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1. List of abbreviations 

A Adenine 

ACN acetonitrile 

AMA ammonium hydroxide and aqueous methyl amine 

BApNA Nα-benzoyl-DL-arginine-4-nitroanilide hydrochloride 

C Cytosine 

CAII Carbonic Anhydrase II 

CBS 4-carboxybenzene sulfonamide 

CPG Controlled Pore Glass 

DBCO dibenzylcyclooctyne 

DCL Dynamic Combinatorial Library 

DEL DNA-Encoded Chemical Library 

DEAE diethyaminoethanol 

DIPEA N,N-diisopropylethylamine 

DMF dimethylformamide 

DMSO dimetyl sulfoxide 

DMTMM 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride 

dNTP Deoxynucleoside TriPhosphate 

EDC-HCl 1-ethyl-3-carbodiimide hydrochloride 

ESAC Encoded Self-Assembling Combinatorial Library 

eq equivalent 

FBDD Fragment-Based Drug Discovery 

Fmoc fluorenylmethyloxycarbonyl 

G Guanine 

GPCRs G protein-coupled receptors 

HATU 1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-
oxide hexafluorophosphate 

HOAt 1-Hydroxy-7-azabenzotriazole 

HPLC High-Performance Liquid Chromatography 

IC50 Half-Maximal Inhibitory Concentration 

LC-MS Liquid Chromatography-Mass Spectrometry 

MES 2-(N-morpholino)ethanesulfonic acid 

MMP Matrix Metalloprotease 
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MS Mass Spectrometry 

MW Molecular Weight 

NGS Next-Generation Sequencing 

NHS N-hydroxysuccinimide 

NMR Nuclear Magnetic Resonance 

PAGE Polyacrylamide Gel Electrophoresis 

PBS Phosphate Buffer Saline 

PCR Polymerase Chain Reaction 

PDB Protein Data Bank 

pNPA p-nitrophenyl acetate 

PPI Protein–Protein Interactions 

PSA Polar Surface Area 

PyBOP benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate 

qPCR Quantitative PCR 

RT Room Temperature 

SMCC succinimidyl 4-(N-maleimidomethyl) cyclohexane-1-carboxylate 

Sulfo-SMCC sulfosuccinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate 

T Thymine 

TBE Tris/Borate/EDTA 

TEAA triethylammonium acetate 
 

TEAB triethylammonium bicarbonate 

TEMED tetramethyl ethylene diamine 

THPTA tris-hydroxypropyltriazolylmethylamine 

UPLC-ESI-MS ultra-performance liquid chromatography-electrospray ionization-
mass spectrometry 
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2. Materials 

All oligonucleotides were purchased from IBA Lifesciences (Göttingen, Germany), Metabion 

(Oberbayern, Germany), and Eurofins (Ebersberg, Germany) in High-Performance Liquid 

Chromatography (HPLC)-purified grade, molecular biology grade, Next Generation 

Sequencing (NGS) grade or on the Controlled Pore Glass (CPG) solid support according to 

different purposes.  

Building blocks of the libraries were purchased from Sigma-Aldrich (St. Louis, USA), Enamine 

(Kyiv, Ukraine), Alinda Chemical (Moscow, Russia), ChemBridge Corporation (San Diego, 

USA) and Maybridge Chemical Company (Altrincham, UK).  

All chemicals other than building blocks, unless otherwise noted, were purchased from Sigma-

Aldrich (St. Louis, USA), Merck Millipore (Darmstadt, Germany), Iris Biotech (Marktredwitz, 

Germany), Thermo Fisher Scientific (Waltham, USA), Carl Roth (Karlsruhe, Germany), or 

VWR (Radnor, USA).  

All enzymes, unless otherwise noted, were purchased from New England Biolabs (Frankfurt, 

Germany), or Thermo Fisher Scientific (Waltham, USA). 

Bovine trypsin (T8003) and bovine carbonic anhydrase II (C7749) were purchased from 

Sigma-Aldrich (St. Louis, USA). Human matrix metalloprotease-2 (10082-HNAH) and -9 

(10327-HNAH) were purchased from Sino Biological (Beijing, China). 

 

3. Methods 

3.1 Synthesis of single-sided DNA-compound conjugates 

Building blocks were conjugated at 5’-amine-modifed DNA and 3’-amine-modified DNA, 

resulting in 5’-DNA-compound conjugates and 3’-DNA-compound conjugates, respectively. 

Conjugation of building blocks with carboxylic acid to amine-modified DNA on pseudo-

solid support. 

Anion-exchange resin (diethylaminoethanol, DEAE, GE Healthcare) was used as solid support 

for immobilizing oligonucleotides. 50 µL of DEAE slurry was loaded on a centrifuge column 

(Pierce Spin Columns, Thermo Fisher Scientific) and washed with 500 µL of DEAE binding 

buffer (10 mM AcOH and 0.005% Triton-X 100) for three times by spinning at 492 g for 1 min 

and discarding the flow-through. 2 nmol of amine-modified oligonucleotide dissolved in 100 

µL of DEAE binding buffer was loaded on the resin and agitated for 15 min on an orbital 

shaker.  Next, binding buffer was discarded after centrifugation. In parallel, 50 mM of small 

organic molecule with carboxylic acid was activated by EDC-HCl (1 eq), HOAt (1 eq), and 

DIPEA (5 eq) in 100 µL of DMF: MeOH (3:2) for 30 min at RT.  Activated carboxylic acid was 

added on the resin to react with the amine-modified oligonucleotide. After 1 h, the reaction 

solution was removed and replaced with fresh-activated carboxylic acid. Coupling was 
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repeated three times to obtain high reaction yield. Next, the reaction solution was removed, 

and resin was washed with DMF three times and binding buffer three times. The small 

molecule-DNA conjugate was then eluted with 3 M NaOAc, pH 4.7 by agitating the resin for 

five minutes. The eluted conjugate was subjected the ethanol precipitation and characterized 

with UPLC-ESI-MS. 

Conjugation of building block with anhydride to amine-modified DNA 

2 nmol of amine- modified DNA was dissolved in 0.2 M NaHCO3 buffer to a final volume of 

100 μL. Building block was dissolved in DMF to reach 500 mM. 5 μL of building block solution 

was added to DNA and stirred for 3 h at RT. The reaction crude was then desalted by ethanol 

precipitation and characterized by ESI-LC-MS.  

Conjugation of 3-iodophenyl isothiocyanate to amine-modified DNA 

2 nmol of amino-modified oligo was dissolved in 100 μL of 0.1 M Na2CO3 buffer. 3-Iodophenyl 

isothiocyanate was dissolved in DMSO to reach 100 mM. 10 μL of compound solution was 

added to oligo followed by adding 300 μL of DMSO. The reaction was stirred for 3 h at RT. 

The reaction crude was then desalted by ethanol precipitation and characterized by UPLC-

ESI-MS.  

HPLC purification and validation by UPLC-ESI-MS 

The crudes were re-suspended with 1 mL MilliQ water and purified via reverse-phase HPLC 

(Waters, USA) on a Clarity 3u Oligo-RT C18 reverse−phase HPLC column (Phenomenex, CA, 

USA), applying a gradient from 5% ACN/100 mM TEAA to 35% ACN/100 mM TEAA over 30 

min. The correct fraction was confirmed via UPLC-ESI-MS, Waters, USA) combined with an 

analytical ACQUITY UPLC OST C18 column (Waters, USA). The fractions were dried using a 

Vacuum concentrator. The conjugates dissolved in MilliQ were quantified by measuring the 

absorbance at 260 nm. 

The mass of HPLC purified oligonucleotide-conjugate was measured by liquid 

chromatography with electrospray ionization mass spectrometry (LC-ESI-MS). The reverse-

phased ACQUITY UPLC OST C18 column, (Waters, USA) (1.7 μm, 2.1 x 100 mm) was used 

as stationary phase. The mobile phase was Buffer A (5 mM triethylammonium bicarbonate, 

TEAB in H2O) and Buffer B (5 mM TEAB in acetonitrile). The electrospray ionization mass 

spectrometry (ACQUITY TQ Detector, Waters, Massachusetts, USA) was used in negative 

ion-mode for DNA mass detection and analysis. The ESI parameters were set as following: 

cone voltage: 30 V; scan duration: 1 s; mass range: 500–2000 m/z. 

 

3.2 Synthesis of DNA-compound-DNA conjugates via DNA-templated reactions 

Different types of DNA-templated reactions were implemented between the matching 

functional groups through hybridization of complementary regions of DNA under reaction 
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conditions.  The reaction crude was subjected to ethanol precipitation to desalt. Next, the pellet 

was dissolved in 1X Urea PAGE Loading Dye and split in 12 fractions and loaded on a 10% 

denaturing Urea PAGE to monitor the reaction yield and purify the product obtaining the DNA-

compound-DNA conjugate.  

DNA-templated amine acylation 

DNA-templated amine acylation was performed between one 5’-DNA-compound conjugate 

and one 3’-DNA-compound conjugate displaying a carboxylic acid and an amine, respectively. 

500 pmol of 5’-DNA-compound conjugate and 500 pmol of 3’-DNA-compound conjugate were 

mixed in 100 µL of buffer 1 (1x phosphate buffered saline (PBS), 1 M NaCl, pH 7.5) and 

allowed to anneal at RT for 20 min. To the solution was added DMTMM at a final concentration 

of 32 mM. The reaction was stirred at RT overnight.  

DNA-templated reductive amination 

DNA-templated reductive amination was performed between one 5’-DNA-compound 

conjugate and one 3’-DNA-compound conjugate displaying an aldehyde and an amine, 

respectively. 500 pmol of 5’-DNA-compound conjugate and 500 pmol of 3’-DNA-compound 

conjugate were mixed in 100 µL of buffer 1 and allowed to anneal at RT for 20 min. To the 

solution was added NaBH3CN at a final concentration of 50 mM and the reaction was stirred 

at RT overnight.  

DNA-templated Cu(I)-catalyzed azide-alkyne cycloaddition  

DNA-templated Cu(I)-catalyzed azide-alkyne cycloaddition was performed between one 5’-

DNA-compound conjugate and one 3’-DNA-compound conjugate displaying an azide and an 

alkyne, respectively. 500 pmol of 5’-DNA-compound conjugate and 500 pmol of 3’-DNA-

compound conjugate were mixed in 100 µL of buffer 1 and allowed to anneal at RT for 20 min. 

CuSO4 was premixed with 10 fold of THPTA to reach 1 mM in buffer 1. 10 µL of CuSO4: THPTA 

mixture was added to DNA and sodium ascorbate was added to reach 1 mM final 

concentration. The reaction was stirred for 3 h at RT.  

DNA-templated Pd(II)-catalyzed reactions 

DNA-templated enone formation was performed between 5’-DNA-compound conjugate and 

one 3’-DNA-compound conjugate displaying an alkyne and alkene, respectively. DNA-

templated transmetallation, insertion, and beta-hydride elimination was performed between 5’-

DNA-compound conjugate and one 3’-DNA-compound conjugate displaying an alkyne or 

alkene and boronic acid. DNA-templated Heck reaction was performed between 5’-DNA-

compound conjugate and one 3’-DNA-compound conjugate displaying an alkene and an aryl 

iodide. All reactions were catalyzed by Pd(II) (Na2PdCl4) according to a previously reported 

protocol1. 500 pmol of 5’-DNA-compound conjugate and 500 pmol of 3’-DNA-compound 

conjugate were mixed in 100 µL of buffer 1 and allowed to anneal at RT for 20 min. The 
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reactions were initiated by adding 5 µL of Na2PdCl4. Reaction were stirred at 37 °C for 1 h, 

before being quenched by 1 µL 1 M 2-mercaptoethanol.  

DNA-templated Diels-Alder cycloaddition 

DNA-templated Diels-Alder cycloaddition was performed between one 5’-DNA-compound 

conjugate and one 3’-DNA-compound conjugate displaying a maleimide and a diene, 

respectively. 500 pmol of 5’-DNA-compound conjugate and 500 pmol of 3’-DNA-compound 

conjugate were mixed in 100 µL of buffer 2 (3 M NaOAc, pH 4.7) and allowed to react overnight 

at RT.  

DNA-templated copper-free click reaction 

DNA-templated copper-free click reaction was performed between one 5’-DNA-compound 

conjugate and one 3’-DNA-compound conjugate displaying an azide and a DBCO, 

respectively. 500 pmol of 5’-DNA-compound conjugate and 500 pmol of 3’-DNA-compound 

conjugate were mixed in 100 µL of buffer 1 and allowed to react overnight at RT.  

DNA-templated photochemical reaction 

DNA-templated photochemical reaction was performed between one 5’-DNA-compound 

conjugate and one 3’-DNA-compound conjugate displaying an aryl azide and an amine, 

respectively. 500 pmol of 5’-DNA-compound conjugate and 500 pmol of 3’-DNA-compound 

conjugate were mixed in 50 µL of buffer 1 and allowed to anneal at RT for 20 min. The mixture 

was then irradiated by UV lamp (254 nm) on ice for 15 min.  

DNA-templated Michael addition 

DNA-templated Michael addition was performed between one 5’-DNA-compound conjugate 

and one 3’-DNA-compound conjugate displaying a maleimide / alkene and a thiol / amino 

group, respectively. 500 pmol of 5’-DNA-compound conjugate and 500 pmol of 3’-DNA-

compound conjugate were mixed in 100 µL of buffer 1 and allowed to react overnight at RT.  

Monitoring DNA-templated reactions by TBE-urea polyacrylamide gel electrophoresis 

(PAGE) 

A 50% stock gel solution was prepared by dissolving 23.68 g (333 mmol) of acrylamide and 

1.32 g (8.56 mmol) N,N’-methylenbisacrylamide in 50 mL MilliQ water.  

5x Tris/Borate/EDTA (TBE) buffer (1 L): Tris base (54 g), boric acid (27.5 g), and 20 mL of 0.5 

M ethylenediaminetetraacetic acid (EDTA) (pH 8.0)  

Composition of the 10% TBE-urea gel: 1.6 mL of 5x TBE buffer, 1.6 mL of 50% stock gel 

solution, 3.84 g urea (8 M), 40 µL 10% (m/v) ammonium persulfate, 4 µL 

tetramethylethylenediamine (TEMED), and water up to 8 mL.  

The mixed solution was added to a mini gel cassette (Thermo Fisher Scientific, Waltham, 

USA) and left still for 20 min for polymerization. After polymerization, the cassette was loaded 

in a gel electrophoresis chamber (Bio-Rad Laboratories, Hercules, USA). 1x TBE buffer was 

added to inner and outer chamber. Before loading samples, each lane was flushed with buffer 
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to remove excess urea precipitation during polymerization. DNA samples was mixed with 2x 

TBE-urea loading buffer (Thermo Fisher Scientific, Waltham, USA) in 1:1 volume to each lane.  

The running was performed under constant voltage of 90 V for three hours, till the loading dye 

reached the end of the gel. Next, gel was detached from the cassette, stained with 1x SYBR 

Green II for 15 min and imaged with ChemiDoc MP (Bio-Rad Laboratories, Hercules, USA). 

