 showed
similar inhibitory activity with compound 6. We then installed larger heterocycles
(23-25), but they were much less active than compound 6, which indicated that the

steric hindrance may have adverse effect for their binding.
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Table 2. The SAR studies of Part A with amide groups

Compd.

N R; ECs¢® (M) CCso® (uM) clogP*
0.

15

+H_p
16 @ >10 <10 5.18

>10 <10 3.53



17 >10 <1 5.99

18 +© 12.60 >10 426

19 @ >10 <10 5.52

20 >10 <10 5.63

S
21 Pﬁfj >10 <10 4.33
S
2 }Df 9.06 432 4.64

N
—N
23 >10 <5 427
)

N=

24 @F >10 <10 4.40
NH/S

25 NOF >10 <5 5.62

Section 2.3. SAR studies of part B

The results of SAR studies of Part A indicated that the binding pocket may be
relatively strict for the volume of the Part A. Thereof, we next evaluated the effects of
the groups on C-2 of pyrimidine of Part B on the activity. The carboxylic acid group

(29) abolished the inhibitory activity. However, compound 28 with ester group

10



showed best activities and highest CCso/ECs ratio (22). Then we installed relatively
larger heterocycles on part B. Compound 31 with benzoimidazole group also showed

better inhibitory activity and cytotoxicity than compound 6.
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Table 3 The SAR studies of Part B
Compd.
No Ry ECso (uM) CCso® (1M) clogP¢

O

28 0.14 3.35 3.80
MO/\

29 ~4CH,COOH >10 >10 3.32

0
30 ;<HN4®— >10 4014 458
\
N/
ﬁi_/< H
31 HN—( j@ 0.85 9.176 476
N

Section 2.5 Biological activities and working mechanism

In the SAR studies of the synthesized thieno[2,3-d]pyrimidine derivatives with the
cell-based ROR reporter luciferase assay, compounds 6, 10, 22, 28 and 31 showed
potent inhibitory activities. Thereof, we further investigated their inhibitory activities

11



on Th17 differentiation in splenic naive CD4+ T cells from C57BL/6J mice (Figure 1).
Compound 28 showed the best activity to inhibit Th17 differentiation at 3.12 &M
without obvious toxicities.

Besides IL-17 production and Th17 differentiation, RORyt has been also involved
in multiple pathway in immunology and cancer development, so the desired inhibitor
should avoid decreasing RORyt level while specifically inhibit RORyt’s activity.
Thereof, we studied the inhibitory effects of compound 6, 10, 22, 28 and 31 on the
production of IL-17A and IL-17F, together with their effects on RORyt mRNA level
(Figure 2). Compound 28 inhibited both IL-17A and IL-17F production in a dose-
dependent way and showed best activity at 6.25 M. Meanwhile, we also tested
whether compound 6, 10, 22, 28 and 31 would affect the apoptosis of PGL4.31+
hRORyt+ Jurkat cells and thymocytes. Only compound 10 slightly increased
apoptosis compared to control. All compounds except compound 22 could affect only

about 10% of thymocyte survival. (Figure S3, S4)

To elucidate the working mechanism of compound 28 on RORyt, it is important to
understand the binding model of compound 28 in RORyt protein. We first studied the
binding affinity of compound 28 with RORyt protein with SPR (Figure 3A). The SPR
studies showed that compound 28 bond with RORyt protein. Considering that our
assay system that utilized the full-length RORyt protein but not LBD of RORyt, we
then conducted the docking study to test whether the full-length RORyt would afford

novel binding model of compound 28. We first built a model (I-TASSER) of full-
12



length RORyt protein due to the lack of the crystal structure of full-length RORyt
(Figure 3B). The docking experiments showed that RORyt may not bind in the known
binding site closed to H12 of RORyt (Figure 3C), but it may bind in the pocket
composed by the amino acids from hinge domain, in which compound 28 may form
electrostatic interaction with GIn223 and hydrophobic interaction with Leu244

(Figure 3D).

3. Experimental

3.1 Chemistry

All chemicals were purchased from commercial vendors and used without further
purification. All reactions requiring anhydrous conditions were carried out under
argon or nitrogen atmosphere using oven-dried glassware. All NMR spectra ('H-
NMR, BC-NMR) were recorded on Bruker 400MHz/500MHz NMR spectrometers,
using TMS as an internal standard. Chemical shifts are reported in parts per million
referenced with respect to appropriate internal standards or residual solvent peaks.

Mass spectral data (ESI) were gathered on Thermofisher LCQ Mass spectrometry.

3.1.1 Procedure for the preparation of compound 2

4-cyclohexanone derivatives (1) (5.50 mmol) and morpholine (5.50 mmol) was
added to the mixture of ethyl cyanoacetate (5.01 mmol) and sulfur (5.50 mmol). Then
the mixture was dissolved in ethanol (5 mL) and stirred at 60°C for 16 h. The reaction
mixture was cooled to room temperature and the solvents were removed in vacuo. The

crude product was purified by flash column chromatography on a silica column using
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c-hexane/ethyl acetate (50:1) as the eluent to get compound 2 (95% yield) as a

white/yellow solid.

3.1.2 Procedure for the preparation of compound 3 and compound 26

Compound 2 (3.53 mmol) was dissolved in acetonitrile (5 mL) or ethyl
cyanoacetate (5 ml) was added 4N HCI in 1,4-dioxane (4 mL) and the mixture was
stirred at 100°C  overnight. The mixture was cooled to room temperature and the
solvents were removed in vacuo. The residue was dissolved in ethyl acetate.
Subsequently, saturated aqueous NaHCO; was added to the mixture and after
extracted with ethyl acetate. The extract was washed with brine and dried to give

compound 3 or compound 26 (75% yield) as white/yellow solid.

