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Abstract 19 

The retinoic acid receptor-related orphan receptor-gamma-t (RORγt) is a promising 20 

therapeutic target for treatment of Th17 cell-mediated autoimmune diseases. Based on 21 

a scaffold hopping/conformational restriction strategy, a series of N-indanyl 22 

benzamides as novel RORγt inverse agonists was discovered. Exploration of 23 

structure-activity relationship on the piperazine ring, benzoyl moiety and cyclopentyl 24 

moiety of N-indanyl benzamides 2a and 2d led to identification of potent RORγt 25 

inverse agonists. Compound 5c with (S)-enantiomer was found having an IC50 of 26 

153.7 nM in Fluorescence Resonance Energy Transfer (FRET) assay, and an IC50 of 27 

47.1 nM in mouse Th17 cell differentiation assay, which represents a promising 28 

starting point for developing potent small molecule RORγt inverse agonists. Binding 29 

modes of the two enantiomers 5c and 5d in RORγt ligand binding domain were also 30 

discussed.  31 

Keywords: N-indanyl benzamides; RORγt inverse agonists; Th17 cells; 32 

autoimmune diseases; binding modes 33 

 34 
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1. Introduction  36 

The retinoic acid receptor-related orphan receptor-gamma-t (RORγt), an isoform 37 

of RORγ restrictedly expressed in the thymus, is a key transcriptional factor in Th17 38 

cell differentiation[1-6]. Th17 cells produce inflammatory cytokines (IL-17A, IL-17F, 39 

etc.), which play a central role in the pathogenesis of various autoimmune diseases 40 

such as psoriasis, rheumatoid arthritis, and multiple sclerosis[7-14]. Recently, 41 

accumulated clinical efficacy of the biologics has confirmed importance of the Th17 42 

pathway as a viable clinical target for the treatment of psoriasis, rheumatoid arthritis, 43 

ankylosing spondylitis and uveitis[15-20]. Given the crucial role of RORγt in the 44 

differentiation of Th17 cells, RORγt has been considered as a promising therapeutic 45 

target for treatment of Th17 cell-mediated autoimmune diseases[21]. 46 

Since the identification of digoxin[22], SR1001[23] and ursolic acid[24] as small 47 

molecule RORγt inhibitors, quite a number of small molecule RORγt inhibitors have 48 

been reported[21,25-28]. Among them, a few compounds such as VTP-43742, 49 

GSK-2981278, AZD-0284, ESR-114, ARN-6069, AUR-101, RTA-1701 and others 50 

have been progressed into clinical trials (Figure 1)[29]. However, some of these 51 

front-runners have failed in clinical trials due to compound toxicities or lack of 52 

efficacy. Thus, the development of more and better RORγt inhibitors with diverse 53 

structure types for therapeutic use remains in need. 54 

 55 
Figure1. Structures of RORγt inhibitors in clinical trials and benzyl piperazine 1 56 

Previously, we have reported the discovery of RORγt inhibitors such as 57 

carbazole carboxamides[30], thiazole/thiophene ketone amides[31], thiazole ether 58 
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amides[32], indole amides[33] and biaryl amides[34]. Recently, GlaxoSmithKline (GSK) 59 

disclosed a series of benzyl piperazines as novel RORγt inhibitors in their PCT 60 

patents[35-38]. Subsequently, a few RORγt inhibitors based on the benzyl piperazine 61 

scaffold were disclosed by Pfizer[39], Novartis[40] and LEO Pharm[41]. In light of 62 

benzyl piperazine representing a unique structure type and displaying reasonable 63 

RORγt activities, it was chosen as our starting scaffold for further structural 64 

modification. Compound 1, a typical GSK patent compound with the benzyl 65 

piperazine scaffold, displayed low RORγt activity (IC50 of 8.2 µM) in our FRET assay 66 

(Figure 1). We hypothesized that cyclization of the benzyl core using a scaffold 67 

hopping/conformational restriction strategy could rigidify the molecule and improve 68 

its RORγt activity. In this paper, we report the design, synthesis, structure-activity 69 

relationship (SAR) of a series of indane-containing compounds as novel RORγt 70 

inhibitors. The binding modes of two indane enantiomers in the RORγt ligand binding 71 

domain (LBD) were also discussed. 72 

 73 

2. Results and discussion 74 
2.1 Compound design 75 

First, the analogs of benzyl piperazine 1 with different bicyclic cores (2a-2g) 76 

were designed with aid of computer modeling and docking, trying to identify new 77 

bicyclic cores that could maintain RORγt inhibitory activity. Then, with the best 78 

indane cores (2a and 2d) identified, some compounds with modification on piperazine 79 

moiety (3a-3d and 4a-4d) were designed and evaluated. Finally, SARs of 80 

left-hand-side (LHS) benzoyl moiety and right-hand-side (RHS) cyclopentyl moiety 81 

were investigated on two different indane cores (5a-5i and 6a-6g) to optimize the 82 

N-indanyl benzamide compounds with better RORγt activity (Figure 2).  83 

 84 
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 85 

 86 

Figure 2. Target compounds with modifications on benzyl core (2a-g), piperazine 87 

moiety (3a-d and 4a-d), cyclopentyl moiety (5a-5e and 6a-6c) and benzoyl moiety 88 

(5f-5i and 6d-6g) of benzyl piperazine 1 89 

 90 

2.2 Chemistry 91 

A general procedure for the synthesis of N-indanyl benzamide compounds is 92 

described in Scheme 1. The commercially available 1-indanone (7) reacted with 93 

KNO3 in the presence of H2SO4 to produce compound 8a or 8b, which then reacted 94 

with Boc-protected piperazine analogues in the presence of sodium cyanoborohydride 95 

to obtain compounds 9a or 9b. After N-deprotection of 9a or 9b, the resulting amines 96 

subsequently reacted with the corresponding carboxylic acids or acyl chlorides to 97 

afford the compounds 10a or 10b. Then, the anilines 11a or 11b were obtained by the 98 
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reduction of the nitro group on 10a or 10b. Finally, the target compounds (2a, 2d, 99 

3a-3d, 4a-4d, 5a, 5b, 5e-5i, 6a-6g) were obtained via acylation with the 100 

corresponding carboxylic acids or urea formation with anilines/amines. Enantiomers 101 

(S)-5c and (R)-5d were obtained by chiral HPLC separation of 5b. The absolute 102 

structures of 5c and 5d were determined by the optical rotation values of 5c and 5d 103 

compared with that of (1R)-1-Aminoindane in the literature. 104 

 105 

Scheme 1. Synthesis of compounds 2a, 2d, 3a-3d, 4a-4d, 5a-5i and 6a-6ga 106 
aReagents and conditions: (a) H2SO4, KNO3, 0℃ to rt, 1h; (b) Boc-YH, NaBH3CN, 107 

CH3OH, AcOH, 0℃ to rt, overnight; (c) CF3COOH, DCM, rt, 4h; (d) R1CO2H or 108 

R1COCl, DIPEA, DCM, 0℃ to rt, 2h; (e) Fe, AcOH, rt, overnight; (f) R2CO2H, HATU, 109 

DIPEA, DCM, rt, overnight, or N-(3-cyanophenyl)-1H-imidazole-1- carboxamide, 110 

ZrCl4, THF, reflux; (g) Chiral supercritical-fluid chromatography (SFC), 25% MeOH 111 
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(0.2% Methanol ammonia): 5c (42%), 5d (56%). 112 

Synthetic procedures of compounds 2b, 2c, 2e-2g, the detailed chiral separation 113 

and absolute structure determination of 5c and 5d were described in the supporting 114 

information. 115 

 116 

2.3 Structure-activity relationship 117 

The first set of compounds with different bicyclic cores (2a-2g) were designed, 118 

synthesized and evaluated in the RORγ FRET assay (Table 1). Cyclization of the 119 

methylene carbon of benzyl piperazine 1 to the 4-position of central phenyl ring 120 

resulting in indane compound 2a improved the RORγt potency by 10-fold (830.0 nM 121 

in 2a vs. 8242.0 nM in 1), while replacing indane ring in 2a with indoline ring (2b) or 122 

indole ring (2c) lowered the RORγt activity (1574.5 nM in 2b and 4897.5 nM in 2c, 123 

respectively). Interestingly, when cyclization of the methylene carbon of benzyl 124 

piperazine 1 to the 2-position of central phenyl ring, the resulting indane-containing 125 

compound 2d exhibited a 17-fold improvement in RORγt activity (464.9 nM in 2d vs. 126 

8242.0 nM in 1). Replacing indane ring in 2d with N-methylindole ring (2e) or 127 

indoline ring (2g) dramatically decreased the activity and replacing with indole ring 128 

(2f) completely aborted the activity. Thus, the indane compounds 2a and 2d which 129 

possessed the best RORγt activity among the bicyclic compounds were subject to 130 

further optimization. 131 

 132 
Table 1. SAR exploration of benzyl core in 1. 133 

 134 

Compd Y X 
RORγ FRET IC50 (nM)a 

(% max. inhibition)b 

1 
 

N 8242.0 ± 2387.0 (135.9) 

2a 

 

N 830.0 ±19.3 (107.7) 
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2b 

 

C 1574.5 ± 163.3 (156.2) 

2c 

 

C 4897.5 ± 102.5 (137.8) 

2d 
 

N 464.9 ± 10.1 (149.0) 

2e 

 

C 6149.0 ± 562.9 (108.7) 

2f 

 

C N/Ac 

2g 

 

