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General Methods  
 
The materials were obtained from commercial suppliers and used without purification. THF, 
CH2Cl2, and DMF were passed through the activated alumina columns to remove impurities 
prior to use. 2,6-Lutidine was distilled from CaH2 under N2. Column chromatography was 
performed using Silicycle Ultra Pure Silica Gel (230-400 mesh). Reactions were monitored by 
thin layer chromatography (TLC) using Merck 60 F254 0.25 mm silica gel plates.  
 
Small-scale solid phase reactions (1-50 mg resin) were performed in 2 mL fritted polypropylene 
Bio-Spin chromatography columns. Medium-scale solid phase reactions (50-500 mg) were 
performed in 10 mL polypropylene PD-10 columns. Agitation of solid phase reactions was 
performed using a Barnstead-Thermolyne Labquake shaker. Library synthesis was achieved by 
use of IRORI Technology (Accutag-100 Combinatorial Chemistry System, MicroKan Reactor 
Pk96, Radio frequency tag Pk500). The washing was carried out on a Vac-Manlaboratory 
Vacuum Manifold with 2-way Teflon stopcocks. The linker cleavage reactions (<50 mg of 
beads) were carried out in 1.5 mL eppendorf tubes. Vacuum removal of solvents for the linker 
cleavage reactions was accomplished using Genevac HT-4 Atlas Evaporator. 
 
All NMR experiments were recorded on an AC-Bruker instrument (400 MHz). Unless otherwise 
noted, proton and carbon chemical shifts are reported in parts per million using residual CHCl3 
as an internal standard at 7.26 and 77.0 ppm, respectively. Analysis by mass spectrometry was 
performed on a VG Quattro I (Micromass) mass spectrometer equipped with a pneumatically 
assisted electrospray ionization source operating in positive mode. The enantiomeric excess 
(ee%) was determined by chiral HPLC using a Hewlett-Packard (Agilent) 1090 LC equipped 
with a diode array detector and Chiracel-OD column. The HPLC spectra were recorded on an 
Agilent 1100 Series HPLC system. 
 
Experimental Section 
 
Compound 9a 
 

DIPEA (35.6 mL, 204 mmol) and MEM chloride (17.5 mL, 153 mmol) 
were added to a solution of 5-hydroxy-2-nitro-benzaldehyde (9, 13.9 g, 
83.2 mmol) in CH2Cl2 (500 mL) at 0 °C. The mixture was warmed to 
room temperature and stirred for another 4 h. The reaction was 
quenched with saturated ammonium chloride solution and extracted with 
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CH2Cl2. The organic layer was washed with brine, dried over Na2SO4, and concentrated under 
reduced pressure. The crude product was purified by column chromatography (1:3 ethyl 
acetate/hexanes) to give the pure product 9a (20.5 g, 97%) as pale yellow oil. 1H NMR (400 
MHz, CDCl3) δ 10.46 (s, 1H), 8.16 (d, J = 9.0 Hz, 1H), 7.48 (s, 1H), 7.34 (d, J = 8.9 Hz, 1H), 
5.40 (s, 2H), 3.84 (d, J = 3.0 Hz, 2H), 3.56 (d, J = 2.9 Hz, 2H), 3.37 (s, 3H); 13C NMR (100 
MHz, CDCl3) δ 188.7, 162.1, 143.3, 134.7, 127.5, 120.2, 116.7, 93.9, 71.8, 68.9, 59.4; MS (ES+) 
m/z 256.0 (M+1). 
 
Compound 10 
 

To a suspension of 60% NaH (3.0 g, 65 mmol) in THF (200mL) 
was added triethyl phosphono acetate (11.5 mL, 58 mmol) at 0 
oC. The reaction mixture was stirred for 30 min at 0 oC. To the 
reaction mixture was added the above aldehyde 9a (12.76 g, 50 
mmol) at 0 oC. The reaction mixture was stirred for 6 h at 0 oC 

and quenched with water (75 mL). The mixture was extracted with EtOAc twice. The combined 
organic layers were washed with water and brine, dried over Na2SO4. The solvent was 
evaporated under reduced pressure and the residue was purified by column chromatography (1:1 
ethyl acetate/hexanes) to give the compound 10 (15.35 g, 94%) as yellow oil. 1H NMR (400 
MHz, CDCl3) δ 8.18 (d, J = 15.7 Hz, 1H), 8.11 (d, J = 9.0 Hz, 1H), 7.21 (d, J = 2.6 Hz, 1H), 7.16 
(dd, J = 9.0, 2.6 Hz, 1H), 6.32 (d, J = 15.7 Hz, 1H), 5.37 (s, 2H), 4.30 (q, J = 7.1 Hz, 2H), 3.84 
(t, J = 4.6 Hz, 2H), 3.38(t, J = 4.6 Hz, 2H), 3.38 (s, 3H), 1.36 (t, J = 7.1 Hz, 3H); 13C NMR (100 
MHz, CDCl3) δ 165.5, 161.5, 142.3, 141.1, 133.9, 127.8, 123.7, 117.4, 116.5, 93.8, 71.8, 68.6, 
61.2, 59.4, 14.6; MS (ES+) m/z 326.1 (M+1). 
 
Compound 11 
 

Benzyl carbamate (3.63 g, 24 mmol) was dissolved in n-propyl 
alcohol (32 mL). To this stirred solution at 0 oC was added a 
freshly prepared solution of NaOH (NaOH (0.96 g, 24 mmol) in 
water (60 mL)), followed by a freshly prepared solution of tert-
butyl hypochlorite (2.60 g, 24 mmol, ca. 2.8 mL). Then a solution 
of the ligand (DHQ)2PHAL (312 mg, 0.4 mmol, 5 mol%) in n-

propyl alcohol (28 mL) was added. The solution was stirred in an ice bath for a few minutes. 
Then the olefin 10 (2.60 g, 8 mmol) was added, followed by potassium osmate dihydrate (118 
mg, 0.32 mmol, 4 mmol%). The reaction was stirred was stirred for 2 h, and the dark green color 
of the solution have way to dark yellow at the end. After TLC analysis confirmed the absence of 
starting material, ethyl acetate (60 mL) was added and the phases were separated. The aqueous 
phase was extracted with ethyl acetate twice. The combined organic extracts were washed with 
water and brine, dried over Na2SO4, filtered, and concentrated to dryness to afford the crude 
product. Purification by column chromatography (1:1 ethyl acetate/hexanes) afforded the product 
11 (2.93 g, 79%) as yellow syrup. 1H NMR (400 MHz, CDCl3) δ 8.13 (d, J = 9.1 Hz, 1H), 7.38-
7.30 (m, 5H), 7.19 (d, J = 2.4 Hz, 1H), 7.11 (dd, J = 9.1, 2.4 Hz, 1H), 6.09 (d, J = 8.9 Hz, 1H), 
5.88 (d, J = 8.9 Hz, 1H), 5.33 (s, 2H), 5.11 (d, J = 12.1 Hz, 1H), 5.03 (d, J = 11.9 Hz, 1H), 
4.66(s, 1H), 4.31 (q, J = 7.2 Hz, 2H), 3.82 (t, J = 4.6 Hz, 2H), 3.54 (t, J = 4.7 Hz, 2H) 3.36 (s, 
3H), 3.31 (s, 1H), 1.28 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 173.1, 161.6, 155.7, 
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142.1, 138.5, 136.5, 128.9, 128.6, 128.5,128.1, 117.4, 115.4, 93.7, 72.4, 71.8, 68.4, 67.5, 63.2, 
59.4,53.3, 14.4; MS (ES+) m/z 493.3 (M+1). 
 
