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1. General Information

Reactions were monitored by thin layer chromatography using UV light to visualize the course of reaction. Purification of reaction
products was carried out by flash chromatography on silica gel. Chemical yields refer to pure isolated substances. *H and *C NMR
spectra were obtained using a Bruker DPX-400 or DPX-500 spectrometer. Chemical shifts are reported in ppm from CDCI; with the
solvent resonance as the internal standard. The following abbreviations were used to designate chemical shift multiplicities: s =
singlet, d = doublet, t = triplet, q = quartet, h = heptet, m = multiplet, br = broad.

Anhydrous solvents such as CH,Cl,, CICH,CH,CI, CH3CN, THF, toluene and EtOAc were purchased from Energy Chemical.
Unless otherwise stated, all purchased reagents were used without further purification. All reactions involving air- or moisture-
sensitive compounds were carried out under nitrogen atmosphere in dried Schlenk tube. The MBH carbonates 1, 3-
formylchromones 4, B-isocupreidine (8-ICD) and its derivatives® were prepared using the literature procedures.

All computational studies were performed with GAUSSIAN 16 suite.” The gas-phase calculations were conducted on M06-2x
functional,®! with the basis set 6-31G(d). All optimized structures in gas-phase were confirmed by frequency calculations, and
intermediates have no negative frequency and transition states have only one negative frequency. In addition, transition states were
verified by intrinsic reaction coordinate analysis (IRC) calcutions. The effect of solvent was considered by the SMD solvent model.®!
The solution-phase calculations were performed using the single point calculation on the gas-phase geometries with the same
functional using a larger basis set 6-311+G(2d,p).l"! Solution-state Gibbs free energies of all structures were corrected by using the
gas-phase Gibbs free energy correction, and all these energies correspond to the reference state of 1 atmosphere at 298 K. The unit

of Gibbs free energies is kcal/mol, and the unit of bond length is angstrom (A). The images are generated by CYLview.
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2. General procedure and spectral data of products 7

R BocQ 1 0
N CN R CHO
| X 5 . ‘\ N ‘ DABCO (20 mol%)
Z N A6 CH,Cl, or EtOAc
Pg 35°C, 4-12 h
1 (1.5 equiv) 4

General Procedure: To a 10.0 mL Schlenk tube were successively added MBH carbonates 1 (0.15 mmol), 3-formylchromones 4
(0.1 mmol) and anhydrous CHCl, or EtOAc (1.0 mL). The reaction mixture was stirred vigorously at room temperature to ensure full
dissolution of 3-formylchromones 4. Then, 1,4-diaza bicyclo[2.2.2]octane (DABCO, 0.02 mmol) was added in one portion. The
reaction mixture was stirred at 35 °C under N, atmosphere for 4-12 h, and monitored by TLC. After completion, the reaction mixture
was directly subjected to flash chromatography on silica gel using petroleum ether/EtOAc (from 10:1-1:1) as the eluent to afford the

benzopyrone fused spirocyclopentene oxindoles 7.

The reaction was run at 35 °C for 4 h by using CH,Cl, as the solvent, affording product 7a in 95% yield as a
white solid (m.p. 150-152 °C). *H NMR (500 MHz, CDCl3) : & 7.72 (dd, J = 8.0, 2.0 Hz, 1H), 7.53 (td, J = 9.0, 2.0
Hz, 1H), 7.41 (td, J = 8.0, 1.5 Hz, 1H), 7.20-7.15 (m, 3H), 7.06-7.02 (m, 2H), 6.93 (d, J = 7.5 Hz, 1H), 5.77 (dd, J
=7.5, 2.5 Hz, 1H), 3.59 (d, J = 8.0 Hz, 1H), 3.18 (s, 3H); 3C NMR (125 MHz, CDCls): & 188.83, 172.04, 159.64,
146.30, 144.26, 136.91, 130.36, 127.07, 126.85, 124.43, 123.65, 122.92, 122.31, 121.53, 118.43, 112.48,
109.23, 80.91, 65.78, 54.88, 26.88. HRMS (ESI): Exact mass calcd for C21H14N2NaO3; [M+Na]*: 365.0895, Found: 365.0897.

The reaction was run at 35 °C for 4 h by using CH.Cl, as the solvent, affording product 7b in 86% vyield as a
white solid (m.p. 180-182 °C). 'H NMR (400 MHz, CDCl3) d 7.43-7.39 (m, 1H), 7.35 (t, J = 8.0 Hz 1H), 7.19-
7.15 (m, 2H), 7.14 (d, J = 2.8 Hz, 1H), 6.95 (d, J = 8.0 Hz, 1H), 6.91 (d, J = 8.0 Hz, 1H), 6.85 (d, J = 7.6 Hz,
1H), 5.68 (dd, J = 8.0, 2.8 Hz, 1H), 3.65 (d, J = 8.0 Hz, 1H), 3.23 (s, 3H), 2.47 (s, 3H); 3C NMR (100 MHz,
CDCl3) & 190.72, 172.62, 160.82, 146.13, 144.23, 141.52, 135.42, 130.26, 127.50, 125.90, 124.56, 123.55,
122.83, 121.66, 116.50, 112.54, 109.27, 80.56, 65.43, 57.28, 26.93, 21.67; HRMS (ESI): Exact mass calcd for CzH1sN,NaOs
[M+Na]*: 379.1053, Found: 379.1053.

The reaction was run at 35 °C for 4 h by using CH,Cl, as the solvent, affording product 7c in 84% vyield as a
white solid (m.p. 190-191 °C). *H NMR (400 MHz, CDCl3) & 7.42-7.35 (m, 2H), 7.16-7.10 (m, 3H), 6.90 (d, J =
7.6 Hz, 1H), 6.65 (d, J = 8.4 Hz, 1H), 6.55 (d, J = 8.4 Hz, 1H), 5.64 (dd, J = 8.0, 2.8 Hz, 1H), 3.80 (s, 3H),
3.66 (d, J = 7.6 Hz, 1H), 3.21 (s, 3H); *3C NMR (100 MHz, CDCI3) & 187.72, 172.63, 161.45, 160.02, 145.78,
144.40, 136.67, 130.07, 127.44, 124.79, 123.33, 122.79, 113.30, 110.64, 109.11, 105.38, 80.77, 65.15, 57.61,
56.05, 26.94; HRMS (ESI): Exact mass calcd for C2;H16N2NaO4 [M+Na]*: 395.1002, Found: 395.1001.

The reaction was run at 35 °C for 4 h by using CH,Cl. as the solvent, affording product 7d in 90% yield as a
white solid (m.p. 203-205 °C). *H NMR (400 MHz, CDCl3) & 7.50 (d, J = 1.6 Hz, 1H), 7.43-7.38 (m, 1H), 7.33
(dd, J = 8.8, 2.0 Hz, 1H), 7.19-7.14 (m, 3H), 6.95-6.91 (m, 2H), 5.73 (dd, J = 8.0, 2.8 Hz, 1H), 3.56 (d, J =
8.0 Hz, 1H), 3.18 (s, 3H), 2.28 (s, 3H); *C NMR (100 MHz, CDCl;) & 188.99, 172.09, 157.65, 146.50,
144.20, 138.03, 131.81, 130.31, 127.13, 126.42. 124.22, 123.63, 122.90, 121.11, 118.17, 112.52, 109.20,
80.77, 65.70, 54.86, 26.87, 20.41; HRMS (ESI): Exact mass calcd for C;H16N2NaO3; [M+Na]*: 379.1053, Found: 379.1049.

The reaction was run at 35 °C for 4 h by using CH.Cl, as the solvent, affording product 7e in 82% yield as
a white solid (m.p. 165-166 °C). 'H NMR (400 MHz, CDCl3) 8 7.44-7.39 (m, 1H), 7.20-7.11 (m, 5H), 6.99-
6.96 (m, 1H), 6.93 (d, J = 8.0 Hz, 1H), 5.73 (dd, J = 8.0, 2.8 Hz, 1H), 3.76 (s, 3H), 3.56 (d, J = 8.0 Hz, 1H),
3.19 (s, 3H); ¥C NMR (100 MHz, CDCl;) d 188.84, 172.08, 154.62, 154.20, 146.49, 144.21, 130.34,
127.12, 125.94, 124.23, 123.67, 122.92, 121.43, 119.71, 112.50, 109.20, 107.41, 80.81, 65.66, 55.67,
54.78, 26.90; HRMS (ESI): Exact mass calcd for C;;H16N2NaO4 [M+Na]*: 395.1002, Found: 395.1001.
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The reaction was run at 35 °C for 4 h by using EtOAc as the solvent, affording product 7f in 62% yield as a
white solid (m.p. 178-180 °C). *H NMR (400 MHz, CDCl3) & 7.45-7.40 (m, 1H), 7.37 (dd, J = 8.0, 3.2 Hz, 1H),
7.28-7.22 (m, 1H), 7.20-7.15 (m, 3H), 7.03 (dd, J = 8.8, 4.0 Hz, 1H), 6.94 (d, J = 7.6 Hz, 1H), 5.77 (dd, J =
8.0, 2.8 Hz, 1H), 3.57 (d, J = 7.6 Hz, 1H), 3.19 (s, 3H); 13C NMR (100 MHz, CDCls) 5 188.27, 171.96, 157.62
(d, J = 241.9 Hz), 155.8 (d, J = 1.8 Hz), 146.07, 144.20, 130.50, 126.81, 124.52, 124.47 (d, J = 24.4 Hz),
123.77, 122.93, 121.81 (d, J = 6.8 Hz) , 120.18 (d, J = 7.5 Hz), 112.22 (d, J = 27.9 Hz), 111.85, 109.34, 81.07, 65.80, 54.42 (d, J =
1.3 Hz), 26.92; HRMS (ESI): Exact mass calcd for C21H13FN2NaOs [M+Na]*: 383.0802, Found: 383.0801.

The reaction was run at 35 °C for 4 h by using EtOAc as the solvent, affording product 7g in 55% yield as a
white solid (m.p. 207-208 °C). *H NMR (400 MHz, CDCl3) 5 7.67 (d, J = 2.8 Hz, 1H), 7.46 (dd, J = 8.8, 2.8 Hz,
1H), 7.44-7.40 (m, 1H), 7.20-7.17 (m, 2H), 7.15 (d, J = 2.8 Hz, 1H), 7.00 (d, J = 8.8 Hz, 1H), 6.94 (d, J = 7.6
Hz, 1H), 5.77 (dd, J = 7.6, 2.8 Hz, 1H), 3.58 (d, J = 8.0 Hz, 1H), 3.18 (s, 3H); *C NMR (100 MHz, CDCl3) &
187.85, 171.90, 158.03, 145.96, 144.18, 136.76, 130.52, 127.78, 126.72, 126.15, 124.56, 123.79, 122.94,
121.94, 120.14, 112.31, 109.35, 81.11, 65.89, 54.29, 26.91; HRMS (ESI): Exact mass calcd for C»1H;3CIN,NaO; [M+Na]*: 399.0507,
Found: 399.0512.

The reaction was run at 35 °C for 4 h by using EtOAc as the solvent, affording product 7h in 65% yield as a
white solid (m.p. 185-187 °C). 'H NMR (400 MHz, CDCl3) & 7.82 (d, J = 2.4 Hz, 1H), 7.59 (dd, J = 8.8, 2.8
Hz, 1H), 7.46-7.39 (m, 1H), 7.19-7.17 (m, 2H), 7.15 (d, J = 2.4 Hz, 1H), 6.94 (d, J = 8.8 Hz, 1H), 6.93 (d, J =
8.0 Hz, 1H), 5.76 (dd, J = 7.6, 2.8 Hz, 1H), 3.58 (d, J = 7.6 Hz, 1H), 3.18 (s, 3H); ¥*C NMR (100 MHz, CDCls)
5 187.70, 171.88, 158.48, 145.94, 145.90, 144.16, 139.53, 130.52, 129.22, 126.68, 124.55, 123.79, 122.93,
122.38, 120.45, 114.95, 112.30, 109.35, 81.09, 65.89, 54.24, 26.92; HRMS (ESI): Exact mass calcd for C,;H13BrN,NaO3; [M+Na]*:
443.0002, Found: 442.9993.

The reaction was run at 35 °C for 4 h by using EtOAc as the solvent, affording product 7i in 67% yield as a white
solid (m.p. 215-217 °C). *H NMR (400 MHz, CDCls) & 7.58 (d, J = 8.4 Hz, 1H), 7.44-7.40 (m, 1H), 7.24-7.23 (m,
1H), 7.20-7.15 (m, 4H), 6.93 (d, J = 7.6 Hz, 1H), 5.78 (dd, J = 8.0, 2.8 Hz, 1H), 3.58 (d, J = 7.6 Hz, 1H), 3.17 (s,
3H); 3C NMR (100 MHz, CDCl3) & 187.99, 171.88, 159.77, 144.19, 131.64, 130.50, 128.02, 126.74, 125.92,
124.68, 123.78, 122.94, 121.60, 120.08, 112.32, 109.33, 81.33, 65.87, 54.42, 26.91; HRMS (ESI): Exact mass
calcd for C21H13BrN2NaOs [M+Na]*: 443.0002, Found: 443.0010.

The reaction was run at 35 °C for 4 h by using CHCl, as the solvent, affording product 7j in 71% vyield as a
white solid (m.p. 165-167 °C). *H NMR (400 MHz, DMSO-ds) & 7.64 (d, J = 2.8 Hz, 1H), 7.52 (d, J = 8.8 Hz,
1H), 7.43 (d, J = 7.6 Hz, 2H), 7.19 (dt, J = 7.6 Hz,1.0 Hz, 1H), 7.13 (d, J = 7.6 Hz, 1H), 6.64 (dd, J = 8.8, 2.4
Hz, 1H), 6.58 (d, J = 2.4 Hz, 1H), 5.90 (dd, J = 8.0, 2.8 Hz, 1H), 3.93 (d, J = 8.0 Hz, 1H), 3.84 (s, 3H), 3.09 (s,
3H); **C NMR (100 MHz, DMSO-de) & 187.89, 172.72, 166.62, 162.11, 149.40, 144.32, 130.38, 128.52,
128.22, 124.06, 123.78, 122.28, 115.48, 113.72, 110.71, 109.73, 101.69, 82.19, 65.63, 56.41, 54.02, 27.00;
HRMS (ESI): Exact mass calcd for C;,H1sN2NaO4 [M+Na]*: 395.1002, Found: 395.0994.

The reaction was run at 35 °C for 4 h by using CHCl, as the solvent, affording product 7k in 83% vyield as a
white solid (m.p. 232-234 °C). *H NMR (400 MHz, CDCl3) 8 7.68 (d, J = 8.8 Hz, 1H), 7.42-7.36 (m, 6H), 7.20-
7.14 (m, 3H), 6.92 (d, J = 7.6 Hz, 1H), 6.66 (dd, J = 8.8, 2.4 Hz, 1H), 6.54 (d, J = 2.4 Hz, 1H), 5.75 (dd, J =
7.6, 2.8 Hz, 1H), 5.09 (s, 2H), 3.53 (d, J = 8.0 Hz, 1H), 3.18 (s, 3H); 3C NMR (100 MHz, CDCls) & 186.77,
171.98, 165.95, 161.70, 146.31, 144.24, 135.68, 130.31, 128.74, 128.37, 127.52, 127.08, 124.55, 123.65,
122.92, 115.30, 112.53, 111.47, 109.20, 102.07, 81.20, 70.43, 65.61, 54.50, 26.90; HRMS (ESI): Exact mass
calcd for CagH20N2NaO, [M+Na]*: 471.1315, Found: 471.1316.
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The reaction was run at 35 °C for 4 h by using CH,Cl, as the solvent, affording product 71 in 65% vyield as a
white solid (m.p. 160-162 °C). *H NMR (400 MHz, CDCl3) & 7.45 (s, 1H), 7.43-7.38 (m, 1H), 7.20-7.14 (m,
3H), 6.92 (d, J = 8.0 Hz, 1H), 6.82 (s, 1H), 5.72 (dd, J = 7.6, 2.8 Hz, 1H), 3.53 (d, J = 7.6 Hz, 1H), 3.17 (s,
3H), 2.26 (s, 3H), 2.18 (s, 3H); *C NMR (100 MHz, CDCl;) & 188.34, 172.06, 157.94, 147.84, 146.64,
144.24, 130.99, 130.28, 127.18, 126.80, 124.25, 123.63, 122.92, 119.14, 118.79, 112.58, 109.18, 80.73,
65.66, 54.76, 26.88, 20.60, 18.80; HRMS (ESI): Exact mass calcd for C3Hi1sN,NaOs; [M+Na]*: 393.1210,

The reaction was run at 35 °C for 4 h by using CHCl, as the solvent, affording product 7m in 72% vyield as a
white solid (m.p. 150-152 °C). *H NMR (400 MHz, CDCl3) & 7.67 (s, 1H), 7.44-7.39 (m, 1H), 7.19-7.15 (m,
3H), 6.94-6.92 (m, 2H), 5.75 (dd, J = 8.0, 2.8 Hz, 1H), 3.54 (d, J = 7.6 Hz, 1H), 3.17 (s, 3H), 2.38 (s, 3H); 3C
NMR (100 MHz, CDCl3) & 187.40, 171.88, 157.87, 146.34, 146.13, 144.20, 130.47, 128.46, 126.79, 126.51,
12455, 123.77, 122.94, 120.39, 120.07, 112.39, 109.31, 81.03, 65.80, 54.25, 26.91, 20.95; HRMS (ESI):
Exact mass calcd for C2;H15CIN,NaO; [M+Na]*: 413.0663, Found: 413.0659.

The reaction was run at 35 °C for 4 h by using CH.CI, as the solvent, affording product 7n in 66% yield as a
white solid (m.p. 192-194 °C). *H NMR (400 MHz, CDCl3) & 8.37 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.4 Hz, 1H),
7.69 (d, J = 8.8 Hz, 1H), 7.66-7.61 (m, 1H), 7.57-7.53 (m, 1H), 7.45-7.40 (m, 2H), 7.33 (d, J = 2.4 Hz, 1H),
7.24-7.16 (m, 2H), 6.93 (d, J = 8.0 Hz, 1H), 5.95 (dd, J = 8.0, 2.8 Hz, 1H), 3.70 (d, J = 8.4 Hz, 1H), 3.16 (s,
3H); *3C NMR (100 MHz, CDCls) & 187.92, 171.93, 158.03, 146.15, 144.26, 137.93, 130.38, 130.10, 127.86,
127.01, 126.42, 124.79, 124.73, 123.88, 123.68, 122.98, 121.87, 121.21, 115.86, 112.52, 109.25, 81.59,
65.85, 54.48, 26.88; HRMS (ESI): Exact mass calcd for CxsH16N2NaO3s [M+Na]*: 415.1053, Found: 415.1055.

The reaction was run at 35 °C for 4 h by using EtOAc as the solvent, affording product 70 in 64% yield as a
white solid (m.p. 170-172 °C). *H NMR (400 MHz, CDCl3) & 7.71 (dd, J = 8.0, 1.6 Hz, 1H), 7.55-7.51 (m, 1H),
7.37 (t, J = 8.0 Hz, 1H), 7.23 (d, J = 2.8 Hz, 1H), 7.09 (dd, J = 8.4, 1.0 Hz, 1H), 7.06-7.02 (m, 2H), 6.85 (d, J =
8.0 Hz, 1H), 5.83 (dd, J = 8.4, 2.8 Hz, 1H), 4.13 (d, J = 8.0 Hz, 1H), 3.18 (s, 3H); 13C NMR (100 MHz, CDCls) &
189.42, 171.66, 159.66, 147.32, 146.00, 136.97, 131.61, 130.63, 126.80, 124.27, 122.73, 122.31, 121.61,
118.46, 112.33, 107.76, 80.87, 66.10, 51.06, 27.15; HRMS (ESI): Exact mass calcd for C,;H13CIN,NaO3; [M+Na]*: 399.0507, Found:
399.0508.

The reaction was run at 35 °C for 12 h by using EtOAc as the solvent, affording product 7p in 86% yield as a
white solid (m.p. 150-151 °C). *H NMR (400 MHz, CDCl3) & 7.72 (dd, J = 8.0, 1.6 Hz, 1H), 7.56-7.51 (m, 1H),
7.20 (d, J = 2.8 Hz, 1H), 7.13 (td, J = 8.8, 2.8 Hz, 1H), 7.07-7.03 (m, 2H), 6.96 (dd, J = 7.2, 2.4 Hz, 1H), 6.87
(dd, J = 8.8, 4.0 Hz, 1H), 5.77 (dd, J = 8.0, 2.8 Hz, 1H), 3.55 (d, J = 8.0 Hz, 1H), 3.17 (s, 3H); 3C NMR (100
MHz, CDCl;) 5 188.68, 171.78, 159.67 (d, J = 241.6 Hz), 159.64, 146.75, 140.22, 137.10, 128.44 (d,J=7.8
Hz), 126.88, 123.83, 122.43, 121.43, 118.47, 116.79 (d, J = 23.2 Hz), 112.26, 111.30 (d, J = 25.2 Hz), 109.96 (d, J = 8.1 Hz), 80.74,
65.91, 54.81, 27.06; HRMS (ESI): Exact mass calcd for C,;H13FN2NaO3; [M+Na]*: 383.0802, Found: 383.0810.

The reaction was run at 35 °C for 8 h by using EtOAc as the solvent, affording product 7q in 64% vyield as a
white solid (m.p. 185-187 °C). 'H NMR (400 MHz, CDCls) & 7.72 (dd, J = 8.0 Hz, 1.6 Hz, 1H), 7.56-7.51 (m,
1H), 7.39 (dd, J = 8.4, 2.0 Hz, 1H), 7.19 (s, 2H), 7.07-7.03 (m, 2H), 6.86 (d, J = 8.4 Hz, 1H), 5.76 (dd, J = 8.0,
2.8 Hz, 1H), 3.57 (d, J = 8.0 Hz, 1H), 3.17 (s, 3H); 13C NMR (100 MHz, CDCls)  188.66, 171.68, 159.62,
146.81, 142.83, 137.09, 130.37, 128.99, 128.64, 126.87, 123.70, 123.63, 122.45, 121.45, 118.46, 112.25,
110.22, 80.72, 65.65, 54.86, 27.03; Exact mass calcd for C2;H13CIN2NaO3; [M+Na]*: 399.0507, Found: 399.0502.

The reaction was run at 35 °C for 8 h by using EtOAc as the solvent, affording product 7r in 63% yield as a
white solid (m.p. 195-196 °C). 'H NMR (400 MHz, CDCl3) 8 7.72 (dd, J = 8.0, 2.0 Hz, 1H), 7.56-7.52 (m, 2H),
7.32 (d, J = 2.0 Hz, 1H), 7.20 (d, J = 2.8 Hz, 1H), 7.07-7.03 (m, 2H), 6.82 (d, J = 8.4 Hz, 1H), 5.77 (dd, J =
8.0, 2.8 Hz, 1H), 3.57 (d, J = 8.0 Hz, 1H), 3.17 (s, 3H); *C NMR (100 MHz, CDCls) 5 188.68, 171.60, 159.63,
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146.83, 143.33, 137.12, 133.27, 128.99, 126.90, 126.36, 123.72, 122.47, 121.46, 118.48, 116.16, 112.26, 110.70, 80.72, 65.58,
54.89, 27.03; HRMS (ESI): Exact mass calcd for C,1H13BrN2NaO; [M+Na]*: 443.0002, Found: 442.9995.