C 5575.0 ± 927.7 (129.7)  

aIC50 value was expressed as mean ± SD, n=2. 135 
bPercent max. inhibition measured against activation by the surrogate agonist. 136 
cN/A represents no activity. 137 

 The SAR of the piperazine moiety of the indanes 2a and 2d was then 138 

explored, and the results were summarized in Table 2. Replacing the piperazine 139 

moiety in 2a with (S)-3-methylpiperazine (3a) improved RORγt activity (193.6 140 

nM in 3a vs. 830.0 ± 19.3 nM in 2a), while replacing piperazine moiety with 141 

(R)-3-menthylpiperazine (3b) lowered RORγt activity (1674.5 nM in 3b vs. 142 

830.0 nM in 2a), indicating the importance of the chirality in methylpiperazine. 143 

Subsequently, we replaced the piperazine moiety with (3S, 144 

5R)-2,6-dimethylpiperazine moiety (3c), resulting in equipotent RORγt activity 145 

compared to 2a. Conformation restriction by bridging two methyl groups in 3c 146 

to form 3d improved the RORγt activity (207.9 nM in 3d vs. 925.1 nM in 3c) 147 

and the maximum inhibition (147.4% in 3d vs. 122.3% in 3c). We used the same 148 

strategy to modify the piperazine moiety of the indane 2d (Table 2). Interestingly, 149 

the RORγt inhibitory potency (IC50) and the maximum inhibition (%) of the 150 

methyl substituted piperazines (4a-4d) were not dramatically affected by the 151 

methyl conformation or conformation restriction on piperazine ring, indicating 152 
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that the substituent groups on piperazine moiety might play an insignificant role 153 

on biological activities of 2d. For example, compound 4d exhibited a slightly 154 

improved RORγt activity with an IC50 of 287.2 nM relative to 2d with an IC50 of 155 

464.9 nM. 156 

Table 2. SAR exploration of the piperazine moieties. 157 

R 
  

Compd 
RORγ FRET IC50 (nM)a 

(%max.inhibition)b 
Compd 

RORγ FRET IC50 (nM)a 

(%max.inhibition)b 

 
2a 830.0 ± 19.3 (107.7) 2d 464.9 ± 10.1 (149.0) 

 
3a 193.6 ± 81.9 (118.3) 4a 384.7 ± 12.4 (151.8) 

 
3b 1674.5 ± 27.6 (124.0) 4b 399.9 ± 68.0 (146.4) 

 
3c 925.1 ± 197.8 (122.3) 4c 270.3 ± 14.8 (148.9) 

 
3d 207.9 ± 17.9 (147.4) 4d 287.2 ± 23.6 (144.3) 

aIC50 value was expressed as mean ± SD, n=2. 158 
bPercent max. inhibition measured against activation by the surrogate agonist. 159 

 We next explored the SAR of RHS (R1) and LHS (R2 and R3) of the 160 

ethylene-bridged piperazines (3d) and (4d). SAR data were summarized in 161 

Tables 3 and 4. Firstly, fixing the R2 and R3 moiety as 3-cyano-benzamido, we 162 

explored SAR of R1 in 3d. Changing the cyclopentyl in 3d to cyclobutyl (5a), 163 

cyclohexyl (5b) or cyclobutylmethyl (5e) could essentially maintain the RORγt 164 

activity. Fixing R1 as cyclopentyl, replacing the LHS 3-cyano-phenyl in 3d with 165 

pyridine derivatives either maintained (5h) or mildly decreased (5f) the RORγt 166 

activity, but with a 4-methyltetrahydro-2H-pyran (5g), the RORγt activity 167 

dropped dramatically, indicating that RORγt activity disfavored non-aromatics in 168 
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LHS. Replacing the amide linker in 3d with a urea linker (5i) slightly decreased 169 

the RORγt activity. Chiral separation of racemic 5b led to its two respective 170 

enantiomers 5c and 5d. The (S)-enantiomer 5c displayed higher RORγt activity 171 

compared to 5b (153.7 nM in 5c vs. 264.9 nM in 5b), whereas the 172 

(R)-enantiomer 5d displayed no activity at all in the RORγ FRET assay. This 173 

result can be explained by the binding mode differences of the compound 5c and 174 

5d in RORγt LBD (see section 2.4). 175 

Table 3. SAR explorations of LHS and RHS in 3d. 176 

 177 

Compd R1 R2 R3 
RORγ FRET IC50 (nM)a 

(% Max inhibition)b 

3d 
  

 

207.9 ± 17.9 (147.4) 

5a 
   

333.2 ± 27.6(141.6) 

5b 
   

264.9 ± 163.2 (119.2) 

5c (S) 
   

153.7 ± 4.7 (137.3) 

5d (R) 
   

N/Ac 

5e 
   

366.7 ± 6.2 (148.9) 

5f 
   

717.9 ± 1.8 (148.1) 

5g 
   

8410.0 ± 1971.0 (140.1) 
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5h 
   

288.4 ± 6.4 (141.5) 

5i 
   

357.7 ± 45.6 (134.2) 

aIC50 value was expressed as mean ± SD, n=2. 178 
bPercent max. inhibition measured against activation by the surrogate agonist. 179 
cN/A represents no activity. 180 

 The SAR of the R1, R2 and R3 in 4d was explored in a similar way (Table 4). 181 

Fixing the R2 and R3 moiety as 3-cyano-benzamido, changing the cyclopentyl 182 

ring in 4d with cyclobutyl (6a), cyclohexyl (6b) or cyclobutylmethyl (6e) 183 

resulted in a marked drop in RORγt activity. With identification of cyclopentyl 184 

as the best RHS substituent in 4d, we continued to explore the SAR of R2 and R3 185 

in LHS. When 3-cyano-phenyl was replaced by either pyridines (6d and 6f) or 186 

4-methyltetrahydro-2H-pyran (6e), the RORγt activity was greatly reduced. 187 

Similarly, replacing the amide linker in 4d with a urea linker (6g) also decreased 188 

the RORγt activity. 189 

Table 4. SAR exploration of LHS and RHS in 4d. 190 

 191 

Compd R1 R2 R3 
RORγ FRET IC50(nM)a 

(% Max inhibition)b 

4d 
   

287.2 ± 23.6 (144.3) 

6a 
   

873.4 ± 329.0 (144.3) 

6b 

   

1692.5 ± 415.1 (166.7) 

6c 
   

569.3 ± 124.9 (146.4) 

6d 
   

2442.5 ± 466.0 (156.5) 
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6e 
   

> 10000 (92.8) 

6f 
   

1512.5 ± 352.8 (142.3) 

6g 
   

1589.5 ± 1132.0 (114.1) 

aIC50 value was expressed as mean ± SD, n=2. 192 
bPercent max. inhibition measured against activation by the surrogate agonist. 193 

We further evaluated the representative N-indanyl benzamides 2a, 2d, 3d, 4d, 194 

5b-5d in the mouse Th17 cell differentiation assay (Table 5). The results revealed that 195 

compound 2a and 2d containing the piperazine moiety possessed relatively weak 196 

Th17 cellular activity. Replacing piperazine ring with ethylene-bridged piperazines 197 

(3d, 4d and 5b) could improve the Th17 cellular activity greatly. Compound 5c with 198 

(S)-enantiomer showed excellent activity with an IC50 of 47.1 nM in the Th17 cell 199 

differentiation assay while the compound 5d with (R)-enantiomer had no activity at 200 

all. The activities of the compounds tested in the Th17 cellular assay were essentially 201 

consistent with those in the FRET assay. 202 

Table 5. Results in mouse Th17 cell differentiation assay  203 

Compd mTh17 IC50 (nM)a 

2a 2661.4 ± 2385.2 

2d 1782.5 ± 436.3 

3d 422.6 ± 39.3 

4d 384.6 ± 83.4 

5b 105.5 ± 15.9 

5c 47.1 ± 4.8 

5d N/Ab 

aIC50 value was expressed as mean ± SD, n=2. 204 
bN/A represents no activity. 205 
 206 

2.4 Binding mode study 207 

The activity differences between piperazine ring and ethylene-bridged piperazine 208 

ring as well as between the two indane enantiomers such as 5c and 5d draw our 209 

intention, so docking studies on a few N-indanyl benzamide compounds in RORγt 210 
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LBD were carried out to understand the mode of actions (MOAs). Docking of 2a (S 211 

and R enantiomers), 3d (S and R enantiomers) and 5b (5c and 5d) into RORγt LBD 212 

revealed the binding mode of a typical indane-based RORγt inverse agonist, which 213 

was similar to the reported indole benzamide’s binding mode[39]. As illustrated in 214 

Figure 3A, in the LHS of N-indanyl benzamide 5c, the benzoyl moiety provides 215 

preferred π-π cluster interactions with His323 and Phe377, and the cyano substituent 216 

can form a hydrogen bond with the backbone Leu287. The linker amide beside the 217 

indane core can form hydrogen bond interaction with the backbone of Phe377. In the 218 

RHS of 5c, the cyclohexyl ring occupies an existed vacant cavity between H11 and 219 

H11’, and formed intermolecular interactions with surrounding hydrophobic residues 220 

in the hydrophobic site near His479. Overlay of 5c with the reported indole 221 

benzamide co-crystal structure in RORγt LBD (PDB ID: 6CN6) reveals a similar 222 

overall binding mode (Figure 3B).  223 

Besides the common binding mode, it was also noted that a key hydrogen bond 224 

between His479 and the carbonyl group in the RHS of all indane (S)-enantiomers is 225 

associated with the inverse agonism of RORγt. In the binding modes of (S)- 226 

enantiomers of 2a, 3d and 5b, the carbonyl group was apt to form hydrogen bonds 227 

with His479, breaking the hydrogen bond of His479 and Tyr502, thus made the 228 

H11-H12 bridging force weak (Figure 4A). The loose interaction within the triplet 229 

residues His479-Tyr502-Phe506 resulted in the disorder of H12, and the unwinding 230 