Compound 11a 
 

To a solution of the compound 11 (2.83 g, 6.12 mmol) in dry 
THF (75 mL) was added a solution of 2 M LiBH4 in THF (3.06 
mL, 6.12 mmol) under N2 at 0°C. The solution was allowed to 
warm to room temperature, and then stirred overnight. The 
reaction was quenched by saturated ammonium chloride solution. 
The aqueous phase was extracted with ethyl acetate. The 

combined organic layer was washed with brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure. The crude product was purified by column chromatography 
(3:1 ethyl acetate/hexanes) to give the product 11a (1.81 g, 70%) as yellowish oil. 1H NMR (400 
MHz, CDCl3) δ 8.04 (d, J = 9.0 Hz, 1H), 7.42-7.20 (m, 5H), 7.12-6.85 (m, 2H), 6.42 (d, J = 8.1 
Hz, 1H), 5.53 (d, J = 5.6 Hz, 1H), 5.32-5.18 (m, 2H), 5.05 (s, 2H), 4.01 (s, 1H), 3.85-3.60 (m, 
5H), 3.54 (m, 2H) 3.27 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 161.4, 156.5, 142.1, 140.2, 
136.6, 128.9, 128.8, 128.7, 128.6, 128.5, 128.3, 128.2, 127.6, 116.5, 116.0, 115.5, 93.6, 73.8, 
71.8, 68.2, 67.5, 64.7, 59.2, 52.5; MS (ES+) m/z 451.2 (M+1). 
 
Compound 11b 
 

To a solution of diol 11a (1.67 g, 3.71 mmol) in dry CH2Cl2 (50 
mL) was added dry pyridine (330 µL, 4.08 mmol). The solution 
was cooled to –25 0C. Benzoyl chloride (409 µL, 3.52 mmol) in 
CH2Cl2 was added to the solution dropwise. The solution was 
stirred at –25 0C for 2 h. The reaction was quenched with 
methanol (0.5 mL), and washed with 1% HCl, brine, and 

saturated NaHCO3 solution. The organic layer was dried over sodium sulfate, filtered, and 
concentrated under reduced pressure. The crude product was purified by column chromatography 
(1:1 ethyl acetate/hexanes) to give the product 11b (1.80 g, 88%) as yellow syrup. 1H NMR (400 
MHz, CDCl3) δ 8.11 (m, 3H), 7.59 (t, J = 7.4 Hz, 1H), 7.45 (t, J = 7.6 Hz, 1H), 7.40-7.20 (m, 
7H), 7.06 (dd, J = 9.0, 2.1 Hz, 1H), 6.17 (d, J = 8.3 Hz, 1H), 5.78 (d, J = 8.3 Hz, 1H), 5.36 (d, J 
= 7.1 Hz, 1H), 5.31 (d, J = 7.1 Hz, 1H), 5.06 (s, 2H), 4.61 (dd, J = 11.4, 6.8 Hz, 1H), 4.51 (dd, J 
= 11.4, 4.8 Hz, 1H), 4.38 (m, 1 H), 3.80 (m, 2H), 3.56 (m, 1H), 3.49 (m, 1H), 3.28 (s, 3H); 13C 
NMR (100 MHz, CDCl3) δ 167.4, 161.3, 156.2, 142.0, 139.9, 136.5, 133.7, 130.2, 130.0, 129.0, 
128.9, 128.6, 128.5, 128.3, 116.6, 115.6, 93.4, 71.8, 71.7, 68.0, 67.6, 66.9, 59.2, 52.5; MS (ES+) 
m/z 555.3.2 (M+1). 
 
Compound 11c 
 

To a solution of the compound 11b (1.63 g, 2.98 mmol) in dry 
CH2Cl2 (30 mL) were added TsCl (852 mg, 4.47 mmol) and 
DMAP (728 mg, 5.96 mmol). The solution was stirred at room 
temperature for 24 h. The solution was washed with brine. The 
organic layer was dried over sodium sulfate, filtered, and 
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concentrated under reduced pressured. The crude product was purified by column 
chromatography (1:1 ethyl acetate/hexanes) to give the product 11c (1.82 g, 87%) as yellow 
syrup. 1H NMR (400 MHz, CDCl3) δ 8.09 (d, J = 9.1 Hz, 1H), 8.02 (d, J = 7.6 Hz, 2H), 7.59-
7.51 (m, 3H), 7.43 (t, J = 7.6 Hz, 2H,), 7.35 (m, 5H), 7.11-7.04 (m, 4H), 6.02 (d, J = 9.2 Hz, 1H), 
5.96 (d, J = 9.2 Hz, 1H), 5.35-5.28 (m, 3H), 5.07 (s, 2H), 4.68 (dd, J = 11.8, 5.9 Hz, 1H), 4.52 
(dd, J = 11.8, 6.2 Hz, 1H), 3.83 (dd, J = 9.1, 4.4 Hz, 2H), 3.55 (dd, J = 9.1, 4.4 Hz, 2H), 3.36 (s, 
3H), 2.30 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 166.2, 162.0, 155.8, 145.4, 141.7, 137.6, 
136.2, 133.7, 132.9, 130.3, 130.2, 129.6, 128.8, 128.7, 128.6, 127.9, 93.8, 80.5, 71.8, 68.6, 67.9, 
63.3, 59.4, 52.6, 22.0; MS (ES+) m/z 709.3 (M+1). 
 
Compound 12 
 

To a solution of the compound 11c (1.00 g, 1.41 mmol) in dry 
THF (25 mL) was added Lindlar catalyst (300 mg, 5% palladium 
over activated carbon). The reaction mixture was then subjected 
to hydrogenation under atmospheric pressure until TLC indicated 
the complete reduction of the nitro group. The mixture was 
filtered through celite. The organic solution was concentrated 

under reduced pressure. Then the intermediate was dissolved in dry THF (25 mL). Anhydrous 
potassium carbonate (390 mg, 2.82 mmol) was added to the solution. The mixture was stirred at 
55 oC for 24 h. The mixture was diluted with ethyl acetate, and washed with brine. The organic 
layer was dried over sodium sulfate, filtered, and concentrated under reduced pressure. The crude 
product was purified by column chromatography (1:1 ethyl acetate/hexanes) to give the product 
12 (532 mg, 75%) as yellow syrup. 1H NMR (400 MHz, CDCl3) δ 8.00 (d, J = 7.6 Hz, 1H), 7.56 
(t, J = 7.4 Hz, 1H), 7.44-7.28 (m, 7H), 6.99 (s, 1H), 6.86 (dd, J = 8.4, 2.0 Hz, 1H), 6.57 (d, J = 
8.4 Hz, 1H), 5.35 (bs, 1H), 5.21-5.11 (m, 5H), 4.62 (dd, J = 11.2, 3.7 Hz, 1H), 4.40 (dd, J = 11.0, 
7.4 Hz, 1H), 4.10-3.90 (m, 2H), 3.83 (t, J = 4.5 Hz, 2H), 3.57 (t, J = 4.6 Hz, 2H), 3.38 (s, 3H); 
13C NMR (100 MHz, CDCl3) δ 166.8, 156.3, 151.7, 145.4, 136.7, 133.5, 130.3, 130.1, 129.0, 
128.8, 128.7, 128.6, 119.0, 114.4, 111.4, 95.1, 72.0, 67.9, 67.4, 67.1, 66.7, 59.4, 56.9; MS (ES+) 
m/z 507.3 (M+1). 
 
