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Chemistry: General solid phase peptide synthesis 
General Remarks 
All chemicals were purchased from commercial suppliers (Chem-Impex International, Peptide International 
and GL-Biochem) and used without further purification. All moisture sensitive reactions were performed 
under nitrogen gas and was monitored by thin-layer chromatography (TLC) and liquid-chromatography mass 
spectrometry (LC/MS). TLC was performed on aluminium silica gel sheets 250 µm Whatman® (4861-820) 
using UV light (̀λ = 254 nm) as visualizing method. The developing agents for TLC include potassium 
permanganate (general purpose) and ninhydrin (for amine groups detection). 
 
SiliCycle SiliaFlash silica gel (60 Å, particle size 40-63 µm) were used for flash chromatography. 1H and 13C 
NMR spectra were obtained and recorded at 25ºC on Bruker Avance III 500 MHz and 600 MHz. Multiplicity 
of NMR signals were represented by the following abbreviations: s = singlet, d = doublet, t = triplet, q = 
quartet, p = pentet, m = multiplet, br = broad, dd = doublet of doublet.   
 
High-resolution mass spectrometry (HRMS) analyses were recorded on a Thermo LTQ Orbitrap XL 
ESI/APCI with UPLC system at the Bioanalytical Mass Spectrometry Facility in Mark Wainwright 
Analytical Centre at the University of New South Wales. 
 
LC/MS analyses were performed on Shimadzu Prominence High performance LCMS 2010EV system 
(Water Symmetry® C18 column, 3.5 µm, 4.65x75 mm) connected to a Shimadzu LCMS 2010EV mass 
spectrometer. The mobile phase consist of DDI water with 0.1% (v/v) formic acid (solvent A), and HPLC 
grade acetonitrile with 0.1% (v/v) formic acid (solvent B) at a flow rate of 0.5 mL/min, starting at 70% 
solvent A, 30% solvent B. 
 
Semi-preparative HPLC for purification was performed on Shimadzu Prominence High performance LCMS 
2010EV system (Phenomenex® Jupiter C18 column, 4µm, 250x10 mm). The mobile phase was prepared by 
DDI water with 0.1% (v/v) formic acid (solvent A), and HPLC grade acetonitrile with 0.1% (v/v) formic acid 
(solvent B). The gradient elution were as follow: flow rate 2 mL/min; initial 70% solvent A, 30% solvent B 
hold for 35 min; at 35 min 100% solvent B hold for 18 min; at 53 min 70% solvent A, 30% solvent B hold 
for 7 min. 
 
Synthesis: Experimental Procedures 
General solid phase peptide synthesis 
Stepwise solid phase peptide synthesis (SPPS) was performed in a polypropylene solid-phase extraction 
cartridge fitted with a 20 µM polyethylene frit purchased from Applied Separations (Allentown, PA) and pre-
loaded 2-chlorotrityl resins with an approximately 0.5 mmol/g loading scale were used. The resin was 
weight, transferred to the cartridge and was swelled in DMF for 30 minutes prior to peptide coupling in the 
corresponding sequence.  
 
General peptide coupling  
Couplings were performed in DMF solution at 0.2 M, consisting Fmoc protected amino acid (3.0 
equivalents) and 1-hydroxybenzotriazole (3.0 equivalents) mixed with the resin. Diisopropylcarbodiimide 
was then added to activate the coupling process. Coupling was allowed to shake for a minimum of 2 hours on 
a shaker (Labquake tube shaker, Thermo Fisher Scientific) and checked via ninhydrin test to confirm 
competition. Upon completion, the coupling reaction solution was drained, and the resin was subjected to 
Fmoc removal. (Note: For the peptide coupling between Fmoc and N-methyl amino terminus, 1-
hydroxybenzotriazole was replaced by 1-hydroxy-7-azabenzotriazole and the coupling process was allowed 
to run overnight). 
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General Fmoc removal 
After the peptide coupling process was completed, removal of Fmoc protecting group was performed 
according to the following steps: DMF wash (3 × 1 minute), 20% Piperidine/DMF (1 × 5 minutes), 20% 
Piperidine/DMF(1 × 10 minutes), DMF wash (2 × 1 minute), IPA wash (1 × 1 minute), DMF was (1 × 1 
minute), IPA (1 × 1 minute), DMF (3 × 1 minute). The complete removal of Fmoc group was verified via 
ninhydrin test. The resin was then ready for the next amino acid coupling. 
General N-terminal solid phase amine deprotection 
Once the desired length of amino acid residue has been generated, the peptide-bound resin was treated for the 
final removal of the Fmoc group: DMF wash (3 × 1 minute), 20% Piperidine/DMF (1 × 5 minutes), 20% 
Piperidine/DMF (1 × 10 minutes), DMF wash (3 × 1 minute), IPA wash (3 × 1 minute), MeOH (3 × 1 
minute). Upon the completion of Fmoc group removal via ninhydrin test, the peptide- bound resin was then 
dried in vacuo overnight. 
 
Resin cleavage of linear peptide 
The eventual cleavage of linear pentapeptide from resin was performed by swelling the resin in a mixed 
solution of 1:1 (v/v) TFE/CH2Cl2 (10 millilitres/gram of dried resin) and was allow to stir for 24 hours. The 
suspension was then filtered through a Büchner filter, and the resin was washed repeatedly with additional 
CH2Cl2 to fully extract the cleaved peptide. The filtrate was then evaporated and dried in vacuo overnight. 
The dried solid was eventually re-dissolved in CH2Cl2, co-evaporated with CH2Cl2 several times to remove 
the entrapped TFE residue completely and was dried in vacuo overnight. 
 
Macrocyclization procedure (syringe pump) 
Macrocyclization of the double deprotected linear pentapeptide using a combination of three coupling agents 
(DMTMM, HATU, and TBTU) at 0.8 equivalent each, together with DIPEA (8.0 equivalents) in 75% of a 
calculated volume of anhydrous CH2Cl2 to generate a 0.001 M overall concentration. The crude and dry 
double deprotected linear peptide (DDLP) was dissolved in the remaining amount of CH2Cl2. The DDLP 
solution was then added to the bulk solution drop-wise using a syringe pump, over 2 hours. After the addition 
of all DDLP, the reaction was stirred overnight and was monitored via LCMS and generally complete in 1-2 
hours. Upon completion, the crude product was subjected to acid-base wash to remove excess DIPEA and 
coupling agents. The resulting crude product was first purified by flash column chromatography, followed by 
reversed-phase HPLC, using a gradient of acetonitrile and deionized water with 0.1% TFA to afford the final 
pure compounds. 
 
 
Synthesis of biotinylated compounds  
Boc Removal 
The Boc protecting group on tagged compounds were removed using a mixture of TFA/CH2Cl2 (1:4, 0.1 M 
overall concentration) and anisole (2.0 equivalents). The reaction was run at room temperature under open 
atmosphere and monitored via TLC and LC/MS every 30 min. Upon completion the reaction solution was 
evaporated with addition of CH2Cl2 to remove excess TFA and the then concentrated in vacuo.  
 
Peg-Biotin attachment 
After the removal of the Boc groups on compound 1-tag and compound 7-tag compounds, the free amines at 
the lysine residues of the tagged compounds were then biotinylated using N-hydroxysuccinimydyl-d-biotin-
15-amino-4,7,10,13-tetraoxapentadecylate (NHS-dPEG4-biotin, 1.4 equivalents), and base DIPEA (8.0 
equivalents) in CH2Cl2 (0.1 M) under nitrogen gas. The reaction mixture was then stirred and monitored by 
LC/MS. Upon completion, the crude mixture was purified via RP-HPLC to yield the biotinylated 
compounds.  
 
Solubility Determination 
1 mg of each SM145, compound 1 and 7 were added in three separate vials and stirred in 1.0 mL of mixture 
ethanol: Milli-Q water (8:2), and were allowed to stir for 30 minutes until the solution turned clear. This was 
followed the by subsequent adding of 1 mg of each compound to the respective vial. The compounds were 
then stirred for another half an hour until it turned clear. The process was repeated until the clear solution 



6 
 

turned into a white gel. The observations indicated that the solution containing SM145 became saturated and 
no longer soluble when 5.2 mg of SM145 were added, whereas addition of 2 mg of compound 1 turned the 
solution into a white gel. Solution containing compound 7 remained clear and turned into a white gel only 
when 10.0 mg of compound 7 was added into the solution, whereas the solution containing compound 5 and 
6 turned into a gel solution after the addition of 1.5 mg and 1.9 mg of each compound to the respective vial. 
 
 
Experimental methods for compound 1 
Dipeptide Resin-O-Leu-N-Me-Val-Fmoc was synthesized following “General peptide coupling” procedure, 
by using 1.00 g (0.5 mmol, 1.0 equivalent) of Resin-O-Leu-NH2, 0.53 g (1.5 mmol, 3.0 equivalents) of 
Fmoc-N-Me-Val-OH, 0.20 g of HOBt (1.5 mmol, 3.0 equivalents), 0.47 mL of DIC (3.0 mmol, 6.0 
equivalents) and 2.5 mL of DMF to generate a concentration of 0.20 M. The coupling reaction was run for 3 
hours and a negative ninhydrin test was used to confirm the reaction completion. The reaction mixture was 
drained to afford the Fmoc-protected resin-bound dipeptide. 
 
Resin-O-Leu-N-Me-Val-NH2 
The dipeptide Resin-O-Leu-N-Me-Val-NH2 was synthesized following the “General Fmoc removal” 
procedure for SPPS. A positive ninhydrin was used to confirm the completion removal of Fmoc group. 
 
Resin-O-Leu-N-Me-Val-D-Leu-Fmoc 
Following “General peptide coupling” procedure for SPPS, tripeptide Resin-O-Leu-N-Me-Val-D-Leu-Fmoc 
was synthesized using Resin-O-Leu-N-Me-Val-NH2 synthesized from the previous peptide coupling, together 
with 0.53 g (1.5 mmol, 3.0 equivalents) of Fmoc-D-Leu-OH, 0.20 g of HOAt (1.5 mmol, 3.0 equivalents), 0.47 
mL of DIC (3.0 mmol, 6.0 equivalents) and 2.5 mL of DMF to generate a concentration of 0.20 M. The 
coupling reaction was run for 3 hours and a negative ninhydrin test was used to confirm the reaction 
completion. The reaction mixture was drained to afford the Fmoc-protected resin-bound tripeptide. 
 
Resin-O-Leu-N-Me-Val-D-Leu-NH2 
The tripeptide Resin-O-Leu-N-Me-Val-D-Leu-NH2 was synthesized following the “General Fmoc removal” 
procedure for SPPS. A positive ninhydrin was used to confirm the completion removal of Fmoc group. 
 
