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Supplementary Table 1. Results of zero-shot test on DUD-E dataset.
	Model
	AUC
	BEDROC
	EF-1%

	Glide-SP
	76.7
	40.7
	16.18

	Vina
	71.6
	--
	7.32

	NN-score
	68.3
	12.2
	4.02

	RFscore
	64.21
	12.41
	4.52

	Pafnucy
	63.11
	16.5
	3.86

	OnionNet
	59.71
	8.62
	2.84

	Banana
	50.14
	2.4
	1.18

	Planet
	71.6
	--
	8.83

	DrugCLIP
	80.93
	50.52
	31.89

	FragCLIP
	85.44
	59.32
	37.23

	LigUnitypocket
	88.954
	69.049
	45.2

	DrugHash
	83.73
	57.16
	37.18

	DrugJEPA
	89.607
	71.129
	47.033
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Supplementary Table 2. Results of zero-shot test on LIT-PCBA dataset.
	Model
	AUC
	BEDROC
	EF-1%

	Glide-SP
	53.15
	4.00
	3.41

	Surflex
	51.47
	--
	2.50

	Planet
	57.31
	--
	3.87

	Gnina
	60.93
	5.40
	4.63

	DeepDTA
	56.27
	2.53
	1.47

	BigBind
	60.80
	--
	3.82

	DrugCLIP
	57.17
	6.23
	5.51

	LigUnitypocket
	58.802
	6.449
	5.047

	DrugHash
	54.58
	7.14
	6.14

	DrugJEPA
	57.931
	7.326
	6.452
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Supplementary Table 3. Details of ZEUS-3D.
	Dataset
	Number of Molecules with 3D Structures
	Number of 3D Conformers
	Number of 2D Molecules

	ZINC20
	611795988
	2847921096
	611795988

	Enamine Real (Heavy atom > 29)
	1299245257
	5951984518
	1303278043

	ZINC22
	94508907930
	441755921765
	99174098088

	Total
	96419949175
	450555827379
	101089172119
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Supplementary Table 4. Features of molecular data in ZEUS-3D.
	　
	Feature Name
	Type

	Atom
	atomic number
	int8

	
	chirality
	

	
	deqree
	

	
	formal chargee
	

	
	number of Hs
	

	
	radical electron
	

	
	hybridization
	

	
	is_aromatic
	

	
	is_in_ring
	

	
	coordinates
	Float16

	Bond
	bond type
	int8

	
	stereo
	

	
	is_conjugated
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Supplementary Table 5. Common solvents.
	Chemical ID in PDB
	Name

	HOH
	water

	DOD
	deuterated water

	EDO
	ethylene glycol

	GOL
	glycerol

	MPD
	(4S)-2-methylpentane-2,4-diol

	PEG
	(di(hydroxyethyl)ether

	PG4
	tetraethylene glycol
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Supplementary Table 6. Molecules frequently used as organic solvents.
	Chemical ID in PDB
	Name
	Chemical ID in PDB
	Name

	MCH
	trichloromethane
	AC0
	1-phenylethanone

	GBL
	gamma-butyrolactone
	NBZ
	nitrobenzene

	ETZ
	diethyl ether
	PPI
	propanoic acid

	FMT
	formic acid
	PGR
	r-1,2-propanediol

	06C
	iodomethane
	LNK
	pentane

	DMS
	dimethyl sulfoxide
	BU1
	1,4-butanediol

	PXY
	para-xylene
	8VH
	1,3-dimethylbenzene

	ARF
	formamide
	DCE
	1,2-dichloroethane

	1BO
	1-butanol
	POL
	n-propanol

	FU1
	tetrahydrofuran
	HP6
	heptane

	CYH
	cyclohexanone
	CHX
	cyclohexane

	8CL
	chlorobenzene
	MOH
	methanol

	SBT
	2-butanol
	DXE
	1,2-dimethoxyethane

	6LB
	4-ethylmorpholine
	CCN
	acetonitrile

	9U3
	n,n,n',n'-tetramethylethane-1,2-diamine
	OC9
	octan-1-ol

	IPA
	isopropyl alcohol
	SIN
	succinic acid

	DIO
	1,4-diethylene dioxide
	DMF
	dimethylformamide

	EOH
	ethanol
	P2D
	pentane-2,4-dione

	TBU
	tertiary-butyl alcohol
	OXE
	ortho-xylene

	3MP
	3-methylpyridine
	SEZ
	1,3,5-trimethylbenzene

	MXE
	2-methoxyethanol
	C3U
	1-chloranyl-2-methyl-benzene

	2BM
	dibromomethane
	YAN
	1,2-dichlorobenzene

	MB3
	1-methylpyrrolidin-2-one
	6LR
	morpholine

	5Y9
	~{n},~{n}
-dimethylethanamide
	C4O
	1-chloranyl-4-methyl-benzene

	10
	phenylmethanol
	M2M
	1-methoxy-2-(2-methoxyethoxy)ethane

	BNZ
	benzene
	TCZ
	1,3,5-trichloro-benzene

	R16
	hexadecane
	PIH
	iodobenzene

	CNV
	propanenitrile
	EDO
	1,2-ethanediol

	ACM
	acetamide
	PEG
	di(hydroxyethyl)ether

	ACY
	acetic acid
	ACN
	acetone
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Supplementary Table 7. Ions.
	Chemical ID in PDB
	Name

	SO4
	sulfate ion

	PO4
	phosphate ion

	CA
	calcium ion

	ZN
	zinc ion

	FE
	iron(+3) cation

	MG
	magnesium ion

	MN
	manganese(+2) cation

	CU
	copper(+2) cation

	CO
	cobalt(+2) cation

	NI
	nickel(+2) cation

	CL
	chloride ion

	NA
	sodium ion

	K
	potassium ion

	ACT
	acetate ion

	3P8
	methylammonium ion
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Supplementary Table 8. Structures that were used to virtual screening.
	Target Name
	PDB ID
	Uniprot ID

	TYK2
	3zon, 4wov, 5c03, 5tkd, 6nsl, 6nze, 6nzf, 6nzh, 6nzp, 6nzq, 6nzr, 7ax4, 7k7o, 7k7q, 8s9a, 8s98, 8s99, 8tb5, 8tb6
	P29597

	PUS1
	4iqm, 4its, 4j37, 4nz6, 4nz7
	Q9Y606

	TAAR1
	8jln, 8jlo, 8jlp, 8jlq, 8jlr, 8jso, 8uhb, 8w8a, 8w87, 8w88, 8wc8, 8zsp, 9jkq
	Q96RJ0
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Supplementary Table 9. Data collection and refinement statistics for TYK2 JH2 domain in complex with ZINC000087723473.
	[bookmark: _Hlk127040394]
	TYK2 JH2+ZINC000087723473

	Data collection
	

	Space group
	P212121

	Cell dimensions  
	

	    a, b, c (Å)
	49.54, 53.80, 98.98

	[bookmark: OLE_LINK15]        a, b, g  (°) 
	90.00, 90.00, 90.00

	Resolution (Å)
	24.77-1.72 (1.76-1.72) *

	Rmerge
	0.092(0.729)

	I / sI
	20.1 (1.8)

	Completeness (%)
	89.9 (42.9)

	
	

	Refinement
	

	Resolution (Å)
	24.77-1.72

	No. reflections
	25948

	Rwork / Rfree
	0.1819/0.2186

	No. atoms
	

	    Protein
	1952

	    Ligand/ion
	55

	    Water
	187

	B-factors
	

	    Protein
	14.69

	    Ligand/ion
	14.95

	    Water
	24.23

	R.m.s. deviations
	

	    Bond lengths (Å)
	0.0083

	    Bond angles (°)
	0.99


* Values in parentheses are for highest-resolution shell.
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[bookmark: _Toc229129475]Supplementary Fig. 1. Construction of DJ-Pockets and DJ-PocketEmb. (A) Data collection and preparation. (B) Pocket partitioning and clustering.
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[bookmark: _Toc229129476]Supplementary Fig. 2. Pipline of ULVS in this work. (A) Total initial molecules (ZEUS-3D). (B) Embedding Retrieval. The cosine similarity between the target pocket embeddings and the embeddings of all molecular conformations in ZEUS-3D (~450B) was calculated, and only molecules with a similarity greater than 0.6 were retained. (C) Chunk-wise processing. For each chunk, if the number of molecules is more than 2.5M, we randomly select 2.5M for filtering against Lipinski’s Rule of Five and reported molecules of target, then clustering via the Taylor-Butina algorithm, followed by selection of representative molecules from each cluster. (D) Post-filtering processing. All representative molecules from each chunk are merged. If the number of merged representative molecules is more than 2.5M, we randomly select 2.5M for secondary clustering with the Taylor-Butina algorithm, to obtain binding-oriented filtered molecules for the next step. (E) Docking preparation. If the number of binding-oriented filtered molecules is more than 150K, we randomly select 150K for molecular docking. (F) Molecular docking and ranking. We performed molecular docking separately against multiple PDB structures of the target protein, filtered the docked molecules using ‘r_i_docking_score’ and ‘r_i_glide_einternal’, and then ranked the filtered molecules. (G) Final selection for wet-lab experiment. We generated the intersection of docking results from different pocket structures, retaining only molecules with ≥2 occurrences across the datasets (≥3 for TYK2). The retained molecules were ranked by docking scores, and the top 10K molecules were selected for manual curation. Wet-lab experimental validation will be conducted for the manually curated molecules.
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[bookmark: _Toc229129479]Supplementary Fig. 3. Tested Compounds in ULVS against TYK2-JH2. The molecules with red annotations are hit. The molecular ID, if followed by pure numbers after "ZINC", indicates that it comes from ZINC20; if there are letters mixed in, it comes from ZINC22; and if the molecular ID is an InChIKey, it comes from Enamine Real database.
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[bookmark: _Toc229129477]Supplementary Figure. 4. Concentration–response curves of 10 hits of TYK2-JH2 with IC₅₀ values between 1μM and 10 μM, measured using the homogeneous time-resolved fluorescence (HTRF) assay. All the experiments were performed independently by three times.
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[bookmark: _Toc229129478]Supplementary Figure. 5. Differential scanning fluorimetry (DSF) assays for hits of TYK2-JH2. (A) TYK2-023. (B) TYK2-102. (C) TYK2-107. (D) TYK2-119. (E) TYK2-031. (F) TYK2-24X. (G) TYK2-121. (H) TYK2-6X. (I) TYK2-23X. (J) TYK2-26X. (K) TYK2-034. (L) TYK2-103. (M) TYK2-026. (N) TYK2-029. (O) TYK2-032. (P) TYK2-107.
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[bookmark: _Toc229129480]Supplementary Figure. 6. Tested Compounds in ULVS against TAAR1. The molecules with red annotations are hit. The molecular ID, if followed by pure numbers after "ZINC", indicates that it comes from ZINC20; if there are letters mixed in, it comes from ZINC22.
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Supplementary Figure. 7. Dose–response curves of TAAR1-025 and TAAR1-106 against TAAR1 in the GloSensor cAMP assay (n = 3). All data were obtained from three independent experiments. Data are shown as averages ± SD.
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[bookmark: _Toc229129483]Supplementary Figure. 8. Tested Compounds in ULVS against PUS1. The molecules with red annotations are hit. The molecular ID, if followed by pure numbers after "ZINC", indicates that it comes from ZINC20; if there are letters mixed in, it comes from ZINC22.