H12 could not recruit co-activator, making these compounds as RORγt inverse 231 

agonists. On the contrary, in the binding modes of (R)-enantiomers of 2a, 3d and 5b, 232 

the carbonyl group is not easily to form hydrogen bond with His479, which might be 233 

the reason why (S)-enantiomer 5c is quite active but the (R)- enantiomer 5d not. 234 

 235 
A                                B 236 

Figure 3. Binding mode of indane derivative 5c. A: Zoomed-in view of 5c (shown in 237 
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lime) in the binding pocket of RORγt LBD; B: overlay of 5c with the reported indole 238 

benzamide in co-crystal structure (shown in white, PDB ID: 6CN6). 239 

 240 

 Another note from the binding mode study is that the confirmation of the 241 

piperazine moiety constrained by the ethylene bridge can enhance the formation of 242 

hydrogen-bond between the carbonyl group and His479 (Figure 4B). Thus, 3d 243 

(S)-enantiomer is more preferred to form hydrogen bond with His479 than 2a 244 

(S)-enantiomer, which is critical for the secondary structure of H12 as mentioned 245 

above. The conformational restriction of the bridged piperazines such as in 3d is 246 

reflected in an activity enhancement as observed not only in the RORγ FRET assay 247 

but also in the mouse Th17 cell differentiation assay. 248 

 249 

A 250 

B 251 

Figure 4. Binding modes of S and R enantiomers. A: Binding modes of 2a, 3d and 252 

5b; B: overlay of (S)-enantiomers of 2a and 3d, and (R)-enantiomers of 2a and 3d. 253 

(2a (S)-enantiomer colored in yellow, 2a (R)-enantiomer colored in orange, 3d 254 
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(S)-enantiomer colored in cyan, 3d (R)-enantiomer colored in blue, 5c colored in lime, 255 

5d colored in green) 256 

 257 

3. Conclusions 258 

 In summary, we discovered a series of N-indanyl benzamides as novel RORγt 259 

inhibitors through cyclization of the benzyl piperazines using a scaffold hopping 260 

/conformational restriction strategy. The exploration of structure-activity relationship 261 

on the benzyl core, the piperazine ring, the LHS aryl and the RHS cyclopentyl of the 262 

benzyl piperazine 1 led to the identification of potent RORγt inhibitors. The indane 263 

compound 5c with (S)-enantiomer was found having decent RORγt inhibitory activity 264 

with an IC50 of 153.7 nM in RORγ FRET assay and 47.1 nM in mouse Th17 cell 265 

differentiation assay, and represented a promising starting point for developing potent 266 

small molecule RORγt inverse agonists with the potential for treatment of 267 

autoimmune diseases. The binding mode study of the N-indanyl benzamides in RORγt 268 

LBD using a molecular docking method revealed the rationales that why the bridged 269 

piperazines are more potent than piperazine and the (S)-enantiomer compared to 270 

(R)-enantiomer was preferred in RORγt activity. Further optimization of the 271 

N-indanyl benzamide lead series is ongoing and will be reported in due course. 272 

 273 

4. Experimental 274 

4.1. Materials and methods 275 

 All the reagents used were commercially available and were used without further 276 

purification unless otherwise indicated. All of the reactions were monitored by thin 277 

layer chromatography (TLC) using silica gel plates (fluorescence F254, UV light). 278 

The intermediate and the final target compound was purified by column 279 

chromatography on silica gel 200~300 GF254 (Qingdao Haiyang Chemical Co., Ltd., 280 

Qingdao, Shandong Province, China). Melting point was recorded by WRS-1B digital 281 

instrument. 1H NMR spectra was recorded on a Bruker 400 MHz spectrometer, 282 

Coupling constants (J values) were given in hertz (Hz). 13C NMR spectra was 283 

recorded at 600 MHz. Chemical shifts (δ) were reported in parts per million (ppm) 284 
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(using TMS as an internal control). Signals were described as singlet (s), doublet (d), 285 

triplet (t), quartet (q), multiplet (m), and broad (br). Mass spectroscopy was carried 286 

out on Electrospray ionization (ESI) instruments or MALDI-TOF (Bruker). 287 

4.2. Synthesis 288 

4.2.1. General procedure for the synthesis of indane analogues (2a, 2d, 3a-3d, 4a-4d, 289 

5a-5i and 6a-6g) 290 

Step 1: To a solution of 2,3-dihydro-1H-inden-1-one (1.0 eq) in sulfuric acid stirred 291 

at 0oC was added KNO3 (1.05 eq) in several portions over 15 mins and the reaction 292 

mixture was stirred for 1 hr at this temperature. After the reaction completed, the 293 

mixture was poured into ice-water, and extracted with AcOEt. The organic phase was 294 

washed with water and saturated NaHCO3 solution, dried over anhydrous sodium 295 

sulfate, filtered and the filtrate was concentrated under reduced pressure to afford the 296 

crude product, which was purified by column chromatography (silica gel, eluent: 297 

AcOEt/Pet 0-25%, v/v) to give the 6-nitro-2,3-dihydro-1H-inden-1-one intermediate 298 

8a and 4-nitro-2,3-dihydro-1H-inden-1-one intermediate 8b. 299 

Step 2: To a solution of 6-nitro-2,3-dihydro-1H-inden-1-one intermediate 8a (1.0 eq) 300 

or 4-nitro-2,3-dihydro-1H-inden-1-one intermediate 8b (1.0 eq) and Boc-protection 301 

piperazine analogues (1.5 eq) in methanol was added acetic acid (1.5 eq) and 302 

NaBH3CN (2.0 eq) at room temperature and the reaction mixture was heated to reflux 303 

overnight. When the starting material was consumed completely, the mixture was 304 

cooled to room temperature, and saturated NH4Cl solution was added to the mixture 305 

to quench the reaction. The mixture was concentrated under reduced pressure and 306 

extracted with AcOEt. The organic phase was washed with water and saturated 307 

NaHCO3 solution, dried over anhydrous sodium sulfate, filtered and the filtrate was 308 

concentrated under reduced pressure to afford the crude product, which was purified 309 

by column chromatography (silica gel, eluent: PE/DCM 0-50%, v/v) to give the 310 

6-nitro-indanyl analogue 9a or 4-nitro-indanyl analogue 9b. 311 

Step 3: To a solution of 6-nitro-indanyl analogue 9a (1.0 eq) or 4-nitro-indanyl 312 

analogue 9b (1.0 eq) in DCM (4 mL) was added trifluoroacetic acid (2.0 mL) at 0oC 313 
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and the reaction mixture was stirred at this temperature for 3 hours. When the starting 314 

material was consumed completely, the mixture was concentrated under reduced 315 

pressure to remove the solvent. The resulting residue was dissolved with DCM and 316 

Et3N (3.0 eq). Different acid chloride (1.05 eq) was dropwise to the mixture for 10min. 317 

Then the reaction mixture was stirred for another 1 hour. Methanol was added to the 318 

reaction mixture to quench the reaction. The mixture was concentrated under reduced 319 

pressure to remove the solvent. The crude product was purified by column 320 

chromatography (silica gel, eluent: PE/DCM 0-100%, v/v) to give the compound 10a 321 

or compound 10b. 322 

Step 4: To a solution of compound 10a (1.0 eq) or compound 10b (1.0 eq) in 323 

methanol (5.0 mL) was added Pd/C (5%, 0.2 eq, M/M) at room temperature under H2 324 

atmosphere and the reaction mixture was stirred at this temperature overnight. When 325 

the starting material was consumed completely, the mixture was filtered and the 326 

filtrate was concentrated under reduced pressure to to give the crude compound 11a 327 

or compound 11b which was used directly in the next step. 328 

Step 5a: The mixture of the crude compound 11a (1.0 eq) or compound 11b (1.0 eq), 329 

HATU (1.5 eq), different acid (1.1 eq) and DIPEA (3.0 eq) in DCM was stirred at 330 

room temperature overnight under N2 atmosphere. When the starting material was 331 

consumed completely, the mixture was washed with saturated NaHCO3 solution and 332 

water, dried over anhydrous sodium sulfate, filtered and the filtrate was concentrated 333 

under reduced pressure to afford the crude product, which was purified by column 334 

chromatography to afford the target compounds (2a, 2d, 3a-3d,4a-4d, 5a, 5b, 5e-5h 335 

and 6a-6f). Enantiomers (S)-5c and (R)-5d were obtained by chiral HPLC separation 336 

of 5b. 337 

Step 5b: The mixture of the crude compound 11a (1.0 eq) or compound 11b (1.0 eq), 338 

ZrCl4 (1.0 eq), N-(3-cyanophenyl)-1H-imidazole-1- carboxamide (1.2 eq) in THF was 339 

heated to reflux and stirred at this temperature for 8 hour under N2 atmosphere. When 340 

the starting material was consumed completely, the reaction mixture was filtered and 341 

the filtrate was concentrated under reduced pressure, the resulting residue was 342 
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purified by flash column chromatography on silica gel to afford the desired product 343 

(5i and 6g). 344 

 345 

4.2.1.1  346 

3-Cyano-N-(3-(4-(cyclopentanecarbonyl)piperazin-1-yl)-2,3-dihydro-1H inden -5-yl) 347 

benzamide(2a) as white solid (55.4%); mp 229.6-230.4°C.

