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General Experimental Information 

All commercially available reagents were used as received without further purification. The 

solvents were purified and dried by standard procedures prior to use. Reaction progress was 

monitored by MERCK thin layer chromatography (TLC) performed on aluminium plates coated 

with silica gel 60 F254. Chromatograms were visualized by UV light at 254 nm or by staining 

using KMnO4, Iodine. High resolution mass spectra were recorded on a Micromass Q-TOF 

micromass spectrometer using electron spray ionization mode. 1H NMR and 13C NMR spectra 

were recorded on a Bruker AMX 400 MHz and 100 MHz spectrometer, respectively in DMSO-

d6 using TMS as internal standard. Chemical shifts (δ) for 1H and 13C are given in ppm and 

coupling constants (J) quoted in Hz. 1H NMR splitting patterns were designated as s, singlet; d, 

doublet; t, triplet; q, quartet; m, multiplet; br, broad signal. The RP-HPLC analysis of isomers 

was carried out by using an Agilent instrument at λ = 254 nm; column: Phenomenex Lux 

Cellulose-1, pore size-5 μm, diameter × length = 4.6 × 250 mm. For purification of products, 

column chromatography was performed on silica gel (100-200 mesh) using ethyl acetate and 

hexane mixture as eluent. Evaporation of solvents was performed under reduced pressure with a 

Büchi rotary evaporator. Melting points were determined in an open capillary using VEEGO, 

model: VMP-DS. Differential scanning calorimetry (DSC) was recorded on a Perkin Elmer 

Differential scanning calorimeter 8000. 
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Experimental section: 

Procedure for synthesis of coupling reagents: 

 

To a solution of acetanilide (0.5 mmol, 1.0 equiv) and LiNTf2 (0.6 mmol, 1.2 equiv) in DCE (8 

mL, 0.06 M) in a Schlenk flask under argon was added (diacetoxyiodo)benzene (DIB) (0.6 

mmol, 1.2 equiv). The resulting mixture was stirred for 1.5 hours at 50 °C then filtered through a 

short plug of celite and concentrated under reduced pressure. The crude product was purified by 

silica gel chromatography. 

 

N-(4-((1,1,1-trifluoro-N-((trifluoromethyl)sulfonyl)methyl)sulfonamido)phenyl)acetamide (III) 

White solid; Yield 78 %; M.p.154-162 ˚C; 1H NMR (400 MHz, DMSO-d6) δ 10.40 (s, 1H), 7.80 

(d, J = 9.0 Hz, 2H), 7.61 (d, J = 8.8 Hz, 2H), 2.10 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 

169.0, 142.8, 131.8, 128.6, 124.4, 120.4, 119.7, 118.9, 117.1, 24.0. HRMS (ESI-TOF) m/z: 

[M+H]+ Calcd for C10H8F6N2O5S2 414.9857, found 414.9845. 
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N-(2-fluoro-4-((1,1,1-trifluoro-N-((trifluoromethyl)sulfonyl)methyl)sulfonamido)phenyl)acetamide (IV) 

White solid; Yield 59 %; M.p.136-137 ˚C; 1H NMR (400 MHz, DMSO-d6) δ 10.14 (s, 1H), 8.28 

(t, J = 8.7 Hz, 1H), 7.95 – 7.88 (m, 1H), 7.54 (d, J = 8.9 Hz, 1H), 2.15 (s, 3H). 13C NMR (101 

MHz, DMSO-d6) δ 169.2, 154.8, 152.4, 131.5, 131.4, 131.3, 131.2, 128.42 (2), 125.4, 125.2, 

123.6, 123.5, 119.45 (2), 111.1, 110.9, 23.8. 

 

 

N-(3-fluoro-4-((1,1,1-trifluoro-N-((trifluoromethyl)sulfonyl)methyl)sulfonamido)phenyl)acetamide (V) 

 

White solid; Yield 50 %; M.p.137-138 ˚C; 1H NMR (400 MHz, DMSO-d6) δ 10.14 (s, 1H), 8.27 

(t, J = 8.7 Hz, 1H), 7.92 (d, J = 10.8 Hz, 1H), 7.54 (d, J = 8.9 Hz, 1H), 2.15 (s, 3H). 13C NMR 

(101 MHz, DMSO-d6) δ 169.2, 154.8, 152.4, 131.5, 131.4, 131.3, 131.2, 128.4, 125.4, 125.2 (2), 

121.7, 119.4 (2), 118.5, 111.1, 110.9, 23.8. 
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Procedure for synthesis of peptides: 

 

AITF (1.0 equiv) was added to a stirred solution of Nα-protected amino acid 1 (1.0 equiv) and 

DIPEA (1.0 equiv) in CH3CN (3 mL) at room temperature. Then the reaction mixture was stirred 

for 20 min and amino acid ester (1.2 equiv) was added and the reaction mixture was stirred for 

2.5 h at room temperature. The progress of the reaction was monitored by TLC. Thereafter, the 

reaction mixture was concentrated using rotary evaporator and then diluted with 15 mL of ethyl 

acetate and washed with 5% HCl (10 mL x 2) 5% Na2CO3 (10 mL x 2), saturated NaCl solution 

and dried over anhydrous Na2SO4. The solvent was removed in vacuo, and the resulting crude 

product was purified by silica gel column chromatography using the mixture of hexane and ethyl 

acetate as eluents to afford 3. 

 

(S)-methyl 2-((S)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-methylbutanamido)-3-

phenylpropanoate (3a) 

White solid; Yield 93 %; M.p. 168-172 ˚C; [α]D
25 = -11.00 (c  1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6)  δ 8.34 (d, J = 8Hz, 1H), 7.89 (d, J = 8Hz, 2H), 7.73 (dd, J = 8Hz, J = 4Hz, 2H), 7.42 

(t, J = 8Hz, 2H), 7.31 (dd, J = 16Hz, J = 4Hz, 3H), 7.23-7.16 (m, 5H), 4.48 (dd, J = 12Hz, J = 

8Hz, 1H), 4.30-4.21 (m, 3H), 3.87 (t, J = 8Hz, 1H), 3.55 (s, 3H), 3.02 (dd, J = 12Hz, J = 8Hz, 

1H), 2.92 (dd, J = 12Hz, J = 8Hz, 1H), 1.99 (dd, J = 12Hz, J = 8Hz, 1H), 0.82 (d, J = 4Hz, 6H); 

13C NMR (101 MHz, DMSO-d6) δ 171.7, 171.2, 155.9, 143.9, 143.7, 140.6, 137.0, 128.9, 128.1, 
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127.6, 127.0, 125.3, 120.0, 65.6, 59.8, 53.4, 51.6, 46.6, 36.5, 30.4, 19.0,18.1; IR (cm-1): 3290, 

2960, 1741, 1696, 1645, 1529, 1444, 1291, 1245, 1212, 1103, 1027, 757, 697; HRMS (ESI-

TOF) m/z : [M+H]+ Calcd for C30H33N2O5 501.2389, found 501.2384. 

 

(S)-methyl 2-((R)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-methylbutanamido)-3-

phenylpropanoate (3a*) 

White solid; Yield 90 %; M.p. 193-197 ˚C;  [α]D
25 = +29.52 (c 1.0, CH3OH); 1H NMR (400 

MHz, DMSO-d6) δ 8.38 (d, J = 8.0 Hz, 1H), 7.89 (d, J = 8.0 Hz, 2H), 7.75 (d, J = 8.0 Hz, 2H), 

7.42 (dd, J = 8.0, 8.0 Hz, 2H), 7.34 – 7.16 (m, 8H), 4.54-4.48 (m, 1H), 4.32 – 4.17 (m, 3H), 3.89 

(dd, J = 8.0,8.0 Hz, 1H), 3.61 (s, 3H), 3.06 (dd, J = 16, 8 Hz, 1H), 2.87 (dd, J = 12, 12 Hz, 1H), 

1.87-1.78 (m, 1H), 0.66 (dd, J = 8.0, 8.0 Hz, 6H);13C NMR (101 MHz, DMSO-d6) δ 171.9, 

171.1, 156.0, 143.8, 143.7, 140.6 (2), 137.1, 129.0, 128.1, 127.6, 127.0, 126.4, 125.4, 125.3, 

120.0, 65.7, 59.7, 53.4, 51.8, 46.6, 36.7, 30.4, 19.0, 17.6; HRMS (ESI-TOF) m/z : [M+H]+ Calcd 

for C30H33N2O5 501.2389, found 501.2386. 

 

(S)-methyl 2-((S)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)propanamido)-3-

methylbutanoate (3b) 

White solid; Yield 91%; M.p. 149-153 ˚C; [α]D
25 = +207.70 (c  1.0, CH3OH); 1H NMR (400 

MHz, DMSO-d6) δ 8.08 (d, J = 12Hz, 1H), 7.89 (d, J = 8Hz, 2H), 7.72 (t, J = 8Hz, 2H), 7.53 (d, 

J = 8Hz, 1H), 7.41 (t, J = 8Hz, 2H), 7.32 (t, J = 8Hz, 2H), 4.27-4.15 (m, 5H), 3.62 (s, 3H), 2.05-

1.99 (m, 1H), 1.21 (d, J = 8Hz, 3H), 0.87 (t, J = 4Hz, 6H); 13C NMR (101 MHz, DMSO-d6) δ 

172.9, 171.9, 155.5, 143.8, 143.7, 140.6, 127.6, 127.0, 125.2 (2), 120.0, 65.5, 57.2, 51.6, 49.5, 

46.5, 29.9, 18.8, 18.1 (2); IR (cm-1): 3304, 2927, 1733, 1686, 1650, 1549, 1447, 1255, 1208, 
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1016, 794, 664; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C24H28N2NaO5 447.1896, found 

447.1873. 

 

methyl (S)-2-((S)-2-(((benzyloxy)carbonyl)amino)propanamido)-2-phenylacetate (3c)  

White solid; Yield 92%; M.p. 122-125 ˚C; [α]D
25 = +226.46 (c  1.0, CH3OH); 1H NMR (400 

MHz, DMSO-d6) δ 8.66 (d, J = 4Hz, 1H), 7.45 (d, J = 8Hz, 1H), 7.39-7.27 (m, 10H), 5.41 (d, J = 

4Hz, 1H), 5.00 (s, 2H), 4.24-4.17 (m, 1H), 3.62 (s, 3H), 1.24 (d, J = 4Hz, 3H); 13C NMR(101 

MHz, DMSO-d6) δ 172.6, 170.9, 155.5, 137.0, 135.9, 128.6, 128.3, 127.7, 127.6, 65.3, 56.1, 

52.2, 49.5, 18.1; IR (cm-1): 3304, 2952, 1735, 1693, 1650, 1527, 1496, 1210, 1122, 1060, 731, 

694; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C20H22N2NaO5  393.1426, found 393.1424. 

 

(S)-ethyl 2-((S)-2-((tert-butoxycarbonyl)amino)propanamido)-3-phenylpropanoate (3d) 

White solid; Yield 86%; M.p. 100.5-102 ˚C; [α]D
25 = -98.97 (c 1.0, CH3OH); 1H NMR (400 

MHz, DMSO-d6) δ 8.13 (d, J = 8Hz, 1H), 7.29-7.20 (m, 5H), 6.86 (d, J = 8Hz, 1H), 4.42 (dd, J = 

16Hz, J = 8Hz, 1H), 4.04-3.95 (m, 3H), 3.01-2.94 (m, 2H), 1.36 (s, 9H), 1.13-1.06 (m, 6H); 13C 

NMR(101 MHz, DMSO-d6) δ 172.8, 171.3, 154.8, 137.0, 129.1, 128.1, 126.5, 77.9, 60.4, 53.4, 

49.4, 36.6, 28.1, 18.1, 13.8; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C19H28N2NaO5 

387.1896,  found 387.1857. 
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S)-methyl 2-((2S,3R)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-methylpentanamido)-3-

phenylpropanoate(3e) 

White solid; Yield 89%; M.p. 175-178 ˚C; [α]D
25 = -139.96  (c  1.0, CH3OH); 1H NMR (400 

MHz, DMSO-d6) δ 8.41 (d, J = 7.4 Hz, 1H), 7.91 (d, J = 7.5 Hz, 2H), 7.75 (d, J = 6.5 Hz, 2H), 

7.43 (t, J = 7.4 Hz, 2H), 7.37 – 7.31 (m, 3H), 7.24 – 7.17 (m, 5H), 4.52 – 4.46 (m, 1H), 4.32 – 

4.22 (m, 3H), 3.91 (t, J = 8.7 Hz, 1H), 3.56 (s, 3H), 3.03 (dd, J = 13.8, 6.0 Hz, 1H), 2.94 (dd, J = 

13.8, 8.8 Hz, 1H), 1.72-1.66 (m, 1H), 1.13 – 1.05 (m, 2H), 0.83 – 0.78 (m, 6H); 13C NMR (101 

MHz, DMSO-d6) δ 171.7, 171.3, 155.8, 143.9, 143.7, 140.6, 137.0, 128.9, 128.1, 127.6, 127.0, 

126.4, 125.3, 120.0, 65.5, 58.7, 53.4, 51.6, 46.6, 36.5, 36.3 24.2, 15.0, 10.7; IR (cm-1): 2964, 

1751, 1691, 1649, 1536, 1449, 1289, 1206, 1121, 1031, 757; HRMS (ESI-TOF) m/z: [M+Na]+ 

Calcd for C31H34N2NaO5 537.2365, found 537.2351. 