[bookmark: _Toc229129481]Supplementary Figure. 9. Concentration–response curves of seven hits of PUS1 with IC₅₀ values between 10μM and 50 μM, measured using FP assays. All the experiments were performed independently by three times.
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[bookmark: _Toc229129482]Supplementary Figure. 10. Differential fluorescence scanning (DFS) assay of the high potency hit of PUS1. (A) DFS results of PUS1-110. (B) DFS results of PUS1-3X. (C) DFS results of PUS1-102. (D) DFS results of PUS1-2X. (E) DFS results of PUS1-105.







Supplementary Methods

[bookmark: _Toc229129485]Evaluation of Speed Improvement for DrugJEPA
In this study, we performed a quantitative comparative evaluation of the speed improvement performance of the DrugJEPA virtual screening workflow, using the TYK2-JH2 target pocket as a representative model system. The Glide-SP [1] docking tool was adopted as the control group, with strict consistency of test benchmarks and comparative dimensions maintained throughout the entire evaluation.
We first extracted the computational runtime of the Glide tool in the reranking stage of the ULVS pipeline. To ensure the fairness of the head-to-head comparison, this evaluation only counted the runtime of the core molecular docking stage and excluded the computational overhead of the conformation generation step, to ensure the comparative dimension was fully aligned with the core retrieval step of DrugJEPA. Test results showed that: for 271,217 conformations generated from a total of 150,000 molecules, the total docking runtime for a single target pocket was 2 hours, 25 minutes, and 5 seconds (equivalent to 8705 s), corresponding to an average docking runtime of 0.032 s per conformation for Glide.
Subsequently, we randomly selected one chunk of precomputed conformation embeddings from DrugJEPA, which contained 128-dimensional embeddings of 24,309,939 small molecule conformations. We used the embeddings of 19 distinct TYK2-JH2 target pocket structures as retrieval queries, and performed a full pairwise cosine similarity calculation against the aforementioned conformation embeddings (i.e., the core retrieval step of DrugJEPA-based virtual screening). The total runtime of the entire workflow was as low as 1.452 s, corresponding to an average retrieval runtime of 5.973 × 10⁻⁸ s per conformation for DrugJEPA.
Benefiting from the inherent characteristics of GPU-based parallel computing, the retrieval runtime of virtual screening is nearly independent of the number of pocket queries. The core computational overhead is solely determined by the total number of small molecule conformations to be retrieved and the dimensionality of the embeddings, with no significant difference in the average per-conformation retrieval runtime between single-pocket and multi-pocket queries. Accordingly, the test data from the above multi-pocket query experiment was adopted in this evaluation to equivalently represent the per-conformation runtime of DrugJEPA for single-pocket virtual screening.
Based on the above benchmark test results, the order-of-magnitude speedup of DrugJEPA over Glide was calculated as follows:
(1) For the single-pocket virtual screening scenario, the order-of-magnitude speedup was:

(2) For the multi-pocket parallel virtual screening scenario with 19 TYK2-JH2 pockets, the corresponding order-of-magnitude speedup was:

Taken together, compared with the conventional Glide molecular docking workflow, DrugJEPA achieves 5~7 orders-of-magnitude speed improvement in virtual screening tasks.

[bookmark: _Toc229129486]Building of ZEUS-3D
The ZEUS-3D dataset is primarily constructed on top of ZINC22 [2] with additional molecules incorporated from ZINC20 [3] and Enamine REAL database [4]. Specifically, we first collected molecules from the ZINC20 dataset, totaling approximately 610 million compounds. To compensate for the relative scarcity of molecules with >29 heavy atoms in ZINC22, we further included molecules within this heavy-atom range from the Enamine REAL database. ZINC22 (as of May 2025) contains roughly 99.2 billion 2D molecular structures, yielding a combined corpus of approximately 101 billion unique molecules.
For efficient processing, we split ZINC22 into 24 chunks. For each chunk, about 1000 shards are contained. The molecules from ZINC20 and Enamine Real were treated as a chunk alone, respectively. Overall, the database was partitioned into 26 chunks, which has 2,4437 shards that contain no more than 5 million molecules. For every molecule, up to five conformers were generated using the ETKDGv3 [5, 6] algorithm implemented in RDKit [7]. To maximize throughput, no force-field-based conformational optimization was applied. Conformer generation was executed on 2,700 CPU cores, consuming a total of roughly 10 million core-hours, and resulting in approximately 154 TB of 3D molecular dataset encompassing about 450 billion conformers. For each molecule, the coordinates, atom and bond information, SMILES string, and molecule identifier were stored in the final dataset. Details of this dataset are shown in Supplementary Tables 3-4. Subsequently, we applied DrugJEPA to compute a latent embedding for each conformer. This computation was performed on 50 NVIDIA RTX 4090 GPUs over approximately 18 days, producing about 114 TB of embedding data, named ZEUS-3DEmb.
To improve efficiency of data access at 100B-scale virtual screening, we adopted a binary storage and I/O optimization strategy containing data format and disk architecture. Molecular embeddings were stored as raw binary arrays (.bin) with fixed-width numeric types, avoiding framework-specific formats such as ‘.pt’ or ‘.npy’ and thereby eliminating serialization overhead while enabling fully sequential reads and memory mapping. Metadata of each molecule, including SMILES strings and molecular identifiers, were stored using a CSR-like binary layout, in which all strings were flattened into contiguous byte arrays accompanied by offset tables for constant-time indexing. Embeddings and metadata were organized under an identical sharding scheme with strict positional alignment, allowing all retrieval operations to be performed via index-based array access without hash-based joins. To mitigate the I/O bottlenecks, embedding shards were deployed on a RAID5 array to increase effective sequential read bandwidth while maintaining fault tolerance. Together, these design choices minimize CPU overhead and transform the screening pipeline from a parsing-bound regime into a bandwidth-bound regime, enabling high-throughput similarity retrieval on commodity servers.

[bookmark: _Toc229129487]Building of DJ-Pocket and DJ-PocketEmb
[bookmark: OLE_LINK5][bookmark: OLE_LINK7]DJ-Pocket is constructed based on three databases: PDB [8], AlphaFoldDB [9], and Uniprot [10]. This construction process consists of two stages: data collection and preparation, and pocket partitioning and clustering.
The first stage aims to integrate the relevant data from these three databases to provide standardized data support for subsequent pocket partitioning and clustering. Firstly, all available protein crystal structures and their corresponding three-dimensional structures of binding ligands are batch downloaded from the PDB database. The 3D ligand structures retain the spatial information of the interaction between the ligand and the protein, providing a basis for the subsequent partitioning of the binding pockets. At the same time, text annotation files corresponding to all target proteins are downloaded from the Uniprot database. Each file contains complete information of the corresponding protein, including the available structure-related data. For each target protein, the PDB ID corresponding to the experimentally determined structure and the specific chain identifier in the PDB file are extracted from the corresponding Uniprot text file. Based on this information, we group the experimental structures of proteins with the same Uniprot ID into one category, and for each PDB file, the same Uniprot ID corresponding chains are retained only once to avoid data redundancy. In addition, for each target protein, the corresponding predicted structure from the AlphaFoldDB is downloaded, and residue with plDDT ≥ 70 are selected to ensure the reliability. To facilitate the unified segmentation of the binding pockets in the subsequent steps, we use the TM-align to perform alignment between the experimental structure of each target and the filtered AlphaFold predicted structure, ensuring that the coordinate systems of the two are consistent. Before partitioning the pockets, the ligand data downloaded from the PDB database needs to be screened. Small molecules that are not typically considered functional ligands are excluded. The screening rules are as follows: (1) common solvents (Supplementary Table 5); (2) molecules frequently used as organic solvents (Supplementary Table 6); (3) common metal and non-metal ions (Supplementary Table 7); (4) molecules with a heavy atom count of 10 or fewer; (5) molecules that either do not contain carbon or consist exclusively of carbon atoms; and (6) any given ligand was selected only once per PDB file; (7) Cholesterol molecules in membrane protein structures.
Based on the preprocessed protein structure and ligand data, the second stage that is pocket partitioning and clustering were carried out. First, the binding pocket partitioning was performed: Using the transfer matrix obtained from the previous structure alignment, the coordinate system of the ligand molecule was converted to be consistent with the aligned protein structure; then, the protein residues whose center of mass was within 6Å from any heavy atom of ligand were considered as a part of binding pocket. At the same time, pocket structures that did not meet the requirements, namely those with a residue number ≤ 5 or spanning more than one protein chains, were excluded. Since all protein structures have been spatially aligned, the apo structure (ligand-free state) of some proteins can also be partitioned based on the above rules. To clarify the different functional binding sites of each protein, a greedy clustering algorithm based on residue coverage relationships was designed. The clustering analysis was achieved by calculating the degree of overlap of residues between different pockets. The specific clustering process was as follows: In each iteration, the pocket with the largest number of residues was selected as the clustering seed, and other pockets that could cover most of the residues of this seed pocket were grouped into the same cluster. This process was repeated until all pockets were clustered and assigned. For handling special cases: If the structure of a certain target protein is unknown, the pocket prediction algorithm (Schrodinger in this work) is used to detect its potential binding pocket. If no crystal structure of the target protein has been reported, only the predicted structure obtained through AlphaFold screening is used for pocket partitioning and clustering. After completing all the above steps, building of DJ-Pocket is completed. User can query all the pocket conformational information corresponding to a given protein through the Uniprot ID.
After the DJ-Pocket was constructed, the Pocket Encoder of DrugJEPA was used to compute the embedding of each pocket. As a result, the DJ-PocketEmb database was formed.

[bookmark: _Toc229129488]Implementation of Ultra-Large-Scale Virtual Screening
To achieve efficient and accurate ultra-large virtual screening (ULVS), we implemented a multi-step workflow integrating embedding retrieval, clustering, and molecular docking to obtain a manageable set of candidate compounds for manual inspection. The details are described as follows.
First, embedding retrieval was performed. The cosine similarity between the molecular embeddings of candidate compounds and the embeddings of the target pockets was calculated. For each molecule, the highest similarity score across all pocket–molecule conformer pairs are treated as the final score. A similarity threshold of 0.6 was applied, and only molecules with similarity score greater than 0.6 were retained. This step served as an initial affinity-oriented filter to remove compounds less likely to bind the target pocket and substantially reduce the search space.
Next, chunk-wise processing was applied. To ensure computational efficiency in downstream post-processing steps, the maximum number of molecules retained per chunk was limited to 2.5 million. If the number of molecules in a given chunk exceeded this threshold, 2.5 million compounds were randomly sampled. The sampled molecules were subsequently filtered according to Lipinski’s rule of five to remove compounds with unfavorable drug-like properties. For targets with previously reported small-molecule ligands, we further excluded compounds that exhibited a Tanimoto similarity ≥ 0.4 to any of the reported ligands.	Following this filtering step, intra-chunk clustering was conducted to enforce structural diversity. The Taylor-Butina clustering algorithm [29] was employed using ECFP4 fingerprints (2048Bits) as molecular descriptors, with a Tanimoto similarity threshold of 0.5. For each chunk, clustering was performed and representative molecules were selected from each cluster, thereby reducing redundancy while preserving chemical diversity.
[bookmark: OLE_LINK9]After intra-chunk clustering, representative molecules from all chunks were merged and subjected to a second round of clustering. If the total number of merged representatives exceeded 2.5 million, 2.5 million molecules were randomly sampled and clustered again using the same parameters (Taylor-Butina algorithm [11, 12], ECFP4 fingerprints [13], Tanimoto threshold=0.5). This secondary clustering further eliminated redundancy and retained structurally diverse candidates.
The resulting representative molecules were then prepared for reranking via molecular docking (Glide was used in this study). Up to 150,000 compounds were randomly selected for docking to balance computational cost and screening reliability.Molecular docking was performed using the Schrödinger Glide program against multiple target pocket structures (PDB structures are listed in Supplementary Table 8). For each docking task, two filtering criterions were applied: r_i_docking_score <–6.5 (–7.0 for TYK2) and r_i_glide_einternal < 10 (5 for TYK2). Molecules not meeting both criteria were discarded. The remaining compounds were ranked by r_i_docking_score in ascending order (more negative scores indicating stronger predicted binding), and the top 10,000 molecules were selected as high-confidence candidates for each pocket.
Finally, an intersection analysis across multiple docking tasks was performed. Molecules that appeared in at least two docking tasks (three for TYK2) were retained. These compounds were ranked according to their best r_i_docking_score across all docking runs, and the top 10,000 molecules were selected as the final candidate set for manual inspection and experimental validation.
This hierarchical workflow effectively integrates embedding-based retrieval, diversity-preserving clustering, and multi-structure consensus docking to enable scalable and reliable ultra-large virtual screening.