1H NMR (400 MHz, 348 

DMSO-d6) δ 10.38 (s, 1H), 8.41 (s, 1H), 8.25 (d, J = 8.0 Hz, 1H), 8.06 (d, J = 7.7 Hz, 349 

1H), 7.80-7.73 (m, 2H), 7.63 (d, J = 8.2 Hz, 1H), 7.22 (d, J = 8.1 Hz, 1H), 4.34 (t, J = 350 

6.9 Hz, 1H), 3.48 (m, 3H), 3.42 (m, 1H), 2.94 (m, 1H), 2.84 (m, 1H), 2.73 (m, 1H), 351 

2.45 (m, 2H), 2.34 (m, 2H), 2.01 (q, J = 7.1 Hz, 2H), 1.73-1.49(m, 8H). 13C NMR 352 

(151 MHz, DMSO-d6) δ 173.11, 163.21, 142.74, 139.14, 136.97, 135.85, 134.71, 353 

132.33, 131.08, 129.64, 124.37, 119.80, 118.19, 116.92, 111.32, 69.00, 48.47, 47.98, 354 

45.23, 41.53, 29.76, 29.44, 29.40, 25.49, 24.13. MS (ESI) m/z: 443.3[M+H]+. HRMS 355 

(ESI+) m/z calcd for C27H30N4O2 [M+H] + : 443.2442; found: 443.2445. 356 

4.2.1.2  357 

3-Cyano-N-(1-(4-(cyclopentanecarbonyl) piperazin-1-yl)-2,3-dihydro-1H-inden -4-yl) 358 

benzamide(2d) as white solid (35.6%); mp 78.5-80.5°C. 1H NMR (400 MHz, DMSO- 359 

d6) δ 10.14 (s, 1H), 8.39 (s, 1H), 8.24 (d, J = 7.6 Hz, 1H), 8.08 (d, J = 7.1 Hz, 1H), 360 

7.75 (t, J = 8.7 Hz, 1H), 7.36 (d, J = 6.6 Hz, 1H), 7.25 (t, J = 7.1 Hz, 1H), 7.18 (d, J = 361 

6.8 Hz, 1H), 4.37 (m, 1H), 3.49 (m, 2H), 2.89 (m, 2H), 2.74 (m, 1H), 2.38 (m, 4H), 362 

1.98 (m, 2H), 1.61 (m, 10H). 13C NMR (151 MHz, DMSO-d6) δ 173.10, 163.12, 363 

143.61, 138.27, 135.46, 134.82, 133.75, 132.36, 131.22, 129.68, 126.45, 123.19, 364 

122.10, 118.16, 111.39, 69.17, 48.62, 47.95, 45.21, 41.50, 29.43, 28.57, 25.48, 23.66. 365 

MS (ESI) m/z: 443.2[M+H]+. HRMS (ESI+) m/z calcd for C27H30N4O2 [M+H]+: 366 

443.2442; found: 443.2434. 367 

4.2.1.3 368 

3-Cyano-N-(3-((S)-4-(cyclopentanecarbonyl)-3-methylpiperazin-1-yl)-2,3-dihydro 369 

-1H -inden-5-yl) benzamide (3a) as white solid (45.2%); mp 114.2-115.6°C. 1H NMR 370 

(400 MHz, DMSO-d6) δ 10.39 (s, 1H), 8.40 (d, J = 10.0 Hz, 1H), 8.24 (t, J = 7.8 Hz, 371 
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1H), 8.06 (d, J = 7.8 Hz, 1H), 7.81-7.73 (m, 2H), 7.67-7.53 (m, 1H), 7.21 (d, J = 7.3 372 

Hz, 1H), 4.54 (m, 1H), 4.35-4.17 (m, 2H), 3.77 (m, 1H), 3.29-3.13 (m, 1H), 2.86 (m, 373 

2H), 2.73 (m, 2H), 2.38-2.15 (m, 2H), 1.99 (s, 2H), 1.69-1.49(m, 8H), 1.35-1.13(m, 374 

3H). 13C NMR (151 MHz, DMSO-d6) δ 173.13, 163.28, 142.97, 138.98, 136.97, 375 

135.89, 134.69, 132.34, 131.08, 129.63, 124.34, 119.70, 118.18, 116.89, 111.32, 68.97, 376 

54.61, 51.04, 46.59, 43.98, 40.63, 36.60, 29.52, 25.47, 24.07, 16.88, 15.35. MS (ESI) 377 

m/z: 457.3[M+H]+. HRMS (ESI+) m/z calcd for C28H32N4O2 [M+H] + : 457.2598; 378 

found: 457.2606. 379 

4.2.1.4 380 

3-Cyano-N-(3-((R)-4-(cyclopentanecarbonyl)-3-methylpiperazin-1-yl)-2,3-dihydro-1H 381 

-inden-5-yl)benzamide(3b) as white solid (30.2%); mp 178.3-179.4°C.1H NMR (400 382 

MHz, DMSO-d6) δ 10.39 (s, 1H), 8.40 (d, J = 10.0 Hz, 1H), 8.24 (t, J = 7.4 Hz, 1H), 383 

8.06 (d, J = 7.4 Hz, 1H), 7.81 (s, 1H), 7.75 (t, J = 7.5 Hz, 1H),7.68-7.53 (m, 1H), 7.21 384 

(d, J = 7.1 Hz, 1H), 4.54 (m, 1H), 4.35-4.16 (m, 2H), 3.77 (m, 1H), 3.26 (m, 1H), 2.86 385 

(m, 2H), 2.73 (m, 2H), 2.34-2.19 (m, 2H), 1.98 (s, 2H), 1.69-1.49 (m, 8H), 1.33-1.13 386 

(m, 3H). 13C NMR (151 MHz, DMSO-d6) δ 173.07, 163.28, 142.98, 138.91, 137.01, 387 

135.96, 134.68, 132.34, 131.08, 129.63, 124.32, 119.70, 118.18, 116.77, 111.33, 68.97, 388 

51.04, 47.83, 46.59, 43.75, 40.64, 30.52, 29.52, 29.05, 25.46, 20.02, 16.81, 15.23. MS 389 

(ESI) m/z: 457.3[M+H]+. HRMS (ESI+) m/z calcd for C28H32N4O2 [M+H]+ : 390 

457.2598; found: 457.2599. 391 

4.2.1.5 392 

3-Cyano-N-(3-((3S,5R)-4-(cyclopentanecarbonyl)-3,5-dimethylpiperazin-1-yl)-2,3-dih393 

-ydro-1H-inden-5-yl)benzamide(3c) as white solid (46.7%); mp 184.7-185.8°C. 1H 394 

NMR (400 MHz, DMSO-d6) δ 10.39 (s, 1H), 8.39 (s, 1H), 8.24 (d, J = 7.4 Hz, 1H), 395 

8.06 (d, J = 7.5 Hz, 1H), 7.84 (s, 1H), 7.75 (t, J = 7.7 Hz, 1H), 7.61 (d, J = 8.1 Hz, 1H), 396 

7.21 (d, J = 8.0 Hz, 1H), 4.37 (m, 2H), 4.09 (m, 1H), 2.85 (m, 2H), 2.72 (m, 2H), 2.42 397 

(m, 1H), 2.32 (m, 2H), 2.08 – 1.94 (m, 2H), 1.78 – 1.49 (m, 8H), 1.38-1.19 (m, 6H).. 398 
13C NMR (151 MHz, DMSO-d6) δ 174.00, 163.29, 138.94, 137.05, 135.96, 134.69, 399 

132.35, 131.08, 129.63, 124.33, 119.73, 118.18, 116.80, 111.33, 69.29, 55.38, 50.77, 400 
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30.52, 29.59, 25.60. MS (ESI) m/z: 471.3[M+H]+. HRMS (ESI+) m/z calcd for 401 

C29H34N4O2 [M+H]+:471.2755; found:471.2750. 402 

4.2.1.6  403 

3-Cyano-N-(3-(8-(cyclopentanecarbonyl)-3,8-diazabicyclo [3.2.1] octan-3-yl)-2,3- 404 

dihydro-1H-inden-5-yl) benzamide(3d) as white solid (66.7%); mp 105.6-106.2°C. 405 

1H NMR (400 MHz, DMSO-d6) δ 10.38 (s, 1H), 8.39 (s, 1H), 8.24 (d, J = 8 Hz, 1H), 406 

8.06 (d, J = 8 Hz, 1H), 7.75 (m, 2H), 7.59 (d, J = 8 Hz, 1H), 7.19 (d, J = 8 Hz, 1H), 407 

4.48 (m, 1H), 4.34 (m, 2H), 2.78-2.69 (m, 4H), 2.29 (m, 2H), 1.97 (m, 5H), 1.72-1.50 408 

(m, 10H). 13C NMR (151 MHz, DMSO-d6) δ 170.91, 163.33, 143.00, 138.79, 137.11, 409 

135.99, 134.69, 132.35, 131.10, 129.63, 124.32, 119.61, 118.19, 116.61, 111.33, 410 

68.08, 55.68, 54.09, 51.36, 40.79, 29.77, 29.62, 28.39, 28.24, 26.70, 26.58, 25.64, 411 

24.09, 23.90. MS (ESI) m/z: 469.3[M+H]+. HRMS (ESI+) m/z calcd for C29H32N4O2 412 

