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[bookmark: _Toc152014290][bookmark: _Toc118706685]2. Experimental
[bookmark: _Toc152014291]2.1 Materials and Instruments
1H NMR and 13C NMR spectra were recorded on a Bruker AV-500/400 spectrometer (Germany). Internal tetramethylsilane was used as chemical shift standard. HRMS was recorded on a Thermo Scientific Accela-Exactive High Resolution Accurate Mass Spectrometer (USA). Low and high resolution mass spectra (LRMS and HRMS) were given with electron impact mode. Melting points were measured on an RY-1 melting point apparatus (China). Column chromatography was performed using silica gel (300-400 mesh, Qingdao Haiyang Chemical Co., Ltd., China). 
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Unless otherwise indicated, all reagents and anhydrous solvents were purchased from commercial sources and used without purification. 17β-estradiol (CAS: 50-28-2), BnCl (CAS: 100-44-7), DMF (CAS: 68-12-2), DCC (CAS: 538-75-0), DMAP (CAS: 1122-58-3), THF (CAS: 109-99-9), PCC (CAS: 26299-14-9), CuBr2 (CAS: 7789-45-9), 10% Pd/C (CAS: 7440-05-3), HCOONH4 (CAS: 540-69-2), KI (CAS: 7681-11-0), K2CO3 (CAS: 584-08-7), TFA (CAS: 76-05-1) (Aladdin, China); N-Boc-L-phenylalanine (CAS: 13734-34-4), N-Boc-L-leucine (CAS: 13139-15-6), N-Boc-L-proline (CAS: 15761-39-4), N-Cbz-L-glutamine (CAS: 2650-64-8), N-Boc-glycine (CAS: 4530-20-5), N-Boc-O-Bn-L-serine (CAS: 23680-31-1) (Bidepharm, China); HCl (CAS: 7647-01-0), NaOH (CAS: 1310-73-2), Na2SO4 (CAS: 7757-82-6), NaHCO3 (CAS: 144-55-8), EtOAc (CAS: 141-78-6), PE (CAS: 8032-32-4), DCM (CAS: 75-09-2), CH3OH (CAS: 67-56-1) (Xilong, China). All solvents and reagents are analytically pure. 
[bookmark: _Toc152014292]3. Biological assay
[bookmark: _Toc152014293]3.3 Gray Values of Apoptosis Protein Array Experiment (Table 1)
[bookmark: _Toc152014294]3.4 Network Pharmacological Analysis of I-12 (details)
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]STITCH is a resource to explore known and predicted interactions of chemicals and proteins. Chemicals are linked to other chemicals and proteins by evidence derived from experiments, databases and the literature. http://stitch.embl.de/.
Swiss Target Prediction predicts the target of a compound based on similarity to the 2D and 3D structures of known compounds. http://swisstargetprediction.ch/.
	Table 1. Gray Values of Apoptosis Protein Array Experiment