3.1.3 Procedure for the preparation of compound 4 and compound 27

To a solution of compound 3 (0.82 mmol) or compound 26 (0.82 mmol) in
phosphorus oxychloride (5 mL) was refluxed at 110°C for 3 h. The mixture was
cooled to room temperature and the solvents were removed in vacuo. The residue was
dissolved in ethyl acetate. Subsequently, saturated aqueous NaHCO; was added to the
mixture and after extracted with ethyl acetate . The extract was washed with brine and
dried to get compound 4 or compound 27 (97% yield) without purification as white

solid.

3.1.4 Procedure for the preparation of compound 5

14
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To a solution of phenyl isothiocyanate (2700 mg, 20.00 mmol) and sodium azide
(1952 mg, 30.04 mmol) in H,O (20 mL) was stirred at 90°C for 16 h. The mixture
was cooled to room temperature and extracted with ethyl acetate to remove the
byproducts. The aqueous phase was neutralized with 1 N HCI and extracted with ethyl
acetate. The organic phase was washed with brine and the solvents was removed in

vacuo to get compound 5 (75% yield) without purification as white solid.

3.1.5 Procedure for the preparation of compound 6-13 and compound 28

To a solution of compound 4 (0.65 mmol) or compound 27, compound 5 (0.73
mmol) and sodium bicarbonate (1.30 mmol) in DMSO (5 mL) was stirred at 80°C for
16 h. The mixture was extracted with ethyl acetate. The extract was washed with
saline and the solvents were removed in vacuo. The crude product was purified by
silica gel chromatography using cyclohexane-ethyl acetate(25:1) as eluate to give

compound 6-13 or compound 28 (63% yield) as white solid.

2-methyl-4-((1-phenyl-1H-tetrazol-5-yl)thio)-5,6,7,8-tetrahydrobenzo[4,5]thieno[2, 3-
dlpyrimidine (6). Yield=36%; '"H NMR (500 MHz, CDCl;) & 7.63 (dt, J= 8.4, 3.6 Hz,
2H), 7.55 — 7.44 (m, 3H), 3.04 (t, J = 4.8 Hz, 2H), 2.86 (d, J = 5.2 Hz, 2H), 2.45 (s,
3H), 1.99 — 1.88 (m, 4H), 1.28 (s, 1H). 3C NMR (126 MHz, CDCl;) § 167.74 (s),
161.14 (s), 155.98 (s), 146.50 (s), 137.61 (s), 134.23 (s), 130.44 (s), 129.40 (s),
125.90 (d, J = 14.9 Hz), 124.53 (s), 29.70 (s), 26.07 (s), 25.72 (s), 25.21 (s), 22.42 (d,
J=12.8 Hz). ESI-MS m/z: 381.2 [M+H] "

2,7-dimethyl-4-((1-phenyl-1H-tetrazol-5-yl)thio)-5,6,7,5-

tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine (7). Yield=7%; 'H NMR (500 MHz,
15



DMSO) § 7.69 (dd, J = 7.7, 1.8 Hz, 2H), 7.58 — 7.44 (m, 3H), 3.13 — 3.00 (m, 1H),
2.90 (dd, J = 17.0, 4.5 Hz, 2H), 2.41 (dd, J = 17.9, 10.3 Hz, 1H), 2.36 (s, 3H), 1.93 (s,
2H), 1.52 — 1.42 (m, 1H), 1.05 (d, J = 6.5 Hz, 3H). 3C NMR (126 MHz, DMSO) &
167.38 (s), 161.09 (s), 156.58 (s), 147.59 (s), 137.40 (s), 134.03 (s), 131.13 (s);
129.97 (s), 125.96 (s), 125.44 (s), 33.37 (s), 30.28 (s), 28.68 (s), 25.76 (s), 25.36 (5),
21.39 (s). ESI-MS m/z: 395.10 [M+H] *.

7-ethyl-2-methyl-4-((1-phenyl-1H-tetrazol-5-yl)thio)-5,6,7,8-
tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine (8). Yield=39%; 'H NMR (500 MHz,
CDCl;) 6 7.64 — 7.57 (m, 2H), 7.50 — 7.42 (m, 3H), 3.17 (dd, J=10.6, 8.2 Hz, 1H),
2.98 —2.86 (m, 2H), 2.49 — 2.43 (m, 1H), 2.42 (s, 3H), 2.12 — 2.04 (m, 1H), 1.82 —
1.70 (m, 1H), 1.55 — 1.38 (m, 3H), 0.99 (t, J = 7.4 Hz, 3H). 3C NMR (126 MHz,
CDCl5) 6 167.90 (s), 161.13 (s), 155.98 (s), 146.52 (s), 137.45 (s), 134.21 (s), 130.47
(s), 129.43 (s), 125.89 (s), 124.55 (s), 35.62 (s), 31.66 (s), 28.40 (d, J = 20.6 Hz),
28.31 —28.13 (m), 25.85 (s), 25.24 (s), 11.44 (s). ESI-MS m/z: 409.26 [M+H] *.

2-methyl-4-((1-phenyl-1H-tetrazol-5-yl)thio)-7-propyl-5,6,7,8-
tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine (9). Yield=41%; 'H NMR (500 MHz,
DMSO) & 7.69 (dd, J = 7.6, 1.9 Hz, 2H), 7.56 — 7.46 (m, 3H), 3.07 (d, J = 16.0 Hz,
1H), 2.95 — 2.82 (m, 2H), 2.42 (dd, J = 17.2, 9.9 Hz, 1H), 2.35 (s, 3H), 1.99 (d, J =
13.5 Hz, 1H), 1.80 (s, 1H), 1.46 (ddd, J = 23.8, 10.8, 5.8 Hz, 1H), 1.41 — 1.29 (m, 4H),
0.90 (t, J'= 6.8 Hz, 3H). 3C NMR (126 MHz, DMSO) & 167.40 (s), 161.08 (s),
156.54 (s), 147.58 (s), 137.54 (s), 134.03 (s), 131.13 (s), 129.97 (s), 126.19 (s),
125.44 (s), 37.83 (s), 33.33 (s), 31.67 (s), 28.46 (s), 25.77 (s), 25.37 (s), 19.90 (s),
14.61 (s). ESI-MS m/z: 423.21 [M+H] *.

