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Highly Efficient Syntheses of Azetidines, Pyrrolidines and Indolines via Palladium 

Catalyzed Intramolecular Amination of C(sp3) and C(sp2)−H Bonds at γ  and δ  Positions 

Gang He, Yingsheng Zhao, Shuyu Zhang, Chengxi Lu and Gong Chen* 
Department of Chemistry, The Pennsylvania State University, University Park, Pennsylvania 16802. 

 
1. Reagents: All commercial materials were used as received unless otherwise noted. The 
following solvents were obtained from a JC Meyer solvent dispensing system and used without 
further purification: THF, DMF, DCM and toluene. Flash chromatography was performed using 
230-400 mesh SiliaFlash 60® silica gel (Silicycle Inc.). PhI(OAc)2 (98%, Aldrich), Pd(OAc)2 
(98%, Aldrich), AcOH (99.7%, Mallinckrodt Chemicals) were used in the Pd-catalyzed reactions. 
 
2. Instruments: NMR spectra were recorded on Bruker CDPX-300, DPX-300, DRX-400 
instruments and calibrated using residual solvent peaks as internal reference. Multiplicities are 
recorded as: s = singlet, d = doublet, t = triplet, dd = doublet of doublets, td = triplet of doublets, 
br s = broad singlet, m = multiplet. High resolution ESI mass experiments were operated on a 
Waters LCT Premier instrument. 
 
3. General procedure A for the preparation of picolinamide substrates 1, 8, 10, 16, 18, 21, 24, 
26, 30, 35, 37, 44. 
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A mixture of amine (1.0 eq), picolinic acid (1.1 eq), EDCI (1.1 eq), HOBt.H2O (1.1 eq), and 
DIPEA (3.0 eq) in anhydrous DCM (0.2 M) was stirred at rt overnight. Water was added and the 
mixture was extracted with DCM. The combined organic layers was washed with water and 
brine, dried over anhydrous Na2SO4, and concentrated in vacuo. The resulting residue was 
purified by silica gel flash chromatography to give the desired picolinamide product. 
 
4. General procedure B for the preparation of picolinamide substrates 5, 13, 28. 

 
A mixture of amino alcohol  (1.0 eq), picolinic acid (1.0 eq), EDCI (1.1 eq), and HOBt.H2O (1.1 
eq) in anhydrous DMF (0.2 M) was stirred at room temperature overnight. Water was added and 
the mixture was extracted with ethyl acetate. The combined organic layers was washed with 
water and brine, dried over anhydrous Na2SO4, and concentrated in vacuo. The resulting residue 
was dissolved in DCM; Ac2O (2.0 eq) and Et3N (2.0 eq) were added to the resulting solution. 
After stirring at rt for 8 hours, the solvent was removed and the residue was purified by silica gel 
flash chromatography to give the desired picolinamide product. 
 
5. General procedure C: Synthesis of azetidines via Pd-catalyzed intramolecular amination of 
γ-C(sp3)−H bonds. 
A mixture of picolinamide substrate (0.2 mmol, 1.0 eq), Pd(OAc)2 (2.2 mg, 0.01 mmol, 0.05 eq), 
PhI(OAc)2 (161 mg, 0.5 mmol, 2.5 eq), and AcOH (23 µL, 0.4 mmol, 2.0 eq) in anhydrous 
toluene (2 mL) in a 10 mL glass vial (purged with Ar, sealed with PTFE cap) was heated at 110 
oC for 24 hours. The reaction mixture was cooled to rt, and concentrated in vacuo. The resulting 
residue was purified by silica gel flash chromatography to give the cyclized azetidine product. 
 
6. General procedure D: Synthesis of pyrrolidines via Pd-catalyzed intramolecular amination of 
δ-C(sp3)−H bonds.  
A mixture of picolinamide (0.2 mmol, 1.0 eq), Pd(OAc)2 (2.2 mg, 0.01 mmol, 0.05 eq), 
PhI(OAc)2 (161 mg, 0.5 mmol, 2.5 eq), AcOH (115 µL, 2.0 mmol, 10.0 eq) in anhydrous toluene 
(2 mL) in a 10 mL glass vial (purged with Ar, sealed with PTFE cap) was heated at 110 oC for 24 
hours. The reaction mixture was cooled to rt, and concentrated in vacuo. The resulting residue 
was purified by silica gel flash chromatography to give the cyclized pyrrolidine product. 
 
7. General procedure E: Synthesis of indolines via Pd-catalyzed intramolecular amination of δ-
C(sp2)−H bonds. 
A mixture of picolinamide (0.4 mmol, 1.0 eq), Pd(OAc)2 (1.8 mg, 0.008 mmol, 0.02 eq), 
PhI(OAc)2 (322 mg, 1.0 mmol, 2.5 eq), and toluene (4 mL) in a 10 mL glass vial (purged with Ar, 
sealed with PTFE cap) was heated at 60 oC for 24 hours. The reaction mixture was cooled to rt, 
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and concentrated in vacuo. The resulting residue was purified by silica gel flash chromatography 
to give the cyclized product. 
 
8. 1H-NMR assay for the screening reactions of substrate 1. 

 
The screening reactions of substrate 1 were carried out following the general procedure C under 
the conditions specified in Table 1 in a 10 mL glass vial (purged with different gas, sealed with 
PTFE cap) (0.2 mmol scale). The reaction mixture was then cooled to rt, diluted with CHCl3, 
filtered through a short celite pad, and concentrated in vacuo. The resulting residue was 
dissolved in 0.5 mL of CDCl3 and 0.2 mmol of Cl2CHCHCl2 was added as an internal standard. 
The distributions of compounds 1, 2(cis and trans isomers), 3, 4 were analyzed based on the 
distinct chemical shifts of β-Hs of different products in 1H-NMR of the resulting mixture. More 
than 2 experiments were performed for each condition. 
 
9. Characterization of compounds 1-45: 
All the azetidine and pyrrolidine products show two sets of rotamer signals in 1H and 13C-NMR 
spectra at rt. The ratio of these two sets of signal changes in different solvent such as CDCl3 and 
DMSO-d6. 
 

 
Compound 1 was prepared following the standard coupling procedure A in 90% yield. 1H NMR 
(CDCl3, 300 MHz) δ 8.61 (m, 2H), 8.20 (d, J = 7.8 Hz, 1H), 7.87 (m, 1H), 7.48 (m, 1H), 4.78 
(dd, J = 5.1, 9.1 Hz, 1H), 3.79 (s, 3H), 2.37 (m, 1H), 1.05 (d, J = 2.1 Hz, 3H), 1.03 (d, J = 2.1 Hz, 
3H); 13C NMR (CDCl3, 75.5 MHz) δ 172.35, 164.42, 149.67, 148.55, 137.59, 126.67, 122.48, 
57.58, 52.33, 31.70, 19.38, 18.14; HRMS Calcd for C12H17N2O3 [M+H+]: 237.1239; Found: 
237.1218. 
 