The reaction was run at 35 °C for 4 h by using CHCl; as the solvent, affording product 7s in 88% yield as a
white solid (m.p. 180-181 °C).*H NMR (400 MHz, CDCl3) & 7.72 (dd, J = 8.0, 1.6 Hz, 1H), 7.55-7.50 (m, 1H),
7.20 (d, J = 9.2 Hz, 1H), 7.17 (d, J = 2.8 Hz, 1H), 7.05-7.02 (m, 2H), 7.01 (s, 1H), 6.81 (d, J = 8.0 Hz, 1H),
5.76 (dd, J = 8.0, 2.8 Hz, 1H), 3.57 (d, J = 7.6 Hz, 1H), 3.16 (s, 3H), 2.36 (s, 3H); *C NMR (100 MHz,
CDCls) 6 188.92, 171.95, 159.64, 146.19, 141.84, 136.91, 133.29, 130.70, 126.95, 126.85, 124.62, 123.74,
122.28, 121.49, 118.42, 112.58, 108.97, 80.91, 65.87, 54.82, 26.91, 21.16; HRMS (ESI): Exact mass calcd for CzH1sN,NaOs
[M+Na]*: 379.1053, Found: 379.1055.

The reaction was run at 35 °C for 4 h by using CHCl, as the solvent, affording product 7t in 91% yield as
a white solid (m.p. 105-107 °C). *H NMR (400 MHz, CDCl3) 8 7.72 (dd, J = 8.0, 1.6 Hz, 1H), 7.54-7.50 (m,
1H), 7.17 (d, J = 2.8 Hz, 1H), 7.05-7.02 (m, 2H), 6.92 (dd, J = 8.8, 2.4 Hz, 1H), 6.83 (d, J = 8.4 Hz, 1H),
6.79 (d, J = 2.4 Hz, 1H), 5.76 (dd, J = 7.6, 2.8 Hz, 1H), 3.80 (s, 3H), 3.56 (d, J = 8.0 Hz, 1H), 3.15 (s, 3H);
13C NMR (100 MHz, CDCl;) & 188.82, 171.65, 159.62, 156.70, 146.35, 137.58, 136.93, 128.18, 126.85,
124.40, 122.30, 121.45, 118.42, 114.31, 112.49, 110.58, 109.66, 80.87, 66.12, 55.77, 54.86, 26.97; HRMS (ESI): Exact mass calcd
for C2H16N2NaO,4 [M+Na]*: 395.1002, Found: 395.1005.

The reaction was run at 35 °C for 8 h by using EtOAc as the solvent, affording product 7u in 72% yield as a
white solid (m.p. 160-162 °C). *H NMR (400 MHz, CDCl3) 6 7.72 (dd, J = 8.0, 1.6 Hz, 1H), 7.56-7.51 (m, 1H),
7.19 (d, J = 2.8 Hz, 1H), 7.17-7.11 (m, 2H), 7.07-7.03 (m, 2H), 6.94 (d, J = 1.6 Hz, 1H), 5.77 (dd, J = 7.6, 2.8
Hz, 1H), 3.55 (d, J = 8.0 Hz, 1H), 3.17 (s, 3H); 1*C NMR (100 MHz, CDCl3) d 188.72, 172.07, 159.63, 146.68,
145.40, 137.11, 136.33, 126.89, 125.36, 123.94, 123.90, 123.59, 122.44, 121.44, 118.46, 112.30, 110.11,
80.72, 65.32, 54.86, 27.04; HRMS (ESI): Exact mass calcd for C»1H13CIN2NaO3; [M+Na]*: 399.0507, Found: 399.0513.

The reaction was run at 35 °C for 8 h by using EtOAc as the solvent, affording product 7v in 65% yield as a
white solid (m.p. 205-206 °C). *H NMR (400 MHz, CDCl3) & 7.71 (d, J = 8.0 Hz, 1H), 7.53 (t, J = 8.0 Hz, 1H),
7.31(d, J = 8.0 Hz, 1H), 7.18 (s, 1H), 7.09 (s, 1H), 7.04 (t, J = 8.0 Hz, 3H), 5.75 (d, J = 7.6 Hz, 1H), 3.54 (d,
J = 8.0 Hz, 1H), 3.16 (s, 3H); **C NMR (100 MHz, CDCI3)  188.69, 171.94, 159.62, 146.72, 145.47, 137.10,
126.88, 126.52, 125.93, 124.24, 124.16, 123.77, 122.43, 121.44, 118.45, 112.86, 112.29, 80.72, 65.37,
54.82, 27.02; HRMS (ESI): Exact mass calcd for C,;1H13BrN2NaOs; [M+Na]*: 443.0002, Found: 443.0007.

The reaction was run at 35 °C for 8 h by using EtOAc as the solvent, affording product 7w in 73% yield as a
white solid (m.p. 185-186 °C). 'H NMR (400 MHz, CDCl3) & 7.73 (d, J = 7.6 Hz, 1H), 7.56-7.52 (m, 1H), 7.36-
7.32 (m, 1H), 7.19 (d, J = 2.8 Hz, 1H), 7.08-7.03 (m, 4H), 5.77 (dd, J = 8.0, 2.8 Hz, 1H), 3.55 (d, J = 8.0 Hz, 1H),
3.53 (s, 3H); *C NMR (100 MHz, CDCls) & 188.68, 172.38, 159.63, 146.69, 140.24, 137.11, 132.73, 129.75,
126.90, 124.33, 123.97, 122.46, 121.57, 121.47, 118.46, 116.63, 112.27, 80.74, 65.38, 55.31, 30.35; HRMS
(ESI): Exact mass calcd for C»1H13CIN,NaO3; [M+Na]*: 399.0507, Found: 399.0516.

The reaction was run at 35 °C for 12 h by using EtOAc as the solvent, affording product 7x in 62% vyield as a
white solid (m.p. 190-191 °C). 'H NMR (400 MHz, CDCls) & 7.73 (dd, J = 8.0, 1.6 Hz, 1H), 7.55-7.50 (m, 2H),
7.18 (d, J = 2.8 Hz, 1H), 7.11-6.99 (m, 4H), 5.76 (dd, J = 7.6, 2.8 Hz, 1H), 3.56 (d, J = 4.8 Hz, 1H), 3.54 (s, 3H);
13C NMR (100 MHz, CDCls) & 188.65, 172.58, 159.61, 146.71, 141.65, 137.08, 136.04, 130.04, 126.88, 124.67,
123.94, 122.45, 122.13, 121.46, 118.45, 112.26, 103.45, 80.72, 65.33, 55.34, 30.56; HRMS (ESI): Exact mass
calcd for C21H13BrN;NaO3z [M+Na]*: 443.0002, Found: 443.0007.
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The reaction was run at 35 °C for 12 h by using EtOAc as the solvent, affording product 7y in 89% vyield as a
white solid (m.p. 198-200 °C). *H NMR (400 MHz, CDCl3) & 7.73 (dd, J = 8.0, 1.6 Hz, 1H), 7.55-7.49 (m, 1H),
7.16 -7.10 (m, 2H), 7.06-6.99 (m, 4H), 5.76 (dd, J = 8.0, 2.8 Hz, 1H), 3.55 (d, J = 8.0 Hz, 1H), 3.44 (s, 3H),
2.60 (s, 3H); 3C NMR (100 MHz, CDCl3) & 188.96, 172.76, 159.63, 146.11, 141.95, 136.88, 134.10, 127.65,
126.83, 124.69, 123.54, 122.28, 121.54, 120.86, 120.84, 118.41, 112.55, 80.93, 65.38, 55.25, 30.24, 18.93;
HRMS (ESI): Exact mass calcd for C,;H16N2NaOz; [M+Na]*: 379.1053, Found: 379.1056.

The reaction was run at 35 °C for 4 h by using CH,Cl, as the solvent, affording product 7z in 85% yield as a
white solid (m.p. 176-178 °C).*H NMR (400 MHz, CDCls) & 7.73 (dd, J = 8.0, 2.0 Hz, 1H), 7.54-7.50 (m, 1H),
7.37 (td, J = 7.6, 1.6 Hz, 1H), 7.21-7.14 (m, 3H), 7.05-7.01 (m, 2H), 6.90 (d, J = 8.0 Hz, 1H), 5.81-5.72 (m, 2H),
5.29-5.20 (m, 2H), 4.35-4.22 (m, 2H), 3.61 (d, J = 7.6 Hz, 1H); 3C NMR (100 MHz, CDCls) 5 188.70, 171.87,
159.62, 146.28, 143.37, 136.93, 130.24, 130.24, 127.01, 126.84, 124.46, 123.64, 123.00, 122.29, 121.51,
118.38, 117.67, 112.49, 110.20, 80.92, 65.78, 54.81, 42.77; HRMS (ESI): Exact mass calcd for C23H16N2NaO3
[M+Na]*: 391.1053, Found: 391.1054.

The reaction was run at 35 °C for 4 h by using CH,Cl, as the solvent, affording product 7a” in 86% vyield as a
white solid (m.p. 184-186 °C). 'H NMR (400 MHz, CDCls) & 7.75 (d, J = 8.8 Hz, 1H), 7.53-7.49 (m, 1H), 7.33-
7.28 (m, 2H), 7.26-7.22 (m, 4H), 7.19-7.15 (m, 2H), 7.12-7.08 (m, 1H), 7.05-7.01 (m, 2H), 6.71 (d, J = 8.0 Hz,
1H), 5.76 (dd, J = 8.0, 2.8 Hz, 1H), 4.90-4.82 (m, 2H), 3.63 (d, J = 8.0 Hz, 1H); $3C NMR (100 MHz, CDCls) &
188.68, 172.28, 159.62, 146.36, 143.24, 136.97, 134.64, 130.24, 128.75, 127.63, 127.01, 126.99, 126.83,
124.46, 123.01, 122.28, 121.47, 118.38, 110.38, 112.52, 80.93, 65.85, 54.77, 44.38; HRMS (ESI): Exact mass calcd for
C27H1sN2NaO; [M+Na]*: 441.1210, Found: 441.1207.

3. Optimization of the reaction conditions for the preparation of product 8a®®

BocO o

CN F CHO
o | DABCO (20 mol%)
N +
o

Me Solvent, 35 °C, 24 h
1a (1.5 equiv) 4f
Entry? Solvent Yield® (%)
1 CH.Cl; 40
2 CICH,CHCI 28
3 Toluene 21
4 EtOAC 35
5 CH3CN 28
6 THF 72
7 Dioxane 47

FIReaction conditions: 1a (0.15 mmol), 4f (0.10 mmol) and DABCO (20 mol%) in solvent (1.0 mL) were stirred at 35 °C under N. atmosphere. [b] Isolated yields
after purification by column chromatography.
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4. General procedure and spectral data of products 8.

R BocO o

R1
CN CHO  DABCO (20 mol%)
o + |
N oC. 24-
N, o THF, 35 °C, 24-48 h
1 (1.5 equiv) 4

General Procedure: To a 10.0 mL Schlenk tube were successively added MBH carbonates 1 (0.15 mmol), 3-formylchromones 4
(0.1 mmol) and anhydrous THF (1.0 mL). The reaction mixture was stirred vigorously at room temperature to ensure full dissolution of
3-formylchromones 4. Then, 1,4-diaza bicyclo[2.2.2]octane (DABCO, 0.02 mmol) was added in one portion. The reaction mixture was
stirred at 35 °C under N, atmosphere for 24-48 h, and monitored by TLC. After completion, the reaction mixture was directly
subjected to flash chromatography on silica gel using petroleum ether/EtOAc (from 10:1-1:1) as the eluent to afford the

spirocyclopentadiene 2-oxindoles 8 incorporating a 2-hydroxybenzoyl moiety.

The reaction was run at 35 °C for 24 h by using THF as the solvent, affording product 8a in 72% vyield as a
yellow solid (m.p. 190-191 °C). *H NMR (400 MHz, CDCl3)  10.84 (s, 1H), 7.50 (d, J = 2.4 Hz, 1H), 7.42-7.38
(m, 3H), 7.25-7.21 (m, 1H), 7.04-7.00 (m, 2H), 6.95 (dd, J = 9.2, 4.8 Hz, 1H), 6.89 (d, J = 7.6 Hz, 1H), 3.42 (s,
3H); 3C NMR (100 MHz, CDClz) & 190.26 (d, J =2.5 Hz), 168.28, 158.61 (d, J =1.5 Hz), 155.99, 153.60,
149.36, 146.46, 145.29, 143.11, 130.55, 125.35, 124.24 (d, J =23.4 Hz), 123.25 (d, J = 26.0 Hz), 120.29,
120.15 (d, J = 26.0 Hz), 118.74 (d, J = 6.3 Hz), 115.66 (d, J = 23.8 Hz), 112.82, 109.78, 71.11, 27.81; HRMS
(ESI): Exact mass calcd for C,:H13FN2NaO3; [M+Na]*: 383.0802, Found: 383.0795.

The reaction was run at 35 °C for 48 h by using THF as the solvent, affording product 8b in 67% yield as a
yellow solid (m.p. 192-193 °C); *H NMR (400 MHz, CDCl;) 8 10.99 (s, 1H), 7.66 (d, J = 2.8 Hz, 1H), 7.51 (d, J
= 3.2 Hz, 1H), 7.45-7.38 (m, 3H), 7.05-7.01 (m, 2H), 6.94 (d, J = 8.8 Hz, 1H), 6.90 (dd, J = 7.6, 1.0 Hz, 1H),
3.42 (s, 3H). *C NMR (100 MHz, CDCl3) & 190.17, 168.25, 160.88, 149.24, 146.47, 145.28, 143.44, 136.49,
130.55, 129.66, 125.47, 123.84, 123.39, 123.18, 120.40, 120.27, 119.92, 112.81, 109.77, 71.11, 27.82; HRMS
(ESI): Exact mass calcd for C2;1H13CIN2NaO3; [M+Na]*: 399.0507, Found: 399.0509.

The reaction was run at 35 °C for 24 h by using THF as the solvent, affording product 8c in 66% yield as a
yellow solid (m.p. 195-196 °C). *H NMR (400 MHz, CDClz) & 11.01 (s, 1H), 7.80 (d, J = 2.4 Hz, 1H), 7.56 (dd, J
= 8.8, 2.4 Hz, 1H), 7.52 (d, J = 2.8 Hz, 1H), 7.42-7.38 (m, 2H), 7.05-7.01 (m, 2H), 6.92-6.87 (m, 2H), 3.42 (s,
3H); 3C NMR (100 MHz, CDCl3) d 190.06, 168.25, 161.31, 149.23, 146.48, 145.27, 143.52, 139.26, 132.64,
130.56, 125.50, 123.40, 123.20, 120.78, 120.58, 120.27, 112.80, 110.70, 109.77, 71.11, 27.83; HRMS (ESI):
Exact mass calcd for C2;H13BrNoNaO3 [M+Na]*: 443.0002, Found: 443.0003.

The reaction was run at 35 °C for 24 h by using THF as the solvent, affording product 8d in 88% yield as a
yellow solid (m.p. 215-217 °C). *H NMR (400 MHz, CDCl3) 8 11.74 (s, 1H), 8.71 (d, J = 2.8 Hz, 1H), 8.36 (dd, J
=9.2, 2.8 Hz, 1H), 7.55-7.54 (m, 2H), 7.42 (t, J = 7.6 Hz, 1H), 7.09 (d, J = 9.2 Hz, 1H), 7.06-7.02 (m, 2H), 6.94
(d, J=7.6 Hz, 1H), 3.43 (s, 3H); *3C NMR (100 MHz, CDClI3) & 189.99, 168.07, 167.07, 148.52, 146.39, 145.23,
144.73, 139.66, 131.13, 130.71, 126.86, 126.33, 123.53, 123.30, 120.05, 119.84, 118.07, 112.60, 109.87,
71.22, 27.87; HRMS (ESI): Exact mass calcd for C1H13NsNaOs [M+Na]*: 410.0747, Found: 410.0745.

The reaction was run at 35 °C for 24 h by using THF as the solvent, affording product 8e in 75% yield as a
yellow solid (m.p. 172-174 °C). *H NMR (400 MHz, CDCls) & 11.51 (s, 1H), 7.77-7.73 (m, 1H), 7.49 (d, J = 2.4
Hz, 1H), 7.39 (td, J = 7.6, 0.8 Hz, 1H), 7.34 (d, J = 2.4 Hz, 1H), 7.03-6.99 (m, 2H), 6.87 (d, J = 7.6 Hz, 1H),
6.66-6.61 (m, 2H), 3.42 (s, 3H); 1*C NMR (100 MHz, CDCls) & 190.20, 167.66 (d, J = 64.2 Hz), 168.31, 165.14
(d, J = 14.4 Hz), 149.65, 146.47, 145.29, 142.44, 133.15 (d, J = 11.8 Hz), 130.51, 124.97, 123.21 (d, J = 23.8
Hz), 120.31, 116.46, 112.88, 109.75, 107.45 (d, J = 22.8 Hz), 105.43 (d, J = 23.7 Hz), 71.12, 27.80; HRMS
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(ESI): Exact mass calcd for Cz1H13FN2NaO; [M+Na]*: 383.0802, Found: 383.0804.

The reaction was run at 35 °C for 48 h by using THF as the solvent, affording product 8f in 70% yield as a
yellow solid (m.p. 188-189 °C). *H NMR (400 MHz, CDCl3) & 11.23 (s, 1H), 7.58 (d, J = 8.4 Hz, 1H), 7.49 (d, J
=2.4 Hz, 1H), 7.40 (td, J = 7.6, 1.2 Hz, 1H), 7.36 (d, J = 2.8 Hz, 1H), 7.17 (d, J = 1.6 Hz, 1H), 7.06 (dd, J = 8.4,
2.0 Hz, 1H), 7.04-6.99 (m, 2H), 6.87 (dd, J = 8.0, 1.2 Hz 1H), 3.42 (s, 3H); 3C NMR (100 MHz, CDCl;) &
190.68, 168.26, 162.87, 149.55, 146.43, 145.31, 142.79, 131.59, 131.45, 130.55, 125.24, 123.37, 123.10,
122.66, 121.97, 120.30, 118.28, 112.85, 109.79, 71.12, 27.82; HRMS (ESI): Exact mass calcd for
C21H13BrN2NaO3 [M+Na]*: 443.0002, Found: 442.9991.

The reaction was run at 35 °C for 48 h by using THF as the solvent, affording product 8g in 72% yield as a
Cl yellow solid (m.p. 180-182 °C). *H NMR (400 MHz, CDClz) & 11.56 (s, 1H), 7.66 (dd, J = 8.0, 1.6 Hz, 1H),

7.59 (dd, J = 8.0, 1.6 Hz, 1H), 7.49 (d, J = 2.4 Hz, 1H), 7.42-7.37 (m, 2H), 7.04-6.99 (m, 2H), 6.91-6.86 (m,

2H), 3.43 (s, 3H); 3C NMR (100 MHz, CDCl3) & 191.01, 168.17, 157.98, 149.37, 146.38, 145.29, 143.33,

136.61, 130.56, 129.23, 125.36, 123.35, 123.30, 123.06, 120.39, 120.22, 119.17, 112.82, 109.81, 71.14,
27.84; HRMS (ESI): Exact mass calcd for C»1H13CIN2NaO3; [M+Na]*: 399.0507, Found: 399.0503.

The reaction was run at 35 °C for 48 h by using THF as the solvent, affording product 8h in 75% yield as a
yellow solid (m.p. 187-188 °C). *H NMR (400 MHz, CDCls) & 11.67 (s, 1H), 7.76 (dd, J = 8.0, 1.6 Hz, 1H),
7.70 (dd, J = 8.0, 1.6 Hz, 1H), 7.49 (d, J = 2.4 Hz, 1H), 7.42-7.37 (m, 2H), 7.03-6.99 (m, 2H), 6.87-6.82 (m,
2H), 3.42 (s, 3H); 3C NMR (100 MHz, CDCl3) & 190.95, 168.17, 158.83, 149.31, 146.38, 145.30, 143.27,
139.81, 130.57, 130.00, 125.36, 123.36, 123.07, 120.30, 120.22, 119.78, 112.83, 112.47, 109.82, 71.17,
27.84. HRMS (ESI): Exact mass calcd for C»1H13BrN2NaOs; [M+Na]*: 443.0002, Found: 443.0002.

The reaction was run at 35 °C for 24 h by using THF as the solvent, affording product 8i in 70% yield as a
yellow solid (m.p. 175-176 °C). *H NMR (400 MHz, CDCls) & 11.08 (s, 1H), 7.72 (d, J = 8.0 Hz, 1H), 7.53-
7.49 (m, 2H), 7.39 (d, J = 2.4 Hz, 1H), 7.10 (td, J = 8.8, 2.4 Hz, 1H), 7.00-6.91 (m, 3H), 6.65 (dd, J = 7.2,
2.4 Hz, 1H), 3.41 (s, 3H); *C NMR (100 MHz, CDCl5) & 191.03, 168.12, 162.51, 159.14 (d, J = 241.7 Hz),
149.52, 146.87, 142.95, 141.39 (d, J = 2.2 Hz), 136.88, 130.69, 124.45, 122.08 (d, J = 8.6 Hz), 119.33,
119.17, 118.81, 116.86 (d, J = 23.3 Hz), 112.74, 111.35 (d, J = 241.7 Hz), 110.27 (d, J = 8.1 Hz), 70.96, 27.98; HRMS (ESI): Exact
mass calcd for C,;H13FN2NaO3; [M+Na]*: 383.0802, Found: 383.0804.

The reaction was run at 35 °C for 48 h by using THF as the solvent, affording product 8j in 65% yield as a
yellow solid (m.p. 192-194 °C). 'H NMR (400 MHz, CDCls) & 11.07 (s, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.55-
7.48 (m, 3H), 7.40 (d, J = 2.4 Hz, 1H), 7.02-6.87 (m, 4H), 3.41 (s, 3H); 3C NMR (100 MHz, CDCl3) &
190.88, 167.98, 162.52, 149.56, 146.92, 144.41, 143.09, 136.89, 133.32, 130.69, 126.22, 124.43, 122.66,
119.31, 119.19, 118.82, 115.66, 112.73, 111.07, 70.57, 27.92; HRMS (ESI): Exact mass calcd for
C21H13BrN2NaO3; [M+Na]*: 443.0002, Found: 442.9996.