[bookmark: _Toc229129489]Chemical synthesis
General Methods for Compound Synthesis/Analysis
Conventional solvents, such as acetonitrile (MeCN), dimethyl sulfoxide (DMSO), ethyl acetate (EtOAc) and petroleum ether (PE) were purchased from standard suppliers, and used without further purification unless specified. All commercial reagents were obtained from Bide Pharmatech Ltd., Macklin Inc. or Aladdin Inc., and used without further purification. All reactions were monitored by thin layer chromatography (TLC) and visualization was achieved by using ultraviolet light (254 nm or 365 nm), and displayed by ninhydrin reagent, iodine reagent or potassium permanganate reagent. Column chromatography was performed on a Biotage Isolera Flash Purification System (‌Biotage Sweden AB; Uppsala, Sweden) under proper pressure and self-defined solvent ratios. 1H NMR spectra and 13C NMR spectra were recorded on a Bruker Ascend 400 MHz spectrometer (Saarbr ü cken, Saarland, Germany) using chloroform-d or dimethyl sulfoxide-d6 as solvents. Coupling constants (J) are expressed in hertz (Hz). Chemical shifts (δ) of NMR are reported in parts per million (ppm) units. Low-resolution ESI-MS readings were recorded on Waters BioAccord LC-MS (Milford, Massachusetts, USA).  
Scheme 1. Synthesis of compound TYK2-023 a.


a Reaction conditions: (i) NaH, THF, N2, 0 °C, 30 min; then rt., 12 h; (ii) TFA, 2,2,2-trifluoroethanol, N2, reflux, 48 h.
6-(cyclohexylmethoxy)-2-fluoro-7H-purine (A-1)
To a solution of cyclohexylmethanol (827 mg, 7.24 mmol, 2.5 equiv) in anhydrous THF under a nitrogen atmosphere, NaH (60% dispersion in mineral oil, 347 mg, 8.69 mmol, 2.5 equiv) was added at 0 °C, and the reaction was allowed to continue at room temperature for 2 hours. Subsequently, add 6-chloro-2-fluoro-7H-purine (0.5 g, 2.90 mmol, 1.0 equiv) to the above mixture and stirred at room temperature overnight. After completed, the reaction was quenched with water and extracted with ethyl acetate (10.0 mL × 3). The combined solvent was dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified with Biotage flash column chromatography to give the intermediate A-1, which was directly used in the next step.
6-(cyclohexylmethoxy)-N-(4-(vinylsulfonyl)phenyl)-7H-purin-2-amine (TYK2-023)
To a stirred suspension of 6-(cyclohexylmethoxy)-2-fluoro-7H-purine (A-1; 130 mg, 0.519 mmol, 1.0 equiv) and 4-(vinylsulfonyl)aniline (95 mg, 0.519 mmol, 1.0 equiv) in 2,2,2-trifluoroethanol (3 mL), TFA (296 mg, 2.6 mmol, 5.0 equiv) was added dropwise. The reaction was stirred at 80 °C for 48 hours under a nitrogen atmosphere. After concentrated under reduced pressure, the obtained crude product was purified with Biotage flash column chromatography to give the compound TYK2-023. 1H NMR (400 MHz, DMSO) δ 13.01 (s, 1H), 10.00 (s, 1H), 8.15 – 8.04 (m, 3H), 7.78 (d, J = 8.9 Hz, 2H), 7.15 – 7.03 (m, 1H), 6.29 (d, J = 16.4 Hz, 1H), 6.14 (d, J = 9.8 Hz, 1H), 4.40 (d, J = 6.4 Hz, 2H), 1.87 – 1.67 (m, 6H), 1.33 – 1.05 (m, 5H). LC-MS: 414.38 [M + H] +.
Scheme 2. Synthesis of compound TYK2-026 b.


b Reaction conditions: (i) HATU, DIPEA, DCM, rt., 2 h; (ii) HCl in 1,4-dioxane (4 mol/L), DCM; (iii) DIPEA, tert-butanol, 100 °C, 2 h.
tert-butyl 3-(2-(2-bromobenzamido)ethyl)piperidine-1-carboxylate (B-1)
To a solution of 2-bromobenzoic acid (100 mg, 0.497 mmol, 1.0 equiv) in dry DCM, tert-butyl 3-(2-aminoethyl)piperidine-1-carboxylate (113.6 mg, 0.497 mmol, 1.0 equiv), HATU (246 mg, 0.646 mmol, 1.3 equiv), DIPEA (309 μL, 1.74 mmol, 3.5 equiv) were added. The reaction was stirred at 25 °C for 6 h. After completed, the mixture was washed with saturated NH4Cl solution, saturated NaHCO3 solution and brine, then dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified with Biotage flash column chromatography to give intermediate B-1. 
2-bromo-N-(2-(piperidin-3-yl)ethyl)benzamide hydrochloride (B-2)
The intermediate B-1 (190 mg, 0.461 μmol, 1.0 equiv) obtained in the previous step was dissolved in DCM, and a solution of HCl in 1,4-dioxane (4 M; 462 μL, 2.31 mmol, 5.0 equiv) was added. The mixture was stirred overnight. After completed, the mixture was concentrated under reduced pressure. The crude product was directly used in the next step without further purification.
2-bromo-N-(2-(1-(6-methyl-7H-pyrrolo[2,3-d]pyrimidin-4-yl)piperidin-3-yl)ethyl)benzamide (TYK2-026)
In a vial, intermediate B-2 (100 mg, 0.287 mmol, 1.0 equiv) and DIPEA (179 μL, 1.01 mmol, 3.5 equiv) was dissolved in tert-butanol (6.0 mL). The mixture was stirred at 100 °C for 2 h. After completed, the reaction was concentrated under reduced pressure, and the residue was purified with Biotage flash column chromatography to afford compound TYK2-026. 1H NMR (400 MHz, DMSO) δ 11.49 (s, 1H), 8.41 (t, J = 5.1 Hz, 1H), 8.05 (s, 1H), 7.62 (d, J = 7.8 Hz, 1H), 7.43 – 7.36 (m, 1H), 7.36 – 7.30 (m, 2H), 6.23 (s, 1H), 4.56 – 4.41 (m, 2H), 3.33 – 3.26 (m, 2H), 3.14 – 3.03 (m, 1H), 2.89 – 2.81 (m, 1H), 2.30 (s, 3H), 2.00 – 1.91 (m, 1H), 1.77 – 1.66 (m, 2H), 1.64 – 1.54 (m, 1H), 1.50 – 1.36 (m, 2H), 1.30 – 1.25 (m, 1H). LC-MS: 442.22 [M + H] +.
Scheme 3. Synthesis of compound TYK2-029 c.


c Reaction conditions: (i) HATU, DIPEA, DCM, rt., 2 h; (ii) K2CO3, PdCl2(dppf), 1,4-dioxane, H2O, N2, 100 °C, 12 h; (iii) HCl in 1,4-dioxane (4 mol/L), DCM.
1-(6-bromo-3,4-dihydroisoquinolin-2(1H)-yl)-3-cyclopropylpropan-1-one (C-1)
To a solution of 3-cyclopropylpropanoic acid (100 mg, 0.876 mmol, 1.0 equiv) in dry DCM, 6-bromo-1,2,3,4-tetrahydroisoquinoline (195.1 mg, 0.920 mmol, 1.05 equiv), HATU (433 mg, 1.14 mmol, 1.3 equiv), DIPEA (467 μL, 2.63 mmol, 3.5 equiv) were added. The reaction mixture was stirred at 25 °C for 6 h. After completed, the mixture was washed with saturated NH4Cl solution, saturated NaHCO3 solution and brine, then dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified with Biotage flash column chromatography to give intermediate C-1. 
tert-butyl 4-(2-(3-cyclopropylpropanoyl)-1,2,3,4-tetrahydroisoquinolin-6-yl)-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (C-2)
A suspension of 1-(6-bromo-3,4-dihydroisoquinolin-2(1H)-yl)-3-cyclopropylpropan-1-one (C-1, 100 mg, 0.324 mmol, 1.0 equiv), PdCl2(dppf) (23.7 mg, 0.0.32 mmol, 0.1 eq), tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (111.7 mg, 0.324 mmol, 1.0 equiv) and K2CO3 (112 mg, 0.811 mmol, 2.5 eq) in 1,4-dioxane / H2O (10.0 mL / 1.0 mL) was degassed with nitrogen. The reaction mixture was stirred at 100°C for 12 h. After completed, the reaction was concentrated under reduced pressure. The residue was purified with Biotage flash column chromatography to give intermediate C-2. 
1-(6-(1H-pyrrolo[2,3-b]pyridin-4-yl)-3,4-dihydroisoquinolin-2(1H)-yl)-3-cyclopropylpropan-1-one (TYK2-029)
The intermediate C-2 (100 mg, 0.224 μmol, 1.0 equiv) obtained in the previous step was dissolved in DCM, and a solution of HCl in 1,4-dioxane (4 M; 0.281 μL, 1.12 mmol) was added. The mixture was stirred overnight. Then the mixture was concentrated under reduced pressure, the obtained residue was purified with Biotage flash column chromatography to afford compound TYK2-029. 1H NMR (400 MHz, DMSO) δ 11.82 (s, 1H), 8.30 (d, J = 4.9 Hz, 1H), 7.65 – 7.58 (m, 2H), 7.58 – 7.54 (m, 1H), 7.39 (t, J = 8.2 Hz, 1H), 7.18 (d, J = 4.7 Hz, 1H), 6.65 (s, 1H), 4.74 (d, J = 26.3 Hz, 2H), 3.76 (t, J = 5.7 Hz, 2H), 3.06 – 2.82 (m, 2H), 2.59 – 2.49 (m, 2H), 1.52 – 1.44 (m, 2H), 0.82 – 0.71 (m, 1H), 0.44 – 0.36 (m, 2H), 0.13 – 0.04 (m, 2H). LC-MS: 346.43 [M + H] +.
Scheme 4. Synthesis of compound TYK2-031 d.