2,7, 7-trimethyl-4-((1-phenyl-1H-tetrazol-5-yl)thio)-5,6,7,8-

tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine (10). Yield=28%; 'H NMR (500 MHz,
CDCI3) 6 7.65 — 7.59 (m, 2H), 7.51 — 7.44 (m, 3H), 3.02 (t, ] = 6.4 Hz, 2H), 2.62 (d, J
= 15.9 Hz, 2H), 2.45 (d, J = 20.8 Hz, 3H), 2.16 (d, J = 12.3 Hz, 1H), 1.76 — 1.54 (m,

16



4H), 1.44 — 1.40 (m, 1H), 1.37 (s, 1H), 1.33 (s, 1H), 1.24 (dd, J = 24.2, 13.0 Hz, 4H),
1.06 (s, 6H 3C NMR (126 MHz, CDCI3) & 167.92 (s), 161.11 (s), 156.08 (s), 146.55
(s), 137.11 (s), 134.20 (s), 130.49 (s), 129.44 (s), 125.66 (s), 124.60 (s), 39.14 (s),
35.16 (s), 31.48 (d, ] = 8.8 Hz), 30.51 — 29.31 (m), 29.39 — 29.31 (m), 27.70 (s), 25.24
(s), 23.85 (s). ESI-MS m/z: 409.15 [M+H] *.

7-(tert-butyl)-2-methyl-4-((1-phenyl- 1 H-tetrazol-5-yl)thio)-5,6,7,8-
tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine (11). Yield=31%;'H NMR (500 MHz,
CDCly) 6 7.60 (dd, J = 6.4, 3.0 Hz, 2H), 7.45 (dd, J = 7.2, 3.6 Hz, 3H), 3.24 (dd, J =
16.1, 4.9 Hz, 1H), 2.85 (td, J = 16.5, 5.2 Hz, 2H), 2.62 — 2.53 (m, 1H), 2.42 (s, 3H),
2.18 = 2.13 (m, 1H), 1.58 (ddd, J = 11.8, 4.5, 3.0 Hz, 1H), 1.43 (ddd, J = 24.7, 12.3,
5.1 Hz, 1H), 0.96 (s, 9H). 3C NMR (126 MHz, CDCI3) & 167.95 (s), 161.12 (s),
155.89 (s), 146.50 (s), 138.40 (s), 134.18 (s), 130.48 (s), 129.43 (s), 125.93 (s),
125.57 (s), 124.52 (s), 44.52 (s), 32.51 (s), 27.22 (t, J = 18.6 Hz), 25.27 (s), 24.05 (s).
ESI-MS m/z: 437.26 [M+H] ™.

7, 7-difluoro-2-methyl-4-((1-phenyl-1H-tetrazol-5-yl)thio)-5,6,7,8-
tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine (12). Yield=35%; 'H NMR (500 MHz,
CDCl;) 6 7.63 — 7.57 (m, 2H), 7.51 — 7.43 (m, 3H), 3.34 (ddd, J = 30.6, 12.3, 4.6 Hz,
4H), 2.36 (ddd, J = 20.1, 13.4, 6.6 Hz, 2H). '3C NMR (126 MHz, DMSO) 3 167.97
(s), 161.71 (8), 157.22 (s), 147.50 (s), 133.95 (s), 131.13 (s), 129.97 (s), 125.41 (s),
124.77 (s), 124.52 (s), 34.97 (d, J = 28.7 Hz), 34.76 — 34.65 (m), 34.62 (s), 29.94 (s),
29.65 (d, J = 24.2 Hz), 29.41 — 29.18 (m), 25.39 (s), 23.86 (s). ESI-MS m/z: 417.14
[M+H] *.

ethyl-2-methyl-4-((1-phenyl-1H-tetrazol-5-yl)thio)-5,6,7,8-

tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine-7-carboxylate  (13).  Yield=78%;'H
NMR (500 MHz, CDCI3) & 7.63 — 7.57 (m, 2H), 7.52 — 7.44 (m, 3H), 4.20 (q, J = 7.1
Hz, 2H), 3.20 (ddd, J = 16.3, 5.3, 4.4 Hz, 1H), 3.09 (d, J = 6.5 Hz, 2H), 3.07 — 2.96 (m,
1H), 2.92 — 2.80 (m, 1H), 2.41 (d, J = 15.8 Hz, 3H), 2.39 — 2.28 (m, 1H), 2.08 — 1.97
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(m, 1H), 1.29 (t, J = 7.1 Hz, 3H). 3C NMR (126 MHz, CDCI3) & 173.90 (s), 167.91
(s), 161.48 (s), 156.26 (s), 146.33 (s), 135.68 (s), 134.15 (s), 130.53 (s), 129.46 (s),
125.36 (d, J = 7.5 Hz), 124.56 (5), 60.99 (s), 39.17 (s), 27.79 (s), 25.54 — 24.89 (m),
14.23 (s). ESI-MS m/z: 453.26 [M+H] *.

ethyl-2-(4-((1-phenyl-1H-tetrazol-5-yl)thio)-5,6,7,8-tetrahydrobenzo[4,5 ] thieno/2, 3-
d]pyrimidin-2-yl)acetate (28). Yield=63%; 'H NMR (500 MHz, DMSO) & 7.66 (dd, J
=6.5,2.8 Hz, 2H), 7.57 — 7.44 (m, 3H), 3.96 (q, /= 7.1 Hz, 2H), 3.74 (s, 2H), 3.31 (s,
5H), 2.95 (s, 2H), 2.82 (s, 2H), 1.83 (d, /= 4.4 Hz, 4H), 1.10 (t,J= 7.1 Hz, 3H). 13C
NMR (126 MHz, CDCls) & 169.13 (s), 167.69 (s), 157.44 (s), 156.91 (s), 146.25 (s),
138.85 (s), 133.94 (s), 130.60 (s), 129.49 (s), 126.56 (s), 126.08 (s), 124.93 (s), 61.25
(s), 44.71 (s), 25.91 (d, J = 27.1 Hz), 25.75 - 25.61 (m), 22.37 (d, J=11.1 Hz), 14.08
(s). ESI-MS m/z: 453.11626 [M+H] *.