 

3.3 DNA purification from polyacrylamide gel  

The gel band containing correct size DNA was sliced and chopped into fine particles and 

immersed with 3-fold volumes of water in 2 mL Eppendorf tubes. The sample was frozen 

overnight at -20 ºC and dissolved at 90 ºC on a heat block for 5 min. Subsequently, the tube 

was stirred at 50 ºC on a shaker for 18 h at 300 rpm. Next, the supernatant was collected and 

concentrated by extracting against n-butanol. Repetitive extraction by removing water-

containing n-butanol layer was performed until the volume of the DNA-containing lower layer 

was small enough for a subsequent ethanol precipitation or a purification by silica membrane 

(QIAGEN, Netherlands). The DNA-templated reaction product was purified by ethanol 

precipitation and the encoded library member was purified via silica membrane based kit 

(QIAquick Nucleotide Removal Kit, QIAGEN) according to the manufacturer instruction. 20 

pmol of purified DNA-compound-DNA conjugate was injected in UPLC-ESI-MS to measure 

the molecular weight and confirm the purification of the correct product.  

Ethanol precipitation 

0.1 volume of 3 M NaOAc, pH 4.7 was added to the DNA solution. 3.5-fold volume of cold 

absolute ethanol was added and allowed precipitation at -20 ºC o/n. The solution was then 

centrifuged at 20784 g for 30 min at 4 ºC and the supernatant was discarded. The pellet was 

rinsed with 1 mL of 70% cold ethanol by strong vortexing and subjected to a second 

centrifugation at 20784 g for 30 min at 4 ºC. The supernatant was discarded and the pellet 

was dried by a vacuum concentrator. Recovered sample was dissolved in water and quantified 

by measuring UV absorption (260 nm). 

 

3.4 Encoding of DNA-compound-DNA conjugates  

Individual DNA-compound-DNA conjugate purified from denaturing urea PAGE was encoded 

with a unique DNA sequence using T4 ligase. Each code sequence was phosphorylated at 

the 5’ terminal by T4 Polynucleotide Kinase according to the manual. The phosphorylated 

code was used for encoding without further purification. In 50 µL, the ligation mixture contained 

40 pmol of purified DNA-compound-DNA conjugate, 100 pmol of phosphorylated code, 100 

pmol of adapter DNA to support the aligning of target DNAs by hybridization, 1 mM ATP, and 

350 units of T4 ligase. The ligation process was performed at 16 ºC for 18 h. The ligation 
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process was monitored by denaturing urea PAGE and only successfully encoded DNA-

compound-DNA conjugate was purified from the gel using the protocol described above. 

 

3.5 Monitoring the assembly of three sub-libraries by native DNA polyacrylamide gel 

Sub-libraries A, B, C (0.4 pmol each) were annealed in 20 µL of 1x PBS by incubating at 95 

ºC for 5 min and allowing to cool to RT over 2 h.  

Composition of the 6% TBE gel: 1.6 mL of 5x TBE buffer, 0.96 mL of 50% stock gel solution, 

40 µL 10% (m/v) ammonium persulfate, 4 µL TEMED, and water up to 8 mL. 

The mixed solution was added to a mini gel cassette (Thermo Fisher Scientific, Waltham, 

USA) and left still for 20 min for polymerization. After polymerization, the cassette was loaded 

in a gel electrophoresis chamber (Bio-Rad Laboratories, Hercules, USA). 1x TBE buffer was 

added to inner and outer chamber. Before loading DNA samples, the empty gel was run for 

15 min in 1x TBE buffer under constant voltage of 70 V to make the system homogeneous. 

Then, DNA samples were mixed with 10x loading dye in 9:1 volume, loaded on the gel and 

run for 3 h. Next, gel was detached from the cassette, stained with 1x SYBR Green II for 15 

min and imaged with ChemiDoc MP (Bio-Rad Laboratories, Hercules, USA). 

 

3.6 Immobilization of target proteins on solid support for selection 

2 x 3 mg (300 μL) of Dynabeads MyOne Carboxylic Acid (Invitrogen, Thermo Fisher Scientific, 

65011) were washed twice with 25 mM 2-ethanesulfonic acid (MES), pH 6 in equal volume by 

incubating the beads in separate tubes for ten minutes on a rotary mixer. EDC and NHS was 

dissolved in cold 25 mM MES, pH 6 at concentration of 50 mg/ml prior to use. To the washed 

beads, 50 μL of EDC and 50 μL of NHS solution were added and incubated with mild tilt 

rotation for 30 min at RT. After incubation, the tubes were placed on the magnet holder for 4 

min to remove the supernatant. The beads were then washed twice with 25 mM MES, pH 6 

buffer. To one of the tube, 100 μL of protein (3.5 mg/mL of trypsin and CAII) solution in 25 mM 

MES, pH 6 buffer was added to capture the protein on the beads, while 50 mM Tris, pH 7.4 

was added to the other tube to generate non-coated beads. The reaction was performed for 2 

hours at RT with mild tilt rotation. After removing the supernatant, the beads were further 

incubated with 100 μL 50 mM Tris, pH 7.4 for 15 min, to block unreacted activated carboxylic 

groups. The beads were then washed three times with 1 mL PBST (0.1% Tween 20), re-

suspended in 150 μL PBST and stored at 4 °C. 

 

 

 



10 

 

3.7 Off-DNA hit resynthesis of C-0, C-1, C-2, C-3, C-4, and C-5. 

Synthesis of (2E)-N-(2-aminoethyl)-3-{5-[2-(trifluoromethyl) phenyl] furan-2-yl} prop-2-

enamide  

Compound A ((2E)-3-{5-[2-(trifluoromethyl) phenyl] furan-2-yl} prop-2-enoic acid) was 

conjugated to ethylenediamine to display an amine functionality for the synthesis of C-1–C-5.  

 

50 mg of compound A was dissolved in DMF (50 mM) and benzotriazol-1-yl-

oxytripyrrolidinophosphonium hexafluorophosphate (PyBOP) (1 eq, 92 mg) was added to 

activate for 20 min under argon atmosphere. Activated compound A was added drop by drop 

to ethylenediamine (5 eq, 53 mg) while stirring. The reaction was stirred under argon 

protection for 18 h at RT. Small amount of reaction crude (2 μmol) was injected in LC-ESI-MS 

to evaluate the reaction yield. When the reaction product was detected, two-fold volume of 

water was added to the reaction and the crude was freeze-dried. The dried reaction crude was 

then dissolved in 500 μL ACN/H2O (1:1) and was purified by reverse-phase HPLC to obtain 

the reaction product. HPLC fractions were injected in LC-ESI-MS to identify the best fraction, 

and the desired fractions were freeze-dried yielding 43 mg (75%). 

Synthesis of C-0 

17 mg of compound A was dissolved in 500 μL of DMF and added to 1 eq (31 mg) to PyBOP 

in 500 μL of DMF for activation under argon protection for 20 min at RT. 12 mg of sulfanilamide 

was dissolved in 500 μL of DMF and pH was tuned to 9 by DIPEA. To the activated compound 

A was added sulfanilamide solution and the mixture was allowed to react under argon 

protection for 18 h at RT. The product was confirmed by LC-ESI-MS, purified from reverse-

phase HPLC and dried to obtain 15 mg (57%) C-0.  

Synthesis of C-1 

4-[(4-sulfamoylanilino) methyl] benzoic acid was synthesized by reductive amination between 

sulfanilamide and 4-formyl benzoic acid with the following procedure. 20 mg of sulfanilamide 

and 1 eq (17.5 mg) of formyl benzoic acid were dissolved in methanol (50 mM) and stirred for 

30 min at RT. To the solution 5 eq (36.7 mg) of NaBH3CN was added as powder and the 

reaction was stirred for 18 h under argon protection. After the overnight reaction, white 

precipitant was observed as the product. The precipitant was filtered, dissolved in water, and 

purified by reverse-phase HPLC for the reaction with (2E)-N-(2-aminoethyl)-3-{5-[2-

(trifluoromethyl) phenyl] furan-2-yl} prop-2-enamide (17 mg, 60%). 
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8 mg of 4-[(4-sulfamoylanilino) methyl] benzoic acid obtained from the above reaction was 

dissolved in 200 μL of DMF and activated by 1 eq (13 mg) PyBOP for 20 min under argon 

protection at RT. To the activated mixture was added 8.4 mg of (2E)-N-(2-aminoethyl)-3-{5-

[2-(trifluoromethyl) phenyl] furan-2-yl} prop-2-enamide in 100 μL of DMF, whose pH was tuned 

in advance by adding 5 eq of DIPEA. The reaction was stirred under argon protection for 18 h 

at RT. Reaction crude was purified by reverse-phase HPLC to obtain C-1 (7.7 mg, 48%).  

Synthesis of C-2 

30 mg of catechol-O,O-diacetic acid was dissolved in 500 μL of DMF. To the solution of 

catechol-O,O-diacetic acid, 1 eq (50 mg) of 1-[Bis (dimethylamino) methylene]-1H-1,2,3-

triazolo [4,5-b] pyridinium 3-oxide hexafluorophosphate (HATU) and 1 eq (18 mg) of 1-

Hydroxy-7-azabenzotriazole (HOAt) was added  to activate the carboxylic acid. After 20 min 

activation under argon protection at RT, 23 mg of sulfanilamide in 500 μL of DMF pre-mixed 

with 5 eq (86 mg, 116 µL) of DIPEA was added to the activated carboxylic acid drop by drop. 

The reaction was stirred under argon protection for 18 h at RT. The resulting product {2-[2-

oxo-2-(4-sulfamoylanilino) ethoxy] phenoxy} acetic acid was purified by reverse-phase HPLC 

and dried under vacuum.  

7.5 mg of {2-[2-oxo-2-(4-sulfamoylanilino) ethoxy] phenoxy} acetic acid was dissolved 100 μL 

of DMF and activated by 1 eq of PyBOP under argon protection for 20 min at RT. To the 

activated carboxylic acid was added 6.4 mg of (2E)-N-(2-aminoethyl)-3-{5-[2-(trifluoromethyl) 

phenyl] furan-2-yl} prop-2-enamide in 100 μL of DMF. The reaction was stirred under argon 

protection for 18 h at RT. Reaction crude was purified by reverse-phase HPLC to afford C-3 

(8 mg, 60%). 

Synthesis of C-3 

60 mg of sulfanilamide was dissolved in 500 μL of DMF and the pH was tuned to 9 by DIPEA. 

To the solution of sulfanilamide, glutaric anhydride (1 eq, 40 mg) dissolved in 200 μL of DMF 

was added drop by drop and the reaction was stirred for 18 h at RT. Reaction crude was 

purified by reverse-phase HPLC to afford 5-oxo-5-(4-sulfamoylanilino)pentanoic acid.  

7 mg of 5-oxo-5-(4-sulfamoylanilino) pentanoic acid was dissolved in 100 μL of DMF and was 

activated by 1 eq HATU and 1 eq HOAt in 100 μL of DMF for 20 min at RT under argon 

protection. 9 mg of (2E)-N-(2-aminoethyl)-3-{5-[2-(trifluoromethyl) phenyl] furan-2-yl} prop-2-

enamide was dissolved in 50 μL of DMF, mixed with 5 eq DIPEA and added to activated 

carboxylic acid. The reaction was stirred under argon protection for 18 h at RT and purified by 

reverse-phase HPLC to obtain C-3 (9.4 mg, 65%).  

Synthesis of C-4 

C-4 was obtained by Cu (I)-catalyzed azide alkyne cycloaddition between 4-azido-N-(4-

sulfamoylphenyl) benzamide and N-(2-{[(2E)-3-{5-[2-(trifluoromethyl)phenyl]furan-2-yl}prop-
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2-enoyl]amino}ethyl)but-3-ynamide. 4-azido-N-(4-sulfamoylphenyl) benzamide was obtained 

by conjugating sulfanilamide to 4-azido benzoic acid.  

16.3 mg of 4-azido benzoic acid was dissolved in 500 μL of DMF and activated with 1 eq (52 

mg) PyBOP under argon protection for 20 min at RT. 26 mg of sulfanilamide in 200 μL of DMF 

was tuned to pH 9 by DIPEA and was added to activated carboxylic acid and the mixture was 

stirred under argon protection for 18 h at RT in darkness. The reaction crude was purified by 

reverse-phase HPLC to obtain 4-azido-N-(4-sulfamoylphenyl) benzamide.  

N-(2-{[(2E)-3-{5-[2-(trifluoromethyl)phenyl]furan-2-yl}prop-2-enoyl]amino}ethyl)but-3-ynamide 

was obtained by conjugating pentynoic acid to (2E)-N-(2-aminoethyl)-3-{5-[2-

(trifluoromethyl)phenyl]furan-2-yl} prop-2-enamide. 2 eq of pentynoic acid was activated by 2 

eq PyBOP in 200 μL of DMF under argon protection for 20 min at RT. 7 mg (1 eq) of (2E)-N-

(2-aminoethyl)-3-{5-[2-(trifluoromethyl) phenyl] furan-2-yl} prop-2-enamide was mixed with 

DIPEA to tune the pH to 9, and was added to the activated pentynoic acid. The reaction was 

stirred under argon protection for 18 h at RT and the crude was purified by reverse-phase 

HPLC to obtain the product.  

4.5 mg of 4-azido-N-(4-sulfamoylphenyl) benzamide and 6 mg of N-(2-{[(2E)-3-{5-[2-

(trifluoromethyl) phenyl] furan-2-yl} prop-2-enoyl] amino} ethyl) but-3-ynamide were dissolved 

and mixed in 500 μL of DMF. 0.3 eq of CuSO4 and 0.6 eq of THPTA were mixed in 100 μL of 

1x PBS pH 7.4 and the mixture was added to the reaction partner. 1.5 eq of sodium ascorbate 

dissolved in 1x PBS was added to trigger the reaction by reducing Cu++ to Cu+. The reaction 

was stirred under argon protection for 18 h at RT and the crude was purified by reverse-phase 

HPLC to obtain C-4 (2.3 mg, 13%). 

Synthesis of C-5 

25 mg of diglycolic anhydride was dissolved in 200 μL of DMF. 37 mg of sulfanilamide was 

dissolved in 200 μL of DMF and pH was tuned to 9 by DIPEA. Sulfanilamide was added to 

diglycolic anhydride drop by drop and the reaction was stirred under argon protection for 18 h 

at RT. The crude was purified by reverse-phase HPLC to obtain [2-oxo-2-(4-sulfamoylanilino) 

ethoxy] acetic acid. 

7.2 mg of [2-oxo-2-(4-sulfamoylanilino)ethoxy]acetic acid was dissolved in 100 μL of DMF and 

was activated by 1 eq (15.5 mg) PyBOP for 20 min at RT under argon protection. To the 

activated carboxylic acid 8 mg of (2E)-N-(2-aminoethyl)-3-{5-[2-(trifluoromethyl) phenyl] furan-

2-yl} prop-2-enamide was added in 100 μL of DMF, pH 9. The reaction was stirred under argon 

protection for 18 h at RT the crude was purified by reverse-phase HPLC to obtain C-5 (10 mg, 

58%).  