Resin-O-Leu-N-Me-Val-D-Leu-D-Phe-Fmoc 
Tetrapeptide Resin-O-Leu-N-Me-Val-D-Leu-D-Phe-Fmoc was synthesized following “General peptide 
coupling” procedure for SPPS, which Resin-O-Leu-N-Me-Val-D-Leu-NH2 synthesized from the previous 
peptide coupling, together with 0.58 g (1.5 mmol, 3.0 equivalents) of Fmoc-D-Phe-OH, 0.20 g of HOBt (1.5 
mmol, 3.0 equivalents), 0.47 mL of DIC (3.0 mmol, 6.0 equivalents) and 2.5 mL of DMF to generate a 
concentration of 0.20 M. The coupling reaction was run for 3 hours and a negative ninhydrin test was used to 
confirm the reaction completion. The reaction mixture was drained to afford the Fmoc-protected resin-bound 
tetrapeptide. 
 
Resin-O-Leu-N-Me-Val-D-Leu-D-Phe-NH2 
The tetrapeptide Resin-O-Leu-N-Me-Val-D-Leu-D-Phe-NH2 was synthesized following the “General Fmoc 
removal” procedure for SPPS. A positive ninhydrin was used to confirm the completion removal of Fmoc 
group. 
 
Resin-O-Leu-N-Me-Val-D-Leu-D-Phe-3,3-Diphenyl-D-Ala-Fmoc 
Pentapeptide Resin-O-Leu-N-Me-Val-D-Leu-D-Phe-3,3-Diphenyl-D-Ala-Fmoc was synthesized following 
“General peptide coupling” procedure for SPPS, using Resin-O-Leu-N-Me-Val-D-Leu-D-Phe-NH2 
synthesized from the previous peptide coupling, together with 0.70 g (1.5 mmol, 3.0 equivalents) of Fmoc-
3,3-Diphenyl-D-Ala-OH, 0.20 g of HOBt (1.5 mmol, 3.0 equivalents), 0.47 mL of DIC (3.0 mmol, 6.0 
equivalents) and 2.5 mL of DMF to generate a concentration of 0.20 M. The coupling reaction was run for 3 
hours and a negative ninhydrin test was used to confirm the reaction completion. The reaction mixture was 
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drained to afford the Fmoc-protected resin-bound pentapeptide. 
 
Resin-O-Leu-N-Me-Val-D-Leu-D-Phe-D-Ala-NH2 
The pentapeptide Resin-O-Leu-N-Me-Val-D-Leu-D-Phe-3,3-Diphenyl- D-Ala-NH2 was synthesized following 
the “General Fmoc removal” procedure for SPPS. A positive ninhydrin was used to confirm the completion 
removal of Fmoc group. 
 
 
HO-Leu-N-Me-Val-D-Leu-D-Phe-3,3-Diphenyl-D-Ala-NH2 
The double deprotected linear pentapeptide (DDLP) HO-Leu-N-Me-Val-D-Leu-D-Phe-3,3-Diphenyl-D-Ala-
NH2 was generated following the “Resin cleavage of linear peptide” procedure for SPPS. The linear 
pentapeptide was cleaved from the resin using a mixed solution of 6 mL of TFE and 6 mL of CH2Cl2. The 
resin containing solution was filtered and dried in vacuo to yield the DDLP as a white solid (325 mg, overall 
89%). 
LC/MS (ESI): m/z called for C42H57N5O6 (M+1) = 728.43, found 728.15. 
1H NMR (500 MHz, CDCl3) δ 7.71 (d, J = 9.4 Hz, 2H), 7.30-7.05 (m, 14H), 6.98 (t, J = 7.4 Hz, 1H), 6.87 (br, 
1H), 6.62 (d, J = 7.4 Hz, 1H), 6.59 (s, br, 1H), 6.35 (s, br, 1H), 5.83 (s, br, 1H), 5.08 (t, J = 10.9 Hz, 1H), 
4.94-4.90 (m, 1H), 4.69 (d, J = 10.9 Hz, 1H), 4.55 (d, J = 11.8 Hz, 1H), 4.33 (s, br, 1H), 3.98 (s, br, 1H), 
3.62 (s, br, 1H), 3.51 (t, J = 12.1 Hz, 1H), 3.06 (s, 3H), 2.93-2.90 (m. 1H), 2.29-2.24 (m. 1H), 2.15-2.11 (m. 
1H), 1.53 (m, 2H), 1.40 (s, br, 1H), 1.19 (s, 1H), 0.99-0.61 (m, 18H). 
 
cyclo-Leu-N-Me-Val-D-Leu-D-Phe-3,3-Diphenyl-D-Ala (Compound 1) 
Compound 1 was synthesized using 0.33 g of the DDLP generated (0.44 mmol, 1.0 equivalent), 0.11 g of 
TBTU (0.36 mmol, 0.80 equivalent), 0.14 g of HATU (0.36 mmol, 0.80 equivalent), 0.10 g of DMTMM 
(0.36 mmol, 0.80 equivalent), 0.62 mL of DIPEA (3.6 mmol, 8.0 equivalents) in anhydrous CH2Cl2 (446 mL, 
0.001M) following “Macrocyclization procedure (syringe pump)” procedure. The reaction was then 
stirred overnight and the reaction was monitored via LC/MS. Upon completion, the reaction mixture was 
subjected to acid-base wash, which was extracted twice with 10% (v/v) HCl(aq). The organic layer was then 
re-extracted with a saturated of NaHCO3 aqueous solution. The combined organic layers were dried over 
sodium sulfate, filtered, and concentrated in vacuo. The resulting crude product was purified via flash 
column chromatography on silica gel using an ethyl acetate-hexane gradient system, followed by purification 
via HPLC to yield compound 1 as white solid (151 mg, 39%). 
Rf: 0.74 (EtOAc:Hex = 0.75:0.25) 
LC/MS: m/z called for C42H55N5O5 (M+1) = 710.42, found 710.10. 
HRMS (ESI-TOF): M+Na+, found 732.4102 C42H55N5O5 requires 709.4203. 
1H NMR (500 MHz, DMSO): δ 8.22 (m, NH), 8.07 (m, NH), 7.87 (d, J = 7.4 Hz, NH), 7.72 (m, NH), 7.29-
7.14 (m, 13H), 6.92 (m, 2H), 5.16 (m, 1H), 4.57 (d, J = 11.4 Hz, 1H), 4.43 (dd, J = 7.0, 15.3 Hz, 1H), 4.33 
(d, J = 11.9 Hz, 1H), 4.15 (dd, J = 7.2, 15.6 Hz, 1H), 3.46 (dd, J = 7.4, 14.9 Hz, 1H), 2.77 (m, 1H), 2.70 (m, 
1H), 2.62 (s, 3H), 2.16 (m, 1H), 1.61 (m, 1H), 1.46 (m, 1H), 1.37 (m, 3H), 1.22 (m, 1H), 0.92-0.63 (m, 18H). 
13C NMR (125 MHz, DMSO): δ 170.71, 170.22, 169.91, 169.80, 168.82, 141.78, 141.11, 137.38, 129.32, 
129.03, 128.80, 128.74, 128.59, 128.47, 128.38, 128.12, 127.10, 126.91, 126.76, 126.60, 63.17, 58.14, 57.35, 
56.44, 53.75, 51.90, 48.10, 40.87, 37.96, 37.83, 30.21, 25.23, 24.59, 24.50, 23.11, 22.81, 22.54, 18.86, 18.14.  
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Scheme 1: Synthesis of compound 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Experimental methods for compound 1_TagII  
Dipeptide Resin-O-D-Phe-3,3-Diphenyl-D-Ala-Fmoc was synthesized following “General peptide 
coupling” procedure, by using 1.00 g (0.5 mmol, 1.0 equivalent) of Resin-O- D-Phe-NH2, 0.69 g (1.5 mmol, 
3.0 equivalents) of Fmoc-3,3-Diphenyl-D-Ala -OH, 0.20 g of HOBt (1.5 mmol, 3.0 equivalents), 0.47 mL of 
DIC (3.0 mmol, 6.0 equivalents) and 2.5 mL of DMF to generate a concentration of 0.20 M. The coupling 
reaction was run for 3 hours and a negative ninhydrin test was used to confirm the reaction completion. The 
reaction mixture was drained to afford the Fmoc-protected resin-bound dipeptide. 
 
Resin-O-D-Phe-3,3-Diphenyl-D-Ala-NH2 
The dipeptide Resin-O-D-Phe-3,3-Diphenyl-D-Ala-NH2 was synthesized following the “General Fmoc 
removal” procedure for SPPS. A positive ninhydrin was used to confirm the completion removal of Fmoc 
group. 
 
Resin-O-D-Phe-3,3-Diphenyl-D-Ala-Lys(Boc)-Fmoc 
Following “General peptide coupling” procedure for SPPS, tripeptide Resin-O-D-Phe-3,3-Diphenyl-D-Ala-
Lys(Boc)-Fmoc was synthesized using Resin-O-D-Phe-3,3-Diphenyl-D-Ala-NH2 synthesized from the 
previous peptide coupling, together with 0.70 g (1.5 mmol, 3.0 equivalents) of Fmoc-Lys(Boc)-OH, 0.20 g of 
HOBt (1.5 mmol, 3.0 equivalents), 0.47 mL of DIC (3.0 mmol, 6.0 equivalents) and 2.5 mL of DMF to 
generate a concentration of 0.20 M. The coupling reaction was run for 3 hours and a negative ninhydrin test 
was used to confirm the reaction completion. The reaction mixture was drained to afford the Fmoc-protected 
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resin-bound tripeptide. 
 
Resin-O-D-Phe-3,3-Diphenyl-D-Ala-Lys(Boc)-NH2 
The tripeptide Resin-O-D-Phe-3,3-Diphenyl-D-Ala-Lys(Boc)-NH2 was synthesized following the “General 
Fmoc removal” procedure for SPPS. A positive ninhydrin was used to confirm the completion removal of 
Fmoc group. 
 
Resin-O-D-Phe-3,3-Diphenyl-D-Ala-Lys(Boc)-N-Me-Val-Fmoc 
Tetrapeptide Resin-O-D-Phe-3,3-Diphenyl-D-Ala-Lys(Boc)-N-Me-Val-Fmoc was synthesized following 
“General peptide coupling” procedure for SPPS, which Resin-O-D-Phe-3,3-Diphenyl-D-Ala-Lys(Boc)-NH2 
synthesized from the previous peptide coupling, together with 0.53 g (1.5 mmol, 3.0 equivalents) of Fmoc-N-
Me-Val-OH, 0.20 g of HOAt (1.5 mmol, 3.0 equivalents), 0.47 mL of DIC (3.0 mmol, 6.0 equivalents) and 
2.5 mL of DMF to generate a concentration of 0.20 M. The coupling reaction was run for 3 hours and a 
negative ninhydrin test was used to confirm the reaction completion. The reaction mixture was drained to 
afford the Fmoc-protected resin-bound tetrapeptide. 
 