	Apoptosis related protein
	Gray Values

	
	0 μM
	5 μM

	Bad
	2163.5
	3123

	Bax
	2189.5
	3211

	Bcl-2
	2027.5
	2534.5

	Bcl-x
	908
	1872.5

	Pro-Caspase-3
	17676
	18554.5

	Cleaved Caspase-3
	2129
	2239

	Catalase
	755
	567

	clAP-1
	3592.5
	2530

	clAP-2
	1558.5
	1650.5

	Claspin
	1882.5
	2036

	Clusterin
	1450
	1860

	Cytochrome c
	2158
	3468.5

	TRAIL R1/DR4
	7047.5
	7033.5

	TRAIL R2/DR5
	5553
	6529.5

	FADD
	6637.5
	6560.5

	Fas/TNFRSF6/CD95
	1835.5
	3326

	HIF-1α
	6702.5
	8039

	HO-1/HMOX1/HSP32
	2562.5
	2154.5

	HO-2/HMOX2
	3631
	2301.5

	HSP27
	8106
	5900.5

	HSP60
	6086
	5546

	HSP70
	3677
	4276

	HTRA2/0mi
	3338
	3748.5

	Livin
	860.5
	1449.5

	PON2
	3127
	3905

	p21/CIP1/CDKN1A
	1528
	2716.5

	p27/Kip1
	1277.5
	1618.5

	Phospho-p53(S15)
	10290
	10396.5

	Phospho-p53(S46)
	10442.5
	11811.5

	Phospho-p53(S392)
	5340.5
	3637.5

	Phospho-Rad17(S635)
	2207.5
	1686

	SMAC/Diablo
	5080.5
	4172.5

	Survivin
	2000.5
	1890.5

	TNF RI/TNFRSF1A
	2062.5
	2600

	XIAP
	2719.5
	3670


SEA relates proteins based on the set-wise chemical similarity among their ligands. It can be used to rapidly search large compound databases and to build cross-target similarity maps. http://sea.bkslab.org.
PharmMapper is an updated integrated pharmacophore matching platform with statistial method for potential target identification. http://lilab-ecust.cn/pharmmapper/.
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]TargetNet predicts compound targets based on QSAR (Quantitative Structure-Activity Relationship) modeling. http://targetnet.scbdd.com.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]DAVID can enrich and analyze the input gene list in terms of biological pathways, protein-protein interactions, protein functional domains, disease associations, gene tissue expression, and literature. https://david.ncifcrf.gov/.
GeneCard is a comprehensive database of human genes, providing concise genomic, proteomic, transcriptional, genetic and functional access to all known and predicted human genes. https://www.genecards.org/.
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]DisGeNET is a discovery platform containing one of the largest publicly available collections of genes and variants associated to human diseases. http://www.disgenet.org/.
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]GEO is an international public repository for high-throughput microarray and next-generation sequence functional genomic data sets submitted by the research community. https://www.ncbi.nlm.nih.gov/geo/.
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]KEGG is a database that integrates genomic, chemical and systemic functional information. https://www.genome.jp/kegg/tool/map_pathway2.html.
Metascape integrates more than 40 bioinformatics databases, providing biologists with easy access to comprehensive data analytics through a simple interface for one-click rapid analysis. http://metascape.org/gp/index.html#/main/step1.
STRING is a networked database of protein interactions based on public databases and literature information. https://string-db.org/.
