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1. General Information 

Materials were purchased from commercial suppliers and used without further 

purification unless otherwise stated. All solvents were distilled according to standard 

methods. Flash column chromatography was performed using 200–300 mesh silica 

gel. 1H and 13C NMR spectra were recorded on Bruker, Agilent, and Varian 

instruments (400 MHz and 100 MHz, respectively) and internally referenced to 

tetramethylsilane signal or residual protic solvent signals. 1H NMR data are recorded 

as follows: chemical shift (δ, ppm), multiplicity (s = singlet, d = doublet, t = triplet, 

sept = septet, m = multiplet, br = broad singlet, AB = AB system, coupling constant (s) 

in Hz, integration). Data for 13C NMR and 19F NMR are reported in terms of chemical 

shift (δ, ppm). All air- and moisture-sensitive reactions were performed under an 

atmosphere of argon in flame-dried glassware. IR spectra were obtained on Bruker 

Tensor 27 instruments with Bruker Platinum ATR accessory. Melting points were 

measured on Shenguang X-4 melting point apparatus. ESI was recorded on Agilent 

6224 TOF LC/MS.  

Substrates 11, 22 and Trost ligands3 were synthesized according to the known 

procedures. 
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2. Details for Condition Optimization 

Table S1. Screening of ligands.a 

 

entry ligand yield of 3aa (%)b C/Oc ee (%)d 

1 L1 78 5/1 84 

2 L2 n.d. -- -- 

3 L3 n.d. -- -- 

4 L4 n.d. -- -- 

5e L5 97 >19/1 0 

6 L6 <5% -- -- 

7 L7 11 2/5 80 

8f L8 95 19/1 9 

9 L9 n.d. -- -- 

10 L10 n.d. -- -- 

11 L11 5% 1/8 -- 

aGeneral conditions: 1a (0.1 mmol), 2a (0.12 mmol), Pd(OAc)2 (10 mol%), ligand (11 

mol%), Li2CO3 (1.0 equiv) in 1,4-dioxane (0.1 M) at 30 oC. bNMR yields using 

1,3,5-trimethylbenzene as an internal standard. cDetermined by 1H NMR analysis of 
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the crude reaction mixture. dDetermined by HPLC analysis with a chiral stationary 

phase. e22 mol% of (S, S, Sa)-L5 was used. f22 mol% of (S, Ra)-L8 was used. N.D. = 

not detected. 
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Table S2. Screening of solvents.a 

 

entry solvent yield of 3aa (%)b C/Oc ee (%)d 

1 1,4-dioxane 78 5/1 84 

2 DCE 43 2/1 87 

3 DCM 21 1/1 82 

4 toluene 13 1/2 74 

5 CH3CN n.d. 32% (4aa) -- 

6 THF 30 5/11 87 

7 Et2O n.d. n.d. -- 

aGeneral conditions: 1a (0.1 mmol), 2a (0.12 mmol), Pd(OAc)2 (10 mol%), (R, R)-L1 

(11 mol%), Li2CO3 (1.0 equiv) in solvent (0.1 M) at 30 oC. bNMR yields using 

1,3,5-trimethylbenzene as an internal standard. cDetermined by 1H NMR analysis of 

the crude reaction mixture. dDetermined by HPLC analysis with a chiral stationary 

phase. N.D. = not detected. 
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Table S3. Screening of bases.a 

 

entry base yield of 3aa (%)b C/Oc ee (%)d 

1 Li2CO3 78 5/1 84 

2 K2CO3 65 33/10 84 

3 Cs2CO3 66 33/10 85 

4 Et3N 92 >19/1 85 

5e Et3N 60 15/1 87 

6 DBU 5 3/1 -- 

7f -- 61 11/5 82 

8g Et3N 83 >19/1 85 

9h Et3N 91 >19/1 85 

aGeneral conditions: 1a (0.1 mmol), 2a (0.12 mmol), Pd(OAc)2 (10 mol%), (R, R)-L1 

(11 mol%), base (1.0 equiv) in 1,4-dioxane (0.1 M) at 30 oC. bNMR yields using 

1,3,5-trimethylbenzene as an internal standard. cDetermined by 1H NMR analysis of 

the crude reaction mixture. dDetermined by HPLC analysis with a chiral stationary 

phase. eTHF was used instead of 1, 4-dioxane as solvent. fWithout base. g0.5 equiv of 

Et3N was used. h1.0 equiv of Et3N was used. N.D. = not detected. 
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Table S4. Screening of [Pd] precursors.a 

 

entry [Pd] yield of 3aa (%)b C/Oc ee (%)d 

1 Pd(OAc)2 92 >19/1 85 

2 [Pd(C3H5)Cl]2 81 >19/1 80 

3 Pd2dba3 76 >19/1 82 

aGeneral conditions: 1a (0.1 mmol), 2a (0.12 mmol), [Pd] (10 mol%), (R, R)-L1 (11 

mol%), Et3N (1.0 equiv) in 1,4-dioxane (0.1 M) at 30 oC. bNMR yields using 

1,3,5-trimethylbenzene as an internal standard. cDetermined by 1H NMR analysis of 

the crude reaction mixture. dDetermined by HPLC analysis with a chiral stationary 

phase. 
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Table S5. Screening of temperature.a 

 

entry T yield of 3aa (%)b C/Oc ee (%)d 

1 30 oC 92 >19/1 84 

2 25 oC 90 >19/1 86 

3 50 oC 70 38/5 85 

4 80 oC trace 43% 4aa -- 

5e 25 oC 92f >19/1 86 

aGeneral conditions: 1a (0.1 mmol), 2a (0.12 mmol), Pd(OAc)2 (10 mol%), (R, R)-L1 

(11 mol%), Et3N (1.0 equiv) in 1,4-dioxane (0.1 M). bNMR yields using 

1,3,5-trimethylbenzene as an internal standard. cDetermined by 1H NMR analysis of 

the crude reaction mixture. dDetermined by HPLC analysis with a chiral stationary 

phase.
 eThe reaction was carried out in 0.2 mmol scale. fIsolated yields. 
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3. Pd-Catalyzed Intermolecular Asymmetric Allylic Dearomatization of 

1-Nitro-2-naphthols with MBH Adducts 

 

Under Ar atmosphere, Pd(OAc)2 (4.4 mg, 0.02 mmol, 10 mol%) and (R, R)-L1 

(15.2 mg, 0.022 mmol, 11 mol%) were added to an oven-dried Schlenk tube. The 

reaction tube was evacuated and refilled with argon three times. Freshly redistilled 