 

(S)-methyl 2-(2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-4-methylpentanamido)acetate 

(3f) 

White solid; Yield 91%; M.p. 125-128 oC; [α]D
25 = -268.94 (c 1.0, CH3OH); 1H NMR (400 

MHz, DMSO-d6) δ 8.35 (t, J = 5.8 Hz, 1H), 7.90 (d, J = 7.5 Hz, 2H), 7.74 (dd, J = 7.3, 3.4 Hz, 

2H), 7.55 (d, J = 8.4 Hz, 1H), 7.42 (t, J = 7.4 Hz, 2H), 7.33 (td, J = 7.2, 3.5 Hz, 2H), 4.33 – 4.20 

(m, 3H), 4.11 – 4.05 (m, 1H), 3.84 (qd, J = 17.4, 5.9 Hz, 2H), 3.62 (s, 3H), 1.69 – 1.60 (m, 1H), 

1.55 – 1.41 (m, 2H), 0.88 (dd, J = 15.3, 6.6 Hz, 6H). 13C NMR (101 MHz, DMSO-d6) δ 173.4, 

170.7, 156.3, 144.3 (2), 141.1, 128.1, 127.5, 125.8, 120.5, 66.0, 53.2, 52.1, 47.1, 41.1, 40.9, 24.5, 

23.4, 21.8; HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C31H34N2NaO5 425.2076,  found 

425.2075. 
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(S)-benzyl 2-((S)-2-(((benzyloxy)carbonyl)amino)-4-methylpentanamido)-3-phenylpropanoate 

(3g) 

White solid; Yield 90%; M.p. 96-102 oC; [α]D
25 = -312.26 (c 1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 8.42 (d, J = 7.3 Hz, 1H), 7.40 – 7.10 (m, 15H), 5.11 – 4.97 (m, 4H), 4.60 – 4.47 (m, 

1H), 4.10 – 4.04 (m, 1H), 3.08 – 2.96 (m, 2H), 1.67 – 1.45 (m, 2H), 1.41 – 1.33 (m, 1H), 0.85 – 

0.78 (m, 6H). 13C NMR (101 MHz, DMSO-d6) δ 172.9, 171.7, 156.2, 137.5, 136.1, 129.5, 128.8, 

128.6, 128.4, 128.3, 128.2, 128.1, 128.0, 127.8, 126.9, 66.4, 65.7, 54.0, 53.2, 41.1, 36.9, 24.5, 

23.4, 21.8; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C30H34N2NaO5 525.2365,  found 

525.2369. 

 

(S)-methyl 2-((S)-2-((tert-butoxycarbonyl)amino)-2-phenylacetamido)-4-methylpentanoate (3h) 

White solid; Yield 92%; M.p. 81-82 ˚C; [α]D
25 = -69.86 (c  1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6): δ 8.52 (d, J = 8Hz, 1H), 7.39 (t, J = 8Hz, 2H), 7.34-7.27 (m, 4H), 5.23 (d, J = 8Hz, 

1H), 4.33-4.27 (m, 1H), 3.53 (s, 3H), 1.60-1.53 (m, 3H), 1.38 (s, 9H), 0.85 (dd, J = 20Hz, J = 

8Hz, 6H); 13C NMR (101 MHz, DMSO-d6) δ 172.5, 170.0, 154.8, 138.3, 128.0, 127.4, 127.1, 

78.3, 57.3, 51.7, 50.2, 40.1, 28.1, 24.0, 22.7, 21.2; IR (cm-1): 2964, 2888, 1725, 1670, 1522, 

1377, 1152, 700; HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C20H31N2O5 379.2233, found 

379.2223. 

 

(S)-methyl 2-((R)-2-((tert-butoxycarbonyl)amino)-2-phenylacetamido)-4-methylpentanoate 

(3h*) 
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White solid; Yield 89 %; M.p. 110-114 ˚C; [α]D
25 = -162.88 (c 1.0, CH3OH); 1H NMR (400 

MHz, DMSO-d6) δ 8.54 (d, J = 8.0 Hz, 1H), 7.42 (t, J = 8.0 Hz, 2H), 7.33 – 7.26 (m, 3H), 7.19 

(d, J = 12 Hz, 1H), 5.24 (d, J = 8.0 Hz, 1H), 4.25-4.19 (m, 1H), 3.62 (s, 3H), 1.58-1.42 (m, 3H), 

1.38 (s, 9H), 0.71 (dd, J = 44.4, 6.3 Hz, 6H); 13C NMR (101 MHz, DMSO-d6) δ 172.7, 170.1, 

154.7, 138.8, 128.1, 127.4, 127.0, 78.4, 57.5, 51.8, 50.2, 40.2, 28.0, 24.0, 22.6, 20.9; HRMS 

(ESI-TOF) m/z: [M+Na]+ Calcd for C20H30N2NaO5 401.2052, found 401.2052. 

 

(S)-methyl 2-((S)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino(methylthio)butanamido)propanoate (3i) 

White solid; Yield 88 %; M.p. 155-158 ˚C; [α]D
25 = +46.31  (c 1.0, CH3OH); 1H NMR (400 

MHz, DMSO-d6) δ 8.39 (d, J = 8Hz, 1H), 7.89 (d, J = 8Hz, 2H), 7.73 (t, J = 4Hz, 2H), 7.58 (d, J 

= 8Hz, 1H), 7.44-7.31 (m, 4H), 4.28-4.19 (m, 4H), 4.14-4.09 (m, 1H), 3.61 (s, 3H), 2.47 (d, J = 

8Hz, 2H), 2.05 (s, 3H), 1.92-1.78 (m, 2H), 1.28 (d, J = 8Hz, 3H); 13C NMR (101 MHz, DMSO-

d6) δ 172.9, 171.4, 155.8, 143.8, 143.7, 140.6, 127.6, 127.0, 125.3, 120.1, 65.5, 53.4, 51.8, 47.5, 

46.6, 31.7, 29.4, 16.7, 14.6; HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C24H29N2O5S  457.1719, 

found 457.1789. 

 

(S)-ethyl 2-((R)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-(tritylthio)propanamido)-3-

methylbutanoate (3j) 

White solid; Yield 88 %; M.p. 110-132 ˚C; [α]D
25 = +219.28 (c  1.0, CH3OH); 1H NMR (400 

MHz, DMSO-d6) δ 7.99 (d, J = 8Hz, 1H), 7.89 (d, J = 4Hz, 2H), 7.72 (t, J = 8Hz, 2H), 7.42-7.22 

(m, 20H), 4.30-4.17 (m, 4H), 4.08-3.95 (m, 3H), 2.41-2.33 (m, 2H), 2.03-1.95 (m, 1H), 1.05 (t, J 

= 8Hz, 3H), 0.82 (t, J = 8Hz, 6H); 13C NMR (101 MHz, DMSO-d6) δ 170.8, 170.2, 155.6, 144.2, 



S11 
 

143.7, 143.6, 140.6, 129.0, 128.0, 127.6, 127.0, 126.7, 125.3, 120.0, 65.7, 60.2, 57.4, 53.3, 46.5, 

33.9, 29.8, 18.7, 18.0, 13.9; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C44H44N2NaO5S  

735.2869,  found 735.2848. 

 

(S)-methyl 2-((S)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-(4-(tert-

butoxy)phenyl)propanamido)-3-methylbutanoate (3k) 

White solid; Yield 90%; M.p. 80.2-82.5 ˚C; [α]D
25 = +13.77  (c  1.0, CH3OH); 1H NMR (400 

MHz, DMSO-d6) δ 8.24 (d, J = 8Hz, 1H), 7.87 (d, J = 8Hz, 2H), 7.66-7.61 (m, 3H), 7.40 (t, J = 

8Hz, 2H), 7.32-7.21 (m, 4H), 6.82 (d, J = 8Hz, 2H), 4.39-4.34 (m, 1H), 4.22-4.08 (m, 4H), 3.63 

(s, 3H), 2.92 (dd, J = 12Hz, J = 4Hz, 1H), 2.72 (dd, J = 12Hz, J = 12Hz, 1H), 2.09-2.01 (m, 1H), 

1.19 (s, 9H), 0.89 (dd, J = 12Hz, J = 4Hz, 6H); 13C NMR(101 MHz, DMSO-d6) δ 172.0, 171.8, 

155.7, 153.3, 143.7, 140.6 (2), 132.5, 129.7, 127.5, 127.0, 125.3, 125.2, 123.2, 120.0, 77.5, 65.6, 

57.3, 55.7, 51.6, 46.5, 36.7, 29.9, 28.4, 18.9, 18.2; HRMS (ESI-TOF) m/z:[M+H]+ Calcd for 

C34H41N2O6  573.2965, found 573.2932. 

 

(S)-methyl 2-((S)-2-(((benzyloxy)carbonyl)amino)-3-phenylpropanamido)propanoate (3l) 

White solid; Yield 93%; M.p. 126-128 ˚C; [α]D
25 = -47.79 (c  1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 8.52 (d, J = 8Hz, 1H), 7.51 (d, J = 8Hz, 1H), 7.34-7.20 (m, 10H), 4.92 (s, 2H), 

4.33-4.25 (m, 2H), 3.62 (s, 3H), 3.00 (dd, J = 8Hz, J = 4Hz, 1H), 2.71 (dd, J = 12Hz, J = 12Hz, 

1H), 1.31 (d, J = 8Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.9, 171.6, 155.8, 138.0, 136.9, 

129.1, 128.2, 128.0, 127.6, 127.4, 126.2, 65.1, 55.7, 51.8, 47.5, 37.3, 16.8; IR (cm-1): 2950, 1742, 
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1650, 1536, 1257, 745, 696; HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C21H25N2O5  385.1763, 

found 385.1760. 

 

(S)-methyl 2-((R)-2-(((benzyloxy)carbonyl)amino)-3-phenylpropanamido)propanoate (3l*) 

White solid; Yield 92%; M.p. 132-135 ˚C; [α]D
25 = +60.22 (c 1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 8.42 (d, J = 8Hz, 1H), 7.45 (d, J = 12Hz, 1H), 7.34-7.18 (m, 10H), 4.95 (d, J = 4Hz, 

2H), 4.34-4.24 (m, 2H), 3.63 (s, 3H), 2.95 (dd, J = 12Hz, J = 4Hz, 1H), 2.76 (t, J = 12Hz, 1H), 

1.23 (d, J = 8Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ 172.8, 171.2, 155.6, 137.8, 137.0, 

129.2, 128.2, 127.9, 127.6, 127.3, 126.2, 66.1, 55.8, 51.8, 47.5, 37.8, 17.1; HRMS (ESI-TOF) 

m/z: [M+H]+ Calcd for C21H25N2O5  385.1763, found 385.1759. 

 

 

(S)-isopropyl 2-((S)-2-((tert-butoxycarbonyl)amino)-3-phenylpropanamido)propanoate (3m) 

White solid; Yield   %; M.p.  98-102 ˚C; [α]D
25 = -224.80  (c  1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6): δ 8.32 (d, J = 4Hz, 1H), 7.28-7.17 (m, 5H), 6.85 (d, J = 8Hz, 1H), 4.92-4.85 (m, 

1H), 4.25-4.16 (m, 2H), 2.98 (dd, J = 12Hz, J = 4Hz, 1H), 2.71 (dd, J = 16Hz, J = 8Hz, 1H), 

1.28 (s, 9H), 1.19 (dd, J = 12Hz, J = 8Hz, 9H); 13C NMR (101 MHz, DMSO-d6): 171.9, 171.7, 

155.2, 138.3, 129.1, 127.9, 126.1, 77.8, 67.7, 55.3, 47.8, 37.3, 28.1, 21.4 (2), 16.8; HRMS (ESI-

TOF) m/z : [M+Na]+ Calcd for C20H30N2NaO5  401.2052,  found 401.2042. 
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(S)-benzyl 3-(((benzyloxy)carbonyl)amino)-4-(((S)-1-isopropoxy-1-oxopropan-2-yl)amino)-4-

oxobutanoate (3n) 

White solid; Yield 90%; M.p.  98-105 ˚C; [α]D
25 = -60.77  (c  1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 8.33 (d, J = 4Hz, 1H), 7.58 (d, J = 8Hz, 1H), 7.38-7.29 (m, 10H), 5.10 (d, J = 4Hz, 

2H), 5.02 (s, 2H), 4.89-4.83 (m, 1H), 4.51-4.45 (m, 1H), 4.20-4.13 (m, 1H), 2.78 (dd, J = 16Hz, 

J = 4Hz, 1H), 2.62 (dd, J = 20Hz, J = 8Hz, 1H), 1.25 (d, J = 8Hz, 3H), 1.16 (t, J = 4Hz, 6H); 13C 

NMR (101 MHz, DMSO-d6) δ 171.8, 170.5, 169.8, 155.7, 136.8, 136.0, 128.3, 128.3, 127.9, 

127.7, 127.6, 67.8, 65.6, 65.4, 50.9, 47.9, 36.3, 21.4, 21.3, 16.6; HRMS (ESI-TOF)  m/z: [M+H]+ 

Calcd for C25H31N2O7  471.2131, found 471.2118. 