 

3.8 Off-DNA hit resynthesis of T-0, T-1, T-2, T-3, T-4 and T-5. 

Synthesis of N-(3-iodophenyl) thiourea  
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Compound B (1-iodo-3-isothiocyanatobenzene) was conjugated to ethylenediamine to display 

an amine functionality for the synthesis of T-1 to T-5. 

 

1-iodo-3-isothiocyanatobenzene (50 mg) was dissolved in 2 mL DMSO, added to 

ethylenediamine (5 eq, 57.5 mg) in 1 mL DMSO. The reaction was stirred under argon 

protection for 18 h at RT. Small amount of reaction crude (2 μmol) was injected in LC-ESI-MS 

to evaluate the reaction yield. When the reaction product was detected, two-fold volume of 

water was added to the reaction and the crude was freeze-dried. The resulting crude was 

purified by reverse-phase HPLC to obtain the desired N-(3-iodophenyl) thiourea (38 mg, 65%).  

Synthesis of T-0 

22 mg of 4-aminomethyl benzamidine was dissolved in 300 μL of DMSO and pH was tuned 

to 8-9 by Et3N. 33.1 mg of compound B was dissolved in 200 μL of DMSO and was mixed with 

4-aminomethyl benzamidine. The reaction was allowed to stir under argon protection for 16 h 

at RT. The reaction mixture was purified by reverse-phase HPLC to obtain T-0 (36 mg, 61%).  

Synthesis of T-1 

39 mg of 4-aminomethyl benzamidine was dissolved in 1.5 ml of DMSO and the pH was tuned 

to 9 by DIPEA. To the solution of sulfanilamide, glutaric anhydride (1 eq) dissolved in 500 μL 

of DMSO was added drop by drop and the reaction was stirred for 18 h at RT. Reaction crude 

was analyzed by LC-ESI-MS and the resulting product 5-{[(4-

carbamimidoylphenyl)methyl]amino}-5-oxopentanoic acid was used after drying without 

purification.   

8 mg of 5-{[(4-carbamimidoylphenyl) methyl] amino}-5-oxopentanoic acid was dissolved in 100 

μL of DMSO and activated by 1 eq (15.8 mg) of PyBOP for 20 min under argon protection at 

RT. 1 eq of N-(3-iodophenyl) thiourea dissolved in 100 μL of DMSO was added to the activated 

carboxylic acid and the reaction was allowed to stir under argon protection for 16 h at RT. The 

reaction crude was purified by reverse-phase HPLC to obtain T-1 (10.7 mg, 62%).  

Synthesis of T-2 

33 mg of 4-formyl benzoic acid in 500 μL methanol was mixed with 49 mg of 4-aminomethyl 

benzamidine in 3.2 mL of methanol at RT. 69 mg (5 eq) of NaBH3CN was added to the mixture 

and the reaction was allowed to take place under argon protection for 18 h at RT. The product 

4-({[(4-carbamimidoylphenyl) methyl] amino} methyl) benzoic acid was precipitated from the 

mixture as white pellet and was used after filtering without purification.  

6 mg of 4-({[(4-carbamimidoylphenyl) methyl] amino} methyl) benzoic acid was dissolved in 

100 μL of water and was activated by 1 eq of EDC and 1 eq of NHS for 30 min at RT. 1 eq of 



14 

 

N-(3-iodophenyl) thiourea dissolved in 350 μL of DMSO was added to the activated carboxylic 

acid and the reaction was stirred under argon protection for 16 h at RT. The crude was purified 

by reverse-phase HPLC to obtain T-2 (6.6 mg, 56%).  

Synthesis of T-3 

26 mg of suberic acid dissolved in 500 μL of DMSO was activated with 1 eq (56.7 mg) HATU 

and 1 eq (20.3 mg) of HOAt for 30 min at RT. 36 mg of 4-aminomethyl benzamidine in 1.8 mL 

of DMSO, pH 8 was added to the activated suberic acid and the reaction was stirred stir under 

argon protection for 18 h at RT. The reaction product was purified from reverse-phase HPLC 

to obtain 8-{[(4-carbamimidoylphenyl) methyl] amino}-8-oxooctanoic acid. 

7.2 mg of 8-{[(4-carbamimidoylphenyl) methyl] amino}-8-oxooctanoic acid was dissolved in 

200 μL of DMSO and was activated with 1 eq of PyBOP for 20 min at RT. 1 eq of N-(3-

iodophenyl) thiourea dissolved in 100 μL of DMSO, pH 9 was added to the activated carboxylic 

acid and the reaction was allowed to stir under argon protection for 16 h at RT. The reaction 

product was purified from the crude by reverse-phase HPLC to obtain T-3 (6.6 mg, 46%). 

Synthesis of T-4 

29 mg of 1, 4 cyclohexane dicarboxylic acid was dissolved in 500 μL of methanol and was 

activated by 1 eq (32 mg) EDC and 1 eq (19.4 mg) NHS for 30 min at RT. 37 mg of 4-

aminomethyl benzamidine was dissolved in 1.7 mL of methanol and pH was tuned to 8 by 

DIPEA. To the activated carboxylic acid, 4-aminomethyl benzamidine was added and the 

reaction was stirred under argon protection for 16 h at RT. The reaction crude was purified by 

reverse-phase HPLC to obtain 4-{[(4-carbamimidoylphenyl) methyl] carbamoyl} cyclohexane-

1-carboxylic acid.  

8 mg of 4-{[(4-carbamimidoylphenyl) methyl] carbamoyl} cyclohexane-1-carboxylic acid in 200 

μL of DMSO was activated by 1 eq (13.7 mg) PyBOP for 20 min at RT. To the solution, 1 eq 

of N-(3-iodophenyl) thiourea dissolved in 100 μL of DMSO pH 9 was added. The reaction was 

stirred under argon protection for 18 h at RT.  The reaction crude was purified by reverse-

phase HPLC to obtain T-4 (6.3 mg, 40%).  

Synthesis of T-5 

10 mg of succinimidyl 4-(N-maleimidomethyl) cyclohexane-1-carboxylate (SMCC) was mixed 

with 1 eq (9.1 mg) N-(3-iodophenyl) thiourea in 300 μL of DMSO to form an amide bond. The 

reaction was stirred for 18 h at RT and the reaction product was purified from the crude by 

reverse-phase HPLC. HPLC fractions were combined by dissolving in 200 μL of DMSO and 3 

mg of 4-aminomethyl benzamidine in DMSO, pH 8 was added. The reaction was stirred for 18 

h at RT. The reaction crude was purified by reverse-phase HPLC to obtain T-5 (2.7 mg, 23%).  
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3.9 Off-DNA synthesis of hit compounds from MMP selections 

Synthesis of fragment pairs linked by linker 1.  

 

Synthesis of 182_1  

200 mg of 182 was dissolved in 2mL DMF and PyBOP (1 eq, 426 mg) in 1 mL DMF was added 

to activate for 20 min under argon atmosphere. Activated 182 was added drop by drop to 

ethylenediamine (5 eq, 246 mg, 273 µL in 1 mL DMF) while stirring. The reaction was stirred 

under argon protection for 3 h at RT. A small amount of reaction crude (2 μmol) was injected 

in LC-ESI-MS to evaluate the reaction yield. When the reaction product was detected, a two-

fold volume of water was added to the reaction, and the crude was freeze-dried. The dried 

reaction crude was then dissolved in 2 mL DMSO and was purified by reverse-phase HPLC 

to obtain the reaction product. HPLC fractions were injected in LC-ESI-MS to identify the best 

fraction, and the desired fractions were freeze-dried yielding 212 mg of 182_1 (90%). 

 

Synthesis of 182_1_828 

5 mg of 828 was dissolved in 0.6 mL of DMF and was activated by HATU (1 eq, 13.6 mg in 

100 µL DMF) and HOAt (1 eq, 4.9 mg in 100 µL DMF) under argon protection for 20 min at 

RT. To the solution, 1 eq of 182_1 (10 mg in 0.2 mL of DMF) dissolved with 5 eq of DIPEA 

(23.22 mg, 31.3 µL) was added. The reaction was stirred for 3 h at RT. A small amount of 

reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the 

reaction product was detected, a two-fold volume of water was added to the reaction and the 

crude was freeze-dried. The dried reaction crude was then dissolved in 0.2 mL DMSO and 

was purified by reverse-phase HPLC to obtain the reaction product. HPLC fractions were 

injected in LC-ESI-MS to identify the best fraction, and the desired fractions were freeze-dried 

yielding 3.8 mg (26%) of 182_1_828. 
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Synthesis of 182_1_826 

4 mg of 826 was dissolved in 0.7 mL of DMF and was activated by HATU (1 eq, 9.8 mg in 100 

µL DMF) and HOAt (1 eq, 3.5 mg in 100 µL) under argon protection for 20 min at RT. To the 

solution was added 1 eq of 182_1 (7.4 mg in 0.1 mL of DMF) dissolved with 5 eq of DIPEA 

(13.4 mg, 18 µL). The reaction was stirred for 3 h at RT. A small amount of reaction crude (2 

μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the reaction product 

was detected, a two-fold volume of water was added to the reaction and the crude was freeze-

dried. The dried reaction crude was then dissolved in 0.2 mL DMSO and was purified by 

reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected in LC-ESI-

MS to identify the best fraction, and the desired fractions were freeze-dried yielding 4.3 mg 

(45%) of 182_1_826.  

 

 

Synthesis of 182_1_787 

5 mg of 182 was dissolved in 0.3 mL DMF and was activated by HATU (1 eq, 7.8 mg in 100 

µL DMF) and HOAt (1 eq, 2.8 mg in 100 µL DMF) under argon protection for 20 min at RT. 1 

eq of 787 (2 mg) was dissolved in 0.5 mL DMSO and pH was tuned to 8 by DIPEA, followed 

by addition of the activated 182. The reaction was stirred for 3 h at RT. Small amount of 

reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the 

reaction product was detected, two-fold volume of water was added to the reaction and the 

crude was freeze-dried. The dried reaction crude was then dissolved in 0.2 mL DMSO and 

was purified by reverse-phase HPLC to obtain the reaction product. HPLC fractions were 

injected in LC-ESI-MS to identify the best fractions, and the desired fractions were freeze-

dried yielding 4.98 mg (75%) of 182_1_787. 
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Synthesis of 693_1 

100 mg of 693 was dissolved in 3 mL DMF and PyBOP (1 eq, 188 mg) in 1 mL DMF was 

added to activate for 20 min under argon atmosphere. Activated 693 was added drop by drop 

to ethylenediamine (5 eq, 108 mg, 120 µL) dissolved in 2 mL DMF while stirring. The reaction 

was stirred under argon protection for 3 h at RT. A Small amount of reaction crude (2 μmol) 

was injected in LC-ESI-MS to evaluate the reaction yield. When the reaction product was 

detected, a two-fold volume of water was added to the reaction, and the crude was freeze-

dried. The dried reaction crude was then dissolved in 2 mL DMSO and was purified by reverse-

phase HPLC to obtain the reaction product. HPLC fractions were injected in LC-ESI-MS to 

identify the best fraction, and the desired fractions were freeze-dried yielding 25 mg (22%) 

693_1. 

 

 

 

Synthesis of 693_1_828 

5 mg of 828 was dissolved in 0.6 mL of DMF and was activated by HATU (1 eq, 13.7 mg in 

100 µL DMF) and HOAt (1 eq, 4.9 mg in 100 µL) under argon protection for 20 min at RT. To 

the solution was added 1 eq of 693_1 (11.5 mg in 0.3 mL of DMF) dissolved with 5 eq of 

DIPEA (23.4 mg, 31.6 µL). The reaction was stirred for 3 h at RT. A small amount of reaction 

crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the reaction 

product was detected, a two-fold volume of water was added to the reaction, and the crude 

was freeze-dried. The dried reaction crude was then dissolved in 0.2 mL DMSO and was 

purified by reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected 
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in LC-ESI-MS to identify the best fraction, and the desired fractions were freeze-dried yielding 

5.8 mg (36%) of 693_1_828. 

 

Synthesis of 693_1_826 

4 mg of 826 was dissolved in 0.7 mL of DMF and was activated by HATU (1 eq, 9.8 mg in 100 

µL DMF) and HOAt (1 eq, 3.5 mg in 100 µL) under argon protection for 20 min at RT. To the 

solution was added 1 eq of 693_1 (6.6 mg in 0.1 mL of DMF) dissolved with 5 eq of DIPEA 

(13.4 mg, 18 µL). The reaction was stirred for 3 h at RT. A small amount of reaction crude (2 

μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the reaction product 

was detected, a two-fold volume of water was added to the reaction, and the crude was freeze-

dried. The dried reaction crude was then dissolved in 0.2 mL DMSO and was purified by 

reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected in LC-ESI-

MS to identify the best fraction, and the desired fractions were freeze-dried yielding 7.3 mg 

(70%) of 693_1_826. 

 

 

 

 

Synthesis of 693_1_787 

5 mg of 693 was dissolved in 0.3 mL DMF and was activated by HATU (1 eq, 6.9 mg in 100 

µL) and HOAt (1 eq, 2.5 mg in 100 µL) under argon protection for 20 min at RT. 1 eq of 787 

(1.8 mg) was dissolved in 0.5 mL DMSO and pH was tuned to 8 by DIPEA, followed by addition 

to the activated 693. The reaction was stirred for 3 h at RT. A small amount of reaction crude 

(2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the reaction product 

was detected, a two-fold volume of water was added to the reaction, and the crude was freeze-

dried. The dried reaction crude was then dissolved in 0.2 mL DMSO and was purified by 

reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected in LC-ESI-

MS to identify the best fraction, and the desired fractions were freeze-dried yielding 1.8 mg 

(28%) of 693_1_787.  
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Synthesis of 66_1_828 

5 mg of 828 was dissolved in 0.6 mL of DMF and was activated by HATU (1 eq, 13.7 mg in 

100 µL DMF) and HOAt (1 eq, 4.9 mg in 100 µL) under argon protection for 20 min at RT. The 

solution was added 1 eq of 1-adamantane methyl amine (6 mg) dissolved in 0.1 mL of DMF 

dissolved with 5 eq of DIPEA (23.2 mg in 31.3 µL). The reaction was stirred for 3 h at RT. A 

small amount of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction 

yield. When the reaction product was detected, a two-fold volume of water was added to the 

reaction, and the crude was freeze-dried. The dried reaction crude was then dissolved in 0.2 

mL DMSO and was purified by reverse-phase HPLC to obtain the reaction product. HPLC 

fractions were injected in LC-ESI-MS to identify the best fraction, and the desired fractions 

were freeze-dried yielding 6.4 mg (61%) of 66_1_828. 

 

 

 

 

Synthesis of 66_1_826 

5 mg of 826 was dissolved in 0.6 mL of DMF and was activated by HATU (1 eq, 9.8 mg in 100 

µL DMF) and HOAt (1 eq, 3.5 mg in 100 µL DMF) under argon protection for 20 min at RT. To 

the solution was added 1 eq of 1-adamantane methyl amine (4.3 mg) dissolved in 0.1 mL of 

DMF dissolved with 5 eq of DIPEA (16.7 mg, 22.6 µL). The reaction was stirred for 3 h at RT. 