Resin-O-D-Phe-3,3-Diphenyl-D-Ala-Lys(Boc)-N-Me-Val-NH2 
The tetrapeptide Resin-O-D-Phe-3,3-Diphenyl-D-Ala-Lys(Boc)-N-Me-Val-NH2 was synthesized following 
the “General Fmoc removal” procedure for SPPS. A positive ninhydrin was used to confirm the completion 
removal of Fmoc group. 
 
Resin-O-D-Phe-3,3-Diphenyl-D-Ala-Lys(Boc)-N-Me-Val-D-Leu-Fmoc 
Pentapeptide Resin-O-D-Phe-3,3-Diphenyl-D-Ala-Lys(Boc)-N-Me-Val-D-Leu-Fmoc was synthesized 
following “General peptide coupling” procedure for SPPS, using Resin-O-D-Phe-3,3-Diphenyl-D-Ala-
Lys(Boc)-N-Me-Val-NH2 synthesized from the previous peptide coupling, together with 0.53 g (1.5 mmol, 
3.0 equivalents) of Fmoc-D-Leu-OH, 0.20 g of HOBt (1.5 mmol, 3.0 equivalents), 0.47 mL of DIC (3.0 
mmol, 6.0 equivalents) and 2.5 mL of DMF to generate a concentration of 0.20 M. The coupling reaction was 
run for 3 hours and a negative ninhydrin test was used to confirm the reaction completion. The reaction 
mixture was drained to afford the Fmoc-protected resin-bound pentapeptide. 
 
Resin-O-D-Phe-3,3-Diphenyl-D-Ala-Lys(Boc)-N-Me-Val-D-Leu-NH2 
The pentapeptide Resin-O-D-Phe-3,3-Diphenyl-D-Ala-Lys(Boc)-N-Me-Val-D-Leu-NH2 was synthesized 
following the “General Fmoc removal” procedure for SPPS. A positive ninhydrin was used to confirm the 
completion removal of Fmoc group. 
 
HO-D-Phe-3,3-Diphenyl-D-Ala-Lys(Boc)-N-Me-Val-D-Leu-NH2  
The double deprotected linear pentapeptide (DDLP) HO-Leu-N-Me-Val-D-Leu-D-Phe-3,3-Diphenyl-D-Ala-
NH2 underwent cleavage following the “Resin cleavage of linear peptide” procedure for SPPS, using a 
mixed solution of 6 mL of TFE and 6 mL of CH2Cl2. The resin containing solution was filtered and dried in 
vacuo to yield the DDLP as a white solid (180 mg, overall 42%). 
LC/MS (ESI): m/z called for C47H66N6O8 (M+1) = 843.49, found 843.20. 
1H NMR (300 MHz, DMSO) δ 8.70-7.62 (m, 3H), 7.45-7.02 (m, 15H), 6.80-6.68 (m, 1H), 4.72-4.58 (d, J = 
11.4 Hz, 1H), 4.41-4.17 (m, 4H), 4.08-3.98 (m, 2H), 3.03-2.92 (m, 1H), 2.91-2.84 (s, 3H), 2.82-2.63 (m, 4H), 
2.33-2.03 (m, 1H), 1.88-1.71 (br, 1H), 1.68-1.53 (m, 1H), 1.52-1.31 (m, 11H), 1.27-1.21 (s, 1H), 1.19-0.99 
(m, 4H), 0.94-0.69 (m, 12H). 
 
cyclo-D-Phe-3,3-Diphenyl-D-Ala-Lys(Boc)-N-Me-Val-D-Leu (Compound 1_TagII) 
Macrocyclization of 0.15 g DDLP compound 1 (0.18 mmol, 1.0 equivalent) was achieved using 0.029 g of 
TBTU (0.089 mmol, 0.50 equivalent), 0.023 g of HATU (0.089 mmol, 0.50 equivalent), 0.025 g of DMTMM 
(0.089 mmol, 0.50 equivalent), 0.37 mL of DIPEA (2.14 mmol, 12.0 equivalents) in anhydrous CH2Cl2 (178 
mL, 0.001M) following “Macrocyclization procedure (syringe pump)” procedure. The reaction was stirred 
overnight and the reaction was monitored via TLC and LC/MS. Upon completion, the reaction mixture was 



10 
 

subjected to acid-base wash to afford crude product, which was purified via flash column chromatography on 
silica gel using an ethyl acetate-hexane gradient system, followed by purification via HPLC to yield 
compound 1_TagII as white solid (19.4 mg, 13.2%). 
LC/MS (ESI): m/z called for C47H64N6O7 (M+1) = 825.48, found 825.20. 
1H NMR (300 MHz, CDCl3) δ 7.39-7.13 (m, 15H), 7.12-7.04 (d, J = 6.6 Hz, 1H), 6.96-6.83 (m, 2H), 6.68-
6.60 (br, 1H), 6.60-5.95 (d, J = 6.0 Hz, 1H), 5.10-5.00 (t, J = 8.9 Hz, 1H), 4.81-4.74 (d, J = 9.3 Hz, 1H), 
4.71-4.64 (d, J = 9.3 Hz, 1H), 4.57-4.48 (m, 1H), 4.39-4.25 (m, 1H), 4.10-4.00 (m, 1H), 3.20-2.99 (m, 4H), 
2.97-2.92 (s, 3H), 2.37-2.20 (m, 1H), 1.70-1.54 (m, 1H), 1.49-1.44 (m, 2H), 1.43-1.36 (s, 9H), 1.35-1.17 (m, 
6H), 1.15-1.02 (d, J = 7.3 Hz, 3H), 0.95-0.72 (d, J = 6.5 Hz, 9H). 
 
 
Scheme 2: Synthesis of compound 1_TagII 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Synthesis of biotinylated compound 1_TagII 
Boc removal 
The Boc protecting group of compound 1 was removed following “Boc removal” procedure, utilizing a 
mixture of TFA/CH2Cl2 (1:4, 0.1 M) and anisole (2.0 equivalents) to generate free amines at lysine residue. 
The free amine was taken to the subsequent biotinylation reaction without purification. 
LC/MS (ESI): m/z called for C42H56N6O5 (M+1) = 725.43, found 725.05. 
 
Peg-Biotin attachment 
The biotinylated compound 1 was afforded by using “Peg-Biotin attachment” procedure with 19.4 mg 
(0.027 mmol, 1.0 equivalent) of deprotected compound 1_TagII, 22.0 mg (0.037 mmol, 1.4 equivalents) of 
NHS-PEG4-Biotin, 27 µL (0.16 mmol, 8.0 equivalents) of DIPEA in 268 µL of CH2Cl2. The reaction mixture 
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was stirred for 4 hours and monitored via LC/MS. Upon completion, the crude product was purified using 
preparative HPLC to generate pure biotinylated compound in 24.9% yield as white solid.  
Rf: 0.78 (EtOAc:MeOH = 0.60:0.40) 
LC/MS (ESI): m/z called for C63H91N9O12S (M+1) = 1198.65, found 1198.10. 
HRMS (ESI-TOF): M+Na+, found 1220.6414 C63H91N9O12S requires 1197.6508. 
1H NMR (600 MHz, MeOD) δ 7.30-7.26 (m, 13H), 7.01 (d, J = 7.1 Hz, 2H), 5.21 (d, J = 11.3 Hz, 1H), 4.72-
4.61 (m, 1H), 4.48-4.33 (m, 2H), 4.14-4.09 (m, 1H), 3.82-3.77 (m, 1H), 3.74 (t, J = 6.2 Hz, 2H), 3.66-3.62 
(m, 12H), 3.57-3.55 (m, 3H), 3.39-3.38 (m, 2H), 3.25-3.16 (m, 1H), 3.11-2.94 (m, 5H), 2.84 (s, 3H), 2.67-
2.62 (m, 2H), 2.45 (t, J = 6.2 Hz, 2H), 2.32-2.24 (m, 4H), 1.80-1.58 (m, 8H), 1.50-1.30 (m, 4H), 1.24-1.16 
(m, 1H), 1.11-1.05 (m, 2H), 1.00-0.98 (m, 3H), 0.86-0.81 (m, 8H). 
13C NMR (150 MHz, MeOD): δ 174.60, 172.59, 172.43, 172.33, 171.27, 170.69, 170.01, 164.69, 140.68, 
140.34, 136.63, 128.73, 128.72, 128.54, 128.30, 128.24, 128.19, 128.14, 128.01, 127.67, 126.89, 126.82, 
126.65, 126.40, 126.13, 70.56, 70.19, 70.17, 70.13, 70.07, 69.96, 69.86, 69.20, 66.92, 64.15, 63.92, 62.64, 
62.16, 58.03, 57.37, 56.40, 55.63, 53.96, 53.18, 53.16, 48.17, 39.74, 39.01, 39.82, 36.27, 28.38, 26.74, 25.47, 
25.29, 25.14, 25.07, 23.99, 23.04, 22.13, 20.88, 18.76, 17.85. 
 
Scheme 3: Synthesis of biotinylated compound 1_TagII 
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Experimental methods for compound 2 
HO- Leu-N-Me-Val-D-Leu-D-3-(2-Pyridyl)Ala-3,3-Diphenyl-D-Ala-NH2 
Following “General peptide coupling” procedure for SPPS and the similar peptide coupling sequence as 
mentioned for compound 1, except that the forth peptide coupling was substituted by Fmoc- D-3-(2-
Pyridyl)Ala-OH. The double deprotected linear pentapeptide (DDLP) HO-Leu-N-Me-Val-D-Leu-D-3-(2-
Pyridyl)Ala-3,3-Diphenyl-D-Ala-NH2 was generated through the cleavage of the following “Resin cleavage 
of linear peptide” procedure (270 mg, overall 75%). 
LC/MS (ESI): m/z called for C41H56N6O6 (M+1) = 729.43, found 729.05. 
 
cyclo-Leu-N-Me-Val-D-Leu-D-3-(2-Pyridyl)Ala-3,3-Diphenyl-D-Ala (Compound 2) 
Compound 2 was synthesized using 0.14 g of the DDLP generated (0.19 mmol, 1.0 equivalent), 0.05 g of 
TBTU (0.15 mmol, 0.80 equivalent), 0.06 g of HATU (0.15 mmol, 0.80 equivalent), 0.04 g of DMTMM 
(0.15 mmol, 0.80 equivalent), 0.27 mL of DIPEA (1.54 mmol, 8.0 equivalents) in anhydrous CH2Cl2 (192 
mL, 0.001M) following “Macrocyclization procedure (syringe pump)” procedure. The resulting crude 
product was purified via flash column chromatography on silica gel using an ethyl acetate-hexane gradient 
system, followed by purification via HPLC to yield compound 2 as white solid (72 mg, 29%). 
Rf: 0.69 (EtOAc:MeOH = 0.90:0.10) 
LC/MS (ESI): m/z called for C41H54N6O5 (M+1) = 711.42, found 711. 
1H NMR (300 MHz, CDCl3) δ 8.50 (s, br, 1H), 8.02 (s, br, 1H), 7.74 (s, br, 1H), 7.45-7.08 (m, 14H), 6.89 (s, 
br, 1H), 5.22-4.64 (m, 3H), 4.60-4.39 (m, 1H), 3.74-3.20 (m, 1H), 3.03-2.81 (m, 3H), 2.45-2.29 (m, 1H), 
2.29-2.06 (m, 1H), 1.76-1.47 (s, br, 3H), 1.46-1.07 (m, 5H), 1.05-0.15 (m, 18H).  
 