3.1.6 Procedure for the preparation of compound 14 and compound 29

Compound 13 (1.30 mmol) or compound 28 was dissolved in THF(10 mL) and
IN lithium hydroxide (3.90 mL, 3.90 mmol) was added to it. The mixture was stirred
at RT overnight. IN HCI was added to the product mixture and extracted with ethyl
acetate. The organic phase was washed with brine and the solvent was removed in
vacuo. The residue was purified by silica gel chromatography using cyclohexane-

acetone(3:1) to give compound 14 or compound 29 (66% yield) as white/yellow solid.

2-methyl-4-((1-phenyl-1H-tetrazol-5-yl)thio)-5,6,7,8-tetrahydrobenzo[4,5 ] thieno[2, 3-
d]pyrimidine-7-carboxylic acid (14). Yield=49%; 'H NMR (500 MHz, DMSO) &
12.49 (s, 1H), 7.69 (dd, J= 7.9, 1.7 Hz, 2H), 7.54 — 7.45 (m, 3H), 3.10 — 3.01 (m, 2H),

2.94 (dd, J = 16.9, 8.6 Hz, 2H), 2.88 — 2.78 (m, 1H), 2.35 (s, 3H), 2.24 — 2.15 (m, 1H),
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1.88 (ddd, J = 15.5, 12.5, 7.6 Hz, 1H). 3C NMR (126 MHz, DMSO) & 175.67 (5),
167.42 (s), 161.25 (s), 156.66 (s), 147.55 (s), 136.37 (s), 134.00 (s), 131.13 (5),
129.98 (s), 125.80 (s), 125.32 (d, J = 27.1 Hz), 38.61 (s), 27.73 (5), 25.24 (d, J = 31.8

Hz), 25.00 (s). ESI-MS m/z: 423.17 [M-H] .

2-(4-((1-phenyl-1H-tetrazol-5-yl)thio)-35,6,7,8-tetrahydrobenzo[4,5 | thieno[2,3-

d]pyrimidin-2-yl)acetic acid (29). Yield=66%; 'H NMR (500 MHz, DMSO) § 7.64 (d,
J =17.4 Hz, 2H), 7.44 (dt, J = 14.0, 7.0 Hz, 3H), 3.46 (s, 3H), 2.92 (s, 2H), 2.78 (s,
2H), 1.91 — 1.74 (m, 4H). '3C NMR (126 MHz, DMSO) & 167.09 (s), 156.53 (s),
147.63 (s), 137.90 (s), 133.81 (s), 131.11 (s), 129.99 (s), 127.11 — 126.28 (m), 126.21
(s), 126.17 — 125.23 (m), 26.04 (s), 25.57 (s), 22.31 (d, J = 11.7 Hz). ESI-MS m/z:

425.08487 [M+H] *.

3.1.7 Procedure for the preparation of compound 15-25 and compound 30-31

A mixture of compound 14 or compound 29 (0.28 mmol), aromatic amines
derivatives (0.57 mmol), 1-Hydroxybenzotriazole (0.31 mmol) and EDCI (0.31 mmol)
was dissolved in Dichloromethane (5 mL). The mixture was stirred at RT overnight.
The solvent was removed in vacuo and the residue was extracted with ethyl acetate.
Subsequently, the organic layer was washed with brine and the solvent was removed
in vacuo. The crude product was purified by silica gel chromatography using
cyclohexane-acetone (10:1) to give compound 15-25 or compound 30-31 (42% yield)

as white/yellow solid.
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2-methyl-4-((1-phenyl-1H-tetrazol-5-yl)thio)-N-(tetrahydro-2H-pyran-4-yl)-5,6,7,8-

tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine-7-carboxamide (15). Yield=38%; 'H
NMR (500 MHz, DMSO) ¢ 8.17 (d, J = 8.4 Hz, 1H), 8.01 (d, J = 7.5 Hz, 1H), 7.96 (d,
J=7.5Hz, 1H), 7.84 (d, ] = 8.3 Hz, 1H), 7.72 - 7.67 (m, 2H), 7.63 (d, J = 8.0 Hz, 1H),
7.51 (d, J = 6.9 Hz, 3H), 3.81 (d, J = 11.0 Hz, 3H), 3.78 — 3.72 (m, 1H), 3.10(d, J =
14.9 Hz, 1H), 3.02 (d, J = 5.6 Hz, 1H), 2.91 (s, 3H), 2.72 (d, J = 8.3 Hz, 1H), 2.62 (d,
J=6.0 Hz, 1H), 2.35 (s, 3H), 2.30 (s, 1H), 2.08 (d, J = 10.8 Hz, 2H), 1.80 (d, J = 7.3
Hz, 2H), 1.69 (s, 3H), 1.39 (dd, J = 15.6, 7.2 Hz, 3H), 1.20 (s, 1H). 13C NMR (126
MHz, DMSO) 6 173.16 (s), 167.40 (s), 161.18 (s), 156.60 (s), 147.63 (s), 136.86 (s),
133.98 (s), 131.15 (s), 129.98 (s), 125.69 (8), 125.44 (s), 125.27 (s), 66.35 (s), 45.36
(s), 32.95 (d, J = 8.0 Hz), 28.31 (s), 26.12 (s), 25.43 (d, J = 15.8 Hz). ESI-MS m/z:

530.23 [M+Na] *.