 
Compound 2-cis isomer was isolated in 74% yield following the general procedure C with 2.5 
mol% of Pd(OAc)2. 1H NMR (CDCl3, 300 MHz, ratio of rotamers: 2.5/1) δ 8.57 (d, J = 4.6 Hz, 
0.28H), 8.43 (m, 0.72H), 8.14 (m, 1H), 7.80 (m, 1H), 7.37 (m, 1H), 5.08 (d, J = 4.9 Hz, 0.72H), 
4.94 (dd, J = 9.3, 8.9 Hz, 0.28H), 4.51 (d, J =4.9 Hz, 0.28H), 4.42 (m, 0.72H), 4.29 (dd, J = 5.4, 
10.0 Hz, 0.28H), 3.78 (s, 0.86H), 3.77 (m, 0.72H), 3.64 (s, 2.14H), 2.76 (m, 1H), 1.41 (m, 3H); 
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13C NMR (CDCl3, 75.5 MHz) δ 171.47, 170.96, 164.92, 164.50, 151.47, 151.28, 148.06, 147.42, 
136.87, 136.68, 125.49, 125.41, 123.97, 123.53, 72.28, 66.57, 60.37, 54.05, 52.25, 51.94, 30.75, 
30.52, 19.43, 19.19; HRMS Calcd for C12H15N2O3 [M+H+]: 235.1083; Found: 235.1090. 
 

 
Compound 2-trans isomer was isolated in 12% yield following the general procedure C with 2.5 
mol% of Pd(OAc)2. 1H NMR (CDCl3, 300 MHz, ratio of rotamers: 2.5/1) δ 8.58 (d, J = 4.0 Hz, 
0.31H), 8.46 (m, 0.78H), 8.17 (m, 1H), 7.83 (m, 1H), 7.39 (m, 1H), 5.62 (dd, J = 0.8, 9.2 Hz, 
0.77H), 5.05 (d, J = 9.5 Hz, 0.29H), 4.85 (dd, J = 8.4, 10.0 Hz, 0.29H), 4.40 (m, 0.29H), 4.34 (dd, 
J = 8.6, 9.8 Hz, 0.75H), 3.91 (m, 0.76H), 3.81 (s, 0.8H), 3.64 (s, 2.2H), 3.22 (m, 1H), 1.19 (m, 
1H); 13C NMR (CDCl3, 75.5 MHz) δ 170.59, 164.91, 151.90, 148.52, 147.98, 137.30, 137.16, 
125.92, 125.80, 124.47, 124.04, 70.26, 64.39, 54.95, 52.35, 52.03, 31.38, 28.83, 28.46, 15.54, 
15.20; HRMS Calcd for C12H15N2O3 [M+H+]: 235.1083; Found: 235.1064. 
 

 
Compound 3 as diastereomeric mixture was isolated in 2% yield following the general procedure 
C with 2.5 mol% of Pd(OAc)2. 1H NMR (CDCl3, 300 MHz) δ 8.62 (m, 1H), 8.21 (m, 1H), 7.90 
(m, 1H), 7.49 (m, 1H), 4.96 (m, 1H), 4.20 (m, 2H), 3.80 (s, 3H), 2.65 (m, 1H), 2.19 (m, 3H), 
1.11 (m, 3H); 13C NMR (CDCl3, 75.5 MHz) δ 172.17, 172.02, 171.24, 164.86, 149.71, 148.71, 
137.78, 126.88, 122.81, 66.03, 54.88, 53.80, 52.93, 52.82, 36.10, 35.93, 31.38, 21.35, 21.28, 
14.48, 12.66; HRMS Calcd for C14H19N2O5 [M+H+]: 295.1294; Found: 295.1291. 
 

 
Compound 4 was isolated in 8% yield following the general procedure C with 2.5 mol% of 
Pd(OAc)2. 1H NMR (CDCl3, 300 MHz): δ 8.58 (m, 1H), 8.18 (d, J = 7.8 Hz, 1H), 7.86 (m, 1H), 
7.48 (m, 1H), 5.14 (dd, J = 4.2, 9.1 Hz, 1H), 4.33 (dd, J = 5.9, 11.7 Hz, 1H), 4.21 (m, 3H), 3.79 
(s, 3H), 2.86 (m, 1H), 2.14 (s, 3H), 2.08 (s, 3H); 13C NMR (CDCl3, 75.5 MHz): δ 171.52, 171.10, 
170.97, 164.88, 149.48, 148.69, 137.84, 127.02, 122.87, 62.34, 62.24, 53.12, 51.77, 40.25, 21.23, 
21.20; HRMS Calcd for C16H21N2O7 [M+H+]: 253.1349; Found: 253.1347. 
 

  
Compound 5 was prepared following the standard procedure B in 40% yield. 1H NMR (CDCl3, 
400 MHz): δ 8.56 (m, 1H), 8.20 (d, J = 7.8 Hz, 1H), 8.12 (d, J = 8.2 Hz, 1H), 7.86 (td, J = 7.7, 
1.6 Hz, 1H), 7.44 (m, 1H), 4.28 (m, 3H), 2.04 (s, 3H), 2.01 (m, 1H), 1.02 (d, J = 4.0 Hz, 3H), 
1.00 (d, J = 4.0 Hz, 3H); 13C NMR (CDCl3, 100 MHz): δ 171.31, 164.55, 150.08, 148.46, 137.71, 
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126.57, 122.67, 64.97, 53.65, 29.99, 21.20, 19.85, 18.84; HRMS Calcd for C13H19N2O3 [M+H+]: 
251.1396; Found: 251.1388. 
 

 
Compound 6 was prepared in 82% yield following the standard procedure C. 1H NMR (CDCl3, 
300 MHz, ratio of rotamers: 1.3:1) δ 8.55 (d, J = 4.7 Hz, 2.3H), 8.07 (d, J = 7.9 Hz, 2.3H), 7.80 
(td, J = 7.7, 1.8 Hz, 2.3H), 7.35 (m, 2.3H), 4.81 (m, 2.3H), 4.55-4.20 (m, 6.9H), 4.08 (dd, J = 5.5, 
10.2 Hz, 1.3H), 3.68 (dd, J = 4.6, 10.2 Hz, 1H), 2.59 (m, 2.3H), 2.07 (s, 3.9H), 2.00 (s, 3H), 1.32 
(d, J = 7.0 Hz, 3H), 1.24 (d, J = 6.9 Hz, 3.9H); 13C NMR (CDCl3, 75.5 MHz) δ 171.30, 171.23, 
166.39, 166.11, 152.26, 152.13, 148.48, 148.46, 137.30, 137.16, 125.92, 125.78, 124.39, 124.19, 
71.02, 67.17, 65.53, 64.09, 60.33, 54.17, 29.21, 28.59, 21.28, 21.19, 19.56, 19.19; HRMS Calcd 
for C13H17N2O3 [M+H+]: 249.1239; Found: 249.1221. 
 