d Reaction conditions: (i) Et3N, N2, 0 °C, 10 min, then 25 °C, 2 h; (ii) Iron powder, NH4Cl, EtOH, 78 °C, 3 h; (iii) oxalyl chloride, DMF, dry DCM, N2, 0 °C, and 25 °C, 2 h; then Et3N, dry DCM, 0 °C, and 25 °C, 2 h.
N-(4-chloro-3-nitrophenyl)propionamide (D-1)
To a stirred suspension of 4-chloro-3-nitroaniline (500 mg, 2.9 mmol, 1.0 equiv) and Et3N (1.18 mL, 8.69 mmol, 3.0 equiv) in dry 10.0 mL DCM at 0 °C, propionyl chloride (253 μL, 2.9 mmol, 1.0 equiv) was added dropwise. Then the reaction was stirred at 25 °C for 2 hours under a nitrogen atmosphere. After concentrated under reduced pressure, the obtained crude product was purified with Biotage flash column chromatography to give the intermediate D-1. 
N-(3-amino-4-chlorophenyl)propionamide (D-2)
The intermediate D-1 (666 mg, 2.89 mmol, 1.0 equiv) obtained in the previous step was dissolved in EtOH, and iron powder (806 mg, 14.43 mmol, 5.0 equiv), NH4Cl (231.6 mg, 4.33 mmol, 1.5 equiv) were added. The mixture was stirred at 78 °C for 3 hours. After the mixture was concentrated under reduced pressure, the obtained residue was purified with Biotage flash column chromatography to afford intermediate D-2.
N-(2-chloro-5-propionamidophenyl)-1H-pyrrolo[2,3-b]pyridine-3-carboxamide (TYK2-031)
To a stirred suspension of 1H-pyrrolo[2,3-b]pyridine-3-carboxylic acid (150 mg, 0.925 mmol, 1.0 equiv) and a catalytic amount of DMF in dry 10.0 mL DCM, aoxalyl chloride (157 μL, 1.85 mmol, 2.0 equiv) was added dropwise at 0 °C. Then the reaction was stirred at 25 °C for 2 hours under a nitrogen atmosphere. After the reaction completed, the mixture was concentrated under reduced pressure, then added dry DCM and concentrated again to obtain the intermediate 1H-pyrrolo[2,3-b]pyridine-3-carbonyl chloride. In another round bottom flask, intermediate D-2 and Et3N (286 μL, 2.78 mmol, 3.0 equiv) were dissolved in dry DCM, a dichloromethane solution of intermediate 1H-pyrrolo[2,3-b]pyridine-3-carbonyl chloride was added dropwise at 0 °C under nitrogen atmosphere. Then the mixture was allowed to continue at room temperature for 2 hours. The mixture was concentrated under reduced pressure, the obtained residue was purified with Biotage flash column chromatography to afford compound TYK2-031. 1H NMR (400 MHz, DMSO) δ 12.56 (s, 1H), 9.90 (s, 1H), 8.53 – 8.41 (m, 2H), 8.17 (t, J = 8.4 Hz, 1H), 7.46 (t, J = 10.4 Hz, 1H), 7.35 – 7.08 (m, 2H). LC-MS: 343.24 [M + H] +.
Scheme 5. Synthesis of compound TYK2-032 e.


e Reaction conditions: (i) K2CO3, PdCl2(dppf), 1,4-dioxane, H2O, N2, 100 °C, 12 h; (ii) K2CO3, MeOH/H2O, 70 °C, 6 h.
tert-butyl 7-(7-(tert-butoxycarbonyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (E-1)
A suspension of tert-butyl 4-chloro-7H-pyrrolo[2,3-d]pyrimidine-7-carboxylate (75 mg, 0.296 mmol, 1.0 equiv), tert-butyl 7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (106.2 mg, 0.296 mmol, 1.0 equiv), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(II) (PdCl2(dppf); 21.6 mg, 0.03 mmol, 0.1 eq), and K2CO3 (102.1 mg, 0.739 mmol, 2.5 eq) in 1,4-dioxane / H2O (5.0 mL / 1.0 mL) was degassed with nitrogen. The reaction mixture was stirred at 100°C for 12 h. After completed, the reaction was concentrated under reduced pressure. The obtained residue was purified with Biotage flash column chromatography to give intermediate E-1.
tert-butyl 7-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (TYK2-032)
To a solution of Intermediate E-1 in MeOH/H2O (10.0 mL/1.0 mL), 250 mg K2CO3 was added. The mixture was stirred at 70 °C for 6 h. After completed, the mixture was washed with saturated NH4Cl solution, saturated NaHCO3 solution and brine, then dried over anhydrous Na2SO4 and concentrated under reduced pressure, and the obtained residue was purified with Biotage flash column chromatography to afford compound TYK2-032. 1H NMR (400 MHz, DMSO) δ 12.24 (s, 1H), 8.81 (s, 1H), 8.03 – 7.94 (m, 2H), 7.68 – 7.62 (m, 1H), 7.41 – 7.36 (m, 1H), 6.98 – 6.92 (m, 1H), 4.66 (s, 2H), 3.62 (t, J = 5.6 Hz, 2H), 2.88 (t, J = 5.6 Hz, 2H), 1.45 (s, 9H). LC-MS: 351.37 [M + H] +.
Scheme 6. Synthesis of compound TYK2-034 f.


f Reaction conditions: (i) HATU, DIPEA, DCM, rt., 2 h; (ii) NaH, THF, N2, 0 °C, 30 min; then rt., 12 h; (iii) K2CO3, PdCl2(dppf), 1,4-dioxane, H2O, N2, 100 °C, 12 h; (iv) HCl in 1,4-dioxane (4 mol/L), DCM.
6-bromo-N-cyclobutylpyrazolo[1,5-a]pyridine-2-carboxamide (F-1)
To a solution of 6-bromopyrazolo[1,5-a]pyridine-2-carboxylic acid (100 mg, 0.415 mmol, 1.0 equiv) in dry DCM, cyclobutanamine hydrochloride (45 mg, 0.415 mmol, 1.0 equiv), HATU (206 mg, 0.539 mmol, 1.3 equiv), DIPEA (258 μL, 1.45 mmol, 3.5 equiv) were added. The mixture was stirred at 25 °C for 6 h. After completed, the mixture was washed with saturated NH4Cl solution, saturated NaHCO3 solution and brine, then dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified with Biotage flash column chromatography to give intermediate F-1. 
6-bromo-N-cyclobutyl-N-ethylpyrazolo[1,5-a]pyridine-2-carboxamide (F-2)
To a solution of 6-bromo-N-cyclobutylpyrazolo[1,5-a]pyridine-2-carboxamide (80 mg, 0.272 mmol, 1.0 equiv) in anhydrous THF under a nitrogen atmosphere, NaH (60% dispersion in mineral oil, 16.3 mg, 0.407 mmol, 1.5 equiv) was added at 0 °C, and the reaction was allowed to continue at room temperature for 2 hours. Subsequently, iodoethane (0.085 mg, 0.543 mmol, 2.0 equiv) was added to the above mixture, and the mixture was stirred at room temperature overnight. After completed, the reaction was quenched with water and extracted with ethyl acetate (10.0 mL × 3). The combined solvent was dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified with Biotage flash column chromatography to give the intermediate F-2, which was directly used in the next step.
tert-butyl 4-(2-(cyclobutyl(ethyl)carbamoyl)pyrazolo[1,5-a]pyridin-6-yl)-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (F-3)
A suspension of F-2 (80 mg, 0.248 mmol, 1.0 equiv), tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (85.5 mg, 0.248 mmol, 1.0 equiv), PdCl2(dppf) (18.1 mg, 0.025 mmol, 0.1 eq), and K2CO3 (85.8 mg, 0.062 mmol, 2.5 eq) in 1,4-dioxane / H2O (5.0 mL / 0.5 mL) was degassed with nitrogen. The reaction was stirred at 100°C for 12 h. After completed, the mixture was concentrated under reduced pressure, and the obtained residue was purified with Biotage flash column chromatography to give intermediate F-3.
N-cyclobutyl-N-ethyl-6-(1H-pyrrolo[2,3-b]pyridin-4-yl)pyrazolo[1,5-a]pyridine-2-carboxamide (TYK2-034 )
The intermediate F-3 (0.07 mg, 0.152 mmol, 1.0 equiv) obtained in the previous step was dissolved in DCM, and a solution of HCl in 1,4-dioxane (4 M; 0.190 μL, 0.761 mmol) was added. The mixture was stirred overnight. After the mixture was concentrated under reduced pressure, the residue was purified with Biotage flash column chromatography to afford compound TYK2-034. 1H NMR (400 MHz, DMSO) δ 11.95 (s, 1H), 9.10 (s, 1H), 8.37 (d, J = 4.9 Hz, 1H), 7.96 (d, J = 9.2 Hz, 1H), 7.77 (d, J = 9.3 Hz, 1H), 7.66 (s, 1H), 7.39 (d, J = 4.9 Hz, 1H), 6.99 – 6.87 (m, 1H), 6.75 (s, 1H), 4.74 – 4.62 (m, 1H), 3.76 – 3.61 (m, 2H), 2.33 – 2.23 (m, 2H), 2.18 – 1.98 (m, 2H), 1.83 – 1.60 (m, 2H), 1.57 – 1.39 (m, 2H), 1.24 – 1.08 (m, 3H). LC-MS: 360.30 [M + H] +.
Scheme 7. Synthesis of compound TYK2-6X g.

g Reaction conditions: (i) DIPEA, MeCN, rt., 12 h; (ii) X-Phos, Pd2(dba)3, K2CO3, tert-butanol, 100 °C, overnight.
2-chloro-4-phenoxypyrimidine (G-1)
In a vial, 2,4-dichloropyrimidine (300 mg, 0.51 mmol, 1.0 equiv) was dissolved in acetonitrile (6.0 mL), mixed with DIPEA (133 μL, 0.76 mmol, 3.0 equiv) and phenol (190 mg, 2.01 mmol, 1.0 equiv). The mixture was stirred at room temperature for 12 h. After completed, the mixture was extracted with dichloromethane (10.0 mL × 3). The combined solvents were then dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified with Biotage flash column chromatography to give intermediate G-1.
4-methyl-6-((4-phenoxypyrimidin-2-yl)amino)-2H-benzo[b][1,4]oxazin-3(4H)-one (TYK2-6X)
To a solution of G-1 (100 mg, 0.48 mmol, 1.0 equiv) in tert-butanol (7 mL), 134 mg of K2CO3 (0.968 mmol, 2.0 equiv), X-Phos (0.023 g, 0.048 mmol, 0.1 equiv), Pd2(dba)3 (22 mg, 0.024 mmol, 0.05 equiv) and 6-amino-2H-benzo[b][1,4]oxazin-3(4H)-one (87.4 mg, 0.53 mmol, 1.1 equiv) were added. The reaction was stirred at 100 °C under a N2 atmosphere overnight. After completed, the mixture was concentrated under reduced pressure, the obtained residue was purified with Biotage flash column chromatography to give compound TYK2-6X. 1H NMR (400 MHz, DMSO) δ 9.52 (s, 1H), 8.36 (d, J = 5.6 Hz, 1H), 7.48 (t, J = 7.9 Hz, 2H), 7.38 (s, 1H), 7.34 – 7.28 (m, 1H), 7.27 – 7.22 (m, 2H), 7.20 – 7.14 (m, 1H), 6.74 (d, J = 8.5 Hz, 1H), 6.43 (d, J = 5.6 Hz, 1H), 4.55 (s, 2H), 3.03 (s, 3H). LC-MS: 349.34 [M + H] +.
Scheme 8. Synthesis of compound TYK2-23X h.


h Reaction conditions: (i) concentrated hydrochloric acid, n-butanol, 100 °C, overnight.
2-chloro-5-((5-chloro-4-(methylamino)pyrimidin-2-yl)amino)phenol (TYK2-23X)
2,5-Dichloro-N-methylpyrimidin-4-amine (100 mg, 0.562 mmol, 1.0 eq) and concentrated hydrochloric acid (0.047 ml, 0.562 mmol, 1.0 eq) were added to a solution of 5-amino-2-chlorophenol (96.8 mg, 0.674 mmol, 1.2 eq) in n-butanol (5.0 ml), and the mixture was heated to 100° C for 12 hours. The solid which precipitated out on cooling was filtered off and washed with n-butanol and diethyl ether to give the crude product. Then the crude product was purified with Biotage flash column chromatography to give compound TYK2-23X. 1H NMR (400 MHz, DMSO) δ 10.71 (s, 1H), 10.47 (s, 1H), 8.74 (s, 1H), 8.23 (s, 1H), 7.36 (d, J = 2.2 Hz, 1H), 7.31 (d, J = 8.6 Hz, 1H), 7.12 – 7.05 (m, 1H), 3.01 (d, J = 4.4 Hz, 3H). LC-MS: 285.10 [M + H] +.
Scheme 9. Synthesis of compound TYK2-24X i.


i Reaction conditions: (i) HATU, DIPEA, DCM, rt., 6 h; (ii) K2CO3, PdCl2(dppf), 1,4-dioxane, H2O, N2, 100 °C, 12 h.