2-methyl-4-((1-phenyl-1H-tetrazol-5-yl)thio)-N-(m-tolyl)-5,6,7,8-

tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine-7-carboxamide (16). Yield=66%; 'H
NMR (500 MHz, DMSO) & 9.98 (s, 1H), 7.70 (dd, J = 7.7, 1.8 Hz, 2H), 7.56 — 7.49
(m, 3H), 7.47 (s, 1H), 7.39 (d, J = 8.2 Hz, 1H), 7.17 (t,J = 7.8 Hz, 1H), 6.85 (d, J =
7.5 Hz, 1H), 3.16 (d, J = 15.7 Hz, 1H), 3.09 — 2.84 (m, 4H), 2.37 (s, 3H), 2.26 (s, 3H),
2.25-2.19 (m, 1H), 1.96 — 1.85 (m, 1H). *C NMR (126 MHz, DMSO) 6 172.87 (s),
167.46 (s), 161.23 (s), 157.27 (s), 156.63 (s), 147.62 (s), 139.57 (s), 138.34 (s),

136.68 (s), 134.02 (s), 131.14 (s), 129.98 (s), 129.01 (s), 125.73 (s), 12548 (t, J =
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25.0 Hz), 124.38 (s), 120.22 (s), 116.86 (s), 28.22 (s), 26.81 (5), 26.08 (s), 25.45 (d, J

= 18.5 Hz), 23.76 (s), 21.66 (s). ESI-MS m/z: 514.26 [M+H] *.

N-(4-isopropylphenyl)-2-methyl-4-((1-phenyl-1H-tetrazol-5-yl)thio)-5,6,7,5-

tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine-7-carboxamide (17). Yield=70%; 'H
NMR (500 MHz, DMSO) 6 9.97 (s, 1H), 7.74 — 7.66 (m, 2H), 7.52 (dd, J = 9.6, 2.6
Hz, 5H), 7.16 (d, J = 8.5 Hz, 2H), 3.16 (d, J=15.9 Hz, 1H), 3.03 (dd, /= 16.0, 7.3 Hz,
2H), 2.96 (t, J = 8.9 Hz, 1H), 2.90 — 2.79 (m, 2H), 2.37 (s, 3H), 2.22 (d, J = 13.3 Hz,
1H), 1.95 — 1.85 (m, 1H), 1.16 (d, J = 6.9 Hz; 6H). *C NMR (126 MHz, DMSO) 3
172.70 (s), 167.47 (s), 161.23 (s), 156.62 (s), 147.64 (s), 143.76 (s), 137.41 (s),
136.72 (s), 134.01 (s), 131.14 (s), 129.98 (s), 126.87 (s), 125.71 (s), 125.38 (d, J =
16.7 Hz), 119.77 (s), 33.33(s), 28.26 (s), 26.12 (s), 25.92 — 25.66 (m), 25.46 (d, J =

21.2 Hz), 24.43 (s). ESI-MS m/z: 542.35 [M+H] *.

N-benzyl-2-methyl-4-((1-phenyl-1H-tetrazol-5-yl)thio)-5,6,7,§-

tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine-7-carboxamide (18). Yield=44%; 'H
NMR (500 MHz, DMSO) 6 8.50 (t,J = 5.9 Hz, 1H), 7.74 — 7.64 (m, 2H), 7.56 — 7.47
(m, 3H), 7.31 (t, J = 7.4 Hz, 2H), 7.28 — 7.19 (m, 3H), 4.33 — 4.28 (m, 2H), 3.10 (s,
1H), 2.95 (dd, J = 29.7, 23.5 Hz, 3H), 2.81 — 2.70 (m, 1H), 2.36 (s, 3H), 2.19 — 2.10
(m, 1H), 1.96 — 1.78 (m, 1H). 3C NMR (126 MHz, DMSO) 4 129.98 (s), 128.78 (s),
127.59 (s), 125.36 (d, J = 18.6 Hz), 41.40 — 39.92 (m), 39.74 (d, J = 21.0 Hz), 39.49

(s), 25.42 (d, J= 12.2 Hz). ESI-MS m/z: 514.17 [M+H] *.
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N-(3-chlorophenyl)-2-methyl-4-((1-phenyl- 1 H-tetrazol-5-yl)thio)-5,6,7,58-

tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine-7-carboxamide (19). Yield=32%; 'H
NMR (500 MHz, CDCl;) 6 8.36 (s, 1H), 7.83 (s, 1H), 7.61 — 7.55 (m, 2H), 7.49 (dd, J
=144, 7.9 Hz, 4H), 7.24 (d, J = 8.1 Hz, 1H), 7.09 (d, J = 7.9 Hz, 1H), 3.20 (dd, J =
15.8, 7.3 Hz, 2H), 3.06 —2.97 (m, 2H), 2.94 (d, /= 11.1 Hz, 1H), 2.41 (s, 3H), 2:36 (d,
J = 6.0 Hz, 1H), 2.06 (dd, J = 12.6, 5.4 Hz, 1H). 3C NMR (126 MHz, CDCl;)
172.55 (s), 167.89 (s), 161.41 (s), 155.72 (s), 146.52 (s), 139.19 (s), 136.08 (s),
134.70 (s), 133.92 (s), 130.76 (s), 130.00 (s), 129:58 (s), 125.14 (s), 124.93 (s),
124.48 (s), 120.04 (s), 117.84 (s), 41.76 (s), 28:22 (s), 26.92 (s), 26.27 (s), 25.35 (d, J

= 14.7 Hz). ESI-MS m/z: 534.20 [M+H] *.