1,4-dioxane (2.0 mL) was added to the flask. After the mixture was stirred for 30 

minutes, Boc-protected MBH carbonate (0.24 mmol, 1.2 equiv), α-substituted 

β-naphthol derivatives (0.20 mmol, 1.0 equiv) and Et3N (28.0 μL, 0.20 mmol, 1.0 

equiv) were successively added to the flask. The reaction was stirred at 25 oC and 

monitored by TLC. After the reaction was complete, the mixture was filtered with a 

celite pad. The filter cake was rinsed with EtOAc (5 mL × 3) and the filtrate was 

concentrated under reduced pressure. The residue was purified by silica gel column 

chromatography (petroleum ether/ethyl acetate = 5:1, V/V) to afford the target product 

3. 
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4. Characterization Data of Products 3 

 

3aa was isolated as yellow solid (55.1 mg, 92% yield, 86% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). m.p. = 99.2-101.8 oC. 1H 

NMR (400 MHz, CDCl3) δ 7.51-7.42 (m, 3H), 7.41-7.33 (m, 2H), 6.27 (d, J = 10.0 

Hz, 1H), 6.12 (d, J = 0.8 Hz, 1H), 5.48 (d, J = 0.8 Hz, 1H), 3.68 (d, J = 13.6 Hz, 1H), 

3.61 (d, J = 13.6 Hz, 1H), 3.46 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 191.0, 166.5, 

146.5, 135.5, 132.2, 131.3, 130.8, 130.4, 130.2, 129.8, 127.4, 124.7, 94.8, 52.0, 40.5. 

IR (thin film): νmax (cm-1) = 2953, 2855, 1720, 1676, 1620, 1550, 1438, 1397, 1338, 

1300, 1260, 1235, 1198, 1150, 959, 911, 884, 834, 803, 761, 732, 636, 610, 506, 451. 

HPLC conditions: Daicel Chiralpak IC column, hexane/i-PrOH, 90:10 v/v, flow rate 1 

mL/min, λ = 254 nm, 25 °C. tR (major) = 42.83 min, tR (minor) = 52.77 min. [α]D
27 = 

+6.1 (c = 1.0, CHCl3). HRMS (ESI-TOF) calcd for C15H12O5N [M-H]-: 286.0721; 

Found: 286.0716. 

 

4aa, yellow solid, m.p. = 109.3-110.4 oC. 1H NMR (400 MHz, CDCl3) δ 7.93 (d, J = 

8.8 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.60 (t, J = 7.6 Hz, 

1H), 7.46 (t, J = 7.6 Hz, 1H), 7.33 (d, J = 9.2 Hz, 1H), 6.43 (s, 1H), 6.04 (s, 1H), 4.98 

(s, 2H), 3.82 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 165.6, 147.4, 136.7, 134.7, 132.4, 

129.3, 128.7, 128.2, 127.5, 125.7, 125.6, 120.7, 114.3, 67.9, 52.3. IR (thin film): νmax 

(cm-1) = 3085, 3033, 2952, 2882, 2809, 1715, 1694, 1638, 1603, 1518, 1483, 1436, 

1357, 1338, 1280, 1240, 1202, 1155, 1065, 1017, 968, 931, 868, 842, 817, 800, 770, 
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742, 669. HRMS (ESI-TOF) calcd for C15H13O5NNa [M+Na]+: 310.0686; Found: 

310.0689. 

 

3ab was isolated as colorless oil (46.8 mg, 64% yield, 66% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). 1H NMR (400 MHz, 

CDCl3) δ 7.57 (d, J = 8.4 Hz, 1H), 7.52 (d, J = 2.0 Hz, 1H), 7.41 (d, J = 10.0 Hz, 1H), 

7.24 (d, J = 8.4 Hz, 1H), 6.29 (d, J = 10.0 Hz, 1H), 6.16 (s, 1H), 5.52 (s, 1H), 3.66 (d, 

J = 13.6 Hz, 1H), 3.60 (d, J = 14.0 Hz, 1H), 3.50 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ 190.1, 166.3, 144.7, 133.9, 133.4, 132.6, 131.9, 131.52, 131.46, 128.9, 125.7, 124.4, 

94.2, 52.1, 40.1. IR (thin film): νmax (cm-1) = 2952, 2926, 2853, 1719, 1679, 1630, 

1552, 1487, 1439, 1337, 1293, 1260, 1233, 1206, 1152, 1084, 969, 887, 802, 708, 651, 

612, 553, 469. HPLC conditions: Daicel Chiralpak IC column, hexane/i-PrOH, 70:30 

v/v, flow rate 1 mL/min, λ = 254 nm, 25 °C. tR (major) = 15.36 min, tR (minor) = 

18.11 min. [α]D
25 = -21.3 (c = 1.0, CHCl3). HRMS (ESI-TOF) calcd for 

C15H12O5N
79BrNa [M+Na]+: 387.9791; Found: 387.9792. 

 

3ac was isolated as colorless oil (39.3 mg, 54% yield, 78% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). 1H NMR (400 MHz, 

CDCl3) δ 7.66 (d, J = 8.0 Hz, 1H), 7.59-7.53 (m, 4H), 7.50-7.40 (m, 4H), 6.30 (d, J = 

10.0 Hz, 1H), 6.15 (d, J = 2.0 Hz, 1H), 5.53 (d, J = 2.0 Hz, 1H), 3.73 (d, J = 13.6 Hz, 

1H), 3.65 (d, J = 14.4 Hz, 1H), 3.46 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 190.9, 

166.5, 146.5, 143.6, 139.0, 134.0, 132.3, 131.3, 130.2, 129.2, 128.7, 128.6, 128.0, 

127.1, 125.0, 94.6, 52.1, 40.4. IR (thin film): νmax (cm-1) = 2963, 2923, 1720, 1677, 

1550, 1439, 1411, 1260, 1084, 1017, 865, 797, 698. HPLC conditions: Daicel 
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Chiralpak IC column, hexane/i-PrOH, 80:20 v/v, flow rate 1 mL/min, λ = 254 nm, 

25 °C. tR (major) = 23.81 min, tR (minor) = 28.20 min. [α]D
25 = -28.9 (c = 1.0, CHCl3). 