Cytoscape is free software for network construction, visualization and analysis.
A. Research of I-12 related targets
No target related to I-12 was found in the TCMSP, ETCM, and Pubchem databases. The target of I-12 was found in STITCH, Swiss Target Prediction, SEA, PharmaMapper, and TargetNet databases. The threshold value (PharmaMapper: zscore > 0.5, TargetNet: prob ≥ 0.5) was set. Human beings were selected, duplicates were removed, and a total of 106 targets were obtained.
106 Targets obtained：FKB1A, AMPM2, GSTP1, SHBG, HYES, ADA17, DHSO, MMP2, NQO2, PTGD2, PAK7, ERBB4, PYRD, PDE4D, PDK2, RARA, NR1I2, GCR, HCK, JAK2, CP2C8, P85A, ADHX, VDR, FABP6, RXRA, EPCR, PRGR, MCR, CTNA1, TIE2, KIT, CALM, RARB, RARG, LCK, TGM3, ESR2, ESR1, ST1E1, NEP, FABP7, RET4, ADK, CASP3, CP2C9, INSR, DHI1, AOFB, RXRB, CASP1, MMP12, GRB2, NR1I3, FA10, KIF11, MP2K1, CHLE, SUMF1, SUMF2, STS, DHB1, FFAR1, AK1C3, MMP15, MMP26, PPARA, ADCYA, PPARD, CBG, GPER1, MBTP1, SO1B1, MRP4, NMDE2, NMDZ1, GHSR, MMP16, PPARG, UPP1, S5A2, FAAH1, S22A3, ERR2, MMP14, RORA, F261, CP19A, HSD17B1, OPRK1, PTPN2, SRD5A2, PTPN1, ABCB1, HRH1, PTGIR, OPRD1, NR3C2, NR3C1, CHRM3, OPRM1, FKBP1A, CREBBP, PPARGC1A, mTOR, IGF1R。
B. DAVID disease enrichment analysis and KEGG pathway gene mapping
The above obtained targets were used in DAVID for disease enrichment analysis, related diseases with high scores (enrich score: 8.91) and a large number of target enrichment were selected, furthermore, breast cancer was seted as the main research disease. In total, 163 disease genes were screened in DisGeNET, GeneCards, and GEO databases, using thresholds (GeneCard: Relevance score > 70; DisGeNET: estrogen negative BC: Score_gda ≥ 0.4, estrogen positive BC: Score_gda ≥ 0.1, GEO: logFC > 0.2, high expression, logFC < -0.2, low expression).
These 163 disease genes were used in KEGG pathway mapping to select pathways with relatively large gene enrichment and interest: Pathways in cancer, PI3K Akt signaling pathway, breast cancer pathway, EGFR tyrosine kinase inhibitor resistance, MAPK signaling pathway, metabolic pathways, JAK-STAT signaling pathway, and mTOR signaling pathway. Green represented the lower expression gene, red represented the upper expression gene, and pink represented the input disease gene in the pathway maps (Figure 1 and Table 2).
[image: hsa05200 Pathways in cancer]
Figure 1.1 Pathways in cancer
[image: hsa04151  PI3K-Akt signaling pathway]
Figure 1.2 PI3K-Akt signaling pathway
[image: hsa05224 Breast cancer]
Figure 1.3 Breast cancer pathway
[image: hsa01521 EGFR tyrosine kinase inhibitor resistance]
Figure 1.4 EGFR tyrosine kinase inhibitor resistance
[image: hsa04010  MAPK signaling pathway]
Figure 1.5 MAPK signaling pathway
[image: hsa01100 Metabolic pathways]
Figure 1.6 Metabolic pathways
[image: hsa04630 JAK-STAT signaling pathway]
Figure 1.7 JAK-STAT signaling pathway
[image: hsa04150 mTOR signaling pathway]
Figure 1.8 mTOR signaling pathway
	Table 2. Pathway Mapping of Disease Genes in KEGG pathway mapping

