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[bookmark: _Toc116544744]S2. Molecular docking study
All the molecular modeling simulations were carried out using Molecular Operating Environment (MOE, 2020.0901) software. All minimizations were performed with MOE until an RMSD gradient of 0.05 kcal∙mol−1Å−1 with MMFF94x force field and the partial charges were automatically calculated.
S2.1. Molecular docking in carbonic anhydrase isozymes (CA II, CA IX and CA XII)
The X-ray crystallographic structure of CA II, CA IX and CA XII isozymes (PDB ID: 3HS4), (PDB ID: 5FL4), and (PDB ID: 1JD0), respectively, were downloaded from the protein data bank. First, chain A was only kept in case of each protein and water molecules and ligands not involved in binding were removed. Then, the protein structures were prepared for docking study using Protonate 3D protocol in MOE with default options. The co-crystalized ligand in each isozyme was used to define the binding site for docking. Triangle Matcher placement method and London dG scoring function were used for docking. Docking setup was first validated by self-docking of the co-crystallized ligand in each protein in the vicinity of the active site of the enzyme.
The self-docking validation step showed the suitability of the used docking protocol for the intended docking study by the small RMSD values (1.460Å, 1.095Å, and 1.558Å in CA II, CA IX and CA XII, respectively) and by the ability of the docking poses of the co-crystalized ligands to reproduce all the key interactions accomplished by the co-crystallized ligand with the hot spots in CA II, CA IX and CA XII active sites (Zn2+, Thr199 and/or Thr200) (figures S1-S3). The validated setup was then used to study the binding mode of compounds 4d, 5, and 7 in the different carbonic anhydrase isoforms CA II, CA IX and CA XII and to predict their potential affinity to these isoforms. AAZ was also docked in the three CA isoforms as a reference standard.
[image: ]
Figure S1. Superimposition of the co-crystallized (red) and the docking pose (green) of AAZ in CA II active site with RMSD of 1.460 Å.
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Figure S2. Superimposition of the co-crystallized (red) and the docking pose (green) of 9FK in CA IX active site with RMSD of 1.095 Å.
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Figure S3. Superimposition of the co-crystallized (red) and the docking pose (green) of AAZ in CA XII active site with RMSD of 1.558 Å.

S2.2. Molecular docking in the protein kinases (VEGFR-2, FGFR1 and RET)
S2.2.1. VEGFR-2
The X-ray crystallographic structure of VEGFR-2 co-crystallized with sorafenib (IC50 = 90 nM) as inhibitor (PDB ID: 4ASD) was downloaded from the protein data bank. Water molecules were first removed, then the protein was prepared for the docking study using Protonate 3D protocol in MOE with default options. The co-crystalized ligand (sorafenib) was used to define the active site for docking. Triangle Matcher placement method and London dG scoring function were used for docking. Docking protocol was first validated by self-docking of the co-crystallized ligand (sorafenib) in the vicinity of the active site of the receptor giving a docking pose with an energy score (S) = −15.19 kcal/mol and an RMSD of 0.470Å from the co-crystalized ligand pose. (Figure S4)
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Figure S4. (A) Superimposition of the docking pose (blue) and the co-crystallized (red) of sorafenib in the VEGFR-2 active site with RMSD of 0.470Å. (B) 2D interaction diagram showing sorafenib docking pose interactions with the key amino acids (hot spots) in the VEGFR-2 active site. (Distances in Å)

S2.2.2. FGFR1
[bookmark: _Hlk506316549]The X-ray crystallographic structure of FGFR-1 co-crystallized with ponatinib (IC50 = 0.7 nM) as inhibitor (PDB ID: 4V01) was downloaded from the protein data bank. Chain A, water molecules and ligands which are not involved in binding were first removed, then the protein was prepared for the docking study using Protonate 3D protocol in MOE with default options. The co-crystalized ligand (ponatinib) was used to define the active site for docking. Triangle Matcher placement method and London dG scoring function were used for docking. Docking protocol was first validated by self-docking of the co-crystallized ligand (ponatinib) in the vicinity of the active site of the receptor giving a docking pose with an energy score (S) = −17.00 kcal/mol and an RMSD of 0.398Å from the co-crystalized ligand pose. (Figure S5)
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Figure S5. (A) Superimposition of the docking pose (blue) and the co-crystallized (red) of ponatinib in the FGFR-1 active site with RMSD of 0.398Å. (B) 2D interaction diagram showing ponatinib docking pose interactions with the key amino acids (hot spots) in the FGFR-1 active site. (Distances in Å)

S2.2.3. RET	
Protein data bank (PDB) search showed that there is not any RET kinase protein structure co-crystalized with a type II kinase inhibitor. The available are either apoprotein structures for RET kinase or co-crystalized complexes with type I kinase inhibitors such as Vandetanib. On the other hand, several crystal structures are obtainable from the PDB for other kinases such as VEGFR-2 in the DFG-out inactive conformation that are co-crystalized with type II inhibitors. The overall homology between RET and VEGFR-2 is 42%, suggesting that both proteins are folded in a similar fashion. To define RET kinase type II inhibitors’ binding site and to induce its DFG-out inactive conformation shape and topology, the RET protein structure co-crystalized with nintadinib (PDB ID: 6NEC) was aligned to the VEGFR-2 protein structure co-crystalized with sorafenib as inhibitor (PDB ID: 4ASD). VEGFR-2 protein and the RET inhibitor (nintadinib) were then deleted leaving behind sorafenib in the RET binding site followed by energy minimization of the RET protein structure. The final resulted structure contains RET protein kinase in a DFG-out conformation bound to a type II kinase inhibitor (sorafenib) interacting with the key amino acids Ala807, Glu775, and Asp892 in RET binding site (figure S6).