HRMS (ESI-TOF) calcd for C21H17O5NNa [M+Na]+: 386.0999; Found: 386.0995. 

 

3ad was isolated as colorless oil (50.0 mg, 83% yield, 81% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). 1H NMR (400 MHz, 

CDCl3) δ 7.43 (d, J = 10.0 Hz, 1H), 7.26 (d, J = 2.4 Hz, 2H), 7.16 (s, 1H), 6.22 (d, J = 

10.0 Hz, 1H), 6.11 (d, J = 1.2 Hz, 1H), 5.45 (d, J = 1.2 Hz, 1H), 3.67 (d, J = 14.0 Hz, 

1H), 3.61 (d, J = 13.6 Hz, 1H), 3.47 (s, 3H), 2.38 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ 191.2, 166.6, 146.7, 140.7, 132.5, 132.4, 131.5, 131.1, 130.8, 129.7, 127.4, 124.7, 

94.5, 52.0, 40.3, 21.2. IR (thin film): νmax (cm-1) = 3852, 3797, 3732, 3666, 3575, 

3549, 2956, 2929, 2902, 2863, 2562, 2259, 2213, 2169, 2096, 2014, 1946, 1721, 1677, 

1630, 1552, 1440, 1338, 1300, 1261, 1203, 1150, 1024, 799, 712, 602, 562, 505, 476, 

439. HPLC conditions: Daicel Chiralpak IC column, hexane/i-PrOH, 70:30 v/v, flow 

rate 1 mL/min, λ = 254 nm, 25 °C. tR (major) = 17.49 min, tR (minor) = 19.90 min. 

[α]D
28 = -13.4 (c = 1.0, CHCl3). HRMS (ESI-TOF) calcd for C16H19O5N2 [M+NH4]

+: 

319.1288; Found: 319.1288. 

 

3ae was isolated as colorless oil (52.0 mg, 71% yield, 58% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). 1H NMR (400 MHz, 

CDCl3) δ 7.59 (d, J = 8.4 Hz, 1H), 7.51 (d, J = 2.0 Hz, 1H), 7.44 (d, J = 10.0 Hz, 1H), 

7.23 (d, J = 8.0 Hz, 1H), 6.27 (d, J = 10.0 Hz, 1H), 6.19 (s, 1H), 5.55 (d, J = 1.2 Hz, 

1H), 3.66 (d, J = 14.0 Hz, 1H), 3.60 (d, J = 14.0 Hz, 1H), 3.52 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 189.9, 166.3, 145.3, 136.8, 133.6, 131.8, 131.2, 130.7, 128.6, 125.4, 
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124.8, 94.0, 52.1, 40.2. IR (thin film): νmax (cm-1) = 2951, 2927, 2852, 1719, 1677, 

1619, 1585, 1550, 1488, 1438, 1386, 1336, 1287, 1258, 1235, 1198, 1150, 1083, 960, 

888, 848, 820, 756, 708, 643, 613, 547, 450, 424. HPLC conditions: Daicel Chiralpak 

AD–H column, hexane/i-PrOH, 90:10 v/v, flow rate 1 mL/min, λ = 254 nm, 25 °C. tR 

(minor) = 10.88 min, tR (major) = 13.19 min. [α]D
25 = -18.7 (c = 1.0, CHCl3). HRMS 

(ESI-TOF) calcd for C15H11O5N
79Br [M-H]-: 363.9826; Found: 363.9822. 

 

3af was isolated as colorless oil (58.8 mg, 81% yield, 80% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). 1H NMR (400 MHz, 

CDCl3) δ 7.66 (d, J = 8.0 Hz, 1H), 7.59 (d, J = 7.6 Hz, 2H), 7.56-7.51 (m, 2H), 

7.51-7.38 (m, 4H), 6.27 (d, J = 9.6 Hz, 1H), 6.17 (s, 1H), 5.58 (s, 1H), 3.79 (d, J = 

13.6 Hz, 1H), 3.63 (d, J = 13.6 Hz, 1H), 3.38 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 

191.0, 166.6, 146.4, 143.8, 139.1, 135.8, 132.3, 131.3, 130.7, 129.3, 128.9, 128.7, 

128.6, 127.2, 126.4, 124.3, 94.8, 52.1, 40.3. IR (thin film): νmax (cm-1) = 2951, 2926, 

2852, 1720, 1675, 1605, 1550, 1486, 1439, 1393, 1337, 1259, 1231, 1197, 1151, 1077, 

962, 910, 853, 812, 762, 732, 697, 647, 606, 531, 420. HPLC conditions: Daicel 

Chiralcel OD–3 column, CO2/MeOH, 95:05 v/v, flow rate 1 mL/min, λ = 214 nm, 

33 °C. tR (minor) = 10.65 min, tR (major) = 11.59 min. [α]D
29 = -46.4 (c = 0.5, CHCl3). 

HRMS (ESI-TOF) calcd for C21H16O5N [M-H]-: 362.1034; Found: 362.1031. 

 

3ag was isolated as colorless oil (52.4 mg, 87% yield, 82% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). 1H NMR (400 MHz, 

CDCl3) δ 7.45 (d, J = 10.0 Hz, 1H), 7.24 (s, 2H), 7.16 (s, 1H), 6.18 (d, J = 10.0 Hz, 

1H), 6.12 (s, 1H), 5.47 (d, J = 1.2 Hz, 1H), 3.65 (d, J = 14.0 Hz, 1H), 3.59 (d, J = 14.0 
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Hz, 1H), 3.46 (s, 3H), 2.39 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 191.1, 166.5, 

146.7, 141.8, 135.5, 132.3, 131.1, 131.0, 130.2, 128.2, 127.2, 123.6, 94.8, 52.0, 40.5, 

21.7. IR (thin film): νmax (cm-1) = 2961, 2923, 2853, 1720, 1674, 1609, 1549, 1438, 

1337, 1296, 1259, 1217, 1015, 797, 708, 609, 547, 457. HPLC conditions: Daicel 

Chiralpak IC column, hexane/i-PrOH, 80:20 v/v, flow rate 1 mL/min, λ = 254 nm, 

25 °C. tR (major) = 13.95 min, tR (minor) = 16.24 min. [α]D
25 = -18.4 (c = 1.0, CHCl3). 

HRMS (ESI-TOF) calcd for C16H14O5N [M-H]-: 300.0877; Found: 300.0872. 