 

(S)-tert-butyl 4-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-5-(((S)-1-methoxy-1-oxo-

phenylpropan-2-yl)amino)-5-oxopentanoate (3o) 

White solid; Yield 83%; M.p. 85-109 ˚C; [α]D
25 = -153.60 (c  1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 8.33 (d, J = 8Hz, 1H), 7.89 (d, J = 8Hz, 2H), 7.72 (t, J = 8Hz, 2H), 7.49-7.40 (m, 

3H), 7.34-7.18 (m, 7H), 4.47 (dd, J = 12Hz, J = 8Hz, 1H), 4.30-4.18 (m, 3H), 4.04 (dd, J = 

16Hz, J = 8Hz, 1H), 3.58 (s, 3H), 3.02 (dd, J = 16Hz, J = 4Hz, 1H), 2.94 (dd, J = 16Hz, J = 8Hz, 

1H), 2.19 (t, J = 8Hz, 2H), 1.87-1.78 (m, 1H), 1.75-1.65 (m, 1H), 1.39 (s, 9H); 13C NMR (101 

MHz, DMSO-d6) δ 171.7, 171.6, 171.4, 155.7, 143.8, 143.7, 140.6, 136.9, 129.0, 128.1, 127.6, 

127.0, 126.5, 125.2, 120.0, 79.6, 65.6, 53.5, 51.8, 46.6, 40.1, 36.4, 31.1, 27.7, 27.3; IR (cm-1): 
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2977, 1730, 1693, 1645, 1530, 1204, 1153, 1083, 737, 697; HRMS (ESI-TOF) m/z: [M+Na]+ 

Calcd for C34H38N2NaO7  609.2577,  found 609.2508. 

 

 

(S)-methyl 2-((S)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-5-oxo-5-

(tritylamino)pentanamido)-3-methylbutanoate (3p) 

White solid; Yield 87%; M.p. 102-106 ˚C; [α]D
25 = +224.60 (c  1.0, CH3OH); 1H NMR (400 

MHz, DMSO-d6) δ 8.58 (s, 1H), 8.05 (d, J = 8.2 Hz, 1H), 7.90 (d, J = 7.5 Hz, 2H), 7.73 (d, J = 

7.4 Hz, 2H), 7.48 – 7.38 (m, 3H), 7.35 – 7.16 (m, 18H), 4.31 – 4.15 (m, 4H), 4.10 - 4.04 (m, 1H), 

3.60 (s, 3H), 2.46 – 2.35 (m, 1H), 2.34 – 2.25 (m, 1H), 2.08 – 1.98 (m, 1H), 1.86 – 1.79 (m, 1H), 

1.72 – 1.64 (m, 1H), 0.85 (dd, J = 6.7, 4.4 Hz, 7H). 13C NMR (101 MHz, DMSO-d6) δ 172.5, 

172.4, 171.9, 156.3, 145.3, 144.2 (2), 141.1, 128.9, 128.1, 127.9, 127.5, 126.8, 125.7, 120.6, 

69.6, 66.0, 57.7, 54.4, 52.1, 47.1, 33.3, 30.3, 28.4, 19.3, 18.5; HRMS (ESI-TOF) m/z: [M+H]+ 

Calcd for C45H46N3O6  724.3387,  found 724.3328. 

 

(S)-ethyl 2-((S)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-5-(3-((2,2,4,6,7-pentamethyl-

2,3-dihydrobenzofuran-5-yl)sulfonyl)guanidino)pentanamido)propanoate (3q) 

White solid; Yield 81%; M.p. 84-96˚C; [α]D
25 = -25.48 (c  1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 9.37 (s, 1H), 7.90 (d, J = 7.5 Hz, 1H), 7.69 (dd, J = 23.1, 7.5 Hz, 4H), 7.44 – 7.32 

(m, 5H), 4.44 – 4.16 (m, 6H), 4.07 – 3.94 (m, 2H), 3.62 – 3.55 (m, 1H), 3.00 (s, 3H), 2.55 (s, 

1H), 2.48 (s, 3H), 2.44 (s, 3H), 2.03 (s, 6H), 1.93 – 1.65 (m, 5H), 1.42 (s, 6H), 1.29 – 1.12 (m, 
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3H). 13C NMR (101 MHz, DMSO-d6) δ 176.1, 158.7, 156.5, 154.4, 144.2 (2), 141.2, 138.4, 

132.5, 128.1, 127.5, 125.6, 125.2, 120.6, 117.2, 87.2, 66.1, 60.2, 52.8, 47.0, 43.7, 42.7, 28.7, 

25.2, 20.2, 19.3, 18.1, 12.7; HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C39H50N5O8S 748.3380, 

found 748.3332. 

 

(S)-methyl 2-((S)-2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-6-((tert-

butoxycarbonyl)amino)hexanamido)propanoate (3r) 

White solid; Yield 88%; M.p. 103-110 ˚C; [α]D
25 = -52.60 (c  1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 8.34 (d, J = 8Hz, 1H), 7.89 (d, J = 8Hz, 2H), 7.73 (dd, J = 8Hz, 2H), 7.47-7.30 (m, 

6H), 4.28-4.20 (m, 4H), 4.03-3.97 (m, 1H), 3.61 (s, 3H), 2.91-2.85 (m, 2H), 1.64-1.51 (m, 4H), 

1.36 (s, 9H), 1.28 (d, J = 8Hz, 3H), 1.22-1.10 (m, 2H); 13C NMR (101 MHz, DMSO-d6) δ 172.9, 

171.9, 155.8, 155.5, 143.8, 143.7, 140.6, 127.6, 127.0, 125.3, 120.0, 77.3, 65.5, 54.1, 51.7, 47.4, 

46.6, 31.6, 29.2, 28.2, 22.7, 16.8; HRMS (ESI-TOF) m/z:[M+H]+ Calcd for C30H40N3O7  

554.2866, found 554.2823. 

 

(5R,8R)-methyl 1-(9H-fluoren-9-yl)-8-isopropyl-5-methyl-3,6,9-trioxo-2-oxa-4,7,10-

triazadodecan-12-oate (6a) 

White solid; Yield 92%; M.p. 188-192 ˚C; [α]D
25 = -187.96  (c  1.0, CH3OH); 1H NMR (400 

MHz, DMSO-d6) δ 8.45 (s, 1H), 7.87 (dd, J = 18.5, 7.5 Hz, 3H), 7.72 (t, J = 6.9 Hz, 2H), 7.58 (d, 

J = 7.8 Hz, 1H), 7.42 (t, J = 7.2 Hz, 2H), 7.36 (dd, J = 10.8, 4.3 Hz, 2H), 4.28 – 4.12 (m, 5H), 

3.88 – 3.82 (m, 2H), 3.61 (s, 3H), 2.00 – 1.95 (m, 1H), 1.21 (d, J = 7.1 Hz, 3H), 0.88 – 0.83 (m, 

6H). 13C NMR (101 MHz, DMSO-d6) δ 175.9, 171.8, 170.6, 143.0, 141.1, 139.8, 129.4, 127.7, 
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121.8, 120.5, 110.2, 66.0, 57.7, 52.0, 50.7, 47.0, 31.3, 19.5, 18.3; IR (cm-1): 3294, 1734, 1692, 

1634, 1538, 736, 552; HRMS (ESI-TOF): m/z [M+H]+ Calcd for C26H32N3O6 482.2291, found 

482.2322. 

 

(6R,9R,12R)-methyl 9-benzyl-2,2,6-trimethyl-12-(2-(methylthio)ethyl)-4,7,10-trioxo-3-oxa-

5,8,11-triazatridecan-13-oate (6b) 

White solid; Yield 88%; M.p. 99-103 ˚C; [α]D
25 =  -29.06 (c  1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 8.41 (d, J = 4Hz, 1H), 7.79 (d, J = 8Hz, 1H), 7.26– 7.17 (m, 5H), 6.91 (d, J = 8Hz, 

1H), 4.58– 4.50 (m, 1H), 4.42-4.36 (m, 1H), 3.88 (dd, J = 16Hz, J = 4Hz ,1H), 3.62 (s, 3H), 3.00 

(dd, J = 16Hz, J = 8Hz, 1H), 2.81 (dd, J = 16Hz, J = 8Hz, 1H), 2.47– 2.38 (m, 2H), 2.03 (s, 3H), 

1.98 – 1.86 (m, 2H), 1.36 (s, 9H), 1.07 (d, J = 8Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ 

172.3, 171.9, 171.0, 154.9, 137.4, 129.2, 127.9, 126.2, 78.0, 53.2, 51.9, 50.8, 49.8, 37.4, 30.5, 

29.3, 28.1, 18.0, 14.5; HRMS (ESI-TOF): m/z [M+H]+ Calcd for C23H36N3O6S  482.2325, found 

482.2322. 

 

(5R,8R,11R,14S)-methyl 5-benzyl-11-isobutyl-14-isopropyl-8-methyl-3,6,9,12-tetraoxo-1-

phenyl-2-oxa-4,7,10,13-tetraazapentadecan-15-oate (6c) 

White solid; Yield 90%; M.p. 182-194 ˚C; [α]D
25 = -113.72 (c 1.0, CH3OH); 1H NMR (400 

MHz, DMSO-d6) δ 8.20 (d, J = 7.3 Hz, 1H), 8.07 (d, J = 8.1 Hz, 1H), 7.95 (d, J = 8.1 Hz, 1H), 

7.52 (d, J = 8.6 Hz, 1H), 7.40 – 7.12 (m, 10H), 4.93 (s, 1H), 4.44 – 4.24 (m, 3H), 4.20 - 4.13 (m, 

2H), 3.62 (s, 1H), 3.00 (dd, J = 13.9, 3.3 Hz, 1H), 2.74 – 2.67 (m, 1H), 2.06 – 2.01 (m, 1H), 1.66 

– 1.58 (m, 1H), 1.44 (dd, J = 14.6, 7.4 Hz, 1H), 1.22 (d, J = 7.0 Hz, 3H), 0.89 – 0.85 (m, 12H). 
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13C NMR (101 MHz, DMSO-d6) δ 172.7, 172.3, 171.7, 156.3, 138.6, 137.4, 129.8, 129.6, 128.7, 

128.4, 128.4, 128.1, 127.8, 126.6, 65.6, 57.7, 56.4, 52.1, 51.2, 48.4, 41.2, 30.3, 24.5, 23.5, 22.6, 

22.2, 19.3, 18.6, 18.5; IR (cm-1): 3285, 2962, 1742, 1697, 1634, 1537, 696, 454; HRMS (ESI-

TOF): m/z [M+H]+ Calcd for C32H45N4O7  597.3288, found 597.3283. 

 

(6R,9R,12R,15R)-methyl 6-benzyl-15-(4-(benzyloxy)benzyl)-9-isobutyl-2,2,12-trimethyl-

4,7,10,13-tetraoxo-3-oxa-5,8,11,14-tetraazahexadecan-16-oate (6d) 

White solid; Yield 84%; M.p. 189-196 ˚C; [α]D
25 = + 25.31 (c  1.0, CH3OH); 1H NMR (400 

MHz, DMSO-d6) δ 8.29 (d, J = 8Hz, 1H), 8.07 (d, J = 8Hz, 1H), 7.99 (d, J = 8Hz, 1H), 7.43–

7.11 (m, 12H), 6.92 (dd, J = 16Hz, J = 8Hz, 3H), 5.04 (s, 2H), 4.40–4.24 (m, 3H), 4.18–4.12 (m, 

1H), 3.54 (s, 3H), 2.98–2.84 (m, 3H), 2.71 (dd, J = 12Hz, J = 12Hz, 1H), 1.64–1.57 (m, 1H), 

1.44 (d, J = 4Hz, 2H), 1.28 (s, 9H), 1.18 (d, J = 4Hz, 3H), 0.84 (dd, J = 12Hz, J = 8Hz, 6H); 13C 

NMR (101 MHz, DMSO-d6) δ 172.1, 171.7, 171.4 (2), 157.0, 155.2, 138.2, 137.1, 130.1, 129.1, 

129.0, 128.3, 127.9, 127.7, 127.6, 126.0, 114.5, 78.0, 69.0, 55.7, 53.8, 51.7, 50.7, 47.8, 40.9, 

37.1, 35.7, 28.0, 23.9, 23.1, 21.5, 18.1; HRMS (ESI-TOF): m/z [M+Na]+ Calcd for 

C40H52N4NaO8  739.3683, found 739.3678. 
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Procedure for synthesis of amides: 

 

AITF (1.0 equiv) was added to a stirred solution of carboxylic acid/Nα-protected amino acid 7 

(1.0 equiv) and DIPEA (1.0 equiv) in CH3CN (3 mL) at room temperature. Then the reaction 

mixture was stirred for 20 min and amine (1.2 equiv) was added and the reaction mixture was 

stirred for 2.0 h at room temperature. The progress of the reaction was monitored by TLC. 