Compound 12a 
 

To a solution of 2-(trimethylsilyl)ethanol (295 µL, 2.06 mmol) 
and bis(trichloromethyl)carbonate (204 mg, 0.88 mmol) in 
dichloromethane (10 mL) cooled to 0 oC  was added pyridine 
(167 µL, 2.06 mmol) dropwise.  The solution was stirred at 0 oC 
for 2 h. Then a solution of the compound 12 (520 mg, 1.03 
mmol) and pyridine (250 µL, 3.09 mmol) in dichloromethane (10 

mL) was added dropwise to the solution of 2-trimethylsilylethoxycabonyl chloride. The reaction 
was continued for 1 h at 0 oC. The solution was washed with 1% HCl solution, water, and brine. 
The organic layer was dried over sodium sulfate, filtered, and concentrated under reduced 
pressure. The crude product was purified by column chromatography (1:2 ethyl acetate/hexanes) 
to give the product 12a (604 mg, 98%). 1H NMR (400 MHz, CDCl3) δ 7.76 (bs, 1H), 7.70 (d, J = 
7.4 Hz, 2H), 7.49 (t, J = 7.3 Hz, 1H), 7.38-7.29 (m, 7H), 7.10 (s, 1H), 7.04 (dd, J = 8.8, 2.0 Hz, 
1H), 5.21-5.10 (m, 6H), 4.65-4.55 (m, 3H), 4.29 (m, 2H), 3.82 (t, J = 4.5 Hz, 2H), 3.55 (t, J = 4.6 
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Hz, 2H), 3.36 (s, 3H), 1.09 (m, 2H), 0.06 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 166.5, 155.8, 
154.1, 136.5, 134.0, 130.0, 129.0, 128.7, 128.3, 118.9, 116.8, 114.1, 94.7, 72.0, 68.0, 67.5, 66.5, 
65.1, 64.8, 59.4, 18.2, 1.1; MS (ES+) m/z 651.4 (M+1). 
 
Compound 13 
 

To a solution of the compound 12a (790 mg, 1.21 mmol) in 
methanol (20 mL) was added Palladium catalyst (158 mg, 10% 
palladium over activated carbon). The reaction mixture was then 
subjected to hydrogenation under atmospheric pressure for 3 h. 
The mixture was filtered through celite. The organic solution was 
concentrated under reduced pressure. Then the intermediate was 

dissolved in dry THF (15 mL). Alloc chloride (161 µL, 1.51 mmol) and pyridine (147 µL, 1.82 
mmol) was added to the solution at 0oC. The mixture was stirred at 0oC for 1 h. The mixture was 
diluted with ethyl acetate, and washed with 1% HCl solution and brine. The organic layer was 
dried over sodium sulfate, filtered, and concentrated under reduced pressure. The crude product 
was purified by column chromatography (1:2 ethyl acetate/hexanes) to give the product 13 (617 
mg, 85%). 1H NMR (400 MHz, CDCl3) δ 7.76 (bs, 1H), 7.68 (d, J = 7.7 Hz, 2H), 7.49 (t, J = 7.3 
Hz, 1H), 7.33-7.28 (m, 2H), 7.09 (d, J = 2.2 Hz, 1H), 7.03 (dd, J = 8.8, 2.0 Hz, 1H), 5.92 (m, 
1H), 5.34-5.05 (m, 5H), 4.62-4.57 (m, 5H), 4.29 (bs, 2H), 3.83 (t, J = 4.6 Hz, 2H), 3.54 (t, J = 
4.6 Hz, 2H), 3.37 (s, 3H), 1.09 (bs, 2H), 0.05 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 166.5, 
155.6, 154.1, 133.3, 132.9, 130.0, 128.6, 118.9, 188.4, 116.8, 114.1, 94.7, 72.0, 68.0, 66.5, 66.3, 
65.1, 64.8, 59.4, 18.2, -1.1; MS (ES+) m/z 601.3 (M+1). 
 
Compound 13a 
 

To a solution of the compound 13 (586 mg, 0.98 mmol) in 
methanol (25 mL) was added potassium carbonate (135 mg, 0.98 
mmol). The mixture was stirred at room temperature. After 2h, 
TLC showed the reaction was complete. The reaction was 
neutralized with Amberlite H+ resin to pH = 7. The mixture was 
then filtered. The filtrate was concentrated under reduced 

pressure. The crude product was diluted with ethyl acetate, and washed with brine. The organic 
layer was dried over sodium sulfate, filtered, and concentrated under reduced pressure. The crude 
product was purified by column chromatography (1:1 ethyl acetate/hexanes) to give the product 
13a (480 mg, 99%); 1H NMR (400 MHz, CDCl3) δ 7.68 (bs, 1H), 7.06 (d, J = 2.4 Hz, 1H), 7.03 
(dd, J = 8.8, 2.4 Hz, 1H), 5.94 (m, 1H), 5.34 (d, J = 17.2 Hz, 1H), 5.27-5.23 (m, 3H), 4.99 (d, J = 
5.6 Hz, 1H), 4.63 (d, J = 4.6 Hz, 1H), 4.38-4.30 (m, 2H), 3.98 (bs, 1H), 3.83 (t, J = 4.6 Hz, 2H), 
3.70 (bs, 1H), 3.58 (t, J = 4.6 Hz, 2H), 3.39 (s, 3H), 3.13 (bs, 1H), 1.13 (t, J = 8.6 Hz, 2H), 0.08 
(s, 9H); 13C NMR (100 MHz, CDCl3) δ 156.3, 154.1, 132.7, 118.9, 118.7, 117.0, 113.9, 94.5, 
72.0, 69.9, 68.0, 66.6, 64.8, 63.8, 59.4, 55.2, 18.4, -1.1; MS (ES+) m/z 497.4 (M+1). 
 
Compound 14 
 

The Dess-Martin periodinane (810 mg, 1.92 mmol) was 
added to a solution of the compound 13a (475 mg, 0.96 
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mmol) in dichloromethane (25 mL). The resulting suspension was stirred at room temperature. 
TLC showed complete conversion to the aldehyde after 1 h. Then 
(carbethoxymethylene)triphosphorane (836 mg, 2.4 mmol) was added to the reaction. The 
reaction was stirred for another 1 h. The mixture was washed with saturated sodium bicarbonate 
solution and brine sequentially.  The organic layer was dried over sodium sulfate, filtered, and 
concentrated under reduced pressure. The crude product was purified by column chromatography 
(2:3 ethyl acetate/hexanes) to give the product 14 (500 mg, 93%). 1H NMR (400 MHz, CDCl3) δ 
7.83 (bs, 1H), 7.07-7.05 (m, 2H), 6.95 (dd, J = 15.6, 5.7 Hz, 1H), 5.98-5.89 (m, 2H), 5.33 (d, J = 
17.2 Hz, 1H), 5.25 (d, J = 15.3 Hz, 1H), 5.23 (s, 2H), 5.06 (d, J = 6.7 Hz, 1H), 4.92 (bs, 1H), 
4.84 (d, J = 6.7 Hz, 1H), 4.62 (bs, 2H), 4.30 (bs, 2H), 4.18 (q, J = 7.1 Hz, 2H), 3.83 (t, J = 4.6 
Hz, 2H), 3.58 (t, J = 4.6 Hz, 2H), 3.39 (s, 3H), 1.28 (t, J = 7.1 Hz, 3H), 1.07 (bs, 2H), 0.07 (s, 
9H); 13C NMR (100 MHz, CDCl3) δ 166.3, 155.6, 154.2, 144.2, 132.8, 122.6, 119.3, 118.5, 
117.0, 114.4, 94.5, 72.0, 68.3, 68.1, 66.4, 64.8, 61.0, 59.4, 57.2, 18.2, 14.6, -1.1; MS (ES+) m/z 
565.4 (M+1). 
 