A small amount of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction 

yield. When the reaction product was detected, a two-fold volume of water was added to the 

reaction, and the crude was freeze-dried. The dried reaction crude was then dissolved in 0.2 

mL DMSO and was purified by reverse-phase HPLC to obtain the reaction product. HPLC 

fractions were injected in LC-ESI-MS to identify the best fraction, and the desired fractions 

were freeze-dried yielding 1.8 mg (21%) of 66_1_826. 
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Synthesis of 66_1_787 

5 mg of 66 was dissolved in 0.6 mL of DMF and was activated by HATU (1 eq, 7.5 mg in 100 

µL) and HOAt (1 eq, 2.7 mg in 100 µL) under argon protection for 20 min at RT. 1 eq of 787 

(1.94 mg) was dissolved in 0.5 mL DMSO and pH was tuned to 8 by DIPEA, followed by 

addition to the activated 66. The reaction was stirred for 3 h at RT. A small amount of reaction 

crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the reaction 

product was detected, a two-fold volume of water was added to the reaction and the crude 

was freeze-dried. The dried reaction crude was then dissolved in 0.2 mL DMSO and was 

purified by reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected 

in LC-ESI-MS to identify the best fraction, and the desired fractions were freeze-dried yielding 

3.7 mg (56%) of 66_1_787. 

 

 

Synthesis of fragment pairs linked by linker 4.  

 

 

Synthesis of 182_4 

50 mg of 182 was dissolved in 2mL DMF and PyBOP (1 eq, 105 mg) in 1 mL DMF was added 

to activate for 20 min under argon atmosphere. Activated 182 was added drop by drop to 

octane-1,8 diamine (5 eq, 150 mg) dissolved in 2 mL DMF while stirring. The reaction was 

stirred under argon protection for 3 h at RT. A small amount of reaction crude (2 μmol) was 

injected in LC-ESI-MS to evaluate the reaction yield. When the reaction product was detected, 

a two-fold volume of water was added to the reaction and the crude was freeze-dried. The 

dried reaction crude was then dissolved in 2 mL DMSO and was purified by reverse-phase 

HPLC to obtain the reaction product. HPLC fractions were injected in LC-ESI-MS to identify 

the best fraction, and the desired fractions were freeze-dried yielding 35 mg (46%) 182_4. 
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Synthesis of 182_4_828 

5 mg of 828 was dissolved in 0.6 mL of DMF and was activated by HATU (1 eq, 13.7 mg in 

100 µL DMF) and HOAt (1 eq, 4.9 mg in 100 µL) under argon protection for 20 min at RT. To 

the solution was added 1 eq of 182_4 (7.6 mg in 0.1 mL of DMF) dissolved with 5 eq of DIPEA 

(13 mg, 17.8 µL). The reaction was stirred for 3 h at RT. A small amount of reaction crude (2 

μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the reaction product 

was detected, a two-fold volume of water was added to the reaction and the crude was freeze-

dried. The dried reaction crude was then dissolved in 0.2 mL DMSO and was purified by 

reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected in LC-ESI-

MS to identify the best fraction, and the desired fractions were freeze-dried yielding 6.6 mg 

(36%) of 182_4_828. 

 

 

 

 

 

Synthesis of 182_4_826 

4 mg of 826 was dissolved in 0.7 mL of DMF and was activated by HATU (1 eq, 9.8 mg in 100 

µL DMF) and HOAt (1 eq, 3.5 mg in 100 µL) under argon protection for 20 min at RT. To the 

solution, 1 eq of 182_4 (7.7 mg in 0.1 mL of DMF) dissolved with 5 eq of DIPEA (13.4 mg in 

18 µL) was added. The reaction was stirred for 3 h at RT. A small amount of reaction crude (2 

μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the reaction product 

was detected, a two-fold volume of water was added to the reaction, and the crude was freeze-

dried. The dried reaction crude was then dissolved in 0.2 mL DMSO and was purified by 

reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected in LC-ESI-

MS to identify the best fraction, and the desired fractions were freeze-dried yielding 2.5 mg 

(22%) of 182_4_826. 

 



22 

 

 

Synthesis of 182_4_787 

8 mg (1 eq) of 182_4 was dissolved in 0.3 mL of DMSO. 1.1 eq of succinic anhydride (2.4 mg 

in 0.5 mL DMSO) was added to 182_4 to convert terminal amino group the carboxylic group. 

After 30 min stirring, the resulting product was confirmed by LC-ESI-MS. Further, 1.3 eq of 

HATU (11.9 mg in 100 µL) and 1.3 eq of HOAt (4.2 mg in 100 µL) was added to activate the 

carboxylic group. After 20 min activation under argon protection, 2 eq of 787 (4.7 mg in 0.5 

mL DMSO) was added to the crude. The reaction was stirred for 3h at RT. A small amount of 

reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the 

reaction product was detected, a two-fold volume of water was added to the reaction and the 

crude was freeze-dried. The dried reaction crude was then dissolved in 0.2 mL DMSO and 

was purified by reverse-phase HPLC to obtain the reaction product. HPLC fractions were 

injected in LC-ESI-MS to identify the best fraction, and the desired fractions were freeze-dried 

yielding 8.2 mg (62%) of 182_4_787. 

 

 

Synthesis of 693_4 

100 mg of 693 was dissolved in 3 mL DMF and PyBOP (1 eq, 188 mg) in 1 mL DMF was 

added to activate for 20 min under argon atmosphere. Activated 693 was added drop by drop 

to octane-1,8 diamine (5 eq, 261 mg) dissolved in 2 mL DMF while stirring. The reaction was 

stirred under argon protection for 3 h at RT. A small amount of reaction crude (2 μmol) was 

injected in LC-ESI-MS to evaluate the reaction yield. When the reaction product was detected, 

a two-fold volume of water was added to the reaction and the crude was freeze-dried. The 

dried reaction crude was then dissolved in 2 mL DMSO and was purified by reverse-phase 

HPLC to obtain the reaction product. HPLC fractions were injected in LC-ESI-MS to identify 

the best fraction, and the desired fractions were freeze-dried leading to 47 mg (32%) of 693_4.  
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Synthesis of 693_4_828 

5 mg of 828 was dissolved in 0.6 mL of DMF and was activated by HATU (1 eq, 13.7 mg in 

100 µL DMF) and HOAt (1 eq, 4.9 mg in 100 µL) under argon protection for 20 min at RT. To 

the solution, 1 eq (14 mg) of 693_4 dissolved in 0.1 mL of DMF dissolved with 5 eq of DIPEA 

(13 mg, 17.8 µL) was added. The reaction was stirred for 3 h at RT. A small amount of reaction 

crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the reaction 

product was detected, a two-fold volume of water was added to the reaction, and the crude 

was freeze-dried. The dried reaction crude was then dissolved in 0.2 mL DMSO and was 

purified by reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected 

in LC-ESI-MS to identify the best fraction, and the desired fractions were freeze-dried yielding 

10.5 mg (55.6%) of 693_4_828. 

 

 

Synthesis of 693_4_826 

4 mg of 826 was dissolved in 0.7 mL of DMF and was activated by HATU (1 eq, 9.8 mg in 100 

µL DMF) and HOAt (1 eq, 3.5 mg in 100 µL) under argon protection for 20 min at RT. To the 

solution was added 1 eq (8.4 mg) of 693_4 dissolved in 0.1 mL of DMF dissolved with 5 eq of 

DIPEA. The reaction was stirred for 3 h at RT. A small amount of reaction crude (2 μmol) was 

injected in LC-ESI-MS to evaluate the reaction yield. When the reaction product was detected, 

a two-fold volume of water was added to the reaction and the crude was freeze-dried. The 

dried reaction crude was then dissolved in 0.2 mL DMSO and was purified by reverse-phase 

HPLC to obtain the reaction product. HPLC fractions were injected in LC-ESI-MS to identify 

the best fraction, and the desired fractions were freeze-dried yielding 7.8 mg (64.9%) of 

693_4_826. 
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Synthesis of 693_4_787 

8 mg of 693_4 was dissolved in 0.2 mL DMSO. 26 µL of DIPEA was added to tune the pH to 

8, and 3 mg of succinic anhydride (1.5 eq) was added to the mixture. The reaction was stirred 

at RT for 30 min, and reaction product was validated by LC-ESI-MS. The product was 

activated by 11.4 mg of HATU in 100 µL of DMSO and 2.53 mg of HOAt in 100 µL of DMSO 

under argon protection for 20 min at RT. To the activated carboxylic acid was added 5.2 mg 

of 787 dissolved in 200 µL of DMSO. When the reaction product was detected, a two-fold 

volume of water was added to the reaction and the crude was freeze-dried. The dried reaction 

crude was then dissolved in 0.2 mL DMSO and was purified by reverse-phase HPLC to obtain 

the reaction product. HPLC fractions were injected in LC-ESI-MS to identify the best fraction, 

and the desired fractions were freeze-dried yielding 8.7 mg (78.9%) of 693_4_787. 

 

Synthesis of 66_4 

100 mg of 66 was dissolved in 5 mL DMF and PyBOP (1 eq, 206 mg) in 1 mL DMF was added 

to activate for 20 min under argon atmosphere. Activated 66 was added drop by drop to 

octane-1,8-diamine (5 eq, 286 mg) dissolved in 2 mL DMF while stirring. The reaction was 

stirred under argon protection for 3 h at RT. A small amount of reaction crude (2 μmol) was 

injected in LC-ESI-MS to evaluate the reaction yield. When the reaction product was detected, 

a two-fold volume of water was added to the reaction, and the crude was freeze-dried. The 

dried reaction crude was then dissolved in 2 mL DMSO and was purified by reverse-phase 

HPLC to obtain the reaction product. HPLC fractions were injected in LC-ESI-MS to identify 

the best fraction, and the desired fractions were freeze-dried yielding 78 mg (52%) of 66_4.  

 

Synthesis of 66_4_828 

5 mg of 828 was dissolved in 0.6 mL of DMF and was activated by HATU (1 eq, 13.7 mg in 

100 µL DMF) and HOAt (1 eq, 4.9 mg in 100 µL) under argon protection for 20 min at RT. To 

the solution was added 1 eq (13.6 mg) of 66_4 dissolved in 0.1 mL of DMF dissolved with 5 
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eq of DIPEA (13 mg, 17.8 µL). The reaction was stirred for 3 h at RT. A small amount of 

reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the 

reaction product was detected, a two-fold volume of water was added to the reaction and the 

crude was freeze-dried. The dried reaction crude was then dissolved in 0.2 mL DMSO and 

was purified by reverse-phase HPLC to obtain the reaction product. HPLC fractions were 

injected in LC-ESI-MS to identify the best fraction, and the desired fractions were freeze-dried 

yielding 4.9 mg (27%) of 66_4_828. 

 

 

 

Synthesis of 66_4_826 

4 mg of 826 was dissolved in 0.7 mL of DMF and was activated by HATU (1 eq, 9.8 mg in 100 

µL DMF) and HOAt (1 eq, 3.5 mg in 100 µL) under argon protection for 20 min at RT. To the 

solution was added 1 eq (7.8 mg) 4 dissolved in 0.1 mL of DMF dissolved with 5 eq of DIPEA 

(13.3 mg, 18 µL). The reaction was stirred for 3 h at RT. A small amount of reaction crude (2 

μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the reaction product 

was detected, a two-fold volume of water was added to the reaction and the crude was freeze-

dried. The dried reaction crude was then dissolved in 0.2 mL DMSO and was purified by 

reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected in LC-ESI-

MS to identify the best fraction, and the desired fractions were freeze-dried yielding 3.6 mg 

(32%) of 66_4_826.  

 

Synthesis of 66_4_787 

100 mg of Suberic acid was dissolved in 1 mL DMF. To the solution, was added 230 mg of 

HATU (230 mg in 1 mL DMF) and HOAt (80 mg in 0.3 mL DMF) drop by drop to activate the 

carboxylic acid. To the activated suberic acid, 20 mg of 1-adamantane methylamine in 0.2 mL 

of DMF was added drop by drop. The reaction was stirred for 3 h at RT. A small amount of 

reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the 

reaction product was detected, a two-fold volume of water was added to the reaction and the 

crude was freeze-dried. 20 mg of the obtained reaction product was activated by 1 eq (23.6 

mg) HATU and 1 eq (8.5 mg) HOAt under argon protection for 20 min at RT. 11 mg of 787 in 
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0.2 mL of DMF was added to the crude. Reaction was stirred for 3 h at RT. A small amount of 

reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the 

reaction product was detected, a two-fold volume of water was added to the reaction, and the 

crude was freeze-dried yielding 15.3 mg (34%) of 66_4_787. 

 

 

Synthesis of fragment pairs linked by linker 10. 

 

 

 

Synthesis of 182_10 

100 mg 182 in 1 mL DMF was activated by 1 eq (155 mg) HATU and 1 eq (55.8 mg) HOAt at 

RT for 20 min under argon atmosphere. Activated 182 was added to 2,2′-(ethylenedioxy) 

bis(ethylamine) (5 eq, 303 mg) dissolved in 0.5 mL DMF while stirring. The reaction was stirred 

under argon protection for 3 h at RT. A small amount of reaction crude (2 μmol) was injected 

in LC-ESI-MS to evaluate the reaction yield. When the reaction product was detected, a two-

fold volume of water was added to the reaction and the crude was freeze-dried. The dried 

reaction crude was then dissolved in 2 mL DMSO and was purified by reverse-phase HPLC 

to obtain the reaction product. HPLC fractions were injected in LC-ESI-MS to identify the best 

fraction, and the desired fractions were freeze-dried yielding 105 mg (69%) of 182_10.  

 

Synthesis of 182_10_828 

5 mg of 828 was dissolved in 0.6 mL of DMF and was activated by HATU (1 eq, 13.7 mg in 

100 µL DMF) and HOAt (1 eq, 4.9 mg in 100 µL) under argon protection for 20 min at RT. To 

the activated 828, 13.4 mg of 182_10 in 0.5 mL DMF was added. The reaction was stirred 

under argon protection for 3 h at RT. A small amount of reaction crude (2 μmol) was injected 

in LC-ESI-MS to evaluate the reaction yield. When the reaction product was detected, a two-

fold volume of water was added to the reaction and the crude was freeze-dried yielding 13.2 

mg (74%) of 182_10_828.  
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Synthesis of 182_10_826 

4 mg of 826 was dissolved in 0.7 mL of DMF and was activated by HATU (1 eq, 9.8 mg in 100 

µL DMF) and HOAt (1 eq, 3.5 mg in 100 µL) under argon protection for 20 min at RT. To the 

activated 826 was added 7.8 mg of 182_10 in 0.5 mL DMF. The reaction was stirred under 

argon protection for 3 h at RT. A small amount of reaction crude (2 μmol) was injected in LC-

ESI-MS to evaluate the reaction yield. When the reaction product was detected, a two-fold 

volume of water was added to the reaction and the crude was freeze-dried yielding 5.4 mg 

(48%) of 182_10_826.  