Experimental methods for compound 3 
HO- Leu-N-Me-Val-D-Leu-D-3-(3-Pyridyl)Ala-3,3-Diphenyl-D-Ala-NH2 
Following “General peptide coupling” procedure for SPPS and the similar peptide coupling sequence as 
mentioned for compound 1, except that the forth peptide coupling was substituted by Fmoc- D-3-(3-
Pyridyl)Ala-OH. The double deprotected linear pentapeptide (DDLP) HO-Leu-N-Me-Val-D-Leu-D-3-(3-
Pyridyl)Ala-3,3-Diphenyl-D-Ala-NH2 was generated through the cleavage of the following “Resin cleavage 
of linear peptide” procedure (278 mg, 76%). 
LC/MS (ESI): m/z called for C41H56N6O6 (M+1) = 729.43, found 729.05. 
 
cyclo-Leu-N-Me-Val-D-Leu-D-3-(3-Pyridyl)Ala-3,3-Diphenyl-D-Ala (Compound 3) 
Compound 3 was synthesized using 0.28 g of the DDLP generated (0.38 mmol, 1.0 equivalent), 0.10 g of 
TBTU (0.30 mmol, 0.80 equivalent), 0.12 g of HATU (0.30 mmol, 0.80 equivalent), 0.08 g of DMTMM 
(0.30 mmol, 0.80 equivalent), 0.27 mL of DIPEA (3.04 mmol, 8.0 equivalents) in anhydrous CH2Cl2 (380 
mL, 0.001M) following “Macrocyclization procedure (syringe pump)” procedure. The resulting crude 
product was purified via flash column chromatography on silica gel using an ethyl acetate-hexane gradient 
system, followed by purification via HPLC to yield compound 3 as white solid (110 mg, 31%). 
Rf: 0.69 (EtOAc:MeOH = 0.90:0.10) 
LC/MS (ESI): m/z called for: C41H54N6O5 (M+1) = 711.42, found 711.10. 
1H NMR (300 MHz,CDCl3) ) δ 8.76 (s, 1H), 8.51 (s, 2H), 8.07 (S,1H), 7.41-7.35 (m, 2H), 7.18 (m, 6H), 
7.13-7.05 (m, 2H), 5.30 (s, 2H), 5.02 (s, 1H), 4.8-4.76 (m, 2H), 4.54 (d, J =10.8 Hz, 1H), 3.51-3.30 (m, 4H), 
2.97 (s, 1H), 2.8 (s, 2H), 0.98 (s, 1H),0.93 (m, 6H), 0.89 (m, 5H), 0.80 (d, J =6.29 Hz, 4H), 0.74 (m, 7H).  
 
Experimental methods for compound 4 
HO- Leu-N-Me-Val-D-Leu-D-3-(4-Pyridyl)Ala-3,3-Diphenyl-D-Ala-NH2 
Following “General peptide coupling” procedure for SPPS and the similar peptide coupling sequence as 
mentioned for compound 1, except that the forth peptide coupling was substituted by Fmoc- D-3-(4-
Pyridyl)Ala-OH. The double deprotected linear pentapeptide (DDLP) HO-Leu-N-Me-Val-D-Leu-D-3-(4-
Pyridyl)Ala-3,3-Diphenyl-D-Ala-NH2 was generated through the cleavage of the following “Resin cleavage 
of linear peptide” procedure (350 mg, overall 96%). 
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LC/MS (ESI): m/z called for C41H56N6O6 (M+1) = 729.43, found 729.20. 
 
cyclo-Leu-N-Me-Val-D-Leu-D-3-(4-Pyridyl)Ala-3,3-Diphenyl-D-Ala (Compound 4) 
Compound 4 was synthesized through macrocyclization using 0.35 g of the DDLP generated (0.50 mmol, 1.0 
equivalent), 0.12 g of TBTU (0.40 mmol, 0.80 equivalent), 0.15 g of HATU (0.40 mmol, 0.80 equivalent), 
0.11 g of DMTMM (0.40 mmol, 0.80 equivalent), 0.67 mL of DIPEA (4 mmol, 8.0 equivalents) in 
anhydrous CH2Cl2 (484 mL, 0.001M) following “Macrocyclization procedure (syringe pump)” procedure. 
The resulting crude product was purified via flash column chromatography on silica gel using an ethyl 
acetate-hexane gradient system, followed by purification via HPLC to yield compound 4 as white solid (103 
mg, 30%). 
Rf: 0.75 (EtOAc) 
LC/MS (ESI): m/z called for C41H54N6O5 (M+1) = 711.42, found 711.20. 
1H NMR (500 MHz, CDCl3): δ 8.41 (br, 1H), 8.27 (d, J = 5.4 Hz, 1H), 7.85 (d, J = 9.2 Hz, NH), 7.58 (br, 
NH), 7.39-7.15 (m, 10H), 6.90 (br, NH), 6.69 (d, J = 3.5 Hz, 2H), 6.51 (br, NH), 5.27 (t, J = 10.7 Hz, 1H), 
5.01 (m, 1H), 4.81 (d, J = 10.8 Hz, 1H), 4.59 (m, 1H), 4.39 (m, 1H), 3.73 (m, 2H), 3.11 (s, 3H), 3.02 (d, J = 
9.8 Hz, 1H), 2.82 (br, 1H), 2.35 (m, 1H), 1.62 (m, 4H), 1.03-0.71 (m, 18H). 

 
Experimental methods for compound 5 
HO-Leu-N-Me-Val-D-Leu-D-Trp(Boc)-3,3-Diphenyl-D-Ala-NH2 
Following “General peptide coupling” procedure for SPPS and the similar peptide coupling sequence as 
mentioned for compound 1, except that the forth peptide coupling was substituted by Fmoc- D-Trp(Boc)-OH. 
The double deprotected linear pentapeptide (DDLP) HO-Leu-N-Me-Val-D-Leu- D-Trp(Boc)-3,3-Diphenyl-D-
Ala-NH2 was generated through the cleavage of the following “Resin cleavage of linear peptide” procedure 
(360 mg, overall 83%). 
LC/MS (ESI): m/z called for C49H66N6O8 (M+1) = 867.49, found 867.15. 

 
cyclo-Leu-N-Me-Val-D-Leu-D-Trp(Boc)-3,3-Diphenyl-D-Ala (Compound 5) 
Compound 5 was synthesized using 0.36 g of the DDLP generated (0.40 mmol, 1.0 equivalent), 0.11 g of 
TBTU (0.33 mmol, 0.80 equivalent), 0.13 g of HATU (0.33 mmol, 0.80 equivalent), 0.09 g of DMTMM 
(0.33 mmol, 0.80 equivalent), 0.59 mL of DIPEA (3 mmol, 8.0 equivalents) in anhydrous CH2Cl2 (420 mL, 
0.001M) following “Macrocyclization procedure (syringe pump)” procedure. The resulting crude product 
was purified via flash column chromatography on silica gel using an ethyl acetate-hexane gradient system, 
followed by purification via HPLC and “Boc Removal” procedure to remove the Boc protecting group, 
yielded compound 5 as white solid (94.5 mg, 30%). 
Rf: 0.50 (Hex:EtOAc = 0.30:0.70) 
LC/MS (ESI): m/z called for C44H56N6O5 (M+1) = 749.43, found 749.10. 
1H NMR (500 MHz, DMSO): δ 10.79 (d, J = 2.0 Hz, 1H), 8.04 (d, J = 8.0 Hz, 1H), 7.84 (m, 2H), 7.51 (d, J = 
9.5 Hz, 1H), 7.34-6.99 (m, 14H), 6.76 (s, 1H), 5.17 (m, 1H), 4.70 (d, J = 10.6 Hz, 1H), 4.56 (d, J = 11.5 Hz, 
1H), 4.43 (dd, J = 7.3, 15.2 Hz, 1H), 4.27 (d, J = 11.8 Hz, 1H), 4.13 (m, 1H), 3.53 (dd, J = 7.4, 14.9 Hz, 1H), 
3.08 (m, 1H), 2.94 (m, 1H), 2.63 (s, 3H), 2.16 (m, 1H), 1.50 (m, 2H), 1.38 (m, 1H), 1.26 (m, 4H), 0.90-0.63 
(m, 18H). 