 

3ah was isolated as white solid (59.0 mg, 88% yield, 68% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). m.p. = 95.9-97.6 oC. 1H 

NMR (400 MHz, CDCl3) δ 8.10 (d, J = 7.8 Hz, 1H), 8.02 (d, J = 7.4 Hz, 2H), 

7.79-7.68 (m, 1H), 7.56-7.44 (m, 2H), 7.44-7.38 (m, 1H), 7.29 (d, J = 8.4 Hz, 1H), 

6.00 (s, 1H), 5.39 (s, 1H), 3.71 (d, J = 14.0 Hz, 1H), 3.62 (d, J = 14.0 Hz, 1H), 3.35 (s, 

3H). 13C NMR (100 MHz, CDCl3) δ 190.2, 166.2, 136.7, 136.1, 132.6, 132.3, 131.4, 

130.31, 130.29, 129.5, 129.1, 128.5, 128.0, 127.4, 123.9, 123.5, 96.6, 51.8, 40.6. IR 

(thin film): νmax (cm-1) = 2950, 2920, 2849, 1721, 1691, 1599, 1549, 1482, 1434, 1336, 

1279, 1234, 1200, 1152, 1134, 961, 838, 812, 764, 725, 663, 618. HPLC conditions: 

Daicel Chiralpak IC column, hexane/i-PrOH, 80:20 v/v, flow rate 1 mL/min, λ = 254 

nm, 25 °C. tR (major) = 30.89 min, tR (minor) = 34.87 min. [α]D
28 = +53.2 (c = 1.0, 

CHCl3). HRMS (ESI-TOF) calcd for C19H15O5NNa [M+Na]+: 360.0842; Found: 

360.0845. 
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3ai was isolated as colorless oil (51.8 mg, 86% yield, 84% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). 1H NMR (400 MHz, 

CDCl3) δ 7.51-7.41 (m, 3H), 7.40-7.32 (m, 2H), 6.24 (d, J = 10.0 Hz, 1H), 6.12 (s, 

1H), 5.46 (s, 1H), 3.98-3.81 (m, 2H), 3.68 (d, J = 13.6 Hz, 1H), 3.61 (d, J = 13.6 Hz, 

1H), 1.13 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 191.0, 166.0, 146.5, 

135.5, 132.5, 131.0, 130.8, 130.4, 130.2, 129.8, 127.4, 124.7, 94.9, 61.2, 40.4, 14.1. 

IR (thin film): νmax (cm-1) = 2983, 2931, 1712, 1676, 1550, 1396, 1367, 1333, 1299, 

1149, 1024, 958, 852, 806, 762, 503. HPLC conditions: Daicel Chiralpak IC column, 

hexane/i-PrOH, 70:30 v/v, flow rate 1 mL/min, λ = 254 nm, 25 °C. tR (major) = 22.24 

min, tR (minor) = 28.58 min. [α]D
30 = +4.2 (c = 0.5, CHCl3). HRMS (ESI-TOF) calcd 

for C16H14O5N [M-H]-: 300.0877; Found: 300.0872. 

 

3aj was isolated as colorless oil (53.6 mg, 85% yield, 89% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). 1H NMR (400 MHz, 

CDCl3) δ 7.51-7.40 (m, 3H), 7.43-7.31 (m, 2H), 6.24 (d, J = 10.0 Hz, 1H), 6.09 (s, 

1H), 5.43 (s, 1H), 4.84-4.66 (m, 1H), 3.68 (d, J = 13.6 Hz, 1H), 3.61 (d, J = 13.6 Hz, 

1H), 1.13 (d, J = 6.4 Hz, 3H), 1.06 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) 

δ 191.0, 165.5, 146.5, 135.5, 132.8, 130.9, 130.6, 130.4, 130.1, 129.8, 127.4, 124.8, 

94.9, 68.9, 40.2, 21.7, 21.6. IR (thin film): νmax (cm-1) = 2982, 2935, 1710, 1676, 1621, 

1550, 1453, 1434, 1298, 1260, 1235, 1194, 1104, 956, 915, 802, 757, 708. HPLC 

conditions: Daicel Chiralpak IC column, hexane/i-PrOH, 80:20 v/v, flow rate 1 

mL/min, λ = 254 nm, 25 °C. tR (major) = 17.30 min, tR (minor) = 21.28 min. [α]D
27 = 

+4.3 (c = 1.0, CHCl3). HRMS (ESI-TOF) calcd for C17H17O5NNa [M+Na]+: 338.0999; 

Found: 338.0999. 
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3ak was isolated as colorless oil (54.0 mg, 82% yield, 88% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). 1H NMR (400 MHz, 

CDCl3) δ 7.50-7.41 (m, 3H), 7.40-7.33 (m, 2H), 6.24 (d, J = 10.0 Hz, 1H), 6.04 (s, 

1H), 5.38 (s, 1H), 3.64 (d, J = 13.6 Hz, 1H), 3.58 (d, J = 13.6 Hz, 1H), 1.29 (s, 9H). 

13C NMR (100 MHz, CDCl3) δ 191.1, 165.1, 146.4, 135.7, 133.6, 131.0, 130.3, 130.1, 

129.9, 127.5, 124.8, 95.1, 81.4, 40.1, 27.9. IR (thin film): νmax (cm-1) = 2978, 2930, 

1708, 1677, 1551, 1455, 1395, 1341, 1147, 957, 847, 808, 761. HPLC conditions: 

Daicel Chiralpak IC column, hexane/i-PrOH, 95:05 v/v, flow rate 1 mL/min, λ = 254 

nm, 25 °C. tR (major) = 9.40 min, tR (minor) = 10.92 min. [α]D
28 = +3.2 (c = 1.0, 

CHCl3). HRMS (ESI-TOF) calcd for C18H18O5N [M-H]-: 328.1190; Found: 328.1186. 