N-(4-bromophenyl)-2-methyl-4-((1-phenyl- 1 H-tetrazol-5-yl)thio)-5,6,7,5-

tetrahydrobenzo[4,5]thieno[2,3<d]pyrimidine-7-carboxamide (20). Yield=49%; 'H
NMR (500 MHz, DMSO) 6 10.20 (s, 1H), 7.72 — 7.66 (m, 2H), 7.60 (d, J = 8.9 Hz,
2H), 7.55 —7.44 (m, 5H), 5.47 (d, J = 7.5 Hz, 2H), 3.62 (dq, J = 13.1, 6.5 Hz, 2H),
3.16 (d, J=16.1 Hz, 1H), 3.08 — 2.84 (m, 4H), 2.37 (s, 3H), 2.23 (dd, /= 10.8, 2.4 Hz,
1H), 1.95 — 1.85 (m, 1H). 3C NMR (126 MHz, DMSO) & 173.13 (s), 167.47 (s),
161.25 (s), 157.27 (s), 156.65 (s), 147.63 (s), 139.00 (s), 136.56 (s), 134.01 (s),
132.01 (s), 131.15 (s), 129.98 (s), 125.70 (s), 125.45 (s), 121.58 (s), 115.25 (s), 28.16

(), 25.99 (s), 25.44 (d, J = 15.3 Hz), 23.76 (s). ESI-MS m/z: 578.09 [M-H] -.

2-methyl-4-((1-phenyl-1H-tetrazol-5-yl)thio)-N-(thiazol-2-yl)-5,6,7,8-

tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine-7-carboxamide (21). Yield=43%; 'H
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NMR (500 MHz, DMSO) & 12.28 (s, 1H), 7.69 (dd, J = 7.7, 1.8 Hz, 2H), 7.55 — 7.50
(m, 3H), 7.48 (d, J = 3.5 Hz, 1H), 7.22 (d, J = 3.5 Hz, 1H), 3.18 — 3.02 (m, 4H), 2.94
(dd, J=13.8, 6.4 Hz, 1H), 2.37 (s, 3H), 2.24 (d, J = 13.3 Hz, 1H), 1.98 — 1.89 (m, 1H):
13C NMR (126 MHz, DMSO) & 172.90 (s), 167.45 (s), 161.30 (s), 158.40 (s), 156:67
(s), 147.63 (s), 138.13 (s), 136.31 (s), 134.00 (s), 131.15 (s), 129.99 (s); 125.71 (s),
125.43 (s), 125.26 (s), 114.02 (s), 31.16 (s), 27.77 (s), 25.81 (s), 25.38 (s). ESI-MS

m/z: 507.19 [M+H] *.

2-methyl-N-(5-methylthiazol-2-yl)-4-((1-phenyl-1 H-tetrazol-5-yl)thio)-5,6,7,8-

tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine-7-carboxamide (22). Yield=20%; 'H
NMR (500 MHz, MeOD) 6 7.57 (dt, J=8.7, 3.9 Hz, 2H), 7.51 — 7.43 (m, 3H), 7.40 (s,
2H), 7.02 (d, J = 1.1 Hz, 1H), 3.28 = 3.11 (m, 2H), 3.01 (ddd, J = 30.5, 19.2, 7.3 Hz,
3H), 2.41 (s, 3H), 2.36 (d, J = 0.9 Hz, 3H), 2.30 (dd, J = 16.7, 10.2 Hz, 1H), 2.13 —
1.99 (m, 1H). C NMR (126 MHz, MeOD) & 133.85 (s), 130.74 (s), 129.53 (s),
124.49 (s), 77.54 (s), 77.40 (d, J = 32.2 Hz), 77.01 (s), 49.18 (s), 49.09 — 48.65 (m),
48.50/(s), 48.33 (s), 48.15 (s), 40.09 (s), 27.73 (s), 25.77 (s), 25.21 (s), 24.81 (s),

11.20 (s). ESI-MS m/z: 521.25 [M+H] *.

2-methyl-4-((1-phenyl-1H-tetrazol-5-yl)thio)-N-(pyridin-3-yl)-5,6,7,8-

tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine-7-carboxamide (23). Yield=38%; 'H
NMR (500 MHz, DMSO) 6 10.31 (s, 1H), 8.78 (d, J = 2.3 Hz, 1H), 8.27 (dd, J = 4.6,
1.3 Hz, 1H), 8.08 (ddd, J = 8.3, 2.3, 1.5 Hz, 1H), 7.83 — 7.66 (m, 2H), 7.62 — 7.42 (m,

2H), 7.36 (dd, J = 8.2, 4.7 Hz, 1H), 3.26 — 2.81 (m, 5H), 2.60 — 2.45 (m, 4H), 2.39 (s,
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3H), 2.27 (dd, J = 8.9, 5.0 Hz, 1H), 2.10 (d, J = 16.4 Hz, 1H), 2.03 — 1.84 (m, 1H).
13C NMR (126 MHz, DMSO) § 173.71 (s), 167.42 (s), 161.25 (s), 156.66 (s), 147.60
(s), 143.27 (s), 139.63 (s), 136.76 (s), 136.43 (s), 133.98 (s), 131.16 (s), 129.98 (s),
128.16 (s), 125.69 (s), 125.44 (s), 125.24 (s), 124.85 (s), 28.00 (s), 25.93 (s), 25.39(d,

J=4.8 Hz). ESI-MS m/z: 501.36 [M+H] *.

N-(5-fluoropyridin-2-yl)-2-methyl-4-((1-phenyl-1 H-tetrazol-5-yl)thio)-5,6,7,8-

tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine-7-carboxamide - (24). Yield=33%;'H
NMR (500 MHz, DMSO) & 8.34 (d, J = 3.0 Hz, 1H), 8.16 (dd, J = 9.1, 4.1 Hz, 1H),
7.81 — 7.63 (m, 3H), 7.61 — 7.46 (m, 3H), 3.14 (t, J = 16.1 Hz, 1H), 3.12 — 2.85 (m,
4H), 2.38 (s, 3H), 2.31 — 2.15 (m, 1H), 1.90 (d, ] = 7.9 Hz, 1H). *C NMR (126 MHz,
DMSO) 6 173.69 (s), 167.43 (s), 161.25 (s), 156.63 (s), 149.02 (s), 147.63 (s), 136.60
(s), 135.88 (s), 135.68 (s), 133.98 (s), 131.15 (s), 129.99 (s), 125.76 (d, J = 19.8 Hz),
125.44 (s), 125.25 (s), 115.03 (d, J = 3.5 Hz), 27.97 (s), 26.12 (s), 25.46 (d, J = 19.1

Hz). ESI-MS m/z: 519.21 [M+H] *.