The reaction was run at 35 °C for 48 h by using THF as the solvent, affording product 8k in 67% yield as a
yellow solid (m.p. 174-175 °C). H NMR (400 MHz, CDCl5) 5 11.08 (s, 1H), 7.70 (dd, J = 8.0, 1.6 Hz, 1H),
7.52-7.48 (m, 2H), 7.38 (d, J = 2.4 Hz, 1H), 7.02 (d, J = 2.0 Hz, 1H), 7.00-6.97 (m, 2H), 6.94-6.90 (m, 1H),
6.80 (d, J = 7.6 Hz, 1H), 3.41 (s, 3H); 3*C NMR (100 MHz, CDCl3) & 191.08, 168.43, 162.52, 149.64,
146.84, 146.48, 142.82, 136.88, 136.36, 130.65, 124.46, 124.00, 123.23, 119.30, 119.13, 118.83, 118.82,
112.77,110.54, 70.43, 27.91; HRMS (ESI): Exact mass calcd for C,1H13CIN2NaOs [M+Na]*: 399.0507, Found: 399.0506.

The reaction was run at 35 °C for 48h by using THF as the solvent, affording product 8l in 74% yield as a
yellow solid (m.p. 195-196 °C). *H NMR (400 MHz, CDCls) 5 11.09 (s, 1H), 7.70 (d, J = 8.0 Hz, 1H), 7.52-

S9



7.48 (m, 2H), 7.38-7.36 (m, 1H), 7.31 (dd, J = 8.4, 1.2 Hz, 1H), 6.98 (dd, J = 8.4, 1.0 Hz, 1H), 6.94-6.89 (m, 2H), 6.74 (dd, J = 7.6, 1.0
Hz, 1H), 3.77 (s, 3H); 3C NMR (100 MHz, CDCl3) 5 190.98, 168.73, 162.53, 149.85, 146.86, 141.34, 136.86, 132.89, 130.63, 124.70,
123.91, 123.01, 121.50, 119.33, 119.12, 118.84, 116.86, 112.74, 70.49, 31.28; HRMS (ESI): Exact mass calcd for C;H13CIN;NaO3
[M+Na]*: 399.0507, Found: 399.0504.

The reaction was run at 35 °C for 48 h by using THF as the solvent, affording product 8m in 67% vyield as a
yellow solid (m.p. 170-171 °C). *H NMR (400 MHz, CDCl;) & 11.09 (s, 1H), 7.70 (d, J = 8.0 Hz, 1H), 7.53-
7.48 (m, 3H), 7.37 (d, J = 2.4 Hz, 1H), 6.99 (d, J = 8.4 Hz, 1H), 6.92 (t, J = 7.6 Hz, 1H), 6.84 (t, J = 7.6 Hz,
1H), 6.78 (d, J = 7.2 Hz, 1H), 3.78 (s, 3H); *3C NMR (100 MHz, CDCl;) & 190.96, 168.95, 162.53, 149.89,
146.87, 142.71, 136.86, 136.22, 130.63, 124.74, 124.27, 123.22, 122.02, 119.33, 119.12, 118.84, 112.73,
103.62, 70.47, 31.55; HRMS (ESI): Exact mass calcd for C»;H13BrN,NaO3z; [M+Na]*: 443.0002, Found: 442.9995.

5. Optimization of the reaction conditions for the preparation of product 9a®®

BocO
gN Catalyst (20 mol%)
Il\\llle solvent, T°C, 4 h
1a
Entry? Catalyst Solvent T/°C Yield® (%)
1 DABCO CH,CI, 35 55
2 DABCO CICH,CH.CI 35 45
3 DABCO Toluene 35 33
4 DABCO EtOAc 35 40
5 DABCO THF 35 40
6 DABCO Dioxane 35 35
7 DABCO CH3CN 35 37
8 DABCO CHCl; 0 66
9 DABCO CHCl, -10 48
10 DBU CHCl, 0 mess
11 TBD CH,CI, 0 16
12 DMAP CH,CI, 0 25
13 EtsN CH,CI, 0 34

lAReaction conditions: 1a (0.15 mmol) and catalyst (20 mol%) in solvent (1.0 mL) were stirred at the indicated temperature under N2 atmosphere. ! Isolated yields
after purification by column chromatography.

6. General procedure and spectral data of products 9

R CN DABCO (20 mol%)

gg CH,Cl,, 0°C, 4-12 h

General Procedure: To a solution of MBH carbonates 1 (0.15 mmol) in anhydrous CH>Cl, (1.0 mL) at O °C was added DABCO (20
mol%) under N, atmosphere. Then, the reaction mixture was kept at this temperature for 4-12 h under stirring, and monitored by TLC.
After completion, the reaction mixture was directly subjected to flash chromatography on silica gel using petroleum ether/EtOAc (from

4:1-1:1) as the eluent to afford the bisoxindoles 9.
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The reaction was run at 0 °C for 4 h by using CH,Cl, as the solvent, affording product 9a in 66% yield as a
yellow solid (m.p. 125-126 °C). *H NMR (500 MHz, CDCl3) & 8.03 (d, J = 8.0 Hz, 1H), 7.77 (s, 1H), 7.48 (d, J
=7.5Hz, 1H), 7.35 (td, J = 7.5, 1.0 Hz, 1H), 7.31 (td, J = 7.5, 1.0 Hz, 1H), 7.06-6.99 (m, 2H), 6.89 (d, J = 7.5
Hz, 1H), 6.75 (d, J = 7.5 Hz, 1H), 4.82 (d, J = 13.5 Hz, 1H), 3.48 (d, J = 13.5 Hz, 1H), 3.27 (s, 3H), 3.17 (s,
3H), 1.50 (s, 9H); 3C NMR (125 MHz, CDCls) 8 173.50, 165.52, 150.76, 148.82, 144.03, 143.09, 138.87,
132.73, 129.93, 126.82, 124.83, 124.37, 123.18, 122.90, 119.51, 116.62, 113.28, 112.11, 109.01, 108.33,
98.00, 85.86, 50.78, 33.82, 27.47, 26.79, 25.97; HRMS (ESI): Exact mass calcd for CaH26NsNaOs [M+Na]*: 533.1795, Found:
533.1800.

The reaction was run at 0 °C for 12 h by using CH.Cl, as the solvent, affording product 9b in 53% yield as a
yellow solid (m.p. 112-113 °C). *H NMR (500 MHz, CDCl3) & 7.81 (s, 1H), 7.79 (dd, J = 8.5, 2.5 Hz, 1H), 7.29
(dd, J = 8.0, 2.5 Hz, 1H), 7.09 (td, J = 8.5, 2.5 Hz, 1H), 7.03 (td, J = 9.0, 2.5 Hz, 1H), 6.84 (dd, J = 8.5, 4.0 Hz,
1H), 6.71 (dd, J = 8.5, 4.0 Hz, 1H), 4.86 (d, J = 14.0 Hz, 1H), 3.41 (d, J = 14.0 Hz, 1H), 3.26 (s, 3H), 3.18 (s,
3H), 1.51 (s, 9H); *C NMR (125 MHz, CDCl3) 8 173.05, 165.28, 160.02 (d, J = 35 Hz ), 158.10 (d, J = 33 Hz),
151.04, 148.72, 140.24, 139.04, 138.61 (d, J = 2.9 Hz), 128.37 (d, J = 8.4 Hz), 120.20 (d, J =8.9 Hz), 119.30
(d, J = 23.8 Hz), 116.50 (d, J = 23.4 Hz), 116.09, 113.15 (d, J = 9.5 Hz), 113.04, 112.91, 112.16 (d, J = 26.6 Hz), 109.71 (d, J = 7.9
Hz), 109.05 (d, J = 7.9 Hz), 97.25, 86.11, 51.07, 33.78, 27.46, 26.97, 26.13; HRMS (ESI): Exact mass calcd for CzgH24F2N4sNaOs
[M+Na]*: 569.1607, Found: 569.1614.

The reaction was run at 0 °C for 12 h by using CHCl, as the solvent, affording product 9c in 61% yield as a
brown solid (m.p. 142-143 °C). 'H NMR (400 MHz, CDCl3) & 8.00 (s, 1H), 7.79 (d, J = 1.0 Hz, 1H), 7.48 (s,
1H), 7.34 (d, J = 8.4 Hz, 1H), 7.29 (d, J = 9.2 Hz, 1H), 6.82 (d, J = 8.8 Hz, 1H), 6.71 (d, J = 8.4 Hz, 1H), 4.81
(d, J = 13.6 Hz, 1H), 3.40 (d, J = 13.6 Hz, 1H), 3.25 (s, 3H), 3.17 (s, 3H), 1.51 (s, 9H); 3C NMR (100 MHz,
CDCl3) 8 172.85, 165.12, 151.06, 148.68, 142.50, 141.53, 138.28, 132.64, 130.01, 129.46, 128.65, 128.56,
128.46, 125.25, 124.44, 120.47, 116.16, 113.00, 110.02, 109.45, 96.99, 86.16, 51.03, 33.91, 27.45, 26.95,
26.10; HRMS (ESI): Exact mass calcd for CzgH24Cl2NsNaOs [M+Na]*: 601.1016, Found: 601.1023.

The reaction was run at 0 °C for 12 h by using CHClI, as the solvent, affording product 9d in 63% yield as a
yellow solid (m.p. 148-150 °C). *H NMR (500 MHz, CDCl3) 8 8.13 (d, J = 2.0 Hz, 1H), 7.79 (s, 1H), 7.60 (d, J
= 1.5 Hz, 1H), 7.49 (dd, J = 8.0, 1.5 Hz, 1H), 7.43 (dd, J = 8.5, 2.0 Hz, 1H), 6.78 (d, J = 8.5 Hz, 1H), 6.67 (d,
J =8.5Hz, 1H), 4.81 (d, J = 13.5 Hz, 1H), 3.40 (d, J = 14.0 Hz, 1H), 3.25 (s, 3H), 3.18 (s, 3H), 1.52 (s, 9H);
13C NMR (125 MHz, CDCIl3) & 172.79, 165.02, 151.07, 148.71, 142.98, 142.07, 138.16, 135.55, 132.91,
128.81, 128.07, 127.15, 120.91, 116.16, 115.68, 113.03, 110.48, 109.89, 97.06, 86.17, 51.12, 34.00, 27.48,
26.93, 26.11; HRMS (ESI): Exact mass calcd for Cx9H24Br,NsNaOs [M+Na]*: 689.0006, Found: 689.0010.

The reaction was run at 0 °C for 12 h by using CH,Cl; as the solvent, affording product 9e in 52% yield as
a yellow solid (m.p. 160-161 °C). *H NMR (400 MHz, CDCl3) & 8.24 (s, 1H), 7.82 (s, 1H), 7.74 (s, 1H),
7.64 (d, J =8.0 Hz, 1H), 7.59 (d, J = 9.2 Hz, 1H), 6.98 (d, J = 8.4 Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H), 4.92 (d,
J = 13.6 Hz, 1H), 3.42 (d, J = 13.6 Hz, 1H), 3.31 (s, 3H), 3.20 (s, 3H), 1.52 (s, 9H); *C NMR (100 MHz,
CDCl3) 6 173.34, 165.34, 151.16, 148.63, 146.41 (g, J = 1.3 Hz), 145.92 (g, J = 1.5 Hz), 137.90, 130.26 (q,
J =4.0 Hz), 129.46, 127.71 (q, J = 4.0 Hz), 127.39, 125.67, 125.34 (q, J = 12 Hz), 125.13, 122.19 (q, J =
3.8 Hz), 121.26 (g, J = 3.8 Hz), 119.27, 116.03, 113.46, 112.88, 108.97, 108.50, 96.73, 86.31, 51.01, 33.99, 27.44, 27.09, 26.11;
HRMS (ESI): Exact mass calcd for C31H24FsNsNaOs [M+Na]*: 669.1543, Found: 669.1547.

The reaction was run at 0 °C for 12 h by using CH.ClI; as the solvent, affording product 9f in 75% yield as
a yellow solid (m.p. 145-146 °C). *H NMR (500 MHz, CDCl3) 8 7.84 (s, 1H), 7.77 (s, 1H), 7.29 (s, 1H), 7.15
(d, J = 8.0 Hz, 1H), 7.09 (d, J = 8.0 Hz, 1H)), 6.77 (d, J = 8.0 Hz, 1H), 6.64 (d, J = 8.0 Hz, 1H), 4.76 (d, J =
14.0 Hz, 1H), 3.47 (d, J = 14.0 Hz, 1H), 3.24 (s, 3H), 3.14 (s, 3H), 2.29 (s, 3H), 2.26 (s, 3H), 1.51 (s, 9H);
3C NMR (125 MHz, CDCl;) & 173.38, 165.58, 150.69, 148.85, 141.86, 140.70, 139.13, 133.11, 132.75,
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132.51, 130.16, 127.00, 125.56, 124.95, 119.57, 116.72, 113.34, 111.74, 108.67, 108.03, 98.13, 85.80, 50.95, 33.84, 29.67, 27.48,
26.78, 25.89, 21.06; HRMS (ESI): Exact mass calcd for C3;HzN4NaOs [M+Na]*: 561.2108, Found: 561.2108.

The reaction was run at 0 °C for 12 h by using CH.Cl, as the solvent, affording product 9g in 60% yield as
a brown solid (m.p. 128-129 °C). *H NMR (500 MHz, CDCl3) & 7.79 (s, 1H), 7.65 (d, J = 2.5 Hz, 1H), 7.11
(d, J = 2.5 Hz, 1H), 6.90 (dd, J = 9.0, 3.0 Hz, 1H), 6.83 (dd, J = 8.5, 2.5 Hz, 1H), 6.79 (d, J = 3.5 Hz, 1H),
6.66 (d, J = 8.5 Hz, 1H), 4.89 (d, J = 13.5 Hz, 1H), 3.75 (s, 3H), 3.71 (s, 3H), 3.40 (d, J = 14.0 Hz, 1H),
3.24 (s, 3H), 3.13 (s, 3H), 1.51 (s, 9H); *C NMR (125 MHz, CDCl3) & 173.21, 165.46, 156.15, 155.93,
150.77, 148.81, 139.23, 137.87, 136.42, 127.81, 120.10, 118.53, 116.50, 115.53, 113.22, 112.34, 111.19,
110.29, 109.58, 108.88, 98.05, 85.85, 55.86, 55.78, 51.30, 33.67, 27.46, 26.86, 25.94; HRMS (ESI): Exact mass calcd for
Cs1H30NsNaO7 [M+Na]*: 593.2007, Found: 593.1997.

The reaction was run at 0 °C for 12 h by using CH.Cl, as the solvent, affording product 9h in 63% yield as
a brown solid (m.p. 142-143 °C). *H NMR (400 MHz, CDCl3) 8 7.96 (d, J = 8.4 Hz, 1H), 7.77 (s, 1H), 7.41
(d, J = 8.0 Hz, 1H), 7.04-6.99 (m, 2H), 6.90 (d, J = 1.6 Hz, 1H), 6.78 (d, J = 1.6 Hz, 1H), 4.78 (d, J = 14.4
Hz, 1H), 3.41 (d, J = 12.0 Hz, 1H), 3.25 (s, 3H), 3.16 (s, 3H), 1.51 (s, 9H); *3C NMR (100 MHz, CDCls) &
173.35, 165.44, 150.96, 148.71, 145.08, 144.20, 139.01, 138.01, 135.99, 125.71, 125.36, 125.14, 123.15,
122.96, 117.74, 116.51, 113.12, 112.01, 109.87, 109.27, 97.27, 86.12, 50.41, 33.86, 27.44, 26.92, 26.14;
HRMS (ESI): Exact mass calcd for C2gH24Cl:N4sNaOs [M+Na]*: 601.1016, Found: 601.1031.

The reaction was run at 0 °C for 12 h by using CH.CI, as the solvent, affording product 9i in 64% yield as

a yellow solid (m.p. 115-116 °C). *H NMR (500 MHz, CDCl3) 6 7.89 (d, J = 8.0 Hz, 1H), 7.77 (s, 1H), 7.35

(d, J =8.0 Hz, 1H), 7.19-7.16 (m, 2H), 7.05 (d, J = 2.0 Hz, 1H), 6.94 (d, J = 1.5 Hz, 1H), 4.77 (d, J = 14.0

Hz, 1H), 3.39 (d, J = 14.0 Hz, 1H), 3.24 (s, 3H), 3.16 (s, 3H), 1.51 (s, 9H); 3C NMR (125 MHz, CDCls) &

173.26, 165.34, 151.00, 148.74, 145.05, 144.33, 138.15, 127.30, 126.09, 126.05, 125.97, 125.76, 125.49,
Br 123.90, 118.23, 116.54, 113.09, 112.65, 112.24, 112.11, 97.26, 86.14, 50.45, 33.92, 27.47, 26.93, 26.14;
HRMS (ESI): Exact mass calcd for CagH24Br.N4sNaOs [M+Na]*: 689.0006, Found: 689.0018.

The reaction was run at 0 °C for 12 h by using CHCl, as the solvent, affording product 9j in 50% vyield as a
yellow solid (m.p. 138-140 °C). *H NMR (400 MHz, CDCls) & 8.06 (d, J = 8.8 Hz, 1H), 7.74 (s, 1H), 7.42 (d, J
=7.6 Hz, 1H), 7.29 (d, J = 8.8 Hz, 2H), 7.01-6.93 (m, 2H), 4.76 (d, J = 16.8 Hz, 1H), 3.63 (s, 3H), 3.55 (s, 3H),
3.45 (d, J = 13.6 Hz, 1H), 1.51 (s, 9H); 13C NMR (100 MHz, CDCls) & 173.51, 165.83, 151.21, 148.70, 139.80,
138.96, 137.76, 134.93, 132.29, 129.77, 123.99, 123.67, 123.13, 122.93, 122.01, 116.54, 116.49, 116.01,
113.17, 112.72, 97.33, 86.11, 50.31, 34.36, 30.27, 29.43, 27.45; HRMS (ESI): Exact mass calcd for
C29H24Cl;NsNaOs [M+Na]*: 601.1016, Found: 601.1027.

The reaction was run at 0 °C for 12 h by using CH,Cl, as the solvent, affording product 9k in 52% yield as a
brown solid (m.p. 145-146 °C). *H NMR (400 MHz, CDCl3) 8 7.95 (d, J = 8.0 Hz, 1H), 7.71 (s, 1H), 7.30 (d, J =
7.2 Hz, 1H), 7.08 (d, J = 7.6 Hz, 1H), 7.02 (d, J = 8.0 Hz, 1H), 6.91 (t, J = 7.6 Hz, 1H), 6.88 (t, J = 8.0 Hz, 1H),
4.87 (d, J = 14.0 Hz, 1H), 3.53 (s, 3H), 3.45 (s, 3H), 3.44 (d, J = 14.0 Hz, 1H), 2.56 (s, 3H), 2.51 (s, 3H), 1.50
(s, 9H); ¥C NMR (100 MHz, CDCl3) & 174.33, 166.36, 150.66, 148.85, 141.85, 140.92, 138.43, 136.58,
133.59, 127.41, 123.06, 122.72, 122.65, 122.31, 120.63, 120.22, 119.91, 116.82, 113.31, 111.66, 98.52,
85.78, 50.23, 33.96, 30.19, 29.36, 27.45, 19.09, 19.06; HRMS (ESI): Exact mass calcd for Cz;H3oN4sNaOs
[M+Na]*: 561.2108, Found: 561.2120.

The reaction was run at 0 °C for 12 h by using CHCl, as the solvent, affording product 9l in 61% yield as a pale
yellow solid (m.p. 137-138 °C). *H NMR (500 MHz, CDCl3) & 7.77 (s, 1H), 7.71 (s, 1H), 7.11 (s, 1H), 6.89 (s,
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1H), 6.82 (s, 1H), 4.79 (d, J = 14.0 Hz, 1H), 3.50 (s, 3H), 3.43 (d, J = 12.0 Hz, 1H), 3.42 (s, 3H), 2.50 (s, 3H), 2.47 (s, 3H), 2.23 (s,
3H), 2.20 (s, 3H), 1.50 (s, 9H); 3C NMR (125 MHz, CDCls) & 174.18, 166.41, 150.58, 148.87, 139.61, 138.72, 138.44, 137.14,
134.04, 132.50, 132.21, 127.68, 123.27, 122.78, 120.38, 120.20, 119.54, 116.91, 113.38, 111.28, 98.64, 85.71, 50.42, 33.98, 30.11,
29.22, 27.47, 20.75, 18.89; HRMS (ESI): Exact mass calcd for CasHssNsNaOs [M+Na]*: 589.2421, Found: 589.2433.

The reaction was run at 0 °C for 12 h by using CH,Cl; as the solvent, affording product 9m in 64% yield as a
brown solid (m.p. 115-116 °C). *H NMR (400 MHz, CDCl3) & 8.08 (d, J = 7.6 Hz, 1H), 7.78 (s, 1H), 7.51 (d, J
= 8.0 Hz, 1H), 7.32 (td, J = 8.0, 1.2 Hz, 1H), 7.27 (td, J = 7.6, 1.2 Hz, 1H), 7.03 (td, J = 7.6, 1.0 Hz, 1H), 7.03
(td, J=7.6, 1.0 Hz, 1H), 7.02 (td, J = 7.6, 1.0 Hz, 1H), 6.90 (d, J = 8.0 Hz, 1H), 6.74 (d, J = 7.6 Hz, 1H), 5.93-
5.73 (m, 2H), 5.30-5.13 (m, 4H), 4.43-4.21 (m, 4H), 3.57 (d, J = 13.6 Hz, 1H), 1.51 (s, 9H); 3C NMR (100
MHz, CDCl3) & 172.98, 165.26, 150.76, 148.77, 143.26, 142.24, 138.92, 132.70, 130.99, 130.50, 129.80,
126.93, 124.87, 124.50, 123.10, 122.88, 119.56, 118.25, 117.63, 116.83, 113.30, 111.95, 109.94, 109.12,
97.94, 85.87, 50.87, 43.08, 41.92, 33.80, 27.45; HRMS (ESI): Exact mass calcd for Cs3H3N4sNaOs [M+Na]*: 585.2108, Found:
585.2112.