5-bromo-N-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-1H-pyrrolo[2,3-b]pyridine-3-carboxamide (I-1)
To a solution of 5-bromo-1H-pyrrolo[2,3-b]pyridine-3-carboxylic acid (100 mg, 0.415 mmol, 1.0 equiv) in dry DCM, 2-(tetrahydro-2H-pyran-4-yl)ethan-1-amine (53.6 mg, 0.415 mmol, 1.0 equiv), HATU (206 mg, 0.539 mmol, 1.3 equiv), DIPEA (258 μL, 1.45 mmol, 3.5 equiv) were added. The mixture was stirred at 25 °C for 6 hours. After completed, the mixture was washed with saturated NH4Cl solution, saturated NaHCO3 solution and brine, then dried over anhydrous Na2SO4 and concentrated under reduced pressure. The obtained residue was purified with Biotage flash column chromatography to give intermediate I-1. 
5-(3-(hydroxymethyl)-4-methylphenyl)-N-(2-(tetrahydro-2H-pyran-4-yl)ethyl)-1H-pyrrolo[2,3-b]pyridine-3-carboxamide (TYK2-24X)
A suspension of I-1 (80 mg, 0.227 mmol, 1.0 equiv), (3-(hydroxymethyl)-4-methylphenyl)boronic acid (37.7 mg, 0.227 mmol, 1.0 equiv), PdCl2(dppf) (16.6 mg, 0.023 mmol, 0.1 eq), and K2CO3 (78.5 mg, 0.057 mmol, 2.5 eq) in 1,4-dioxane/H2O (5.0 mL/0.5 mL) was degassed with nitrogen. The reaction was stirred at 100°C for 12 h. After completed, the reaction was concentrated under reduced pressure. The obtained residue was purified with Biotage flash column chromatography to give compound TYK2-24X. 1H NMR (400 MHz, DMSO) δ 12.17 (s, 1H), 8.67 (s, 1H), 8.54 (s, 1H), 8.21 (s, 1H), 8.10 (s, 1H), 7.70 (s, 1H), 7.49 (d, J = 7.6 Hz, 1H), 7.25 (d, J = 7.8 Hz, 1H), 5.23 (s, 1H), 4.58 (s, 2H), 3.93 – 3.78 (m, 2H), 3.33 – 3.23 (m, 4H), 2.29 (s, 3H), 1.69 – 1.44 (m, 5H), 1.22 – 1.12 (m, 2H). LC-MS: 394.41 [M + H] +.
Scheme 10. Synthesis of compound TYK2-26X j.


j Reaction conditions: (i) K2CO3, PdCl2(dppf), 1,4-dioxane, H2O, N2, 100 °C, 12 h; (ii) THF/MeOH/water (v/v/v = 1: 1: 1), LiOH, rt., 2 h; (iii) HATU, DIPEA, DCM, rt., 2 h; (iv) HCl in 1,4-dioxane (4 mol/L), DCM.
1-(tert-butyl) 3-ethyl 5-(3-fluoro-4-(hydroxymethyl)phenyl)-1H-pyrrolo[2,3-b]pyridine-1,3-dicarboxylate (J-1)
A suspension of 1-(tert-butyl) 3-ethyl 5-bromo-1H-pyrrolo[2,3-b]pyridine-1,3-dicarb-oxylate (500 mg, 1.35 mmol, 1.0 equiv), [1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium(II) (PdCl2(dppf); 56.5 mg, 0.135 mmol, 0.1 eq), (3-fluoro-4-(hydroxymethyl)phenyl)boronic acid (230.15 mg, 1.35 mmol, 1.0 equiv) and K2CO3 (2467.9 mg, 3.39 mmol, 2.5 eq) in 1,4-dioxane/H2O (50.0 mL/2.0 mL) was degassed with nitrogen. The reaction was stirred at 100°C for 12 h. After completed, the reaction was concentrated under reduced pressure, and the obtained residue was purified with Biotage flash column chromatography to give intermediate J-1.
1-(tert-butoxycarbonyl)-5-(3-fluoro-4-(hydroxymethyl)phenyl)-1H-pyrrolo[2,3-b]pyridine-3-carboxylic acid (J-2)
Intermediate J-1 (448 mg, 1.08 mmol, 1.0 equiv) was suspended in a 1:1:1 mixture of THF, MeOH and water (6.0 mL/6.0 mL/6.0 mL), and vigorously stirred at room temperature in the presence of LiOH (2.0 mol/L; 1.62 mL, 3.24 mmol, 3.0 equiv) for 2 hours. Dilute hydrochloric acid (3.0 mol/L) was added and to reach pH = 5 ~ 6, then extracted with dichloromethane (10.0 mL × 3). The combined solvent was dried over anhydrous Na2SO4 and concentrated under reduced pressure. The crude product was directly used in the next step without further purification.
tert-butyl 5-(3-fluoro-4-(hydroxymethyl)phenyl)-3-(((2-methylthiazol-5-yl)methyl)carbamoyl)-1H-pyrrolo[2,3-b]pyridine-1-carboxylate (J-3)
To a solution of J-2 (395 mg, 1.02 mmol, 1.0 equiv) in dry DCM, (2-methylthiazol-5-yl)methanamine (131.05 mg, 1.02 mmol, 1.0 equiv), HATU (505.33 mg, 1.33 mmol, 1.3 equiv), DIPEA (532.8 μL, 3.07 mmol, 3.0 equiv) were added. The mixture was stirred at 25 °C for 6 h. After completed, the mixture was washed with saturated NH4Cl solution, saturated NaHCO3 solution and brine, then dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified with Biotage flash column chromatography to afford J-3. 
5-(3-fluoro-4-(hydroxymethyl)phenyl)-N-((2-methylthiazol-5-yl)methyl)-1H-pyrrolo[2,3-b]pyridine-3-carboxamide (TYK2-26X)
HCl in 1,4-dioxane (4 M; 728 μL, 2.91 mmol) was added to the intermediate J-3 (289 mg, 0.582 μmol, 1.0 equiv) dissolved in DCM. The mixture was stirred overnight. After the mixture was concentrated under reduced pressure, the obtained residue was purified with Biotage flash column chromatography to afford compound TYK2-26X. 1H NMR (400 MHz, DMSO) δ 12.27 (s, 1H), 8.77 – 8.70 (m, 1H), 8.68 (s, 1H), 8.62 (s, 1H), 8.20 (s, 1H), 7.62 – 7.50 (m, 4H), 5.39 – 5.28 (m, 1H), 4.62 (s, 2H), 4.61 (s, 2H), 2.59 (s, 3H). LC-MS: 397.32 [M + H] +.
Scheme 11. Synthesis of compound TAAR1-012 k.


k Reaction conditions: (i) K2CO3, PdCl2(dppf), 1,4-dioxane, H2O, N2, 100 °C, 12 h; (ii) HCl in 1,4-dioxane (4 mol/L), DCM.
tert-butyl 5-(4-(trifluoromethyl)pyrimidin-2-yl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (K-1)
A suspension of tert-butyl 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (100 mg, 0.278 mmol, 1.0 equiv), PdCl2(dppf) (21.8 mg, 0.028 mmol, 0.1 eq), 2-bromo-4-(trifluoromethyl)pyrimidine (0.063 mg, 0.278 mmol, 1.0 equiv) and K2CO3 (0.096 mg, 0.696 mmol, 2.5 eq) in 1,4-dioxane / H2O (10.0 mL / 1.0 mL) was degassed with nitrogen. The reaction was stirred at 100°C for 12 h. After completed, the reaction was concentrated under reduced pressure, and the obtained residue was purified with Biotage flash column chromatography to give intermediate K-1.
5-(4-(trifluoromethyl)pyrimidin-2-yl)-1,2,3,4-tetrahydroisoquinoline hydrochloride (TAAR1-012)
The intermediate K-1 (65 mg, 0.171 mmol, 1.0 equiv) obtained in the previous step was dissolved in DCM, and a solution of HCl in 1,4-dioxane (4 M; 214 μL, 0.857 mmol) was added. The mixture was stirred at 25 °C overnight. After the reaction completed, the mixture was concentrated under reduced pressure to afford compound TAAR1-012. 1H NMR (400 MHz, DMSO) δ 9.44 – 9.27 (m, 3H), 8.04 (d, J = 5.1 Hz, 1H), 7.85 (d, J = 7.2 Hz, 1H), 7.52 – 7.41 (m, 2H), 4.38 (s, 2H), 3.30 – 3.21 (m, 4H). LC-MS: 280.16 [M + H] +.
Scheme 12. Synthesis of compound TAAR1-025 l.