	Disease gene related pathways
	Disease genes enriched in the pathway

	Pathways in cancer
	AKT1, ALK, APC, AR, AXIN2, BAX, BRAF, BRCA2, CASP8, CCND1, CDH1, CDK4, CDKN1A, CDKN1B, CDKN2A, CTNNB1, CXCL8, EGF, EGFR, ERBB2, ESR1, FGFR1, FGFR2, HRAS, IGF1, IL6, KIT, KRAS, MDM2, MET, MLH1, MSH2, MSH6, MTOR, MYC, NOS2, PIK3CA, PIK3CB, PTEN, RAD51, RB1, RET, SMAD4, STAT3, TERT, TGFB1, TGFBR2, TP53, VEGFA.

	PI3K-Akt signaling pathway
	AKT1, BRCA1, CCND1, CDK4, CDKN1A, CDKN1B, EGF, EGFR, ERBB2, FGFR1, FGFR2, HRAS, IGF1, IL6, KIT, KRAS, MDM2, MET, MTOR, MYC, PIK3CA, PIK3CB, PIK3CD, PIK3CG, PTEN, STK11, TP53, VEGFA, YWHAE.

	Breast cancer pathway
	AKT1, APC, AXIN2, BAX, BRAF, BRCA1, BRCA2, CCND1, CDK4, CDKN1A, CTNNB1, EGF, EGFR, ERBB2, ESR1, FGFR1, HRAS, IGF1, KIT, KRAS, MTOR, MYC, PGR, PIK3CA, PIK3CB, PIK3CD, PTEN, RB1, TP53.

	EGFR tyrosine kinase inhibitor resistance
	AKT1, BAX, BRAF, EGF, EGFR, ERBB2, FGFR2, HRAS, IGF1, IL6, KRAS, MET, MTOR, NF1, PIK3CA, PIK3CB, PIK3CD, PTEN, STAT3, VEGFA.

	MAPK signaling pathway
	AKT1, BRAF, EGF, EGFR, ERBB2, FGFR1, FGFR2, HRAS, IGF1, KIT, KRAS, MET, MYC, NF1, TGFB1, TGFBR2, TNF, TP53, VEGFA.