The reaction was run at 0 °C for 12 h by using CH,Cl, as the solvent, affording product 9n in 47% yield as a
brown solid (m.p. 123-124 °C). *H NMR (400 MHz, CDCls3) & 8.10 (d, J = 8.0 Hz, 1H), 7.85 (s, 1H), 7.55 (d, J =
7.6 Hz, 1H), 7.34-7.18 (m, 12H), 7.01 (t, J = 8.0 Hz, 2H), 6.76 (d, J = 7.6 Hz, 1H), 6.65 (d, J = 8.0 Hz, 1H),
5.11 (d, J = 16.4 Hz, 1H), 4.94 (d, J = 16.0 Hz, 1H), 4.81-4.67 (m, 3H), 3.75 (d, J = 14.4 Hz, 1H), 1.51 (s, 9H);
13C NMR (100 MHz, CDCl3) & 173.45, 165.66, 150.87, 148.76, 143.25, 142.22, 139.04, 135.04, 135.00,
132.75, 129.84, 128.86, 128.83. 127.84, 127.70, 127.25, 127.09, 127.03, 124.91, 124.61, 123.22, 122.98,
119.65, 112.06, 110.10, 109.29, 97.92, 85.90, 50.94, 44.47. 43.42, 33.84, 27.47; HRMS (ESI): Exact mass calcd for C4;H34N4sNaOs
[M+Na]*: 685.2421, Found: 685.2424.
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7. Control experiments

100%
o) o o ¥
POCI; (1.0 equiv) CDO
dMe + 0Ty |
OH CD, -10 °C-rt 0 D\
: -4
(1.0 equiv) dy-4a 100%

The preparation of d;-4a: To a solution of 2-hydroxyacetophenone (136 mg, 1 mmol) in deuterated dimethylformamide (0.6 mL) was
added phosphorus oxychloride (0.5 mL, 5 mmol) dropwise at -10°C. The reaction mixture was then stirred at rt for 24 h before the
reaction was quencehed by addition of H,O (5 mL). The resulting solid was collected and dried in vacuo to afford deuterated 3-
formylchromone d,-4a in 85% yield (150 mg, 0.85 mmol). The deuterated ratio of d,-4a was determined by *H NMR analysis using
CDClI; as the NMR solvent.

IH NMR (400 MHz, CDCl3) 5 8.30 (dd, J = 8.0, 2.0 Hz, 1H), 7.78-7.73 (m, 1H), 7.55-7.49 (m, 2H);

13C NMR (100 MHz, CDCl3) 8 175.99, 156.15, 156.14, 134.80, 126.63, 126.16, 125.30, 118.60.

100%
a) 100% /
BocO o ¥
gN . ©\)Jt[CDO DABCO (20 mol%) ~ NC :
0
N 0" D CH,Clp, 35°C, 4 h O N 3> 100%
.
1a d,4a X 93% yield Me d-7a-1
100%
b) o 100%
Boc0 JL . '/o DABCO (20 mol%)
@fjt[ D D,0 (5 uL, 2.5 equiv)
O + ‘
N o0 > D CH,Cly, 35°C, 4 h
€ % yield
ia d,-4a \ 81% yie
100%
c)
BocO o o cpio  DABCO (20 moi%)
@fjj[ H D,0 (5 uL, 2.5 equiv)
O + ‘
e 0" H CH,Cl,, 35°C, 4 h
1a 4a 83% yield

DABCO (20 mol%)

CH,Cly, 35°C, 36 h
85% yield

Me 723

The preparation of d-7a-1: To a solution of MBH carbonate 1a (0.15 mmol) and deuterated 3-formylchromone d,-4a (0.10 mmol) in
anhydrous CH,Cl, (1.0 mL) was added DABCO (0.02 mmol) at rt. The reaction mixture was then stirred vigorously at 35 °C under N,
atmosphere for 4 h. After completion of the reaction as indicated by TLC, the mixture was directly subjected to flash chromatography
on silica gel using petroleum ether/EtOAc (4:1) as the eluent to afford the deuterated product d-7a-1 in 93% vyield. The deuterated
ratio of d-7a-1 was determined by *H NMR analysis using CDCI; as the NMR solvent.

H NMR (400 MHz, CDCls) 8 7.72 (dd, J = 8.0, 1.6 Hz, 1H), 7.55-7.50 (m, 1H), 7.43-7.39 (m, 1H), 7.21-7.15 (m,
3H), 7.06-7.02 (m, 2H), 6.93 (d, J = 7.6 Hz, 1H), 3.59 (s, 1H), 3.18 (s, 3H); 3C NMR (100 MHz, CDCls) &
188.86, 172.05, 159.65, 146.27, 144.25, 136.93, 130.37, 127.05, 126.86, 124.48, 123.67, 122.92, 122.31,
121.51, 118.43, 112.48, 109.24, 65.77, 54.76, 26.89; HRMS (ESI): Exact mass calcd for Ca;HisDN,NaOs
[M+Na]*: 366.0959, Found: 366.0960.

The preparation of d-7a-2: To a solution of MBH carbonate 1a (0.15 mmol), deuterated 3-formylchromone d.-4a (0.10 mmol) and
D,0O (5 yL, 0.25 mol) in anhydrous CH,Cl, (1.0 mL) was added DABCO (0.02 mmol) at rt. The reaction mixture was then stirred
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vigorously at 35 °C under N, atmosphere for 4 h. After completion of the reaction as indicated by TLC, the mixture was directly
subjected to flash chromatography on silica gel using petroleum ether/EtOAc (4:1) as the eluent to afford the deuterated product d-

7a-2 in 81% yield. The deuterated ratio of d-7a-2 was determined by *H NMR analysis using CDCl; as the NMR solvent.

1H NMR (400 MHz, CDCls) & 7.72 (dd, J = 8.0, 1.6 Hz, 1H), 7.55-7.51 (m, 1H), 7.44-7.39 (m,1H), 7.20-7.15 (m,
3H), 7.06-7.02 (m, 2H), 6.93 (d, J = 7.6 Hz, 1H), 3.59 (s, 0.3H), 3.18 (s, 3H); 3C NMR (100 MHz, CDCls) 5
188.83, 172.05, 159.68, 146.25, 144.28, 136.93, 130.38, 127.05, 126.86, 124.52, 123.67, 122.92, 122.30,
121.51, 118.44, 112.48, 109.24, 65.75, 54.80, 26.90; HRMS (ESI): Exact mass calcd for C;H12D-N2NaOs
[M+Na]*: 367.1022, Found: 367.1013.

The preparation of d-7a-3: To a solution of MBH carbonate 1a (0.15 mmol), 3-formylchromone 4a (0.1 mmol) and DO (5 yL, 0.25
mol) in anhydrous CH,Cl, (1.0 mL) was added DABCO (0.02 mmol) at rt. The reaction mixture was then stirred vigorously at 35 °C
under N, atmosphere for 4 h. After completion of the reaction as indicated by TLC, the mixture was directly subjected to flash
chromatography on silica gel using petroleum ether/EtOAc (4:1) as the eluent to afford the deuterated product d-7a-3 in 83% vyield.

The deuterated ratio of d-7a-3 was determined by *H NMR analysis using CDClz as the NMR solvent.

'H NMR (400 MHz, CDCls) 8 7.73 (dd, J = 8.0, 1.6 Hz, 1H), 7.55-7.51 (m, 1H), 7.44-7.40 (m, 1H), 7.20-7.17 (m,
3H), 7.06-7.02 (m, 2H), 6.93 (d, J = 8.0 Hz, 1H), 5.79-5.77 (m, 1H), 3.59 (d, J = 7.6 Hz, 0.3H), 3.18 (s, 3H); 13C
NMR (100 MHz, CDCl;) & 188.83, 172.04, 159.67, 146.31, 144.28, 136.93, 130.38, 127.05, 126.86, 124.48,
123.67, 122.92, 122.32, 121.52, 118.44, 112.48, 109.24, 80.75, 65.74, 54.90, 26.90; HRMS (ESI): Exact mass
calcd for C21H13DN2NaO3; [M+Na]*: 366.0959, Found: 366.0952.

The preparation of 8n: To a solution of compound 7a (0.10 mmol, 34.2 mg, 88% ee) in anhydrous CH,Cl, (1.0 mL) was added
DABCO (0.02 mmol) at rt. The reaction mixture was then stirred vigorously at 35 °C under N, atmosphere for 36 h. After the full
consumption of 7a as indicated by TLC, the mixture was directly subjected to flash chromatography on silica gel using petroleum
ether/EtOAc (4:1) as the eluent to afford the title compound 8n in 85% vyield.

1H NMR (400 MHz, CDCl3) & 11.12 (s, 1H), 7.73 (dd, J = 8.0, 1.6 Hz, 1H), 7.51-7.46 (m, 2H), 7.41-7.34 (m, 2H),
7.03-6.95 (m, 3H), 6.93-6.88 (m, 2H), 3.42 (s, 3H); *C NMR (100 MHz, CDCls) 5 191.26, 168.40, 162.39,
149.78, 146.57, 145.29, 142.66, 136.65, 130.74, 130.39, 124.82, 123.23, 123.04, 120.45, 119.39, 119.02,
118.64, 112.94, 109.66, 71.02, 27.73; HRMS (ESI): Exact mass calcd for C»:H14No.NaO; [M+Na]*": 365.0897,
Found: 365.0891.
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8. ESI-MS studies:

BocO
CN DABCO (20 mol%)

Me CHZC|2, rt

General Procedure: To a solution of MBH carbonate 1a (0.10 mmol) in anhydrous CH,Cl, (1.0 mL) at room temperature was added
DABCO (20 mol%) under N, atmosphere. Then, the reaction mixture was stirred at rt for 15 min and the solution was studied by ESI-
MS immediately.

LYL-20210105-INT-1-1 58 (0.997) Cm (1:89)

100 309.1722
==
310.1747
623.2617
B skt - I e miz

“30 Moo’ 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 800 850 1000

Figure S1: A full positive ESI-MS spectrum for the solution of DABCO and 1a after reacting for 15 minutes.

1p0 LYL-20210105-INT-1-1 (0.033) Cu (0.02) 309.1715
Is {1.00,1.00) C18H20N4O
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ﬁN .
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® To.]ns
CN
y/ 1%0 303 304 305 306 307 308 309 310 311 312 313 314 315 Mz
LYL-20210105-INT-1-190 (1.538) 300.1722
o] Cm (1:91)
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Chemical Formula
+
[C1gH21N,4O] 0.1747
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Figure S2: The simulated (a) and experimental (b) ESI-MS spectra of intermediate Int-I.

LYL-20210105-INT-1-1 {0.033) Cu
(0.02);1s (1.00,1.00) CI0H2BN6O2

100 51)5.2352
(a) |
. “
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|
| f
s N 507.2430 miz
505 506 507 508
190 LyL-20210105-INT-1-1 90(1.538) 5{”“‘
cm (1:91)
(b). I
Int-Ill y \
Chemical Formula ‘| sp6.2572
+
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Figure S3: The simulated (a) and experimental (b) ESI-MS spectra of intermediate Int-IIl.
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BocO o
SN | CHO DABCO (20 mol%)
Ne o CH,Cl,, 35 °C
1a (1.5 equiv) 4a

General Procedure: To a 10 mL Schlenk tube equipped with a magnetic stirrer bar were added MBH carbonate 1a (0.15 mmol), 3-

formylchromone 4a (0.1 mmol) and anhydrous CH,Cl, (1 mL). The reaction mixture was stirred vigorously at room temperature to

ensure full dissolution of 3-formylchromone 4a. Then, DABCO (0.02 mmol) was added. The resulting mixture was stirred at 35 °C

under N, atmosphere for 15 min and the solution was studied by ESI-MS immediately.

LYL-20Z210105-INT-lIl 42 (0.726)

Cm (9:53) 309.1724
1po
=f
310.1753
113.1071 129.0982 257.2038 623.3100 819.3600 miz
100 200 300 400 500 600 700 €00 900

Figure S4: A full positive ESI-MS spectrum for the solution of 1a, 4a and DABCO after reacting for 15 minutes.

LYL-20210105-INT-Ill (0.033) Cu (0.02);
Is (1.00,1.00) C22H13N204Na
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LYL-20210105-INT-Il 90(1.538) 393.0864
N ItV Ccm (9:132)
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Figure S5: The simulated (a) and experimental (b) ESI-MS spectra of intermediate Int-1V.
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Figure S6: The simulated (a) and experimental (b) ESI-MS spectra of intermediate Int-V.
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9. Theoretical calculations

To get more information about the origin of regioselectivity of this switchable catalytic approach, DFT calculations were then
performed using Gaussian 16 suite. In the DABCO-catalyzed allylic alkylation reaction, the C-C bond formation involved in
nucleophilic addition between y- or a-carbon of N-allylic ylide intermediate Int-Il and a-carbon of MBH carbonate la via transition
states TS1 and TS2 respectively, was studied. As shown in Figure S7, the calculated energy barrier of TS1 was 2.8 kcal/mol lower
than that of TS2 as the y-position of Int-Il was sterically less hindered. In addition, the positively charged nitrogen on DABCO could
stabilize the build up negative charge on nitrogen of the nitrile group in the transition state TS1 (3.52 A between the two nitrogen
atoms), but there was no such stabilization effect available in TS2. As such, both steric and electronic effect render the y-

regioselective allylic alkylation more favorable, which was consistent with the experiment data.

TS1 (y-selective, 18.0 kcal/mol) TS2 (a-selective, 20.8 kcal/mol)

Figure S7. Optimized structures and energies of TS1 and TS2.

In the DABCO-catalyzed [3+2] annulation reaction between 1a and 4a, DFT calculations supported the stepwise mechanism as no
concerted transition state was identified. In the stepwise pathway, the reaction underwent through two C-C addition steps to form the
five-membered ring, and the second C-C addition step would be crucial for controlling the actual selectivity. Both y- and a-
regioselective annulation were considered. As shown in Figure S8, the y-regioselective annulation transition state TS4 having the
formyl group and the bulky ammonium moiety located at the same side was higher in energy barrier than a-regioselective annulation
transition state TS3 (TS4, 13.6 kcal/mol vs TS3, 11.2 kcal/mol) due to the unfavorable steric repulsion. Therefore, the regioselectivity

trends observed in this case might be mainly dominated by steric effect in the second C-C addition step.

.

TS3 (a-selective, 11.2 kcal/mol) TS4 (y-selective, 13.6 kcal/mol)

Figure S8. Optimized structures and energies of TS3 and TS4.
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Computaional data:

TS1
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-5.29887900
-3.76613800
-3.18793000
3.53769600
4.37833300
3.96909100
2.69421000
1.82279500
2.25893500
2.06271500
0.78117100
0.62016400
-0.03525400
2.63154800
-1.79189200
-0.73052000
-0.87113000
-5.62796600
-5.82405200
-3.48502800
-3.26811600
3.87797100
5.36893600
4.62551500
1.61835000
2.91649100
3.50834900
1.87035500
-1.68309300
-3.97868100
-3.92173100
-3.44524000
-5.41844300
-6.13820400
-5.57792700
-5.67798300
-3.37582100

0.81154100
1.02783200
0.73218300
-0.78848800
0.30685300
1.59430000
1.73776400
0.64619600
-0.62887200
2.90580800
2.63811000
1.15506100
3.48196500
4.22912500
1.20154200
0.64782300
-0.47334800
0.23890900
1.77111600
2.05447200
0.35036800
-1.77966400
0.16274900
2.44948000
-1.49333100
4.47535600
4.30232800
4.92782000
2.10752400
1.50789600
2.55733600
1.39664000
0.95285700
1.77603500
0.35938900
0.09718100
-0.74412300

Zero-point correction= 0.697643 (Hartree/Patrticle)
Thermal correction to Energy= 0.738939

Thermal correction to Enthalpy= 0.739883

Thermal correction to Gibbs Free Energy= 0.624676

SCF Done: E(SOV) = -2061.01564050 A.U.

-2.34817700
-2.41057400
-1.04493200
-2.91210400
-3.09048700
-2.73197000
-2.20897800
-2.03403500
-2.36720900
-1.78263700
-1.34725600
-1.33901300
-1.00068300
-1.84645000
-0.96233200
-1.59286400
-2.48220400
-3.21966200
-2.35943800
-2.65386800
-3.10830400
-3.19269700
-3.51007600
-2.85832500
-2.22158000
-2.87518700
-1.19470500
-1.49674800
-0.38331100
-0.00469400
-0.30412700
0.94140700
0.02496800
0.03250100
0.92944300
-1.13367600
-0.72957000
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-3.09224300
-2.69349100
-4.85343900
-5.24081600
-4.94291300
-1.00820800
3.63830900
3.27596700
1.93931600
0.98347300
1.33685800
2.65694600
-0.39612000
-1.01495900
-2.20568600
-1.06812100
0.96102400
0.00449100
-1.07439500
4.68123600
4.04371000
1.66094500
2.92143800
-0.70780700
-0.90327500
-2.13371200
1.01914300
-1.96057200
1.95109800
0.08266100
-0.11287000
-0.33870400
-0.43970300
-0.70436700
-2.05169000
-2.30060700
-2.02537300
-2.83308800
0.43999400
0.47781100
0.29856500
1.39329800
-0.75094200
-0.94602700
-1.54233300
0.20267000
-0.42820400

-0.85464400
-1.31582800
-1.10399500
-1.72610500
-1.67201000
-1.34980700
3.97915800
5.23777400
5.56585700
4.58955200
3.31659900
3.00647000
4.68618500
3.51566900
3.28510400
5.77217500
0.76815200
1.21450800
0.37047000
3.75341000
5.98667800
6.55259300
2.02265000
5.85591500
6.71201500
5.54013300
-0.31197700
-0.33077600
1.21999000
2.49767600
2.08920400
3.03272300
2.42269300
3.20629400
3.91215600
4.38063600
4.68004200
3.18507500
4.18361300
4.95629200
4.65964700
3.64606200
2.14117700
2.60732100
1.41657900
1.60810700
4.21793200

0.31979300
-1.35372500
-1.01556000
-0.20434700
-1.94659700
-3.22818900
2.07436500
1.60219700
1.35004000
1.58574300
2.04757200
2.30777600
1.43499500
1.77776900
1.67226300
0.77198100
0.48869900
1.43384100
1.78514600
2.26974800
1.43076700
0.99383200
2.68636300
-0.25921700
1.30812200
0.76954600
0.35789400
2.08387100
0.54219100
2.22397300
3.59961500
4.51977300
5.69620900
6.89466100
6.77396700
7.73143000
5.99978200
6.53214400
7.14750600
6.37858200
8.12291500
7.16318000
7.98369800
8.95380000
7.77325100
8.03428100
4.30153500
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-5.43835800
-4.04533300
-3.91916300
3.22184100
3.78021600
2.97147600
1.59938700
1.01050300
1.83898900
0.60228400
-0.65171700
-0.42736300
-1.70656800
0.83189500
-2.72945200
-1.45694700
-1.12885000
-5.34328700
-6.10661500
-3.88233100
-3.23330500
3.87032500
4.85948300
3.40050900
1.42666400
1.51994000
1.24445200
-0.13040100
-3.01185500
-5.16056900
-5.22457200
-4.98727900
-6.37578300
-7.22182600
-6.68938900
-6.05401000
-3.92978000
-4.07220100

-0.61279400
-0.00970300
0.21106300
0.55576500
1.82112400
2.94601300
2.75947600
1.49145200
0.37945900
3.72154100
3.14900200
1.68960000
3.78456600
5.12121300
1.05207400
0.76710900
-0.58939900
-1.42765600
0.13892000
0.96404500
-0.67819600
-0.30697900
1.93459400
3.92989400
-0.61503400
5.53189700
5.27338000
5.62877900
2.09758700
0.95018200
1.83706400
1.29725000
0.00896500
0.55761500
-0.38328500
-1.12402000
-1.12981700
-0.90841100

Zero-point correction= 0.698578 (Hartree/Particle)
Thermal correction to Energy= 0.739564

Thermal correction to Enthalpy= 0.740508

Thermal correction to Gibbs Free Energy= 0.625908

SCF Done: E(SOV) = -2061.01252792 A.U.

3.23664500
2.93550900
1.44085700
1.83172100
1.65302700
1.49378900
1.52945300
1.71672200
1.85650700
1.39891300
1.46132900
1.63115900
1.44569100
1.15075000
1.08805700
1.65506300
2.00777900
3.95948000
3.66671400
3.40104400
3.22356300
1.94352100
1.62750800
1.33471100
1.98295800
1.89715500
0.14676800
1.22268900
1.07275100
0.99432900
1.62981300
-0.02427100
1.14637300
1.56938000
0.17446400
2.01349600
0.73991200
-0.31948700
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-2.95781700
-5.08457600
-5.58752500
-4.70272700
-0.93386500

0.62755400

0.03137100
-1.16644800
-1.73716100
-1.14867000

0.03547500
-2.93755600
-3.22198700
-4.22383600
-3.71506800
-2.21070500
-1.40636500

0.01037800

1.55748400

0.50187400
-1.63246600

0.50002300
-3.11508700
-4.05046700
-4.58335200
-3.24140500

1.16869700
-1.75203300
-2.03179300
-2.49724100
-3.27083800
-3.53047000
-4.36800000
-4.40237400
-3.39172200
-5.01679400
-4.82515900
-3.71295100
-3.69240000
-4.27655800
-2.68922200
-5.76809700
-5.75401400
-6.17764300
-6.42274300
-3.65538900

-1.60062900
-1.97564200
-2.52156100
-2.71043700
-1.68909000
5.99363700
6.98588200
6.75348700
5.49732900
4.49156800
4.72852900
5.04602700
3.77968100
3.14541400
5.76714500
0.96212200
2.03089300
1.91249300
6.19849100
7.96152800
7.52922500
3.94593700
5.92357000
6.72557200
5.15366400
0.98609700
1.84343400
-0.01781500
3.26738000
2.83839300
3.68660800
3.12153300
3.82054100
2.84922700
2.67625200
3.26020500
1.89003600
5.13584500
5.84282200
5.57712700
4.95263800
4.02384700
4.71923400
3.06541200
4.42364900
4.76081800

0.87602800

1.32501500

0.52205100

2.03988300

2.32211300
-2.60120100
-1.82797600
-1.14398200
-1.26750600
-2.04081000
-2.71269600
-0.71858900
-1.11982900
-0.83232900

0.25503200
-1.01983400
-1.36984200
-1.41994900
-3.12070000
-1.75072300
-0.54493400
-3.30378300

1.15714800
-0.15346400

0.49687800
-1.36194800
-1.50866100
-0.93096900
-1.98305400
-3.28737100
-3.97792500
-5.15284900
-6.11936500
-7.29330800
-7.67355600
-8.09943800
-6.98133200
-6.52938600
-5.69938500
-7.35743500
-6.87017900
-5.54784100
-4.70788100
-5.21356400
-6.32848100
-3.58150400
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-4.70990700
-5.63236800
-5.22031900
-3.85892600
-2.91407100
-3.33806300
-3.20946200
-1.85111800
-1.57604700
-1.03816900
-3.86354700
0.75247400
-0.36388300
-1.02585300
0.43703300
-5.05704900
-6.69426200
-5.93980700
-2.62228400
-4.55583900
-4.40172300
-3.08477000
0.68947100
0.59867300
-1.82702500
-2.84840600
2.68905800
1.92233400
2.84180300
3.11782600
2.94595100
2.82602700
2.21682800
1.66578600
1.67980800
4.56464700
4.56374600
5.13729900

-2.22456500
-1.52878900
-0.61463900
-0.42726900
-1.10974500
-2.01322900
0.39067900
0.32232700
-0.60191100
0.91331300
1.37831800
-0.35489400
-1.34893500
0.90846100
0.51731800
-2.92882800
-1.69611400
-0.07297900
-2.54674200
0.90128200
2.08847200
1.90311700
0.30728700
-0.11571300
0.51529600
1.02458600
-1.36914300
-1.98142400
-0.45422400
0.11954600
1.03559600
0.28261300
-2.10459300
-1.80831900
-2.92112000
-1.85776600
-0.41048500
-0.16494700

Zero-point correction=

Thermal correction to Energy=

1.05881500
0.28290300
-0.69101300
-0.85087300
-0.06970600
0.89332000
-1.78047900
-1.63421400
-0.44844400
-2.32671900
-2.60509000
-0.37163400
-0.41752000
0.84224900
0.90793900
1.80692500
0.43416200
-1.29586200
1.51060900
-3.30554100
-1.96943500
-3.15915100
-1.24121400
1.78679800
2.02130100
2.41242100
0.92401600
1.40006600
1.50205300
-0.96089800
-0.39987600
-2.00164300
-1.37527600
-2.26966000
-0.89308300
-0.62534500
-0.82203100
-1.71999700

Thermal correction to Enthalpy=

S23

0.508128 (Hartree/Particle)
0.536359
0.537303

Thermal correction to Gibbs Free Energy= 0.450931
SCF Done: E(SOV) = -1602.32555299 A.U.