 
Experimental methods for compound 6 
HO-Leu-N-Me-Val-D-Leu-D-Tyr(Me)-3,3-Diphenyl-D-Ala-NH2 
Following “General peptide coupling” procedure for SPPS and the similar peptide coupling sequence as 
mentioned for compound 1, except that the forth peptide coupling was substituted by Fmoc- D-Tyr(Me)-OH. 
The double deprotected linear pentapeptide (DDLP) HO-Leu-N-Me-Val-D-Leu-D-Tyr(Me)-3,3-Diphenyl-D-
Ala-NH2 was generated through the cleavage of the following “Resin cleavage of linear peptide” procedure 
(500 mg, overall 100%). 
LC/MS (ESI): m/z called for C43H59N5O7 (M+1) = 758.44, found 758.55. 
cyclo-Leu-N-Me-Val-D-Leu-D-Tyr(Me)-3,3-Diphenyl-D-Ala (Compound 6) 
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Compound 6 was synthesized using 0.50 g of the DDLP generated (0.70 mmol, 1.0 equivalent), 0.13 g of 
TBTU (0.50 mmol, 0.80 equivalent), 0.15 g of HATU (0.50 mmol, 0.80 equivalent), 0.11 g of DMTMM 
(0.50 mmol, 0.80 equivalent), 0.70 mL of DIPEA (5 mmol, 8.0 equivalents) in anhydrous CH2Cl2 (660 mL, 
0.001M) following “Macrocyclization procedure (syringe pump)” procedure. The resulting crude product 
was purified via flash column chromatography on silica gel using an ethyl acetate-hexane gradient system, 
followed by purification via HPLC to yield compound 6 as white solid (160 mg, 32%). 
Rf: 0.38 (Hex:EtOAc = 0.25:0.75) 
LC/MS (ESI): m/z called for C43H57N5O6 (M+1) = 740.43, found 740.10. 
1H NMR (600 MHz, DMSO): δ 7.88 (m, 3NH), 7.47 (d, J = 9.5 Hz, NH), 7.29-7.18 (m, 10H), 7.00 (m, 4H), 
5.18 (t, J = 10.7 Hz, 1H), 4.71 (d, J = 10.6 Hz, 1H), 4.58 (d, J = 11.5 Hz, 1H), 4.41 (dd, J = 7.2, 15.1 Hz, 
1H), 4.30 (d, J = 11.9 Hz, 1H), 4.11 (dd, J = 7.1, 14.7 Hz, 1H), 3.73 (s, 3H), 3.51 (dd, J = 7.2, 14.5 Hz, 1H), 
2.68 (m, 1H), 2.64 (s, 3H), 2.19 (m, 1H), 1.59 (m, 1H), 1.47 (m, 1H), 1.39-1.30 (m, 3H), 0.93-0.62 (m, 18H). 

 
Experimental methods for compound 7 
Dipeptide Resin-O-Leu-N-Me-Val-Fmoc was synthesized following “General peptide coupling” procedure, 
by using 1.00 g (0.5 mmol, 1.0 equivalent) of Resin-O-Leu-NH2, 0.53 g (1.5 mmol, 3.0 equivalents) of 
Fmoc-N-Me-Val-OH, 0.20 g of HOBt (1.5 mmol, 3.0 equivalents), 0.47 mL of DIC (3.0 mmol, 6.0 
equivalents) and 2.5 mL of DMF to generate a concentration of 0.20 M. The coupling reaction was run for 3 
hours and a negative ninhydrin test was used to confirm the reaction completion. The reaction mixture was 
drained to afford the Fmoc-protected resin-bound dipeptide. 
 
Resin-O-Leu-N-Me-Val-NH2 
The dipeptide Resin-O-Leu-N-Me-Val-NH2 was synthesized following the “General Fmoc removal” 
procedure for SPPS. A positive ninhydrin was used to confirm the completion removal of Fmoc group. 
 
Resin-O-Leu-N-Me-Val-D-Leu-Fmoc 
Following “General peptide coupling” procedure for SPPS, tripeptide Resin-O-Leu-N-Me-Val-D-Leu-Fmoc 
was synthesized using Resin-O-Leu-N-Me-Val-NH2 synthesized from the previous peptide coupling, together 
with 0.53 g (1.5 mmol, 3.0 equivalents) of Fmoc-D-Leu-OH, 0.20 g of HOAt (1.5 mmol, 3.0 equivalents), 0.47 
mL of DIC (3.0 mmol, 6.0 equivalents) and 2.5 mL of DMF to generate a concentration of 0.20 M. The 
coupling reaction was run for 3 hours and a negative ninhydrin test was used to confirm the reaction 
completion. The reaction mixture was drained to afford the Fmoc-protected resin-bound tripeptide. 
 
Resin-O-Leu-N-Me-Val-D-Leu-NH2 
The tripeptide Resin-O-Leu-N-Me-Val-D-Leu-NH2 was synthesized following the “General Fmoc removal” 
procedure for SPPS. A positive ninhydrin was used to confirm the completion removal of Fmoc group. 
 
Resin-O-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-Fmoc 
Tetrapeptide Resin-O-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-Fmoc was synthesized following 
“General peptide coupling” procedure for SPPS, which Resin-O-Leu-N-Me-Val-D-Leu-NH2 synthesized 
from the previous peptide coupling, together with 0.59 g (1.5 mmol, 3.0 equivalents) of Fmoc-D-3-(4-
Thiazoyl)Ala-OH, 0.20 g of HOBt (1.5 mmol, 3.0 equivalents), 0.47 mL of DIC (3.0 mmol, 6.0 equivalents) 
and 2.5 mL of DMF to generate a concentration of 0.20 M. The coupling reaction was run for 3 hours and a 
negative ninhydrin test was used to confirm the reaction completion. The reaction mixture was drained to 
afford the Fmoc-protected resin-bound tetrapeptide. 
 
Resin-O-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-NH2 
The tetrapeptide Resin-O-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-NH2 was synthesized following the 
“General Fmoc removal” procedure for SPPS. A positive ninhydrin was used to confirm the completion 
removal of Fmoc group. 
 
Resin-O-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-Fmoc 
Pentapeptide Resin-O-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-Fmoc was 
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synthesized following “General peptide coupling” procedure for SPPS, using Resin-O-Leu-N-Me-Val-D-
Leu-D-3-(4-Thiazoyl)Ala-NH2 synthesized from the previous peptide coupling, together with 0.70 g (1.5 
mmol, 3.0 equivalents) of Fmoc-3,3-Diphenyl-D-Ala-OH, 0.20 g of HOBt (1.5 mmol, 3.0 equivalents), 0.47 
mL of DIC (3.0 mmol, 6.0 equivalents) and 2.5 mL of DMF to generate a concentration of 0.20 M. The 
coupling reaction was run for 3 hours and a negative ninhydrin test was used to confirm the reaction 
completion. The reaction mixture was drained to afford the Fmoc-protected resin-bound pentapeptide. 
 
Resin-O-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-NH2 
The pentapeptide Resin-O-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl- D-Ala-NH2 was 
synthesized following the “General Fmoc removal” procedure for SPPS. A positive ninhydrin was used to 
confirm the completion removal of Fmoc group. 
 
HO-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-NH2 
The double deprotected linear pentapeptide (DDLP) HO-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-
Diphenyl-D-Ala-NH2 was generated following the “Resin cleavage of linear peptide” procedure for SPPS. 
The linear pentapeptide was cleaved from the resin using a mixed solution of 7 mL of TFE and 7 mL of 
CH2Cl2. The resin containing solution was filtered and dried in vacuo to yield the DDLP as a pale yellow 
solid (372 mg, overall 93%). 
LC/MS (ESI): m/z called for C39H54N6O6S (M+1) = 735.38, found 735.15 
1H NMR (500 MHz, CDCl3) δ 8.66 (s, 1H), 8.32 (s, 1H), 8.17 (d, J = 7.9 Hz, 1H). 7.49-7.16 (m, 10H), 6.90 
(s, 1H), 6.87 (s, 1H), 5.35-5.31 (s, br, 1H), 4.88-4.74 (m, 3H), 4.55 (s, 1H), 3.15 (s, br, 1H), 3.05 (s, 3H), 
2.34-2.30 (m, 1H), 1.68-1.51 (m. 5H), 1.36-1.26 (m, 5H), 1.07-1.06 (d, J = 5.8 Hz, 1H), 0.92-0.84 (m, 17H). 
 
cyclo-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala (Compound 7) 
Compound 7 was synthesized using 0.37 g of the DDLP generated (0.50 mmol, 1.0 equivalent), 0.13 g of 
TBTU (0.40 mmol, 0.80 equivalent), 0.15 g of HATU (0.40 mmol, 0.80 equivalent), 0.11 g of DMTMM 
(0.40 mmol, 0.80 equivalent), 0.70 mL of DIPEA (4 mmol, 8.0 equivalents) in anhydrous CH2Cl2 (505 mL, 
0.001M) following “Macrocyclization procedure (syringe pump)” procedure. The reaction was then 
stirred overnight and the reaction was monitored via LC/MS. Upon completion, the reaction mixture was 
subjected to acid-base wash, which was extracted twice with 10% (v/v) HCl(aq). The organic layer was then 
re-extracted with a saturated of NaHCO3 aqueous solution. The combined organic layers were dried over 
sodium sulfate, filtered, and concentrated in vacuo. The resulting crude product was purified via flash 
column chromatography on silica gel using an ethyl acetate-hexane gradient system, followed by purification 
via HPLC to yield compound 7 as white solid (151 mg, 40.5%). 
Rf: 0.30 (100% EtOAc) 
LC/MS: m/z called for C39H52N6O5S (M+1) = 717.37, found 717.05. 
HRMS (ESI-TOF): M+Na+, found 739.3608 C39H52N6O5S requires 716.3720. 
1H NMR (500 MHz, DMSO): δ 9.11 (s, 1H), 8.35 (d, J = 8.7 Hz, NH), 7.95-7.85 (m, 2NH), 7.65 (d, J = 9.8 
Hz, NH), 7.40-7.25 (m, 5H), 7.25-7.15 (m, 4H), 7.15-7.10 (m, 1H), 7.05 (s, 1H), 5.25 (m, 1H), 4.70 (d, J = 
10.7 Hz, 1H), 4.55 (d, J = 11.4 Hz, 1H), 4.45 (dd, J = 7.8, 15.1 Hz, 1H), 4.35 (d, J = 12.2 Hz, 1H), 4.30 (dd, 
J = 6.5, 15.1 Hz, 1H), 2.87 (m, 2H), 2.60 (s, 3H), 2.14 (m, 1H), 1.51 (m, 2H), 1.39 (m, 1H), 1.25 (m, 4H), 
0.90-0.60 (m, 18H). 
13C NMR (125 MHz, DMSO): δ 170.74, 169.95, 169.69, 169.46, 168.68, 154.49, 152.72, 141.63, 141.30, 
128.88, 128.62, 128.56, 128.47, 127.20, 126.85, 116.28, 63.07, 56.93, 54.77, 53.78, 51.80, 47.83, 41.09, 
37.97, 32.90, 30.19, 25.35, 24.49, 24.31, 23.57, 22.91, 22.64, 22.52, 21.93, 19.59, 18.85.  
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Scheme 4: Synthesis of compound 7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Experimental methods for compound 7_TagII  
Dipeptide Resin-O-D-Leu-D-3-(4-Thiazoyl)Ala-Fmoc was synthesized following “General peptide 
coupling” procedure, by using 1.00 g (0.5 mmol, 1.0 equivalent) of Resin-O-D-Leu-NH2, 0.59 g (1.5 mmol, 
3.0 equivalents) of Fmoc-D-3-(4-Thiazoyl)Ala-OH, 0.20 g of HOBt (1.5 mmol, 3.0 equivalents), 0.47 mL of 
DIC (3.0 mmol, 6.0 equivalents) and 2.5 mL of DMF to generate a concentration of 0.20 M. The coupling 
reaction was run for 3 hours and a negative ninhydrin test was used to confirm the reaction completion. The 
reaction mixture was drained to afford the Fmoc-protected resin-bound dipeptide. 
 