[M+H] +: 469.2598; found:469.2597. 413 

4.2.1.7  414 

3-Cyano-N-(1-((S)-4-(cyclopentanecarbonyl)-3-methylpiperazin-1-yl)-2,3-dihydro-1H415 

-inden-4-yl)benzamide(4a) as yellow solid (46.9%); mp 103.6-105.8°C.1H NMR (400 416 

MHz, DMSO-d6) δ 10.14 (s, 1H), 8.39 (s, 1H), 8.24 (d, J = 8.0 Hz, 1H), 8.08 (d, J = 417 

7.6 Hz, 1H), 7.75 (t, J = 8.0 Hz, 1H), 7.36 (d, J = 5.5 Hz, 1H), 7.26 (t, J = 7.6 Hz, 1H), 418 

7.22-7.15 (m, 1H), 4.57-4.51 (m, 1H), 4.42-4.32 (m, 1H), 4.26-4.16 (m, 1H), 419 

3.81-3.70 (m, 1H), 3.33-3.13 (m, 1H), 2.95-2.81 (m, 2H),2.77- 2.67 (m, 2H), 420 

2.44-2.15 (m, 2H), 1.96 (m, 2H), 1.69-1.50 (m, 8H), 1.35-1.06 (m, 3H). 13C NMR 421 

(151 MHz, DMSO-d6) δ 173.13, 163.12, 143.81, 138.08, 135.46, 134.82, 133.75, 422 

132.36, 131.21, 129.68, 126.48, 123.15, 122.03, 118.16, 111.39, 69.12, 50.96, 49.78, 423 

47.77, 43.71, 30.53, 30.31, 29.42, 29.04, 28.53, 28.40, 25.56, 25.46. MS (ESI) m/z: 424 

457.3[M+H]+. HRMS (ESI+) m/z calcd for C28H32N4O2 [M+H] +: 457.2598; 425 

found:457.2589. 426 

4.2.1.8  427 

3-Cyano-N-(1-((R)-4-(cyclopentanecarbonyl)-3-methylpiperazin-1-yl)-2,3-dihydro-1H428 

-inden-4-yl)benzamide(4b) as yellow solid (28.5%); mp 91.9-92.4°C.1H NMR (400 429 
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MHz, DMSO-d6) δ 10.15 (s, 1H), 8.39 (s, 1H), 8.26 (m, 1H), 8.09 (m, 1H), 7.76 (m, 430 

1H), 7.36 (m, 1H), 7.26-7.17 (m, 2H), 4.56 (m, 1H), 4.37 (m, 1H), 4.19 (m, 1H), 431 

3.83-3.70 (m, 1H), 3.31-3.10 (m, 1H), 2.89 (m, 2H), 2.75 (m, 2H), 2.27(m, 2H), 1.98 432 

(m, 2H), 1.70-1.57 (m, 8H), 1.35-1.12 (m, 3H). 13C NMR (151 MHz, DMSO-d6) δ 433 

173.12, 163.13, 143.88, 138.15, 135.46, 134.82, 133.75, 132.36, 131.21, 129.68, 434 

126.48, 123.17, 121.73, 118.16, 111.39, 69.23, 50.39, 47.77, 46.63, 43.98, 30.52, 435 

29.04, 28.53, 25.56, 23.49, 22.85, 16.73, 15.36. MS (ESI) m/z: 457.3[M+H]+. HRMS 436 

(ESI+) m/z calcd for C28H32N4O2 [M+H] + : 457.2598; found:457.2596. 437 

4.2.1.9  438 

3-Cyano-N-(1-((3S,5R)-4-(cyclopentanecarbonyl)-3,5-dimethylpiperazin-1-yl)-2,3-dih439 

ydro-1H-inden-4-yl)benzamide(4c) as white solid (28.5%); mp 101.6-102.7°C. 1H 440 

NMR (400 MHz, DMSO-d6) δ 10.13 (s, 1H), 8.39 (s, 1H), 8.25 (d, J = 8.0 Hz, 1H), 441 

8.08 (d, J = 7.7 Hz, 1H), 7.76 (t, J = 7.8 Hz, 1H), 7.37 (d, J = 7.1 Hz, 1H), 7.27 (t, J = 442 

8 Hz, 1H), 7.23 (d, J = 7.3 Hz, 1H), 4.42 (m, 2H), 4.10 (m, 1H), 2.89-2.83 (m, 2H), 443 

2.79-2.73 (m, 2H), 2.45 (m, 1H), 2.28-2.23 (m, 2H), 1.98 (m, 2H), 1.78-1.50 (m, 8H), 444 

1.39-1.16 (m, 6H). 13C NMR (151 MHz, DMSO-d6) δ 174.01, 163.12, 144.05, 138.09, 445 

135.47, 134.82, 133.75, 132.36, 131.21, 129.68, 126.51, 123.19, 121.84, 118.16, 446 

111.39, 69.43, 55.58, 50.49, 47.80, 44.18, 30.94, 29.53, 28.45, 25.60, 22.85, 22.03, 447 

21.62, 20.55, 20.16. MS (ESI) m/z: 471.3 [M+H]+. HRMS (ESI+) m/z calcd for 448 

C29H34N4O2 [M+H]+ : 471.2755; found:471.2745. 449 

4.2.1.10  450 

3-Cyano-N-(1-(8-(cyclopentanecarbonyl)-3,8-diazabicyclo [3.2.1] octan-3-yl)-2,3- 451 

dihydro-1H-inden-4-yl) benzamide(4d) as white solid (60.4%); mp 115.3-116.4°C. 452 
1H NMR (400 MHz, DMSO-d6) δ 9.99 (s, 1H), 8.26 (s, 1H), 8.11 (d, J = 7.3 Hz, 1H), 453 

7.95 (d, J = 7.4 Hz, 1H), 7.62 (t, J = 7.5 Hz, 1H), 7.23 (d, J = 7.5 Hz, 1H), 7.13 (t, J = 454 

7.4 Hz, 1H), 7.04 (d, J = 7.2 Hz, 1H), 4.34-4.13(m, 3H), 2.71 (m, 2H), 2.59 (m, 2H), 455 

2.32 (m, 1H), 2.17-2.12 (m, 2H), 1.84 (m, 2H), 1.75-1.36 (m, 12H). 13C NMR (151 456 

MHz, DMSO- d6) δ
 170.85, 163.12, 143.79, 138.03, 135.47, 134.82, 133.74, 132.36, 457 

131.21, 129.68, 126.51, 123.14, 121.89, 118.16, 111.39, 68.21, 56.94, 54.44, 51.69, 458 
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50.24, 40.81, 29.77, 29.61, 28.53, 28.32, 26.63, 25.64, 25.56, 23.60. MS (ESI) m/z: 459 

469.3[M+H]+. HRMS (ESI+) m/z calcd for C29H32N4O2 [M+H]+ : 469.2598; found: 460 

469.2593. 461 

4.2.1.11  462 

3-Cyano-N-(3-(8-(cyclobutanecarbonyl)-3,8-diazabicyclo [3.2.1] octan-3-yl)-2,3- 463 

dihydro-1H-inden-5-yl) benzamide(5a) as white solid (55.0%); mp 114.6-115.8°C. 464 
1H NMR (400 MHz, DMSO-d6) δ 10.38 (s, 1H), 8.39 (s, 1H), 8.24 (d, J = 8.0 Hz, 1H), 465 

8.06 (d, J = 7.5 Hz, 1H), 7.86-7.68 (m, 2H), 7.67-7.56 (m, 1H), 7.19 (d, J = 8.0 Hz, 466 

1H), 4.42 (dd, J = 5.6 Hz, 27.9 Hz, 1H), 4.29 (t, J = 7.0 Hz, 1H), 4.08, (dd, J = 5.0 Hz, 467 

29.1 Hz, 1H), 3.28 (m, 1H), 2.81 (m, 1H), 2.72 (m, 2H), 2.45 (m, 1H), 2.47-2.17 (m, 468 

4H), 2.09-1.63 (m, 10H). 13C NMR (151 MHz, DMSO-d6) δ 169.31, 163.33, 142.97, 469 

138.74, 137.08, 135.99, 134.68, 132.34, 131.09, 129.62, 124.31, 119.60, 118.18, 470 

116.58, 111.32, 68.08, 57.07, 55.67, 54.01, 51.35, 36.46, 29.59, 28.18, 26.72, 24.63, 471 

24.17, 23.89, 17.48. MS (ESI) m/z: 455.3[M+H]+. HRMS (ESI+) m/z calcd for 472 

C28H30N4O2 [M+H]+ : 455.2442; found:455.2433. 473 

4.2.1.12  474 

3-Cyano-N-(3-(8-(cyclohexanecarbonyl)-3,8-diazabicyclo [3.2.1] octan-3-yl)-2,3- 475 

dihydro-1H-inden-5-yl) benzamide(5b) as white solid (45.6%); mp 242.8-243.2°C.1H 476 

NMR (400 MHz, DMSO-d6) δ 10.39 (s, 1H), 8.40 (s, 1H), 8.25 (d, J = 7.8 Hz, 1H), 477 

8.07 (d, J = 7.8 Hz, 1H), 7.76 (m, 2H), 7.60 (d, J = 7.7 Hz, 1H), 7.19 (d, J = 8.0 Hz, 478 

1H), 4.44 (dd, J = 25.3 Hz, 6.5 Hz, 1H), 4.35-4.22 (m, 2H)., 2.79-2.68 (m, 3H), 2.45 479 