l Reaction conditions: (i) HATU, DIPEA, DCM, rt., 2 h; (ii) HCl in 1,4-dioxane (4 mol/L), DCM; (iii) CH3COOH, NaBH(OAc)3, MeOH, rt., overnight.
tert-butyl 4-(1-(3-chlorophenyl)cyclopropane-1-carbonyl)-5-methyl-1,4-diazepane-1-carboxylate (L-1)
To a solution of 1-(3-chlorophenyl)cyclopropane-1-carboxylic acid (100 mg, 0.508 mmol, 1.0 equiv) in dry DCM, tert-butyl 5-methyl-1,4-diazepane-1-carboxylate (109 mg, 0.508 mmol, 1.0 equiv), HATU (251 mg, 0.661 mmol, 1.3 equiv), DIPEA (253 μL, 2.03 mmol, 4.0 equiv) were added. The reaction mixture was stirred at 25 °C for 6 hours. After completed, the mixture was washed with saturated NH4Cl solution, saturated NaHCO3 solution and brine, then dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified with Biotage flash column chromatography to give intermediate L-1.
(1-(3-chlorophenyl)cyclopropyl)(7-methyl-1,4-diazepan-1-yl)methanone (L-2)
The intermediate L-1 (123 mg, 0.305 μmol, 1.0 equiv) obtained in the previous step was dissolved in DCM, and a solution of HCl in 1,4-dioxane (4 M; 0.382 μL, 1.53 mmol) was added. The mixture was stirred at 25 °C overnight. After the mixture was concentrated under reduced pressure, the residue was dissolved in NaOH aqueous solution (4 M), then extracted with ethyl acetate (10.0 mL × 3). The combined solvent was dried over anhydrous Na2SO4 and concentrated under reduced pressure. The crude product was directly used in the next step without further purification.
(1-(3-chlorophenyl)cyclopropyl)(4,7-dimethyl-1,4-diazepan-1-yl)methanone (TAAR1-025)
A suspension of L-2 (78 mg, 0.266 mmol, 1.0 equiv), formaldehyde (37% solution, 0.024 μL, 0.32 mmol, 1.2 equiv) and CH3COOH (16 mg, 0.266 mmol, 1.0 equiv) in MeOH was stirred at rt. for 30 min. Then NaBH(OAc)3 (83.7 mg, 1.33 mmol, 5.0 equiv) was added to the mixture, and stirred at 25 °C overnight. After completed, the reaction was concentrated under reduced pressure, and the obtained residue was purified with Biotage flash column chromatography to afford compound TAAR1-025. 1H NMR (400 MHz, DMSO) δ 7.26 (dd, J = 7.6, 4.4 Hz, 1H), 7.18 (s, 1H), 7.13 (d, J = 7.7 Hz, 1H), 4.12 – 4.01 (m, 1H), 3.81 (mj, J = 8.3, 4.6, 3.4 Hz, 1H), 3.01 – 2.90 (m, 1H), 2.87 – 2.73 (m, 2H), 2.43 (d, J = 13.8 Hz, 1H), 2.38 (s, 3H), 2.17 – 2.07 (m, 1H), 1.94 – 1.87 (m, 1H), 1.54 – 1.40 (m, 1H), 1.40 – 1.31 (m, 2H), 1.19 – 1.09 (m, 2H), 0.47 (d, J = 6.2 Hz, 3H). LC-MS: 307.22 [M + H] +.
Scheme 13. Synthesis of compound TAAR1-029 m.


m Reaction conditions: (i) K2CO3, PdCl2(dppf), 1,4-dioxane, H2O, N2, 100 °C, 12 h; (ii) HCl in 1,4-dioxane (4 mol/L), DCM.
tert-butyl 5-(3-(2-(tert-butoxy)-2-oxoethyl)phenyl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (M-1)
A suspension of tert-butyl 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,4-dihydroisoquinoline-2(1H)-carboxylate (100 mg, 0.278 mmol, 1.0 equiv), PdCl2(dppf) (21.8 mg, 0.028 mmol, 0.1 eq), tert-butyl 2-(3-bromophenyl)acetate (76 mg, 0.278 mmol, 1.0 equiv) and K2CO3 (96 mg, 0.696 mmol, 2.5 eq) in 1,4-dioxane / H2O (10.0 mL / 1.0 mL) was degassed with nitrogen. The reaction was stirred at 100 °C for 12 h. After completed, the mixture was concentrated under reduced pressure. The residue was purified with Biotage flash column chromatography to give intermediate M-1.
tert-butyl 2-(3-(1,2,3,4-tetrahydroisoquinolin-5-yl)phenyl)acetate (TAAR1-029)
The intermediate M-1 (117 mg, 0.276 mmol, 1.0 equiv) obtained in the previous step was dissolved in DCM, and a solution of HCl in 1,4-dioxane (4 M; 345 μL, 1.38 mmol) was added. The mixture was stirred at rt. overnight. After the mixture was concentrated under reduced pressure, the obtained residue was dissolved in NaOH aqueous solution (4 M), then extracted with ethyl acetate (10.0 mL × 3). The combined solvent was dried over anhydrous Na2SO4 and concentrated under reduced pressure. The crude product was purified with Biotage flash column chromatography to afford compound TAAR1-029. 1H NMR (400 MHz, DMSO) δ 7.39 (t, J = 7.9 Hz, 1H), 7.29 – 7.23 (m, 2H), 7.20 – 7.10 (m, 3H), 7.07 (d, J = 7.4 Hz, 1H), 4.10 (s, 2H), 3.61 (s, 2H), 3.05 (t, J = 5.8 Hz, 2H), 2.65 (t, J = 5.7 Hz, 2H), 1.40 (s, 9H). LC-MS: 324.34 [M + H] +.
Scheme 14. Synthesis of compound TAAR1-030 n.


n Reaction conditions: (i) Et3N, N2, 0 °C, 10 min, then 25 °C, 2 h; (ii) K2CO3, PdCl2(dppf), 1,4-dioxane, H2O, N2, 100 °C, 12 h; (iii) H2, Pa/C, MeOH, rt., overnight; (iv) HCl in 1,4-dioxane (4 mol/L), DCM.
N-(2-bromo-5-(trifluoromethyl)phenyl)acetamide (N-1)
To a stirred suspension of 2-bromo-5-(trifluoromethyl)aniline (500 mg, 2.98 mmol, 1.0 equiv) and Et3N (850 μL, 6.25 mmol, 3.0 equiv) in dry 10.0 mL DCM, acetyl chloride (253 μL, 6.25 mmol, 1.0 equiv) was added dropwise at 0 °C. Then the reaction mixture was stirred at 25 °C for 2 hours under a nitrogen atmosphere. After concentrated under reduced pressure, the obtained crude product was purified with Biotage flash column chromatography to give the intermediate N-1. 
tert-butyl 4-(2-acetamido-4-(trifluoromethyl)phenyl)-3,6-dihydropyridine-1(2H)-carboxylate (N-2)
A suspension of N-(2-bromo-5-(trifluoromethyl)phenyl)acetamide (200 mg, 0.709 mmol, 1.0 equiv), PdCl2(dppf) (58 mg, 0.071 mmol, 0.1 eq), tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-3,6-dihydropyridine-1(2H)-carboxylate (220 mg, 0.709 mmol, 1.0 equiv) and K2CO3 (245 mg, 1.77 mmol, 2.5 eq) in 1,4-dioxane / H2O (10.0 mL / 1.0 mL) was degassed with nitrogen. The reaction was stirred at 100 °C for 12 h. After completed, the reaction was concentrated under reduced pressure, the obtained residue was purified with Biotage flash column chromatography to give intermediate M-2.
tert-butyl 4-(2-acetamido-4-(trifluoromethyl)phenyl)piperidine-1-carboxylate (N-3)
The intermediate N-2 (150 mg) obtained in the previous step was dissolved in MeOH, and 15 mg Pa/C was added. The mixture was degassed with hydrogen and stirred at rt. overnight. After the mixture was concentrated under reduced pressure, the crude product was purified with Biotage flash column chromatography to give intermediate N-3.
N-(2-(piperidin-4-yl)-5-(trifluoromethyl)phenyl)acetamide hydrochloride (TAAR1-030)
The intermediate N-3 obtained in the previous step was dissolved in DCM, and a solution of HCl in 1,4-dioxane (0.5 mL) was added. The mixture was stirred overnight. After the reaction was completed, the mixture was concentrated under reduced pressure to afford compound TAAR1-030. 1H NMR (400 MHz, DMSO) δ 9.77 (s, 1H), 9.20 – 8.87 (m, 2H), 7.75 (s, 1H), 7.58 (d, J = 7.0 Hz, 1H), 7.45 (d, J = 8.1 Hz, 1H), 3.44 – 3.33 (m, 2H), 3.28 – 3.16 (m, 1H), 3.06 – 2.90 (m, 2H), 2.13 (s, 3H), 1.96 – 1.77 (m, 4H). LC-MS: 287.31 [M + H] +.
Scheme 15. Synthesis of compound PUS1-023 o.

o Reaction conditions: (i) HATU, DIPEA, DCM, rt., 6 h; (ii) THF/MeOH/water (v/v/v = 1: 1: 1), NaOH, rt., 2 h.
ethyl 2-(3-(3-acetamidobenzamido)phenyl)acetate (O-1)
To a solution of 3-acetamidobenzoic acid (100 mg, 0.558 mmol, 1.0 equiv) in dry DCM, ethyl 2-(3-aminophenyl)acetate (100 mg, 0.558 mmol, 1.0 equiv), HATU (265 mg, 0.698 mmol, 1.25 equiv), DIPEA (297 μL, 1.67 mmol, 3.0 equiv) were added. The reaction was stirred at 25 °C for 6 hours. After completed, the mixture was washed with saturated NH4Cl solution, saturated NaHCO3 solution and brine, then dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified with Biotage flash column chromatography to give intermediate O-1.
2-(3-(3-acetamidobenzamido)phenyl)acetic acid (PUS1-023)
Intermediate O-1 (200 mg, 0.588 mmol, 1.0 equiv) was suspended in a 1:1:1 mixture of THF, MeOH and water (6.0 mL / 6.0 mL / 6.0 mL), and vigorously stirred at room temperature in the presence of NaOH (2.0 mol/L; 588 μL, 5.88 mmol, 10.0 equiv) for 2 hours. Dilute hydrochloric acid (3.0 mol/L) was added and to reach pH = 5 ~ 6, then extracted with dichloromethane (10.0 mL × 3). The combined solvent was dried over anhydrous Na2SO4 and concentrated under reduced pressure, then the crude product was purified with Biotage flash column chromatography to afford compound PUS1-023. 1H NMR (400 MHz, DMSO) δ 10.24 (s, 1H), 10.18 (s, 1H), 8.09 (s, 1H), 7.82 (d, J = 7.3 Hz, 1H), 7.70 (s, 1H), 7.67 – 7.59 (m, 2H), 7.44 (t, J = 7.9 Hz, 1H), 7.28 (t, J = 7.9 Hz, 1H), 7.00 (d, J = 7.6 Hz, 1H), 3.53 (s, 2H), 2.07 (s, 3H). LC-MS: 313.29 [M + H] +.
Scheme 16. Synthesis of compound PUS1-031 p.