Thereafter, the reaction mixture was concentrated using rotary evaporator and then diluted with 

15 mL of ethyl acetate and washed with 5% HCl (10 mL x 2) 5% Na2CO3 (10 mL x 2), saturated 

NaCl solution and dried over anhydrous Na2SO4. The solvent was removed in vacuo, and the 

resulting crude product was purified by silica gel column chromatography using the mixture of 

hexane and ethyl acetate as eluents to afford 9. 

 

 

N-benzyl-4-chlorobenzamide (9a) 

White solid; Yield 95%; M.p. 38-46 ˚C; 1H NMR (400 MHz, DMSO-d6) δ 9.14 (t, J = 8Hz, 1H), 

7.93-7.90 (m, 2H), 7.57-7.54 (m, 2H), 7.35-7.22 (m, 5H), 4.48 (d, J = 4Hz, 2H); 13C NMR (101 

MHz, DMSO-d6) δ 165.1, 139.4, 136.0, 133.0, 129.1, 128.3, 128.2, 127.2, 126.7, 42.6; IR (cm-1) 

3311, 3029, 1637, 1549, 761, 523; HRMS (ESI-TOF): m/z [M+H]+ Calcd for C14H13ClNO 

246.0686, found 246.0677. 
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4-methoxy-N-phenylbenzamide (9b) 

White solid; Yield 90%; M.p. 170-172 ˚C; 1H NMR (400 MHz, DMSO-d6) δ 10.10 (s, 1H), 7.98-

7.95 (m, 2H), 7.77 (d, J = 8Hz, 2H), 7.34 (dd, J = 8Hz, J = 8Hz, 2H), 7.10-7.04 (m, 3H), 3.84 (s, 

3H); 13C NMR (101 MHz, DMSO-d6) δ 164.8, 161.8, 139.3, 129.5, 128.5, 126.9, 123.3, 120.3, 

113.5, 55.3; IR (cm-1) 3335, 3015, 1653, 1594, 750, 578; HRMS (ESI-TOF): m/z [M+Na]+ Calcd 

for C14H13NNaO2 250.0844, found 250.0823. 

 

4-nitro-N-phenylbenzamide (9c) 

Yellow solid; Yield 84%; M.p. 207-210 ˚C; 1H NMR (400 MHz, DMSO-d6) δ 10.57 (s, 1H), 

8.37 (t, J = 8Hz, 2H), 8.18 (d, J = 8Hz, 2H), 7.78 (d, J = 8Hz, 2H), 7.38 (t, J = 8Hz, 2H), 7.14 (t, 

J = 8Hz, 1H); 13C NMR (101 MHz, DMSO-d6) δ 163.8, 149.1, 140.6, 138.6, 129.1, 128.7, 124.1, 

123.5, 120.4; IR (cm-1) 3320, 3083, 1650, 1515, 757, 585; HRMS (ESI-TOF): m/z [M+H]+ 

Calcd for C13H11N2O3 243.0770, found 243.0770. 

 

N-(4-bromo-3-methylphenyl)-3-nitrobenzamide (9d) 

Pale Yellow solid; Yield 86%; M.p. 177-181˚C; 1H NMR (400 MHz, DMSO-d6) δ 10.53–10.45 

(m, 1H), 8.81 (d, J = 1.8 Hz, 1H), 8.37 (d, J = 7.7 Hz, 2H), 7.80–7.70 (m, 2H), 7.54–7.41 (m, 

2H), 2.34 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 163.6, 148.1, 138.5, 137.7, 136.4, 134.4, 
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132.4, 130.3, 126.4, 123.2, 122.8, 120.2, 118.9, 23.1; HRMS (ESI-TOF): m/z [M+H]+ Calcd for 

C14H12BrN2O3  335.0031, found 335.0026. 

 

 

N-(2-fluorophenyl)furan-2-carboxamide (9e) 

White solid; Yield 92%; M.p. 76-79 ˚C; 1H NMR (400 MHz, DMSO-d6) δ 9.95 (s, 1H), 7.94 (dd, 

J = 4Hz, 1H), 7.62-7.58 (m, 1H), 7.34-7.19 (m, 4H), 6.70 (dd, J = 4Hz, J = 4Hz, 1H); 13C NMR 

(101 MHz, DMSO-d6) δ 156.8, 156.2, 154.4, 147.1, 145.8, 126.9 (4), 124.9, 124.8, 124.3, 124.2, 

115.8, 115.6, 114.9, 112.1; IR (cm-1) 3425, 3142, 1672, 1535, 769, 581; HRMS (ESI-TOF): m/z 

[M+H]+ Calcd for C11H9FNO2 206.0617, found 206.0612. 

 

 

N-phenylbutyramide (9f) 

White solid; Yield 91%; M.p. 93-95 ˚C; 1H NMR (400 MHz, DMSO-d6) δ 9.85 (s, 1H), 7.59 (t, J 

= 8Hz, 2H), 7.29-7.25 (m, 2H), 7.03-6.99 (m, 1H), 2.27 (t, J = 8Hz, 2H), 1.65-1.56 (m, 2H), 0.91 

(t, J = 8Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ 171.0, 139.3, 128.6, 122.8, 118.9, 38.2, 18.5, 

13.6; HRMS (ESI-TOF): m/z [M+H]+ Calcd for C10H14NO 164.1075, found 164.1062. 

 

N-(tert-butyl)-2-phenylacetamide (9g) 

White solid; Yield 92%; M.p. 106-109 ˚C; 1H NMR (400 MHz, DMSO-d6) δ 7.65 (s, 1H), 7.32 – 

7.19 (m, 5H), 3.36 (s, 2H), 1.26 (s, 9H); 13C NMR (101 MHz, DMSO-d6) δ 169.5, 136.9, 128.8, 
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128.0, 126.0, 49.9, 43.0, 28.4; HRMS (ESI-TOF): m/z [M+H]+ Calcd for C12H18NO 192.1388, 

found 192.1382. 

 

 

(E)-3-(4-hydroxyphenyl)-N-(4-methoxyphenyl)acrylamide (9h) 

Pale Yellow solid; Yield 87%; M.p. 189-191 ˚C; 1H NMR (400 MHz, DMSO-d6) δ 9.92 (s, 1H), 

9.87 (s, 1H), 7.60 (d, J = 8Hz, 2H), 7.45 (dd, J = 16Hz, 3H), 6.89 (dd, J = 8Hz, J = 4Hz, 2H), 

6.82 (d, J = 8Hz, 2H), 6.58 (d, J = 16Hz, 1H), 3.73 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 

163.5, 159.0, 155.1, 139.7, 132.6, 129.3, 125.8, 120.5, 118.7, 115.8, 113.8, 55.1; HRMS (ESI-

TOF): m/z [M+H]+ Calcd for C16H16NO3 270.1130, found 270.1120. 

 

 

(9H-fluoren-9-yl)methyl (S)-(3-methyl-1-oxo-1-(phenylamino)butan-2-yl)carbamate (9i) 

White solid; Yield 91%; M.p. 230-234 ˚C; [α]D
25 = -47.53 (c 1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6): δ 10.02 (s, 1H), 7.88 (d, J = 8Hz, 2H), 7.75 (t, J = 8Hz, 2H), 7.60 (t, J = 8Hz, 3H), 

7.43-7.39 (m, 2H), 7.33-7.28 (m, 4H), 7.05 (t, J = 8Hz, 1H), 4.29-4.20 (m, 3H), 3.99 (t, J = 

8Hz,1H), 2.08-1.99 (m, 1H), 0.93 (t, J = 8Hz, 6H); 13C NMR (101 MHz, DMSO-d6): δ170.4, 

156.2, 143.8, 143.7, 140.6, 138.7, 128.7, 127.6, 127.0. 125.3 (2), 120.0, 119.2, 65.7, 61.0, 46.6, 

30.3, 19.1, 18.5; IR (cm-1) 3286, 3064, 2960, 1694, 1246, 737, 533; HRMS (ESI-TOF): m/z 

[M+H]+ Calcd for C26H27N2O3 415.2022, found 415.2021. 
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(9H-fluoren-9-yl)methyl (S)-(1-((3,4-dimethylphenyl)amino)-4-methyl-1-oxopentan-2-

yl)carbamate (9j) 

White solid; Yield 87%; M.p. 150-154 ˚C; [α]D
25 = -79.73(c  1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 9.81 (s, 1H), 7.89 (d, J = 8Hz, 2H), 7.73 (d, J = 4Hz, 2H), 7.58 (d, J = 8Hz, 1H), 

7.41-7.32 (m, 6H), 7.04 (d, J = 8Hz, 1H),4.30-4.20 (m,4H), 2.17 (d, J = 8Hz, 6H), 1.68-1.55 (m, 

2H), 1.49-1.42 (m, 1H), 0.90 (t, J = 4Hz, 6H) 13C NMR (101 MHz, DMSO-d6) δ 171.1.155.9, 

143.8, 143.7, 140.7, 136.6, 136.1, 130.9, 129.4, 127.6, 127.0, 125.2, 120.5, 120.0, 116.8, 65.5, 

53.7, 46.6, 40.6, 24.2, 22.9, 21.4, 19.5, 18.7; IR (cm-1)  3292, 3065, 2956, 1684, 1284, 737, 680; 

HRMS (ESI-TOF): m/z [M+H]+ Calcd for C29H33N2O3 457.2491, found 457.2487. 

 

(S)-benzyl (1-(benzylamino)-1-oxo-3-phenylpropan-2-yl)carbamate (9k) 

White solid; Yield 90%; M.p. 146-150 ˚C; [α]D
25 = + 2.38 (c 1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 8.43 (t, J = 8Hz, 1H), 7.52 (d, J = 8Hz, 1H), 7.34-7.17 (m, 15H), 4.95 (s, 2H), 7.31-

7.25 (m, 3H), 3.00 (dd, J = 12Hz, J = 4Hz, 1H), 2.79 (dd, J = 12Hz, J = 12Hz, 1H); 13C NMR 

(101 MHz, CDCl3) δ 171.3, 155.8, 139.1, 138.0, 137.0, 129.1, 128.2 (2), 128.0, 127.6, 127.4, 

127.0, 126.6, 126.2, 65.2, 56.3, 42.0, 37.6; HRMS (ESI-TOF): m/z [M+Na]+ Calcd for 

C24H24N2NaO3 411.1685, found 411.1692. 
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(9H-fluoren-9-yl)methyl ((2S,3R)-3-methyl-1-oxo-1-(pyridin-2-ylamino)pentan-2-yl)carbamate 

(9l) 

White solid; Yield 87 %; M.p. 150-153 ˚C; [α]D
25 = -30.81 (c 1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 10.44 (s, 1H), 8.32 (d, J = 4Hz, 1H), 8.09 (d, J = 8Hz, 1H), 7.88 (d, J = 8Hz, 2H), 

7.80-7.72 (m, 3H), 7.60 (d, J = 12Hz, 1H), 7.40 (dd, J = 8Hz, J = 8Hz, 2H), 7.30 (dd, J = 16Hz, J 

= 4Hz, 2H), 7.11 (t, J = 8Hz, 1H), 4.30-4.19 (m, 4H), 1.86-1.80 (m, 1H), 1.53-1.46 (m, 1H), 

1.24-1.15 (m, 1H), 0.89-0.82 (m, 6H); 13C NMR (101 MHz, DMSO-d6) δ 171.5, 156.1, 151.6, 

147.9, 143.7, 140.6, 138.1, 127.6, 127.0, 125.2, 120.0, 119.5, 113.5, 65.6, 59.7, 46.6, 36.1, 24.4, 

15.2, 10.7; IR (cm-1) 3253, 3206, 2964, 1725, 1298, 780, 534; HRMS (ESI-TOF): m/z [M+H]+ 

Calcd for C26H28N3O3  430.2131, found 430.2126. 