(m, 2H), 2.35-2.21 (m, 2H), 1.98 (m, 2H), 1.89 (m, 2H), 1.67-1.23 (m, 12H). 13C 480 

NMR (151 MHz, DMSO-d6) δ 170.96, 163.32, 142.96, 138.78, 137.08, 135.98, 481 

134.68, 132.34, 131.09, 129.63, 124.32, 119.61, 118.18, 116.62, 111.32, 68.05, 57.24, 482 

55.66, 54.07, 51.20, 40.21, 29.60, 29.23, 29.05, 28.45, 26.68, 25.39, 25.05, 24.94, 483 

24.10. MS (ESI) m/z: 483.3[M+H]+. HRMS (ESI+) m/z calcd for C30H34N4O2 484 

[M+H] + : 483.2755; found:483.2744. 485 

4.2.1.13 486 
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3-Cyano-N-((3S)-3-(8-(cyclohexanecarbonyl)-3,8-diazabicyclo [3.2.1] octan-3-yl)-2,3 487 

- dihydro-1H-inden-5-yl) benzamide (5c) as white solid (42.0%); mp 110.2-112.5°C. 488 

ee: 100%, [α]D
23 +122° (c 0.37, CHCl3).  1H NMR (400 MHz, DMSO-d6) δ 10.39 (s, 489 

1H), 8.40 (s, 1H), 8.25 (d, J = 7.8 Hz, 1H), 8.07 (d, J = 7.8 Hz, 1H), 7.76 (m, 2H), 490 

7.60 (d, J = 7.7 Hz, 1H), 7.19 (d, J = 8.0 Hz, 1H), 4.44 (dd, J = 25.3 Hz, 6.5 Hz, 1H), 491 

4.35-4.22 (m, 2H)., 2.79-2.68 (m, 3H), 2.45 (m, 2H), 2.35-2.21 (m, 2H), 1.98 (m, 2H), 492 

1.89 (m, 2H), 1.67-1.23 (m, 12H). 13C NMR (151 MHz, DMSO-d6) δ 170.96, 163.32, 493 

142.96, 138.78, 137.08, 135.98, 134.68, 132.34, 131.09, 129.63, 124.32, 119.61, 494 

118.18, 116.62, 111.32, 68.05, 57.24, 55.66, 54.07, 51.20, 40.21, 29.60, 29.23, 29.05, 495 

28.45, 26.68, 25.39, 25.05, 24.94, 24.10. MS (ESI) m/z: 483.3[M+H]+. HRMS (ESI+) 496 

m/z calcd for C30H34N4O2 [M+H] + : 483.2755; found:483.2744. 497 

4.2.1.14 498 

3-Cyano-N-((3R)-3-(8-(cyclohexanecarbonyl)-3,8-diazabicyclo [3.2.1] octan-3-yl) 499 

-2,3 -dihydro-1H-inden-5-yl) benzamide (5d) as white solid (56.0%); mp 500 

112.6-113.8°C. ee:100%, [α]D
23 -122° (c 0.37, CHCl3).

 1H NMR (400 MHz, 501 

DMSO-d6) δ 10.39 (s, 1H), 8.40 (s, 1H), 8.25 (d, J = 7.8 Hz, 1H), 8.07 (d, J = 7.8 Hz, 502 

1H), 7.76 (m, 2H), 7.60 (d, J = 7.7 Hz, 1H), 7.19 (d, J = 8.0 Hz, 1H), 4.44 (dd, J = 503 

25.3 Hz, 6.5 Hz, 1H), 4.35-4.22 (m, 2H)., 2.79-2.68 (m, 3H), 2.45 (m, 2H), 2.35-2.21 504 

(m, 2H), 1.98 (m, 2H), 1.89 (m, 2H), 1.67-1.23 (m, 12H). 13C NMR (151 MHz, 505 

DMSO-d6) δ 170.96, 163.32, 142.96, 138.78, 137.08, 135.98, 134.68, 132.34, 131.09, 506 

129.63, 124.32, 119.61, 118.18, 116.62, 111.32, 68.05, 57.24, 55.66, 54.07, 51.20, 507 

40.21, 29.60, 29.23, 29.05, 28.45, 26.68, 25.39, 25.05, 24.94, 24.10. MS (ESI) m/z: 508 

483.3[M+H]+. HRMS (ESI+) m/z calcd for C30H34N4O2 [M+H] +: 483.2755; 509 

found:483.2744. 510 

4.2.1.15  511 

3-Cyano-N-(3-(8-(2-cyclobutylacetyl)-3,8-diazabicyclo [3.2.1] octan-3-yl)- 2,3- 512 

dihydro-1H-inden-5-yl) benzamide(5e) as white solid (42.4%); mp 100.8-101.4°C. 1H 513 

NMR (400 MHz, DMSO-d6) δ 10.39 (s, 1H), 8.40 (s, 1H), 8.24 (d, J = 7.2 Hz, 1H), 514 

8.06 (d, J = 6.3 Hz, 1H), 7.75 (m, 2H), 7.60 (s, 1H), 7.19 (d, J = 7.4 Hz, 1H), 515 
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4.44-4.18(m, 3H), 2.76-2.50 (m, 5H), 2.43-2.25 (m, 5H), 1.99-1.63 (m, 11H). 13C 516 

NMR (151 MHz, DMSO- d6) 166.92, 163.33, 142.94, 138.80, 137.08, 135.98, 134.70, 517 

132.35, 131.09, 129.63, 124.33, 119.62, 118.19, 116.62, 111.33, 68.07, 56.79, 55.50, 518 

54.66, 51.38, 31.98, 29.62, 28.38, 27.80, 27.71, 26.70, 26.66, 24.21, 18.04. MS (ESI) 519 

m/z: 469.3 [M+H]+. HRMS (ESI+) m/z calcd for C29H32N4O2 [M+H]+ : 469.2598; 520 

found: 469.2592. 521 

4.2.1.16  522 

N-(3-(8-(Cyclopentanecarbonyl)-3,8-diazabicyclo [3.2.1] octan-3-yl)-2,3-dihydro- 523 

1H-inden-5-yl)-6-methylnicotinamide(5f) as white solid (38.4%); mp 228.3-231.2°C. 524 
1H NMR (400 MHz, DMSO-d6) δ 10.31 (s, 1H), 9.00 (s, 1H), 8.19 (d, J = 7.0 Hz, 1H), 525 

7.78 (d, J = 9.2 Hz, 1H), 7.59 (brs, 1H), 7.42 (d, J = 7.5 Hz, 1H), 7.18 (d, J = 7.5 Hz, 526 

1H), 4.49-4.29(m, 3H), 2.84-2.69 (m, 5H), 2.56 (s, 3H), 2.32 (m, 2H), 1.98-1.50 (m, 527 

14H). 13C NMR (151 MHz, DMSO-d6) δ
 170.88, 163.67, 160.81, 148.03, 142.94, 528 

138.57, 137.25, 135.48, 127.78, 124.27, 122.50, 119.59, 116.58, 68.06, 57.00, 55.65, 529 

54.58, 54.09, 51.37, 50.93, 40.79, 29.77, 29.62, 28.40, 26.70, 25.66, 25.58, 24.10, 530 

23.94. MS (ESI) m/z: 459.3 [M+H]+. HRMS (ESI+) m/z calcd for C28H34N4O2 531 

[M+H] + : 459.2755; found: 459.2753. 532 

4.2.1.17  533 

N-(3-(8-(Cyclopentanecarbonyl)-3,8-diazabicyclo [3.2.1] 534 

octan-3-yl)-2,3-dihydro-1H- 535 

inden-5-yl)-2-(tetrahydro-2H-pyran-4-yl) acetamide (5g) as white solid (55.6%); mp 536 

89.5-90.2°C. 1H NMR (400 MHz, DMSO-d6) δ 9.83 (s, 1H), 7.60 (d, J = 14.7 Hz, 1H), 537 

7.40 (t, J = 9.5 Hz, 1H), 7.09 (d, J = 8.1 Hz, 1H), 4.44 (dd, J = 5.9 Hz, 26.2 Hz, 1H), 538 

4.34-4.22 (m, 2H), 3.82 (m, 2H), 3.30 (m, 2H), 2.89-2.62 (m, 4H), 2.43 (m, 1H), 539 

2.31-2.22 (m, 4H), 1.98-1.93 (m, 2H), 1.90-1.50 (m, 14H), 1.27-1.19(m, 3H). 13C 540 

NMR (151 MHz, DMSO-d6) δ 170.76, 169.52, 142.87, 137.55, 124.20, 118.33, 541 

115.33, 68.03, 66.72, 56.94, 55.52, 54.74, 54.46, 54.09, 51.36, 50.93, 50.06, 43.49, 542 

40.79, 32.29, 31.90, 29.77, 29.61, 28.37, 26.67, 25.57, 24.12. MS (ESI) m/z: 466.3 543 

[M+H] +. HRMS (ESI+) m/z calcd for C28H39N3O3 [M+H] + : 466.3064; found: 544 
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466.3060. 545 

4.2.1.18  546 

N-(3-(8-(Cyclopentanecarbonyl)-3,8-diazabicyclo[3.2.1]octan-3-yl)-2,3-dihydro -1H 547 

- inden-5-yl)-5-fluoro-6-methylnicotinamide(5h) as white solid (56.9%); mp 548 

109.2-110.6°C. 1H NMR (400 MHz, DMSO-d6) δ 10.36 (s, 1H), 8.86 (s, 1H), 8.13 (d, 549 