  
Compound 8 was prepared in 63% yield following the standard coupling procedure A. 1H NMR 
(CDCl3, 300 MHz) δ 8.66 (s, 1H), 8.63 (d, J = 4.6 Hz, 1H), 8.21 (d, J = 7.8 Hz, 1H), 7.89 (t, J = 
7.7 Hz, 1H), 7.48 (m, 1H), 4.69 (d, J = 9.8Hz, 1H), 3.78 (s, 3H), 1.10 (s, 9H); 13C NMR (CDCl3, 
100 MHz) δ 172.02, 164.29, 149.76, 148.62, 137.64, 126.69, 122.62, 60.62, 52.10, 35.33, 26.69; 
HRMS Calcd for C13H19N2O3 [M+H+]: 251.1396; Found: 251.1384. 
 

 
Compound 9 was prepared in 91% yield following the standard procedure C. 1H NMR (CDCl3, 
400 MHz, ratio of rotamers: 1:0.36): δ 8.56 (d, J = 4.8 Hz, 0.36H), 8.43 (m, 1H), 8.16 (m, 
1.36H), 7.80 (m, 1.36H), 7.36 (dd, J = 4.9, 7.4 Hz, 0.36H), 7.30 (m, 1H), 5.18 (s, 1H), 4.60 (s, 
0.36H), 4.50 (d, J = 9.7 Hz, 0.36H), 4.38 (d, J = 9.8 Hz, 0.36H), 3.97 (d, J = 9.6 Hz, 1H), 3.87 (d, 
J = 9.5 Hz, 1H), 3.78 (s, 1.08H), 3.62 (s, 3H), 1.46 (s, 3H), 1.43 (s, 1.08H), 1.19 (s, 1.08H), 1.16 
(s, 3H); 13C NMR (CDCl3, 75.5 MHz) δ 170.58, 169.78, 165.45, 165.17, 151.97, 151.86, 148.46, 
147.89, 137.27, 137.12, 125.92, 125.81, 124.37, 123.96, 75.84, 69.99, 66.39, 60.34, 52.23, 51.96, 
36.34, 36.02, 28.66, 28.40, 23.03, 22.73; HRMS Calcd for C13H17N2O3 [M+H+]: 249.1239; 
Found: 249.1234. 
 

 
Compound 10 was prepared in 84% yield following the standard procedure A. 1H NMR (CDCl3, 
300 MHz) δ 8.58 (m, 1H), 8.49 (d, J = 6.8 Hz, 1H), 8.17 (d, J = 7.8 Hz, 1H), 7.86 (td, J = 7.7, 
1.7 Hz, 1H), 7.45 (m, 1H), 4.79 (m, 1H), 3.76 (s, 3H), 2.06-1.97 (m, 1H), 1.95-1.81 (m, 1H), 
1.01 (t, J = 7.4 Hz, 3H); 13C NMR (CDCl3, 100 MHz) δ 172.87, 164.43, 149.75, 148.59, 137.63, 
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126.70, 122.56, 53.74, 52.61, 26.09, 10.10; HRMS Calcd for C11H15N2O3 [M+H+]: 223.1083; 
Found: 223.1069. 
 

 
Compound 11 was prepared in 25% yield following the standard procedure C. 1H NMR (CDCl3, 
300 MHz, ratio of rotamers: 2.5:1) δ 8.59 (d, J = 4.4 Hz, 0.4H), 8.45 (d, J = 4.6 Hz, 1H), 8.16 (m, 
1.4H), 7.83 (m, 1.4H), 7.40 (m, 1.4H), 5.55 (dd, J = 5.4, 9.3 Hz, 1H), 4.99 (dd, J = 5.4, 9.4 Hz, 
0.4H), 4.88 (m, 0.4H), 4.76 (m, 0.4H), 4.38 (m, 1H), 4.24 (m, 1H), 3.81 (s, 1.2H), 3.67 (s, 3H), 
2.76 (m, 1.4H), 2.36 (m, 1.4H); 13C NMR (CDCl3, 100 MHz) δ 172.33, 171.86, 165.14, 164.78, 
151.84, 151.67, 148.57, 147.92, 137.36, 137.17, 125.98, 125.90, 124.39, 123.94, 65.96, 60.34, 
54.07, 52.77, 52.45, 47.76, 22.09, 21.83; HRMS Calcd for C11H13N2O3 [M+H+]: 221.0926; 
Found: 221.0924. 
 

 
Compound 12 was prepared in 70% yield following the standard procedure C. 1H NMR (CDCl3, 
400 MHz) δ 8.65 (d, J = 7.8 Hz, 1H), 8.58 (d, J = 4.7 Hz, 1H), 8.17 (d, J = 7.8 Hz, 1H), 7.86 (t, J 
= 7.7 Hz, 1H), 7.45 (t, J = 6.5 Hz, 1H), 4.94 (m, 1H), 4.26 (m, 2H), 3.78 (s, 3H), 2.38 (m, 1H), 
2.26 (m, 1H), 2.05 (s, 3H); 13C NMR (CDCl3, 100 MHz) δ 172.34, 171.10, 164.57, 149.53, 
148.63, 137.74, 126.90, 122.66, 61.06, 52.91, 50.33, 31.32, 21.18; HRMS Calcd for C13H17N2O5 
[M+H+]: 281.1137; Found: 281.1116. 
 

 
Compound 13 was prepared in 32% yield using the standard procedure B. 1H NMR (CDCl3, 300 
MHz) δ 8.56 (m, 1H), 8.20 (td, J = 1.0, 7.9 Hz, 1H), 8.13 (d, J = 6.1 Hz, 1H), 7.86 (td, J = 7.7, 
1.7 Hz, 1H), 7.44 (m, 1H), 4.30 (m, 3H), 2.03 (s, 3H), 1.81 (m, 1H), 1.64 (m, 1H), 1.29 (m, 1H), 
0.99 (d, J = 6.8 Hz, 3H), 0.94 (t, J = 7.4 Hz, 3H); 13C NMR (CDCl3, 100 MHz) δ 171.31, 164.41, 
150.09, 148.44, 137.68, 126.53, 122.63, 64.79, 52.61, 36.53, 25.72, 21.19, 15.87, 11.67; HRMS 
Calcd for C14H21N2O3 [M+H+]: 265.1552; Found: 265.1547. 
 