N-(6-fluorobenzo[d]thiazol-2-yl)-2-methyl-4-((1-phenyl-1H-tetrazol-5-yl)thio)-

3,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine-7-carboxamide (25).
Yield=42%; '"H NMR (600 MHz, DMSO) & 12.59 (s, 1H), 7.93 — 7.87 (m, 1H), 7.76
(dt,J=8.9,4.4 Hz, 1H), 7.74 — 7.69 (m, 2H), 7.53 (t, J = 1.8 Hz, 3H), 7.29 (ddd, J =
9.2, 7.5, 3.0 Hz, 1H), 3.21 — 3.02 (m, 4H), 2.98 (dd, J = 16.4, 8.0 Hz, 1H), 2.45 (s,
1H), 2.39 (s, 3H), 2.36 — 2.27 (m, 1H), 2.09 (s, 1H), 2.02 — 1.93 (m, 1H), 1.28 — 1.17

(m, 1H). 3C NMR (126 MHz, DMSO) & 174.01 (s), 167.41 (s), 161.27 (s), 160.03 (s),
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15834 (s), 158.12 (s), 156.63 (s), 147.59 (s), 145.64 (s), 136.12 (s), 133.99 (5),
133.14 (d, J = 11.0 Hz), 131.13 (5), 129.97 (5), 125.63 (5), 125.42 (5), 125.16 (5),
122.04 (d, J = 8.9 Hz), 114.76 (s), 114.56 (s), 108.96 — 108.71 (m), 108.57 (d, J =

26.9 Hz), 27.60 (s), 25.69 (s), 25.37 (s). APCI-MS m/z: 574.8 [M+H] *.

N-(5-methylpyridin-2-yl)-2-(4-((1-phenyl-1H-tetrazol-5-yl)thio)-5,6,7,8-

tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-2-yl)acetamide (30) Yield=59%; 'H
NMR (500 MHz, DMSO) 6 8.14 (d, J= 1.3 Hz, 1H), 7.92 — 7.82 (m, 1H), 7.66 (d, J =
7.6 Hz, 2H), 7.57 (dd, J = 8.5, 2.0 Hz, 1H), 7.47 (d,J = 7.4 Hz, 1H), 741 (t, J=7.6
Hz, 2H), 3.83 (s, 2H), 2.95 (s, 2H), 2.82 (s, 3H), 2.73 — 2.65 (m, 1H), 2.29 (s, 1H),
2.23 (s, 3H), 1.83 (d, J = 4.9 Hz, 4H). 13C NMR (126 MHz, DMSO) § 163.55 (s),
158.95 (s), 154.66 (s), 131.20 (s), 130.96 (s), 120.62 (s), 25.73 (s), 24.82 (s), 22.99 (s),

22.26 (s), 21.28 (s). ESI-MS m/z: 515.14344 [M+H] *.

N-(5-methylpyridin-2-yl)-2-(4-((1-phenyl-1H-tetrazol-5-yl)thio)-5,6,7,8-

tetrahydrobenzof4,5]thieno[2,3-d]pyrimidin-2-yl)acetamide (31) Yield=29%; 'H
NMR (500 MHz, DMSO) & 7.72 — 7.65 (m, 2H), 7.54 — 7.33 (m, 5H), 7.12 — 7.02 (m,
2H), 3.93 — 3.86 (m, 2H), 3.00 — 2.90 (m, 2H), 2.86 — 2.79 (m, 2H), 1.88 — 1.75 (m,
4H). BC NMR (126 MHz, DMSO) 8 167.12 (s), 158.96 (s), 158.61 (s), 157.32 (s),
154.68 (s), 147.37 (s), 138.89 (s), 133.86 (s), 131.10 (t, J = 15.5 Hz), 129.86 (s),
128.03 — 126.57 (m), 126.44 (s), 125.97 (d, J = 59.1 Hz), 121.54 (s), 31.62 (s), 30.29
(s), 29.47 (s), 29.16 (s), 26.05 (s), 25.82 — 24.54 (m), 22.99 (s), 22.29 (d, J = 6.9 Hz),

21.29 (s). ESI-MS m/z: 540.13865 [M+H] .
25



3.2 SPR

Retinoid-related orphan receptor gamma-t (RORyt) protein was immobilized on a
CMS5 Sensor Chip (carboxymethylated dextran covalently attached to a gold surface)
with an amine coupling kit from GE Healthcare. The RORyt protein was pre-
incubated with different concentration of compound 28 (10, 5, 2.5, 1.25, 0.625 uM)
had well binding with full-length RORyt protein in a PBS buffer (10 mM) with 1%
DMSO. The signals were recorded with a BiacoreT100.instrument with the standard

protocol.

3.3 Molecular Docking

The model of full-length human RORyt was built with I-Tasser (id S428560) [36].
The ligand prepared with Ligandscout (4.1) with MMFF 94 energy minimization of
compound 28. Then the whole protein model was selected for docking and the
prepared molecules were inserted. The docking was carried out by AutoDock Vina

1.1(Exhaustiveness =20, Max. Energy difference= 3).

3.4 Biology

3.4.1 Generals

All animal experiments were approved by Ethics Committee of ZSSOM on
Laboratory Animal Care (No0.2017-273) and were performed according to the

guidelines of the Institute for Laboratory Animal Research of Sun Yat-sen University
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Laboratory Animal Center (Guangzhou, China).

Data are expressed as mean =SEM. The statistical significance between groups was
determined by Student's t test. p < 0.05 was considered to be statistically significant.
Statistical analyses were performed using GraphPad Prism 5.0 (GraphPad Software

Inc., San Diego, CA, USA)

3.4.2 Mice

We used 5-6 weeks old C57BL/6J female mice for T cell differentiation in vitro
experiments. All of the animals were purchased from the National Resource Center

for Mutant Mice of China (Nanjing, China).