J = 10.4 Hz, 1H), 7.78 (d, J = 9.2 Hz, 1H), 7.58 (s, 1H), 7.19 (d, J = 8.2 Hz, 1H), 4.45 550 

(dd, J = 6.5 Hz, 27 Hz, 1H), 4.34 (m, 2H), 2.90-2.78 (m, 2H), 2.75-2.68 (m, 2H), 2.53 551 

(s, 3H), 2.45 (m, 1H), 2.33-2.25 (m, 2H), 1.99 (m, 2H), 1.92 (m, 2H), 1.72-1.50(m, 552 

10H). 13C NMR (151 MHz, DMSO-d6) δ 170.78, 162.32, 157.46, 155.77, 143.82, 553 

143.01, 138.83, 136.99, 130.20, 124.33, 121.46, 119.62, 116.60, 68.05, 57.00, 55.67, 554 

54.08, 51.37, 40.79, 29.62, 28.40, 28.24, 26.70, 26.58, 25.64, 24.09, 23.90, 17.79. MS 555 

(ESI) m/z: 477.3[M+H]+. HRMS (ESI+) m/z calcd for C28H33FN4O2 [M+H] + : 556 

477.2660; found: 477.2656. 557 

4.2.1.19  558 

1-(3-Cyanophenyl)-3-(3-(8-(cyclopentanecarbonyl)-3,8-diazabicyclo[3.2.1] octan-3 559 

-yl)-2,3-dihydro-1H-inden-5-yl)urea(5i) as white solid (46.9%); mp 139.5-141.2°C.1H 560 

NMR (400 MHz, DMSO-d6) δ 8.93 (s, 1H), 8.80 (s, 1H), 7.94 (m, 1H), 7.64 (d, J = 561 

8.2 Hz, 1H), 7.46 (t, J = 7.9 Hz, 2H), 7.40 (t, J = 8.7 Hz, 1H), 7.26-7.16 (m, 1H), 7.09 562 

(d, J = 8.0 Hz, 1H), 4.42 (dd, J = 5.3 Hz, 23.7 Hz, 1H), 4.32-4.22 (m, 2H), 2.85-2.79 563 

(m, 2H), 2.74-2.63 (m, 2H), 2.40 (m, 1H), 2.30-2.22 (m, 2H), 1.95 (m, 2H), 564 

1.87-1.47(m, 12H). 13C NMR (151 MHz, DMSO-d6) 170.79, 152.29, 143.08, 140.62, 565 

137.53, 136.94, 130.00, 125.00, 124.45, 122.65, 120.52, 118.74, 117.91, 114.74, 566 

111.42, 68.05, 56.95, 54.74, 54.11, 51.34, 50.10, 40.81, 29.81, 29.60, 28.37, 26.66, 567 

25.64, 24.23. MS (ESI) m/z: 484.3[M+H]+. HRMS (ESI+) m/z calcd for C29H33N5O2 568 

[M+H] + : 484.2707; found: 484.2710. 569 

4.2.1.20  570 

3-Cyano-N-(1-(8-(cyclobutanecarbonyl)-3,8-diazabicyclo [3.2.1] octan-3-yl)-2,3- 571 

dihydro-1H-inden-4-yl) benzamide(6a) as white solid (38.1%); mp 105.9-106.7°C. 572 
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1H NMR (400 MHz, DMSO-d6) δ 10.11 (s, 1H), 8.38 (s, 1H), 8.24 (d, J = 7.7 Hz, 1H), 573 

8.07 (d, J = 7.7 Hz, 1H), 7.75 (t, J = 7.8 Hz, 1H, 1H), 7.36 (d, J = 7.7 Hz, 1H), 7.25 (t, 574 

J = 7.6 Hz, 1H), 7.16 (d, J = 7.2 Hz, 1H), 4,41 (dd, J = 5.5 Hz, 26.2 Hz, 1H), 4.32 (t, J 575 

= 6.9 Hz, 1H), 4.08 (dd, J = 4.3 Hz, 29.6 Hz, 1H), 3.27 (m, 1H), 2.83 (m, 1H), 576 

2.74-2.67 (m, 2H), 2.46-2.38 (m, 1H), 2.27-2.10 (m, 4H), 2.03-1.64 (m, 10H). 13C 577 

NMR (151 MHz, DMSO-d6) δ 169.34, 163.11, 143.72, 138.01, 135.46, 134.81, 578 

133.72, 132.35, 131.21, 129.68, 126.51, 123.13, 121.87, 118.15, 111.39, 68.21, 55.39, 579 

53.60, 51.31, 50.15, 36.47, 28.50, 28.17, 26.64, 24.68, 24.13, 23.55, 17.48. MS (ESI) 580 

m/z: 455.3[M+H]+. HRMS (ESI+) m/z calcd for C28H30N4O2 [M+H] + : 455.2442; 581 

found:455.2442. 582 

4.2.1.21  583 

3-Cyano-N-(1-(8-(cyclohexanecarbonyl)-3,8-diazabicyclo [3.2.1] octan-3-yl)-2,3 - 584 

dihydro-1H-inden-4-yl) benzamide (6b) as white solid (46.5%); mp 118.1-119.6°C. 585 
1H NMR (400 MHz, DMSO-d6) δ 10.11 (s, 1H), 8.38 (s, 1H), 8.24 (d, J = 7.5 Hz, 1H), 586 

8.07 (d, J = 7.6 Hz, 1H), 7.75 (t, J = 7.6 Hz, 1H, 1H), 7.36 (d, J = 7.7 Hz, 1H), 7.26 (t, 587 

J = 7.3 Hz, 1H), 7.17 (d, J = 6.7 Hz, 1H), 4,43 (dd, J = 4.8 Hz, 25.3 Hz, 1H), 4.36 588 

-4.20 (m, 2H), 2.83 (m, 1H), 2.78-2.67 (m, 2H), 2.43 (m, 2H), 2.34-2.25 (m, 2H), 589 

1.97-1.62 (m, 11H), 1.38-1.10 (m, 5H). 13C NMR (151 MHz, DMSO-d6) δ 170.91, 590 

163.11, 143.76, 138.06, 135.47, 134.82, 133.73, 132.36, 131.21, 129.68, 126.51, 591 

123.14, 121.91, 118.16, 111.39, 68.20, 57.12, 55.50, 54.41, 54.06, 51.14, 50.70, 40.21, 592 

29.23, 28.56, 28.37, 26.62, 25.38, 25.05, 23.66. MS (ESI) m/z: 483.3[M+H]+. HRMS 593 

(ESI+) m/z calcd for C30H34N4O2 [M+H] + : 483.2755; found:483.2759. 594 

4.2.1.22  595 

3-Cyano-N-(1-(8-(2-cyclobutylacetyl)-3,8-diazabicyclo[3.2.1]octan-3-yl)-2,3-dihydro596 

-1H-inden-4-yl)benzamide (6c) as white solid (56.5%); mp 187.4-189.1°C. 1H NMR 597 

(400 MHz, DMSO-d6) δ 10.11 (s, 1H), 8.38 (s, 1H), 8.24 (d, J = 7.7 Hz, 1H), 8.07 (d, 598 

J = 7.6 Hz, 1H), 7.75 (t, J = 7.8 Hz, 1H), 7.36 (d, J = 7.8 Hz, 1H), 7.25 (t, J = 7.5 Hz, 599 

1H), 7.17 (d, J = 7.0 Hz, 1H), 4.42 (dd, J = 4.7 Hz, 24.6 Hz, 1H), 4.33 (t, J = 6.9 Hz, 600 

1H), 4.22 (dd, J = 4.5 Hz, 31.3 Hz, 1H), 2.82 (m, 1H), 2.74 (m, 1H), 2.68 (m, 1H), 601 
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2.58 (m, 1H), 2.47-2.24 (m, 6H), 2.00-1.59 (m, 11H). 13C NMR (151 MHz, DMSO-d6) 602 

δ 166.88, 163.11, 143.73, 138.02, 135.53, 134.81, 133.72, 132.35, 131.21, 129.68, 603 

126.50, 123.13, 121.89, 118.15, 111.39, 68.22, 55.43, 54.26, 51.27, 50.87, 32.01, 604 

28.51, 28.31, 27.80, 26.64, 23.65, 18.04. MS (ESI) m/z: 469.3[M+H]+. HRMS (ESI+) 605 

m/z calcd for C29H32N4O2 [M+H] + : 469.2598; found:469.2594. 606 

4.2.1.23  607 

N-(1-(8-(Cyclopentanecarbonyl)-3,8-diazabicyclo[3.2.1]octan-3-yl)-2,3-dihydro-1H-i608 

nden-4-yl)-6-methylnicotinamide(6d) as white solid (44.5%); mp 99.0-101.2°C. 1H 609 

NMR (400 MHz, DMSO-d6) δ 10.02 (s, 1H), 8.99 (s, 1H), 8.18 (d, J = 8.1 Hz, 1H), 610 

7.41 (t, J = 8.1 Hz, 1H), 7.36 (d, J = 7.7 Hz, 1H), 7.25 (t, J = 7.5 Hz, 1H), 7.16 (d, J = 611 

7.3 Hz, 1H), 4.44 (dd, J = 6.1 Hz, 26.0 Hz, 1H), 4.35-4.26 (m, 2H), 2.85 (m, 2H), 612 

2.72 (m, 2H), 2.55 (s, 3H), 2.44 (t, J = 8 Hz, 1H), 2.32-2.25 (m, 2H), 1.97 (m, 2H), 613 