 
Compound 14 was isolated in 70% yield following the standard procedure C. 1H NMR (CDCl3, 
300 MHz, ratio of rotamers: 1.3:1) δ 8.56 (m, 2.3H), 8.07 (m, 2.3H), 7.82 (td, J = 7.7, 1.7 Hz, 
2.3H), 7.37 (m, 2.3H), 5.33 (m, 1H), 4.84 (m, 1.3H), 4.65-4.47 (m, 4.9H), 4.37-4.24 (m, 3.3H), 
3.84 (t, J = 8.3 Hz, 1H), 2.93-2.72 (m, 2.3H), 2.07 (s, 3.9H), 1.96 (s, 3H), 1.75-1.56 (m, 4.6H), 
0.92 (m, 6.9H); 13C NMR (CDCl3, 100 MHz) δ 170.99, 170.84, 166.25, 165.85, 152.33, 152.27, 
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148.54, 148.42, 137.27, 137.17, 125.86, 125.76, 124.30, 124.22, 66.17, 63.01, 61.88, 61.77, 
59.72, 54.04, 35.70, 35.51, 22.20, 22.12, 21.38, 21.23, 12.14, 12.10; HRMS Calcd for 
C14H19N2O3 [M+H+]: 263.1396; Found: 263.1396. 
 

 
Compound 15 was isolated in 8% yield following the standard procedure C. 1H NMR (CDCl3, 
300 MHz) δ 8.56 (m, 1H), 8.36 (d, J = 9.5 Hz, 1H), 8.20 (d, J = 7.8 Hz, 1H), 7.88 (td, J = 7.7, 
7.7 Hz, 1H), 7.46 (m, 1H), 4.61 (m, 1H), 4.27 (d, J = 5.4 Hz, 2H), 4.22 (m, 1H), 4.12 (m, 1H), 
2.11 (s, 3H), 2.05 (s, 3H), 2.02 (m, 1H), 1.63 (m, 1H), 1.47 (m, 1H), 1.03 (t, J = 7.4 Hz, 3H); 13C 
NMR (CDCl3, 75.5 MHz) δ 171.41, 171.36, 164.45, 150.00, 148.51, 137.86, 126.75, 122.82, 
64.46, 64.26, 49.55, 41.61, 21.38, 21.30, 21.25, 12.29; HRMS Calcd for C16H23N2O5 [M+H+]: 
323.1607; Found: 323.1605. 
 

 
Compound 16 was prepared in 95% yield following the standard procedure A. 1H NMR (CDCl3, 
400 MHz) δ 8.68 (d, J = 9.0 Hz, 1H), 8.62 (d, J = 4.7 Hz, 1H), 8.17 (d, J = 7.8 Hz, 1H), 7.85 (td, 
J = 7.7, 1.2 Hz, 1H), 7.44 (m, 1H), 4.71 (d, J = 9.4 Hz, 1H), 4.35 (m, 1H), 3.73 (s, 3H), 1.23 (d, J 
= 6.3 Hz, 3H), 1.17 (s, 9H); 13C NMR (CDCl3, 100 MHz) δ 171.57, 165.18, 149.92, 148.79, 
137.53, 126.65, 122.67, 74.48, 68.05, 58.46, 52.56, 28.73, 21.31; HRMS Calcd for C15H23N2O4 
[M+H+]: 295.1658; Found: 295.1635. 
 

 
Compound 17 was isolated in 79% yield following the standard procedure C. 1H NMR (CDCl3, 
400 MHz, ratio of rotamers: 3:1) δ 8.57 (d, J = 4.6 Hz, 1H), 8.45 (d, J = 4.7 Hz, 3H), 8.14 (m, 
4H), 7.80-7.75 (m, 4H), 7.36-7.29 (m, 4H), 5.64 (dd, J = 1.0, 7.5 Hz, 3H), 5.09 (d, J = 7.7 Hz, 
1H), 4.98 (dd, J = 6.6, 10.0 Hz, 1H), 4.74 (m, 4H), 4.65 (m, 1H), 4.41 (dd, J = 7.1, 10.1 Hz, 3H), 
4.21 (m, 3H), 3.79 (s, 3H), 3.65 (s, 9H), 1.17 (s, 36H); 13C NMR (CDCl3, 75.5 MHz) δ 169.22, 
168.34, 165.10, 164.95, 151.90, 151.65, 148.49, 148.09, 137.26, 137.11, 125.93, 125.86, 124.31, 
123.90, 75.51, 75.40, 73.99, 68.66, 64.27, 63.46, 63.07, 58.81, 52.26, 52.07, 31.28, 28.21; 
HRMS Calcd for C15H21N2O4 [M+H+]: 293.1501; Found: 293.1484. 
 

 
Compound 18 was prepared in 67% yield following the standard procedure A. 1H NMR (CDCl3, 
300 MHz) δ 8.53 (d, J = 4.1 Hz, 1H), 8.20 (d, J = 7.8 Hz, 1H), 8.11 (s, 1H), 7.85 (td, J = 7.7, 5.2 
Hz, 1H), 7.41 (dd, J = 5.2, 6.9 Hz, 1H), 3.44-3.23 (m, 2H), 1.72 (m, 1H), 1.51 (m, 1H), 1.26 (m, 
1H), 0.96 (m, 6H); ); 13C NMR (CDCl3, 75.5 MHz) δ 164.23, 150.02, 147.93, 137.25, 125.95, 
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122.12, 44.96, 35.05, 27.00, 17.22, 11.28; HRMS Calcd for C11H17N2O [M+H+]: 193.1341; 
Found: 193.1322. 
 

 
Compound 19 was isolated in 68% yield following the standard procedure C. 1H NMR (CDCl3, 
300 MHz, no rotamers observed) δ 8.58 (d, J = 4.4 Hz, 1H), 8.10 (d, J = 7.9 Hz, 1H), 7.82 (td, J 
= 7.7, 1.6 Hz, 1H), 7.37 (m, 1H), 4.78 (dd, J = 9.5, 10.7 Hz, 1H), 4.33 (m, 2H), 3.86 (dd, J = 5.6, 
10.2 Hz, 1H), 2.61 (m, 1H), 1.71 (m, 2H), 0.93 (t, J = 7.3 Hz, 3H); 13C NMR (CDCl3, 75.5 MHz) 
δ 165.18, 152.03, 147.90, 136.61, 125.03, 123.61, 59.81, 53.83, 31.48, 27.28, 11.06; HRMS 
Calcd for C11H15N2O [M+H+]: 191.1184; Found: 191.1168. 
 

 
Compound 20 was isolated in 12% yield following the standard procedure C. 1H NMR (CDCl3, 
400 MHz) δ 8.56 (m, 1H), 8.36 (s, 1H), 8.21 (dd, J = 0.7, 5.9 Hz, 1H), 7.88 (m, 1H), 7.45 (m, 
1H), 4.24 (dd, J = 4.4, 11.3 Hz, 1H), 4.10 (dd, J = 4.9, 11.3 Hz, 1H), 3.64 (m, 1H), 3.48 (m, 1H), 
2.12 (s, 3H), 1.97 (m, 1H), 1.50 (m, 2H), 1.03 (t, J = 7.4 Hz, 3H); 13C NMR (CDCl3, 75.5 MHz) 
δ 171.20, 164.39, 148.02, 137.31, 126.08, 122.18, 65.52, 40.69, 39.65, 22.03, 20.89, 11.34; 
HRMS Calcd for C13H19N2O3 [M+H+]: 251.1396; Found: 251.1380. 
 