[image: ]
Figure S6. 2D diagram of sorafenib showing its interaction with RET kinase active site
Chain B, water molecules and ligands which are not involved in binding were first removed, then the protein was prepared for the docking study using Protonate 3D protocol in MOE with default options. The added ligand (sorafenib) was used to define the active site for docking. Triangle Matcher placement method and London dG scoring function were used for docking. Docking protocol was first validated by self-docking of the added ligand (sorafenib) in the vicinity of the active site of the receptor giving a docking pose with an energy score (S) = −14.23 kcal/mol and an RMSD of 0.331Å from the added ligand pose. (Figure S7)
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Figure S7. 3D representation (A) and 2D diagram (B) of the superimposition of the docking pose (green) and the co-crystallized (red) of sorafenib in the RET active site with RMSD of 0.331Å.

The validated docking protocols were then used to study the ligand-receptor interactions in the active site of the target kinases for compound 15c to predict its binding mode and to rationalize its binding affinity.

S2.3. Docking poses of compounds 5 and 7 in the active site of CA II, CA IX, and CA XII
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Figure S8. 2D diagram of compound 5 showing its interaction with CA II  active site.
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Figure S9. 2D diagram of compound 5 showing its interaction with CA IX active site.
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Figure S10. 2D diagram of compound 5 showing its interaction with CA XII active site.
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Figure S11. 2D diagram of compound 7 showing its interaction with CA II active site.
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Figure S12. 2D diagram of compound 7 showing its interaction with CA IX active site.
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Figure S13. 2D diagram of compound 7 showing its interaction with CA XII active site.
[bookmark: _Toc116544745]S3. In Vitro biological activity
S3.1. In Vitro Antitumor Activity towards 60 cancer cell lines (NCI-USA Anticancer Assay)
The cytotoxicity assays were performed at National Cancer Institute (NCI), Bethesda, USA (against 60 cell lines). The human tumor cell lines of the cancer screening panel were grown in RPMI 1640 medium containing 5% fetal bovine serum and 2 mM L-glutamine. For a typical screening experiment, cells were inoculated into 96 well microtiter plates in 100 µ at plating densities ranging from 5000 to 40,000 cells/well depending on the doubling time of individual cell lines. After cell inoculation, the microtiter plates were incubated at 37 oC, 5% CO2, 95% air and 100% relative humidity for 24 h prior to addition of experimental drugs. After 24 h, two plates of each cell line were fixed in situ with trichloroacetic acid (TCA), to represent a measurement of the cell population for each cell line at the time of drug addition (Tz). Experimental drugs were solubilized in dimethyl sulfoxide at 400-fold the desired final maximum test concentration and stored frozen prior to use. At the time of drug addition, an aliquot of frozen concentrate was thawed and diluted to twice the desired final maximum test concentration with complete medium containing 50 µg/ml gentamicin. Aliquot of 100 µl of the drug dilution was added to the appropriate microtiter wells already containing 100 µl of medium, resulting in the required final drug concentration (10 µM). Triplicate wells were prepared for each individual dose. Following drug addition, the plates were incubated for an additional 48 h at 37 oC, 5% CO2, 95% air, and 100% relative humidity. For adherent cells, the assay was terminated by the addition of cold TCA. Cells were fixed in situ by the gentle addition of 50 µl of cold 50% (w/v) TCA (final concentration, 10% TCA) and incubated for 60 min at 4 oC. The supernatant was discarded, and the plates were washed five times with tap water and air dried. Sulforhodamine B (SRB) solution (100 µl) at 0.4% (w/v) in 1% acetic acid was added to each well, and plates were incubated for 10 min at room temperature. After staining, unbound dye was removed by washing five times with 1% acetic acid and the plates were air dried. Bound stain was subsequently solubilized with 10 mM trizma base, and the absorbance was read on an automated plate reader at a wavelength of 515 nm. For suspension cells, the methodology was the same except that the assay was terminated by fixing settled cells at the bottom of the wells by gently adding 50 µl of 80% TCA (final concentration, 16% TCA). Using the seven absorbance measurements [time zero (Tz), control growth (C), and test growth in the presence of drug (Ti)], the percentage growth 5 was calculated at the drug concentration level. Percentage growth inhibition was calculated as: 
[(Ti – Tz) / (C – Tz)] x 100 for concentrations for which Ti ≥ Tz 
[(Ti – Tz) / Tz] x 100 for concentrations for which Ti < Tz