5.06733300 0.05337600 0.03130800
4.00503300 -2.14913300 0.69512400
4.73305200 -1.87846200 1.46483600
3.83009500 -3.22662500 0.76406900
3.69880600 -2.45709200 -1.64106000
3.82477200 -3.54294000 -1.62674700
4.02348200 -2.09746700 -2.62199900
2.16793200 -0.92689400 -0.42228100
-0.25961800 -2.49995400 0.39038900
-0.05911600 -3.47155200 1.00906900
-1.32956100 2.22143700 0.24003700
-1.39774900 -0.37127500 2.54985200
-2.46458300 2.60928300 0.01380600
-0.15150200 3.06729600 -0.09791400
-0.32620700 4.25869000 -0.80651100
1.12612000 2.72915200 0.35166000
0.74727100 5.09741400 -1.06219800
-1.33324500 4.49812700 -1.13309800
2.21248400 3.57404100 0.11649000
2.01701000 4.75348700 -0.58935400
0.60368900 6.01969200 -1.61484500
3.18736300 3.30293200 0.51120400
2.86102500 5.41194600 -0.77096500
1.36797300 1.58625700 1.06098700

O T T T OOITOOOOOoOOoOITOOZ02z2ITITOIITOO™X

TS4
Zero-point correction= 0.507861 (Hartree/Particle)
Thermal correction to Energy= 0.536180
Thermal correction to Enthalpy= 0.537124
Thermal correction to Gibbs Free Energy= 0.450456

SCF Done: E(SOV) = -1602.32128226 A.U.

-4.54008000 -1.35382600 1.07802000
-5.33408700 -0.64776200 0.18048100
-4.76636800 0.15308200 -0.81609800
-3.38420000 0.21216600 -0.87259200
-2.56979600 -0.49111400 0.02328000
-3.14354400 -1.27315200 1.00842900
-2.58826700 0.92083400 -1.78050700
-1.25499200 0.71175000 -1.53940100
-1.13502600 -0.14112300 -0.26105900
-0.34156500 1.14624100 -2.21759100
-3.08246100 1.75907600 -2.84580200
1.16257400 -0.65558100 -0.50388000

O 0O o0 0O 0 z2000000
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-0.11713500
-0.54881600
0.93749500
-5.00421500
-6.41514300
-5.38541900
-2.52524500
-2.21469000
-3.71203300
-3.66099400
1.33344800
2.58233700
1.63463300
2.87736500
3.62048500
3.54225000
3.55661300
2.35626800
2.04362700
1.58363300
4.53667300
4.86649300
5.64016300
5.27933100
3.70066700
4.31971300
3.27926800
3.75906800
3.65830100
4.30871600
2.39452500
-0.37006700
-0.53700400
-0.89346800
-1.82281800
0.39861100
-1.45463900
-2.81573700
0.74619900
-0.16747300
-2.17902200
1.75280100
0.10906900
1.74206000
1.16945600
2.93300900
-0.77434800
1.38899000

-1.22879000
0.79790000
0.96377500

-1.97286400

-0.71814700
0.70450000

-1.83015200
2.14792800
1.18280900
2.59283700
0.05780700

-2.20640900

-2.65084900

-1.43669100

-0.62906100
0.24168000

-0.28440900

-2.53503200

-2.01370600

-3.25422400

-2.92643400

-1.49960600

-1.27826400

-1.28083200

-3.25703200

-3.28744900

-4.25515500

-3.17421800

-4.25238100

-2.76433800

-1.49699500

-2.52184500

-3.61825800
3.08801900
4.12006200
3.21627900
5.27656100
3.98698500
4.38723300
5.41678300
6.07730800
4.45214800
6.32262200
0.62970500
0.08117600
0.84281200
0.25278100
2.12705600

-0.38560600
0.90740300
0.75537800
1.83824300
0.24981700
-1.51643500
1.70656600
-3.38030200
-3.53158100
-2.43439500
-1.30720800
0.93881900
1.23706700
1.65016600
-0.61232300
0.04134500
-1.64768600
-1.49736300
-2.40439100
-1.21941200
-0.40034100
-0.34327400
-1.08365900
0.64578800
0.75459500
1.65520500
0.60192800
-1.61221700
-1.76516200
-2.46471700
-0.38909000
0.10289100
0.46853000
0.31422900
0.16358000
-0.20611000
-0.50765300
0.58007900
-0.88715500
-1.03902300
-0.62241000
-1.28791600
-1.56770100
1.92487700
2.70860000
2.09237700
1.83089200
-0.04620400
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2.51168200

2.19714300

-0.52508100

-1.31643500 1.98696600 0.98828100

0.85855700

0.37572500
-0.84800300
-1.56109400
-1.08205900

0.12661800
-2.80564000
-3.24609600
-4.31960100
-3.65418100
-2.01920000
-1.51302700
-0.33749900

1.80940300
0.95638400
-1.22431200
0.49715500
-3.15826600
-3.89757900
-4.57050400
-2.92304400
0.60793800
-1.54353800
-2.07845500
-2.50908200
-3.20825900
-3.51700000
-4.29849500
-4.45496400
-3.47508300
-5.01729000
-4.99212000
-3.50811900
-3.38339800
-4.04148700
-2.52284500
-5.65756000

5.41389000
6.40262300
6.26130300
5.09579400
4.09224100
4.23942700
4.73503300
3.54842600
3.02428800
5.61448800
1.12566300
1.71430600
1.17024000
5.55190200
7.30664000
7.03892300
3.46285200
5.90444300
6.51231400
5.06823100
1.49625500
0.75384700
0.24686100
2.95642200
2.51411900
3.41412300
2.84575900
3.58732400
2.57177700
2.25759100
3.01673700
1.68859600
4.80339100
5.53024500
5.28193200
4.49298600
3.96355500

Zero-point correction=
Thermal correction to Energy=

Thermal correction to Enthalpy=

2.63860900
1.78662300
1.12401400
1.34686900
2.19532800
2.84967300
0.81727000
1.34318900
1.15455900
0.04830700
0.42965400
1.51508900
2.15038800
3.14155100
1.63150800
0.46761800
3.51187500
-0.88269100
0.62618300
-0.17823900
-0.03969200
2.67114700
0.00839300
2.18465100
3.46795300
4.18981500
5.34081500
6.32989900
7.45463400
7.82419600
8.28027900
7.09792600
6.80077300
5.99679600
7.62783300
7.16200700
5.74964200
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0.330527 (Hartree/Particle)
0.352545
0.353489

Thermal correction to Gibbs Free Energy= 0.279166
SCF Done: E(SOV) = -1068.97734754 A.U.



H -5.56207400 4.71351700 4.96399400
H -6.14872800 3.07580500 5.33975300
H -6.28736700 4.36677200 6.54864300
o -3.47780200 4.52648300 3.80624800
4a
Zero-point correction= 0.365043 (Hartree/Particle)
Thermal correction to Energy= 0.384176
Thermal correction to Enthalpy= 0.385121
Thermal correction to Gibbs Free Energy= 0.317273

SCF Done: E(SOV) = -992.038859845 A.U.

-4.97652100 -1.81842700 -1.57824200
-3.88795000 -0.73731100 -1.78106500
-3.59370800 -0.08279600 -0.44595700
3.46970600 0.51578700 -1.74226200
4.01940300 1.79044000 -1.61690600
3.21546700 2.87644500 -1.26258800
1.86731400 2.64243700 -1.04292400
1.28291500 1.35463100 -1.16442600
2.10997300 0.28805800 -1.51973200
0.88561700 3.55314600 -0.68325800
-0.35093300 2.92068200 -0.55593700
-0.12559800 1.51696800 -0.85780500
-1.39140000 3.50948700 -0.24334800
1.08181800 4.96091200 -0.46951100
-2.48914400 0.89415900 -0.51191600
-1.17976500 0.58708700 -0.82131800
-0.83700200 -0.78162600 -1.14385000
-4.53769000 -2.81953400 -1.61682300
-5.72511900 -1.75137100 -2.37268800
-4.20265600 0.07711100 -2.43718200
-2.95548900 -1.15090400 -2.16038800
4.10638400 -0.31909100 -2.01837600
5.07908200 1.94454300 -1.79487000
3.63099200 3.87462600 -1.16043600
1.71429600 -0.71592000 -1.62618900
1.44224900 5.45130900 -1.38131700
1.80458600 5.13940100 0.33493400
0.11344600 5.37928800 -0.18961900
-2.75774700 1.90677700 -0.25509100
-4.83545600 0.67379200 -0.04412600
-4.90297600 1.53215100 -0.71507000
-4.64825800 1.04179500 0.96744100
-6.05888200 -0.26851300 -0.13761600
-6.68215500 -0.00819400 -0.99793800
-6.67549900 -0.17410100 0.76041300
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-5.63580900
-3.37167200
-3.05525200
-2.54478800
-4.68018900
-5.15103600
-4.46464800
-0.61803600

Z I T O IT T O Z2

Int-11

-4.97652100
-3.88795000
-3.59370800
3.46970600
4.01940300
3.21546700
1.86731400
1.28291500
2.10997300
0.88561700
-0.35093300
-0.12559800
-1.39140000
1.08181800
-2.48914400
-1.17976500
-0.83700200
-4.53769000
-5.72511900
-4.20265600
-2.95548900
4.10638400
5.07908200
3.63099200
1.71429600
1.44224900
1.80458600
0.11344600
-2.75774700
-4.83545600
-4.90297600
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-1.65821600
-1.16145400
-0.63699100
-1.77665900
-1.97196200
-1.74671400
-3.04344100
-1.89103500

-1.81842700
-0.73731100
-0.08279600
0.51578700
1.79044000
2.87644500
2.64243700
1.35463100
0.28805800
3.55314600
2.92068200
1.51696800
3.50948700
4.96091200
0.89415900
0.58708700
-0.78162600
-2.81953400
-1.75137100
0.07711100
-1.15090400
-0.31909100
1.94454300
3.87462600
-0.71592000
5.45130900
5.13940100
5.37928800
1.90677700
0.67379200
1.53215100

-0.28319100
0.59874100
1.50165000
0.24438400
0.77699600
1.73852200
0.75502500

-1.39704800

Zero-point correction=

Thermal correction to Energy=
Thermal correction to Enthalpy=
Thermal correction to Gibbs Free Energy=
SCF Done: E(SOV) = -992.038859845

-1.57824200
-1.78106500
-0.44595700
-1.74226200
-1.61690600
-1.26258800
-1.04292400
-1.16442600
-1.51973200
-0.68325800
-0.55593700
-0.85780500
-0.24334800
-0.46951100
-0.51191600
-0.82131800
-1.14385000
-1.61682300
-2.37268800
-2.43718200
-2.16038800
-2.01837600
-1.79487000
-1.16043600
-1.62618900
-1.38131700
0.33493400
-0.18961900
-0.25509100
-0.04412600
-0.71507000
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0.365043 (Hartree/Particle)
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-4.64825800
-6.05888200
-6.68215500
-6.67549900
-5.63580900
-3.37167200
-3.05525200
-2.54478800
-4.68018900
-5.15103600

-4.46464800
-0.61803600

1.04179500
-0.26851300
-0.00819400
-0.17410100
-1.65821600
-1.16145400
-0.63699100
-1.77665900
-1.97196200
-1.74671400

-3.04344100
-1.89103500

0.96744100
-0.13761600
-0.99793800

0.76041300
-0.28319100

0.59874100

1.50165000

0.24438400

0.77699600

1.73852200

0.75502500
-1.39704800
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10. X-Ray crystallographic data for compounds 7a, 8d, and 9a.

Data intensity of racemic compound 7a was collected using a Bruker ‘Bruker APEX-Il CCD’ diffractometer at 100 (10) K. Data

collection and reduction were done by using Olex2 and the structure was solved with the ShelXS structure solution program using

direct methods and refined by full-matrix least-squares on F? with anisotropic displacement parameters for non-H atoms using

SHELX-97. Hydrogen atoms were added at their geometrically idea positions and refined isotropically. CCDC 2055637 (racemic 7a).

Crystal data
Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o

a/
B/

y/°

Volume/A3

z

Peaicg/cm?®

p/mmt

F(000)

Crystal size/mm?

Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [I>=20 ()]
Final R indexes [all data]

Largest diff. Peak/hole / e A3

(CCDC 2055637)

X-ray structure of racemic compound 7a

20191130-1
C21H14N203
342.34
100.00(10)
hexagonal

P6,

19.9112(5)
19.9112(5)
9.2146(3)

90

90

120

3163.73(15)

6

1.3455

2.983

1328.2
0.11x0.1x0.08
Cu Ka (A = 1.54184)
5.12 to 147.26

-23<h<9,-16<sk=<24,-11<I=11

8009

3821 [Rine = 0.0420, Rygma = 0.0540]

3821/1/263

1.033

R: =0.0417, Wr, =0.0981
R; =0.0485, Wr, =0.1027
0.22/-0.30
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Data intensity of racemic compound 8d was collected using a Bruker ‘Bruker APEX-II CCD’ diffractometer at 149.99(10) K. Data
collection and reduction were done by using Olex2 and the structure was solved with the ShelXS structure solution program using
direct methods and refined by full-matrix least-squares on F? with anisotropic displacement parameters for non-H atoms using

SHELX-97. Hydrogen atoms were added at their geometrically idea positions and refined isotropically. CCDC 2055640 (8d).

Crystal data

(CCDC 2055640)

X-ray structure of racemic product 8d

Identification code lyl-10-19-01

Empirical formula C21H13N305

Formula weight 387.34

Temperature/K 149.99(10)

Crystal system triclinic

Space group P-1

a/A 7.6966(5)

b/A 8.9106(5)

c/A 13.8343(9)

al° 74.371(5)

B/ 81.939(5)

v/° 71.066(5)

Volume/A3 862.80(10)

z 2

Peacg/cm?® 1.491

p/mm? 0.109

F(000) 400.0

Crystal size/mm? 0.13x0.12x0.1

Radiation Mo Ka (A =0.71073)

20 range for data collection/° 4.978 to 58.806

Index ranges -9<h<10,-8<k<11,-12<1=<18
Reflections collected 6640

Independent reflections 3985 [Rint = 0.0248, Rsigna = 0.0482]
Data/restraints/parameters 3985/0/268

Goodness-of-fit on F2 1.048

Final R indexes [I>=20 (1)] R; =0.0485, Wr, =0.1142
Final R indexes [all data] R; =0.0631, Wr, =0.1255
Largest diff. Peak/hole / e A3 0.33/-0.25
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Data intensity of racemic compound 9a was collected using a Bruker ‘Bruker APEX-Il CCD’ diffractometer at 100.00(10) K. Data
collection and reduction were done by using Olex2 and the structure was solved with the ShelXS structure solution program using
direct methods and refined by full-matrix least-squares on F? with anisotropic displacement parameters for non-H atoms using

SHELX-97. Hydrogen atoms were added at their geometrically idea positions and refined isotropically. CCDC 2055644 (9a).

(CCDC 2055644)

9a X-ray structure of racemic product 9a
Crystal data
Identification code 20191113
Empirical formula Ca9H26N405
Formula weight 510.54
Temperature/K 100.00(10)
Crystal system triclinic
Space group P-1
alA 11.538(3)
b/A 12.0654(11)
c/A 12.568(2)
al 94.880(10)
B/ 104.196(17)
v/° 91.692(12)
Volume/A3 1687.7(5)
z 2
Peacg/cm® 1.005
p/mm-t 0.573
F(000) 536.0
Crystal size/mm? 0.12x0.11 x0.1
Radiation CuKa (A = 1.54184)
20 range for data collection/® 7.288 to 147.738
Index ranges -14<h<13,-14<k<10,-15<1<15
Reflections collected 11284
Independent reflections 6558 [Rint =0.0808, Rsigma = 0.1102]
Data/restraints/parameters 6558/0/348
Goodness-of-fit on F2 1.042
Final R indexes [I>=20 (I)] R; =0.1011, Wr, =0.2790
Final R indexes [all data] R; =0.1462, Wr, =0.3325
Largest diff. Peak/hole / e A3 0.41/-0.43
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11. Copies of *H NMR and **C NMR Spectra of Compounds 7, 8, and 9

200'0—

2269
1£679
€204
§20°L
LEOL
€£0°L
6£0°L
61072
602
(349
3193
8014
viLvi
L1V
1113
€814
8174
8614 —
09z°L
96€°L N
66€°2
oL¥L
ri¥s
9Z¥L
74 7 A

605°2
prdrns
25 f
ﬁn.m%
]

(4793
aLz’z
8zl°4
eel’l

H NMR( 500 MHz, CDCls)

=o0e

3.8

= =o'k

T
4.0

4.8

5.0

m— EeQ)

6.0

6. 5

7.0

. 2oL -
‘M 007
(41K

- =70}
- =E0L |
0oL

7.4

8.0

8.5

9.0

£l (ppm)

r88'9¢—

Gl8'P6—

220°69—

PA RT3
ccc.tw
wnw.t\y
906'08

€eZe0l
slrell ./
SersLlL
2 A
L0€°TT)
0z6°zel
YEO'ECIE
eevrvel —
258921
€021
€9E°0E)
906°9E1 —

86T YYL ~
L 74 ) 4 e

€661 —

Wogzl—

§78'881—

3C NMR( 125 MHz, CDClj)

Sees0l—

ST —

Ser8ll—

A TR
06TV~
026221 —
yeo'ezL”
g (A

[473 4N
el0iEL"

€9€°0E1L —

1
1050

T
L10

T T
125 120
£l (ppm)

T
130

T
115
n
Mh

30

T
190

T
200

£l (ppm)

S33



0000-—

¥eZ'L—
026°L—

89T —

yez'e—
Wae
_‘mw.nV.

L29°¢
829°¢
169°G

869°G

2£8°9
968’9
2069
2269
FALRE] ;

7969
veL2
IVE
26172
z212
6812

8ze°2 ]
2¥E°2
29¢°2
16572

96¢"2
8012
L2
a2

8T¥2
ceve-

"H NMR( 400 MHz, CDClj)

2889~
958'9—
2069~
2269~
Zv6'9—
2969~

veL2
[TIS
S1i—
EE%
681°2
8ze’s

2VE2
nmm.h/
rcm.m/
omn.h/
mov.mv
L2
¥z \
174 23
EEVL

Feso

96°0
66°0

0

=00'¢

=e0'e

FeoL

=860

66°0
Moo.o
660
So’L
M:m._‘

J:o._‘
00°L

2.0

0.5 -L0 -La

0.0

0.0

85 80 7.4 70 65 60 553 50 45 40 35 30 25 2.0 L5
£1 (ppm)

9.0

Lho12.0 1LS 1L 1000 100 9.3

Lgoo-—

299°VC—
86 9¢—

20T18—
82¥Go—

28992
cc:.mhw
21€12 Vs
95708

EN.SF/
Sﬁ:/
Ncm.ez/
$99°L21
Nnm.ﬁ,/
S ETL~
855 FZLL
968°GZ1
gﬁﬁ%
792°081L
21¥°5EL
tw.::w
9zZZYhL 7
ochotl

€28°091L —

L29TiL—

Lz2'06L—

3C NMR( 100 MHz, CDCls)

£2Z'60L—

WS —

059l —

¥99'1ZL ~
768 —
OFG'EZL
365°+ZL
968'621
961 2eL—

FA: T Y

2LYGEL—

2L 1YL —

9z Yy —
0gLOvE—

105

110

115

120

125

130

135

140

145

£1 (ppm)

20

-0

210 200 190 180 170 160 150 140 130 120 110 100 s 80 70 60 50 40 30 20 10
£1 (ppm)

220

S34



£00°0-—

6T —

886°L—

Lee—

SPOE~
190€
108°€-"

629
9£0'C

610

959

ov59
19591
0r9'9

190°

26801
1601
oL
LLL2]
el s
€12
s
9512
09221
08e 2y
¥5€ 2o
6962
£6°4
18€°2
Em.&
662 &

B S

zor'2
£Zr'2

"H NMR( 400 MHz, CDCl,)

=60'g

0l
=0¢

=00'L

=00°L |
=66'0

=00°L
Fooe

Faoe

3.8

4.0
£l (ppm!