 
Compound 21 was prepared in 87% yield following the standard coupling procedure A. 1H NMR 
(CDCl3, 400 MHz) δ 8.58 (m, 1H), 8.36 (d, J = 7.6 Hz, 1H), 8.18 (d, J = 7.8 Hz, 1H), 7.85 (t, J = 
7.7 Hz, 1H), 7.44 (m, 1H), 4.85 (m, 1H), 3.75 (s, 3H), 1.79-1.69 (m, 3H), 0.98 (t, J = 4.5 Hz, 6H); 
13C NMR (CDCl3, 100 MHz) δ 173.47, 164.45, 149.69, 148.56, 137.64, 126.71, 122.62, 52.58, 
51.11, 41.89, 25.22, 23.20, 22.15; HRMS Calcd for C13H19N2O3 [M+H+]: 251.1396; Found: 
251.1383. 
 

 
Compound 22-trans was isolated in 72% yield following the standard procedure D. 1H NMR 
(CDCl3, 300 MHz, ratio of rotamers: 1:0.86) δ 8.61 (dd, J = 1.0, 5.4 Hz, 0.86H), 8.47 (m, 1H), 
8.07 (d, J = 7.9 Hz, 1H), 7.93 (d, J = 7.9 Hz, 0.86H), 7.83 (m, 1.86H), 7.39 (m, 1.86H), 5.18 (m, 
1H), 4.75 (dd, J = 2.6, 8.8 Hz, 0.86H), 4.13 (m, 1.86H), 3.78 (s, 2.6H), 3.66 (s, 3H), 3.60 (dd, J = 
9.0, 11.0 Hz, 0.86H), 3.36 (dd, J = 9.2, 11.9 Hz, 1H), 2.50 (m, 1.86H), 2.27 (m, 1H), 2.16 (m, 
0.86H), 1.99 (m, 1.86H), 1.13 (d, J = 6.5 Hz, 3H), 1.07 (d, J = 6.6 Hz, 2.6H); 13C NMR (CDCl3, 
75.5 MHz) δ 173.91, 173.10, 165.55, 165.74, 153.72, 152.93, 148.26, 147.49, 137.31, 137.23, 
125.50, 124.99, 124.78, 62.53, 60.57, 56.91, 55.47, 52.63, 52.41, 39.82, 36.77, 33.31, 30.01, 
17.62, 17.46; HRMS Calcd for C13H17N2O3 [M+H+]: 249.1239; Found: 249.1232. 
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Compound 22-cis was isolated in 10% yield following the standard procedure D. 1H NMR 
(CDCl3, 300 MHz, ratio of rotamers: 1:1.4) δ 8.63 (d, J = 3.4 Hz, 1.4H), 8.47 (d, J = 4.6 Hz, 1H), 
8.06 (d, J = 7.9 Hz, 1H), 7.92 (d, J = 7.7 Hz, 1.4H), 7.82 (m, 2.4H), 7.39 (m, 2.4H), 5.28 (t, J = 
8.4 Hz, 1H), 4.66 (dd, J = 7.7, 9.8 Hz, 1.4H), 4.25 (m, 2.5H), 3.78 (s, 4.2H), 3.58 (m, 1.4H), 3.51 
(s, 3H), 3.30 (t, J = 10.0 Hz, 1H), 2.62 (m, 2.4H), 2.37 (m, 2.4H), 1.74 (m, 2.4H), 1.14 (dd, J = 
8.0, 6.7 Hz, 7.2H); 13C NMR (CDCl3, 75.5 MHz) δ 173.89, 173.11, 166.49, 165.92, 153.63, 
153.35, 148.41, 147.43, 137.39, 137.21, 125.53, 125.40, 125.08, 124.84, 62.30, 61.09, 57.15, 
55.72, 52.68, 52.31, 40.33, 37.30, 34.79, 31.53, 17.53, 17.01; HRMS Calcd for C13H17N2O3 
[M+H+]: 249.1239; Found: 249.1225. 
 

 
Compound 24 was prepared in 99% yield following the standard coupling procedure A. 1H NMR 
(CDCl3, 400 MHz) δ 8.57 (dd, J = 0.7, 4.1 Hz, 1H), 8.31 (d, J = 8.2 Hz, 1H), 8.18 (d, J = 7.8 Hz, 
1H), 7.85 (td, J = 7.8, 1.6 Hz, 1H), 7.43 (m, 1H), 4.85 (m, 1H), 3.73 (s, 3H), 1.94 (m, 1H), 1.72 
(m, 1H), 0.99 (s, 9H); 13C NMR (CDCl3, 100 MHz) δ 173.85, 164.16, 149.73, 148.61, 137.65, 
126.71, 122.65, 52.69, 50.34, 46.38, 31.07, 29.94; HRMS Calcd for C14H21N2O3 [M+H+]: 
265.1552; Found: 265.1528. 
 

 
Compound 25 was isolated in 86% yield following the standard procedure C. 1H NMR (CDCl3, 
400 MHz, ratio of rotamers: 1:1.3) δ 8.61 (d, J = 4.7 Hz, 1.3H), 8.45 (d, J = 4.7 Hz, 1H), 8.06 (d, 
J = 7.9 Hz, 1H), 7.93 (d, J = 7.9 Hz, 1.3H), 7.80 (m, 2.3H), 7.36 (m, 1.3H), 7.31 (m, 1H), 5.36 (t, 
J = 8.4 Hz, 1H), 4.73 (dd, J = 8.1, 9.5 Hz, 1.3H), 3.85 (m, 1H), 3.77 (m, 2.6H), 3.76 (s, 3.9H), 
3.50 (s, 3H), 3.48 (d, J = 11.8 Hz, 1H), 2.24 (m, 1H), 2.11 (dd, J = 8.0, 12.5 Hz, 1.3H), 1.91 (m, 
2.3H), 1.63 (m, 9.9H), 1.03 (s, 3.9H); 13C NMR (CDCl3, 75.5 MHz) δ 173.99, 173.13, 166.75, 
166.09, 153.51, 153.26, 148.39, 147.39, 137.35, 137.18, 125.53, 125.39, 125.10, 124.90, 62.72, 
61.76, 61.18, 60.35, 52.66, 52.31, 45.76, 42.55, 39.66, 36.40, 26.76, 26.34, 26.30, 26.11; HRMS 
Calcd for C14H19N2O3 [M+H+]: 263.1396; Found: 263.1387. 
 