 

(S)-tert-butyl 3-(2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-3-(benzylamino)-3-

oxopropyl)-1H-indole-1-carboxylate (9m) 

White solid; Yield 90%; M.p. 153-155 ˚C; [α]D
25 = -84.04 (c 1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 8.64 (t, J = 4Hz, 1H), 8.04 (d, J = 8Hz, 1H), 7.87-7.76 (m, 4H), 7.62 (dd, J = 12Hz, 

J = 4Hz, 2H), 7.39-7.17 (m, 12H), 4.45-4.38 (m, 1H), 4.31 (brs, 2H), 4.23-4.10 (m, 3H), 3.13 

(dd, J = 16Hz, J = 4Hz, 1H), 3.00 (dd, J = 12Hz, J = 12Hz, 1H), 1.56 (s, 9H); 13C NMR (101 

MHz, DMSO-d6) δ 171.3, 155.8, 149.0, 143.7, 143.6, 140.6 (2), 139.1, 134.6, 130.2, 128.1, 

127.5, 127.0, 126.6, 125.3, 125.2, 124.2, 124.1, 122.4, 120.0, 119.5, 116.7, 114.6, 83.4, 65.7, 

54.6, 46.5, 42.1, 27.6, 27.4;  HRMS (ESI-TOF): m/z [M+H]+ Calcd for C38H38N3O5  616.2811, 

found 616.2769. 
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(S)-ethyl 2-(3-bromobenzamido)-2-phenylacetate (9n) 

White solid; Yield 86%; M.p. 98-102 ˚C; [α]D
25 = + 47.50 (c 1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 9.29 (d, J = 4Hz, 1H), 8.12 (s, 1H), 7.91 (d, J = 8Hz, 1H), 7.77-7.74 (m, 1H), 7.48-

7.37 (m, 6H), 5.62 (d, J = 8Hz, 1H), 4.18-4.10 (m, 2H), 1.16-1.17 (m, 3H); 13C NMR (101 MHz, 

DMSO-d6) δ 170.3, 165.0, 135.9, 135.6, 134.2, 130.5, 130.2, 128.5, 128.4, 128.2, 127.7, 126.9, 

121.5, 60.9, 57.1, 13.9; HRMS (ESI-TOF): m/z [M+Na]+ Calcd for C17H16BrNNaO3 384.0211, 

found 384.0206. 

 

(S)-methyl 2-(4-methoxybenzamido)-3-methylbutanoate (9o) 

White solid; Yield 86%; M.p. 100.7-101.1 ˚C; [α]D
25 = -2.49 (c 1.0, CH3OH); 1H NMR (400 

MHz, CDCl3) δ 7.78-7.75 (m, 2H), 6.94-6.90 (m, 2H), 6.52 (d, J = 8Hz, 1H), 4.76 (dd, J = 8Hz, 

J = 4Hz, 1H), 3.84 (s, 3H), 3.76 (s, 3H), 2.29-2.21 (m, 1H), 0.98 (dd, J = 8Hz, J = 8Hz, 6H); 13C 

NMR (101 MHz, CDCl3) δ 172.9, 166.8, 162.4, 128.9, 126.4, 113.8, 57.4, 55.5, 52.3, 31.7, 19.0, 

18.0; HRMS (ESI-TOF): m/z [M+Na]+ Calcd for C14H19NNaO4 288.1212, found 288.1200. 

 

 

(S)-methyl 2-(4-fluorobenzamido)-4-methylpentanoate (9p) 
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White solid; M.p. 97-100˚C; [α]D
25 = -18.57 (c  1.0, CH3OH); 1H NMR (400 MHz, DMSO-d6) δ 

8.76 (d, J = 7.6 Hz, 1H), 7.97 (dd, J = 8.2, 5.8 Hz, 2H), 7.31 (t, J = 8.5 Hz, 2H), 4.53-4.48 (m, 

1H), 3.65 (s, 3H), 1.82-1.75 (m, 1H), 1.72-1.66 (m, 1H), 1.61-1.54 (m, 1H), 0.90 (dd, J = 18.2, 

6.5 Hz, 6H); 13C NMR (101 MHz, DMSO-d6) δ 173.5, 166.0, 165.7, 163.2, 130.6, 130.5, 115.7, 

115.5, 52.3, 51.4, 39.6, 24.9, 23.2, 21.5; IR (cm-1) 3276, 3076, 2957, 1745, 1273, 766, 503; 

HRMS (ESI-TOF): m/z [M+H]+ Calcd for C14H19FNO3 268.1349, found 268.1345. 

 

(S)-methyl 2-benzamido-4-methylpentanoate (9q) 

White solid; Yield 89%; M.p. 102-104 ˚C; [α]D
25 = -18.08 (c 1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 8.70 (d, J = 8Hz, 1H), 7.89-7.87 (m, 2H), 7.57-7.46 (m, 3H), 4.53-4.48 (m, 1H), 

3.64 (s, 3H), 1.83-1.76 (m, 1H), 1.73-1.66 (m, 1H), 1.61-1.54 (m, 1H), 0.90 (dd, J = 16Hz, J = 

8Hz, 6H); 13C NMR (101 MHz, DMSO-d6) δ 173.0, 166.5, 133.7, 131.4, 128.2, 127.4, 51.8, 

50.9, 39.2, 24.4, 22.8, 21.1; HRMS (ESI-TOF): m/z [M+H]+ Calcd for C14H20NO3 250.1443, 

found 250.1429. 

 

(S)-benzyl (1-(dibenzylamino)-1-oxopropan-2-yl)carbamate (11a) 

White solid; Yield 88%; M.p. 82-88 ˚C; [α]D
25 = -69.44 (c 1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 7.72 (d, J = 8Hz, 1H), 7.39-7.15 (m, 15H), 5.03 (s, 2H), 4.65-4.48 (m, 4H), 4.29 (d, 

J = 16Hz, 1H), 1.20 (d, J = 4Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ 173.0, 155.8, 137.3, 

137.0, 136.9, 128.6, 128.4, 128.3, 128.0, 127.7, 127.6, 127.3 (2), 126.9, 65.3, 49.4, 47.7, 46.7, 

17.5; IR (cm-1) 3290, 2982, 1716, 1645, 729, 578; HRMS (ESI-TOF): m/z [M+H]+ Calcd for 

C25H27N2O3  403.2022 , found 403.2027. 
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(S)-tert-butyl (2-(methyl(phenyl)amino)-2-oxo-1-phenylethyl)carbamate (11b) 

Gel; Yield 86%; [α]D
25 = + 164.13 (c 1.0, CH3OH); 1H NMR (400 MHz, DMSO-d6) δ 7.38 (d, J 

= 4Hz, 2H), 7.21 (dd, J = 28Hz, J = 52Hz, 7H), 6.88 (d, J = 4Hz, 2H), 5.21 (d, J = 8Hz, 1H), 

3.15 (s, 3H), 1.35 (s, 9H); 13C NMR (101 MHz, DMSO-d6) δ 169.7, 154.7, 142.4, 137.2, 129.4, 

128.1, 127.8, 127.6, 78.2, 55.1, 37.4, 28.1; HRMS (ESI-TOF): m/z [M+Na]+ Calcd for 

C20H24N2NaO3 363.1685, found 363.1654. 

 

(S)-(9H-fluoren-9-yl)methyl (1-oxo-3-phenyl-1-(piperidin-1-yl)propan-2-yl)carbamate (11c) 

White solid; Yield 81%; M.p. 99-105˚C; [α]D
25 = -137.64 (c 1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 7.89 (d, J = 8Hz, 1H), 7.68 (dd, J = 8Hz, J = 4Hz, 2H), 7.41 (t, J = 8Hz, 2H), 7.34-

7.19 (m, 9H), 4.63 (dd, J = 12Hz, J = 8Hz, 1H), 4.19-4.13 (m, 3H), 2.90 (dd, J = 12Hz, J = 8Hz, 

1H), 2.82 (dd, J = 16Hz, J = 8Hz, 1H), 1.50-1.33 (m, 6H), 1.26-1.10 (m, 4H); 13C NMR (101 

MHz, DMSO-d6) δ 169.1, 155.6, 143.7, 140.6, 137.7, 129.3, 128.0, 127.6, 127.0, 126.3, 125.3, 

120.0, 65.6, 51.7, 46.5, 45.8, 42.4, 37.5, 25.7, 25.2, 23.9; IR (cm-1) 3259, 2932, 1713, 1623, 757, 

540; HRMS (ESI-TOF): m/z [M+Na]+ Calcd for C29H30N2NaO3 477.2154 , found 477.2078. 

 

N,N-diethylbenzamide (11d) 

Colorless oil; Yield 91%; 1H NMR (400 MHz, DMSO-d6) δ 7.45-7.33 (m, 5H), 3.46 (s, 2H), 

3.17 (s, 2H), 1.08 (d, J = 41.7 Hz, 6H); 13C NMR (101 MHz, DMSO-d6) δ 170.4, 137.7, 129.3, 
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128.7, 126.4, 43.2, 39.1, 14.4, 13.2; HRMS (ESI-TOF): m/z [M+H]+ Calcd for 

C11H16NO178.1232 , found 178.1238. 

 

4-chloro-N,N-diethylbenzamide (11e) 

Colourless oil; Yield 90%; 1H NMR (400 MHz, DMSO-d6) δ 7.48-7.45 (m, 1H), 7.38-7.36 (m, 

1H), 3.41 (s, 2H), 3.16 (s, 2H), 1.08 (d, J = 21.0 Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ 

168.8, 136.0, 133.6, 128.3, 128.0, 42.7, 38.7, 13.8, 12.7; HRMS (ESI-TOF): m/z [M+Na]+ Calcd 

for C11H14ClNNaO234.0662, found 234.0657. 

 

Procedure for synthesis of esters: 

 

AITF (1.0 equiv) was added to a stirred solution of carboxylic acid/Nα-protected amino acid 7 

(1.0 equiv) and DIPEA (1.0 equiv) in CH3CN (3 mL) at room temperature. Then the reaction 

mixture was stirred for 20 min and alcohol (1.2 equiv) was added and the reaction mixture was 

stirred for 3.0 h at room temperature. The progress of the reaction was monitored by TLC at 

room temperature. Thereafter, the reaction mixture was concentrated using rotary evaporator and 

then diluted with 15 mL of ethyl acetate and washed with 5% HCl (10 mL x 2) 5% Na2CO3 (10 

mL x 2), saturated NaCl solution and dried over anhydrous Na2SO4. The solvent was removed in 

vacuo, and the resulting crude product was purified by silica gel column chromatography using 

the mixture of hexane and ethyl acetate as eluents to afford 13. 
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(S)-phenyl 2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)propanoate (13a) 

White solid; Yield 87%; M.p. 135-139 ˚C; [α]D
25 = + 61.04 (c 1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 8.02 (d, J = 4Hz, 1H), 7.89 (d, J = 8Hz, 2H), 7.72 (dd, J = 8Hz, J = 4Hz, 2H), 7.44 

-7.25 (m, 8H), 7.09 (d, J = 8Hz, 1H), 4.41-4.23 (m, 4H), 1.44 (d, J = 8Hz, 3H); 13C NMR (101 

MHz, DMSO-d6) δ 171.8, 155.9, 150.4, 143.7 (2), 140.7, 129.5, 127.6, 127.0, 125.9, 125.1 (2), 

121.5, 120.1, 65.6, 49.5, 46.5, 16.7; IR (cm-1) 2928, 1762, 1531, 1450, 1302, 1260, 1161, 1064, 

757, 690;  HRMS (ESI-TOF): m/z [M+Na]+ Calcd for C24H21NNaO4 410.1368, found 410.1384. 

 

(R)-phenyl 2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)propanoate  (13a*) 

White solid; Yield 85%; M.p 134-137.[α]D
25 = + 486.20 (c 1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 7.99 (d, J = 6.8 Hz, 1H), 7.89 (d, J = 7.5 Hz, 2H), 7.72 (t, J = 8.0 Hz, 2H), 7.44-

7.25 (m, 7H), 7.09 (d, J = 7.9 Hz, 2H), 4.41-4.23 (m, 4H), 1.45 (d, J = 7.2 Hz, 3H); 13C NMR 

(101 MHz, DMSO-d6) δ 171.7, 155.9, 150.4, 143.7 (2), 140.7, 129.5, 127.6, 127.0, 125.9, 125.1 

(2), 121.4, 120.1, 65.6, 49.5, 46.6, 16.7; HRMS (ESI-TOF): m/z [M+H]+ Calcd for C24H22NO4 

388.1549, found 388.1558. 