Compound 14a 
 

TBAF solution (1 M, 1.76 mL, 1.76 mmol) was added to the 
solution of the compound 14 (495 mg, 0.88 mmol) in THF 
(15 mL). The solution was stirred at room temperature for 2 
h. The solution was washed with saturated NH4Cl solution, 
dried over sodium sulfate, filtered, and concentrated under 
reduced pressure. The crude product was purified by column 

chromatography (2:3 ethyl acetate/hexanes) to give the product 14a (359 mg, 97%). 1H NMR 
(400 MHz, CDCl3) δ 6.98 (dd, J = 15.6, 6.7 Hz, 1H), 6.92 (d, J = 2.1 Hz, 1H), 6.85 (dd, J = 2.1, 
8.5 Hz, 1H), 6.56 (d, J = 8.5 Hz, 1H), 6.05 (d, J = 15.6 Hz, 1H), 5.92 (m, 1H), 5.39 (d, J = 8.3 
Hz, 1H), 5.31 (d, J = 15.6 Hz, 1H), 5.22 (d, J = 10.7 Hz, 1H), 5.14 (s, 2H), 4.98 (t, J = 6.8 Hz, 
1H), 4.59 (d, J = 5.3 Hz, 1H), 4.20-4.14 (m, 3H), 3.81 (t, J = 4.6 Hz, 2 H), 3.56 (t, J = 4.6 Hz, 
2H), 3.37 (s, 3H), 1.27 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 166.6, 156.0, 151.7, 
147.0, 145.1, 133.0, 128.3, 122.6, 119.0, 118.3, 114.5, 111.3, 95.1, 72.0, 68.5, 67.9, 66.2, 60.9, 
59.5, 59.4, 14.6; MS (ES+) m/z 421.3 (M+1). 
 
Compound 15 
 

To a solution of the compound 14a (34 mg, 0.081 mmol) in 
CH2Cl2 (2 mL) were added Fmoc-Ala-Cl (66.8 mg, 0.20 mmol) 
and pyridine (19.4 µL, 0.24 mmol). The solution was stirred at 
room temperature for 2h. The solution was diluted with ethyl 
acetate, washed with 1% HCl solution and brine, dried over 
sodium sulfate, filtered, and concentrated under reduced 

pressure. The crude product was purified by column chromatography (1:1 ethyl acetate/hexanes) 
to give the product 15 (51 mg, 88%). 1H NMR (400 MHz, CDCl3) δ 8.19 (d, J = 8.7 Hz, 1H), 
7.78 (d, J = 7.4 Hz, 2H), 7.66-7.52 (m, 2H), 7.42 (t, J = 7.4 Hz, 2H), 7.33 (t, J = 7.2 Hz, 2H), 
7.18-6.90 (m, 3H), 6.00 (d, J = 15.9 Hz, 1H), 5.93 (m, 1H), 5.79 (d, J = 7.5 Hz, 1H), 5.37-5.21 
(m, 4H), 5.15 (bs, 1H), 4.97 (bs, 1H), 4.85 (bs, 1H), 4.65 (bs, 2H), 4.46-4.30 (m, 3H), 4.28-4.08 
(m, 3H), 3.83 (t, J = 4.5 Hz, 2H), 3.57 (t, J = 4.5 Hz, 2H), 3.39 (s, 3H), 1.43 (d, J = 6.2 Hz, 3H), 

Alloc-HN

NH

MEMO CO2Et

Alloc-HN

N

MEMO

COOEt

NHFmoc

O

Me



 

1.23 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 171.1, 165.7, 155.7, 155.6, 155.5, 144.4, 
144.2, 142.8, 141.7, 137.4, 132.7, 129.4, 128.1, 127.5, 125.6, 123.8, 120.4, 119.6, 119.2, 118.7, 
118.3, 114.0, 94.3, 72.0, 68.2, 67.4, 66.5, 61.2, 59.4, 58.1, 49.3, 47.6, 20.3, 14.5; MS (ES+) m/z 
714.5 (M+1). 
 
Compound 16 
 

To the compound 15 (45 mg, 0.063 mmol) was added 20% 
piperidine of CH2Cl2 solution (2.5 mL). The solution was 
stirred at room temperature for 1 h. The solution was 
concentrated under reduced pressure. The crude product was 
purified by column chromatography (ethyl acetate) to give the 
mixture of two diastereomers 16 and 17 (>10:1, the ratio was 
judged by 1H NMR) (30 mg, 96%). Compound 16: 1H NMR 

(400 MHz, CDCl3) δ 8.00 (d, J = 8.6 Hz, 1H), 7.00-6.93 (m, 2H), 5.95 (m, 1H), 5.49 (d, J = 9.7 
Hz, 1H), 5.36 (dd, J = 17.2, 1.1 Hz, 1H), 5.29 (t, J = 9.4 Hz, 1H), 5.27 (dd, J = 10.4, 1.1 Hz, 1H), 
5.21 (s, 2H), 4.66 (d, J = 4.5 Hz, 2H), 4.17 (m, 2H), 3.90 (t, J = 9.4 Hz, 1H), 3.80 (dd, J = 5.6, 
3.6 Hz, 2H), 3.70 (q, J = 7.1 Hz, 1H), 3.55 (dd, J = 5.6, 3.6 Hz, 2H), 3.48 (dt, J = 9.1, 3.0 Hz, 
1H), 3.38 (s, 3H), 2.88 (dd, J = 16.6, 2.9 Hz, 1H), 2.57 (dd, J = 16.6, 8.2 Hz, 1H), 1.43 (d, J = 
7.1 Hz, 3H), 1.35 1.28 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 171.8, 169.9, 156.4, 
155.1, 136.3, 132.8, 132.0, 118.6, 118.4, 117.8, 112.4, 94.2, 71.9, 70.5, 68.1, 66.7, 61.2, 59.4, 
56.5, 53.3, 50.6, 36.3, 19.2, 14.6; MS (ES+) m/z 492.2 (M+1). 
 
Compound 13b 
 

To a solution of the compound 13 (2.65g, 4.41 mmol) in EtOH 
(265 mL) was added p-TSA (840 mg, 4.41 mmol). The solution 
was stirred at 50 0C for 24 h. The solution was diluted with ethyl 
acetate (50 mL), and washed with sodium bicarbonate solution 
and brine. The organic layer was dried over sodium sulfate, 
filtered, and concentrated under reduced pressure. The crude 

product was purified by column chromatography (2:3 ethyl acetate/hexanes) to give the product 
13b (2.12 g, 94%). 1H NMR (400 MHz, CDCl3) δ 7.69 (d, J = 7.5 Hz, 2H), 7.47 (t, J = 7.1 Hz, 
1H), 7.31 (dd, J = 8.6, 7.5 Hz, 2H), 6.86 (s, 1H), 6.81 (d, J = 8.6 Hz, 1H), 5.90 (m, 1H), 5.50 (d, 
J = 6.7 Hz, 1H), 5.31 (d, J = 17.1 Hz, 1H), 5.22 (d, J = 10.4 Hz, 1H), 5.06 (d, J = 7.2 Hz, 1H), 
4.64-4.55 (m, 4H), 4.49 (d, J = 8.4 Hz, 1H), 4.26 (bs, 2H), 1.07 (bs, 2H), 0.04 (s, 9H); 13C NMR 
(100 MHz, CDCl3) δ 166.8, 156.0, 153.5, 153.1, 133.4, 132.8, 130.0, 129.9, 128.7, 118.5, 117.0, 
112.8, 66.4, 66.3, 65.1, 64.9, 55.0, 18.2, -1.1; MS (ES+) m/z 513.3 (M+1). 
 