 
Compound 26 was prepared in 71% yield following the standard coupling method A. 1H NMR 
(CDCl3, 300 MHz) δ 8.57 (m, 1H), 8.44 (d, J = 10.4 Hz, 1H), 8.16 (d, J = 6.9 Hz, 1H), 7.84 (td, J 
= 7.7, 1.7 Hz, 1H), 7.43 (m, 1H), 4.81 (m, 1H), 3.74 (s, 3H), 1.96 (m, 2H), 1.46 (m, 1H), 0.95 (t, 
J = 7.3 Hz, 3H); 13C NMR (CDCl3, 75.5 MHz) δ 173.11, 164.40, 149.70, 148.57, 137.64, 126.72, 
122.57, 56.62, 52.39, 34.92, 19.09, 13.97; HRMS Calcd for C12H17N2O3 [M+H+]: 237.1239; 
Found: 237.1230. 
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Compound 27 was isolated in 17% yield following the standard procedure D. 1H NMR (CDCl3, 
400 MHz, ratio of rotamer: 1:0.8) δ 8.60 (m, 0.8H), 8.47 (m, 1H), 8.59 (dd, J = 0.9, 7.9 Hz, 1H), 
7.92 (dd, J = 0.9, 7.9 Hz, 0.8H), 7.81 (m, 1.8H), 7.37 (m, 1.8H), 5.16 (m, 1H), 4.70 (m, 0.8H), 
4.04-3.80 (m, 3.6H), 3.78 (s, 2.4H), 3.64 (s, 3H), 2.32-2.22 (m, 1.8H), 2.18-2.13 (m, 1H), 2.10-
2.00 (m, 1.4H), 1.99-1.92 (m, 3H); 13C NMR (CDCl3, 75.5 MHz) δ 173.84, 173.04, 166.60, 
165.85, 153.71, 153.06, 148.27, 147.49, 137.29, 137.17, 125.47, 124.90, 124.71, 61.95, 60.46, 
52.57, 52.36, 50.10, 48.64, 32.17, 29.23, 25.82, 22.35; HRMS Calcd for C12H15N2O3 [M+H+]: 
235.1083; Found: 235.1075. 
 

  
Compound 28 was prepared in 49% yield following the standard procedure B. 1H NMR (CDCl3, 
400 MHz) δ 8.55 (d, J = 4.3 Hz, 1H), 8.20 (d, J = 7.8 Hz, 1H), 7.99 (d, J = 8.6 Hz, 1H), 7.86 (t, J 
= 7.7 Hz, 1H), 7.44 (t, J = 6.2 Hz, 1H), 4.98 (m, 1H), 4.17 (d, J = 4.8 Hz, 2H), 2.06 (s, 3H), 1.72 
(m, 1H), 1.60 (m, 1H), 1.46 (m, 1H), 0.96 (d, J = 6.6 Hz, 6H); 13C NMR (CDCl3, 100 MHz) δ 
171.32, 164.33, 150.09, 148.43, 137.72, 126.57, 122.67, 66.88, 46.85, 41.05, 25.17, 23.46, 22.44, 
21.20; HRMS Calcd for C14H21N2O3 [M+H+]: 265.1552; Found: 265.1545. 
 

 
Compound 29 was prepared in 72% yield following the standard procedure D. 1H NMR (CDCl3, 
300 MHz, ratio of rotamers: 1:1.6) δ 8.58 (m, 2.6H), 7.86 (m, 5.2H), 7.35 (m, 2.6H), 5.15 (m, 
1H), 4.62 (m, 1.6H), 4.35 (m, 3.2H), 4.05 (m, 2.6H), 3.94 (m, 2H), 3.33 (m, 2.6H), 2.50 (m, 
2.6H), 2.06 (s, 4.8H), 2.02 (m, 2.6H), 1.87 (s, 3H), 1.81 (m, 2.6H), 1.13 (d, J = 6.5 Hz, 3H), 1.01 
(d, J = 6.6 Hz, 4.8H); 13C NMR (CDCl3, 75.5 MHz) δ 171.34, 170.95, 167.52, 166.83, 154.70, 
154.41, 148.41, 148.25, 137.34, 137.29, 125.27, 125.18, 124.74, 124.25, 65.87, 64.37, 57.41, 
57.06, 56.68, 54.63, 37.65, 35.60, 32.64, 29.69, 21.38, 21.15, 18.73, 18.22; HRMS Calcd for 
C14H19N2O3 [M+H+]: 263.1396; Found: 263.1371. 
 

  
Compound 30 was prepared in 57% yield following the standard coupling procedure A. 1H NMR 
(CDCl3, 300 MHz) δ 10.24 (s, 1H), 8.56 (d, J = 4.2 Hz, 1H), 8.25 (d, J = 7.8 Hz, 1H), 8.07 (d, J 
= 7.9 Hz, 1H), 7.84 (td, J = 7.7, 1.3 Hz, 1H), 7.41 (m, 2H), 7.23 (M, 1H), 7.09 (m, 1H), 1.42 (s, 
9H); 13C NMR (CDCl3, 75.5 MHz) δ 161.74, 150.14, 148.12, 141.01, 137.63, 135.40, 126.78, 
126.38, 126.29, 125.17, 124.96, 122.48, 34.48, 30.48; HRMS Calcd for C16H19N2O [M+H+]: 
255.1497; Found: 255.1475. 
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Compound 31 was isolated in 61% yield following the standard procedure D with 10 mol% of 
Pd(OAc)2. 1H NMR (CDCl3, 300 MHz, no rotamers observed) δ 8.58 (d, J = 4.5 Hz, 1H), 8.23 (d, 
J = 8.1 Hz, 1H), 7.85 (m, 2H), 7.35(t, J = 5.2 Hz, 1H), 7.23 (m, 1H), 7.13 (m, 2H), 4.02 (s, 2H), 
1.25 (s, 6H); 13C NMR (CDCl3, 75.5 MHz) δ 154.91, 148.46, 142.39, 141.85, 137.49, 128.01, 
125.45, 125.09, 124.73, 122.29, 118.35, 65.46, 41.03, 28.61; HRMS Calcd for C16H17N2O 
[M+H+]: 253.1341; Found: 253.1323. 
 

 
Compound 33 
Compound 32 was prepared from compound 32-0 based on the known procedure.1 Compound 33 
was isolated in 56% yield following the standard procedure D. 1H NMR (CDCl3, 300 MHz, ratio 
of rotamers: 1:1.2) δ 8.67 (t, J = 4.7 Hz, 2.2H), 8.00 (m, 2.2H), 7.84 (m, 2.2H), 7.40 (dd, J = 5.0, 
6.6 Hz, 2.2H), 7.29 (m, 2.2H), 6.93 (d, J = 7.5 Hz, 1.2H), 6.82 (d, J = 7.6 Hz, 1H), 6.77 (dd, J = 
2.5, 8.1 Hz, 2.2H), 5.22 (s, 2H), 5.13 (s, 2.4H), 5.04 (s, 2.4H), 4.99 (s, 2H), 3.85 (s, 3H), 3.81 (s, 
3.6H); 13C NMR (CDCl3, 75.5 MHz) δ 166.91, 166.57, 155.43, 155.06, 154.17, 148.57, 148.34, 
139.74, 137.79, 137.32, 137.29, 129.65, 129.62, 126.01, 125.39, 125.34, 124.71, 124.46, 124.26, 
115.20, 114.84, 109.12, 109.03, 55.78, 55.72, 55.61, 54.29, 53.36, 52.10; HRMS Calcd for 
C15H15N2O2 [M+H+]: 255.1134; Found: 255.1116. 
 