p Reaction conditions: (i) oxalyl chloride, DMF, dry DCM, N2, 0 °C, and 25 °C, 2 h; then Et3N, dry DCM, 0 °C, and 25 °C, 2 h; (ii) THF/MeOH/water (v/v/v = 1: 1: 1), NaOH, rt., 2 h.
methyl 5-(6-chloro-1H-pyrrolo[2,3-b]pyridine-3-carboxamido)-2,4-difluorobenzoate (P-1)
To a stirred suspension of 1H-pyrrolo[2,3-b]pyridine-3-carboxylic acid (100 mg, 0.509 mmol, 1.0 equiv) and a catalytic amount of DMF in dry 10.0 mL DCM at 0 °C , aoxalyl chloride (86 μL, 1.02 mmol, 2.0 equiv) was added dropwise. The reaction mixture was stirred at 25 °C for 2 hours under a nitrogen atmosphere. The mixture was concentrated under reduced pressure, then dissolved in dry DCM and concentrated again to obtain the intermediate 6-chloro-1H-pyrrolo[2,3-b]pyridine-3-carbonyl chloride. In another round bottom flask, methyl 5-amino-2,4-difluorobenzoate and Et3N (208 μL, 1.53 mmol, 3.0 equiv) were dissolved in dry DCM, and a solution of intermediate 6-chloro-1H-pyrrolo[2,3-b]pyridine-3-carbonyl chloride in dichloromethane was added dropwise under nitrogen. After completed, the reaction was allowed to continue at room temperature for 2 hours. Then the mixture was concentrated under reduced pressure, and the obtained residue was purified with Biotage flash column chromatography to give intermediate P-1.
5-(6-chloro-1H-pyrrolo[2,3-b]pyridine-3-carboxamido)-2,4-difluorobenzoic acid (PUS1-031)
Intermediate P-1 (120 mg, 0.328 mmol, 1.0 equiv) was suspended in a 1:1:1 mixture of THF, MeOH and water (5.0 mL / 5.0 mL / 5.0 mL), and vigorously stirred at room temperature in the presence of NaOH (2.0 mol/L; 492 μL, 0.984 mmol, 3.0 equiv) for 2 hours. Dilute hydrochloric acid (3.0 mol/L) was added and the pH was adjusted to 5 ~ 6, then extracted with dichloromethane (10.0 mL × 3). The combined solvent was dried over anhydrous Na2SO4 and concentrated under reduced pressure. The crude product was purified with Biotage flash column chromatography to afford compound PUS1-023. 1H NMR (400 MHz, DMSO) δ 12.56 (s, 1H), 9.90 (s, 1H), 8.53 – 8.41 (m, 2H), 8.17 (t, J = 8.4 Hz, 1H), 7.46 (t, J = 10.4 Hz, 1H), 7.35 – 7.08 (m, 2H). LC-MS: 352.17 [M + H] +.
Scheme 17. Synthesis of compound PUS1-2X q.


q Reaction conditions: (i) MeCN, K2CO3, 80 °C, 12 h; (ii) THF/MeOH/water (v/v/v = 1: 1: 1), NaOH, rt., 2 h; (iii) HATU, DIPEA, DCM, rt., 6 h; (iv) H2, Pa/C, MeOH, rt., overnight.
benzyl 2,3,4-tris(benzyloxy)benzoate (Q-1)
In a vial, 2,3,4-trihydroxybenzoic acid (500 mg, 2.94 mmol, 1.0 equiv) was dissolved in acetonitrile (6.0 mL), mixed with K2CO3 (1.02, 7.35 mmol, 2.5 equiv) and (bromomethyl)benzene (3.02 g, 17.63 mmol, 6.0 equiv). The mixture was stirred at 80 °C for 12 hours. After completed, the mixture was extracted with dichloromethane (10.0 mL × 3). The combined solvents were then dried over anhydrous Na2SO4 and concentrated under reduced pressure, and the obtained residue was purified with Biotage flash column chromatography to give intermediate Q-1.
2,3,4-tris(benzyloxy)benzoic acid (Q-2)
Intermediate Q-1 (700 mg, 1.32 mmol, 1.0 equiv) was suspended in a 1:1:1 mixture of THF, MeOH and water (10.0 mL / 10.0 mL / 10.0 mL), and vigorously stirred at room temperature in the presence of NaOH (2.0 mol/L; 1.98 mL, 3.96 mmol, 3.0 equiv) for 2 hours. Dilute hydrochloric acid (3.0 mol/L) was added and to reach pH = 5 ~ 6, and a large amount of solid precipitated. Filtered to obtain the intermediate Q-2.
2,3,4-tris(benzyloxy)-N-(3-(2-methylthiazol-4-yl)phenyl)benzamide (Q-3)
To a solution of 2,3,4-tris(benzyloxy)benzoic acid (300 mg, 0.681 mmol, 1.0 equiv) in dry DCM, 3-(2-methylthiazol-4-yl)aniline (130 mg, 0.681 mmol, 1.0 equiv), HATU (337 mg, 0.885 mmol, 1.3 equiv), DIPEA (355 μL, 2.04 mmol, 3.0 equiv) were added. The reaction was stirred at 25 °C for 6 hours. After completed, the mixture was washed with saturated NH4Cl solution, saturated NaHCO3 solution and brine, then dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified with Biotage flash column chromatography to give intermediate Q-3.
2,3,4-trihydroxy-N-(3-(2-methylthiazol-4-yl)phenyl)benzamide (PUS1-2X)
The intermediate Q-3 (300 mg) obtained in the previous step was dissolved in MeOH, and 30 mg Pa/C was added. The mixture was degassed with hydrogen and stirred at 25 °C overnight. After the mixture was concentrated under reduced pressure, the obtained crude product was purified with Biotage flash column chromatography to afford compound PUS1-2X. 1H NMR (400 MHz, DMSO) δ 12.32 (s, 1H), 10.26 (s, 1H), 8.78 – 8.42 (m, 2H), 8.26 (s, 1H), 7.91 (s, 1H), 7.69 (d, J = 7.7 Hz, 2H), 7.50 (d, J = 8.9 Hz, 1H), 7.45 – 7.39 (m, 1H), 6.42 (d, J = 8.7 Hz, 1H), 2.74 (s, 3H). LC-MS: 343.24 [M + H] +.
Scheme 18. Synthesis of compound PUS1-3X r.


r Reaction conditions: (i) MeCN, K2CO3, 80 °C, 12 h; (ii) THF/MeOH/water (v/v/v = 1: 1: 1), NaOH, rt., 2 h; (iii) HATU, DIPEA, DCM, rt., 6 h; (iv) H2, Pa/C, MeOH, rt., overnight.
benzyl 2,3,4-tris(benzyloxy)benzoate (R-1)
In a vial, 2,3,4-trihydroxybenzoic acid (500 mg, 2.94 mmol, 1.0 equiv) was dissolved in acetonitrile (6.0 mL), mixed with K2CO3 (1.02 g, 7.35 mmol, 2.5 equiv) and (bromomethyl)benzene (3.02 g, 17.63 mmol, 6.0 equiv). The mixture was stirred at 80 °C for 12 hours. After completed, the reaction was extracted with dichloromethane (10.0 mL × 3). The combined solvents were then dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified with Biotage flash column chromatography to give intermediate R-1.
2,3,4-tris(benzyloxy)benzoic acid (R-2)
Intermediate R-1 (700 mg, 1.32 mmol, 1.0 equiv) was suspended in a 1:1:1 mixture of THF, MeOH and water (10.0 mL / 10.0 mL / 10.0 mL), and vigorously stirred at room temperature in the presence of NaOH (2.0 mol/L; 1.98 mL, 3.96 mmol, 3.0 equiv) for 2 hours. Dilute hydrochloric acid (3.0 mol/L) was added and the pH was adjusted to 5 ~ 6, then a large amount of solid precipitated. Filtered to obtain the intermediate R-2.
2,3,4-tris(benzyloxy)-N-(6-fluoro-1H-indol-5-yl)benzamide (R-3)
To a solution of 2,3,4-tris(benzyloxy)benzoic acid (250 mg, 0.568 mmol, 1.0 equiv) in dry DCM, 6-fluoro-1H-indol-5-amine (85 mg, 0.568 mmol, 1.0 equiv), HATU (281 mg, 0.738 mmol, 1.3 equiv), DIPEA (296 μL, 1.7 mmol, 3.0 equiv) were added. The reaction was stirred at 25 °C for 6 hours. After completed, the mixture was washed with saturated NH4Cl solution, saturated NaHCO3 solution and brine, then dried over anhydrous Na2SO4 and concentrated under reduced pressure, and the obtained residue was purified with Biotage flash column chromatography to give intermediate R-3.
N-(6-fluoro-1H-indol-5-yl)-2,3,4-trihydroxybenzamide (PUS1-3X)
The intermediate R-3 (300 mg) obtained in the previous step was dissolved in MeOH, and 30 mg Pa/C was added. The mixture was degassed with hydrogen and stirred overnight. After the mixture was concentrated under reduced pressure, the crude product was purified with Biotage flash column chromatography to give compound PUS1-3X. 1H NMR (400 MHz, DMSO) δ 11.16 (s, 1H), 10.37 (s, 1H), 7.85 (s, 1H), 7.60 – 7.05 (m, 4H), 6.71 – 6.31 (m, 2H), 5.93 – 5.71 (m, 1H). LC-MS: 303.13 [M + H] +.
Scheme 19. Synthesis of compound PUS1-20X s.


s Reaction conditions: (i) MeCN, K2CO3, 80 °C, 12 h; (ii) H2, Pa/C, MeOH, rt; (iii) Et3N, dry DCM, 0 °C, and 25 °C, 2 h; (iv) THF/MeOH/water (v/v/v = 1: 1: 1), NaOH, rt., 2 h.
methyl (S)-2-(3-nitrophenoxy)propanoate (S-1)
In a vial, 3-nitrophenol (500 mg, 3.59 mmol, 1.0 equiv) was dissolved in acetonitrile (6.0 mL), mixed with K2CO3 (1.25 g, 8.99 mmol, 2.5 equiv) and methyl (S)-2-bromopropanoate (600 mg, 3.59 mmol, 1.0 equiv). The mixture was stirred at 80 °C for 12 hours. After completed, the reaction was extracted with dichloromethane (10.0 mL × 3), and the combined solvents were dried over anhydrous Na2SO4, then concentrated under reduced pressure. The obtained residue was purified with Biotage flash column chromatography to give intermediate S-1.
methyl (S)-2-(3-aminophenoxy)propanoate (S-2)
The intermediate S-2 (700 mg) obtained in the previous step was dissolved in MeOH, and 70 mg Pa/C was added. The mixture was degassed with hydrogen and stirred at rt. overnight. After the mixture was concentrated under reduced pressure, the crude product was purified with Biotage flash column chromatography to give intermediate S-2. 
methyl (S)-5-(N-(3-((1-methoxy-1-oxopropan-2-yl)oxy)phenyl)sulfamoyl)thiophene-3-carboxylate (S-3)
To a stirred suspension of methyl (S)-2-(3-aminophenoxy)propanoate (400 mg, 2.05 mmol, 1.0 equiv) and Et3N (854 μL, 6.15 mmol, 3.0 equiv) in dry 10.0 mL DCM, methyl 5-(chlorosulfonyl)thiophene-3-carboxylate (493 mg, 2.05 mmol, 1.0 equiv) was added at 0 °C. The mixture was stirred at 25 °C for 2 hours under a nitrogen atmosphere, and then concentrated under reduced pressure. The obtained crude product was purified with Biotage flash column chromatography to give the intermediate S-3. 
(S)-5-(N-(3-(1-carboxyethoxy)phenyl)sulfamoyl)thiophene-3-carboxylic acid (PUS1-20X)
Intermediate S-3 (300 mg, 0.751 mmol, 1.0 equiv) was suspended in a 1:1:1 mixture of THF, MeOH and water (10.0 mL/10.0 mL/10.0 mL), and vigorously stirred at room temperature in the presence of NaOH (2.0 mol/L; 1.13 mL, 2.25 mmol, 3.0 equiv) for 2 hours. Dilute hydrochloric acid (3.0 mol/L) was added and to reach pH = 5 ~ 6, then extracted with dichloromethane (10.0 mL × 3). The combined solvents were dried over anhydrous Na2SO4 and concentrated under reduced pressure. The crude product was purified with Biotage flash column chromatography to afford compound PUS1-20X. 1H NMR (400 MHz, DMSO) δ 13.12 (s, 1H), 10.59 (s, 1H), 8.50 (d, J = 1.3 Hz, 1H), 7.72 (d, J = 1.4 Hz, 1H), 7.19 (t, J = 8.2 Hz, 1H), 6.77 – 6.71 (m, 1H), 6.69 (s, 1H), 6.63 – 6.57 (m, 1H), 4.71 (q, J = 6.7 Hz, 1H), 1.47 (d, J = 6.7 Hz, 3H). LC-MS: 372.14 [M + H] +.
Scheme 20. Synthesis of compound PUS1-27X t.