1.90-1.78 (m, 2H), 1.73-1.49(m, 10H). 13C NMR (151 MHz, DMSO-d6) δ 170.80, 614 

163.46, 160.98, 148.12, 143.68, 138.00, 135.52, 133.88, 127.24, 126.47, 123.17, 615 

122.55, 121.73, 68.23, 55.46, 54.07, 51.32, 50.24, 40.81, 29.61, 28.52, 28.32, 26.63, 616 

25.56, 23.94, 23.60. MS (ESI) m/z: 459.3 [M+H]+. HRMS (ESI+) m/z calcd for 617 

C28H34N4O2 [M+H]+ : 459.2755; found:459.2751. 618 

4.2.1.24  619 

N-(1-(8-(Cyclopentanecarbonyl)-3,8-diazabicyclo[3.2.1]octan-3-yl)-2,3-dihydro-1H-i620 

nden-4-yl)-2-(tetrahydro-2H-pyran-4-yl)acetamide(6e) as white solid (46.5%); mp 621 

85.6-86.0°C. 1H NMR (400 MHz, DMSO-d6) δ 9.28 (s, 1H), 7.44 (d, J = 8.2 Hz, 1H), 622 

7.19-7.11 (m, 1H), 7.04 (d, J = 6.2 Hz, 1H), 4.41 (m, 1H), 4.33-4.16 (m, 2H), 3.82 (m, 623 

2H), 3.29 (m, 2H), 2.84-2.71 (m, 2H), 2.66-2.63 (m, 2H), 2.43-2.39 (m, 1H), 624 

2.26-2.21 (m, 4H), 1.95 (m, 2H), 1.84-1.50 (m, 14H), 1.29-1.19(m, 3H). 13C NMR 625 

(151 MHz, DMSO-d6) δ 170.83, 169.57, 143.46, 135.70, 134.33, 126.39, 121.46, 626 

120.63, 68.21, 66.73, 56.96, 56.88, 55.49, 54.42, 51.30, 50.90, 42.86, 40.80, 32.24, 627 

29.61, 28.31, 26.62, 25.63, 23.53. MS (ESI) m/z: 466.3 [M+H]+. HRMS (ESI+) m/z 628 

calcd for C28H39N3O3 [M+H] + : 466.3064; found: 466.3068. 629 

4.2.1.25  630 
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N-(1-(8-(Cyclopentanecarbonyl)-3,8-diazabicyclo [3.2.1] 631 

octan-3-yl)-2,3-dihydro-1H- 632 

inden-4-yl)-5-fluoro-6-methylnicotinamide(6f) as white solid (46.5%); mp 633 

107.8-108.9°C. 1H NMR (400 MHz, DMSO-d6) δ 10.11 (s, 1H), 8.86 (s, 1H), 8.10 (d, 634 

J = 10.2 Hz, 1H), 7.35 (d, J = 6.9 Hz, 1H), 7.26 (t, J = 7.8 Hz, 1H), 7.17 (d, J = 6.9 635 

Hz, 1H), 4.43 (m, 1H), 4.33-4.26 (m, 2H), 2.82 (m, 2H), 2.75-2.68 (m, 2H), 2.53 (s, 636 

3H), 2.45 (m, 1H), 2.29-2.25 (m, 2H), 1.97 (m, 2H), 1.88 (m, 2H), 1.71-1.49(m, 10H). 637 
13C NMR (151 MHz, DMSO-d6) 170.80, 162.13, 157.49, 155.76, 149.08, 143.86, 638 

138.06, 133.59, 129.69, 126.53, 123.18, 121.95, 121.49, 71.19, 68.20, 56.93, 55.45, 639 

54.06, 51.31, 50.25, 40.80, 29.61, 28.53, 28.32, 26.62, 25.56, 23.62, 17.80. MS (ESI) 640 

m/z: 477.3[M+H]+. HRMS (ESI+) m/z calcd for C28H33FN4O2 [M+H] + : 477.2660; 641 

found: 477.2653. 642 

4.2.1.26  643 

1-(3-Cyanophenyl)-3-(1-(8-(cyclopentanecarbonyl)-3,8 –diazabicyclo [3.2.1] octan -3 644 

-yl)-2,3-dihydro-1H-inden-4-yl) urea(6g) as white solid (66.5%); mp 142.7-143.4°C. 645 
1H NMR (400 MHz, DMSO-d6) δ 9.34 (s, 1H), 8.19 (s, 1H), 8.03 (s, 1H), 7.83 (s, 1H), 646 

7.64 (s, 1H), 7.51 (s, 1H), 7.45 (s, 1H), 7.19 (s, 1H), 6.99 (s, 1H), 4.42 (m, 1H), 647 

4.32-4.22 (m, 2H), 2.85-2.79 (m, 2H), 2.74-2.63 (m, 2H), 2.45 (m, 1H), 2.29 (m, 2H), 648 

1.99 (m, 2H), 1.74-1.52(m, 12H). 13C NMR (151 MHz, DMSO-d6) 170.84, 152.14, 649 

143.31, 140.47, 135.08, 132.51, 130.08, 126.84, 125.12, 122.51, 120.36, 118.91, 650 

118.70, 117.92, 111.51, 68.29, 56.80, 54.74, 54.07, 51.30, 40.80, 29.75, 28.31, 27.81, 651 

26.63, 25.64, 23.51. MS (ESI) m/z: 484.3[M+H]+. HRMS (ESI+) m/z calcd for 652 

C29H33N5O2 [M+H]+ : 484.2707; found: 484.2703. 653 

 654 

4.3. Biological assays 655 

4.3.1. RORγ FRET assay 656 

The assays were performed in an assay buffer consisting of 50 mM NaF, 50 mM 657 

3-(N-morpholino)propanesulfonic acid, pH 7.4, 0.05 mM 3-[(3-cholamidopropyl) 658 

dimethylammonio]propanesulfonate, 0.1 mg/mL bovine serum albumin, and 10 mM 659 
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dithiothreitol in 384-well plates. The total volume was 25 µL/well. The 660 

europium-labeled SRC1 solution was prepared by adding an appropriate amount of 661 

biotinylated SRC and europium labeled streptavidin into assay buffer, with final 662 

concentrations of 20 and 10 nM, respectively. The allophycocyanin 663 

(APC)-labeled-LBD solution was prepared by adding an appropriate amount of 664 

biotinylated RORc-LBD and APC-labeled streptavidin at final concentrations of 20 665 

and 10 nM, respectively. After 15 min of incubation at room temperature, a 20-fold 666 

excess of biotin was added and incubated for 10 min at room temperature to block the 667 

remaining free streptavidin. Equal volumes of europium-labeled SRC and 668 

APC-labeled RORc-LBD were then mixed with 0.1 µM surrogate agonist 669 

N-(2-chloro-6-fluorobenzyl)-N-((20-methoxy-[1,10-biphenyl]-4-yl) methyl) 670 

benzenesulfonamide and dispensed into 384-well assay plates at 25 µL volume/well. 671 

The 384-well assay plates had 100 nL of test compound in DMSO predispensed into 672 

each well. The plates were incubated for 1 h at room temperature and then read on 673 

Envision in LANCE mode configured for europeum-APC labels. 674 

4.3.2. Mouse Th17 differentiation assay    675 
CD4+ T cells were purified from mouse splenocytes using a commercial CD4+ T cell 676 

negative selection kit (Invitrogen). CD4+ T cells were skewed to Th17 cells by 677 

culturing cells in the presence of anti-CD3 (0.25 µg/mL, Bioxcel), anti-CD28 (1 678 

µg/mL, Bioxcel), anti-IFN-γ (2 µg/mL, Bioxcel), anti-IL-4 (2 µg/mL, Bioxcel), 679 

TGF-β (5 ng/mL, Peprotech) and IL-6 (20 ng/mL, Peprotech) for 4 days before 680 

analysis. Compounds or DMSO control were added to the culture on day 0 of Th17 681 

differentiation at indicated concentrations. Percentage of IL-17 production from CD4+ 682 

T cells were analyzed by intracellular staining followed by flow cytometry. 683 

Dose-response curves were plotted to determine half-maximal inhibitory 684 

concentrations (IC50) for the compounds using the GraphPad Prism 5 (GraphPad 685 

Software, San Diego CA, USA). 686 

4.3.3. Molecular docking studies 687 

Molecular docking was carried out using Schrodinger 3.5 software package. The 688 

co-crystal structure of RORγt LBD (PDB: 6CN6) was selected and processed using 689 

the Protein Preparation Wizard including water deletion, addition of missing hydrogen 690 
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atoms as well as adjustment of the tautomerization and protonation states of histidine. 691 

The compound 3D structures were subjected to energy minimization with force field 692 

(OPLS_2005) before submitting to the docking procedure. The docking grid was 693 

centered according to the ligand position, and the bounding box was set to 15 Å. This 694 

docking was performed with Glide-docking using Extra Precision (GlideXP) 695 

algorithm. The final ranking from the docking was based on the docking score, which 696 

combines the Epik state penalty with the Glide Score. High-scoring complexes were 697 

inspected visually to select the most reasonable solution. 698 
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Research highlights 

• Novel N-indanyl benzamide derivatives were discovered as potent RORγt inverse 

agonists. 

• The structure-activity relationships (SAR) were explored. 

• 5c as (S)-enantiomer showed good RORγt inverse agonist activities in both FRET 

and mouse Th17 cell differentiation assays. 

• The binding mode study demonstrated the superiority of conformational restriction 

in N-indanyl benzamide (S)-enantiomers. 