Compound 34 
Compound 34 was isolated in 30% yield following the standard procedure D. 1H NMR (CDCl3, 
300 MHz) δ 8.50 (dd, J = 0.7, 3.9 Hz, 1H), 8.38 (s, 1H), 8.21 (d, J = 7.8 Hz, 1H), 7.84 (td, J = 
7.7, 1.7 Hz, 1H), 7.40 (m, 1H), 7.31 (m, 1H), 7.02 (d, J = 7.4 Hz, 1H), 6.94 (d, J = 8.3 Hz, 1H), 
5.35 (s, 2H), 4.77 (d, J = 5.9 Hz, 1H), 3.90 (s, 3H), 2.05 (s, 3H); 13C NMR (CDCl3, 75.5 MHz) δ 
171.12, 164.15, 158.91, 150.53, 148.43, 137.69, 136.37, 129.32, 126.43, 126.00, 122.92, 122.70, 
111.46, 65.02, 56.24, 35.13, 21.44; HRMS Calcd for C17H19N2O4 [M+H+]: 315.1345; Found: 
315.1345. 
 

 
Compound 35 was prepared in 98% yield following the standard amide coupling procedure A. 
1H NMR (CDCl3, 400 MHz) δ 8.55 (m, 1H), 8.49 (d, J = 8.0 Hz, 1H), 8.16 (d, J = 7.8 Hz, 1H), 
7.85 (td, J = 7.7, 1.7 Hz, 1H), 7.43 (m, 1H), 7.30 (m, 3H), 7.20 (m, 2H), 5.10 (m, 1H), 3.72 (s, 
3H), 3.29 (m, 2H); 13C NMR (CDCl3, 75.5 MHz) δ172.18, 164.41, 149.63, 148.72, 137.69, 
136.49, 129.68, 128.99, 127.48, 126.84, 122.62, 53.90, 52.73, 38.62; HRMS Calcd for 
C16H17N2O3 [M+H+]: 285.1239; Found: 285.1226. 
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Compound 36 was isolated in 81% yield following the standard procedure E. 1H NMR (DMSO-
d6, 300 MHz, no rotamers observed) δ 8.56 (d, J = 4.3 Hz, 1H), 8.28 (d, J = 8.2 Hz, 1H), 8.03 (m, 
2H), 7.58 (m, 1H), 7.53 (m, 2H), 7.12 (t, J = 7.2 Hz, 1H), 5.67 (dd, J = 2.3, 10.9 Hz, 1H), 3.70 
(m, 1H), 3.60 (s, 3H), 3.19 (dd, J = 2.3, 16.8 Hz, 1H); 13C NMR (DMSO-d6, 100 MHz) δ 173.05, 
165.84, 153.40, 148.20, 144.26, 138.59, 130.66, 128.25, 128.11, 126.71, 125.51, 125.19, 118.00, 
62.94, 52.95, 33.98; HRMS Calcd for C16H15N2O3 [M+H+]: 283.1083; Found: 283.1063. 
 

 
Compound 37 was prepared in 97% yield following the standard amide coupling procedure A. 1H 
NMR (CDCl3, 400 MHz) δ 8.55 (m, 1H), 1H NMR (CDCl3, 400 MHz) δ 8.51 (d, J = 4.3 Hz, 1H), 
8.21 (d, J = 7.8 Hz, 1H), 8.14 (s, 1H), 7.85 (td, J = 7.7, 1.5 Hz, 1H), 7.41 (m, 1H), 7.33 (m, 2H), 
7.26 (m, 3H), 3.76 (dd, J = 6.8, 13.5 Hz, 2H), 2.97 (t, J = 7.3 Hz, 2H); 13C NMR (CDCl3, 75.5 
MHz) δ 164.75, 150.30, 148.47, 139.39, 137.67, 129.17, 128.99, 126.85, 126.51, 122.51, 41.20, 
36.30; HRMS Calcd for C14H15N2O [M+H+]: 227.1184; Found: 227.1179. 
 

 
Compound 38 was isolated in 90% yield following the standard procedure E. 1H NMR (DMSO-
d6, 300 MHz) δ 8.66 (d, J = 4.5 Hz, 1H), 8.17 (d, J = 7.8 Hz, 1H), 8.03 (td, J = 7.8, 1.6 Hz, 1H), 
7.79 (d, J = 7.9 Hz, 1H), 7.58 (dd, J = 5.3, 6.9 Hz, 1H), 7.30 (m, 2H), 7.10 (m, 1H), 4.20 (t, J = 
8.3 Hz, 2H), 3.13 (t, J = 8.3 Hz, 2H); 13C NMR (DMSO-d6, 75.5 MHz) δ 166.57, 155.07, 149.07, 
143.78, 138.34, 133.39, 127.83, 126.13, 125.81, 125.01, 124.39, 117.77, 50.83, 28.82; HRMS 
Calcd for C14H13N2O [M+H+]: 225.1028; Found: 225.1021. 
 

 
Compound 38 (50 mg, 0.22 mmol, 1.0 eq) was dissolved in a mixture of THF/MeOH/H2O 
(1/0.5/0.5 mL); NaOH (14 mg, 0.33 mmol, 1.5 eq) was then added. The mixture was heated to 50 
oC and stirred for 24 hours. Water was added and the mixture was extracted with DCM. The 
combined organic layers was washed with water and brine, dried over anhydrous Na2SO4, and 
concentrated in vacuo. The residue was purified by silica gel flash chromatography to give the 
desired product 392 in 83% yield. 1H NMR (CDCl3, 300 MHz) δ 7.15 (d, J = 7.2 Hz, 1H), 7.07 
(m, 1H), 6.75 (m, 2H), 3.66 (s, 1H), 3.59 (t, J = 8.4 Hz, 2H), 3.08 (t, J = 8.3 Hz, 2H). 
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10. Application of the more easily removable PAre group. 
 