t Reaction conditions: (i) oxalyl chloride, DMF, dry DCM, N2, 0 °C, and 25 °C, 2 h; then Et3N, dry DCM, 0 °C, and 25 °C, 2 h; (ii) THF/MeOH/water (v/v/v = 1: 1: 1), NaOH, rt., 2 h.

dimethyl 4-(2-methyl-5-(trifluoromethyl)benzamido)isophthalate (T-1)
To a stirred suspension of 2-methyl-5-(trifluoromethyl)benzoic acid (200 mg, 0.98 mmol, 1.0 equiv) and a catalytic amount of DMF in dry 10.0 mL DCM, aoxalyl chloride (166 μL, 1.85 mmol, 2.0 equiv) was added dropwise at 0 °C. The reaction was stirred at 25 °C for 2 hours under a nitrogen atmosphere. The mixture was concentrated under reduced pressure, then dissolved in dry DCM and concentrated again to obtain the intermediate 2-methyl-5-(trifluoromethyl)benzoyl chloride. In another round bottom flask, dimethyl 4-aminoisophthalate (205 mg, 0.98 mmol, 1.0 equiv) was dissolved in dry DCM, Et3N (367 μL, 2.7 mmol, 3.0 equiv) was added under ice bath conditions, then a dichloromethane solution of intermediate 2-methyl-5-(trifluoromethyl)benzoyl chloride was added dropwise under nitrogen. The reaction was allowed to continue at room temperature for 2 hours. After the mixture was concentrated under reduced pressure, the residue was purified with Biotage flash column chromatography to give intermediate T-1.
4-(2-methyl-5-(trifluoromethyl)benzamido)isophthalic acid (PUS1-27X)
Intermediate T-1 (200 mg, 0.506 mmol, 1.0 equiv) was suspended in a 1:1:1 mixture of THF, MeOH and water (7.0 mL / 7.0 mL / 7.0 mL), and vigorously stirred at room temperature in the presence of NaOH (2.0 mol/L; 759 μL, 1.52 mmol, 3.0 equiv) for 2 hours. Dilute hydrochloric acid (3.0 mol/L) was added and to reach pH = 5 ~ 6, then extracted with dichloromethane (10.0 mL × 3). The combined solvents were dried over anhydrous Na2SO4 and concentrated under reduced pressure. The crude product was purified with Biotage flash column chromatography to afford compound PUS1-27X. 1H NMR (400 MHz, DMSO) δ 14.02 (s, 1H), 13.12 (s, 1H), 11.95 (s, 1H), 8.71 (d, J = 8.7 Hz, 1H), 8.59 (d, J = 2.0 Hz, 1H), 8.24 – 8.17 (m, 1H), 8.02 (s, 1H), 7.84 (d, J = 7.7 Hz, 1H), 7.62 (d, J = 8.1 Hz, 1H), 2.56 (s, 3H). LC-MS: 368.25 [M + H] +.
Scheme 21. Synthesis of compound PUS1-29X u.


u Reaction conditions: (i) MeCN, K2CO3, 80 °C, 12 h; (ii) THF/MeOH/water (v/v/v = 1: 1: 1), NaOH, rt., 2 h; (iii) MeOH, 60 °C, 4 h; (iv) HATU, DIPEA, DCM, rt, 6 h; (v) THF/MeOH/water (v/v/v = 1: 1: 1), NaOH, rt, 2 h.
methyl 2-(3-methoxypropoxy)benzoate (U-1)
In a vial, methyl 2-hydroxybenzoate (1.0 g, 6.57 mmol, 1.0 equiv) was dissolved in acetonitrile (10.0 mL), mixed with K2CO3 (2.27 g, 16.43 mmol, 2.5 equiv), KI (109 mg, 658 mmol, 0.1 equiv) and 1-bromo-2-methoxyethane (1.83 g, 13.15 mmol, 2.0 equiv). The mixture was stirred at 80 °C for 12 hours. After completed, the mixture was extracted with dichloromethane (10.0 mL × 3). The combined solvents were then dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified with Biotage flash column chromatography to give intermediate U-1.
2-(2-methoxyethoxy)benzoic acid (U-2)
Intermediate U-1 (1.0 g, 4.46 mmol, 1.0 equiv) was suspended in a 1:1:1 mixture of THF, MeOH and water (15.0 mL/15.0 mL/15.0 mL), and vigorously stirred at room temperature in the presence of NaOH (2.0 mol/L; 6.69 mL, 13.38 mmol, 3.0 equiv) for 2 hours. Dilute hydrochloric acid (3.0 mol/L) was added and to reach pH = 5 ~ 6, then extracted with dichloromethane (10.0 mL × 3). The combined solvents were dried over anhydrous Na2SO4 and concentrated under reduced pressure. The crude product was purified with Biotage flash column chromatography to give intermediate U-2.
methyl 3-azabicyclo[3.1.0]hexane-1-carboxylate hydrochloride (U-3)
3-(tert-butoxycarbonyl)-3-azabicyclo[3.1.0]hexane-1-carboxylic acid (785 mg, 3.45 mmol, 1.0 equiv) was dissolved in 20.0 mL MeOH at 0 °C, 5.0 mL thionyl chloride was added dropwise. The reaction was stirred at 60 °C for 4 hours. The mixture was concentrated under reduced pressure, then dissolved in dry DCM and concentrated again to obtain the intermediate U-3.
methyl 3-(2-(2-methoxyethoxy)benzoyl)-3-azabicyclo[3.1.0]hexane-1-carboxylate (U-4)
To a solution of methyl 3-azabicyclo[3.1.0]hexane-1-carboxylate hydrochloride (200 mg, 1.13 mmol, 1.0 equiv) in dry DCM, 2-(2-methoxyethoxy)benzoic acid (236 mg, 1.13 mmol, 1.0 equiv), HATU (557 mg, 1.46 mmol, 1.3 equiv), DIPEA (795 μL, 4.50 mmol, 4.0 equiv) were added. The reaction was stirred at 25 °C for 6 hours. After completed, the reaction was washed with saturated NH4Cl solution, saturated NaHCO3 solution and brine, then dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified with Biotage flash column chromatography to give intermediate U-4.
3-(2-(2-methoxyethoxy)benzoyl)-3-azabicyclo[3.1.0]hexane-1-carboxylic acid (PUS1-29X)
Intermediate T-1 (200 mg, 0.626 mmol, 1.0 equiv) was suspended in a 1:1:1 mixture of THF, MeOH and water (7.0 mL/7.0 mL/7.0 mL), and vigorously stirred at room temperature in the presence of NaOH (2.0 mol/L; 939 μL, 1.88 mmol, 3.0 equiv) for 2 hours. Dilute hydrochloric acid (3.0 mol/L) was added and to reach pH = 5 ~ 6, then extracted with dichloromethane (10.0 mL × 3). The combined solvents were dried over anhydrous Na2SO4 and concentrated under reduced pressure. The crude product was purified with Biotage flash column chromatography to afford compound PUS1-29X. 1H NMR (400 MHz, DMSO) δ 12.54 (s, 1H), 7.43 – 7.33 (m, 1H), 7.22 – 7.14 (m, 1H), 7.12 – 7.05 (m, 1H), 7.03 – 6.95 (m, 1H), 4.21 – 4.10 (m, 2H), 3.95 – 3.84 (m, 1H), 3.67 – 3.60 (m, 2H), 3.47 – 3.33 (m, 3H), 3.18 (s, 3H), 2.09 – 1.94 (m, 1H), 1.49 – 1.40 (m, 1H), 0.95 – 0.79 (m, 1H). LC-MS: 306.22 [M + H] +.
Scheme 22. Synthesis of compound PUS1-36X v.


v Reaction conditions: (i) MeCN, K2CO3, 80 °C, 12 h; (ii) Iron powder, NH4Cl, EtOH, 78 °C, 3 h; (iii) HATU, DIPEA, DCM, rt., 6 h; (iv) H2, Pa/C, MeOH, rt.
1-(benzyloxy)-4-bromo-3-methyl-2-nitrobenzene (V-1)
In a vial, 4-bromo-3-methyl-2-nitrophenol (500 mg, 2.15 mmol, 1.0 equiv) was dissolved in acetonitrile (10.0 mL), mixed with K2CO3 (744 mg, 5.39 mmol, 2.5 equiv) and (bromomethyl)benzene (369 mg, 2.15 mmol, 1.0 equiv). The mixture was stirred at 80 °C for 12 h. After completed, the reaction was extracted with dichloromethane (10.0 mL × 3), and the combined solvents were then dried over anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified with Biotage flash column chromatography to give intermediate V-1.
6-(benzyloxy)-3-bromo-2-methylaniline (V-2)
The intermediate V-1 (400 mg, 1.25 mmol, 1.0 equiv) obtained in the previous step was dissolved in EtOH, iron powder (347 mg, 6.21 mmol, 5.0 equiv) and NH4Cl (100 mg, 1.86 mmol, 1.5 equiv) was added. The mixture was stirred at 78 °C for 3 hours. After the mixture was concentrated under reduced pressure, the obtained residue was purified with Biotage flash column chromatography to afford intermediate V-2.
N-(6-(benzyloxy)-3-bromo-2-methylphenyl)-1-methyl-2-oxo-1,2,3,4-tetrahydroquinoline-6-carboxamide (V-3)
To a solution of 6-(benzyloxy)-3-bromo-2-methylaniline (300 mg, 1.03 mmol, 1.0 equiv) in dry DCM, 1-methyl-2-oxo-1,2,3,4-tetrahydroquinoline-6-carboxylic acid (211 mg, 1.03 mmol, 1.0 equiv), HATU (507 mg, 1.3 mmol, 1.3 equiv), DIPEA (446 μL, 2.57 mmol, 2.5 equiv) were added. The reaction mixture was stirred at 25 °C for 6 hours. After completed, the reaction was washed with saturated NH4Cl solution, saturated NaHCO3 solution and brine, then dried over anhydrous Na2SO4 and concentrated under reduced pressure. The obtained residue was purified with Biotage flash column chromatography to give intermediate V-3.
N-(3-bromo-6-hydroxy-2-methylphenyl)-1-methyl-2-oxo-1,2,3,4-tetrahydroquinoline-6-carboxamide (PUS1-36X)
The intermediate V-3 (200 mg) obtained in the previous step was dissolved in MeOH, and 20 mg Pa/C was added. The mixture was degassed with hydrogen and stirred at rt. for 4 hours. After the mixture was concentrated under reduced pressure, the crude product was purified with Biotage flash column chromatography to afford compound PUS1-36X. 1H NMR (400 MHz, CDCl3) δ 8.24 (s, 1H), 7.87 – 7.79 (m, 2H), 7.77 (s, 1H), 7.41 (d, J = 8.7 Hz, 1H), 7.10 (d, J = 8.6 Hz, 1H), 6.88 (d, J = 8.7 Hz, 1H), 3.41 (s, 3H), 3.05 – 2.97 (m, 2H), 2.76 – 2.68 (m, 2H), 2.48 (s, 3H). LC-MS: 389.28 [M + H] +.
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