Compound 13c 
 

The compound 13b (2.10 g, 4.10 mmol), 3-(tetrahydro-2H-
pyran-2-yloxy)propyl 4-methylbenzenesulfonate (1.61 g, 
5.13 mmol), and cesium carbonate (2.00g, 6.15 mmol) 
were added to DMF (30 mL). The mixture was stirred at 40 
0C for 12 h. Then DMF was removed under reduced 
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pressure. The mixture was diluted with ethyl acetate (50 mL) and washed with brine. The 
organic layer was dried over sodium sulfate, filtered, and concentrated under reduced pressure. 
The crude product was purified by column chromatography (1:2 ethyl acetate/hexanes). The 
intermediate was directly used in the next step. To a solution of this intermediate in methanol (50 
mL) was added potassium carbonate (567 mg, 4.10 mmol). The mixture was stirred at room 
temperature for 2 h. The solution was diluted with ethyl acetate and washed with brine. The 
organic layer was dried over sodium sulfate, filtered, and concentrated under reduced pressure. 
The crude product was purified by column chromatography (2:3 ethyl acetate/hexanes) to give 
the product 13c (1.91 g, 85%). 1H NMR (400 MHz, CDCl3) δ 7.70 (bs, 1H), 6.91-6.63 (m, 2H), 
5.92 (m, 1H), 5.35-5.13 (m, 3H), 4.98 (bs, 1H), 4.60 (m, 3H), 4.31 (m, 3H), 4.10-3.47 (m, 8H), 
2.74 (bs, 1H), 2.04 (m, 2H), 1.86-1.48 (m, 6H), 0.94 (t, J = 7.4 Hz, 2H), 0.07 (s, 9H); 13C NMR 
(100 MHz, CDCl3) δ 156.3, 156.0, 155.7, 132.8, 118.6, 116.9, 116.8, 116.7, 111.8, 99.3, 66.8, 
66.5, 66.0, 64.4, 64.3, 62.7, 60.5, 55.2, 31.1, 30.1, 25.8, 20.0, 18.3, -1.1; MS (ES+) m/z 551.3 
(M+1). 
 
Compound 13d 
 

Sodium bicarbonate (2.27g, 27.04 mmol) and the 
Dess-Martin periodinane (2.86 g, 6.76 mmol) 
were added to a solution of the compound 13c 
(1.86 g, 3.38 mmol) in dichloromethane (50 mL). 
The resulting suspension was stirred at room 
temperature. TLC showed complete conversion 
to the aldehyde after 5h. Then 

(carbethoxymethylene)triphosphorane (2.94 g, 8.45 mmol) was added to the mixture. The 
mixture was stirred for another 2h. The mixture was washed with brine. The organic layer was 
dried over sodium sulfate, filtered, and concentrated under reduced pressure. The crude product 
was purified by column chromatography (1:3 ethyl acetate/hexanes) to give the product 13d 
(1.52 g, 73%). 1H NMR (400 MHz, CDCl3) δ 7.81 (bs, 1H), 6.97-6.88 (m, 3H), 5.97-5.89 (m, 
2H), 5.33 (d, J = 17.2 Hz, 1H), 5.19 (d, J = 10.3 Hz, 1H), 5.12 (d, J = 6.7 Hz, 1H), 4.90 (bs, 1H), 
4.84 (d, J = 7.1 Hz, 1H), 4.61 (m, 3H), 4.29 (bs, 2H), 4.17 (q, J = 7.2 Hz, 2H), 4.05 (t, J = 6.2 
Hz, 2H), 3.95 –3.83 (m, 2H), 3.60-3.49 (m, 2H), 2.06 (t, J = 6.2 Hz, 2H), 1.83-1.47 (m, 6H), 1.27 
(t, J = 7.2 Hz, 3H), 0.06 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 166.3, 156.1, 155.6, 144.3, 
132.8, 122.5, 118.5, 117.2, 117.1, 117.0, 112.2, 99.4, 68.2, 66.4, 66.0, 64.7, 64.3, 62.7, 60.9, 
57.4, 31.1, 30.1, 25.8, 20.0, 18.2, 14.6, -1.1; MS (ES+) m/z 619.5 (M+1). 
 
Compound 13e 
 

TBAF solution (1 M, 4.76 mL, 4.76 mmol) was 
added to the solution of the compound 13d (1.47 
g, 2.38 mmol) in THF (20 mL). The solution was 
stirred at room temperature for 1 h. The organic 
solution was washed with brine, dried over 
sodium sulfate, filtered, and concentrated under 
reduced pressure. The crude product was purified 

by column chromatography (1:2 ethyl acetate/hexanes) to give the product 13e (0.97 g, 86%). 1H 
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NMR (400 MHz, CDCl3) δ 6.97 (dd, J = 15.6, 6.7 Hz, 1H), 6.77 (s, 1H), 6.70 (dd, J = 8.4, 2.1 
Hz, 1H), 6.56 (d, J = 8.4 Hz, 1H), 6.04 (d, J = 15.6 Hz, 1H), 5.92 (m, 1H), 5.48 (d, J = 8.4 Hz, 
1H), 5.32 (d, J = 17.2 Hz, 1H), 5.21 (d, J = 10.4 Hz, 1H), 4.97 (t, J = 7.0 Hz, 1H), 4.58 (m, 3H), 
4.16 (q, J = 7.1 Hz, 3H), 3.97 (t, J = 6.3 Hz, 2H), 3.92-3.78 (m, 3H), 3.57-3.45 (m, 2H), 2.01 (t, J 
= 6.3 Hz, 2H), 1.85-1.43 (m, 6H), 1.26 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 166.5, 
156.0, 146.0, 133.0, 129.1, 123.2, 118.4, 117.0, 112.8, 112.6, 99.4, 68.4, 66.9, 66.3, 64.5, 62.8, 
61.0, 59.6, 31.1, 30.1, 25.8, 20.0, 14.6; MS (ES+) m/z 475.4 (M+1). 
 
Compound 13f 
 

To a solution of the compound 13e (940 mg, 1.98 
mmol) in ethyl acetate (20 mL) was added 5% sodium 
bicarbonate solution (20 mL) and Fmoc-chloride (640 
mg, 2.48 mmol). The mixture was stirred at room 
temperature for 3h.  The mixture was separated. The 
organic phase was washed with brine, dried over 

sodium sulfate, filtered, and concentrated under reduced pressure. The crude product was 
purified by column chromatography (1:2 ethyl acetate/hexanes) to give the product 13f (1.20 g, 
87%). 1H NMR (400 MHz, CDCl3) δ 7.79 (m, 3H), 7.57 (d, J = 6.1 Hz, 2H), 7.41 (t, J = 7.3 Hz, 
2H), 7.32 (t, J = 7.3 Hz, 2H), 6.95-6.50 (m, 3H), 5.96 (m, 1H), 5.79 (m, 1H), 5.43-5.22 (m, 2H), 
5.03 (m, 1H), 4.92-4.50 (m, 7H), 4.28 (m, 1H), 4.18 (q, J = 7.1 Hz, 2H), 4.03 (m, 2H), 3.94-
3.82(m, 2H), 3.61-3.48 (m, 2H), 2.06 (t, J = 6.3 Hz, 2H), 1.90-1.48 (m, 6H), 1.29 (t, J = 7.1 Hz, 
3H); 13C NMR (100 MHz, CDCl3) δ 166.2, 155.6, 144.0, 141.9, 132.8, 128.2, 127.6, 125.3, 
125.1, 122.6, 120.5, 118.6, 117.2, 117.0, 112.1, 99.4, 68.3, 67.8, 66.4, 66.0, 64.3, 62.8, 60.9, 
57.6, 47.6, 31.1, 30.1, 25.8, 20.0, 14.6; MS (ES+) m/z 697.3 (M+1). 
 