Resin-O-D-Leu-D-3-(4-Thiazoyl)Ala-NH2 
The dipeptide Resin-O-D-Leu-D-3-(4-Thiazoyl)Ala-NH2 was synthesized following the “General Fmoc 
removal” procedure for SPPS. A positive ninhydrin was used to confirm the completion removal of Fmoc 
group. 
Resin-O-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-Fmoc 
Following “General peptide coupling” procedure for SPPS, tripeptide Resin-O-D-Leu-D-3-(4-Thiazoyl)Ala-
3,3-Diphenyl-D-Ala-Fmoc was synthesized using Resin-O-D-Leu-D-3-(4-Thiazoyl)Ala-NH2 synthesized 
from the previous peptide coupling, together with 0.70 g (1.5 mmol, 3.0 equivalents) of Fmoc-3,3-Diphenyl-
D-Ala-OH, 0.20 g of HOBt (1.5 mmol, 3.0 equivalents), 0.47 mL of DIC (3.0 mmol, 6.0 equivalents) and 2.5 
mL of DMF to generate a concentration of 0.20 M. The coupling reaction was run for 3 hours and a negative 
ninhydrin test was used to confirm the reaction completion. The reaction mixture was drained to afford the 
Fmoc-protected resin-bound tripeptide. 
 
Resin-O-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-NH2 
The tripeptide Resin-O-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-NH2 was synthesized following the 
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“General Fmoc removal” procedure for SPPS. A positive ninhydrin was used to confirm the completion 
removal of Fmoc group. 
 
Resin-O-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-Lys(Boc)-Fmoc 
Tetrapeptide Resin-O-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-Lys(Boc)-Fmoc was synthesized 
following “General peptide coupling” procedure for SPPS, which Resin-O-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-
Diphenyl-D-Ala-NH2 synthesized from the previous peptide coupling, together with 0.70 g (1.5 mmol, 3.0 
equivalents) of Fmoc-Lys(Boc)-OH, 0.20 g of HOBt (1.5 mmol, 3.0 equivalents), 0.47 mL of DIC (3.0 mmol, 
6.0 equivalents) and 2.5 mL of DMF to generate a concentration of 0.20 M. The coupling reaction was run 
for 3 hours and a negative ninhydrin test was used to confirm the reaction completion. The reaction mixture 
was drained to afford the Fmoc-protected resin-bound tetrapeptide. 
 
Resin-O-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-Lys(Boc)-NH2 
The tetrapeptide Resin-O-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-Lys(Boc)-NH2 was synthesized 
following the “General Fmoc removal” procedure for SPPS. A positive ninhydrin was used to confirm the 
completion removal of Fmoc group. 
 
Resin-O-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-Lys(Boc)-N-Me-Val-Fmoc 
Pentapeptide Resin-O-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-Lys(Boc)-N-Me-Val-Fmoc was 
synthesized following “General peptide coupling” procedure for SPPS, using Resin-O-D-Leu-D-3-(4-
Thiazoyl)Ala-3,3-Diphenyl-D-Ala-Lys(Boc)-NH2 synthesized from the previous peptide coupling, together 
with 0.53 g (1.5 mmol, 3.0 equivalents) of Fmoc-N-Me-Val-OH, 0.20 g of HOBt (1.5 mmol, 3.0 equivalents), 
0.47 mL of DIC (3.0 mmol, 6.0 equivalents) and 2.5 mL of DMF to generate a concentration of 0.20 M. The 
coupling reaction was run for 3 hours and a negative ninhydrin test was used to confirm the reaction 
completion. The reaction mixture was drained to afford the Fmoc-protected resin-bound pentapeptide. 
 
Resin-O-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-Lys(Boc)-N-Me-Val-NH2 
The pentapeptide Resin-O-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-Lys(Boc)-N-Me-Val-NH2 was 
synthesized following the “General Fmoc removal” procedure for SPPS. A positive ninhydrin was used to 
confirm the completion removal of Fmoc group. 
 
HO-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-Lys(Boc)-N-Me-Val-NH2  
The double deprotected linear pentapeptide (DDLP) HO-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-
Lys(Boc)-N-Me-Val-NH2 underwent cleavage following the “Resin cleavage of linear peptide” procedure 
for SPPS, using a mixed solution of 6 mL of TFE and 6 mL of CH2Cl2. The resin containing solution was 
filtered and dried in vacuo to yield the DDLP as a white solid (140 mg, overall 33%). 
LC/MS (ESI): m/z called for C44H63N7O8S (M+1) = 850.46, found 850.10. 
1H NMR (300 MHz, DMSO) δ 8.93-8.86 (s, 1H), 8.45-8.21 (dd, J = 7.87, 9.70 Hz, 2H), 8.02-7.73 (dd, J = 
7.40, 8.63, 2H). 7.37-7.02 (m, 11H), 6.69-6.61 (t, J = 4.60 Hz, 1H), 5.42-5.27 (t, J = 8.63 Hz, 1H), 4.51-4.41 
(m, 1H), 4.34-4.27 (d, J = 11.82 Hz, 1H), 4.25-4.20 (m, 1H), 4.13-4.06 (m, 1H), 3.14-3.04 (dd, J = 4.60, 5.91 
Hz, 1H), 2.92-2.82 (m, 1H), 2.81-2.75 (d, J = 5.91 Hz, 1H), 2.74-2.68 (m. 2H), 2.24-2.17 (s, 3H), 1.92-1.76 
(m, 1H), 1.53-1.32 (m, 13H), 1.14-1.00 (m, 2H), 0.92-0.75 (m, 16H). 
 
cyclo-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-Lys(Boc)-N-Me-Val (Compound 7_TagII) 
Macrocyclization of 0.11 g DDLP compound 7 (0.13 mmol, 1.0 equivalent) was achieved using 0.021 g of 
TBTU (0.065 mmol, 0.50 equivalent), 0.017 g of HATU (0.065 mmol, 0.50 equivalent), 0.019 g of DMTMM 
(0.065 mmol, 0.50 equivalent), 0.27 mL of DIPEA (1.55 mmol, 12.0 equivalents) in anhydrous CH2Cl2 (129 
mL, 0.001M) following “Macrocyclization procedure (syringe pump)” procedure. The reaction was stirred 
overnight and the reaction was monitored via TLC and LC/MS. Upon completion, the reaction mixture was 
subjected to acid-base wash to afford crude product, which was purified via flash column chromatography on 
silica gel using an ethyl acetate-hexane gradient system, followed by purification via HPLC to yield 
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compound 7_TagII as white solid (23 mg, 21.4%). 
LC/MS (ESI): m/z called for C44H61N7O7S (M+1) = 832.44, found 832.20. 
1H NMR (500 MHz, CDCl3) δ 7.37-7.14 (m, 15H), 5.30-5.20 (m, 1H), 4.90-4.45 (m, 1H), 4.03 (d, J = 9.8 Hz, 
1H), 3.80-3.77 (m, 2H), 3.67-3.64 (m, 12H), 3.59-3.58 (m, 2H), 3.43 (s, br, 1H), 3.26-3.03 (m, 6H), 3.00-
2.80 (m, 11H), 2.57-2.48 (m, 4H), 2.41-2.28 (m, 3H), 2.03 (s, 1H), 1.83-1.64 (m, 5H), 1.56-1.35 (m, 5H), 
0.96-0.77 (m, 12H). 
 
Scheme 5: Synthesis of compound 7_TagII 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Synthesis of biotinylated compound 7_TagII 
Boc removal 
The Boc protecting group of compound 7_TagII was removed following “Boc removal” procedure, utilizing 
a mixture of TFA/CH2Cl2 (1:4, 0.1 M) and anisole (2.0 equivalents) to generate free amines at lysine residue. 
The free amine was taken to the subsequent biotinylation reaction without purification.  
LC/MS (ESI): m/z called for C39H53N7O5S (M+1) = 732.38, found 732.00. 
 
Peg-Biotin attachment 
The biotinylated compound 7_TagII was afforded by using “Peg-Biotin attachment” procedure, utilizing 23 
mg (0.031 mmol, 1.0 equivalent) of deprotected compound 7_TagII, 25.9 mg (0.044 mmol, 1.4 equivalents) 
of NHS-PEG4-Biotin, 43.8 µL (0.25 mmol, 8.0 equivalents) of DIPEA in 314 µL of CH2Cl2. The reaction 
mixture was stirred for 4 hours and monitored via LC/MS. Upon completion, the crude product was purified 
using preparative HPLC to generate pure biotinylated compound in 33.1 % yield (12 mg) as white solid. 
Rf: 0.71 (EtOAc:MeOH = 0.60:0.40) 
LC/MS (ESI): m/z called for C60H88N10O12S2 (M+1) = 1205.60, found 1205.05. 
HRMS (ESI-TOF): M+Na+, found 1227.5926 C60H88N10O12S2 requires 1204.6025. 
1H NMR (600 MHz, MeOD): δ 9.34 (m, 1H), 7.28-7.04 (m, 11H), 5.19-5.16 (m, 1H), 4.54-4.48 (m, 2H), 
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4.43-4.41 (m, 1H), 4.25-4.19 (m, 2H), 4.07 (s, 1H), 4.02 (s, 1H), 3.26 (t, J = 6.4 Hz, 3H), 3.53-3.49 (m, 14H), 
3.45-3.42 (m, 3H), 3.28-3.24 (m, 3H), 2.99-2.95 (m, 2H), 2.82 (s, 1H), 2.75 (s, 3H), 2.35-2.32 (m, 3H), 2.17-
2.11 (m, 4H), 1.82-1.76 (m, 1H), 1.68-1.40 (m, 12H), 1.29-1.19 (m, 5H), 0.82-0.72 (m, 12H). 
13C NMR (150 MHz, MeOD): δ 174.77, 172.44, 171.59, 170.93, 170.16, 170.03, 161.91, 156.12, 148.31, 
140.75, 140.63, 128.47, 128.39, 128.34, 128.26, 128.23, 128.13, 128.09, 127.90, 127.76, 126.91, 126.62, 
118.49, 70.56, 70.18, 70.16, 70.11, 70.06, 69.95, 69.93, 69.87, 69.19, 66.91, 63.71, 62.91, 58.03, 56.95, 
56.86, 52.68, 48.45, 48.16, 39.01, 38.86, 36.25, 35.31, 34.91, 29.92, 29.09, 28.74, 28.45, 28.39, 28.11, 26.74, 
25.47, 25.30, 25.06, 24.34, 23.13, 22.01, 21.17, 21.14, 18.75, 18.72, 17.84. 
 