 

Synthesis of 182_10_787 

10 mg of 182_10 was dissolved in 0.3 mL DMSO. To the solution was added 4 mg of succinic 

anhydride in 0.3 mL DMSO. The reaction was stirred for 30 min at RT and the product was 

validated by LC-ESI-MS. The product was activated by 1 eq HATU and 1 eq HOAt RT for 20 

min under argon atmosphere. 4 mg (1.5 eq) of 787 was dissolved 0.3 mL DMSO and added 

to the crude. When the reaction product was detected, a two-fold volume of water was added 

to the reaction, and the crude was freeze-dried. The dried reaction crude was then dissolved 

in 0.2 mL DMSO and was purified by reverse-phase HPLC to obtain the reaction product. 

HPLC fractions were injected in LC-ESI-MS to identify the best fraction, and the desired 

fractions were freeze-dried. 

 

Synthesis of 693_10 

100 mg of 693 was dissolved in 3 mL DMF and PyBOP (1 eq, 188 mg) in 1 mL DMF was 

added to activate for 20 min under argon atmosphere. Activated 182 was added to 2,2′-

(ethylenedioxy) bis(ethylamine) (5 eq, 53.6 mg) dissolved in 0.5 mL DMF while stirring. The 

reaction was stirred under argon protection for 3 h at RT. A small amount of reaction crude (2 

μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the reaction product 
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was detected, a two-fold volume of water was added to the reaction and the crude was freeze-

dried. The dried reaction crude was then dissolved in 2 mL DMSO and was purified by reverse-

phase HPLC to obtain the reaction product. HPLC fractions were injected in LC-ESI-MS to 

identify the best fraction, and the desired fractions were freeze-dried yielding 88 mg (61%) of 

693_10.  

 

 

Synthesis of 693_10_828 

5 mg of 828 was dissolved in 0.6 mL of DMF and was activated by HATU (1 eq, 13.7 mg in 

100 µL DMF) and HOAt (1 eq, 4.9 mg in 100 µL) under argon protection for 20 min at RT. To 

the activated 828 was added 14.7 mg of 693_10 in 0.5 mL DMF. The reaction was stirred 

under argon protection for 3 h at RT. A small amount of reaction crude (2 μmol) was injected 

in LC-ESI-MS to evaluate the reaction yield. When the reaction product was detected, a two-

fold volume of water was added to the reaction, and the crude was freeze-dried yielding 8.2 

mg (43%) of 693_10_828.  

 

 

Synthesis of 693_10_826 

4 mg of 826 was dissolved in 0.7 mL of DMF and was activated by HATU (1 eq, 9.8 mg in 100 

µL DMF) and HOAt (1 eq, 3.5 mg in 100 µL) under argon protection for 20 min at RT. To the 

activated 826 was added 8.4 mg of 693_10 in 0.5 mL DMF. The reaction was stirred under 

argon protection for 3 h at RT. Small amount of reaction crude (2 μmol) was injected in LC-

ESI-MS to evaluate the reaction yield. When the reaction product was detected, two-fold 

volume of water was added to the reaction and the crude was freeze-dried yielding 6.9 mg 

(58%) of 693_10_826.  

 

Synthesis of 693_10_787 
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10 mg of 693_10 was dissolved in 0.3 mL DMSO. To the solution was added 4 mg of succinic 

anhydride in 0.3 mL DMSO. The reaction was stirred for 30 min at RT and the product was 

validated by LC-ESI-MS. The product was activated by 1 eq HATU and 1 eq HOAt RT for 20 

min under argon atmosphere.3.6 mg (1.5 eq) of 787 was dissolved 0.3 mL DMSO and added 

to the crude. When the reaction product was detected, a two-fold volume of water was added 

to the reaction, and the crude was freeze-dried. The dried reaction crude was then dissolved 

in 0.2 mL DMSO and was purified by reverse-phase HPLC to obtain the reaction product. 

HPLC fractions were injected in LC-ESI-MS to identify the best fraction, and the desired 

fractions were freeze-dried yielding 7.4 mg (54%) of 693_10_787. 

 

 

 

Synthesis of 66_10 

100 mg of 66 in 1 mL DMF was activated by 1 eq (206 mg) of PyBOP at RT for 20 min under 

argon atmosphere. Activated 66 was added to 2,2′-(Ethylenedioxy) bis(ethylamine) (5 eq,293 

mg) dissolved in 0.5 mL DMF while stirring. The reaction was stirred under argon protection 

for 3 h at RT. A small amount of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate 

the reaction yield. When the reaction product was detected, a two-fold volume of water was 

added to the reaction, and the crude was freeze-dried. The dried reaction crude was then 

dissolved in 2 mL DMSO and was purified by reverse-phase HPLC to obtain the reaction 

product. HPLC fractions were injected in LC-ESI-MS to identify the best fraction, and the 

desired fractions were freeze-dried yielding 89.3 mg (59%) of 66_10. 

 

Synthesis of 66_10_828 

5 mg of 828 was dissolved in 0.6 mL of DMF and was activated by HATU (1 eq, 13.7 mg in 

100 µL DMF) and HOAt (1 eq, 4.9 mg in 100 µL) under argon protection for 20 min at RT. To 

the activated 828 was added 13.7 mg of 66_10 in 0.5 mL DMF. The reaction was stirred under 

argon protection for 3 h at RT. A small amount of reaction crude (2 μmol) was injected in LC-

ESI-MS to evaluate the reaction yield. When the reaction product was detected, a two-fold 

volume of water was added to the reaction and the crude was freeze-dried yielding 5.8 mg 

(32%) of 66_10_828.  
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Synthesis of 66_10_826 

4 mg of 826 was dissolved in 0.7 mL of DMF and was activated by HATU (1 eq, 9.8 mg in 100 

µL DMF) and HOAt (1 eq, 3.5 mg in 100 µL) under argon protection for 20 min at RT. To the 

activated 826 was added 7.9 mg of 66_10 in 0.5 mL DMF. The reaction was stirred under 

argon protection for 3 h at RT. A small amount of reaction crude (2 μmol) was injected in LC-

ESI-MS to evaluate the reaction yield. When the reaction product was detected, a two-fold 

volume of water was added to the reaction and the crude was freeze-dried yielding 4.2 mg 

(36%) of 66_10_826.  

 

 

Synthesis of 66_10_787 

10 mg of 66_10 was dissolved in 0.3 mL DMSO. To the solution was added 4 mg of succinic 

anhydride in 0.3 mL DMSO. The reaction was stirred for 30 min at RT and the product was 

validated by LC-ESI-MS. The product was activated by 1 eq (15.2 mg) HATU and 1 eq (5.4 

mg) HOAt RT for 20 min under argon atmosphere. 1.5 eq (5.9 mg) of 787 was dissolved 0.3 

mL DMSO and added to the crude. When the reaction product was detected, a two-fold 

volume of water was added to the reaction and the crude was freeze-dried. The dried reaction 

crude was then dissolved in 0.2 mL DMSO and was purified by reverse-phase HPLC to obtain 

the reaction product. HPLC fractions were injected in LC-ESI-MS to identify the best fraction, 

and the desired fractions were freeze-dried yielding 5.6 mg (25%) of 66_10_787. 

 

Synthesis of fragment pairs linked by linker 12 

 

Synthesis of 182_12_828 
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i) 30 mg of pentynoic acid was dissolved in 0.3 mL of DMF and was activated by 1 eq (116 

mg) HATU and 1 eq (41 mg) HOAt at RT for 20 min under argon atmosphere. To the activation 

solution, 1 eq 90 mg of 182_1 in 1 mL DMF was added after tuning the pH to 8 by DIPEA. The 

reaction was stirred at RT for 3 hours to give rise to N-{2-[2-(4-oxo[1]benzofuro[3,2-

d]pyrimidin-3(4H)-yl)acetamido]ethyl}pent-4-ynamide. The reaction was monitored by LC-ESI-

MS and purified by HPLC. HPLC fractions containing the product was subjected to freeze-

drying. ii) The synthesis of α,ß-unsaturated ketone between alkynamide and alkene was 

performed according to a previous report by David R. Liu group2. 20 mg (1.5 eq) of 1-Amino-

3-buten-hydrochloride was dissolved in 1 mL ACN: H2O (5:1) solution. To the solution was 

added 15 mol% Na2PdCl4 and 20 mol% CuCl2. 1 eq of N-{2-[2-(4-oxo[1]benzofuro[3,2-

d]pyrimidin-3(4H)-yl)acetamido]ethyl}pent-4-ynamide was dissolved in DMSO and was added 

to the mixture dropwise over 8 h. The crude was then freeze-dried, dissolved in DMSO for 

HPLC purification. The purified fractions were injected in LC-ESI-MS for validation. Fractions 

containing reaction product were collected and freeze-dried. iii) To generate 182_12_828, 1 

mg of 828 was dissolved in 0.6 mL of DMF and was activated by HATU (1 eq, 2.7 mg in 100 

µL DMF) and HOAt (1 eq, 0.2 mg in 100 µL) under argon protection for 20 min at RT. To the 

activated 828 was added 1 eq of the reaction product from step ii, dissolved in 0.5 mL DMF. 

The reaction was stirred under argon protection for 3 h at RT. A small amount of reaction 

crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the reaction 

product was detected, a two-fold volume of water was added to the reaction, and the crude 

was freeze-dried. The dried reaction crude was then dissolved in DMSO and was purified by 

reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected in LC-ESI-

MS to identify the best fraction, and the desired fractions were freeze-dried yielding 2.1 mg 

(3.6%) of 182_12_828. 

 

Synthesis of 182_12_826 

i) 30 mg of pentynoic acid was dissolved in 0.3 mL of DMF and was activated by 1 eq (116 

mg) HATU and 1 eq (41 mg) HOAt at RT for 20 min under argon atmosphere. To the activation 

solution, 1 eq 90 mg of 182_1 in 1 mL DMF was added after tuning the pH to 8 by DIPEA. The 

reaction was stirred at RT for 3 hours to give rise to N-{2-[2-(4-oxo[1]benzofuro[3,2-
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d]pyrimidin-3(4H)-yl)acetamido]ethyl}pent-4-ynamide. The reaction was monitored by LC-ESI-

MS and purified by HPLC. HPLC fractions containing the product was subjected to freeze-

drying. ii) The synthesis of α,ß-unsaturated ketone between alkynamide and alkene was 

performed according to a previous report by David R. Liu group2. 20 mg (1.5 eq) of 1-Amino-

3-buten-hydrochloride was dissolved in 1 mL ACN: H2O (5:1) solution. To the solution, 15 

mol% Na2PdCl4 and 20 mol% CuCl2 were added. 1 eq of N-{2-[2-(4-oxo[1]benzofuro[3,2-

d]pyrimidin-3(4H)-yl)acetamido]ethyl}pent-4-ynamide was dissolved in DMSO and was added 

to the mixture dropwise over 8 h. The crude was then freeze-dried, dissolved in DMSO for 

HPLC purification. The purified fractions were injected in LC-ESI-MS for validation. Fractions 

containing reaction product was collected and freeze-dried. iii) To generate 182_12_826, 2 

mg of 826 was dissolved in 0.5 mL DMF and was activated by 1 eq (4 mg) HATU and 1 eq 

(1.4 mg) HOAt at RT for 20 min under argon atmosphere. To the activated 826 was added 1 

eq of the reaction product from step ii, dissolved in 0.5 mL DMF. The reaction was stirred 

under argon protection for 3 h at RT. A small amount of reaction crude (2 μmol) was injected 

in LC-ESI-MS to evaluate the reaction yield. When the reaction product was detected, a two-

fold volume of water was added to the reaction, and the crude was freeze-dried. The dried 

reaction crude was then dissolved in DMSO and was purified by reverse-phase HPLC to 

obtain the reaction product. HPLC fractions were injected in LC-ESI-MS to identify the best 

fraction, and the desired fractions were freeze-dried yielding 1.7 mg (1.3%) of 182_12_826. 

 

Synthesis of 182_12_787 

i) 30 mg of pentynoic acid was dissolved in 0.3 mL of DMF and was activated by 1 eq HATU 

(116 mg) and 1 eq (41 mg) HOAt at RT for 20 min under argon atmosphere. To the activation 

solution, 1 eq 90 mg of 182_1 in 1 mL DMF was added after tuning the pH to 8 by DIPEA. The 

reaction was stirred at RT for 3 hours to give rise to N-{2-[2-(4-oxo[1]benzofuro[3,2-

d]pyrimidin-3(4H)-yl)acetamido]ethyl}pent-4-ynamide. The reaction was monitored by LC-ESI-

MS and purified by HPLC. HPLC fractions containing the product was subjected to freeze-

drying. ii) The synthesis of α,ß-unsaturated ketone between alkynamide and alkene was 

performed according to a previous report by David R. Liu group2. 20 mg (1.5 eq) of 4-pentenoic 

acid was dissolved in 1 mL ACN: H2O (5:1) solution. To the solution, 15 mol% Na2PdCl4 and 
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20 mol% CuCl2 was added. 1 eq of N-{2-[2-(4-oxo[1]benzofuro[3,2-d]pyrimidin-3(4H)-

yl)acetamido]ethyl}pent-4-ynamide was dissolved in DMSO and was added to the mixture 

dropwise over 8 h. The crude was then freeze-dried dissolved in DMSO for HPLC purification. 

The purified fractions were injected in LC-ESI-MS for validation. Fractions containing the 

reaction product were collected and freeze-dried. iii) 24 mg of the reaction product from step 

ii was dissolved in 0.5 mM DMF and was activated by 1 eq HATU and 1 eq HOAt at RT for 20 

min under argon atmosphere. After activation, 8 mg of 787 in 0.4 mL DMF whose pH was 

tuned to 8 by DIPEA was added to the solution. The reaction was stirred for 3 h at RT. A small 

amount of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. 

When the reaction product was detected, a two-fold volume of water was added to the 

reaction, and the crude was freeze-dried. The dried reaction crude was then dissolved in 

DMSO and was purified by reverse-phase HPLC to obtain the reaction product. HPLC 

fractions were injected in LC-ESI-MS to identify the best fraction, and the desired fractions 

were freeze-dried yielding 1.8 mg (1.1%) of 182_12_787. 

 

 

 

 

Synthesis of 693_12_828 

i) 30 mg of pentynoic acid was dissolved in 0.3 mL of DMF and was activated by 1 eq HATU  

(116 mg) and 1 eq (41 mg) HOAt at RT for 20 min under argon atmosphere. To the activation 

solution, 1 eq 9 mg of 693_1 in 1 mL DMF was added after tuning the pH to 8 by DIPEA. The 

reaction was stirred at RT for 3 hours to give rise to N-{2-[2-(4-oxo[1]benzofuro[3,2-

d]pyrimidin-3(4H)-yl)acetamido]ethyl}pent-4-ynamide. The reaction was monitored by LC-ESI-

MS and purified by HPLC. HPLC fractions containing the product was subjected to freeze-

drying. ii) The synthesis of α,ß-unsaturated ketone between alkynamide and alkene was 

performed according to a previous report by David R. Liu group2. 20 mg (1.5 eq) of 1-Amino-

3-buten-hydrochloride was dissolved in 1 mL ACN: H2O (5:1) solution. To the solution, 15 

mol% Na2PdCl4 and 20 mol% CuCl2 was added. 1 eq alkynamide was dissolved in DMSO and 

was added to the mixture dropwise over 8 h. The crude was then freeze-dried and dissolved 

in DMSO for HPLC purification. The purified fractions were injected in LC-ESI-MS for 
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validation. Fractions containing reaction product was collected and freeze-dried. Iii) To 

generate 693_12_828, 3 mg of 828 was dissolved in 0.5 mL DMF and was activated by 1 eq 

(8.2 mg) HATU and 1 eq (2.9 mg) HOAt at RT for 20 min under argon atmosphere. To the 

activated 828, 1 eq of the reaction product from step ii was added, dissolved in 0.5 mL DMF. 