 

(S)-benzyl (1-((4-nitrobenzyl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate (13b) 

White solid; Yield 78%; M.p. 102-110 ˚C; [α]D
25 = - 8.60 (c 1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6)  δ 8.19 (d, J = 8Hz, 2H), 7.96 (d, J = 8Hz, 1H), 7.53 (d, J = 8Hz, 2H), 7.33-7.22 (m, 

10H), 5.26 (s, 2H), 5.00 (d, J = 8Hz, 2H), 4.42-4.36 (m, 1H), 3.09 (dd, J = 16Hz, J = 4Hz, 1H), 

2.94 (dd, J = 12Hz, J = 12Hz, 1H); 13C NMR (101 MHz, DMSO-d6) δ 171.6, 156.0, 147.0, 
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143.5, 137.2, 136.8, 129.1, 128.2 (2), 127.7, 127.5, 126.5, 123.4, 65.4, 64.7, 55.6, 36.3; IR (cm-1)  

2921, 1707, 1511, 1450, 1347, 1285, 1035, 1011, 752, 661; HRMS (ESI-TOF): m/z [M+Na]+ 

Calcd for C24H22N2NaO6 457.1376, found 457.1333. 

 

(S)-benzyl 2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)propanoate (13c) 

White solid; Yield 84%; M.p. 69-102 ˚C; [α]D
25 = + 2.08 (c 1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6) δ 7.88 (dd, J = 12Hz, J = 8Hz, 3H), 7.71 (dd, J = 4Hz, J = 4Hz, 2H), 7.43-7.30 (m, 

9H), 5.12 (s, 2H), 4.32-4.14 (m, 4H), 1.31 (d, J = 8Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ 

172.7, 155.8, 143.8, 143.7, 140.7, 135.9, 128.3, 127.9, 127.6, 127.0, 125.1 (2), 120.1, 65.8, 65.6, 

49.4, 46.5, 16.8; HRMS (ESI-TOF): m/z [M+Na]+ Calcd for C25H23NNaO4 424.1525, found 

424.1490. 

 

phenyl benzoate (13d) 

White solid; Yield 89%; M.p. 62-68 ˚C; 1H NMR (400 MHz, DMSO-d6) δ 8.14 (t, J = 8Hz, 2H), 

7.35 (t, J = 8Hz, 1H), 7.61 (t, J = 8Hz, 2H), 7.50-7.45 (m, 2H), 7.31 (dd, J = 16Hz, J = 8Hz, 3H); 

13C NMR (101 MHz, DMSO-d6) δ 164.5, 150.6, 134.0, 129.7, 129.5, 128.9, 126.0, 121.9; IR 

(cm-1) 2982, 1734, 1593, 1471, 1262, 1192, 1062, 811, 747, 689; HRMS (ESI-TOF): m/z 

[M+Na]+ Calcd for C13H10NaO2 221.0578, found 221.0576. 

 

(S)-methyl 2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)-4-methylpentanoate (13e) 
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White solid; Yield 91%; M.p. 59-64 ˚C; [α]D
25 = -29.04 (c  1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6)  δ 7.89 (d, J = 4Hz, 2H), 7.75 (dd, J = 28Hz, J = 8Hz, 3H), 7.44-7.31 (m, 4H), 4.32-

4.21 (m, 3H), 4.08-4.03 (m, 1H), 3.62 (s, 3H), 1.66-1.55 (m, 2H), 1.48-1.42 (m, 1H), 0.86 (dd, J 

= 16Hz, J = 8Hz, 6H); 13C NMR (101 MHz, DMSO-d6) δ 173.2, 156.0, 143.8, 143.7, 140.7, 

127.6, 127.0, 125.2, 120.1, 65.5, 52.1, 51.8, 46.6, 39.4, 24.1, 22.7, 21.0; IR (cm-1): 2955, 1751, 

1534, 1447, 1263, 1120, 1081, 756, 538; HRMS (ESI-TOF): m/z [M+Na]+ Calcd for 

C22H25NNaO4 390.1681, found 390.1646. 

 

(S)-methyl 2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)propanoate (13f) 

White solid; Yield 86%; M.p. 112-114 ˚C; [α]D
25 = - 390.20 (c 1.0, CH3OH); 1H NMR (400 

MHz, DMSO-d6) δ 7.89 (d, J = 8Hz, 2H), 7.80-7.70 (m, 3H), 7.44-7.32 (m, 4H), 4.35-4.21 (m, 

3H), 4.14-4.07 (m, 1H), 3.63 (s, 3H), 1.29 (d, J = 8Hz, 3H); 13C NMR (101 MHz, DMSO-d6) δ 

173.3, 155.8, 143.8, 143.7, 140.7, 127.6, 127.0, 125.1, 120.0, 65.5, 51.8, 49.2, 46.6, 16.9; HRMS 

(ESI-TOF): m/z [M+Na]+ Calcd for C19H19NNaO4 348.1212, found 348.1232. 

 

 

(S)-ethyl 2-((((9H-fluoren-9-yl)methoxy)carbonyl)amino)propanoate (13g)  

White solid; Yield 89%; M.p. 103-105 ˚C; [α]D
25 =  - 181.08 (1.0, CH3OH); 1H NMR (400 MHz, 

DMSO-d6): δ 7.89 (d, J = 8Hz, 2H), 7.77-7.70 (m, 3H), 7.44-7.32 (m, 4H), 4.36-4.21 (m, 3H), 

4.11-4.03 (m, 3H), 1.28 (d, J = 8Hz, 3H), 1.17 (t, J = 4Hz, 3H); 13C NMR (101 MHz, DMSO-d6) 

δ 172.8, 155.8, 143.8, 143.7, 140.7, 127.6, 127.0, 125.2, 125.1, 120.0, 65.5, 60.4, 49.3, 46.6, 

16.8, 14.0; IR (cm-1) 2982, 1748, 1527, 1449, 1298, 1255, 1179, 1029, 758, 583; HRMS (ESI-

TOF): m/z [M+Na]+ Calcd for C20H21NNaO4 362.1368, found 362.1370. 

 



S31 
 

 

(S)-methyl 2-(((benzyloxy)carbonyl)amino)-3-phenylpropanoate (13h) 

Colorless oil; Yield 84%; [α]D
25 = +143.90 (c 1.0, CH3OH); 1H NMR (400 MHz, DMSO-d6) δ 

7.86 (d, J = 8Hz, 1H), 7.37-7.22 (m, 10H), 5.02 (s, 2H), 4.38-4.32 (m, 1H), 3.64 (s, 3H), 3.10 

(dd, J = 12Hz, J = 8Hz, 1H), 2.94 (dd, J = 16Hz, J = 8Hz, 1H); 13C NMR (101 MHz, DMSO-d6) 

δ 172.3, 155.9, 137.4, 136.9, 129.0, 128.2 (2), 127.7, 127.5, 126.4, 65.4, 55.5, 51.8, 36.5; IR (cm-

1) 2952, 1707, 1585, 1497, 1349, 1207, 1049, 1027, 742, 696; HRMS (ESI-TOF): m/z [M+Na]+ 

Calcd for C18H19NNaO4 336.1212, found 336.1185. 

 

2,5-dioxopyrrolidin-1-yl 4-methoxybenzoate (13i) 

White solid; Yield 84%; M.p. 138-141 ˚C; 1H NMR (400 MHz, DMSO-d6) δ 8.05 (d, J = 8Hz, 

2H), 7.17 (d, J = 8Hz, 2H), 3.89 (s, 3H), 2.88 (s, 4H); 13C NMR (101 MHz, DMSO-d6) δ 170.4, 

164.7, 161.2, 132.3, 116.2, 114.8, 55.8, 25.4; IR (cm-1) 2981, 1790, 1513, 1426, 1375, 1210, 

1071, 1020, 756, 689; HRMS (ESI-TOF): m/z [M+Na]+ Calcd for C12H11NNaO5 272.0535, 

found 272.0535. 
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Figure S1. 1H NMR Spectrum of III (400MHz, DMSO-d6) 
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Figure S2. 13C NMR Spectrum of III (400MHz, DMSO-d6)  
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Figure S3. HRMS Spectrum of III (AITF) 
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Figure S4. 1H NMR Spectrum of IV (400MHz, DMSO-d6)  
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Figure S5. 13C NMR Spectrum of IV (400MHz, DMSO-d6)  
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Figure S6. 1H NMR Spectrum of V (400MHz, DMSO-d6)  
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Figure S7. 13C NMR Spectrum of V (400MHz, DMSO-d6)  
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Figure S8. 1H NMR Spectrum of 3a (400MHz, DMSO-d6) 
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Figure S9. 13C NMR Spectrum of 3a (101MHz, DMSO-d6) 
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Figure S10. HRMS Spectrum of 3a 
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Figure S11. 1H NMR Spectrum of 3a* (400MHz, DMSO-d6) 
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Figure S12. 13C NMR Spectrum of 3a* (101MHz, DMSO-d6) 
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Figure S13. HRMS Spectrum of 3a* 
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Figure S14. 1H NMR Spectrum of 3b (400MHz, DMSO-d6) 
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Figure S15. 13C NMR Spectrum of 3b (101MHz, DMSO-d6) 
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Figure S16. HRMS Spectrum of 3b 
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Figure S17. 1H NMR Spectrum of 3c (400MHz, DMSO-d6) 
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Figure S18. 13C NMR Spectrum of 3c (101MHz, DMSO-d6) 
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Figure S19. HRMS Spectrum of 3c 
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Figure S20. 1H NMR Spectrum of 3d (400MHz, DMSO-d6) 
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Figure S21. 13C NMR Spectrum of 3d (101MHz, DMSO-d6) 
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Figure S22. HRMS Spectrum of 3d 
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Figure S23. 1H NMR Spectrum of 3e (400MHz, DMSO-d6) 
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Figure S24. 13C NMR Spectrum of 3e (101MHz, DMSO-d6) 
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Figure S25. HRMS Spectrum of 3e 
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Figure S26. 1H NMR Spectrum of 3f (400MHz, DMSO-d6) 



S58 
 

Figure S27. 13C NMR Spectrum of 3f (101MHz, DMSO-d6) 
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Figure S28. HRMS Spectrum of 3f 
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Figure S29. 1H NMR Spectrum of 3g (400MHz, DMSO-d6) 
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Figure S30. 13C NMR Spectrum of 3g (101MHz, DMSO-d6) 
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Figure S31. HRMS Spectrum of 3g 
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Figure S32. 1H NMR Spectrum of 3h (400MHz, DMSO-d6) 
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Figure S33. 13C NMR Spectrum of 3h (101MHz, DMSO-d6) 
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Figure S34. HRMS Spectrum of 3h 
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Figure S35. 1H NMR Spectrum of 3h* (400MHz, DMSO-d6) 
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Figure S36. 13C NMR Spectrum of 3h* (101MHz, DMSO-d6) 
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Figure S37. HRMS Spectrum of 3h* 
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Figure S38. 1H NMR Spectrum of 3i (400MHz, DMSO-d6) 
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Figure S39. 13C NMR Spectrum of 3i (101MHz, DMSO-d6) 
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Figure S40. HRMS Spectrum of 3i 
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Figure S41. 1H NMR Spectrum of 3j (400MHz, DMSO-d6) 
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Figure S42. 13C NMR Spectrum of 3j (101MHz, DMSO-d6) 
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Figure S43. HRMS Spectrum of 3j 



S75 
 

Figure S44. 1H NMR Spectrum of 3k (400MHz, DMSO-d6) 
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Figure S45. 13C NMR Spectrum of 3k (101MHz, DMSO-d6) 
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Figure S46. HRMS Spectrum of 3k 
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Figure S47. 1H NMR Spectrum of 3l (400MHz, DMSO-d6) 
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Figure S48. 13C NMR Spectrum of 3l (101MHz, DMSO-d6) 
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Figure S49. HRMS Spectrum of 3l 
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Figure S50. 1H NMR Spectrum of 3l* (400MHz, DMSO-d6) 
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Figure S51. 13C NMR Spectrum of 3l* (101MHz, DMSO-d6) 
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Figure S52. HRMS Spectrum of 3l* 
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Figure S53. 1H NMR Spectrum of 3m (400MHz, DMSO-d6) 
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Figure S54. 13C NMR Spectrum of 3m (101MHz, DMSO-d6) 
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Figure S55. HRMS Spectrum of 3m 
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Figure S56. 1H NMR Spectrum of 3n (400MHz, DMSO-d6) 
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Figure S57. 13C NMR Spectrum of 3n (101MHz, DMSO-d6) 
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Figure S58. HRMS Spectrum of 3n 
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Figure S59. 1H NMR Spectrum of 3o (400MHz, DMSO-d6) 
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Figure S60. 13C NMR Spectrum of 3o (101MHz, DMSO-d6) 
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Figure S61. HRMS Spectrum of 3o 
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Figure S62. 1H NMR Spectrum of 3p (400MHz, DMSO-d6) 
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Figure S63. 13C NMR Spectrum of 3p (101MHz, DMSO-d6) 
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Figure S64. HRMS Spectrum of 3p 
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Figure S65. 1H NMR Spectrum of 3q (400MHz, DMSO-d6) 
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Figure S66. 13C NMR Spectrum of 3q (101MHz, DMSO-d6) 
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Figure S64. H 