 

3al was isolated as colorless oil (58.1 mg, 80% yield, 88% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). 1H NMR (400 MHz, 

CDCl3) δ 7.43-7.31 (m, 7H), 7.28 (d, J = 8.4 Hz, 1H), 7.23 (d, J = 3.2 Hz, 1H), 7.22 

(d, J = 2.0 Hz, 1H), 6.33-6.01 (m, 2H), 5.51 (s, 1H), 4.91 (AB, JAB = 12.4 Hz, 1H), 

4.86 (BA, JBA = 12.4 Hz, 1H), 3.70 (d, J = 13.6 Hz, 1H), 3.63 (d, J = 13.6 Hz, 1H). 13C 

NMR (100 MHz, CDCl3) δ 191.0, 165.8, 146.5, 135.6, 135.4, 132.3, 131.5, 130.9, 

130.4, 130.2, 129.7, 128.7, 128.5, 128.4, 127.4, 124.7, 94.8, 66.9, 40.3. IR (thin film): 

νmax (cm-1) = 2925, 2226, 1716, 1677, 1551, 1454, 1398, 1334, 1299, 1187, 1147, 961, 

807, 754, 698. HPLC conditions: Daicel Chiralpak IC column, hexane/i-PrOH, 70:30 

v/v, flow rate 1 mL/min, λ = 254 nm, 25 °C. tR (major) = 24.31 min, tR (minor) = 

28.55 min. [α]D
30 = +1.5 (c = 1.0, CHCl3). HRMS (ESI-TOF) calcd for C21H16O5N 

[M-H]-: 362.1034; Found: 362.1029. 
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3am was isolated as colorless oil (66.8 mg, 84% yield, 88% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). 1H NMR (400 MHz, 

CDCl3) δ 7.46-7.31 (m, 5H), 7.33-7.25 (m, 2H), 7.27-7.23 (m, 2H), 6.35-5.98 (m, 2H), 

5.56 (s, 1H), 4.98 (s, 2H), 3.71 (d, J = 13.6 Hz, 1H), 3.63 (d, J = 14.0 Hz, 1H). 13C 

NMR (100 MHz, CDCl3) δ 191.0, 165.7, 146.6, 135.3, 133.8, 133.3, 132.1, 131.8, 

130.9, 130.4, 130.2, 130.1, 129.8, 129.72, 129.70, 127.5, 127.0, 124.6, 94.8, 64.2, 

40.3. IR (thin film): νmax (cm-1) = 2963, 2905, 1718, 1676, 1550, 1407, 1258, 1014, 

796, 756, 702, 503. HPLC conditions: Daicel Chiralpak IC column, hexane/i-PrOH, 

80:20 v/v, flow rate 1 mL/min, λ = 254 nm, 25 °C. tR (major) = 18.72 min, tR (minor) 

= 21.86 min. [α]D
29 = +3.7 (c = 1.0, CHCl3). HRMS (ESI-TOF) calcd for 

C21H15O5NCl [M-H]-: 396.0644; Found: 396.0639. 

 

3an was isolated as white solid (64.9 mg, 86% yield, 90% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). m.p. = 117.8-119.1 oC. 

1H NMR (400 MHz, CDCl3) δ 7.42-7.30 (m, 4H), 7.29-7.21 (m, 2H), 7.17 (d, J = 5.2 

Hz, 3H), 6.15 (s, 1H), 6.14 (d, J = 10.0 Hz, 1H), 5.51 (s, 1H), 4.90 (s, 2H), 3.69 (d, J 

= 13.6 Hz, 1H), 3.62 (d, J = 13.6 Hz, 1H), 2.25 (s, 3H). 13C NMR (100 MHz, CDCl3) 

δ 191.0, 165.8, 146.4, 137.1, 135.3, 133.5, 132.3, 131.4, 130.8, 130.5, 130.3, 130.1, 

129.7, 129.4, 128.7, 127.4, 126.1, 124.6, 94.8, 65.3, 40.3, 19.0. IR (thin film): νmax 

(cm-1) = 2962, 2917, 1710, 1678, 1617, 1552, 1460, 1419, 1392, 1338, 1302, 1258, 

1211, 1194, 1142, 1041, 973, 959, 923, 849, 817, 801, 763, 742, 689, 638, 603, 553, 

526, 505, 450, 413. HPLC conditions: Daicel Chiralpak IC column, hexane/i-PrOH, 

70:30 v/v, flow rate 1 mL/min, λ = 254 nm, 25 °C. tR (major) = 13.69 min, tR (minor) 
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= 15.67 min. [α]D
29 = +0.8 (c = 1.0, CHCl3). HRMS (ESI-TOF) calcd for C22H18O5N 

[M-H]-: 376.1190; Found: 376.1185. 

 

3ao was isolated as colorless oil (75.8 mg, 88% yield, 87% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). 1H NMR (400 MHz, 

CDCl3) δ 7.67 (d, J = 7.6 Hz, 1H), 7.54 (t, J = 7.6 Hz, 1H), 7.44 (t, J = 8.0 Hz, 2H), 

7.41-7.28 (m, 5H), 6.20 (s, 1H), 6.19 (d, J = 10.0 Hz, 1H), 5.56 (s, 1H), 5.06 (s, 2H), 

3.70 (d, J = 13.6 Hz, 1H), 3.63 (d, J = 13.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 

191.0, 165.5, 146.6, 135.3, 133.7 (d, J = 1.8 Hz), 132.2, 132.0, 131.9, 130.9, 130.4, 

130.3, 130.2, 129.7, 128.6, 128.5 (q, J = 30.9 Hz), 127.4, 126.3 (q, J = 5.7 Hz), 124.6, 

124.2 (q, J = 272.1 Hz), 94.8, 63.3 (q, J = 2.7 Hz), 40.3. 19F NMR (376 MHz, CDCl3) 

δ -60.0. IR (thin film): νmax (cm-1) = 2963, 2923, 1720, 1676, 1619, 1551, 1455, 1398, 

1313, 1259, 1112, 1060, 1039, 958, 801, 765, 655, 505, 446. HPLC conditions: 

Daicel Chiralpak IC column, hexane/i-PrOH, 80:20 v/v, flow rate 1 mL/min, λ = 254 

nm, 25 °C. tR (major) = 13.46 min, tR (minor) = 15.53 min. [α]D
29 = -1.5 (c = 1.0, 

CHCl3). HRMS (ESI-TOF) calcd for C22H15O5NF3 [M-H]-: 430.0908; Found: 

430.0902. 