The reaction was stirred under argon protection for 3 h at RT. A small amount of reaction 

crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the reaction 

product was detected, a two-fold volume of water was added to the reaction and the crude 

was freeze-dried. The dried reaction crude was then dissolved in DMSO and was purified by 

reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected in LC-ESI-

MS to identify the best fraction, and the desired fractions were freeze-dried yielding 1.9 mg 

(1%) of 693_12_828. 

 

 

 

Synthesis of 693_12_826 

i) 30 mg of pentynoic acid was dissolved in 0.3 mL of DMF and was activated by 1 eq HATU  

(116 mg) and 1 eq (41 mg) HOAt at RT for 20 min under argon atmosphere. To the activation 

solution, 1 eq 97 mg of 693_1 in 1 mL DMF was added after tuning the pH to 8 by DIPEA. The 

reaction was monitored by LC-ESI-MS and purified by HPLC. HPLC fractions containing the 

product was subjected to freeze drying. ii) The synthesis of α,ß-unsaturated ketone between 

alkynamide and alkene was performed according to a previous report by David R. Liu group2. 

20 mg (1.5 eq) of 1-Amino-3-buten-hydrochloride was dissolved in 1 mL ACN: H2O (5:1) 

solution. To the solution was added 15 mol% Na2PdCl4 and 20 mol% CuCl2. 1 eq alkynamide 

was dissolved in DMSO and was added to the mixture dropwise over 8 h. The crude was then 

freeze-dried, dissolved in DMSO for HPLC purification. The purified fractions were injected in 

LC-ESI-MS for validation. Fractions containing reaction product was collected and freeze-

dried. iii) To generate 693_12_826, 2 mg of 826 was dissolved in 0.5 mL DMF and was 

activated by 1 eq (4 mg) HATU and 1 eq (1.4 mg) HOAt at RT for 20 min under argon 

atmosphere.  To the activated 826 was added 1 eq of the reaction product from step ii, 

dissolved in 0.5 mL DMF. The reaction was stirred under argon protection for 3 h at RT. A 
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small amount of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction 

yield. When the reaction product was detected, a two-fold volume of water was added to the 

reaction, and the crude was freeze-dried. The dried reaction crude was then dissolved in 

DMSO and was purified by reverse-phase HPLC to obtain the reaction product. HPLC 

fractions were injected in LC-ESI-MS to identify the best fraction, and the desired fractions 

were freeze-dried yielding 1.9 mg (0.97%) of 693_12_826. 

 

Synthesis of 693_12_787 

i) 30 mg of pentynoic acid was dissolved in 0.3 mL of DMF and was activated by 1 eq HATU  

(116 mg) and 1 eq (41 mg) HOAt at RT for 20 min under argon atmosphere. To the activation 

solution, 1 eq 90 mg of 182_1 in 1 mL DMF was added after tuning the pH to 8 by DIPEA. The 

reaction was monitored by LC-ESI-MS and purified by HPLC. HPLC fractions containing the 

product was subjected to freeze-drying. ii) The synthesis of α,ß-unsaturated ketone between 

alkynamide and alkene was performed according to a previous report by David R. Liu group2. 

20 mg (1.5 eq) of 4-pentenoic acid was dissolved in 1 mL ACN: H2O (5:1) solution. To the 

solution, 15 mol% Na2PdCl4 and 20 mol% CuCl2 was added. 1 eq of alkynamide was dissolved 

in DMSO and was added to the mixture dropwise over 8 h. The crude was then freeze-dried, 

dissolved in DMSO for HPLC purification. The purified fractions were injected in LC-ESI-MS 

for validation. Fractions containing the reaction product was collected and freeze-dried. iii) 4 

mg of the reaction product from step ii was dissolved in 0.5 mM DMF and was activated by 1 

eq HATU and 1 eq HOAt at RT for 20 min under argon atmosphere. After activation, 1.6 mg 

of 787 in 0.4 mL DMF, whose pH was tuned to 8 by DIPEA, was added to the solution. The 

reaction was stirred for 3 h at RT. A small amount of reaction crude (2 μmol) was injected in 

LC-ESI-MS to evaluate the reaction yield. When the reaction product was detected, a two-fold 

volume of water was added to the reaction, and the crude was freeze-dried. The dried reaction 

crude was then dissolved in DMSO and was purified by reverse-phase HPLC to obtain the 

reaction product. HPLC fractions were injected in LC-ESI-MS to identify the best fraction, and 

the desired fractions were freeze-dried yielding 1.8 mg (0.9%) of 693_12_787. 
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Synthesis of 66_12_828 

i) 30 mg of pentynoic acid was dissolved in 0.3 mL of DMF and was activated by 1 eq HATU 

(116 mg) and 1 eq (41 mg) HOAt at RT for 20 min under argon atmosphere. To the activation 

solution, 1 eq (77 mg) of 1-adamantane methyl amine in 1 mL DMF was added after tuning 

the pH to 8 by DIPEA. The reaction was monitored by LC-ESI-MS and purified by HPLC. 

HPLC fractions containing the product was subjected to freeze-drying. ii) The synthesis of α,ß-

unsaturated ketone between alkynamide and alkene was performed according to a previous 

report by David R. Liu group2. 20 mg (1.5 eq) of 1-Amino-3-buten-hydrochloride was dissolved 

in 1 mL ACN: H2O (5:1) solution. To the solution, 15 mol% Na2PdCl4 and 20 mol% CuCl2 was 

added. 1 eq alkynamide was dissolved in DMSO and was added to the mixture dropwise over 

8 h. The crude was then freeze-dried, dissolved in DMSO for HPLC purification. The purified 

fractions were injected in LC-ESI-MS for validation. Fractions containing reaction product was 

collected and freeze-dried. iii) To generate 66_12_828, 3 mg of 828 was dissolved in 0.5 mL 

DMF and was activated by 1 eq (8.2 mg) HATU and 1 eq (2.9 mg) HOAt at RT for 20 min 

under argon atmosphere. To the activated 828 was added 1 eq of the reaction product from 

step ii, dissolved in 0.5 mL DMF. The reaction was stirred under argon protection for 3 h at 

RT. A small amount of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the 

reaction yield. When the reaction product was detected, a two-fold volume of water was added 

to the reaction, and the crude was freeze-dried. The dried reaction crude was then dissolved 

in DMSO and was purified by reverse-phase HPLC to obtain the reaction product. HPLC 

fractions were injected in LC-ESI-MS to identify the best fraction, and the desired fractions 

were freeze-dried yielding 1.7 mg (1.2%) 66_12_828. 
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Synthesis of 66_12_826 

i) 30 mg of pentynoic acid was dissolved in 0.3 mL of DMF and was activated by 1 eq HATU  

(116 mg) and 1 eq (41 mg) HOAt at RT for 20 min under argon atmosphere. To the activation 

solution, 1 eq (77 mg) of 1-adamantane methyl amine in 1 mL DMF was added after tuning 

the pH to 8 by DIPEA. The reaction was monitored by LC-ESI-MS and purified by HPLC. 

HPLC fractions containing the product was subjected to freeze-drying. ii) The synthesis of α,ß-

unsaturated ketone between alkynamide and alkene was performed according to a previous 

report by David R. Liu group2. 20 mg (1.5 eq) of 1-Amino-3-buten-hydrochloride was dissolved 

in 1 mL ACN: H2O (5:1) solution. To the solution, 15 mol% Na2PdCl4 and 20 mol% CuCl2 was 

added. 1 eq alkynamide was dissolved in DMSO and was added to the mixture dropwise over 

8 h. The crude was then freeze-dried, dissolved in DMSO for HPLC purification. The purified 

fractions were injected in LC-ESI-MS for validation. Fractions containing reaction product was 

collected and freeze-dried. iii) To generate 66_12_826, 2 mg of 826 was dissolved in 0.5 mL 

DMF and was activated by 1 eq (4 mg) HATU and 1 eq (1.4 mg) HOAt at RT for 20 min under 

argon atmosphere.  To the activated 826 was added 1 eq of the reaction product from step ii, 

dissolved in 0.5 mL DMF. The reaction was stirred under argon protection for 3 h at RT. A 

small amount of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction 

yield. When the reaction product was detected, a two-fold volume of water was added to the 

reaction and the crude was freeze-dried. The dried reaction crude was then dissolved in 

DMSO and was purified by reverse-phase HPLC to obtain the reaction product. HPLC 

fractions were injected in LC-ESI-MS to identify the best fraction, and the desired fractions 

were freeze-dried yielding 1.7 mg (1.1%) of 66_12_826. 

 

Synthesis of 66_12_787 

i) 30 mg of pentynoic acid was dissolved in 0.3 mL of DMF and was activated by 1 eq HATU  

(116 mg) and 1 eq (41 mg) HOAt at RT for 20 min under argon atmosphere. To the activation 

solution, 1 eq  (77 mg) of 1-adamantane methyl amine in 1 mL DMF was added after tuning 

the pH to 8 by DIPEA. The reaction was monitored by LC-ESI-MS and purified by HPLC. 

HPLC fractions containing the product was subjected to freeze-drying. ii) The synthesis of α,ß-

unsaturated ketone between alkynamide and alkene was performed according to a previous 
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report by David R. Liu group2. 20 mg (1.5 eq) of 4-pentenoic acid was dissolved in 1 mL ACN: 

H2O (5:1) solution. To the solution, 15 mol% Na2PdCl4 and 20 mol% CuCl2 was added. 1 eq 

of alkynamide was dissolved in DMSO and was added to the mixture dropwise over 8 h. The 

crude was then freeze-dried dissolved in DMSO for HPLC purification. The purified fractions 

were injected in LC-ESI-MS for validation. Fractions containing the reaction product was 

collected and freeze-dried. iii) 24 mg of the reaction product from step ii was dissolved in 0.5 

mM DMF and was activated by 1 eq HATU and 1 eq HOAt at RT for 20 min under argon 

atmosphere. After activation, 2 mg of 787 in 0.4 mL DMF whose pH was tuned to 8 by DIPEA 

was added to the solution. The reaction was stirred for 3 h at RT. A small amount of reaction 

crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the reaction 

product was detected, a two-fold volume of water was added to the reaction and the crude 

was freeze-dried. The dried reaction crude was then dissolved in DMSO and was purified by 

reverse-phase HPLC to obtain reaction product. HPLC fractions were injected in LC-ESI-MS 

to identify the best fraction, and the desired fractions were freeze-dried yielding 2.1 mg (1.1%) 

of 66_12_787. 

Synthesis of fragment pairs linker by 24.  

 

Synthesis of 182_24_828 

i) 50 mg of 828 was dissolved in 3 mL DMSO and was activated by 1 eq (136 mg) HATU and 

1 eq (49 mg) HOAt at RT for 20 min under argon atmosphere. 0.5 eq (40 mg) of cystamine 

dihydrochloride was dissolved in 2 mL of DMSO and pH was tuned to 8 by DIPEA and then 

added to the activated 828 drop by drop. The reaction was stirred for 3 h at RT. Small amount 

of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the 

reaction product was detected, two-fold volume of water was added to the reaction and the 

crude was freeze-dried. The dried reaction crude was then dissolved in DMSO and was 

purified by reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected 

in LC-ESI-MS to identify the best fraction, and the desired fractions were freeze-dried. ii) 10 

mg of the reaction product was dissolved in 0.3 mL DMSO and was mixed with 2 eq of TCEP 

buffer (100 mM aqueous buffer, pH 7.5) and 3 eq (28.3 mg) of iodoacetic acid dissolved in 0.5 

mL DMSO. The reaction was stirred at 37 ºC for 1h. The crude was freeze-dried and purified 
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by HPLC. Fractions were validated by LC-ESI-MS and fractions containing the products were 

freeze-dried. iii) The resulting carboxylic acid was activated by 1 eq HATU and 1 eq HOAt at 

RT for 20 min under argon atmosphere. 1 eq (5 mg) of 182_1 was added to the reaction. The 

reaction was stirred for 3 h at RT. A small amount of reaction crude (2 μmol) was injected in 

LC-ESI-MS to evaluate the reaction yield. When the reaction product was detected, a two-fold 

volume of water was added to the reaction and the crude was freeze-dried. The dried reaction 

crude was then dissolved in DMSO and was purified by reverse-phase HPLC to obtain the 

reaction product yielding 3.2 mg (37%) of 182_24_828. 

 

 

 

 

Synthesis of 182_24_826 

i) 50 mg of 182 was dissolved in 3 mL DMSO and was activated by 1 eq (136 mg) HATU and 

1 eq (49 mg) HOAt at RT for 20 min under argon atmosphere. 0.5 eq (40 mg) of cystamine 

dihydrochloride was dissolved in 2 mL of DMSO and pH was tuned to 8 by DIPEA and then 

added to the activated 828 drop by drop. The reaction was stirred for 3 h at RT. Small amount 

of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the 

reaction product was detected, two-fold volume of water was added to the reaction and the 

crude was freeze-dried. The dried reaction crude was then dissolved in DMSO and was 

purified by reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected 

in LC-ESI-MS to identify the best fraction, and the desired fractions were freeze-dried. ii) 10 

mg of the reaction product was dissolved in 0.3 mL DMSO and was mixed with 2 eq of TCEP 

buffer (100 mM aqueous buffer, pH 7.5) and 3 eq (28.3 mg) of iodoacetic acid dissolved in 0.5 

mL DMSO. The reaction was stirred at 37 ºC for 1h. The crude was freeze-dried and purified 

by HPLC. Fractions were validated by LC-ESI-MS and fractions containing the products were 

freeze-dried. iii) The resulting carboxylic acid was activated by 1 eq HATU and 1 eq HOAt at 

RT for 20 min under argon atmosphere. To the solution, 1 eq (4 mg) 826_1 was added. The 

reaction was stirred for 3 h at RT. A small amount of reaction crude (2 μmol) was injected in 

LC-ESI-MS to evaluate the reaction yield. When the reaction product was detected, a two-fold 

volume of water was added to the reaction and the crude was freeze-dried. The dried reaction 
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crude was then dissolved in DMSO and was purified by reverse-phase HPLC to obtain the 

reaction product yielding 2.3 mg (24%) of 182_24_826. 