Figure S14. Mean growth inhibition percent (Mean GI%) of the tested compounds over NCI-60 cell line panel.
S3.2. Carbonic anhydrase inhibition assay
The carbonic anhydrase catalyzed CO2 hydration actions for all coumarin-based derivatives reported in this study have assayed utilizing an instrument of Applied Photophysics stoppedflow. The enzymes are recombinant proteins prepared in our lab. Phenol red (at a concentration of 0.2 mM) has been used as indicator, working at the absorbance maximum of 557 nm, with 20 mM Hepes (pH 7.5) as buffer, and 20 mM Na2SO4 (for maintaining constant the ionic strength), following the initial rates of the CA-catalyzed CO2 hydration reaction for a period of 10-100 s. The CO2 concentrations ranged from 1.7 to 17 mM for the determination of the kinetic parameters and inhibition constants. For each inhibitor at least six traces of the initial 5-10% of the reaction have been used for determining the initial velocity. The uncatalyzed rates were determined in the same manner and subtracted from the total observed rates. Stock solutions of inhibitor (0.1 mM) were prepared in distilled-deionized water and dilutions up to 0.01 nM were done thereafter with the assay buffer. Inhibitor and enzyme solutions were preincubated together for 6 hours at room temperature prior to assay, in order to allow for the formation of the E-I complex. The inhibition constants were obtained by non-linear least-squares methods using PRISM 3 and the Cheng-Prusoff equation, and represent the mean from at least three different determinations.

S3.3. kinase inhibition assay
https://www.thermofisher.com/eg/en/home/products-and-services/services/custom-services/screening-and-profiling- services/selectscreen-profiling-service/selectscreen-kinase-profiling-service.html
The Z´-LYTE biochemical assay employs a fluorescence-based, coupled-enzyme format and is based on the differential sensitivity of phosphorylated and non-phosphorylated peptides to proteolytic cleavage. The peptide substrate is labeled with two fluorophores—one at each end—that make up a FRET pair. In the primary reaction, the kinase transfers the gamma-phosphate of ATP to a single tyrosine, serine or threonine residue in a synthetic FRET-peptide. In the secondary reaction, a site-specific protease recognizes and cleaves non-phosphorylated FRET-peptides. Phosphorylation of FRET-peptides suppresses cleavage by the Development Reagent. Cleavage disrupts FRET between the donor (i.e., coumarin) and acceptor (i.e., fluorescein) fluorophores on the FRET-peptide, whereas uncleaved, phosphorylated FRET-peptides maintain FRET. A ratiometric method, which calculates the ratio (the Emission Ratio) of donor emission to acceptor emission after excitation of the donor fluorophore at 400 nm, is used to quantitate reaction progress, as shown in the equation below. A significant benefit of this ratiometric method for quantitating reaction progress is the elimination of wellto-well variations in FRET-peptide concentration and signal intensities. As a result, the assay yields very high Z´-factor values (>0.7) at a low percent phosphorylation. Both cleaved and uncleaved FRET-peptides contribute to the fluorescence signals and therefore to the Emission Ratio. The extent of phosphorylation of the FRET-peptide can be calculated from the Emission Ratio. The Emission Ratio will remain low if the FRET-peptide is phosphorylated (i.e., no kinase inhibition) and will be high if the FRET-peptide is non-phosphorylated (i.e., kinase inhibition).
Test Compounds the Test Compounds are screened in 1% DMSO (final) in the well. For 10 point titrations, 3-fold serial dilutions are conducted from the starting concentration of the customer’s choosing. Peptide/Kinase Mixtures All Peptide/Kinase Mixtures are diluted to a 2X working concentration in the appropriate Kinase Buffer (see section Kinase Specific Assay Conditions for a complete description). ATP Solution All ATP Solutions are diluted to a 4X working concentration in Kinase Buffer (50 mM HEPES pH 7.5, 0.01% BRIJ-35, 10 mM MgCl2, 1 mM EGTA). ATP Km apparent is previously determined using a Z´-LYTE assay.

Table S1. Kinase ATP Km Bins and Inhibitor Validation 
The table below provides specifications and data around each kinase. The representative IC50 value with a known inhibitor (Staurosporine) for each kinase was determined at the ATP bin nearest to the ATP Km app, unless indicated with an asterisk (*) in which case the IC50 value was determined at 100 µM ATP.
	Assay
	Z'-LYTE Substrate
	ATP Km app (µM)
	ATP Bin (µM)
	IC50 (nM)

	BRAF
	Ser/Thr 03
	cascade
	100
	17.3 *

	FLT1 (VEGFR1)
	Tyr 04
	158
	150
	24.4

	KDR (VEGFR2)
	Tyr 01
	78
	75
	5.79

	KIT
	Tyr 06
	284
	300
	492

	MET (cMet)
	Tyr 06
	64
	50
	99.1

	PDGFRA (PDGFR alpha)
	Tyr 04
	9
	10
	5.19

	RET
	Tyr 02
	11
	10
	2.89
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Figure S15. Inhibitory concentration effect (IC50) of the targeted compound 15c on the FGFR1, VEGFR-2 and RET kinases activity.

compound
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