Compound 21a 
 

PPTS (42.2 mg, 0.168 mmol) was added to a 
solution of the compound 13f (1.17 g, 1.68 
mmol) in ethanol (20 mL). The solution was 
stirred at 55 oC for 8 h. The solution was diluted 
with ethyl acetate (40 mL), washed with brine, 
dried over sodium sulfate, filtered, and 
concentrated under reduced pressure. The crude 

product was purified by column chromatography (1:1 ethyl acetate/hexanes) to give the product 
21a (1.01 g, 98%). 1H NMR (400 MHz, CDCl3) δ 7.79 (m, 3H), 7.57 (d, J = 6.2 Hz, 2H), 7.42 (t, 
J = 7.3 Hz, 2H), 7.30 (t, J = 7.3 Hz, 2H), 6.97-6.50 (m, 3H), 5.96 (m, 1H), 5.78 (m, 1H), 5.44-
5.18 (m, 2H), 4.95-4.50 (m, 6H), 4.28 (m, 1H), 4.18 (q, J = 7.1 Hz, 2H), 4.07 (m, 2H), 3.86 (t, J 
= 6.0 Hz, 2H), 2.03 (m, 2H), 1.78 (s, 1H), 1.29 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3) 
δ 166.2, 156.0, 155.6, 152.9, 144.1, 141.9, 132.8, 128.2, 127.6, 125.3, 125.1, 122.6, 120.5, 120.4, 
118.6, 117.2, 117.0, 112.1, 68.3, 67.8, 66.6, 66.4, 61.0, 60.7, 57.5, 47.6, 32.4, 14.6; MS (ES+) 
m/z 613.3 (M+1). 
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Solid-Phase Synthesis 
 
Compound 21b 
 

Loading: 3-[Diisopropyl(p-
methoxyphenyl) silyl] propyl 
functionalized resin (110 mg, 0.157 
mmol) was swollen in CH2Cl2 (1.5 mL) 
under N2 for 30 min. The solvent was 
then drained under positive N2 pressure. 
A solution of trifluoromethanesulfonic 

acid in CH2Cl2 (4%, 2.1 mL) was added by syringe. The resin was then gently agitated for 30 
min under N2. The acid solvent was drained under positive N2 pressure.The activated resin was 
treated with 2,6-lutidine  0.15 mL) for 15 min and followed by addition of a solution of 
compound 21a (254 mg, 0.415 mmol) in CH2Cl2 (1.5 mL). The resin was gently shaken 
overnight. The resin was washed with DMF (3 x), THF (3 x), and CH2Cl2 (3 x). The resin was 
then dried under vacuum overnight to give 183 mg of the loaded resin 21b.  
 
Cleavage: The loaded resin (20 mg) in Eppendorf tube was swelled in THF (0.5 mL) for 30 
min, and treated with HF-pyridine solution (15 µL). The reaction tube was shaken for 3 h. 
Methoxytrimethylsilane (100 µL) was added and the tube was shaken for another 30 min. The 
solution was removed and the resin was washed with THF. All solvents were combined and 
concentrated. The crude sample was purified by column chromatography (1:1 ethyl 
acetate/hexanes) to give the product (8.5 mg, 81% loading). 
 
Compound 21c 
 

The resin (163 mg) 21b was swelled in DMF (1.6 
mL) for 30 min. Piperidine (0.4 mL) was added 
the mixture. The mixture was shaken for 0.5 h. 
The resin was washed with DMF (3 x), THF (3 x), 
and CH2Cl2 (3 x). The resin was then dried under 
vacuum overnight to give 137 mg of the resin 21c. 

The dried resin (5 mg) was cleaved as the above method using HF-pyridine solution. The 
resulting compound was checked by MS. LRMS (MS ES+) calcd for C20H27N2O6 391.2 m/z 
(M+1)+; observed 391.2. 
 
Compound 22a 
 

The resin 21c (163 mg) was swelled in CH2Cl2 
(2.5 mL) under N2 for 30 min. Collidine (145 µL, 
1.1 mmol) and Fmoc-Ala-Cl (181 mg, 0.55 mmol) 
were added to the mixture. The mixture was 
shaken for 24 h. The resin was washed with DMF 
(3 x), THF (3 x), and CH2Cl2 (3 x). The resin was 
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then dried under vacuum overnight to give 163 mg of the resin 22a. The dried resin (10 mg) was 
cleaved as the above method using HF-pyridine solution. The resulting compound was checked 
by MS. LRMS (MS ES+) calcd for C38H42N3O9 684.3 m/z (M+1)+; observed 684.2. 
 
Compound 23a 
 

The resin 22a (153 mg) was swelled in DMF (1.6 
mL) for 30 min. Piperidine (0.4 mL) was added to 
the mixture. The mixture was shaken for 24 h. The 
resin was washed with DMF (3 x), THF (3 x), and 
CH2Cl2 (3 x). The resin was then dried under 
vacuum overnight to give 128 mg of the resin 23a. 
The dried resin (5 mg) was cleaved as the above 

method using HF-pyridine solution. The resulting compound was checked by MS. LRMS (MS 
ES+) calcd for C23H32N3O7 462.2 m/z (M+1)+; observed 462.3. 
 
Compound 24a 
 

The resin 23a (123 mg) was swelled in DMF (1.6 
mL) for 30 min. Pyridine (162 µL, 2 mmol) and 
acetic anhydride (95 µL, 1mmol) were added to the 
mixture. The mixture was shaken for 24 h. The 
resin was washed with DMF (3 x), THF (3 x), and 
CH2Cl2 (3 x). The resin was then dried under 
vacuum overnight to give 125 mg of the resin 24a. 

The dried resin (10 mg) was cleaved as the above method using HF-pyridine solution. The 
resulting compound was checked by MS. LRMS (MS ES+) calcd for C25H34N3O8 504.2 m/z 
(M+1)+; observed 504.2. 
 
Compound 25a 

The resin 24a (43 mg) was swelled in CH2Cl2 (1.6 mL) for 
30 min. Morpholine (70 µL, 0.8 mmol) and 
tetrakis(triphenylphosphine) palladium (0) (46 mg, 
0.04mmol) were added the mixture. The mixture was 
shaken for 2 h. The resin was washed with DMF (3 x), 
THF (3 x), and CH2Cl2 (3 x). The resin was then dried 

under vacuum for 4 h. The resin was then swelled in CH2Cl2 (1.5 mL) for 30 min. Pyridine (65 
µL, 0.80 mmol) and acetic anhydride (38 µL, 0.40 mmol) were added to the mixture. The 
mixture was shaken for 24 h. The resin was washed with DMF (3 x), THF (3 x), and CH2Cl2 (3 
x). The resin was then dried under vacuum overnight. The dried resin was cleaved as the above 
method using HF-pyridine solution. The crude product was purified by column chromatography 
(ethyl acetate) to give the mixture of two diastereomers (13.2 mg, overall yield: ~84%) (4.5:1, 
the ratio was judged by 1H NMR). LRMS (MS ES+) calcd for C23H32N3O7 462.2 m/z (M+1)+; 
observed 462.3;  
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Compound 25 (major product): 1H NMR (400 MHz, CDCl3) δ 7.78 (d, J = 8.7 Hz, 1H), 7.13 (d, 
J = 9.6 Hz, 1H), 6.78 (dd, J = 8.7, 2.3 Hz, 1H), 6.74 (d, J = 1.7 Hz, 1H), 5.55 (t, J = 9.6 Hz, 1H), 
4.43 (q, J = 7.1 Hz, 1H), 4.20-4.00 (m, 5H), 3.93 (dt, J = 10.4, 4.7 Hz, 1H), 3.85 (t, J = 5.8 Hz, 
2H), 3.66 (dd, J = 16.6, 10.4 Hz, 1H), 2.94 (dd, J = 16.6, 4.7 Hz, 1H), 2.53 (bs, 1H), 2.15 (s, 3H), 
2.02 (t, J = 5.9 Hz, 2H), 1.90 (s, 3H), 1.63 (d, J = 7.1 Hz, 3H), 1.27 (t, J = 7.1 Hz, 3H); 13C NMR 
(100 MHz, CDCl3) δ 171.9, 170.9, 170.8, 166.8, 157.5, 134.3, 133.5, 119.0, 115.2, 110.4, 67.8, 
66.4, 61.2, 60.2, 57.7, 54.0, 53.4, 33.6, 32.4, 23.6, 23.5, 17.1, 14.6. 
 