	Metabolic pathways
	AGK, AMT, BTD, CYP19A1, FECH, NOS2, NPR2, PIK3CA, PIK3CB, PIK3CD, PIK3CG, PRUNE1, PTEN, SEPHS1, TK2, UXS1.

	JAK-STAT signaling pathway
	AKT1, CCND1, CDKN1A, EGF, EGFR, HRAS, IL6, MTOR, MYC, PIAS1, PIK3CA, PIK3CB, PIK3CD, STAT3.

	mTOR signaling pathway
	AKT1, BRAF, HRAS, IGF1, KRAS, MTOR, PIK3CA, PIK3CB, PIK3CD, PTEN, STK11, TNF.


The selected targets and disease genes were intersected with Venn diagram (Figure 2) to get four intersection targets: mTOR (mechanical target of rapamycin kinase), KIT (KIT proto oncogene, receptor tyrosine kinase), PDK2 (pyruvate dehydrogenase kinase 2) and ESR1 (estrogen receptor 1).
[image: ]
Figure 2 Selected targets and disease genes intersection
The selected targets were enriched in the pathway in DAVID, and four pathways of interest were selected (Figure 3):
(1) Non-small cell lung cancer (Figure 3.1): KEGG pathway, enrichment score 3.91, P value 7.2×10-3. The enriched targets were GRB2, RARB, RXRA and RXRB.
[image: hsa05223  David--KEGG  Non-small cell lung cancer]
Figure 3.1 Pathway map of non-small cell lung cancer
(2) Adipocytokine signaling pathway (Figure 3.2): KEGG pathway, with enrichment score of 2.74 and P value of 1.3×10-4. The enriched targets were JAK2, PPARGC1A, mTOR, PPARA, RXRA and RXRB.
[image: hsa04920 david-KEGG  Adipocytokine signaling pathway]
Figure 3.2 Pathway map of Adipocyte factor signal
(3) PI3KAkt signaling path (Figure 3.3): KEGG pathway, with enrichment score of 1.17 and P value of 3.5×10-2. The enriched targets were JAK2, KIT, GRB2, IGF1R, INSR, mTOR and RXRA.
[image: hsa04151 david--KEGG  PI3K- Akt signaling pathway]
Figure 3.3 Pathway map of PI3K-Akt signal
(4) R-HSA-5362517 pathway (Figure 3.4): REACTOME pathway, with enrichment score of 3.91 and P value 2.1×10-9. The enriched targets were RXRB, RARG, RXRA, RARA, RARB, PDK2, PPARD.
[image: ]
Figure 3.4 Pathway map of R-HSA-5362517
[bookmark: _GoBack]DAVID/GO enrichment analysis was found that I-12 may affect the biological processes related to nucleoplasm, nucleus, zinc ion binding, transcription initiation from the RNA polymerase II promoter, etc (Figure 4).
[image: Nucleoplasm  Ancestor chart for GO_0005654]
Figure 4.1 Nucleoplasm: Enrichment Score 8.53, Count 30, P value 6.8×10-9.
[image: Nucleus Ancestor chart for GO_0005634]
Figure 4.2 Nucleus: Enrichment Score 8.53, Count 29, P value 9.2×10-3.
[image: zinc ion binding  Ancestor chart for GO_0008270]
Figure 4.3 Zinc ion binding: Enrichment Score 8.53, Count 24, P value 1.1×10-11.
[image: transcription initiation from RNA polymerase II promoter  Ancestor chart for GO_0006367]
Figure 4.4 Transcription initiation from RNA polymerase II promoter: Enrichment Score 8.53, Count 18, P value 3.8×10-21.
C. Metascape enrichment analysis
The enrichment analysis of the summarized targets in Metascape showed that (Figure 5), the targets were mainly enriched in nuclear receptors (red), signaling by nuclear receptors (green), cellular response to nitrogen compound (dark purple), and steroid metabolic process (brown) (Figure 5.5). It indicated that the action of I-12 may be related to these related signals and processes.
[image: HeatmapSelectedGO]
Figure 5.1 HeatmapSelectedGO
[image: HeatmapSelectedGO_DisGeNET]
Figure 5.2 HeatmapSelectedGO_DisGeNET
[image: HeatmapSelectedGO_PaGenBase]
Figure 5.3 HeatmapSelectedGO_PaGenBase
[image: HeatmapSelectedGO_TRRUST]
Figure 5.4 HeatmapSelectedGO_TRRUST
[image: ColorByCluster] [image: ColorByPValue]
Figure 5.5 Results of enrichment analysis in Metascape
Combined with the enrichment analysis of David and Metascape, it was found that I-12 may affect the nuclear receptor signal and its related biological processes. The target RXRA (retinoic acid X receptor α), it plays an important role in the signal by Retinoic Acid (a nuclear receptor). RXRA is also involved in a variety of related pathways of disease or target enrichment.
D. KEGG pathway mapping
The pathway enrichment was carried out in KEGG pathway mapping with summarized targets, mainly to look for related pathways which intersected on selected targets mTOR, KIT, PDK2, ESR1 and RXRA. The pathways with relatively large number of targets enrichment and interest were selected: Pathways in cancer, PI3K-Akt signaling pathway, Pathways in Breast cancer, PPAR signaling pathway, Estrogen signaling pathway, JAK-STAT signaling pathway, MAPK signaling pathway and Adipocytokine signaling pathway. Pink in the pathway diagram was the targets which summarized (Figure 6).
[image: hsa05200  Pathways in cancer ]
[bookmark: _Hlk119709498]Figure 6.1 Pathways in cancer
[image: hsa04151  PI3K-Akt signaling pathway]
Figure 6.2 PI3K-Akt signaling pathway
[image: hsa05224 Breast cancer]
[bookmark: _Hlk119709865]Figure 6.3 Pathways in Breast cancer
[image: hsa03320    PPAR signaling pathway]
Figure 6.4 PPAR signaling pathway
[image: hsa04915    Estrogen signaling pathway]
Figure 6.5 Estrogen signaling pathway
[image: hsa04630   JAK-STAT signaling pathway]
Figure 6.6 JAK-STAT signaling pathway
[image: hsa04010 MAPK signaling pathway]
Figure 6.7 MAPK signaling pathway
[image: hsa04920 Adipocytokine signaling pathway]
Figure 6.8 Adipocytokine signaling pathway
E. Summarized analysis
The interaction between summarized targets were checked in String (Figure 7.1). Finally, Cytoscape was used to construct disease-pathway-gene network (Figure 7.2) and compound-pathway-target network (Figure 7.3). Through network pharmacological analysis, it was found that I-12 may act on nuclear receptors and affect biological processes related to nuclear receptor signals. The potential targets were mTOR, KIT, ESR1, PDK2 and RXRA. The anti-tumor mechanism of I-12 may be related to the pathways involved by potential targets, such as PI3K/Akt/mTOR pathway, MAPK pathway, estrogen receptor signal pathway, etc. (Figure 8).
[image: ]
Figure 7.1 Interaction between summarized targets
[image: ]
Figure 7.2 Disease-pathway-gene network
[image: ]
Figure 7.3 Compound-pathway-target network.