 

 

 

Synthesis of 182_24_787 

i) 50 mg of 182 was dissolved in 3 mL DMSO and was activated by 1 eq (136 mg) HATU and 

1 eq (49 mg) HOAt at RT for 20 min under argon atmosphere. 0.5 eq (40 mg) of cystamine 

dihydrochloride was dissolved in 2 mL of DMSO and pH was tuned to 8 by DIPEA and then 

added to the activated 828 drop by drop. The reaction was stirred for 3 h at RT. Small amount 

of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the 

reaction product was detected, two-fold volume of water was added to the reaction and the 

crude was freeze-dried. The dried reaction crude was then dissolved in DMSO and was 

purified by reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected 

in LC-ESI-MS to identify the best fraction, and the desired fractions were freeze-dried. ii) 10 

mg of the reaction product was dissolved in 0.3 mL DMSO and was mixed with 2 eq of TCEP 

buffer (100 mM aqueous buffer, pH 7.5) and 3 eq (28.3 mg) of iodoacetic acid dissolved in 0.5 

mL DMSO. The reaction was stirred at 37 ºC for 1h. The crude was freeze-dried and purified 

by HPLC. Fractions were validated by LC-ESI-MS and fractions containing the products were 

freeze-dried. iii) The resulting carboxylic acid was activated by 1 eq HATU and 1 eq HOAt at 

RT for 20 min under argon atmosphere. To the solution, 1 eq (2.4 mg) 787 in 0.5 mL DMF, 

whose pH was tuned to 8 by DIPEA, was added. The reaction was stirred for 3 h at RT. Small 

amount of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. 

When the reaction product was detected, two-fold volume of water was added to the reaction 

and the crude was freeze-dried. The dried reaction crude was then dissolved in DMSO and 

was purified by reverse-phase HPLC to obtain 1.4 mg (13%) of 182_24_787. 
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Synthesis of 693_24_828 

i) 50 mg of 828 was dissolved in 3 mL DMSO and was activated by 1 eq (137 mg) HATU and 

1 eq (49 mg) HOAt at RT for 20 min under argon atmosphere. 0.5 eq (40.5mg) cystamine 

dihydrochloride was dissolved in 2 mL of DMSO and pH was tuned to 8 by DIPEA and then 

added to the activated 828 drop by drop. The reaction was stirred for 3 h at RT. A small amount 

of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the 

reaction product was detected, a two-fold volume of water was added to the reaction, and the 

crude was freeze-dried. The dried reaction crude was then dissolved in DMSO and was 

purified by reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected 

in LC-ESI-MS to identify the best fraction, and the desired fractions were freeze-dried. ii) 10 

mg of the reaction product was dissolved in 0.3 mL DMSO and was mixed with 2 eq of TCEP 

buffer (100 mM aqueous buffer, pH 7.5) and 3 eq (100 mg) of iodoacetic acid dissolved in 0.5 

mL DMSO. The reaction was stirred at 37 ºC for 1h. The crude was freeze-dried and purified 

by HPLC. Fractions were validated by LC-ESI-MS and fractions containing the products were 

free-dried. iii) The resulting carboxylic acid was activated by 1 eq HATU and 1 eq HOAt at RT 

for 20 min under argon atmosphere. 5 mg of 693_1 was added to the reaction. The reaction 

was stirred for 3 h at RT. A small amount of reaction crude (2 μmol) was injected in LC-ESI-

MS to evaluate the reaction yield. When the reaction product was detected, a two-fold volume 

of water was added to the reaction and the crude was freeze-dried. The dried reaction crude 

was then dissolved in DMSO and was purified by reverse-phase HPLC to obtain the reaction 

product yielding 1.5 mg (17%) of 693_24_828. 
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Synthesis of 693_24_826 

i) 50 mg of 693 was dissolved in 1 mL DMF and was activated by 1 eq (69 mg) HATU and 1 

eq (24 mg) HOAt at RT for 20 min under argon atmosphere. 0.5 eq (23 mg) cystamine 

dihydrochloride was dissolved in 2 mL of DMSO and pH was tuned to 8 by DIPEA and then 

added to the activated 828 drop by drop. The reaction was stirred for 3 h at RT. A small amount 

of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the 

reaction product was detected, a two-fold volume of water was added to the reaction and the 

crude was freeze-dried. The dried reaction crude was then dissolved in DMSO and was 

purified by reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected 

in LC-ESI-MS to identify the best fraction, and the desired fractions were freeze-dried. ii) 10 

mg of the reaction product was dissolved in 0.3 mL DMSO and was mixed with 2 eq of TCEP 

buffer (100 mM aqueous buffer, pH 7.5) and 3 eq (50.5 mg) of iodoacetic acid dissolved in 0.5 

mL DMSO. The reaction was stirred at 37 ºC for 1h. The crude was freeze-dried and purified 

by HPLC. Fractions were validated by LC-ESI-MS and fractions containing the products were 

free-dried. iii) The resulting carboxylic acid was activated by 1 eq HATU and 1 eq HOAt at RT 

for 20 min under argon atmosphere. To the solution, 4 mg 826_1 was added. The reaction 

was stirred for 3 h at RT. Small amount of reaction crude (2 μmol) was injected in LC-ESI-MS 

to evaluate the reaction yield. When the reaction product was detected, two-fold volume of 

water was added to the reaction and the crude was freeze-dried. The dried reaction crude was 

then dissolved in DMSO and was purified by reverse-phase HPLC to obtain the reaction 

product yielding 2.7 mg (26%) of 693_24_826. 

 

 

Synthesis of 693_24_787 

i) 50 mg of 693 was dissolved in 1 mL DMF and was activated by 1 eq (69 mg) HATU and 1 

eq (24 mg) HOAt at RT for 20 min under argon atmosphere. 0.5 eq (23 mg) cystamine 

dihydrochloride was dissolved in 2 mL of DMSO and pH was tuned to 8 by DIPEA and then 

added to the activated 828 drop by drop. The reaction was stirred for 3 h at RT. A small amount 

of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the 

reaction product was detected, a two-fold volume of water was added to the reaction and the 
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crude was freeze-dried. The dried reaction crude was then dissolved in DMSO and was 

purified by reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected 

in LC-ESI-MS to identify the best fraction, and the desired fractions were freeze-dried. ii) 10 

mg of the reaction product was dissolved in 0.3 mL DMSO and was mixed with 2 eq of TCEP 

buffer (100 mM aqueous buffer, pH 7.5) and 3 eq (50.5 mg) of iodoacetic acid dissolved in 0.5 

mL DMSO. The reaction was stirred at 37 ºC for 1h. The crude was freeze-dried and purified 

by HPLC. Fractions were validated by LC-ESI-MS and fractions containing the products were 

free-dried.  iii) The resulting carboxylic acid was activated by 1 eq HATU and 1 eq HOAt at RT 

for 20 min under argon atmosphere. To the solution was added 1.8 mg 787 in 0.5 mL DMF, 

whose pH was tuned to 8 by DIPEA. The reaction was stirred for 3 h at RT. A small amount 

of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the 

reaction product was detected, a two-fold volume of water was added to the reaction and the 

crude was freeze-dried. The dried reaction crude was then dissolved in DMSO and was 

purified by reverse-phase HPLC to obtain the reaction product yielding 2 mg (23%) of 

693_24_787. 

 

Synthesis of 66_24_828 

i) 50 mg of 828 was dissolved in 3 mL DMSO and was activated by 1 eq (137 mg) HATU and 

1 eq (49 mg) HOAt at RT for 20 min under argon atmosphere. 0.5 eq (40.5mg) cystamine 

dihydrochloride was dissolved in 2 mL of DMSO and pH was tuned to 8 by DIPEA and then 

added to the activated 828 drop by drop. The reaction was stirred for 3 h at RT. A small amount 

of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. When the 

reaction product was detected, a two-fold volume of water was added to the reaction, and the 

crude was freeze-dried. The dried reaction crude was then dissolved in DMSO and was 

purified by reverse-phase HPLC to obtain the reaction product. HPLC fractions were injected 

in LC-ESI-MS to identify the best fraction, and the desired fractions were freeze-dried. ii) 10 

mg of the reaction product was dissolved in 0.3 mL DMSO and was mixed with 2 eq of TCEP 

buffer (100 mM aqueous buffer, pH 7.5) and 3 eq (100 mg) of iodoacetic acid dissolved in 0.5 

mL DMSO. The reaction was stirred at 37 ºC for 1h. The crude was freeze-dried and purified 
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by HPLC. Fractions were validated by LC-ESI-MS and fractions containing the products were 

free-dried. iii) The resulting carboxylic acid was activated by 1 eq HATU and 1 eq HOAt at RT 

for 20 min under argon atmosphere. 3 mg of 1-adamantane methyl amine was added to the 

reaction. The reaction was stirred for 3 h at RT. A small amount of reaction crude (2 μmol) 

was injected in LC-ESI-MS to evaluate the reaction yield. When the reaction product was 

detected, a two-fold volume of water was added to the reaction and the crude was freeze-

dried. The dried reaction crude was then dissolved in DMSO and was purified by reverse-

phase HPLC to obtain the reaction product yielding 2.2 mg (30%) of 66_24_828. 

 

 

Synthesis of 66_24_826 

i) 50 mg of 66 was dissolved in 1 mL DMF and was activated by 1 eq (75 mg) HATU and 1 eq 

(27 mg) HOAt at RT for 20 min under argon atmosphere. 5 eq (250 mg) cystamine 

dihydrochloride was dissolved in 5 mL DMSO and pH was tuned to 8 by DIPEA. Activated 66 

was added to cystamine solution drop by drop. The reaction was stirred for 3 h at RT. A small 

amount of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. 

When the reaction product was detected, a two-fold volume of water was added to the reaction 

and the crude was freeze-dried. The dried reaction crude was then dissolved in DMSO and 

was purified by reverse-phase HPLC to obtain the reaction product. HPLC fractions were 

injected in LC-ESI-MS to identify the best fraction, and the desired fractions were freeze-dried. 

ii) 10 mg of the reaction product was dissolved in 0.3 mL DMSO and was mixed with 2 eq of 

TCEP buffer (100 mM aqueous buffer, pH 7.5) and 3 eq of iodoacetic acid dissolved in 0.5 mL 

DMSO. The reaction was stirred at 37 ºC for 1h. The crude was freeze-dried and purified by 

HPLC. Fractions were validated by LC-ESI-MS and fractions containing the products were 

free-dried. iii) The resulting carboxylic acid was activated by 1 eq HATU and 1 eq HOAt at RT 

for 20 min under argon atmosphere. To the solution, 1 eq (4 mg) 826_1 was added. The 

reaction was stirred for 3 h at RT. A small amount of reaction crude (2 μmol) was injected in 

LC-ESI-MS to evaluate the reaction yield. When the reaction product was detected, a two-fold 

volume of water was added to the reaction and the crude was freeze-dried. The dried reaction 

crude was then dissolved in DMSO and was purified by reverse-phase HPLC to obtain the 

reaction product yielding 2.7 mg (29%) of 66_24_826. 
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Synthesis of 66_24_787 

i) 50 mg of 66 was dissolved in 1 mL DMF and was activated by 1 eq (75 mg) HATU and 1 eq 

(27 mg) HOAt at RT for 20 min under argon atmosphere. 5 eq (250 mg) cystamine 

dihydrochloride was dissolved in 5 mL DMSO and pH was tuned to 8 by DIPEA. Activated 66 

was added to cystamine solution drop by drop. The reaction was stirred for 3 h at RT. A small 

amount of reaction crude (2 μmol) was injected in LC-ESI-MS to evaluate the reaction yield. 

When the reaction product was detected, a two-fold volume of water was added to the reaction 

and the crude was freeze-dried. The dried reaction crude was then dissolved in DMSO and 

was purified by reverse-phase HPLC to obtain the reaction product. HPLC fractions were 

injected in LC-ESI-MS to identify the best fraction, and the desired fractions were freeze-dried. 

ii) 10 mg of the reaction product was dissolved in 0.3 mL DMSO and was mixed with 2 eq of 

TCEP buffer (100 mM aqueous buffer, pH 7.5) and 3 eq of iodoacetic acid dissolved in 0.5 mL 

DMSO. The reaction was stirred at 37 ºC for 1h. The crude was freeze-dried and purified by 

HPLC. Fractions were validated by LC-ESI-MS and fractions containing the products were 

free-dried. iii) The resulting carboxylic acid was activated by 1 eq HATU and 1 eq HOAt at RT 

for 20 min under argon atmosphere. To the solution, 2.3 mg 787 dissolved 1 mL DMSO was 

added. The reaction was stirred for 3 h at RT. A small amount of reaction crude (2 μmol) was 

injected in LC-ESI-MS to evaluate the reaction yield. When the reaction product was detected, 

a two-fold volume of water was added to the reaction, and the crude was freeze-dried. The 

dried reaction crude was then dissolved in DMSO and was purified by reverse-phase HPLC 

to obtain the reaction product yielding 2.1 mg (20%) of 66_24_787. 

The purification of small molecular compounds was performed by reverse-phase HPLC 

(Waters, USA) equipped with a Luna 5µ C18 (2) 100 Å, 100 × 10.00 mm (Phenomenex, CA, 

USA) using MilliQ/0.1% TFA and acetonitrile/ 0.1% TFA. The gradient was varied depending 

on the characteristics of the reaction product and the reaction crude.  

The measurement of the compounds was performed by LC-ESI-MS equipped with an 

ACQUITY UPLC BEH C18 1.7 µm 2.1 x 50 mm reverse-phase column (Waters, Milford, MA, 

USA) as stationary phase using a linear gradient from 100% MilliQ/0.1% formic acid to 100% 

actenitrile/0.1% formic acid.  
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4. Molecular docking studies 

 
The crystal structures of CAII (PDB: 6SKV), bovine trypsin (PDB: 1BTY), MMP-2 (PDB: 1QIB) 

and MMP-9 (PDB: 4H3X) were downloaded from the Protein Data Bank. Solvent molecules, 

duplicated chains and the bound ligands were removed from the crystal structures. Hydrogens 

were added to the receptors, then the pdb files were prepared to pdbqt files with the ADFR 

software suite. Ligands were prepared to pdbqt files with the Meeko python package. Grid 

boxes around the binding site of the receptors were defined according to the known ligands in 

the receptor structures. The grid centers were defined as the centers of the known ligands, 

and the box size was defined 60x60x60 grid points (22.5x22.5x22.5 Å). Then the affinity maps 

were created using AutoGrid4. CAII, MMP-2 and MMP-9 are zinc metalloenzymes, in which 

zinc ion plays an important role. Thus, a specialized force field, the AutoDock4Zn force field 3, 

was applied to the zinc ions of these zinc metalloenzymes by adding tetrahedral zinc pseudo 

atoms. The docking process was performed using AutoDock Vina4 with AD4 scoring, and the 

exhaustiveness was adjusted between 8 and 32. Finally, the best binding poses were selected 

for ligand-receptor interaction analysis using the Hbind package5. Distances between the 

interested groups of the compounds and the surrounding residues were calculated using the 

pytraj python package. OpenBabel was used to convert molecule formats, PyMOL was used 

to create the ligand-receptor interaction views. 
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5. Supplementary figures 

 
 
 

 
Figure S1: Single side DNA-compound conjugates. Bi-functional building blocks were 

conjugated to amine-functionalized oligonucleotides to generate the conjugates displaying a 

functional group at the terminal.  
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Figure S2. 30-member DNA-encoded sub-library B. The compounds covered four 

structural categories: chain, aromatic, cyclic, and fused ring structures.  
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Figure S3. Selection schemes of linker optimization for CAII, trypsin and de novo ligand 

selection against MMP-2 and MMP-9. (A) Scheme of affinity maturation of ligand pair binding 

to bovine CAII. CBS and compound A were conjugated to amine-functionalized 

oligonucleotides and further encoded with different barcode DNAs to serve as the single-

member SL-A and SL-C, respectively. After assembling with sublibrary B, the 30-member 

library was subjected to the selection against CAII. Selection against blank solid support was 

served as the no-target control. Sub-libraries A and C without the ligand pair were assembled 

with sublibrary B and used to perform no-ligand target selection. (B) Scheme of affinity 

maturation of ligand pair binding to bovine trypsin. 4-aminomethyl benzamidine and compound 

B were conjugated to amine-functionalized oligonucleotides and further encoded with different 

barcode DNAs to serve as the single-member SL-A and SL-C, respectively. After assembling 

with sublibrary B, the 30-member library was subjected to the selection against bovine trypsin. 
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Selection against blank solid support was served as the no-target control. Sub-libraries A and 

C without the ligand pair were assembled with sublibrary B and used to perform no-ligand 

target selection.  (C) The real trio-pharmacophore library was selected against MMP-2, MMP-

9 and blank solid support. (D) The dual pharmacophore DEL with the same fragment 

composition as in T-DEL was selected against MMP-2, MMP-9 and blank solid support. 