Library Synthesis (90 compounds/2 diastereomers per well) by Parallel and IRORI Split-
and-Mix Approach 
 
Loading of Compound 21a. The p-methoxyphenylsilane beads (500 mg, 1.29 mmol/g of silane, 
ICCB batch MX-19) were swollen in CH2Cl2 (2 mL) under N2 for 30 min. The solvent was then 
drained under positive N2 pressure. A solution of trifluoromethanesulfonic acid in CH2Cl2 (4%, 
8.5 mL, 3.87 mmol) was added by syringe. The resin was then left to sit for 2 h under N2. The 
acid solvent was drained under positive N2 pressure. The activated resin was treated with 2,6-
lutidine (0.60 mL, 5.16 mmol) for 30 min and followed by addition of a solution of compound 
21a (790 mg, 1.29 mmol) in CH2Cl2 (1.5 mL). The resin was gently shaken overnight. The resin 
was washed with CH2Cl2 (3 x), THF (3 x), and CH2Cl2 (3 x). The beads were then dried on the 
lyophilizer overnight to give the loaded beads (776 mg, 87% loading).  
 
Fmoc Removal. The beads (776 mg, 0.56 mmol) were swelled in DMF (4 mL) for 30 min. The 
solvent was then drained. A solution of 20% piperidine in DMF (6 mL) was added to the beads. 
The beads were shaken for 0.5 h. The resin was washed with CH2Cl2 (3 x), THF (3 x), CH2Cl2 (3 
x) and then dried on the lyophilizer overnight. 
 
Amino acid coupling (1st Diversity Point). The beads from above were split into 5 parts (each 
0.112 mmol), each of which was mixed with dry CH2Cl2 (5 mL), collidine (291 µL, 2.20 mmol), 
and 5 different Fmoc amino acid chlorides (0.825 mmol, Fmoc-Gly-Cl, Fmoc-Ala-Cl, Fmoc-
Val-Cl, Fmoc-Leu-Cl, and Fmoc-Phe-Cl) respectively. The mixturs were shaken independently 
at room temperature overnight. Each reaction mixture was washed with CH2Cl2 (3 x), THF (3 x) 
CH2Cl2 (3 x) and the beads were then dried on the lyophilizer overnight. 
 
Fmoc Removal and Cyclization. To each portion of the dried beads was added a solution of 
20% piperidine in DMF (4 mL). All the reaction mixtures were shaken for 24 h. After filtration, 
the beads were washed with CH2Cl2 (3 x), THF (3 x), CH2Cl2 (3 x) and then finally dried on the 
lyophilizer overnight respectively. 
 
Acid Coupling (2nd Diversity Point). The beads resulted from the above reactions were 
distributed into 45 Microkans (9 Microkans for each amino acid, about 16 mg beads in each 
Kan) and encoded with 45 RF tags. The 45 MicroKans were sorted into 3 pools (15 Kans in each 
pool). Each of these 3 pools was mixed with pyridine (40 equiv.) and one of the 3 corresponding 
acid chloride (20 equiv., phenylacetyl chloride, 4-methoxyphenylacetyl chloride, and 
hydrocinnamoyl chloride) in CH2Cl2 (50 mL). Each reaction mixture was gently stirred 
overnight. After filtration, the MicroKans were washed with CH2Cl2 (3 x), THF (3 x), CH2Cl2 (3 
x) and then dried under high vacuum overnight. 



 

 
Alloc Removal. The 45 MicroKans were mixed with morpholine (1.91 mL, 22 mmol) in CH2Cl2 
(150 mL). Tetrakis(triphenylphosphine) pallidum(0) (1.27 g, 1.10 mmol) was added, and the 
mixture was allowed to stir gently overnight. After filtration, the MicroKans were washed with 
CH2Cl2 (3 x), THF (3 x), CH2Cl2 (3 x) and then dried under high vacuum overnight. 
 
Acid Coupling (3rd Diversity Point). The 45 MicroKans were sorted into 3 pools (15 Kans in 
each pool). Each of these 3 pools was mixed with pyridine (40 equiv.) and one of the 3 
corresponding acid chloride (20 equiv., 3,4-dimethoxybenzoyl chloride, isobutyryl chloride, and 
benzoyl chloride) in CH2Cl2 (50 mL). Each reaction mixture was gently stirred overnight. After 
filtration, the MicroKans were washed with CH2Cl2 (3 x), THF (3 x), CH2Cl2 (3 x) and then 
dried under high vacuum overnight. 
 
Cleavage. The beads in each MicroKan were transferred into Eppendorf tube respectively, and 
cleaved under the similar conditions using HF-pyridine solution. 
 
All the library members were analyzed by HPLC, MS and the following compounds were 
purified by column chromatography:   
 
Gly1 (Mixture of Two Diastereomers) 

 
1H NMR (400 MHz, CDCl3) δ 8.07-6.37 (m, 
13H), 5.83 (t, J = 8.4 Hz, 0.52H), 5.52 (t, J = 
8.4 Hz, 0.48H), 5.14 (m, 0.52H), 4.78 (m, 
0.48H), 4.45-3.40 (m, 14H), 3.19-2.65 (m, 2H), 
2.03 (t, J = 5.3 Hz, 2H), 1.32 (t, J = 7.2 Hz, 3H); 
LRMS (ES+) for C34H37N3O8: 616.4 (M+1). 
 
 
 

 
Ala7 (Mixture of Two Diastereomers) 

 
1H NMR (400 MHz, CDCl3)  δ 8.02–6.69 (m, 14H), 
5.83 (t, J = 8.7 Hz, 0.83H), 5.54 (t, J = 8.7 Hz, 
0.17H), 4.58 (q, J = 7.0 Hz, 1H), 4.45 (t, J = 
10.1Hz, 1H), 4.18–3.56 (m, 10H), 3.40-2.65 (m, 
2H), 1.99 (t, J = 5.6 Hz, 2H), 1.42 (d, J =7.1 Hz, 
3H), 1.16 (t, J = 7.1 Hz, 3H); LRMS (ES+) for 
C34H37N3O7: 600.3 (M+1). 

 
 
Val2 (Mixture of Two Diastereomers) 

1H NMR (400 MHz, CDCl3) δ 8.11 (d, J = 8.8 Hz, 
0.22H), 7.90 (d, J = 8.8 Hz, 0.78H), 7.30-7.13 (m, 
4H), 6.99-6.79 (m, 2H), 6.71 (s, 1H), 6.05 (d, J = 
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9.2 Hz, 0.78H), 5.94 (d, J = 9.2 Hz, 0.22H), 5.59 (t, J = 7.1 Hz, 0.78H), 5.33 (t, J = 7.1 Hz, 
0.22H), 4.21-3.83 (m, 10H), 3.54 (bs, 1H), 3.06-2.34 (m, 7H), 2.02 (m, 2H), 1.29-0.96 (m, 15H); 
LRMS (ES+) for C34H45N3O7: 608.2 (M+1). 
 