 

3ap was isolated as colorless oil (50.9 mg, 64% yield, 88% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). 1H NMR (400 MHz, 

CDCl3) δ 7.46-7.25 (m, 7H), 7.19 (s, 1H), 7.11 (d, J = 7.2 Hz, 1H), 6.23-6.08 (m, 2H), 

5.56 (s, 1H), 4.88 (AB, JAB = 12.4 Hz, 1H), 4.83 (BA, JBA = 12.4 Hz, 1H), 3.69 (d, J = 

13.6 Hz, 1H), 3.62 (d, J = 13.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 190.8, 165.5, 

146.4, 137.4, 135.2, 134.4, 132.0, 131.8, 130.7, 130.3, 130.0, 129.8, 129.6, 128.5, 
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128.2, 127.3, 126.3, 124.5, 94.6, 65.8, 40.2. IR (thin film): νmax (cm-1) = 3678, 3071, 

2966, 2922, 2904, 1718, 1676, 1620, 1550, 1398, 1333, 1299, 1258, 1211, 1185, 1144, 

1078, 963, 870, 849, 801, 762, 683, 635, 507, 446. HPLC conditions: Daicel 

Chiralpak IC column, hexane/i-PrOH, 80:20 v/v, flow rate 1 mL/min, λ = 254 nm, 

25 °C. tR (major) = 19.70 min, tR (minor) = 22.83 min. [α]D
29 = -0.9 (c = 1.0, CHCl3). 

HRMS (ESI-TOF) calcd for C21H15O5NCl [M-H]-: 396.0644; Found: 396.0639. 

 

3aq was isolated as colorless oil (62.8 mg, 73% yield, 83% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). 1H NMR (400 MHz, 

CDCl3) δ 7.60 (d, J = 7.6 Hz, 1H), 7.52-7.46 (m, 2H), 7.45-7.39 (m, 2H), 7.38-7.32 

(m, 3H), 7.28 (d, J = 3.6 Hz, 1H), 6.20 (s, 1H), 6.16 (d, J = 10.0 Hz, 1H), 5.56 (s, 1H), 

4.96 (AB, JAB = 12.4 Hz, 1H), 4.92 (BA, JBA = 12.4 Hz, 1H), 3.68 (d, J = 13.6 Hz, 1H), 

3.63 (d, J = 14.0 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 190.9, 165.7, 146.5, 136.6, 

135.4, 132.0, 131.9, 131.7 (d, J = 1.5 Hz), 131.0 (q, J = 32.3 Hz), 130.9, 130.4, 130.2, 

129.7, 129.2, 127.4, 125.3 (q, J = 3.8 Hz), 125.0 (q, J = 3.8 Hz), 124.6, 124.1 (q, J = 

270.8 Hz), 94.7, 65.9, 40.3. 19F NMR (376 MHz, CDCl3) δ -62.6. IR (thin film): νmax 

(cm-1) = 2989, 2960, 2926, 1720, 1677, 1620, 1551, 1452, 1328, 1259, 1121, 1073, 

1010, 965, 884, 801, 762, 701, 661, 635, 505, 456. HPLC conditions: Daicel 

Chiralpak IC column, hexane/i-PrOH, 70:30 v/v, flow rate 1 mL/min, λ = 254 nm, 

25 °C. tR (major) = 10.74 min, tR (minor) = 12.04 min. [α]D
28 = -3.8 (c = 1.0, CHCl3). 

HRMS (ESI-TOF) calcd for C22H15O5NF3 [M-H]-: 430.0908; Found: 430.0902. 

 

3ar was isolated as colorless oil (64.5 mg, 73% yield, 87% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). 1H NMR (400 MHz, 
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CDCl3) δ 7.47 (d, J = 8.0 Hz, 2H), 7.43-7.32 (m, 4H), 7.29 (d, J = 8.4 Hz, 1H), 7.10 

(d, J = 8.0 Hz, 2H), 6.17 (s, 1H), 6.16 (d, J = 10.0 Hz, 1H), 5.52 (s, 1H), 4.87 (AB, JAB 

= 12.4 Hz, 1H), 4.82 (BA, JBA = 12.4 Hz, 1H), 3.67 (d, J = 13.6 Hz, 1H), 3.62 (d, J = 

13.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 190.9, 165.7, 146.5, 135.4, 134.6, 132.1, 

131.8, 131.7, 130.9, 130.4, 130.2, 130.1, 129.7, 127.4, 124.6, 122.5, 94.7, 66.0, 40.2. 

IR (thin film): νmax (cm-1) = 2959, 2925, 2854, 1717, 1675, 1620, 1550, 1488, 1399, 

1332, 1299, 1258, 1211, 1185, 1144, 1070, 1011, 962, 883, 800, 754, 666, 632, 540, 

504, 452. HPLC conditions: Daicel Chiralpak IC column, hexane/i-PrOH, 80:20 v/v, 

flow rate 1 mL/min, λ = 254 nm, 25 °C. tR (major) = 20.89 min, tR (minor) = 24.89 

min. [α]D
30 = -4.9 (c = 1.0, CHCl3). HRMS (ESI-TOF) calcd for C21H15O5N

79Br 

[M-H]-: 440.0139; Found: 440.0133. 

 

3as was isolated as colorless oil (57.4 mg, 76% yield, 88% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). 1H NMR (400 MHz, 

CDCl3) δ 7.45-7.32 (m, 4H), 7.29 (d, J = 6.8 Hz, 1H), 7.19-7.06 (m, 4H), 6.16 (d, J = 

9.2 Hz, 2H), 5.48 (s, 1H), 4.86 (AB, JAB = 12.4 Hz, 1H), 4.82 (BA, JBA = 12.4 Hz, 1H), 

3.69 (d, J = 13.6 Hz, 1H), 3.62 (d, J = 13.6 Hz, 1H), 2.36 (s, 3H). 13C NMR (100 

MHz, CDCl3) δ 190.9, 165.8, 146.4, 138.2, 135.3, 132.4, 132.2, 131.3, 130.7, 130.2, 

130.0, 129.6, 129.2, 128.4, 127.3, 124.5, 94.7, 66.7, 40.2, 21.2. IR (thin film): νmax 

(cm-1) = 2960, 2922, 1716, 1677, 1620, 1551, 1398, 1333, 1299, 1259, 1186, 1147, 

1014, 961, 801, 762, 707, 476. HPLC conditions: Daicel Chiralpak IC column, 

hexane/i-PrOH, 70:30 v/v, flow rate 1 mL/min, λ = 254 nm, 25 °C. tR (major) = 13.89 

min, tR (minor) = 15.84 min. [α]D
30 = +5.2 (c = 1.0, CHCl3). HRMS (ESI-TOF) calcd 

for C22H18O5N [M-H]-: 376.1190; Found: 376.1185. 
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3at was isolated as white solid (41.2 mg, 62% yield, 60% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). m.p. = 129.7-130.6 oC. 1H 