Figure 8 Possible mechanism of action of I-12


[bookmark: _Toc118706696][bookmark: _Toc152014295]Spectroscopic data of compounds
[bookmark: _Toc75162597][bookmark: _Toc152014296]1H NMR spectrum of I-2
[image: slx-EA17-01 1H CDCl3 400M-2]

[bookmark: _Toc75162598][bookmark: _Toc152014297]13C NMR spectrum of I-2
[image: slx-EA17-01 13C CDCl3 400M]

[bookmark: _Toc75162599][bookmark: _Toc152014298]
HRMS spectrum of I-2
[image: ]


[bookmark: _Toc75162600][bookmark: _Toc152014299]1H NMR spectrum of I-3
[image: slx-EA17-02 1H CDCl3 400M--2]

[bookmark: _Toc75162601][bookmark: _Toc152014300]13C NMR spectrum of I-3
[image: slx-EA17-02 13C CDCl3 400M]

[bookmark: _Toc75162602][bookmark: _Toc152014301]
HRMS spectrum of I-3
[image: ]


[bookmark: _Toc75162606][bookmark: _Toc152014302]1H NMR spectrum of I-4
[image: EA17-04 1H CDCl3 400M---2]

[bookmark: _Toc75162607][bookmark: _Toc152014303]13C NMR spectrum of I-4
[image: EA17-04 13C CDCl3 400M]

[bookmark: _Toc75162608][bookmark: _Toc152014304]
HRMS spectrum of I-4
[image: ]


[bookmark: _Toc75162612][bookmark: _Toc152014305]1H NMR spectrum of I-5
[image: slx-EA17-07 1H CDCl3 400M--2]

[bookmark: _Toc75162613][bookmark: _Toc152014306]13C NMR spectrum of I-5
[image: slx-EA17-07 13C CDCl3 100Hz]

[bookmark: _Toc75162614][bookmark: _Toc152014307]
HRMS spectrum of I-5
[image: ]


[bookmark: _Toc75162609][bookmark: _Toc152014308]1H NMR spectrum of I-6
[image: slx-EA17-05 1H CDCl3 400M--2]

[bookmark: _Toc75162610][bookmark: _Toc152014309]13C NMR spectrum of I-6
[image: slx-EA17-05 13C 400M CDCl3]

[bookmark: _Toc75162611][bookmark: _Toc152014310]
HRMS spectrum of I-6
[image: ]


[bookmark: _Toc75162603][bookmark: _Toc152014311]1H NMR spectrum of I-7
[image: EA17-03 1H CDCl3 400M]

[bookmark: _Toc75162604][bookmark: _Toc152014312]13C NMR spectrum of I-7
[image: EA17-03 13C CDCl3 400M]

[bookmark: _Toc75162605][bookmark: _Toc152014313]
HRMS spectrum of I-7
[image: ]


[bookmark: _Toc75162618][bookmark: _Toc152014314]1H NMR spectrum of I-8
[image: slx-EA17-012 1H CDCl3 400M]

[bookmark: _Toc75162619][bookmark: _Toc152014315]13C NMR spectrum of I-8
[image: slx-EA17-012 13C CDCl3 100Hz]

[bookmark: _Toc75162620][bookmark: _Toc152014316]
HRMS spectrum of I-8
[image: ]


[bookmark: _Toc75162615][bookmark: _Toc152014317]1H NMR spectrum of I-9
[image: slx-EA17-010 HCl  1H  DMSO 400M--2]

[bookmark: _Toc75162616][bookmark: _Toc152014318]13C NMR spectrum of I-9
[image: slx-EA17-10 HCl 13C DMSO 100Hz ]

[bookmark: _Toc75162617][bookmark: _Toc152014319]
HRMS spectrum of I-9
[image: ]


[bookmark: _Toc75162621][bookmark: _Toc152014320]1H NMR spectrum of I-10
[image: slx-EA17-017  1H DMSO 400M--2]

[bookmark: _Toc75162622][bookmark: _Toc152014321]13C NMR spectrum of I-10
[image: slx-EA17-017  13C DMSO 100Hz]

[bookmark: _Toc75162623][bookmark: _Toc152014322]
HRMS spectrum of I-10
[image: ]


[bookmark: _Toc75162624][bookmark: _Toc152014323]1H NMR spectrum of I-11
[image: slx-EA17-018  1H DMSO 400M--2]

[bookmark: _Toc75162625][bookmark: _Toc152014324]13C NMR spectrum of I-11
[image: slx-EA17-018 13C DMSO 100Hz]

[bookmark: _Toc75162626][bookmark: _Toc152014325]
HRMS spectrum of I-11
[image: ]


[bookmark: _Toc75162627][bookmark: _Toc152014326]1H NMR spectrum of I-12
[image: slx-EA17-019 1H DMSO 400M--2]

[bookmark: _Toc75162628][bookmark: _Toc152014327]13C NMR spectrum of I-12
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