(40 T A

050°96 ~
909°2§~"

27169 —

28992
co:.th
w—n.hh\.
992°'08

S8E°50L
E;EW
8E9°0LL~S
Z85TLL
pretvd
€622T
ZeeeeL -,
882'%2)

mnﬁﬁ\
€J0°0EL

9999c1 -

(1) 4
L1L°GFL

€20°09L~
Lst'LaL—

Ye9TLL—

02218l —

G8ecoL—

oLL60L—
8€9°0LL—
28G°TLL~
66Z°ELL—

£6222L7
Nnn.nﬁ\
882°VEL

SEVIEL
£J0°0EL~_

999°9EL—

13C NMR( 100 MHz, CDClj)

115 110 106 100

120
£L (ppm)

130 125
W L
|

135

140

=20

-1

210 200 190 180 170 160 150 140 130 120 110 100 eli} 80 70 60 50 40 30 20 10
£l (ppm)

220

S35



000°0-—

eCTL—

ee9 L —

LiTe—

alLe—

£68°C~,
14+

LTA N
€226
982°G
£v26A
51691
92691
52691
169

brb2
05121
15172
Sl

62121
6127
09227
81E27
£ze 2y
6862
SPe 2
98e2
16€°2
90v'2
80v2
gzve
82
S6v2
66Y2

R —

"H NMR( 400 MHz, CDClj)

_J

Fioe

Fooe

o0')

o

Ho0z
00'g
et
vo'L
oot

0.5

LG

4.0 3.0 2.8 2.0
f1 {ppm)

4.5

6.0 5.8 8.0

6.5

7.0

7.5

8.0

3.5

2E00-—

90¥'0Z —

LI89T—

098'vs—

969°69—

289'92
:oc.th
8LE'22 Ve
vi2'08

961601
tﬁ:ﬂ
18181
el
S@.mﬁ%
0E9°ETL
2T VEL;
6Li'9z1
mNENF\
60¢°0€1
£18'LEL
Le0'geL
SN.S:%
005971

19’ iGL—

680°CLL—

686°88L —

961°60L—

FAR A

291°8LL—

eIz —
G062~
0E9'ETL—
TreL
SLFOZL~
[TAN AR

60E°0EL—
EL8LEL—

LED'8EL—

0T rrL—
006°a¥L—

13C NMR( 100 MHz, CDCl3)

110

115

120

125

130

135

140

143

£1 (ppm)

-10

200 90 180 170 160 150 140 130 120 110 100 90 80 70 60 af 40 a0 20 10
£l (ppm)

Z210

S36



¢00'0-—

vel'L—

88’E—

8¥6'e—
www.n\
agre—

"H NMR( 400 MHz, CDClj)

Feoe

Feo)
Feoe

FooL

1oL
zo'l
Foos

60

6.5 6.0 54 50 4.5 4.0 3.5
£l {ppm)

7.0

1.5

668'07 —

2S5~
29'66~"

969'69—

2899/
=cc.th
u—n.hh.\
60808

Y201~
Y0Z'60L—
S05ZLL
902'6LL~
6T 1TV~
0Z6'ZZL-F
m%ﬁﬁ%
62T°1TL

65Tl

YT}

£HE0EL

LZYEL,
ssropl”
961°FG1~
129461~

180°¢2L—

Cr8'88l —

LI 20L—
F0ZT'60L—

S8 —

02611
BZVLEL~
026°2Z4\
699°€ZL~
mmu.qﬁw
TP6'sTL

AP

EvE0EL —

Lzl —
881'ovL —

961VGL~
LZo15L "

CDCl)

13C NMR( 100 MHz,

160 145 140 138 130 125 120 115 110 108
£l {ppm)

185

20

-0

210 200 190 130 170 160 150 140 130 120 L10 100G 90 30 70 60 a0 40 30 20 L0
£l (ppm)

220

S37



200°0-—

5T —

109} —

98L'E

595°E~,
rase

Y55
09L's
£LL'G
08L's
0£6'9
669
rioe
SZ0°LY
LE0°L
1r0Ly
SELL
1917
89L
<21'L
82LL
0L
9ETL F
vez'L
SFTL
6L
£5T°L
89TL
9121
¥EEL
[Ll Y
YiELy
oREL
Yor Ly
0L
6L L
fora 3 "

Lra
0Lk

[ R
orL-

"H NMR( 400 MHz, CDCl3)

=80g

=0l

=l

[0k

|_.__. :e.n
8L’
1o
wi
LI

Pl

.

"
=

i

2]
]

[z}

(b=l

220°0-—

126°92—

SLY¥S
Fne.emv.

20869 —

289°92
ccc.t/
8LELL
mho.rw\

o¥E’60L
Gr8'LLL
080°¢CLL
BGETLL
[ 4% 1A
gsizozL
222E)
c¥8LEl
2Z67¢e)
Sl2ETL~
8¥Evel
815vEL
Z65vZL
€189zt
05°0€EL
002+~
vio'avl—

262°651
SL8'6slL
n_&dw_.\
vE8'8GL

SE6°L I —

vie8sl—

ﬁm._:\ﬁ
080°ZHL /7
65e°ZLL

oFL 0z~
sLzzL-"

PYIRTARN
St8°LZL

P4 AA

GLLETI~
8L HEL

En._&_M
265¥ZL-"

3C NMR( 100 MHz, CDCls)

124 123 122 121 1200 119 118 117 116 1158 114 113 112

125

£l (ppm)

-20

-0

210 200 90 180 170 160 150 140 130 120 110 100 90 30 70 60 a0 40 30 20 i}
£l (ppm)

220

S38



=

M

= -

(& Fs

D T
(@]

. T L o

0000— m B— =
=
o w
m m s
m = 2697 —
6621 — - -
= L=
€651 — _ o
°
o 88T FG—
=
ol 988'C9—
| = 28992
- AN
e ) —ooe 000'22 7
6Le"12 7,
socc - 1L
~ - =80l | o
885c~ 80|
=8
-5
o
H
Fa Y601 — ZhL0ZL—
VIETH—
ThL0zL
L 148 LZ LA
226k L¥6'1ZL—
L62'ETL \

] | o 95Vl s
z52's « 841971 266221
652G m— 07 212921 162621 —
bILS - 182221 YOS IELN
mmm.mg Mo 125061

) £929€1
1176°91 x

) 821l
1660 | e 956°S L -
€10°2 ™ v 8¥1'9Zb—
Mw".% - 620°861 L0z —

2| 7o |
6912\ =90 o R
A =201 = . 182'22)
98l4 60'Z L06°LZL—
o9z f 6o |2
cov2) LA
oL [ “oorL
by - 618281 — 1zgosL—
[ra ¥R
0er'2 ] a
Re.& o
[

Nﬁi -

29%°4] o

L]

999°4]

€19'4 -
o

-0

-10

20 10

30

3C NMR( 100 MHz, CDCly)

80 0 60 50 40

119 118
100 e}
£1 (pom)

121 120
120 110
S39

L2z
130

126 125 124 123
f1 (ppm)
150 140

130 129 128 127
190 130 170 160

L3l

Lz
200

133
210

220




<00 0-—

25—

9ES’ )

SLVE—

195°E~,
985°¢"

0525
151G

6925
9L

126701
£E6'0

1169
S56'0

a1 L]
rSIL
69111
LIV LY
9L
59111
¥El'L
09211
T6EL
£0P°L1
e |
1ML

£2b°L
ST LY
eV Lo
9Ek" L]
it
SobL
085°L)
1851
z09'L
609°L]
E.L
sl

—_—

—

Wi _
T

"H NMR( 400 MHz, CDClj)

D 4L

= E00'E

—_— L

=Tz}

(ppa)

f1

8L6'9T—

8ETFE—

888°69—

£89°9)
ccc.hhw
8LE 2L Y
980’18

n.vn.mcr
mmm.urr./
Lso'vLL

wnw.aNr/
mmn.NNr/
wnm.NN_‘u/
mmm.nNrV
86 ¥TL

vmm.eNr.\
612'6C1

6LS0EL

0EGBEL—
8GLTPL~
S¥6'G¥L—

187861 —

288°'LiL—

669281 —

3C NMR( 100 MHz, CDCls)

-10

200 190 180 170 160 150 140 130 12¢ 110 100 90 80 70 60 50 40 30 20 10
£1 (pom)

210

S40



€00°0-—

[A 74 Tl

oLeL—

L2re—

89G°E~
286~

TH NMR( 400 MHz, CDCl3)

e

Fuo [

39

ppm)

<

4.2

a0

=o0'L

6.0

6.3

0

“es0 o
+66°C
=060
ek

8.0

0L6°92 —

ILTre—

29869 —

289°92
=cc.hh/
8LE22
62e'18 /

22e'601L —
0zZeZLL—
130021
6657171\
eveTel —
¥82'€ZL v
[1}:3) 74
al6'sZL
9€2'9z)
6L0°8ZL
LOS0EL
1e9°LEL \
63L°vFL
C06'S¥L
012661 —

088121 —

£66°.81 —

13C NMR( 100 MHz, CDClj)

-Z0

-0

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 40 30 20 10
£l (ppm)

220

S41



T —

L6¥'T
96%°C
00§¢T
§05T
606°C

880°C—

OMe

"H NMR( 400 MHz, DMSO-dg)

=g

926°€

GEB'E_
1165~
86t

—_—
J
=20t

pr— ey

== 70}

3.4 3.0 2.4

4.0

4.5

6.0

6.5

£1 (ppm)

26128 —

189'L0L—
92601
n:.c:W
YZIELL~
18rCLL—
¥8z22L
et
950vZL-
£zz'8z)

w—n.wur\.
¥8e0gl

BlETYL—
96€°6%1 —

onzoL”
clo'00L—
8LITIL

06828l —

OMe

100 MHz, DMSO-dj)

3C NMR(

922'60L—
€LL0L—

YeLel —

L8r'SLL—

v8e'eel —

Y82 €L~
950°veL

€2Z'8CL~
81682L

¥8E0EL —

130 128 126 124 122 120 118 116 114 112 e 108
£1 (pom)

132

20

-10

130 170 160 150 140 130 120 110 100 90 80 0 60 a0 40 30 20 10
£1 (pom)

190

210 200

220

S42



000°0-—

6T —

86671 —

slre—

§TEE~
sree”

980°6
WIS
81261
0926+
1026
or59
9r50
o9
0590
999'9
2299
20691
926'0 1
ovrL
L
0912
29124
9121
1812
561721
0922 ]
£96°2 1
€672
£8€°2
282
002
LA

6112~
ey’

200"~
689727

OBn

H NMR( 400 MHz, CDCls)

=00€

=o0'L

=EL'e

Eeo)

=Ee0'l
Lol

=00'L
Evoe
Fi09

=60'L

L06°92 —

SOV ¥ —

609°59—
SEV0L~_
789°92
000722
new
6118 —

L 2L A1] S

002601~
SOPLHE~
EESTIL
96z°1L"
126221
NS.E_W
ISVl
910221
S152zL
vI£°82L
9€2°'8Z1
208081
8951 \
IETVEL \

Lgtavl

Los19L”
Z56°G9L
£86°LIL~_

022981 —

OBn

13C NMR( 100 MHz, CDClj)

126221~
zsoeTL—
IEvEL~

9.0°2C¢1—
CLE 2T
VLE'8TL~
962’821 —

206701 —

¥89°6EL —

—

138 137 136 135 134 133 132 131 130 129 128 127 126 125 124 123 122 121 120

£l (ppm)

=10

200 190 18 170 180 150 140 130 120 110 100 90 30 70 60 50 10 30 20 10
£1 (ppm)

210

S43



€00°0-—

s —

2191 —

8L~
0927

LiLe—

£e6°e~,
zvse”

802G
LG
2re
YeL'S
G189
2069
926’9
8ELZ
gL’z
(213
89L°2
€2
_‘mr.mw
0922
€882
88E°2
o'l
sov'2
6L¥'2
vev'z
349

CDCl)

(400 MHz,

"H NMR

i

=Zl'e
“oL'E

=00°¢

=100

=10

=660
T
862
o't
260

00 -0.5

0.5

1.0

2.5

3.0

4.0

4.5

£1 (ppm)

86281~
000z~
91897~

£92' e —

269'69—
289'9/
ccc.m\.W
wrﬂ.mn\
L£2'08

921601

.wwn.m:/
wwn.w:/
9EL'6LL

Em.um—/

229°€Z)
oszvel—=

108921 7
cwr.hmp\
kudn—\
286'0E1

SET PRI~
YHo'ovl~—
8c8 2L

2267261 —

Le0giL—

9€e'881 —

"H NMR( 400 MHz, CDClj)

921601 —

¥86CTLL—

882°81L~
a9cL'6

9L6czl—
229'€Zl —
oszvzL—

L08'9Z) ~
0817221

¥820E6L —
186061 —

120
£l (ppm)

125

130

20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 30 70 60 50 40 30 20 10
£1 {(ppm)

220

S44



200°0-—

(A7 Tl

26571 —
GlET—

ciLe—

[N
ys5e

ocr
1394
55
zare
6L69
Sm.L
6£6°0
o
95172
£a1°2A
69174
§212-]
z812
6172
0922
98g",
26672
nﬁi
A5
Iy
0zv2]
szv's ]
(2%
ovrL
999°2’

—

H NMR( 400 MHz, CDCl3)

)

——

=1l'e

=60°E

EE0'L

=eo'L

oz
heoe
00}
/060

0.0 -0.5 L0

¢4

3.8 3.0

4.0

6.0 5.8

6.8

10.0

£l (ppm)

2200-—

056'02—
606'92 —

8T ¥s—

€08'69—

239'92
ooo.mmW
wrm.mm.\
02018

ZIE60l—
06eCI —
690°0Z1
986021
286°221—
mmm.mm—.\
2¥5°¥2L
2057921
882°9Z1
£91°8Z1
£L7°0E)
Ncu.va.\
6eL'ovk
vieork
L28'261—

088°L2L—

S6e°481—

6907021~
98€0Z1 "

26221 —
992'¢) —
2¥5¥CL—

2056921
882921 7
£9V'8Z1 ~

€210EL—

0TV —

6ZLavl~
L2307

3C NMR( 100 MHz, CDCly)

"

120

125

130

135

140

145

£1 {ppm)

20

-10

¢ 150 140 13¢ 120 110 100 90 30 70 60 50 40 30 20 L0
£1 {(ppm)

16

200 180 180 170

210

220

S45



0000 —

vee'L—

Y09°'L —

09Le—

989°C~
200¢”

016G
16°6
096G
2961
vz6°'9

P69

coL2

¥8L2

¥0Z'2

122°2

01Z'2

092 1
yze's |
0££2 Y
86¢°2
cov2y
12v'2

Ly
Sh2y
ez
26824

22524
9192
0£9°2
$60°2
189°2
€022
0422
162°2
6558~
62687

A

TH NMR( 400 MHz, CDCly)

—

Fo6'C

=660

ook

107k
£6'L
60
W.\S.N
V0L
0L
Whm.e
660

=860

6.0

0.8

L5

3.0

3.5

4.0

6.0

9.0

£1 (pom)

88'9C—

L8 ¥6—

068'69—

289'92
ccc.mh./
8Le’2L
nmm.rw\.

£6T601
8LSELL
£98°GLL
s[4 Y43
(253 143
826°CZ)
189°ECL
2¢88€CL
[ 74
€6.°¥C)
8L¥oZL
wo:.mu_‘W
€9874C1-
660°0€L
¥8e0eL
826261
[T 24BN
LGLarl~

LE0°8GL—

6267121 —

€e6i8L—

o

3C NMR( 100 MHz, CDCls)

8.16'¢e —

189°¢¢L —
£88'cel —

SELVTL
€621

sLv'azL —

800221 —

£98°2¢L —

660°0€L —
¥8E'0€L —

T
123

T
129

T
130

T
131

-10

200 190 180 170 160 150 140 130 120 110 100 90 30 70 60 50 40 30 20 10
f1 (ppm)

210

S46



100°0-~
Lo

YT —

[A 5 N

[A: 17

£TL P,
[N

pLEG
128
cE8°
7r8°51
£r8°91
£og'0
610°21
12021
0£0°21
6E0°2
ve0°2]
950°2
£80°21
veu'z
oLz
oLz
0£Z°21
16227
09z'2
e
vie 2]
e
10621
asz|
62521
9v5° 2
1eg2L
169°2
L0rs-r
CE\
vers

"H NMR( 400 MHz, CDCls)

rLge—
1Z8'¢—

gege—
eree—

—66°0

5.79 5,77

5.81

5.87 5.85

5.89

£1 {ppm)

Fyoe

360

F66'0

S0
26'1
z0'1

"ee0

LN}

YL

i,cc.—

£1 {ppm)

€618 —

290°1E—

Lob'a9—
28992
cco.mnw
8Le°Ll Y
128708

25::/
82ETLL

Se.x:/
us._u_/
Em._N_W
B0€°ZZL

STV,

v vel
208921 .\

696°9€1
266°GY1~
21E° 2%

199°661 —

2897121 —

Yer'esl —

oot'gLL—

809°LEL~
926°bT1 ~
80£TZL~,
nnh.NN—.\

viTreL—

cos'azl —

0e90gL—
Hho'kel—

696'9€1 —

CDCly)

13C NMR( 100 MHz,

.

o

T
115

T
120

T
135

£L {pom)

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 a0 80 0 60 50 40 30 20 L0
£l {ppm)

220

S47



€00°0-—

LSTL—

gL' —

Lye—

TPSE
196"

09261
29267
0826
1826

¥68°0
$98°9-
98°91
0889

£66°9-
6660
126°01
2269

0£0°2-
06021
990°21
Y012

1z

0z12
€12
2L 2
S6121
z61°21
6612
0072

vigl
616°24"
-1+
€662
2662
8012
(4793
8ell
(A3

989~
989 /7
928'9—

9889~
8889

€569~
656'9~
S96'9~
8969
1169

11697

TH NMR( 400 MHz, CDCly)

6670

2670

6. 92 6.90 688 6.8 6.8¢ 682 6. 80
£1 (ppm)

6. 94

6. 98

7. 00

T86'C

Fron

wnmd

660
Ws.o
£80

co'L
60

Feo’)
=00°L

7.8 7.0 6.5 6.0 55 50 48 4.0 3.8
£l (ppm)

8.0

860°22—

[A%: 54

eLe'go—

189°0/
0007227
:qt%
ser'o8

€26601
0001
8Z1°LLL
0EV'LLL
Yoz T~
229911
606911
69 8LL
0EYLZL
119 44 7
SEBEZL
9/89Z1
216£°8Z1
Sv'8zL
860°2€1—
czTovL—

¥eLlavl—

BSTBG L
969651 —
580917

vil'LlL
Nwm.rmpv

289°881—

£26'601
$00°0LL

BIL ML
oeviL’
YOTTIL~

229°91L~
606791

69¥'8LL —

0E¥LZL—

0E¥CTL —

SE8'CTL —

9.8°971 —

26€8Z1~
G821

3C NMR( 100 MHz, CDCls)

128 127 lz6 126 124 123 122 1zl 120 119 18 LLT 116 Ll3 114 113 1ll2 LLL 110

129

£l {(ppm)

20

30

40

50

60

0

80

90

100

110

120

130

140

150

160

170

180

190

£l (ppm)

S48



Lo00—

ST’ —

68671 —

291°€—

BSSE~
616

"H NMR( 400 MHz, CDCl,)

— Lore

Fuo

= Foor

u/mm.c

o6l

o'l
L
Mg._

3.5
f1 {(pom)

4.0

LeoZe—

3G WG—

8r9'co—

€89'9.
ccc.tW
6LE2l Vs
£€2L°08

0ZZ0L ~
€CCCLL
vor'sLlL
Nww.—N—W
SrreeL~
8C9ECL
€0LETL
m\.w.oup\
L9821
286'821
wen.on—\
¥60°2€1
9¢8'evl
mewdv—\

LZ96G1L —

089°LLL—

099°881L —

13C NMR( 100 MHz, CDCls)

454 T

sz —

829'ECL~
£02°€2L"

618921 —

2 R:7A
286°82) —

89€'0€L —

—

—

130 129 128 127 126 125 124 123 122 121

131

f1 {ppm)

-10

19¢ 180 170 160 150 140 130 120 110 100 90 80 0 60 50 40 30 20 10

200

£l (ppm)

S49



20070~
6900

[4:74 T

861 —

L e—

295°€~,
785"

9626
€90°G
95
£82°G

(113 w.m%
[2:2:3]
LED"L
LG0"2
89072
[ A1)
68172
96172
09272

zeed
1ze°s
21572
6EGL
(A9
hmn.m.ﬁ\.
9022
L2l
sers
379

"H NMR( 400 MHz, CDCl3)

30

=10t

[t
o3

=00°L

=00°L

JS.F -
Booz |~
£-86°0
=00

- e
60T [

H%cc._‘

1 (ppm)

e —

68 PS—

LL5'69—

289°92
000°24
gLeis
L2208 /

___E.o_.—/
LSTELLNL
95L'9bL
BAPELL-
ZoPh L~
ezl
YZLETLS
£9£9zL)
Bw.mut___ﬂ
066°8211
wﬁ.mnr“__
_oﬂ_..hn_.\
GZEEVLS
=Y T

L6 —

665°LLL—

9207881 —

00L°0LL—

LSTELL—

5Lk —

BIVELL—
zorizL’

TIFTIL—
YZLEELN,

E9E9Z1 —
268'9ZL—

066°8Z1L—

, CDCls)

100 MHz

3C NMR(

118 116 114

120
£1 {ppm)

60 50 40

0

190 L30 LT0 160 150 140 L0 120 Lig L0 D-U g0
£l {pom)

200

210

S50



L00°0-—

ST —

Ly'L—

°9eT—

61e—

§95°C~
85t

6¥2°S
952’
692°6
9rs
€089
€289
9002
2102
x40
9e0°2
80’2
[A-19]
09172
9 F.hv.
88172
ez
09¢’2
905’2
¥eg'l
(329
ez
SLr2
Lerz
gel’l

H NMR( 400 MHz, CDCls)

Eeole

=80'¢

FeoL

Flo'L

200k
10}
00T
560
ool

FaoL
ooy

4.9

2.0

]

6.0

6.9

7.0

7.9

8.0

8.3

£l (ppm)

261 E—
606°9Z2—

2L8'FS—

698'69—

€89'92
ooo.th
w-h.mn\
§06°08

696°801
c85°CLL
0zvsLL

wwﬁﬁ/
58Z'ZTL

.L.E.RFM
9L9vEL

agL'avl

Y9661 —

056°LIL—

616881 —

(100 MHz, CDCls)

13C NMR

SR 1

20

-0

210 200 190 180 170 160 150 140 130 120 110 100 9o 80 70 60 a0 40 30 20 10
£l {ppm)

220

S51



£00°0-—

AT

vl —

0GLre—

se~
195’
z08'—

06l
262°6
692°G

9226
9829
629
128'9
zr80
$06°9-
116°9-]
226'9"
£66°07)
1oz
+20°2]
veo'2
£h0'2 ]
zs0 2
LI
TL1
09Z'2

0062

$06°2-
616"
7262
6662

TH
6022
€122
6eLL

ve2 s

N

9829~
7620~
1289~
89
frtes
2269
££6°9

2102~
ol

TED'L
£hoL
25072
LTV
[7IVEE

092'2—

60272
4 A
6L’
Yel'L

"H NMR( 400 MHz, CDClj,)

— To.r

ch._.

Fooe

Eeo'L
Fzie

Fe0L

60

00°L
WEE
2102

960
g0'L
=00°L

4.0

4.3

5.0

6.0

6.3

7.0

10.5 100 9.5

11.

£l (ppm)

0,692 —

£O8'FE~
VLSS

8LL'99—

289'9)
cc:.hm/
8LE°22
12808 /

969601
—nwd:/
wne.w——/

LLEFLE
1Zv8LL
eﬂlm_ﬂ
00ezeL—
zov°v2L
058'9ZL -7
081°821
VE69EL~
£85261 7

£6e9vL—

2697961 —
079661 —

Yeo'b il —

vZ888l —

13C NMR( 100 MHz, CDCly)

-0

200 190 180 170 160 150 140 130 120 110 100 e} 80 70 60 50 40 30 20 10
£l (ppm)

210

S52



€00'0-—

26—

979'L—

991'e—

PEE~
tase”

€526
09.°61
72061
610G

6£6'01
£P6°0
820°21
6%0°2

590°2
890°21
901°2
9zL'2

epL'L

2127
zo1°2
29121
981°2

£61°27
092" 2

¥L6'2
6162
28672
0¥5°2
¥ee'l
uwm.mV
§02'2
602°2
9zL'2
0’2

"H NMR( 400 MHz, CDCl3)

ELoe

F0o0'L

Fg60

G6°0
m\aa.— L
2670
00}
670
o0
=Ll

3.5

4.0

4.5

50

5.5

6.0

5

8.