NMR (400 MHz, CDCl3) δ 7.53-7.44 (m, 2H), 7.43-7.28 (m, 7H), 7.25 (d, J = 7.2 Hz, 

1H), 6.32 (d, J = 10.0 Hz, 1H), 5.90 (s, 1H), 5.67 (s, 1H), 4.00 (d, J = 13.6 Hz, 1H), 

3.71 (d, J = 13.2 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 195.5, 190.8, 146.4, 139.5, 

136.1, 135.3, 132.4, 132.2, 131.1, 130.5, 130.1, 129.43, 129.38, 128.0, 127.5, 124.8, 

94.0, 40.4. IR (thin film): νmax (cm-1) = 3372, 2974, 2898, 1653, 1545, 1444, 1394, 

1340, 1264, 1229, 1202, 1085, 1045, 999, 957, 878, 831, 813, 781, 765, 749, 701, 655, 

630, 573, 544, 508, 470. HPLC conditions: Daicel Chiralpak IC column, 

hexane/i-PrOH, 70:30 v/v, flow rate 1 mL/min, λ = 254 nm, 25 °C. tR (major) = 12.88 

min, tR (minor) = 15.56 min. [α]D
29 = -15.7 (c = 1.0, CHCl3). HRMS (ESI-TOF) calcd 

for C20H15O4NNa [M+Na]+: 356.0893; Found: 356.0888. 

 

5a, yellow foam. 1H NMR (400 MHz, CDCl3) δ 7.97 (s, 1H), 7.81 (d, J = 9.2 Hz, 1H), 

7.64 (d, J = 9.2 Hz, 1H), 7.55 (d, J = 9.2 Hz, 1H), 7.45-7.30 (m, 3H), 7.30-7.21 (m, 

2H), 6.51 (s, 1H), 6.07 (s, 1H), 5.35 (s, 2H), 4.99 (s, 2H). 13C NMR (100 MHz, CDCl3) 

δ 164.7, 147.7, 136.5, 134.4, 133.9, 133.2, 132.6, 131.4, 130.1, 129.9, 129.8, 129.5, 

128.3, 127.1, 124.3, 122.5, 119.4, 115.6, 68.0, 64.4. IR (thin film): νmax (cm-1) = 2984, 

2904, 1722, 1632, 1592, 1529, 1500, 1476, 1446, 1407, 1358, 1305, 1285, 1261, 1200, 

1154, 1085, 1052, 1023, 959, 879, 812, 755, 731, 702, 676, 652, 620. HRMS 

(ESI-TOF) calcd for C21H15O5NNaCl79Br [M+Na]+: 497.9714; Found: 497.9707. 
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6a was isolated as colorless oil (82.6 mg, 87% yield, 0% ee) by flash column 

chromatography (petroleum ether/ethyl acetate = 5/1, V/V). 1H NMR (400 MHz, 

CDCl3) δ 7.48 (dd, J = 8.4, 2.0 Hz, 1H), 7.44 (d, J = 2.0 Hz, 1H), 7.43-7.36 (m, 1H), 

7.36-7.25 (m, 3H), 7.26-7.19 (m, 2H), 6.24 (s, 1H), 6.23 (d, J = 9.6 Hz, 1H), 5.60 (d, 

J = 1.2 Hz, 1H), 5.02 (AB, JAB = 12.8 Hz, 1H), 5.01 (BA, JBA = 12.8 Hz, 1H), 3.71 (d, 

J = 14.0 Hz, 1H), 3.61 (d, J = 13.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ 190.2, 

165.6, 144.8, 134.0, 133.8, 133.5, 133.1, 132.7, 132.1, 131.9, 131.5, 130.2, 129.9, 

129.8, 129.1, 127.0, 125.7, 124.5, 94.3, 64.4, 39.8. IR (thin film): νmax (cm-1) = 2974, 

2922, 1720, 1672, 1610, 1552, 1476, 1428, 1400, 1332, 1300, 1256, 1216, 1169, 1144, 

1056, 1003, 964, 909, 824, 756, 733, 701, 662. HPLC conditions: Daicel Chiralpak IC 

column, hexane/i-PrOH, 70:30 v/v, flow rate 1 mL/min, λ = 254 nm, 25 °C. tR (major) 

= 19.32 min, tR (minor) = 22.06 min. HRMS (ESI-TOF) calcd for 

C21H15O5NNaCl79Br [M+Na]+: 497.9714; Found: 497.9715. 
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5. Unsuccessful substrates 

Optimal conditions: 

 

Unsuccessful substrates under optimal conditions: 
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6. Mmol-scale Reaction 

 

Pd(OAc)2 (99.0 mg, 0.45 mmol, 10 mol%) and (R, R)-L1 (342.0 mg, 0.50 mmol, 

11 mol%) were added to an oven-dried Schlenk tube under Ar atmosphere. The 

reaction tube was evacuated and refilled with argon three times. Freshly redistilled 

1,4-dioxane (45 mL) was added to the flask. After the mixture was stirred for 30 

minutes, Boc-protected MBH carbonate 2a (1167.6 mg, 5.4 mmol, 1.2 equiv), 

1-nitro-2-naphthol (774.0 mg, 4.5 mmol, 1.0 equiv) and Et3N (630 μL, 4.5 mmol, 1.0 

equiv) were successively added. The reaction was stirred at room temperature and 

monitored by TLC. After the reaction was complete, the mixture was filtered with a 

celite pad. The filter cake was rinsed with EtOAc (10 mL × 3) and the filtrate was 

concentrated under reduced pressure. The residue was purified by silica gel column 

chromatography (petroleum ether/ethyl acetate = 5:1) to afford the target product 3aa 

(0.98 g, 76% yield, 84% ee). 
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7. Crossover Experiments 

 

Under Ar atmosphere, Pd(OAc)2 (4.4 mg, 0.02 mmol, 10 mol%) and (R, R)-L1 

(15.2 mg, 0.022 mmol, 11 mol%) were added to an oven-dried Schlenk tube. The 

reaction tube was evacuated and refilled with argon three times. Freshly redistilled 

1,4-dioxane (2.0 mL) was added to the flask. After the mixture was stirred for 30 min, 

4aa (28.7 mg, 0.1 mmol), 5a (47.7 mg, 0.1 mmol) and Et3N (28.0 μL, 0.20 mmol, 1.0 

equiv) were successively added to the flask. The reaction was stirred at 25 oC for 24 h. 

