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Supplementary Figure 1. Molecular docking analysis of TK22.
(A) Two-dimensional interaction map (processed by Discovery Studio) showing the predicted binding mode of TK22 within the kinase active site, highlighting key intermolecular interactions including hydrogen bonds with residues Cys 83, Asn 131, and Gln 130 of chain B, van der Waals contacts, and hydrophobic (alkyl and π-alkyl) interactions with surrounding amino acid residues.
(B) Three-dimensional representation of TK22 docked in the binding pocket (PDB:7VDP docked using software AutoDoc 4), illustrating the orientation of the ligand and its interactions with key residues within the active site.
(C) Overall docking pose of TK22 within the CDK5 kinase domain (PDB: 7VDP), showing the ligand bound in the active site pocket in the context of the full protein.
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Supplementary Figure 2. Characterization of Compound 3.
(A) Chemical structure of Compound 3, tert-butyl 4-[(2-chloropyrrolo[2,3-b]pyrimidin-7-yl)methyl]piperidine-1-carboxylate.
(B) 1H NMR spectrum of Compound 3, confirming the proposed structure and chemical purity 1H NMR (600 MHz, Chloroform-d) δ 8.77 (s, 1H), 7.13 (d, 1H), 6.53 (d, 1H), 4.10 (s, 4H), 2.62 (s, 2H), 2.01 (m, 1H), 1.49 (t, 2H), 1.41 (s, 9H), 1.20 (t, 2H). 
(C) High-resolution mass spectrometry (HRMS) analysis of Compound 3. The observed molecular ion peak is consistent with the calculated exact mass, confirming the molecular formula. HRMS (ESI⁺): m/z calculated for C17H23ClN4O2 [M+H]⁺: 351.15, found: 351.1553
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Supplementary Figure 3. Characterization of Compound 5.
(A) Chemical structure of Compound 5, tert-butyl 4-[(2-(phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)methyl]piperidine-1-carboxylate.
(B) 1H NMR spectrum of Compound 5, confirming the proposed structure and chemical purity ¹H NMR (600 MHz, Methanol-d4) δ 8.59 (s, 1H), 7.76 (d, 2H), 7.31 (t, 2H), 7.05 (d, 1H), 6.98 (t, 1H), 6.45 (d, 1H), 4.09 (d, 4H), 2.72 (s, 2H), 2.17-2.17 (m, 1H), 1.64 (d, 2H), 1.46 (s, 9H), 1.27 (q, 2H).
(C) High-resolution mass spectrometry (HRMS) analysis of Compound 5. The observed molecular ion peak is consistent with the calculated exact mass, confirming the molecular formula. HRMS (ESI⁺): m/z calculated for C23H29N5O [M+H]⁺: 408.24 found: 408.2400.
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Supplementary Figure 4. Characterization of TK22 by NMR spectroscopy.
(A) Chemical structure of TK22, 4-((2-(phenylamino)-7H-pyrrolo[2,3-d]pyrimidin-7-yl)methyl)piperidin-1-ium chloride.
(B) 1H NMR spectrum of TK22, confirming the assigned structure and chemical purity. ¹H NMR (600 MHz, dmso-d6) δ 7.96 (s, 1H), 6.82 (d, 2H), 6.76 (d, 1H), 6.67 (t, 2H), 6.44 (t, 1H), 5.97 (d, 1H), 3.35 (d, 2H), 2.56 (d, 2H), 2.46 (s, 2H), 2.13 (d, 2H), 1.46 (s, 1H), 1.01 (d, 2H), 0.72 (q, 2H).
(C) 13C NMR spectrum of TK22, showing carbon resonances consistent with the proposed molecular structure. 13C NMR (dmso-d6:Methanol-d4=1:5): δ 25.5 (2C, s), 33.6 (1C, s), 42.5 (2C, s), 48.2 (1C, s), 101.9 (1C, s), 111.9 (1C, s), 120.9 (2C, s), 124.3 (1C, s), 128.4 (2C, s), 132.6 (1C, s), 136.3 (1C, s), 139.1 (1C, s), 148.4 (1C, s), 153.4 C, s).
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[bookmark: _Hlk234587999]Supplementary Figure 5. Characterization of TK22 by HRMS and HPLC purity analysis.
(A) High-resolution mass spectrometry (HRMS) spectrum of TK22 acquired in positive ion mode, showing the observed molecular ion peak consistent with the calculated exact mass and confirming the molecular formula. HRMS (ESI⁺): m/z calculated for C18H21N5 [M+H]⁺: 308.18, found: 308.1870
(B) Analytical HPLC chromatogram of TK22 monitored by UV detection, demonstrating high chemical purity with a single dominant peak. HPLC Ret. Time 3.5 min 97% purity.
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Supplementary Figure 1. Molecular Docking Mapping
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Supplementary Figure 4. Characterization of TK22 1H and 13C NMR
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