7.0

7.5

8.0

£1 {pom)

980’22 —

€98 FS—
[AA 1 b
89'9.

ccc.hhw

sKe’ll
21208 /

60L°0LL
26¢°¢ChL
ce«.a:/

S6EGYL~
z89°9rL~"

6Z96GL—

Lell—

¥elggl—

EVVICL—

6LV ZTL —

686°CTL —
668°CZL
8E6°E2L At

9GeGeL —

288'921L —

3C NMR( 100 MHz, CDCls)

127.0 126.5 126.0 125.8 125.0 124.5 124.0 12385 123.0 122.5 122.0 121.4 121.0

£l (ppm)

20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 {(ppm)

220

S53



200°0-—

¥e8'0—
[A:7A

965°L—

sGLe—

PESE~,
¥e5e”

PrIG~
€926

9z0'2
ov02
9902
0802
PYIEN
09z 21—
66217

6LE°2
(43
[A 5]

1552
vol'l
verl

"H NMR( 400 MHz, CDClj)

— FE0¢

3.9

= =

4.0
£l (ppm)

T
4.5

5.0

HHJ FooL

7.0

Wam.m
260
260
00l

Sgorl

660

7.3

8.0

8.3

202z —

8 —

99€'69—

289'92
So.mmw
x_.n.mm.\
21208

(LA )
3344 7]
1271410
vzl
eevezl
99.2'¢C)
951L'vZl
rve'vel
0€6°SZL-F
815921 \
£88'9¢1
260°2€1—

L2FSPL~
GL2ovL

029651 —

ove'L2L—

839°88L—

06C°CLL—
198°CLL—

YSPaLlL—

L —

£E¥CCL —

90T~
LTI~
vreveL

0E6°CCL —
8L5°9ZL~
£88°9CL—

13C NMR( 100 MHz, CDCly)

127 126 125 124 123 122 121 120 119 118 117 L16 Ll% 114 113 112
£l (ppm)

128

|

20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 a 40 30 20 10
£l (ppm)

220

S54



20

-10

3C NMR( 100 MHz, CDCls)
60 a0 40 30 20 10

0

5
[ =
,
1000-— S _ FS
&)
a
(&)
~ =
W =)
=
o
o =)
< [ =
- hd _
et o = ZGE0E—
=z | =
809'L— I - -
-
e
60€°55 —
=
e 08660 —
z89°92
| = QS.EW
o BLELL
1v208
vese w Lw
TheE-> g ¥908 3
zose” g0l E
&= 69V LEL~
= 8967121~
Lo 89ZCLL ]
| = = cme.e:/ oavzel —
= 8«5:%
- 6ov'LZL
e L@ 89571Z1 eI6CEL—
- 0orzzL Tzea—
o na.nﬁ\
ra eehel
o - 0wy - 10691
vese Ex Mo S¥26ZL
Tee— - ) JzLeel \
e o act 106°9Z1 —
cosc 796'€— - €0l o -2 c%._::\
. s
A .
7826 o === LZ01 829651 —
1£0°2 e L=
¥60'2 [ < .
902 . U SYIBEL
€202 L&
0302 o | =
73l <
68172
09z 820°881 —
9782 -
eec ik B e zreeL—
Vel - 0L
6vei-{ 260
16€" 2~ Rigy
. =
778~ POl [
T¥ss o0
15672
&E%
8e2's L

121 120
L ‘
90 80

100
£l (ppm)

123 122
110
S55

i

120

126 125 124
|
130

|
140

129 128 127
£l {ppm)
160 150

0

L

130
L

131
180

132
190

133
200

134

210

220




Lo0'0-—

esTL—

200°L—

[ AN
855°¢"

PA 7N
¥el6
99.°¢

€26
2869
900°2
920°L
05072
01072
68072
20172
viVL
18 —.NU.
0972
2082
125373
743
§e6°2
€667
L] 73
0zl'2
9el’l
ovl'l

evg'e—

8gGe—

e
$6L67
99276~
€276~

"H NMR( 400 MHz, CDCl,)

—r

6¥°E]

S¢0

3.56 3. 54 3.52 3. 50

3. 58

£l (ppm)

A

6¥'C
Aww.c

=10

Fory

=960

g0
=00°)

-0.8

0.0

0.4

L0

7.0

7.4

8.0

8.4

€960 —

0rees—

22669 —

28992
ccc.th
8Le°22 Va
[£24 1]

GErE0L —

85T T
CrhELL
oLzl
9zieTh
crbzEL—
Em.nﬁ\
G197l \
08892
0008}
1E0°9EL \
B0 IEL
6Ll
orzon’

809°661 —

826221 —

269°881 —

SrysLL—

€orLEL—
9z1LTTL~
SryreeL—

266°C2L—

S29°veL—

088921 —

orooelL—

3C NMR( 100 MHz, CDCls)

Wit

tdalald

Lo

131 130 129 lz8 127 126 12h 124 123 122 121 120 119 118 117

L3z

f1 (ppm)

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 e} 30 70 60 a0 40 30 20 10
f1 (ppm)

220

S56



0000—

96T’L—

€09°L—

9657 —

SEVE~
1sE~
196

EVLG
082°¢
€92°G
042°6
986°9
002
geo’l
26072
o’z
G607
vz
nn—.n/
—.v—.hw
8yL’z
092’2
10672
§06°2
€252
ove’z
o'l
vz
812
vel'z
8€2°2

H NMR( 400 MHz, CDCls)

—

=zie

=Ile
1oL

=o'

oLy
0

el
=00°L

£L (ppm)

926’81 —

e —

SYT66—
§26'69—

289°9)
ccc.\kw
8LELl Y
066708

En.ﬁ_
23:/
1€8°071
558021

9£5'LZL

08ZZZL
IEGETL—
%m.ﬁ_w
1£8'9Z1

osozel”
001}

v8sogL
686 LFL—
80L9FL~,

229661 —

862°TLL—

656881 —

3C NMR( 100 MHz, CDCly)

.

190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
£l (ppm)

200

S57



L00°0
gz
6571 |
S09°E
20t
sz
ey
LETP
09zt
Ty
L
967°%
30611
Z1eh
3EET ]
e
o
£02°G 1
622G | ﬁ
A
982G { ﬁ

SL2GA
82
LR2G
¥62G
862G
YL
LIS
v8lc
162G
162G
8885
206°0
K02
61072
ze0'2
£60°27
or0°L|
ﬂa.&
16072
S61°2-
2612
89172
S21°2 ]
161721
6172
gui
09z2
Lse2
s6e2
0e2
vieL
0082
v0S2
LT
zess
e
8h2L
TeLs
8c2L
erLL

T

H NMR( 400 MHz, CDCls)

=¥0'L

Fooz

0

e

SOl
=£0°¢T
Mmc.m
ot
oo}

85 80 7.5 70 65 60 45 50 45 40 35 30 25 2.0 L5 LO 05 0O 0.5 -LO -L&H 2.0
£l {ppm)

9.0

Lo 12,0 1L5 1LQ 105 1.0 9.5

LE0"0-—

02T —
608 ¥ —

182°69—

289'92
cao.th
wvm.hh\.
8L6'08

S6L0LL

—mv.w:/
wmc.\.:/
mhn.w:/
(13T 4%

mmN.NN_../.
666221 —

hﬁ@.ﬁﬂrx
nce..vN_.
9€8'9Z1
800221

o¥eoel
0¥eoeEl

wwm.onr.\,
29€°c¥l
8J¢arL
€79'661L —

S8Vl —

969881 —

3C NMR( 100 MHz, CDCl3)

-20

-10

190 180 170 160 150 140 130 120 110 100 eli] 80 70 60 50 40 30 20 10
£l (ppm)

200

210

220

S58



¢Lo-—

820l —

298~
59t

[-1%:3%
[13:3%
£o8't
€06t
8¥.2°6
66276
892761
SLLG
10299
12297
[AT VR
9z0°L
66072
SH0° L
080°21
26072
8LbL
051°21
261721
8011
981°L I
£2T L
867"
0¥T Ly
0922
987"\
$0g" 2
gzes”
87—
0LgL
9257,
QE.N%
[£Y]

TH NMR( 400 MHz, CDCls)

Hﬁ ool

L Froez

=== F660

Foo'L

002
Lo
WS.N
S0y
807
Aoy

F16'0

£l (ppm)

4.0

4.5

8.8 8.0

6.0

6.5

7.0

7.5

6£0°0-—

9evr—
CLlre—

V86—

289792
=c=.mhw
w_.n.\.m\.
LE6°08

9E°0LL
0z5THL
8681
59T'LZL
6/2TZL
PIOEZL
Z02ETL
ISTVEL
0£8'9ZL
wumdﬁw
600°2Z1
629°221 %
6¥2'821
oFz'0gL
Sm.«ﬂ\
996°9€ |
ereehL—
JsEopl—

8197651 —

082CIL—

89881 —

CDCls)

3C NMR( 100 MHz

50

T T T T T T T T T T T T
130 170 160 150 140 130 120 L10 100 a0 8o 0

T
180

£l (ppm)

S59



£00°0-—

[AAl

069°L —

lre—

2189
96891
626°9 |
0v691
166'9
£96'9
£00°21
YL0° 24
Tl
YE0° 2
ez
8172 A
e
6622
Eu.&
0wz
6672
8672
66€°2
mﬁi
912 ]
Los 2|
2062

r—

=

8E8°0L —

OH

OO
8a

o)
L,
M

1189
Sa.mW
6269
0¥69
EORS
£96'9—
€002
Los—
zzo2
veos/

nes
EE%.
ZeT I~
662
EE%
00Z'2

6282
8¢\
6662 —
6072

o:E\

106°2~
052"

e

"H NMR( 400 MHz, CDCl,)

7.3

£1 (ppm)

=0

660
00°L
Nac.w
£6'0
BT
1oL

=00°L

2.0

845 80 7.5 7.0 65 60 &5 50 45 40 35 3.0 25 20 1.5 L0 055 0.0 -0.5 -LO -LA
£l (ppm)

9.0

L5 12,0 1.5 1.0 105 100 9.3

0L8iT—

TNV
789°92
000°22
s1gds’

111601
gZ8TIL
EVEGLL
182°GLL
€02°811
99.°811
LLLOZL
¥8L0zL
[LTA T4

6LLECE
6€°€Z _‘”/.
AN £AY
16E°F2L \w
¥5E6ZL
9veoElL
SOLEYL /
wmu.wvr./
65°9rL~
GOLeYL—
S09°ESL~
286651 —

009°851
§19°851

812°891L—

L)AL Y
L1Z°06 FV.

OH

oO

NC
C

8a

N
Me
3C NMR( 100 MHz, CDCl3)

1

EVeSLL—
[3: 7871

0L 8L~
99811

LLOZEA
8L 0zL—
167021

6LLETL—
62€°€CL—

€ZLvEL—
288 vl —

:

123 122 121 120 119 118 117 116
£1 (ppm)

124

20

-0

210 200 190 180 170 160 150 140 130 120 110 100 a0 i 70 60 50 40 30 20 10
£l tpom)

220

S60



Loo'o-—

€57 —
6L9L—

LZre—

1689
£68°9
0169
Z16'9
£26°0
146'0
0L0°2
620°2
ab02
0921

2B
wmn.h\ﬁ

—

A IS
LIRS
Fad%
W'z
Wil
0182
81672
199°2
899"

066701 —

Cl

OH
OO
8b

N
Me

NC

TH NMR( 400 MHz, CDCls)

=00'¢

560
66°0
M/—c.m
ch.m
00')
)cc.—

o001

L5 12.0 1.5 1.0 10.5 10.0 9.5

25 2¢ 15 L0 845 08 -05 -1.0 -L5 -2.0

3.0

4.0

8.5 80 75 7.0 65 60 55 50 4.5
£1 {(ppm)

9.0

918'2¢—

0L~
18997
000'22
nesr’

mﬁ.mE
ncu.m:
es.o:
vIZ0ZL
1o0zL
SLLETH
16621
LI8EZL—
vavezL”
¥99°6ZL-/
zes0¢ L
o6t9cL "
SEVELL~
81T —
Eedﬁ%
vz 6Tl

288°09)—

) 741

691061 —

Cl

i
O
T a
o] (@]
a -
8 N
T
OO s
o
0 2
z= -
14
2
e O O
z (2]
@
o
9LEBLL— 2
&
v22°071L~ - -
LorogE— s
©
g
- -
q
O\)
HE .
@
o
&
©
g
S ETL— =
16£°€2Z1 — @
e
S
L8 — -— °
3
S
@
B

—2¢

-10

210 200 190 180 170 160 150 140 138 120 110 100 4] 80 70 60 a0 40 30 20 10
£l (ppm)

220

S61



o0'0-—

(A7
829’L—

Leve—

§48'9
268'91
Z16'9
5169
£10°21
26021
890°2
160°2
092°2
086°2
£86°27
66€°2
2012
L2
tq.&
Levs

61572
7252
9152 |
(1798
895°21
vig'z]
uﬁi
$08°2

T

900°LL—

OH
OO
8c

N
Me

L.~
[0

95—
268°L
896°L~
Y250 —

862°L~
YO8 L

NC

"H NMR( 400 MHz, CDCl5)

660

960

2oL

T T T T T T T T T T T T T T T T T
7.84 7.82 7.80 7.78 7.76 7.74 V.72 7.70 7.68 7.66 7.64 7.62 7.60 7.58 V.56 7.54 V.52 7.50

£1 (ppm)

m

=00°E

cc.m
MW Loe
o0'e
Mom.o
96°0

ch.—

=00°)

Lo

1z

13

14

15

16

f1 (ppm)

€200~ —

leg’le—

[IINVAN
£89°97
QS.RW
8LELL

6927B0L~_
S69°0LL—
s08ZLL-
YIE0TI
946021
2827021
161ET)
00F'EZ)
10552}
6550E L
0v9°ZEL
95ZBEL
J15°EFL
0.Z°G¥L
187°9F)
SET 6L
ZIeL9L—

B i R

S¥89l—

190°06)L —

vizozL 4
916°0C1~
e8L0CL~

26L°ECL—
ooregl —

3C NMR( 100 MHz, CDCls)

1235 1230 1225 122.0 1215 12L.¢ 12005 120.0 1195

124.¢

£1 (pmm)

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 {ppm)

210

S62



=
O
500°0-— a
O
N
T
=
o
o
£5zL— NS
19
cro'L— =
z
T
zere—

¥E6'9
£66°9
620’2
28072
o'
95072
62072
eoL’Z
092°2
cce.m/

m;.mW
8EY'L
[ 2 )
cmm.mN
662
6e'8
[4°1%]
89€°8
§€'8
£04°8
01’8

€L —

oL’

# €01
Iy
oy

=90}

60Z

Fg0°)

=v0°)

=00°)

0.0 -0.5

0.5

1.5 1.0 15 1006 95 90 &5 80 75 7.0 &5 60 65 50 45 40 35 30 Z5 20 L5 L0

12.0

£l (ppm)

018°L0—

22 A VAN
789'02
000°22
8LE Ll

Bn.mi/
z_ed:/
¥20°8LL
ﬂa.a:/
+50°0Z1L
86Z°ECH
8Z5€ZL
826921 —
umx.mﬁw
6027051
wﬁ.rﬂ\
£O9'BEL~
cELPPL
CETGPL\
286°9%)—
0zs8rL~"

890°29L~
690891~

2667681 —

O,N

OH

oO

L

8d

N
Me

NC

3C NMR( 100 MHz, CDCls)

¥20°8LL—

Er8'6LL—
Y00z —

86C°ECL—
8Z6°ETL—

121 120 119 118
£l (ppm)

122

123

180 L70 160 1ag 140 130 120 LG 100 90 80 70 60 a0 40 30 20 iy

190

£l (ppm)

S63



c000-—

€52’ —
el —

ave—

919'97
2£9'91
099°9
798°9
1889
966°9
zL0°2
LE0"Z
092°2
$EE°2
0tE"2
£2€72
6282
€6€°2
6662
vz
PLv2]
2872
£6+°2 ]
£ci 2]
6v2°2]
56l .L
1222

PLSLL—

veel—
ore L —

€282~
[ 71

€6€° 2~
G6E'L

[45
A2

18¥' 71—
e6r' . —

TH NMR( 400 MHz, CDCl3)

960

—S0°L

S6'0

7.50 7.43 7.46 7.44 7.42 7.38 7.36 7.34 7.32
£l {pom)

7.52

00'¢

6L
£6°0
an._.
96'0
.ch._.
60
oL

FeoL

4

£l (ppm)

008° 22—

[ZANVAN
£89°92
000°22
e’

60£°G0L
915501
9€€201
¥95°201 /
€62'60L~"
B28°TLL~
£9T9LL~
ZLE0ZLN
060°€ZL
826°CT FW
€26'72L
605061
680°EEL
202°EEL
BEVTVL~
¥62°5¥L~
6ototL -
159641~

0207591
rizgal
082991 —
502891 \
1167891

€0Z°061 —

60£°50L -/
avssol

98 0L —
vac oL/

£62°'601L —

628°CLL—

€9 oLl —

ZLeoZL—

060°€Z)L —~
mNn.nN_.\
£26'vCL —

605061 —

680°CEL~,
ozeeL”

3C NMR( 100 MHz, CDCls)

T
105

T
L0

T
Lo

T
L30

£l {(ppm)

-0

200 190 180 170 180 150 140 130 120 110 100 0 80 70 60 a0 40 30 20 10
£l (ppm)

Z10

S64



Loo'o-—

€5 L—
966’1 —

re—

158'9
72891
1289
566701
r10°2
£c02
402
75072
8002
£20°24
L2b2A W
[T

0972~
75e2

65E°27

0.c'27
62672
66672
86€°/
SLv2]
212
qui
s6t'/ |
9957
186'2

[A A

2027
2502
uec.m%
£20°2

LIVE~.
1WA

09z’ L —

[4:13
mnn.m%
amm.m/
6262~
S6E L~
umm.m\
SLys
2L

68F' 4~
[

996 —
2862 —

"H NMR( 400 MHz, CDCl)

ﬁ:._‘
T\.o._‘

80’k

A
L0k

ek

7.9 7.80 T.40 740 7.35 .30 7.z T.20 Tl T10 704

7.60

£l (ppm)

=iee

2000
oL'e
1)
=201
80°)
mﬂm—.—

MTQ.—
(49}

Foor

-L0 -La 20

6.0 0.3

0.9

8.0 75 70 &5 &0 55 5.0 45 40 3.5 30 25 20 L5 L0
£l (ppm)

8.5

9.0

L5 120 LLS LLO 105 100 9.5

€28 28—

IRV
78992
000°22
gL’

182°601
068°CLE
212811
9627021
£26°121
869°C2)
LOLEZL
99£ €21
evzszh”
765061 —

229061 —

282601 —

088°ZhL —

LIT8LL—

962071 —

€16°LZ1~
889°CZL~
LOL'EZL~
99E°eTL

[0 A TA

3C NMR( 100 MHz, CDCl3)

T T T T T T T T T T T T T T T T T T T
128 127 126 125 124 123 122 121 120 119 118 L17 116 115 114 113 112 LLL L1 109

£l (ppm)

._._._L._Jl_lHJJM..__

-Z0

-0

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 a0 40 30 20 10
£l (ppm)

220

S65



000°0—

8¢ —

6L9°L—

Sere—

98’0
1289
08891
168'91
11691
660
£10°21
210°21
780"
260"
79¢°2
022
086°2
986"

s

S6E°

86¢° Lk

SLy'i
212
6854
S61°L
9262
6251
6652
66521
Sa.i
059°2

£

999°/
029°2

958’11 —

Cl

OH
e
8g

N
Me

NC

"H NMR( 400 MHz, CDClj)

6872 —
SorL—

926 L~
6260

6% L~
6652

99~
059°2-
999°) ~
0194

00’k

oL

o

7.62 7.60 7.58 7.56 7.b4 7.52 7.50 7.48
£l (ppm)

7.64

7.68

7.70

=¥0'e

90T
50T

£0°C
0oL

Lo’

oL

6.5 0.0 -05

L0

50 45 40 35 30 25 20

5.5

2.0 1L.& 1.0 165 100 95 9.0 85 80 175 70 65 &0

12.5

Lo

£1 (pom)

GE8°LT—

SEL LI~
789°9.
000°22
8LEil

608601
nww.m:/
Nm_‘.m——/
81c0zL
06£°0Z1
YI0°EZ)
non.nN—W
£6EET)
non.nu—“
9ze6ZL
cmm.em—\
019°9g1 —

zeeerl
1861~
08e"9¥l
908'6¥L

626°261—

991°891L—

0L0°LeL—

Cl
OH

O

NC
C

13C NMR( 100 MHz, CDClj)

o)
&g

N
Me

|

CIVBLL—

8Le0ZL—
066021 —

F90°ECL —
C0L°ETL~
£6L°ECL —

1230 1226 122.0 1215 1210 120.6 120.0 119.5 119.0

123.5

ol

T
190

)

40

70

T
200

£l (ppm)

S66



£00°0-~
6900~

esTL—
1zoL—

levre—

8189y
8£891
25879 |
2391
166°0
01072 |
£60°2
09272
i sy
0882 W
76eL
§6C°2
w7
SLy2
88y°s
vtz
18972
169°2]
20272
122
evl
RIVE
mﬁi
002

—

oL —

Br

OH
OO
8h

N
Me

NC

"H NMR( 400 MHz, CDCl3)

=E0'¢

S.N
WS.N
00T
Zoot
10l
zo'L

=00'L

Lo

Ll

1z

13

14

i

16

£l (ppm)

el —

[JINVEN
789'92
000722

Br

L

NC

OH
OO
8h

N
Me

13C NMR( 100 MHz, CDCls)

8Le’ll

618'601
60FZTLL /
2287T) Lp
S226LL
6LZ°0Z)
$0£°0Z1
290621~
z98cZL
vecszL
s00°0EL-]
05081
ZLBBEL~
CITEPLA
zoesrL~
LBEOFL
806°6%L~

£E8°8G L —

29L°89L—

66706 —

69V T —
228°ZH—

§L160~
61E0Th~_
voeogr—

290°€2)—
coe'eTl—

123 122 121 120 118 118 117 116 L1514 113 112
£l ¢ppm)

124

-10

200 190 180 170 160 180 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 {(ppm)

210

S67



£00°0-—

LGT'L—
¢l —

EreE—

019'97
9199 {
85901
$99'91
Y169
Y69
16691
296'9
£6'
2669,
6202y
980°2

oL T
8012
[ AVE
ogL'2]
0922
0664
96"/
28%°2
2062
Z162
9252
Ehi
0gss

080°LL—

"H NMR( 400 MHz, CDCls)

=00¢

=660
90g
=90°)
00k
=407
=01k

Fi60

85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 1.5 LO 05 0.0 -0.5 -0 -L5 -20

9.0

25 12.0 1.5 1.0 10.5 10.0 9.5

£1 (ppm)

186748 —

79602
89°92
000°22
e’

8€Z'0LL
6LEOLL
9LZ’LLL
891°LLL
662°ZLL
475173
G26'aLl
EL8°8LL
nm_..m:w
LeesLl
ZrzzL
wN_‘.NN_‘\

0ZS 6L
0€6°251—
L¥E09L
riezal”
91189 —

CEO'LGL —

3C NMR( 100 MHz, CDCl3)

8€2°0LL
6LE0LL

AT~
9V LLL—

6ELTLL—

(A5 11
§26°9LL—

E18°8LL~
€216LL~
LECBLL

T~
8ZL'TTL

121 1200 119 118 L7 116 115 14 113 112 111 110

122

£1 (ppm)

20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (pom)

220

S68



€0070-—

[A*7 A

€9’ —

Wre—

$68'9
916’9
A )
€96'9
1369
102"
092"~
(111} 473
103
C0s°.
80¢°2
625°2
vel'l
1479

€201 —

"H NMR( 400 MHz, CDClj)

)

=00'e

Feov

=20}
g1g
=01}

Fso

5.3

6.0

7.5

8.0

9.3

10.0

10. 5

0

11.5

£l {pom)

216°22—

29604~
789°92
000'22
gL

S90°LLL
9aTLTLL

wno.m:W
zzasLl

EE:W
208611

Ee.ﬁ_\
Zevvel

£27'92L
¥69°0€1
6LEEEL
go8°0EL
£60°EY) \
SL¥rEL \
026°0FL \

285'6¥1

A

8LGeoL—
G86°291—

G28°061 —

13C NMR( 100 MHz, CDClj)

o U

869°¢LL—

[£4.5:17 0N
L8L6LL~ F
Joeall-" 3

¥99'2CL — -

(25 84 o

A A TA R

125 124 123 122 121 120 119 118 117 116 114

126

£l (ppm)

20

-10

210 200 190 80 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm

220

S69



20070~
0400

(A7

LEQ'L—

29L°€—
0ve—

6297
£18'94
668'0
026'9 |
666'0 1
£26'01
826'01
£86'0 1
£66'0
Z00°2+

12072

9702~
0022 —
vl
osez/f
0812
¥8v2]
96v°2 ]
205°L
6162
€252 ]
169°2
§69°2
_:i
sLrL

=

180°LL—

OH

OO

NC

8k

e

N
M
"H NMR( 400 MHz, CDCls)

Cl

=e

=00’}

0.5

00

0.5

4.5 4.0 3.5 3.0 2.5 2.0 L5

5.0

6.5 6.0

7.0

8.5

9.0

1.¢ 105 100

1L.5

£1 (ppm)

016 28—

P 0L
z89'04
000°22
el

hnn.E_ /
E.«:
023811 /
£ea'sll
SZL'6LL
862611
0cz ez -f
xg.ﬁ_\
cobEl
059°0¢1
sococt
8/8°9¢1
asTrL’.
s8tovl
£18°ovL \.
329671
025791 —

£E7°891 —

S20°L6)L—

OH

L

OO

8k

N
Me

NC

3C NMR( 100 MHz, CDCl5)

0Z8°8LL
£E8°8LL =
SZL6LL
862611 \.