Scheme 6: Synthesis of biotinylated compound 7_TagII 
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Supporting Information 
 

C o m p o u n d  1 :   L C M S  o f  D D L P  H O - L e u - N - M e - V a l - D - L e u - D - P h e - 3 , 3 - D i p h e n y l - D - A l a - NH2 
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Supporting Information 
 

C o m p o u n d  1 :   1 H N M R  o f  D D L P  H O - L e u - N - M e - V a l - D - L e u - D - P h e - 3 , 3 - D i p h e n y l - D - A l a -NH2 
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Supporting Information 
 

Compound 1:  LCMS of cyclo-Leu-N-Me-Val-D-Leu-D-Phe-3,3-Diphenyl-D-Ala  
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Supporting Information 
 

Compound 1:  HRMS of cyclo-Leu-N-Me-Val-D-Leu-D-Phe-3,3-Diphenyl-D-Ala 
 

MS Data from Orbitrap	  
Full Spectrum 

 
Zoomed  Spectrum 
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Supporting Information 
	  

Compound 1:  1HNMR of cyclo-Leu-N-Me-Val-D-Leu-D-Phe-3,3-Diphenyl-D-Ala  
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Supporting Information 
 

Compound 1:  13CNMR of cyclo-Leu-N-Me-Val-D-Leu-D-Phe-3,3-Diphenyl-D-Ala 
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Supporting Information 
 

Compound 1:  1H-13C HSQC of cyclo-Leu-N-Me-Val-D-Leu-D-Phe-3,3-Diphenyl-D-Ala  
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Supporting Information 
 
Compound 1:  1H-13C HMBC of cyclo-Leu-N-Me-Val-D-Leu-D-Phe-3,3-Diphenyl-D-Ala 
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pound 1-tag: LCMS of DDLP 1-TagII 
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Supporting Information 
 

Compound 1-tag: 1HNMR DDLP 1-TagII 
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Compound 1-tag: LCMS of Macrocycle 1-TagII  
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Compound 1-tag: 1HNMR Macrocycle 1-TagII  
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Compound 1-tag: LCMS of Boc-deprotected Macrocycle 1-TagII 
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Compound 1-tag: LCMS of Macrocycle 1-Biotinylated tag  
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Supporting Information 

 
Compound 1-tag: HRMS of Macrocycle 1-Biotinylated tag 

 

MS Data from Orbitrap	  
Full Spectrum 

 
Zoomed  Spectrum 
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Compound 1-tag: 1HNMR Macrocycle 1-Biotinylated tag
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g Information 
 

Compound 1-tag: 13CNMR Macrocycle 1-Biotinylated tag 
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Compound 1-tag:  1H- 13C HSQC Macrocycle 1-Biotinylated tag 
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Compound 1-tag:  1H- 13C HMBC Macrocycle 1-Biotinylated tag 
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Supporting Information 
 

Compound 2:  LCMS of DDLP HO-Leu-N-Me-Val-D-Leu-D-3-(2-Pyridyl)Ala-3,3- 
Diphenyl-D-Ala-NH2
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Compound 2:  LCMS of cyclo-Leu-N-Me-Val-D-Leu-D-3-(2-Pyridyl)Ala-3,3-Diphenyl-D-Ala 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 



41 
 

Supporting Information 
 

Compound 2:  1HNMR of cyclo-Leu-N-Me-Val-D-Leu-D-3-(2-Pyridyl)Ala-3,3-Diphenyl-D-Ala 
 

 



42 
 

Supporting Information 
 

Compound 3:  LCMS of DDLP HO-Leu-N-Me-Val-D-Leu-D-3-(3-Pyridyl)Ala-3,3- 
Diphenyl-D-Ala-NH2 
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Compound 3:  LCMS of cyclo-Leu-N-Me-Val-D-Leu-D-3-(3-Pyridyl)Ala-3,3-Diphenyl-D-Ala 
   

 
  



44 
 

Supporting Information 
 

Compound 3:  1HNMR of cyclo-Leu-N-Me-Val-D-Leu-D-3-(3-Pyridyl)Ala-3,3-Diphenyl-D-Ala 
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Supporting Information 
 

Compound 4:  LCMS of DDLP HO-Leu-N-Me-Val-D-Leu-D-3-(4-Pyridyl)Ala-3,3- 
Diphenyl-D-Ala-NH2 
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Supporting Information 
 

Compound 4:  LCMS of cyclo-Leu-N-Me-Val-D-Leu-D-3-(4-Pyridyl)Ala-3,3-Diphenyl-D-Ala 
 

 



47 
 

Supporting Information 
 

Compound 4:  1HNMR of cyclo-Leu-N-Me-Val-D-Leu-D-3-(4-Pyridyl)Ala-3,3-Diphenyl-D-Ala 
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Supporting Information 
 

Compound 5:  LCMS of DDLP HO-Leu-N-Me-Val-D-Leu-D-Trp(Boc)-3,3-Diphenyl-D-Ala 
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Compound 5:  LCMS of cyclo-Leu-N-Me-Val-D-Leu-D-Trp(Boc)-3,3-Diphenyl-D-Ala 
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Supporting Information 
 

Compound 5:  1HNMR of cyclo-Leu-N-Me-Val-D-Leu-D-Trp(Boc)-3,3-Diphenyl-D-Ala 
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Supporting Information 
 

Compound 6:  LCMS of DDLP HO-Leu-N-Me-Val-D-Leu-D-Tyr(Me)-3,3-Diphenyl-
D-Ala-NH2 
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Compound 6:  LCMS of cyclo-Leu-N-Me-Val-D-Leu-D-Tyr(Me)-3,3-Diphenyl-D-Ala 
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Compound 6:  1HNMR of cyclo-Leu-N-Me-Val-D-Leu-D-Tyr(Me)-3,3-Diphenyl-D-Ala 
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Compound 7:  LCMS of DDLP HO-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-
NH2 
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Compound 7:  1HNMR of DDLP HO-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala-
NH2 
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Compound 7:  LCMS of cyclo-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-  Diphenyl-D-Ala 
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Compound 7:  HRMS of cyclo-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-  Diphenyl-D-Ala 
 

 

MS Data from Orbitrap	  

 
                Zoomed  Spectrum 
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Compound 7: 1HNMR of cyclo-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala  
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Compound 7: 13CNMR of cyclo-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala 
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Compound 7: 1H-13C HSQC of cyclo-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala 
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Compound 7: 1H-13C HMBC of cyclo-Leu-N-Me-Val-D-Leu-D-3-(4-Thiazoyl)Ala-3,3-Diphenyl-D-Ala  
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Compound 7-tag: LCMS of DDLP 7-TagII 
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Compound 7-tag: 1HNMR DDLP 7-TagII 
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Compound 7-tag: 1HNMR Macrocycle 7-TagII 
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Compound 7-tag: LCMS of Boc-deprotected Macrocycle 7-TagII 
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Compound 7-tag: LCMS of Macrocycle 7-Biotinylated tag 
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Compound 7-tag: HRMS of Macrocycle 7-Biotinylated tag 
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Compound 7-tag: 1HNMR Macrocycle 7-Biotinylated tag 
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Compound 7-tag: 13CNMR Macrocycle 7-Biotinylated tag 
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Compound 7-tag:  1H- 13C HSQC Macrocycle 7-Biotinylated tag 
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Compound 7-tag:  1H- 13C HMBC Macrocycle 7-Biotinylated tag 
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Biology: Methodology and Results 
 
Cell-cycle analysis 
Cells were seeded in 6-well plates at a density of 3 × 105 cells per well. After 24 hour-incubation at 37⁰C, 
cells were treated with compound 7, SM145, or 17-AAG with indicated concentrations for another 24 hours, 
and then fixed at -20⁰C with 75% ethanol overnight. Fixed cells were stained with propidium iodide 
(Invitrogen) for cell cycle analysis using a BD LSRFortessa flow cytometer.  

 

Supplemental Figure S1: Analysis od cell cycle in HCT116 and MiaPaCa-2 cells. A) Percentage of cells 
in each stage of the cell cycle for HCT116 and MiaPaCa-2 cells after 24 hors with indicated treatement. B) 
Raw flow cytometer data for cell cycle analysis.  

Apoptosis analysis 
Cells were seeded in 6-well plates at a density of 3 × 105 cells per well and incubated at 37⁰C for 24 hours 
before indicated treatments. Treated cells were harvested, collected in phosphate buffered saline and stained 
with Annexin V-FITC (Biolegend) and 7AAD (Biolegend) for apoptosis analysis using BD LSRFortessa 
flow cytometer.  
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Supplemental Figure S2: Annexin V and 7AAD determination of apoptosis in HCT116. Raw flow 
cytometer data for annexin V and 7AAD staining.  
 

 
 
 
 
 
 

24#h#treatment#in#HCT116
DMSO% Annexin V - / 7AAD - Annexin V + / 7AAD - Annexin V + / 7AAD + Annexin V - / 7AAD +
Mean 93.05 3.9 2.75 0.25
Standard%Deviation 3.156474827 1.537313674 2.829016319 0.173205081

SM253%(5%uM) Annexin V - / 7AAD - Annexin V + / 7AAD - Annexin V + / 7AAD + Annexin V - / 7AAD +
Mean 87.1 9.575 3.15 0.175
Standard%Deviation 3.67151195 5.248094892 1.736855396 0.095742711

SM253%(50%uM) Annexin V - / 7AAD - Annexin V + / 7AAD - Annexin V + / 7AAD + Annexin V - / 7AAD +
Mean 24.06 25.08 49.8 1.02
Standard%Deviation 1.494322589 14.93810564 15.24335921 0.715541753

SM145%(5%uM)% Annexin V - / 7AAD - Annexin V + / 7AAD - Annexin V + / 7AAD + Annexin V - / 7AAD +
Mean 89.425 6.125 4.2 0.25
Standard%Deviation 2.670049937 1.8080837 1.119523708 0.129099445

SM145%(50%uM)% Annexin V - / 7AAD - Annexin V + / 7AAD - Annexin V + / 7AAD + Annexin V - / 7AAD +
Mean 24.66666667 16.03333333 57.03333333 2.333333333
Standard%Deviation 1.497776129 7.542325017 10.90168183 1.247330483

17=AAG%(100%nM) Annexin V - / 7AAD - Annexin V + / 7AAD - Annexin V + / 7AAD + Annexin V - / 7AAD +
Mean 91.375 5.5 2.9 0.225
Standard%Deviation 1.105667219 0.883176087 0.391578004 0.15

17=AAG%(1000%nM)Annexin V - / 7AAD - Annexin V + / 7AAD - Annexin V + / 7AAD + Annexin V - / 7AAD +
Mean 75.26666667 15.5 8.4 0.833333333
Standard%Deviation 1.18462371 1.452583905 0.529150262 0.550757055
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Caspase-3/7 induction assay 
Cells were seeded at 2000 cells per well in 96-well plate, incubated at 37⁰C for 24 hours, and then exposed to 
compound 7, SM145, or 17-AAG with indicated concentrations for another 24 hours. 50 µL of Caspase-Glo 
3/7 reagent (Promega) was then added into each well. After incubating for 1 hour at room temperature, 100 
µL of each reaction mixture was removed and added to a white 96 well plate (Greiner Bio-One). The 
luminescence was measured using a luminometer (Berthold Orion Microplate Luminometer). 
 