 
 
Compound 43 was prepared in 84% yield using the standard amide coupling procedure A with 
compound 423. 1H NMR (CDCl3, 400 MHz) δ 8.53 (d, J = 8.3 Hz, 1H), 8.45 (d, J = 3.8 Hz, 1H), 
8.26 (d, J = 7.6 Hz, 1H), 7.48 (dd, J = 4.7, 7.8 Hz, 1H), 5.29 (s, 2H), 4.75 (m, 1H), 3.75 (s, 3H), 
1.78 (m, 3H), 0.96 (s, 15H), 0.13 (s, 6H); 13C NMR (CDCl3, 100 MHz) δ 173.75, 165.85, 146.10, 
144.47, 140.32, 135.66, 126.59, 62.06, 52.65, 50.99, 41.84, 26.38, 25.36, 23.24, 22.36, 18.74, -
4.95; HRMS Calcd for C20H35N2O4Si [M+H+]: 395.2366; Found: 395.2357. 
 
Compound 44-trans (51%).  
Compound 44-trans was isolated in 51% yield following the standard procedure D without 10 
equiv of AcOH. 44-cis isomer was also obtained in 7% yield. 1H NMR (CDCl3, 300 MHz, ratio 
of rotamers: 1:1.8) δ 8.46 (d, J = 4.7 Hz, 1.8H), 8.34 (d, J = 4.7 Hz, 1H), 8.02 (d, J = 7.9 Hz, 
2.8H), 7.37 (m, 2.8H), 5.04 (m, 5.6H), 4.81 (dd, J = 2.0, 8.5 Hz, 1H), 4.72 (dd, J = 2.1, 8.9 Hz, 
1.8H), 4.07 (dd, J = 7.8, 11.8 Hz, 1H), 3.76 (s, 5.4H), 3.57 (m, 1.8H), 3.53 (s, 3H), 3.28 (m, 
2.8H), 2.49 (m, 2.8H), 2.17 (m, 2.8H), 1.97 (m, 2.8H), 1.12 (d, J = 6.6 Hz, 3H), 1.00 (d, J = 6.6 
Hz, 5.4H), 0.93 (s, 25.2H), 0.11 (d, J = 2.8 Hz, 16.8H); 13C NMR (CDCl3, 75.5 MHz) δ 173.43, 
172.78, 166.97, 166.94, 151.01, 149.96, 147.10, 146.10, 138.10, 136.67, 135.42, 135.21, 124.95, 
124.87, 61.50, 61.49, 61.23, 59.47, 55.77, 54.08, 52.71, 52.51, 39.41, 37.29, 32.94, 30.65, 26.35, 
18.76, 18.74, 17.84, 17.31, -4.93, -4.99; HRMS Calcd for C20H33N2O4Si [M+H+]: 393.2210; 
Found: 393.2212. 
 
Compound 45.  
Compound 44 (40 mg, 0.1 mmol, 1.0 eq) was dissolved in dioxane (2 mL), and aq. HCl (1 M) 
(0.5 mL, 0.5 mmol, 5.0 eq) was added. The mixture was stirred at rt for 24 hours. NaHCO3 (84 
mg, 1.0 mmol, 10.0 eq) and CbzCl (22 µL, 0.15 mmol, 1.5 eq) were added and the resulting 
mixture was stirred at rt for another 3 hours. Water was added and the mixture was extracted 
with DCM. The combined organic layers was washed with water and brine, dried over anhydrous 
Na2SO4, and concentrated in vacuo. The residue was purified by silica gel flash chromatography 
to give product 45 in 73% yield. 1H NMR (CDCl3, 300 MHz) δ 7.37 (m, 5H), 5.20 (m, 2H), 4.45 
(m, 1H), 3.82 (m, 1H), 3.73 (s, 1.5H), 3.58 (s, 1.5H), 3.07 (m, 1H), 2.46 (m, 1H), 2.13 (m, 1H), 
1.91 (m, 1H), 1.06 (m, 3H); 13C NMR (CDCl3, 75.5 MHz) δ 173.68, 173.52, 155.29, 154.63, 
137.12, 137.07, 128.89, 128.82, 128.40, 128.33, 128.30, 128.17, 67.45, 67.33, 59.78, 59.47, 
54.07, 53.71, 52.68, 52.50, 38.92, 38.00, 32.49, 31.58, 17.74, 17.69; 
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43 44
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41

O OH
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46 (known compound)

1. Boc2O, EtOAc, H2, Pd/C
2. LiOH, THF/MeOH/H2O, rt
3. BnBr, K2CO3, DMF, rt
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Compound 464 
Compound 45 (21 mg, 0.076 mmol, 1.0 eq) was dissolved in ethyl acetate (1 mL), Boc2O (20 mg, 
0.091 mmol, 1.2eq) and Pd/C (2 mg) was added. The mixture was stirred under H2 (1 atm.) at rt 
for 12 hours. The reaction mixture was filtered through a pad of celite; the filtrate was 
concentrated in vacuo. The residue was then dissolved in a mixture of THF/MeOH/H2O 
(1/0.3/0.3 mL), and LiOH.H2O (6 mg, 0.15 mmol, 2.0 eq) was added. The resulting mixture was 
stirred at rt for 12 hours. aq. HCl (1 M) was added to pH = 2, then extracted with ethyl acetate. 
The combined organic layers was washed with water and brine, dried over anhydrous Na2SO4, 
and concentrated in vacuo. The residue was dissolved in anhydrous DMF (1 mL), and treated 
with K2CO3 (21 mg, 0.15 mmol, 2.0 eq), BnBr (14 µL, 0.11 mmol, 1.5 eq) and KI (cat). After 
stirring at rt for 3 hours, water was added and the mixture was extracted with ethyl acetate. The 
combined organic layers was washed with water and brine, dried over anhydrous Na2SO4, and 
concentrated in vacuo. The residue was purified by silica gel flash chromatography to give 
product 46 in 62% yield. 1H-NMR (CDCl3, 300 MHz) δ 7.34 (m, 5H), 5.26 (m, 2H), 4.44 (dd, J 
= 2.1, 8.7 Hz, 0.4 H), 4.32 (dd, J = 2.8, 8.8 Hz, 0.6 H), 3.75 (m, 1H), 3.00 (m, 1H), 2.41 (m, 1H), 
2.10 (m, 1H), 1.90 (m, 1H), 1.46 (s, 3.6H), 1.34 (s, 5.4H), 1.04 (m, 3H). HRMS Calcd for 
C15H20NO4 [M+H+]: 278.1392; Found: 278.1379. 
 
11. Substrate deuteration experiments. 

	  

General procedure F: Picolinamide substrate (0.1 mmol), Pd(OAc)2 (2.2 mg, 0.01 mmol, 10 
mol%), AcOD (1 mmol, 10 equiv) in anhydrous toluene (1 mL) in a 10 mL glass vial (purged 
with Ar, sealed with PTFE cap) was heated at 110 oC for 24 hours (No PhI(OAc)2 was added). 
The reaction mixture was cooled to rt, and concentrated in vacuo. The resulting residue was 
purified by silica gel flash chromatography to give the deuterated product. The resulting 
compound was dissolved in CDCl3 and analyzed by 1H-NMR.  
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