 

 

Figure S67. HRMS Spectrum of 3q 
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Figure S68. 1H NMR Spectrum of 3r (400MHz, DMSO-d6) 
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Figure S69. 13C NMR Spectrum of 3r (101MHz, DMSO-d6) 
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Figure S70. HRMS Spectrum of 3r 
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Figure S71. 1H NMR Spectrum of 6a (400MHz, DMSO-d6) 
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Figure S72. 13C NMR Spectrum of (101MHz, DMSO-d6) 
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Figure S73. HRMS Spectrum of 6a 
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Figure S74. 1H NMR Spectrum of 6b (400MHz, DMSO-d6) 
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Figure S75. 13C NMR Spectrum of 6b(101MHz, DMSO-d6) 
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Figure S76. HRMS Spectrum of 6b 
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Figure S77. 1H NMR Spectrum of 6c (400MHz, DMSO-d6) 
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Figure S78. 13C NMR Spectrum of 6c (101MHz, DMSO-d6) 
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Figure S79. HRMS Spectrum of 6c 
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Figure S80. 1H NMR Spectrum of 6d (400MHz, DMSO-d6) 
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Figure S81. 13C NMR Spectrum of 6d (101MHz, DMSO-d6) 
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Figure S82. HRMS Spectrum of 6d 
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Figure S83. 1H NMR Spectrum of 9a (400MHz, DMSO-d6) 
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Figure S84. 13C NMR Spectrum of 9a (101MHz, DMSO-d6) 
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Figure S85. HRMS Spectrum of 9a 
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Figure S86. 1H NMR Spectrum of 9b (400MHz, DMSO-d6) 
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Figure S87. 13C NMR Spectrum of 9b (101MHz, DMSO-d6) 
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Figure S88. HRMS Spectrum of 9b 
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Figure S89. 1H NMR Spectrum of 9c (400MHz, DMSO-d6) 
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Figure S90. 13C NMR Spectrum of 9c (101MHz, DMSO-d6) 
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Figure S91. HRMS Spectrum of 9c 
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Figure S92. 1H NMR Spectrum of 9d (400MHz, DMSO-d6) 
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Figure S93. 13C NMR Spectrum of 9d (101MHz, DMSO-d6) 
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Figure S94. HRMS Spectrum of 9d 
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Figure S95. 1H NMR Spectrum of 9e (400MHz, DMSO-d6) 
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Figure S96. 13C NMR Spectrum of 9e (101MHz, DMSO-d6) 
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Figure S97. HRMS Spectrum of 9e 
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Figure S98. 1H NMR Spectrum of 9f (400MHz, DMSO-d6) 
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Figure S99. 13C NMR Spectrum of 9f (101MHz, DMSO-d6) 
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Figure S100. HRMS Spectrum of 9f 
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Figure S101. 1H NMR Spectrum of 9g (400MHz, DMSO-d6) 
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Figure S102. 13C NMR Spectrum of 9g (101MHz, DMSO-d6) 
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Figure S103. HRMS Spectrum of 9g 
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Figure S104. 1H NMR Spectrum of 9h (400MHz, DMSO-d6) 
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Figure S105. 13C NMR Spectrum of 9h (101MHz, DMSO-d6) 
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Figure S106. HRMS Spectrum of 9h 
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Figure S107. 1H NMR Spectrum of 9i (400MHz, DMSO-d6) 
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Figure S108. 13C NMR Spectrum of 9i (101MHz, DMSO-d6) 
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Figure S109. HRMS Spectrum of 9i 
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Figure S110. 1H NMR Spectrum of 9j (400MHz, DMSO-d6) 
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Figure S111. 13C NMR Spectrum of 9j (101MHz, DMSO-d6) 
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Figure S112. HRMS Spectrum of 9j 
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Figure S113. 1H NMR Spectrum of 9k(400MHz, DMSO-d6) 
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Figure S114. 13C NMR Spectrum of 9k (101MHz, DMSO-d6) 
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Figure S115. HRMS Spectrum of 9k 
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Figure S116. 1H NMR Spectrum of 9l(400MHz, DMSO-d6) 
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Figure S117. 13C NMR Spectrum of 9l (101MHz, DMSO-d6) 
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Figure S118. HRMS Spectrum of 9l 
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Figure S119. 1H NMR Spectrum of 9m (400MHz, DMSO-d6) 
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Figure S120. 13C NMR Spectrum of 9m (101MHz, DMSO-d6) 
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Figure S121. HRMS Spectrum of 9m 
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Figure S122. 1H NMR Spectrum of 9n (400MHz, DMSO-d6) 
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Figure S123. 13C NMR Spectrum of 9n (101MHz, DMSO-d6) 
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Figure S124. HRMS Spectrum of 9n 
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Figure S125. 1H NMR Spectrum of 9o (400MHz, CDCl3) 
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Figure S126. 13C NMR Spectrum of 9o (101MHz, CDCl3) 
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Figure S127. HRMS Spectrum of 9o 
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Figure S128. 1H NMR Spectrum of 9p (400MHz, DMSO-d6) 
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Figure S129. 13C NMR Spectrum of 9p (101MHz, DMSO-d6) 
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Figure S130. HRMS Spectrum of 9p 
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Figure S131. 1H NMR Spectrum of 9q (400MHz, DMSO-d6) 
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Figure S132. 13C NMR Spectrum of 9q(101MHz, DMSO-d6) 
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Figure S133. HRMS Spectrum of 9q 
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Figure S134. 1H NMR Spectrum of 11a (400MHz, DMSO-d6) 
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Figure S135. 13C NMR Spectrum of 11a (101MHz, DMSO-d6) 
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Figure S136. HRMS Spectrum of 11a 
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Figure S137. 1H NMR Spectrum of 11b (400MHz, DMSO-d6) 
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Figure S138. 13C NMR Spectrum of 11b (101MHz, DMSO-d6) 
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Figure S139. HRMS Spectrum of 11b 
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Figure S140. 1H NMR Spectrum of 11c (400MHz, DMSO-d6) 
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Figure S141. 13C NMR Spectrum of 11c (101MHz, DMSO-d6) 
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Figure S142. HRMS Spectrum of 11c 
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Figure S143. 1H NMR Spectrum of 11d (400MHz, DMSO-d6) 
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Figure S144. 13C NMR Spectrum of 11d (101MHz, DMSO-d6) 
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Figure S145. HRMS Spectrum of 11d 
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Figure S146. 1H NMR Spectrum of 11e (400MHz, DMSO-d6) 
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Figure S147. 13C NMR Spectrum of 11e (101MHz, DMSO-d6) 
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Figure S148. HRMS Spectrum of 11e 
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Figure S149. 1H NMR Spectrum of 13a (400MHz, DMSO-d6) 
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Figure S150. 13C NMR Spectrum of 13a (101MHz, DMSO-d6) 
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Figure S151. HRMS Spectrum of 13a 
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Figure S152. 1H NMR Spectrum of 13a* (400MHz, DMSO-d6) 
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Figure S153. 13C NMR Spectrum of 13a*(101MHz, DMSO-d6) 
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Figure S154. HRMS Spectrum of 13a* 
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Figure S155. 1H NMR Spectrum of 13b (400MHz, DMSO-d6) 
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Figure S156. 13C NMR Spectrum of 13b(101MHz, DMSO-d6) 
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Figure S157. HRMS Spectrum of 13b 
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Figure S158. 1H NMR Spectrum of 13c (400MHz, DMSO-d6) 
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Figure S159. 13C NMR Spectrum of 13c (101MHz, DMSO-d6) 
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Figure S160. HRMS Spectrum of 13c 
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Figure S161. 1H NMR Spectrum of 13d (400MHz, DMSO-d6) 
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Figure S162. 13C NMR Spectrum of 13d (101MHz, DMSO-d6) 
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Figure S163. HRMS Spectrum of 13d 
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Figure S164. 1H NMR Spectrum of 13e (400MHz, DMSO-d6) 
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Figure S165. 13C NMR Spectrum of 13e(101MHz, DMSO-d6) 
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Figure S166. HRMS Spectrum of 13e 
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Figure S167. 1H NMR Spectrum of 13f (400MHz, DMSO-d6) 
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Figure S168. 13C NMR Spectrum of 13f(101MHz, DMSO-d6) 
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Figure S169 HRMS Spectrum of 13f 
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Figure S170. 1H NMR Spectrum of 13g (400MHz, DMSO-d6) 
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Figure S171. 13C NMR Spectrum of 13g (101MHz, DMSO-d6) 
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Figure S172. HRMS Spectrum of 13g 
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Figure S173. 1H NMR Spectrum of 13h (400MHz, DMSO-d6) 
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Figure S174. 13C NMR Spectrum of 13h (101MHz, DMSO-d6) 
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Figure S175 HRMS Spectrum of 13h 
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Figure S176. 1H NMR Spectrum of 13i (400MHz, DMSO-d6) 
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Figure S177. 13C NMR Spectrum of 13i (101MHz, DMSO-d6) 
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Figure S178. HRMS Spectrum of 13i 
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HPLC studies for determining racemization of 3a 

 

 

 

 

 

 

HPLC condition: water-acetonitrile (35-65%) in 60 min; VWD at λ = 254 nm; flow rate: 0.5 mL/min; column: phenomenex made 

Lux, pore size-5μ, Cellulose-1, diameter x length = 250 x 4.6 mm). 

1) Mixed HPLC data of (L,L)-3a and (D,L) 3a* 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 37.512 4681.70166 78.72181 56.1238 

02 39.904 3660.03784 58.05646 43.8762 
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2) Pure HPLC data of (L,L)-3a 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 38.834 1.71320e4 262.20193 100.0000 

 

HPLC studies for determining racemization of 3b 
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HPLC condition: water-acetonitrile (30-70%) in 30 min; VWD at λ = 254 nm; flow rate: 0.5 mL/min; column: phenomenex made 

Lux, pore size-5μ, Cellulose-1, diameter x length = 250 x 4.6 mm). 

1) Mixed HPLC data of (L,L)-3b and (D,L) 3b* 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 15.045 600.54443 13.01576 51.2951 

02 18.596 570.21930 10.15413 48.7049 

2) Pure HPLC data of (L,L)-3b 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 14.803 973.65771 20.89940 100.0000 

 

HPLC studies for determining racemization of 3c 
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HPLC condition: water-acetonitrile (30-70%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: phenomenex made Lux, 

pore size-5μ, Cellulose-1, diameter x length = 250 x 4.6 mm). 

1) Mixed HPLC data of (L,L)-3c and (D,L) 3c* 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 7.068 1779.08960 119.15787 45.3229 

02 9.187 2146.27686 107.67322 54.6771 
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2) Pure HPLC data of (L,L)-3c 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 7.080 613.83362 40.67035 100.0000 

 

HPLC studies for determining racemization of 3e 
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HPLC condition: water-methanol (30-70%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: phenomenex made Lux, 

pore size-5μ, Cellulose-1, diameter x length = 250 x 4.6 mm). 

1) Mixed HPLC data of (L,L)-3e and (D,L) 3e* 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 8.179 1.10687e4 760.18402 49.6071 

02 8.751 1.12440e4 623.56458 50.3929 

 

2) Pure HPLC data of (L,L)-3e 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 8.926 878.66614 39.93617 100.0000 
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HPLC studies for determining racemization of 3f 

 

 

 

 

 

 

 

HPLC condition: water-acetonitrile (25-75%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: phenomenex made Lux, 

pore size-5μ, Cellulose-1, diameter x length = 250 x 4.6 mm). 

1) Mixed HPLC data of (L,L)-3f and (D,L) 3f* 
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Peak  Ret Time [min] Area Height [mAU] Area % 

01 7.050 571.71155 31.61432 49.1314 

02 7.870 591.92725 27.71265 50.8686 

2) Pure HPLC data of (L,L)-3f 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 7.086 997.24335 51.54872 100.0000 

 

HPLC studies for determining racemization of 3g 
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HPLC condition: water-acetonitrile (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: phenomenex made Lux, 

pore size-5μ, Cellulose-1, diameter x length = 250 x 4.6 mm). 

1) Mixed HPLC data of (L,L)-3g and (D,L) 3g* 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 13.623 1964.21533 69.83543 59.7167 

02 14.800 1325.00928 42.06074 40.2833 

2) Pure HPLC data of (L,L)-3g 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 13.613 1910.98755 65.43951 100.0000 
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HPLC studies for determining racemization of 3h 

 

 

 

 

 

 

HPLC condition: water-acetonitrile (45-55%) in 45 min; VWD at λ = 254 nm; flow rate: 0.5 mL/min; column: phenomenex made 

Lux, pore size-5μ, Cellulose-1, diameter x length = 250 x 4.6 mm). 