Subsequently, the mixture was filtered with a celite pad. The filter cake was rinsed 

with EtOAc (5 mL × 3) and the filtrate was concentrated under reduced pressure. 1H 

NMR analysis of the crude reaction mixture showed that the reaction produced 3aa, 

3ab, 3am and 6aa in a ratio of 1.00:1.13:1.03:0.98. 
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1H NMR (400 MHz, CDCl3) of the crude reaction mixture: 
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8. X-Ray Crystal Structure of (R)-3an 

 

CCDC 2234267 [Thermal ellipsoid plots (30% probability)] 

Figure S1. The X-Ray crystal structure of (R)-3an 

The single crystal of 3an (> 99% ee) is obtained by evaporation of its 

Et2O/hexane solution at room temperature. The structure of 3an was then determined 

by X-ray crystallographic analysis to confirm its absolute configuration as R (shown 

in Figure S1). The X-ray intensity data were measured on a Bruker D8 VENTURE 

diffractometer. 

Table S6.  Crystal data and structure refinement for mj22278_0m. 

Identification code  mj22278_0m 

Empirical formula  C22 H19 N O5 

Formula weight  377.38 

Temperature  213 K 

Wavelength  1.34139 Å 

Crystal system  Monoclinic 

Space group  P 1 21 1 

Unit cell dimensions a = 8.01130(10) Å α= 90° 

b = 13.9038(2) Å   β=90.3800(10)° 

 c = 8.5163(2) Å γ= 90° 

Volume 948.59(3) Å3 

Z 2 

Density (calculated) 1.321 Mg/m3 

Absorption coefficient 0.494 mm-1 
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F(000) 396 

Crystal size 0.07 x 0.07 x 0.05 mm3 

Theta range for data collection 4.517 to 54.939°. 

Index ranges -9<=h<=9, -16<=k<=16, -10<=l<=10 

Reflections collected 20296 

Independent reflections 3537 [R(int) = 0.0355] 

Completeness to theta = 53.594° 98.2 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.7508 and 0.5985 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 3537 / 1 / 254 

Goodness-of-fit on F2 1.049 

Final R indices [I>2sigma(I)] R1 = 0.0297, wR2 = 0.0739 

R indices (all data) R1 = 0.0312, wR2 = 0.0753 

Absolute structure parameter 0.03(7) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.137 and -0.109 e.Å-3 
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10. Copies of NMR Spectra 

1H NMR (400 MHz, CDCl3) of 3aa 
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13C NMR (100 MHz, CDCl3) of 3aa 
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1H NMR (400 MHz, CDCl3) of 4aa 
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13C NMR (100 MHz, CDCl3) of 4aa 

 

 

 



S34 

 

1H NMR (400 MHz, CDCl3) of 3ab 

 

 

 



S35 

 

13C NMR (100 MHz, CDCl3) of 3ab 
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1H NMR (400 MHz, CDCl3) of 3ac 
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13C NMR (100 MHz, CDCl3) of 3ac 
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1H NMR (400 MHz, CDCl3) of 3ad 
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13C NMR (100 MHz, CDCl3) of 3ad 
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1H NMR (400 MHz, CDCl3) of 3ae 
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13C NMR (100 MHz, CDCl3) of 3ae 
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1H NMR (400 MHz, CDCl3) of 3af 
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13C NMR (100 MHz, CDCl3) of 3af 
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1H NMR (400 MHz, CDCl3) of 3ag 
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13C NMR (100 MHz, CDCl3) of 3ag 
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1H NMR (400 MHz, CDCl3) of 3ah 
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13C NMR (100 MHz, CDCl3) of 3ah 
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1H NMR (400 MHz, CDCl3) of 3ai 
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13C NMR (100 MHz, CDCl3) of 3ai 

 

 

 



S50 

 

1H NMR (400 MHz, CDCl3) of 3aj 
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13C NMR (100 MHz, CDCl3) of 3aj 
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1H NMR (400 MHz, CDCl3) of 3ak 
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13C NMR (100 MHz, CDCl3) of 3ak 
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1H NMR (400 MHz, CDCl3) of 3al 
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13C NMR (100 MHz, CDCl3) of 3al 
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1H NMR (400 MHz, CDCl3) of 3am 
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13C NMR (100 MHz, CDCl3) of 3am 
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1H NMR (400 MHz, CDCl3) of 3an 
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13C NMR (100 MHz, CDCl3) of 3an 
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1H NMR (400 MHz, CDCl3) of 3ao 
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13C NMR (100 MHz, CDCl3) of 3ao 
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19F NMR (376 MHz, CDCl3) of 3ao 

 

 

 



S63 

 

1H NMR (400 MHz, CDCl3) of 3ap 
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13C NMR (100 MHz, CDCl3) of 3ap 
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1H NMR (400 MHz, CDCl3) of 3aq 
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13C NMR (100 MHz, CDCl3) of 3aq 
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19F NMR (376 MHz, CDCl3) of 3aq 
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1H NMR (400 MHz, CDCl3) of 3ar 
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13C NMR (100 MHz, CDCl3) of 3ar 
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1H NMR (400 MHz, CDCl3) of 3as 
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13C NMR (100 MHz, CDCl3) of 3as 
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1H NMR (400 MHz, CDCl3) of 3at 
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13C NMR (100 MHz, CDCl3) of 3at 
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1H NMR (400 MHz, CDCl3) of 5a 
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13C NMR (100 MHz, CDCl3) of 5a 
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1H NMR (400 MHz, CDCl3) of 6a 
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13C NMR (100 MHz, CDCl3) of 6a 
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11. Copies of HPLC Chromatograms 

HPLC of 3aa: 

 

 

 



S79 

 

HPLC of 3ab: 
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HPLC of 3ac: 
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HPLC of 3ad: 
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HPLC of 3ae: 
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HPLC of 3af: 
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HPLC of 3ag: 
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HPLC of 3ah: 
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HPLC of 3ai: 
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HPLC of 3aj: 

 

 

 



S88 

 

HPLC of 3ak: 
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HPLC of 3al: 
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HPLC of 3am: 
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HPLC of 3an: 
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HPLC of 3ao: 
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HPLC of 3ap: 
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HPLC of 3aq: 
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HPLC of 3ar: 
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HPLC of 3as: 
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HPLC of 3at: 

 

 

 

 

 

 

 

 

 

 