3.4.3 T cell differentiation in vitro.

CD47CD25™ T cells were purified using a MACS magnetic column with a CD4+ T
cell negative enrichment kit according to the manufacturer’s protocol (eBioscience,
USA). Native CD4 T cell were activated with anti-CD3e antibody (5 pg/mL,
eBioscience) and anti-CD28 antibody (2 pg/mL, eBioscience) in 12-well plates.
Cultures were supplemented with mouse IL-6 (30 ng/mL, R&D Systems, Minneapolis,
MN, USA); human TGF-B (5 ng/mL, R&D Systems); mouselL-1p (20 ng/mL, R&D
Systems); anti-mouse-IL-4 antibody (5 pg/mL, eBioscience); and anti-mouse-IFN-y

antibody (5 pg/mL, eBioscience).

3.4.4 ECs assay - luciferase reporter assays

PGL4.31+ hRORyt+ Jurkatcells (4 x 103/mL) were seeded into 96-well round-
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bottom plates and cultured with these five compounds 6, 10, 22, 28, 31 (0.15, 0.31,
0.62, 1.25, 2.50, 10.00 uM). Cells were lysed 6 h later and the half-maximal effective

concentrations (EC50) were determined.

3.4.4 CCsp assay - Cell viability assays

PGL4.31+ hRORyt+ Jurkat cells (2 x 10°/mL) were seeded into96-well round-
bottom plates and cultured with these five compounds 6, 10, 22, 28, 31 (0.15, 0.31,
0.62, 1.25, 2.50, 10.00 uM). After 48h, MTT (dimethylthiazolyl-2-5-
diphenyltetrazoliumbromide) was added and incubated at 37°C for 4 h, and then the

supernatant was discarded. The Optical density (OD) was then measured at 495 nm.

3.4.5 Flow cytometry.

The fluorochrome-labeled antibodies were used in following: Percific Blue anti-
mouse-CD4 (eBioscience), PE anti-mouse-TCR-f (BD Biosciences) and APC anti-

mouse- [L-17A (eBioscience). Data analysed by FlowJo software.

3.4.6 RNA isolation and quantitative RT-PCR

Total RNA from spleen were extracted using Trizol reagent (Invitrogen). Amounts
of 1 pg were reverse-transcribed into cDNA using the PrimeScript RT Reagent Kit
(Takara Bio, Kusatsu, Japan). Gene expression was determined using the Quantitative
Real-Time PCR technique (Takara Bio, Kusatsu, Japan). The relative expression was
calculated by normalizing the expression of each target to glyceraldehyde-3-

phosphate dehydrogenase (GAPDH) using the 2-AACt method. The primers was used
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in  Quantitative = RT-PCR in following: GAPDH, forward sequence:

TGGTGAAGGTCGGTGTGAAC, reverse sequence:
CCATGTAGTTGAGGTCAATGAAGG; RORyt, forward sequence:
AAACTTGACAGCATCTCGGGA, reverse sequence:
TGCAGGAGTAGGCCACATTACA; IL-17A4, forward sequence:
CTCCAGAAGGCCCTCAGACTAC, reverse sequence:
AGCTTTCCCTCCGCATTGACACAG; IL-17F, forward sequence:
GAGGATAACACTGTGAGAGTTGAC, reverse sequence::

GAGTTCATGGTGCTGTCTTCC.

4. Conclusions

The important roles of RORyt in the differentiation of Th17 cells have made it a
promising target to develop therapeutics for autoimmune diseases. Most of the current
research has been focused on LBD of RORyt and discovered potent inhibitors and
agonists. Recent reports showed that the mutations on amino acids of HD and DBD of
RORyt could obviously inhibit Th17 differentiation with little effect on thymocyte
development. These results discovered that HD has vital involvement on RORyt’s
function which has not been considered adequately. Thereof, the potential of full-
length RORyt to develop potent RORyt inhibitors should be studied. In this work, we
performed SAR studies of 5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine
derivatives with a screening system utilizing full-length RORyt. We then discovered

compounds with potent activities to inhibit Th17 differentiation and Th17 cytokine
29



production without obvious effects on thymocyte apoptosis. The SPR and molecular
docking studies showed that compound 28 may bind in the hinge domain of RORyt.
Our studies shed lights on the possibilities of utilizing full-length RORyt to develop
novel RORyt inhibitors with more potency and specificity.
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Figure 1. Compound 6, 10, 22, 28 and 31 inhibited Th17 differentiation. Splenic
naive CD4+ T cells from C57BL/6J mice were differentiated in vitro into Th17 cells.
(A- F) Flow cytometry plots of the percent of IL-17A-expressing CD4+ T cells

differentiated under Th17 cell conditions in the presence of different concentration of
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Figure 2. The effects on expression of cytokines under Th17 cell conditions after



treated with compound 6, 10, 22, 28 and 31. (A-F) The mRNA expression levels of
RORyt, IL-17A and IL-17F under Th17 cell conditions. RORyt, IL-17A and IL-17F
expression was quantified and normalized to GAPDH. The Q-PCR data were repeated
3 times with consistent results. The results are shown as mean = SEM; * p < 0.05;** p
<0.01;*** p <0.001
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Figure 3. The binding mechanism studies of compound 28. (A) Surface plasmon
resonance experiment showed compound 28 (10, 5, 2.5, 1.25, 0.625 ¢M) bound with
full-length RORyt protein. (B) The binding pocket of compound 28 (magentas) in
RORyt model (green). (C) Compound 28 (magenta) bound in the HD (Green) of
RORyt. The DBD (Orange) and LBD (Cyan) were also shown. (D). Compound 28
may form electrostatic interaction and hydrophobic interaction with GIn223 and

Leu244 of RORyt respectively.
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Highlights

e A class of tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidine derivatives was explored as potential
RORyt inhibitors through high-throughput screening and structure-activity relationship
studies.

e  Compound 28 inhibited Th17 differentiation and expression of cytokines.

e  Compound 28 may bind with the HD of RORyt.
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