 
Supplemental Figure S3: Induction of Caspase3/7 activity. (SM253) compound 7, SM145, and 17-AAG 
cause apoptosis in both A) HCT 116  and B) MiaPaCa-2 cells.  
 
In vitro pulldown assays with 7-T-II (SM253) and 1-T-II in HCT-116 and MiaPaCa-2 cell lysates 
Assay was performed as previously reported with modifications. REF To prepare the lysates, HCT 116 or 
MiaPaCa-2 cells were grown to 90% confluence and lysed at 4°C for 24 hours in lysis buffer (50mM Tris-
HCl, 150mM NaCl, 2mM MgCl2, 1% (v/v) Triton X-100, pH 7.5), containing protease and phosphatase 
inhibitors (2µg/mL aprotinin, 0.1mM leupeptin, 1µM pepstatin A, 1mM phenylmethylsulfonamide, and 
130µL of phosphatase inhibitor cocktail 2; Sigma Aldrich). Cellular debis was pelleted by centrifugation, and 
the concentration of soluble protein was measured by bicinchoninic acid (BCA) assay (Thermo Scientific 
Pierce, Rockford, Illinois, USA). Using a standard batch purification method, 5mg/ml of crude cell lysate 
from HCT 116 colon cancer or MiaPaCa-2 pancreatic cancer cells was incubated with biotinylated 
compound 7 tagged II (previously dissolved in DMSO) that had been pre-incubated with NeutrAvadin 
agarose (Thermo Scientific Pierce) resin for 24 hours at 4°C. The resin bound compound 7 tagged II mixture 
was incubated in the cell lysate for 48 hours at 4°C rocking. The resin was washed 4 times with wash buffer 
(20mM Tris-HCl, 300mM NaCl, 1% Triton X-100, pH 7.4) 1 time for 30 minutes, and 3 times for 15 minutes 
at 4°C with rocking. Proteins were eluted from the beads with sample buffer (62.5mM Tris-HCl, 2% (w/v) 
sodium dodecyl sulfate, 10% (v/v) glycerol,  
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0.1% (w/v) bromophenol blue, 100mM dithiothreitol), and the proteins were resolved on a 4-20%  
tris-glycine gel followed with staining with coomassie  brilliant blue R-250 (Bio-Rad) or transfer to a PVDF 
membrane. The bands from the coomassie stained gel were excised and the protein sequences analyzed by 
LC/MS/MS (liquid chromatography/ tandem mass spectroscopy) at the Bioanalytical Mass Spectrometry 
Facility at UNSW. The PVDF membrane was blocked with 5% milk in Tris buffered Saline with 0.1% 
Tween-20 (TBST) for 30 minutes and then probed with a polyclonal rabbit anti hsp90 antibody (ADI-SPA-
836, Enzo) for 12 hours. The primary antibody was removed and the membrane washed for 15 minutes in 
TBST, the secondary horseradish peroxidase (HRP) conjugated antibody was then added for 45 minutes. The 
membrane was washed in TBST and the bands were visualized with the LAS4000 chemiluminescence 
imager.  
 

 
 
Supplemental Figure S4: In vitro pulldown assays with 7-T-II (SM253) and 1-T-II in HCT-116 and 
MiaPaCa-2 cell lysates. A) Proteins visualized on a 4-20% Tri-glycine gel stained with coomassie-R250. B) 
Validation of hsp90 as a target for compound 1_TagII via western blot.  
 
Binding Assay 
The binding affinity between Hsp90 and HOP completed using 200 nM (final concentration) of human native 
protein Hsp90 and 100 nM (final concentration) of human recombinant his-tagged HOP. Experiments were 
carried out with concentrations ranging from 0-5µM of compound 1. Protein pull-down was completed using 
Talon-Metal Affinity Resin (Clontech, cat. no. 635501), followed by three washes of the beads in binding 
buffer and finally boiling the beads with 5x Laemmli sample buffer. Samples were analyzed using 4-20% 
SDS-PAGE gel, followed by standard Western blot protocol to detect Hsp90 and HOP. The respective ratio 
of Hsp90 to its co-chaperone or client proteins were analyzed via Image J and transformed to a percent of 
Hsp90 bound to co-chaperone or client proteins. Each experiment was completed with n=3. 
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Supplemental Figure S5: Binding of hsp90 with HOP after increasing concentrations of compound 1. 
 
Cell Lysate Analysis 
Assay was performed as previously reported with modifications. REF HCT-116 or MiaPaCa-2 cells were 
seeded into 6 well dishes at 300,000 cells per well and allowed to adhere for 24 hours. The cells were treated 
with compound 7 (5 µM and 50 µM), or SM145 (5 µM), or 17-AAG (100 nM) (DMSO concentration always 
1%) for 24 hours and then harvested and lysed in lysis buffer (50 mM Tris-HCl, 150 mM NaCl, 2 mM MgCl2, 
1% (v/v) Triton X-100, pH 7.5) containing protease and phosphatase inhibitors (2 µg/mL aprotinin, 0.1 mM 
leupeptin, 1 µM pepstatin A, 1 mM phenylmethylsulfonamide, and 130 µL of phosphatase inhibitor cocktail 
2; Sigma Aldrich). Cellular debis was pelleted by centrifugation, and the concentration of soluble protein was 
measured by bicinchoninic acid (BCA) assay (Thermo Scientific Pierce, Rockford, Illinois, USA).. 30-100 
µg of protein lysate was boiled with 5x Laemmli sample buffer at 100°C for 15 minutes. Samples were 
analyzed using 4-20% SDS-PAGE gel, followed by standard Western blot protocol using PVDF membranes. 
The membranes were probed with primary antibodies and then with secondary HRP conjugated antibodies to 
visualize the results. The respective amount of target protein was determines via Image J. The band intensity 
was normalized to actin, and then compared to the DMSO control. Fold changes were reported. Each 
experiment was completed with n = 3.  
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Supplemental Figure S6: Protein level analysis for 17-AAG in MiaPaCa-2 cells.  
 
Firefly luciferase refolding assay 
Assay was performed as reported previously with modifications. REF Luciferase (Novus cat. no. NB810-
74573) was diluted to 100 µg/mL and denatured at 41°C for 30 minutes. After denaturing, 1 µL of luciferase 
was added to 20 µL of rabbit reticulocyte lysate (Promega cat. no. L4960) that had been pre-incubated at 
30°C with DMSO, compound 7 (5 µM) or SM145 (5 µM) for 5 hours. After a 2 hours incubation of the 
luciferase in the lysate, 5 µL was removed and combined with 50 µL of Bright Glo Luciferase Assay System 
(Promega cat. no. E2610) and read on an illuminometer (Manufacturer). Compounds were tested for direct 
inhibition of luciferase activity by combining 0.5 µL of 100 µg/mL non-denatured luciferase with the 
compounds, adding 50 µL Bright Glo Luciferase Assay System and then read on illuminometer.  Percent 
Luciferase activity was determined using the luminescence of DMSO after 2 hours as 100%, and all other 
samples compared to this value. Each experiment was completed with n = 3.  

 
Cell culture  
HCT 116 cell line (human colorectal carcinoma) and MiaPaCa-2 (human pancreas carcinoma) was obtained 
from ECACC.  The cells were maintained in Dulbecco’s Modified Eagle Medium (DMEM), supplemented 
with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin (Invitrogen/Life Technologies).  Cells 
were propagated in a humidified chamber at 37⁰C with 5% CO2. When cells were passaged or harvested, 
they were rinsed with phosphate buffered saline, incubated for two minutes with 0.25% trypsin-EDTA, and 
then collected in DMEM to quench the trypsin.  
 
Cytotoxicity Assay  
HCT 116 or MiaPaCa-2 cells were seeded into 96 well plates at 2000 cells per well and allowed to adhere 
overnight. The cells were treated with varying concentrations of compound 1 and 7  
(300 nM – 30 µM) (DMSO concentration always 1%) for 72 hours. After 72 hours the media was  
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removed and replaced with 100 µL of DMEM with 10 µL of Cell Counting Kit 8 reagent (Dojindo). The cells 
were then left in the incubator at 37⁰C with 5% CO2 for 2-4 hours and then the absorbance was read 
according to the manufactures protocol using a Chromate plate reader.  
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MiaPaCa-2  
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17-AAG 

 
 

Supplemental Figure S7: IC50 curves for compound 1, 2, 3, 4, 5, 6, 7 and SM145 in HCT-116 and 
MiaPaCa-2, and 17-AAG in HCT-116. 
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Supplemental Figure S8: LC/MS/MS sequencing results from compound 7_TagII lysate pulldown in HCT-

116 cell lysates. 
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Supplemental Figure S9: LC/MS/MS sequencing results from compound 1_TagII lysate pulldown in HCT-

116 cell lysates. 
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List of abbreviations  
 
µM   Micromolar 

CTC   Chlorotrityl chloride 
nM   Nanomolar 

HOAt   1-Hydroxybenzotriazole 
HOBt   1-Hydroxybenzotriazole 

DIC   N,N’-Diisopropylcarbodiimide 
Fmoc   9-Fluorenylmethyl chloroformate 

IPA   Isopropyl alcohol 
TFE   2,2,2-Trifluroethanol 

v/v   Volume to volume 
ºC   Degree Celcius 

Boc   tert-butoxycarbonyl 
TBTU   O-(Benzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium tetrafluroborate 

HATU 2-(1H-7-Azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexaflurophosphate 
DMTMM 4-(4,6-Dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholin-4-ium chloride 

DIPEA N,N-Diisopropylethylamine 
TFA   Trifluroacetic acid 

PEG Polyethylene glycol 
Lys Lysine 

Phe Phenylalanine 
Tyr Tyrosine 

Trp Tryptophan 
Val Valine 

DDLP Double deprotected linear pentapeptide 