 

5.1 Analysis on docking studies with CAII and its ligands 

  
To compare the docking poses of all compounds, we mapped the distances between the 

terminal -CF3 group of the small molecules and the surrounding residues. Additionally, the 

fragment pair sulfanilamide and compound A were docked against the target simultaneously 

to identify their binding sites (Figure S4C). As depicted in the heatmap (Figure S5A), C-2, C-

5 and the fragment pair belonged to the same group, and C-1, C-3 and C-4 fell into one group.  

The position of -CF3 group is indicated by the red dashed circle in figure S5. The binding pose 

of C-0 was distinct from other compounds, and its binding pose was mimicking the ligand in 

the reported crystal structure (Figure S5B). Interestingly, the binding of individual fragment 

was recapitulated in compounds C-2, and C-5, as can be observed in figures S4C and S5C. 
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Figure S4. (A) Summary of interactions between small molecule compounds and bovine 

carbonic anhydrase II (CAII). (B) Docking pose of sulfanilamide in complex with CAII. (C) 

Simultaneous docking of the fragment pair: sulfanilamide and compound A in complex with 

CAII.  (D) Docking pose of C-1 in complex with CAII. (E) Docking pose of C-5 in complex with 

CAII (PDB ID: 6SKV). Proteins are in cartoon style, certain residues and the compounds are 

in stick representation, and the hydrogen bond-forming atoms are in ball representation. 

Yellow dashed lines indicate hydrogen bonds and grey dashed lines stand for the coordination 

with Zn2+. The grey sphere represents Zn2+, and the orange spheres represent Cu2+.   
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Figure S5. (A) Heatmap of the distances between the terminal –CF

3
 group of the compounds 

and the neighboring residues in the active site of CAII (PDB ID: 6SKV). (B) Superimposed 

docking poses of C-0 and the reported ligand in the crystal structure. (C) Superimposed 

docking poses of C-2, C-5, and the fragment pair: sulfanilamide and compound A in complex 

with CAII. (D) Superimposed docking poses of C-1, C-3, and C-4 in complex with CAII. Dashed 
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white circles in (C) and (D) indicate the position of -CF
3
 groups. Proteins are in cartoon style, 

certain residues and the compounds are in stick representation, and the hydrogen bond-

forming atoms are in ball representation. The grey sphere represents Zn
2+

, and the orange 

spheres represent Cu
2+

. Yellow dashed lines indicate hydrogen bonds. 

 

 

5.2 Analysis on docking studies with bovine trypsin and its ligands 

 
To compare the docking poses of all compounds, we mapped the distances between the 

terminal iodine atom of the small molecules and the surrounding residues (Figure S7A). 

Additionally, the fragment pair 4-aminometyl benzamidine and compound B were docked 

against the target simultaneously to identify their binding sites (Figure S6D). According to the 

heatmap, T-0 and T-1 fell in one group, and T-2 and T-4 formed a second group, while T-5 did 

not exhibit similarity with other compounds in the position of the iodine.  
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Figure S6. (A) Summary of interactions between small molecule compounds and bovine 

trypsin in terms of docking score, hydrophobic contact, and hydrogen bonds (H-bonds). (B) 

Docking pose of T-0 in complex with bovine trypsin (PDB ID: 1BTY). (C) Docking pose of T-5 

in complex with bovine trypsin (PDB ID: 1BTY). (D) Simultaneous docking of the fragment pair: 

4-aminomethyl benzamidine and compound B. Proteins are in cartoon style, certain residues 

and the compounds are in stick representation, and the hydrogen bond-forming atoms are in 

ball representation. Yellow dashed lines indicate hydrogen bonding.  
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Figure S7. (A) Heatmap of the distances between terminal iodine atom and the residues in 

bovine trypsin (PDB ID: 1BTY). (B) Superimposed docking poses of T-0 and T-1 in complex 

with bovine trypsin (PDB ID: 1BTY). The white dashed circle shows the position of the iodine 
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in both compounds. Proteins are in cartoon style, certain residues and the compounds are in 

stick representation, and the hydrogen bond-forming atoms are in ball representation. 

 

 

 

 

 

Figure S8. Scatter plots of de novo selection against MMP-2 and MMP-9 using the 883 

x890-memer dual pharmacophore DEL. 
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Figure S9. Structure of 45 re-synthesized small molecule compounds. 
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Figure S10. Dose dependent inhibition of MMP-2 (left) and MMP-9 (right) by compound 

combinations 693+828, 693+826, 693+787, and single fragments.  
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Figure S11. Dose dependent inhibition of MMP-2 (left) and MMP-9 (right) by compound 

combinations 182+828, 182+826, 182+787, and single fragments.  
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Figure S12. Dose dependent inhibition of MMP-2 (left) and MMP-9 (right) by compound 

combinations 66+828, 66+826, 66+787, and single fragments.  
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5.3 Analysis on docking studies with MMP-2/-9 and the ligands 

The binding mode of compounds in the groups of 182+828 and 693+828 were 

analyzed by molecular docking. All compounds displayed binding to the S1' subsite of 

the substrate binding cleft of the catalytic domain by inserting the 182 or 693 moiety, 

and the 828 moiety was interacting with the catalytic Zn2+ ion. The binding mode of the 

compound to MMP-2 and MMP-9 showed high similarity, presumably due to their high 

structural similarity in the catalytic domains, agreeing with the measured inhibitory 

effects against both enzymes (Figures S13-S17).  

S1' subsite is also known as the specificity pocket in MMPs because the S1' loops 

among MMP isozymes share little sequence and length similarity but maintain 

hydrophobic features6. S1' subsite in MMP-2 or MMP-9 is described as a tunnel-like 

cavity, while it is found to be smaller in collagenases and matrilysins6–8. Therefore, 

targeting S1' subsite represents a promising strategy for developing selective MMP 

inhibitors6. The hydrophobic nature of the S1' pocket is suited to accommodate 

aromatic groups and ring systems9, as was also demonstrated by our docking studies. 
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Figure S13. Molecular Docking of compounds in complex with MMP-2 (PDB ID: 1QIB) 

and MMP-9 (PDB ID: 4H3X). (A) Structure of the catalytic domain of MMP-2 (left) and MMP-

9 (right). The shallow substrate-binding cleft runs across the catalytic domain of MMP-2 and 

MMP-9, dividing the domain into the N-terminal upper subdomain and the lower C-terminal 

subdomain. Catalytic Zn2+ ion (dark grey sphere) lies on the surface of the catalytic cleft 

coordinated with three histidine residues in green, and the structural Zn2+ (dark grey sphere) 

is in the upper subdomain chelating three histidine residues. Ca2+ ions are shown as light grey 
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spheres. The proteins are in cartoon representation and some residues are highlighted in stick 

representation. The red dashed circle indicates the S1' subsite. (B) Summary of the 

interactions between compounds and MMP-2, in terms of docking score, hydrophobic contact, 

and hydrogen bonds (H-bonds). (C) Summary of the interactions between compounds and 

MMP-9 in terms of docking score, hydrophobic contact, and hydrogen bonds (H-bonds). 
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Figure S14. Binding of compounds (182+828, 182_12_828, 182_24_828, 182_1_828, 

182_10_828, and 182_4_828) to the catalytic domain of MMP-2 (PDB ID: 1QIB). 

Compounds are in stick model, the protein is in cartoon representation, and hydrogen bonding 

atoms are in ball representation. Zn2+ is shown as a sphere in dark grey and Ca2+ is shown as 

a sphere in light grey. The coordination of Zn2+ and 828 is shown as a grey dashed line. Yellow 

dashed lines indicate hydrogen bonds.  
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Figure S15. Binding of compounds (693+828, 693_12_828, 693_24_828, 693_1_828, 

693_10_828, and 693_4_828) to the catalytic domain of MMP-2 (PDB ID: 1QIB). 

Compounds are in stick model, the protein is in cartoon representation, and the hydrogen 

bonding atoms are in ball representation. Zn2+ is shown as a sphere in dark grey and Ca2+ is 

shown as a sphere in light grey. The coordination of Zn2+ and 828 is shown as a grey dashed 

line. Yellow dashed lines indicate hydrogen bonds.  
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Figure S16. Binding of compounds (182+828, 182_12_828, 182_24_828, 182_1_828, 

182_10_828, and 182_4_828) to the catalytic domain of MMP-9 (PDB ID: 4H3X). 

Compounds are in stick model, the protein is in cartoon representation, and the hydrogen 

bonding atoms are in ball representation. Zn2+ is shown as a sphere in dark grey and Ca2+ is 

shown as a sphere in light grey. The coordination of Zn2+ and 828 is shown as a grey dashed 

line. Yellow dashed lines indicate hydrogen bonds.  
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Figure S17. Binding of compounds (693+828, 693_12_828, 693_24_828, 693_1_828, 

693_10_828, and 693_4_828) to the catalytic domain of MMP-9 (PDB ID: 4H3X). 

Compounds are in stick model, the protein is in cartoon representation, and the hydrogen 

bonding atoms are in ball representation. Zn2+ is shown as a sphere in dark grey and Ca2+ is 

shown as a sphere in light grey. The coordination of Zn2+ and 828 is shown as a grey dashed 

line.  Yellow dashed lines indicate hydrogen bonds. 
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6. Supplementary figures of library synthesis and off-DNA compound re-synthesis 

 

Figure S18. UPLC chromatogram and ESI-MS validation of Sub-library members 1-3. ES: 

Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S19. UPLC chromatogram and ESI-MS validation of Sub-library members 4-6. ES: 

Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S20. UPLC chromatogram and ESI-MS validation of Sub-library members 7-9. ES: 

Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S21. UPLC chromatogram and ESI-MS validation of Sub-library members 10-12. ES: 

Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S22. UPLC chromatogram and ESI-MS validation of Sub-library members 13-15. ES: 

Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S23. UPLC chromatogram and ESI-MS validation of Sub-library members 16-18. ES: 

Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S24. UPLC chromatogram and ESI-MS validation of Sub-library members 19-21. ES: 

Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S25. UPLC chromatogram and ESI-MS validation of Sub-library members 22-24. ES: 

Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S26. UPLC chromatogram and ESI-MS validation of Sub-library members 25-27. ES: 

Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S27. UPLC chromatogram and ESI-MS validation of Sub-library members 28-30. 
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Figure S28. UPLC chromatogram and ESI-MS validation of sub-library A (upper) and sub-

library C (lower) for affinity maturation of carbonic anhydrase II.  
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Figure S29. UPLC chromatogram and ESI-MS validation of sub-library A (upper) and sub-

library C (lower) for affinity maturation of bovine trypsin. ES: Electrospray Ionization Mode, 

AU: Arbitrary Unit 
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Figure S30. UPLC and ESI-MS validation of compounds C-0, C-1, and C-2. ES: Electrospray 

Ionization Mode, AU: Arbitrary Unit 
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Figure S31. UPLC and ESI-MS validation of compounds C-3, C-4, and C-5. ES: Electrospray 

Ionization Mode, AU: Arbitrary Unit 
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Figure S32. UPLC and ESI-MS validation of compounds T-0, T-1, and T-2. ES: Electrospray 

Ionization Mode, AU: Arbitrary Unit 
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Figure S33. UPLC and ESI-MS validation of compounds T-3, T-4, and T-5. ES: Electrospray 

Ionization Mode, AU: Arbitrary Unit 
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Figure S34. UPLC and ESI-MS validation of compounds 693_12_828, 693_12_826, and 

693_12_787. ES: Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S35. UPLC and ESI-MS validation of compounds 693_24_828, 693_24_826, and 

693_24_787. ES: Electrospray Ionization Mode, AU: Arbitrary Unit 

 

 

 

 

 



87 

 

 
Figure S36. UPLC and ESI-MS validation of compounds 693_10_828, 693_10_826, and 

693_10_787. ES: Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S37. UPLC and ESI-MS validation of compounds 693_4_828, 693_4_826, and 

693_4_787. ES: Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S38. UPLC and ESI-MS validation of compounds 693_1_828, 693_1_826, and 

693_1_787. ES: Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S39. UPLC and ESI-MS validation of compounds 182_12_828, 182_12_826, and 

182_12_787. ES: Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S40. UPLC and ESI-MS validation of compounds 182_24_828, 182_24_826, and 

182_24_787. ES: Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S41. UPLC and ESI-MS validation of compounds 182_10_828, 182_10_826, and 

182_10_787. ES: Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S42. UPLC and ESI-MS validation of compounds 182_4_828, 182_4_826, and 

182_4_787. ES: Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S43. UPLC and ESI-MS validation of compounds 182_1_828, 182_1_826, and 

182_1_787. ES: Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S44. UPLC and ESI-MS validation of compounds 66_12_828, 66_12_826, and 

66_12_787. ES: Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S45. UPLC and ESI-MS validation of compounds 66_24_828, 66_24_826, and 

66_24_787. ES: Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S46. UPLC and ESI-MS validation of compounds 66_10_828, 66_10_826, and 

66_10_787. ES: Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S47. UPLC and ESI-MS validation of compounds 66_4_828, 66_4_826, and 

66_4_787. ES: Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S48. UPLC and ESI-MS validation of compounds 66_1_828, 66_1_826, and 

66_1_787. ES: Electrospray Ionization Mode, AU: Arbitrary Unit 
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Figure S48. Standard curve showing the correlation between the amount of the 
template and Ct value measured by qPCR. 
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7. DNA sequences used in constructing the trio-pharmacophore library 

 

Table S1 Oligonucleotides for conjugating building blocks 
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Table S2 Oligonucleotides for encoding sub-library B members 
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Table S3. Code-specific primers for detecting individual sub-library B members 

 
Note: The sequences listed in the table are reverse primers of the template. The forward 

primer is constant in all members binding to the constant region of the members with the 

sequence of 5’ GGTTGGGATCGCAGCTCG 3’. 
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