Leu8 (Mixture of Two Diastereomers) 

1H NMR (400 MHz, CDCl3) δ 8.03-6.69 (m, 14H), 5.80 
(t, J = 8.7 Hz, 0.75H), 5.52 (t, J = 8.7 Hz, 0.25H), 4.55-
3.60 (m, 12H), 3.32-2.73 (m, 2H), 2.09-1.88 (m, 5H), 
1.38-0.95 (m, 9H); LRMS (ES+) for C37H43N3O7: 642.4 
(M+1). 
 
 
 
 

 
Phe5 (Mixture of Two Diastereomers) 

1H NMR (400 MHz, CDCl3) δ 8.03-6.64 (m, 19H), 5.88 
(t, J = 8.4 Hz, 0.77H), 5.53 (J = 8.4 Hz, 0.23H), 4.57-
2.76 (m, 15H), 2.01 (t, J = 5.8 Hz, 2H), 1.15 (t, J = 7.1 
Hz, 3H); LRMS (ES+) for C40H41N3O7: 676.3 (M+1). 
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Compound 
Code Compound Structure Molecular 

Formula 
Exact  
Mass 

Found 
(M++1) 

Gly1 
N

N

O

O

OHO

NH
H

OMeCO2Et

O  

C34H37N3O8 615.3 616.5 

Gly2 
N

N

O

O

OHO

NH
H

CO2Et

OMeO

MeO

 

C35H39N3O9 645.3 646.4 

Gly3 
N

N

O

O

OHO

NH
H

CO2Et

O  

C33H35N3O7 585.3 586.3 

Gly4 
N

N

O

O

OHO

NH
H

CO2Et

O  

C30H37N3O7 551.3 552.4 

Gly5 
N

N

O

O

OHO

NH
H

CO2Et

O  

C34H37N3O7 599.3 600.4 

Gly6 
N

N

O

O

OHO

NH
H

CO2Et

O

OMeMeO

MeO  

C36H41N3O10 675.3 676.4 

Gly7 
N

N

O

O

OHO

NH
H

CO2Et

O

MeO

MeO  

C36H41N3O9 659.3 660.4 

Gly8 
N

N

O

O

OHO

NH
H

CO2Et

O  

C31H39N3O7 565.3 566.4 

Gly9 
N

N

O

O

OHO

NH
H

CO2Et

O

OMe

 

C31H39N3O8 581.3 582.4 



 

Ala1 
N

N

O

O

OHO

NH
H

CO2Et  

C35H39N3O7 613.3 614.4 

Ala2 
N

N

O

O

OHO

NH
H

CO2Et

O

MeO

MeO  

C37H43N3O9 673.3 674.4 

Ala3 
N

N

O

O

OHO

NH
H

CO2Et

O  

C32H41N3O7 579.3 580.4 

Ala4 
N

N

O

O

OHO

NH
H

OMeCO2Et

O  

C35H39N3O8 629.3 630.4 

Ala5 
N

N

O

O

OHO

NH
H

CO2Et

O  

C31H39N3O7 565.3 566.4 

Ala6 
N

N

O

O

OHO

NH
H

CO2Et

O

OMeMeO

MeO  

C37H43N3O10 689.3 690.4 

Ala7 
N

N

O

O

OHO

NH
H

CO2Et

O  

C34H37N3O7 599.3 600.4 

Ala8 
N

N

O

O

OHO

NH
H

CO2Et

O

OMe

 

C32H41N3O8 595.3 596.4 

Ala9 
N

N

O

O

OHO

NH
H

CO2Et

OMeO

MeO

 

C36H41N3O9 659.3 660.4 



 

Val1 
N

N

O

O

OHO

NH
H

CO2Et

O

MeO

MeO  

C39H47N3O9 701.3 702.5 

Val2 
N

N

O

O

OHO

NH
H

CO2Et

O  

C34H45N3O7 607.3 608.4 

Val3 
N

N

O

O

OHO

NH
H

CO2Et

OMeO

MeO

 

C38H45N3O9 687.3 688.5 

Val4 
N

N

O

O

OHO

NH
H

CO2Et

O  

C36H41N3O7 627.3 628.5 

Val5 
N

N

O

O

OHO

NH
H

CO2Et

O

OMe

 

C34H45N3O8 623.3 624.4 

Val6 
N

N

O

O

OHO

NH
H

CO2Et

O

OMeMeO

MeO  

C39H47N3O10 717.3 718.4 

Val7 
N

N

O

O

OHO

NH
H

OMeCO2Et

O  

C37H43N3O8 657.3 658.4 

Val8 
N

N

O

O

OHO

NH
H

CO2Et  

C37H45N3O6 627.3 628.4 

Val9 
N

N

O

O

OHO

NH
H

CO2Et

O  

C33H43N3O7 593.3 594.4 



 

Leu1 
N

N

O

O

OHO

NH
H

CO2Et

O  

C34H45N3O7 607.3 608.4 

Leu2 
N

N

O

O

OHO

NH
H

CO2Et

O  

C35H47N3O7 621.3 622.5 

Leu3 
N

N

O

O

OHO

NH
H

OMeCO2Et

O  

C38H45N3O8 671.3 672.4 

Leu4 
N

N

O

O

OHO

NH
H

CO2Et  

C38H47N3O6 641.3 642.4 

Leu5 
N

N

O

O

OHO

NH
H

CO2Et

O

OMeMeO

MeO  

C40H49N3O10 731.3 732.5 

Leu6 
N

N

O

O

OHO

NH
H

CO2Et

O

MeO

MeO  

C40H49N3O9 715.3 716.4 

Leu7 
N

N

O

O

OHO

NH
H

CO2Et

OMeO

MeO

 

C39H47N3O9 701.3 702.4 

Leu8 
N

N

O

O

OHO

NH
H

CO2Et

O  

C37H43N3O7 641.3 642.4 

Leu9 
N

N

O

O

OHO

NH
H

CO2Et

O

OMe

 

C35H47N3O8 637.3 638.5 



 

Phe1 N

N

O

O

OHO

NH
H

CO2Et  

C41H45N3O6 675.3 676.4 

Phe2 
N

N

O

O

OHO

NH
H

CO2Et

O  

C38H45N3O7 655.3 656.5 

Phe3 
N

N

O

O

OHO

NH
H

CO2Et

O

MeO

MeO  

C43H47N3O9 749.3 750.5 

Phe4 
N

N

O

O

OHO

NH
H

CO2Et

OMeO

MeO

 

C42H45N3O9 735.3 736.4 

Phe5 
N

N

O

O

OHO

NH
H

CO2Et

O  

C40H41N3O7 675.3 676.4 

Phe6 
N

N

O

O

OHO

NH
H

CO2Et

O

OMeMeO

MeO  

C43H47N3O10 765.3 766.3 

Phe7 
N

N

O

O

OHO

NH
H

CO2Et

O  

C37H43N3O7 641.3 642.5 

Phe8 
N

N

O

O

OHO

NH
H

CO2Et

O

OMe

 

C38H45N3O8 671.3 672.5 



 

Phe9 
N

N

O

O

OHO

NH
H

CO2Et

O

OMe

 

C41H43N3O8 705.3 706.4 

 

 



 

























































































 