1) Mixed HPLC data of (L,L) 3h and (D,L) 3h* 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 23.628 2936.18945 46.86104 49.4232 

02 26.622 3004.72339 42.84006 50.5768 
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2) Pure HPLC data of (L,L) 3h 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 26.950 3071.90132 10.98769 99.1460 

02 24.020 10.30883 2.34351e-1 0.8540 

 

HPLC studies for determining racemization of 3l 
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HPLC condition: water-acetonitrile (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 0.5 mL/min; column: phenomenex made 

Lux, pore size-5μ, Cellulose-1, diameter x length = 250 x 4.6 mm). 

1) Mixed HPLC data of (L,L) 3l and (D,L) 3l* 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 6.734 1643.57092 128.69798 45.1775 

02 7.798 1994.46069 135.09608 54.8225 

2) Pure HPLC data of (L,L) 3l 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 6.600 413.22910 28.17320 100.0000 
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HPLC studies for determining racemization of 3m 

 

 

 

 

 

 

 

HPLC condition: water-acetonitrile (10-90%) in 40 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: phenomenex made Lux, 

pore size-5μ, Cellulose-1, diameter x length = 250 x 4.6 mm). 

 

1) Mixed HPLC data of (L,L)-3m and (D,L) 3m* 
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Peak  Ret Time [min] Area Height [mAU] Area % 

01 26.359 6084.63623 143.03291 55.5591 

02 27.894 4867.00586 106.26966 44.4409 

2) Pure HPLC data of (L,L)-3m 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 2.588 24.85943 1.46002 0.2623 

02 3.044 11.20006 2.52789 0.1182 

03 25.758 9443.19336 120.97589 99.6196 

 

HPLC studies for determining purity of 3d 
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HPLC condition: water-acetonitrile (10-80%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 9.387 7186.17773 226.27376 100.0000 

 

HPLC studies for determining purity of 3i 

 

 

 

 

HPLC condition: water-acetonitrile (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 
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Peak  Ret Time [min] Area Height [mAU] Area % 

01 7.131 1.24626e4 626.05316 100.0000 

 

HPLC studies for determining purity of 3j 

 

 

 

 

HPLC condition: water-methanol (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 8.871 4.26956e4 2271.42090 100.0000 
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HPLC studies for determining purity of 3k 

 

 

 

 

HPLC condition: water-acetonitrile (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 5.982 13.60264 1.26654 0.0387 

02 8.345 3.51652e4 1052.47986 99.9613 
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HPLC studies for determining purity of 3n 

 

 

 

 

 

HPLC condition: water-methanol (10-80%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 11.601 9131.27148 239.25229 100.0000 
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HPLC studies for determining purity of 3o 

 

 

 

 

 

HPLC condition: water-methanol (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 10.606 1.30119e4 681.39630 100.0000 
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HPLC studies for determining purity of 3p 

 

 

 

 

HPLC condition: water-methanol (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 20.375 7294.27002 98.69247 100.0000 
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HPLC studies for determining purity of 3q 

 

 

 

 

HPLC condition: water-methanol (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 4.760 49.42589 5.50452 0.1857 

02 9.615 107.03154 6.03026 0.4022 

03 10.975 2.64578e4 988.27802 99.4121 
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HPLC studies for determining purity of 3r 

 

 

 

 

HPLC condition: water-acetonitrile (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 10.981 4.41475e4 1804.00330 100.0000 
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HPLC studies for determining purity of 6a 

 

 

 

 

HPLC condition: water-methanol (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 2.532 8.98613 1.41761 0.1095 

02 19.806 8194.95605 159.09897 99.8905 
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HPLC studies for determining purity of 6b 

 

 

 

 

HPLC condition: water-acetonitrile (10-80%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 5.635 5.76925 1.02053 0.8540 

02 6.094 669.78314 59.91338 99.1460 
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HPLC studies for determining purity of 6c 

 

 

 

 

HPLC condition: water-methanol (10-95%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 6.323 46.68183 3.01123 0.5603 

02 16.076 8285.20215 195.39769 99.4397 
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HPLC studies for determining purity of 6d 

 

 

 

 

 

HPLC condition: water-methanol (10-90%) in 40 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 9.716 30.02806 3.01123 2.08486 

02 17.721 1.17986e4 438.12491 99.7461 
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HPLC studies for determining racemization of 9i 
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HPLC condition: water-acetonitrile (20-80%) in 40 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: phenomenex made Lux, 

pore size-5μ, Cellulose-1, diameter x length = 250 x 4.6 mm). 

1) Mixed HPLC data of (L)-9i and (D) 9i* 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 13.307 1.70683e4 361.95816 57.3414 

02 17.431 1.26978e4 199.26224 42.6586 

2) Pure HPLC data of (L)-9i 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 2.932 12.77854 1.15554 0.0243 

02 4.105 15.76748 1.20070 0.0300 

03 17.222 5.25043e4 606.95490 99.9457 
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HPLC studies for determining purity of 9j 

 

 

 

 

 

HPLC condition: water-methanol (10-80%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 4.315 2.46149e4 1954.96155 100.0000 
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HPLC studies for determining purity of 9k 

 

 

 

 

 

HPLC condition: water-acetonitrile (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 7.051 1.99362e4 1405.59753 100.0000 
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HPLC studies for determining purity of 9l 

 

 

 

 

HPLC condition: water-methanol (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 7.131 1.24626e4 626.05316 100.0000 
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HPLC studies for determining purity of 9m 

 

 

 

 

 

HPLC condition: water-methanol (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 5.517 116.08534 7.31107 0.9083 

02 13.275 1.26645e4 224.07771 99.0917 
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HPLC studies for determining purity of 11a 

 

 

 

 

 

HPLC condition: water-methanol (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 3.820 19.06471 2.39236 0.0568 

02 12.774 109.43756 4.34640 0.3263 

03 15.999 3.34085e4 705.88959 99.6168 
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HPLC studies for determining racemization of 11b 

 

 

 

 

 

 

 

 

HPLC condition: water-acetonitrile (20-80%) in 40 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: phenomenex made Lux, 

pore size-5μ, Cellulose-1, diameter x length = 250 x 4.6 mm). 

1) Mixed HPLC data of (L)-11b and (D) 11b* 
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Peak  Ret Time [min] Area Height [mAU] Area % 

01 17.888 2525.66382 92.45739 49.4966 

02 18.982 2577.03687 88.03035 50.5034 

2) Pure HPLC data of (L)-11b 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 17.721 1.17986e4 438.12491 100.0000 

 

HPLC studies for determining purity of 11c 

 

 

 

 

HPLC condition: water-methanol (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 
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Peak  Ret Time [min] Area Height [mAU] Area % 

01 9.594 1.64776e4 796.59033 100.0000 

 

HPLC studies for determining racemization of 13a 
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HPLC condition: water-acetonitrile (5-95%) in 30 min; VWD at λ = 254 nm; flow rate: 1.0 mL/min; column: phenomenex made 

Lux, pore size-5μ, Cellulose-1, diameter x length = 250 x 4.6 mm). 

1) Mixed HPLC data of (L) 13a and (D) 13a* 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 5.385 6370.93359 623.85791 17.6248 

02 9.521 2.97765e4 704.49756 82.3752 

2) Pure HPLC data of (L) 13a 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 8.885 4.08192e4 1052.43628 100.0000 
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HPLC studies for determining racemization of 13e 

 

 

 

 

 

 

 

HPLC condition: water-methanol (20-80%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: phenomenex made Lux, 

pore size-5μ, Cellulose-1, diameter x length = 250 x 4.6 mm). 

1) Mixed HPLC data of (L)-13b and (D) 13b* 
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Peak  Ret Time [min] Area Height [mAU] Area % 

01 13.046 3427.85913 87.93016 48.7894 

02 15.223 3597.96167 79.31252 51.2106 

2) Pure HPLC data of (L)-13b 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 15.193 6081.11279 126.53349 100.0000 

 
 

HPLC studies for determining purity of 13b 
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HPLC condition: water-acetonitrile (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 5.401 12.72812 1.02119 0.0961 

02 8.893 1.32302e4 796.37695 99.9039 

 

HPLC studies for determining purity of 13c 

 

 

 

 

 

HPLC condition: water-acetonitrile (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 
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Peak  Ret Time [min] Area Height [mAU] Area % 

01 19.289 3.40364e4 921.13031 100.0000 

 

HPLC studies for determining purity of 13f 

 

 

 

 

 

 

 

HPLC condition: water-methanol (10-90%) in 20 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 8.812 1.96162e4 869.33234 100.0000 
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HPLC studies for determining purity 13g 

 

 

 

 

 

 

 

 

HPLC condition: water-methanol (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 8.345 3.51652e4 1052.47986 100.0000 
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HPLC studies for determining purity 13h 

 

 

 

 

 

 

 

HPLC condition: water-methanol (10-90%) in 30 min; VWD at λ = 254 nm; flow rate: 1 mL/min; column: Eclipse XDB-C18, pore 

size-5μ, diameter x length = 4.6 x 150mm). 

Peak  Ret Time [min] Area Height [mAU] Area % 

01 12.836 1.82512e4 329.72797 100.0000 
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Crystal Structure Analysis of (III) AITF (Code =TRY_a):  

Crystals were grown from CDCl3 solution by slow evaporation. A single crystal 

(0.18 × 0.11 × 0.16 mm) was mounted on loop with a small amount of the paraffin 

oil. The X-ray data were collected at 296K temperature on a Bruker APEX(II) 

DUO CCD diffractometer using Mo Kα radiation (λ = 0.71073Ǻ), ω-scans (2θ = 

56.72), for a total of 3763 independent reflections. Space group P21/n, a = 

5.5295(13), b = 21.270(5), c = 12.923(3), α, γ = 90 and β = 98.235(8),V = 

1504.2(6)Ǻ3, monoclinic, Z = 4 for chemical formula C10H8 N2O5F6S2, with one 

molecule in asymmetric unit; ρcalcd = 1.829 gcm-3, μ = 0.451 mm-1, F (000) = 832, 

The structure was obtained by direct methods using SHELXS-97.1 The final R 

value was 0.0727 (wR2 = 0.2050) 3763 observed reflections (F0 ≥ 4σ (|F0|)) and 

216 variables, S = 1.047.  
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Figure S175. ORTEP diagram of (III) AITF (CCDC = 2209512). Ellipsoids are drawn at 50% 

probability. 
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Crystal Structure Analysis of 9e (Code =TRY6_a):  

Crystals were grown from MeOH solution by slow evaporation. A single crystal 

(0.16 × 0.10 × 0.12 mm) was mounted on loop with a small amount of the paraffin 

oil. The X-ray data were collected at 273K temperature on a Bruker APEX(II) 

DUO CCD diffractometer using Mo Kα radiation (λ = 0.71073Ǻ), ω-scans (2θ = 

56.646), for a total of 2376 independent reflections. Space group C2/c, a = 

11.206(3), b = 9.424(3), c = 18.834(6), α, γ = 90 and β = 106.89(9),V = 3440(3)Ǻ3, 

monoclinic, Z = 8 for chemical formula C11 H8 NO2F, with one molecule in 

asymmetric unit; ρcalcd = 1.432 gcm-3, μ = 0.112 mm-1, F (000) = 848, The 

structure was obtained by direct methods using SHELXS-97.1 The final R value 

was 0.0407 (wR2 = 0.0931) 1838 observed reflections (F0 ≥ 4σ (|F0|)) and 137 

variables, S = 0.935  
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Figure S76. ORTEP diagram of 9e (CCDC = 2209513). Ellipsoids are drawn at 50% 

probability.  

 

Reference:  

1) Sheldrick, G. M. Acta Crystallography. Sect A. 1990, 46, 467. 
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Differential scanning calorimetry (DSC) analysis of triflate surrogates 

(A)  DSC data was obtained on Perkin Elmer Differential scanning calorimeter 8000 II 

(5.050mg) was loaded into aluminum volatile pan and held at 25 oC for 10 min then 25 

oC to 180 oC at 10 oC/min.  

(B)  DSC data was obtained on Perkin Elmer Differential scanning calorimeter 8000 III 

(4.150mg) was loaded into aluminum volatile pan and held at 25 oC for 10 min then 25 

oC to 180 oC at 10 oC/min.  

(C)  DSC data was obtained on Perkin Elmer Differential scanning calorimeter 8000 IV 

(4.150mg) was loaded into aluminum volatile pan and held at 25 oC for 10 min then 25 

oC to 180 oC at 10 oC/min.  

(D)  DSC data was obtained on Perkin Elmer Differential scanning calorimeter 8000 V 

(3.930mg) was loaded into aluminum volatile pan and held at 25 oC for 10 min then 25 

oC to 180 oC at 10 oC/min.  
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Figure S177. DSC data of triflate surrogates II-V 