0ECETL~
866°CCL ~
earvel

059°0€L—

GOE'9E L~
878°9€1
98TV —

S8 vl
52310

Cl

L
L

v‘kr

120 118

130 128 126 124 122

146 144 142 140 138 136 134 132

148

£1 (pom)

__J_JMMM__L__L_M_

20

-10

216 200 19¢ 180 170 160 150 140 130 120 110 100 90 30 70 60 50 a0 30 20 18
£1 (ppm)

220

S70



g60°LL—

8l

Cl
"H NMR( 400 MHz, CDCl,)

j\

=00'¢

/960
Jhot

660
Lok
o0k
MS.N

o'k

=860

L9 12,0 LL5 1.0 1056 10.% 85

2.0

-LO -LD

35 30 25 20 LA L0 0D 00 0.5

80 7.0 7.0 &5 60 &b 4.5 4.0

8.5

9.0

£l (ppm)

9T’ Le—

98¥'02—
289°92
ccc.mmW
81822

8€L7CLL
098°9LL
8E878LL
6LLBLL
YEE6LL
€06°LZL
800°€ZL
806°CCL
969'vCL
GE9'0EL
688°CEL
668°9¢€L
6EE’LYL
9EL°ZYL
£98°97%L
GG8'6vL

POV LA I

GG TIL—

G289l —

£86°061 —

OH

OO
8l

o)
L,

Me

Cl
3C NMR( 100 MHz, CDCls)

L

|
o

8ELCLL—

098°9LL —

8E8'8LL~
6LL6LL—
PEE6LL

€051z —

800°€Zl —

806'€Zl —

969'¥el —

114 113

115

123 122 121 12 119 118 117 116

124

[ n IHJH

A

]

|

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 {ppm)

200

S71



£00°0-—

[4: 74
Lot —

g8le—

LE0'LL—

TH NMR( 400 MHz, CDCl3)

=60'e

960
Zoo1
o0t

£0°L
WS.F
3 01E

101

=860

L5 12.0 1.5 11.0 1.5 10.0 9.5

-1.0 L& 2.0

-0.5

0.0

LG 0.5

40 3.5 3.0 258 Z.0 L5

4.5

8456 80 7.5 7.0 65 60 55 50

9.0

£l (ppm)

6Y5LE—

ol —
28992
ccc.hmv
8L€ 22

02960l —
CELZLL

Zv88LL
8LL6LL
FEE6LL

¥eoeel
weu.nNrV
292¥ZL-T
8g2'vEL
9Z9°0EL—
8LZ9EL
cmw.wmrl/v

S02°CrL
698°9% L~
£68°61 L~

9257791 —

916891 —

666°06L —

13C NMR( 100 MHz, CDCls)

[42:%:1 -
81LGLL~—
FEEGLL~

ozl —

8LZ'eCl —

29¢°veL —

81Vl —

123.5 122.5 121.5 12005 119.5 118.5

124.5

£l tppm)

170

T
190

T
00

£l (ppm)

S72



S00'0-—

05T —

06’1 —
0g9’L—

918~
292°6—
69Y°E~
96'e—

6081,
968
(17N
192°99
¥88°91
66801
766'9
£66°91
80021
60021
[-r )
9£0°2
0t0"2
[a PR
65021
250°2
09221
76241
6221
80¢°L
01€°21
€264
2N
£€E°2
Gee' L
61E" 2
1SE 2
Em.TW
99¢'—
vivif
6812

vl
6L0°8

nnc.wV

91’9

EE/
vagant
668°0
266'0
£66'9
80072
600°2
52072
950",
cg.hW
zvo'Z
nno.h*
1502
09Z°2
z67°2
¥67 2

"H NMR( 500 MHz, CDCls)

30€°L
0Lz
£26L
5282
£ees
SE€L
V5L
Lees
982
99¢°2
vVL
68%'2

Y1l —

6L0°8~
6C0'8

10°)
Yo'l

o'l

7.2 L 7.0 6.9 6.8 6.7

7.3

7.5

£l {ppm)

L

=606

H/.

v0'e
Ao
~00°)

a0

=o'l
=e0’)
Fore

01
Ly
0L
=960

£o0'L

3.8

4.0

4.5

8.0

4.8

6.0

6.5

[

7.8

3.0

8.4

£l (ppm)

896°GT~
082°9z
90¥'JZ

0zgee

¥8206—

229l
ccc.hnv
§6T'2.

86868 —

966°26—
92¢°801

Sc.%_/
201211

wh.n:V
129°911~
S05'6LL~
168772V~
GLVETLF
ﬂn.ﬁiw
168421 \
£28'9Z1

YE6'6Z1L
9z22€)
198°8C1
280°EVL
YEOFYL
£Z8°8YL
292°051

PSRN

Y2669l —

L0g g2l —

3C NMR( 125 MHz, CDCl3)

9ze'801 ~
10601

2012 —
SITELL—

1Z9'9LL—
G0S'6hL—
268TTh~
wh.nﬁﬂ
[A1274%

_nn.eﬁ\
czgozL
¥E6'6ZL—

9gl'zel—

198°8EL—

280°EVE—
veo'vvl—

£T8'8vl—
€906 —

-10

200 190 130 170 160 150 140 130 120 110 100 90 a0 70 (&4 50 40 30 20 10
£1 f{ppm)

210

S73



S00°0-—

05T'L—
TN
65°L~

oL,
a0’
6202~
0L —
AN
[4 VAN

89072
w0’
8072~
06072
TN
20120

TH NMR( 500 MHz, CDCl3)

i

1N

6. 98

7.00
1
i

712 110 7.8 7.06 T.04 702
£l (ppm)

14

——

006

¥ETE
=12
g0l

Fi0)L

=60'L
=60')

'L
wmmr._.
=0

96°0
A”;.c

10,0

10.5

£1 (pom)

62192
996'9
govz /)
11962

£82ee”

Cl0LE—

29l
100°22
§5T°12

—ZLLGR

9b MeN
3C NMR( 125 MHz, CDCl3)

£62°26
220601
$80°601
§29°6011
BEL60} 1
5071 k

—

0z ZIL
606°ZLL
ZHELL
ELLELL
68L°CLLA
¥60°'9LL|
VO 9LL|
165911
902611
965611
61°0ZL
92z '0ZL
9£E8zZ1
covezL-

166°8€1L
0z9°8€L
58.%5\\
SETOVL

212°8%L—
THCLGL—

1967461
37T'86L—
£88'651
0917001
c8zcoL”

8tO'ElL—

ZTO'60L~
680°601 -

SLO'60L~
6E260L~

280°CLL—
olee—
606°CLL

N¢=.n5M
CLLELL7
mxr.nrr\.

¥60°9LL—
FOFall~
166G 9LL—

116 118 114 113 112 111 110 109
£l {ppm)

117

) 10

2

30

170 160 168 148 130 120 118 100 a0 80 70 60 a0 40
£1 (ppm)

180

S74



800°0-—

6¥Z’L—
12432

€21°e

NnN.nV
£88°e—7
m_.e.n\.

VoL~
8z8'v~

zore
22/
189~
cega”
09Z'2
viz2
26272
gees
vee2
Z8v2
£62°2
§62°2
z00's

200'9—
€l9—

€18'9—
GE8'9—

092 —
e
622"
eees~
¥oeLI—

[A:) o Al

"H NMR( 400 MHz, CDCls)

I
I

=10'6

oL
0
0oL

=260

= 00"}
80')
Wnc._‘

a0°L
u/um.c
“-26'0
060

-2.0

R N}

0.0 0.5

L0 05

85 80 7.5 7.0 &5 &0 54 50 45 4¢ 35 3.0 25 2.0 LB
£l (ppm)

9.0

L 12,0 115 1L0 10.5 10.0 9.5

26092~
26927
8¥v 2T

9068~

LEOLG—

89’92
ccc.t.w
{2 F 3

£91798—

68696 —
05601
reooLl
666°CL1
2§19l
SOr'0Z)
SEV'vZl
Cl7AA%
SOr'3C)
296°8Z1
9t9°8Z1
8&¥'6Z1
600°0€1
rraeel
9l2°3¢€1
826°LYL
roGeyvl .\,
¥89°8v1
S90°L51
2LL69L—

B e e

A2 041

[0}
=z

A\
BocO O
9c

gov'0el —

SEV'VEL—

L) 748 TA R

Go'8ZL
N@n.wwrw
ar9'8zL

85v'6Tl —
60006 —

rro'zelL—

3C NMR( 100 MHz, CDCl3)

132 131 130 129 128 127 126 125 124 123 122 121 120

133

£l (ppm)

—20

-10

210 200 190 18¢ 170 180 150 140 130 120 116 160 90 80 ¢ 60 50 40 30 20 10
£l (ppm)

220

S75



-10

60 50 40 30 20 10

70

™ )
o o
o a
o o
N L ~
T , T
= =
o
= &
500°0-— o - Lo N
4 ¥
= =
z z
T . (6]
VT L~ = .m s
816~ =106 0LL9z~
6197~ J 1e692 7
. 08tz
666°CC—
Ve I
frze\ —_— Loe e
zzee7 -— g
e
-
3
56 Fe — ceon
sy - ke arresy
] =~E/ LS 00024
199°9, LA FA\" - ST 1Y)
819'9 I8V I~ - 00°L 9
89291 s’ Mo Lo 291708 — ]
5§89 N ~ - 5687601~
SN.jr iy z %S.F L8 9LyoLy
ozr2 2062 = 2 250°26— oLl —
el 22\. = |2 620°CLL
28¥ 24 re - .
i 2 m - 332/ www.w"" =
5812 £00° 2~ - L8 U OLL
6812 9092~ 00k = Gzoel~
7052 s e 589°61L
5062 [ o 0919t 906°021 —
€002 o 906'0Z1 "
2092 L= £8L 1L,
2622 = Fo 2008217
R_.& [2 & 608'C}, i
Lers = 606261 -
@ 8¥5'SEL =
60— - LB = vouaeL ) 608821~
= S90TYL
3 8I6TVL
e 8?2% 606cEL—
& = Lot 8v5°GEL—
[ [
L& £20°691— 191881 —
= Lo
Le 6802/b— S90°ZPL~—
“ 826ZHL—
=
L O L e
e 1
=
P } ool ® S0LBYL—
1eL8 L2 F= 290161 —
==)
Lo

80

110
¢

100
£l (ppm)

120 115
L1¢
S76

12¢

125
130

135 130
£1 (ppm)
150 140

160

140
170

145
190 180

150

200

210




900°0-—

05T’ L —
0281~
6oL —

26L°¢

m—n.nM
66CC—F
mmw.n\.

Y06~
866~

68’9
689
1269
2669

09Z°2
mmn.m/
666°2

ve9'2
¥69°2 =
8€2’2
[44:93 \
e —

¥68°9~~
6289

1269~
266'9"

09zl —

0152
652/,
ve9's
50'2
sess”
T8~

vres—

TH NMR( 400 MHz, CDCl3)

Tq_
Fro

8.3 82 81

7.0 6.9 6.3 67 6.6 6.5 6.4 63 62

8.0 7.9 7.8 77 7.6 7.5 74 13 7.2 11

£l {ppm)

»H i

=80'6

SIVE
=i1E
Aeo

860

-2.0

0.0 -0.5 -L0O -L.5

0.5

1.0

80 75 7.0 65 60 55 50 45 40 35 3.0 25 20
£1 (ppm)

8.5

9.0

25120 1L.5 1L.0 105 10.0 9.5

(413 [
80°2¢
Pis T
6868~

ZLo'LG
189'92
000722

8LELL

0L£'98

92296
205°801
996°801
£88°ZLL
261°ELL ﬁ
YEOOLL
122611
HTVTL k
68212}
¥21°2TH
£12°2ELT k
650°6ZL
821621
2Z'5T1
9£L'GZL
[ ATAR
§99°CZ 1
¥6E"2T1A
169" 221
YEL LTI

3C NMR( 100 MHz, CDCl3)

1

i

n

A iTA TN
EVZ 0EL
€82°0€L
206°2€1L—
9L6°STL
LE6'S¥L
26L'9vL
9a0r'orL
(134147
[1194e) 4 ]
129°8¥L
261°1LGL
2££°691
FrEeLl—

C05'801 —
996°80) —

£88°CH —
257°ELL —

FE0'9LL—

LIZ6LL—

™

o

18 117 16 L5 14 113 112 11l 10 109
£l {pom)
|
|

119

.

I

u

-20

-0

210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
£l (ppm)

220

S77



-10

10

z0

30

40

a0

60

0

=
;
| <
y00'0-— - L=
i =
&) - m
Q M
o [S)
N . N
T - Z90'1Z~_ W
= -~ 188'62
) EY AN o
— e o
1521 =) uvies e
905k~ 7 e | naez/ ¥
LEQL~ ) ¥ 9c8'ce <
2 2
I =] .‘mu
o b
87T~ - ¥8T 056'05—
1827 = g
@
S
[«
o =)
o3
orLE~ “ —T 9v2'92
0vee— [ - me.m Sqtv
mww.mv © == ¥l | = ¥Til
" [ [}
b =rwl 962768 —
.
L= ~
6520~ . gy
s1re- B e E R18e—
- 820°801
| o Lo® EmaEW
< 182101 .
Lriy _ ) er\ 820°80L~
b0t [ == Tz0 OFETLLA 119801 —
= - VZLOkL =
580°2 B M ISBLL 2
oLz— =00l 16°vEL 29012 — — S —
vrLL— =tgrt ~ §65GTL\ }
09127 Y ~'E | = 000221~ orEELL—
[=2 = 09L°0EL—
0922 B o 806°ZEL
ebod— ——Fortf T _ E.ﬁ:% Lzz oL —
S oLLEEL |
L= £EL6EL &
= $69°0F1 18857 -— E viGBL—
¥£9'0 L a | o mmu“::\‘ 780°97~ ] =
0609\ = d oy | mmm.wm” Lyie~ — 3 @
ey : o
“
. °
68072~ _ L Z86°¢oL— e 1 6Vl —
LT Mo = Gor | veoee Fe ssesTL
¥rLL B - —= = g0 ) 000°221—
0912 692°2— - Fi60| o ook | L8EELL—
ity vreI— S PSP =
Pl Sk — e 09L'0EL—
6924~ Lo 3 giee
¥¥8°L L= 9E8'ee— -— 806°ZEL
L ~ Lsrzel—
e FE o oolesk
@
o
(=}
o

20 80

108
100
£1 (ppm)

S78

118

118

120

115
130

140

120
£l {ppm)

150

125
L0 160

130
180

190

135

200

Z10




200°0-—

VT~
2061~
299°L

¥ELE
#N.n%
065~
3 :\.nw
0L

E.n\,

£28b~
006t~
¥9'9
«S.L
6109
962°0
61870
V289
9£8'9-
L1189
6889
¥68°0 ]
906°91
z16'9
z _i
vy
1y
oL
6792
§82°7

e

199~
999 —

620
962 .@/
618' /
ve8 .@%
9£8'9~
1897
5889~
68'9
906'9

z16'9

[ANWENE
22

eLre—
e —

06E°€~
sLye

0Ll"e~
|7

€18 %~
006"y

"H NMR( 500 MHz, CDCl3)

o'y

2670
0l

o'l

- L0'E
- 96°7
=310y

- 00°C
- oL

UAHTS._

4.6 4.4 4.2 4.0 3.8 3.8 3.4 3.2 30
f1 {ppm)

4.8

5.0

=0Z'6

e
Wwa.w
=10l

on'e

oL'e

=00°L

'L
Ms.o
o
'l
po°L
60}
00°L

10

1z

3

L

14

15

16

f1 (ppm)

¢e00-—

9E6'GT~
168'92-7
[ YT

co9°ce"

1119 A
282°6S
c@a.mmv

orL'9l
ca:.mmv
veell

2¥8'68—

£60°86
G88°301
626°601
v6C 0Ll
L6L'LLL
[A AN
w_‘N.n:M
LESSLL >
Logall
Nnn.x:\
coLozh
908°221—

8LI9EL
998'261—
ocz6eL-

[A%:%:14
€'061—

LEG'GGL
mmr.um—v

¢or'eol—

60C°ELl—

88°80L~_
66601 —
§~.9=$
boLLLLT
ZHE'TLL
SLTELL
lecoi
105911
NS.WSW
zoL-ozL

908221 —

8L¥'oel —
998°26L—
oegeel —

21L8'8¥L —
£22'061L —

LEB'SSL~
£61°961

13C NMR( 125 MHz, CDCls)

155 L& 145 140 135 130 125 120 115 110

160

£1 f{ppm)

-10

200 180 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
£1 {ppm)

210

S79



900°0-—

(7
60S°L~
9z9°'L—

€aL'e

hvu.mV
88C°C—7
nNd.m\

662~
€627

2229
1329
006'9
06°9
2186'9
€66'9
Lo
L2
0e0°L
GE0'L
09z'2
216€°2
e
gll'i
056°2
L2621

Sy

2229~
1829

0069~
+06'9~"

286'9
266°9~:
0L0"A~
ol
0€0°2-7
ge0’s

09z’

0

TH NMR( 400 MHz, CDCl3)

BocO O

MeN

Cl

9h

26€°1—
PA%

7.40 1.3 T.30

7. 45

“EL {(pom)

=06

S
2y
oy

=160

2260
2260

20T
Ao
960
=001

2.0

-LO -LE

84 80 7.5 70 65 60 b& KO 45 40 35 30 2.5 2.0 L& LO 0.5 GO 0.5
£l (ppm)

9.0

L8 120 1LA 1.0 1058 10.0 9.5

6E1'9T~
¥26'9Z-7
6EV T

198'€€~"

Sov'os—

28991
occ.th
8Lell
el —

Ve 26—

£l2°601
198°60 _‘/
vLOCLE
¥ZLelL FV.
0LSLE~
hLiL—
296°2ZL
arl'eT FV.
ovL°eZL
9E°SZL
602°6Z1 VA

066°GEL
n—c.wﬂr\,
0L0°6EL
(44 42]
ch.nﬁ_‘\y
€L2°8%L
656°0G1

BE¥'GAL—

¥GECLL—

Cl

>
CN
|
MeN O

13C NMR( 100 MHz, CDCl)

A\
BocO O

€760 —
298°60) —

vz —

rererl —

0LG'9LL—

evia —

296721~
9bL'ETL "

orLEZL~
vocszr—
60262717

Cl

9h

|

127 126 125 124 123 122 121 120 119 118 117 116 115 114 113 112 111 110 109

-
T

—

o
T

£L (pom)

|

L AL

|

|

20

-10

210 200 180 180 170 16¢ 150 140 130 120 110 100 96 B8O 70 60 50 40 30 20 10
£1 (ppm)

220

S80



¥00°0-—

05T L~
0LG L~
G091

091°€

va.nV
TIEeT
oov'e \

092
887
6£6'9

z¥6'9

16072
660°27
€012y
90124
g
912 y:
6212

£81°2-]
88124
z61°2
0922
obe2]
9ce2 ]
1202
0882 %
2062

——

6E6'9
[al1' I

15072~
seo2~"

€aL’2
991’2
(2193

9212~
62127

€812
88172
e6l’2

097’2 —

ove'l—
958l —

Br

"H NMR( 500 MHz, CDCl3)

o
<
«

- Ta.r

7.15

£1 {ppm)

7.20

20’6

e
Z g0t
“\go'y

=L

€0’}
MNo.o
00°g
)vo.r
=660
u/n_o._.

10

11

12

13

14

15

16

£l (ppm)

Leoo-—

[ AN
2z6°9z-]
v

8L6°6L~

esros—

9v2'92
ccc.hhv
¥sz'22

261798 —

260726 —

B_.N:
@mw.m:
¥eoZLL
£60°ELL—
9egoLL—
szegLl”
Z06°EZL~—
Y6r6EL
184°62L
196°6ZL
SH0°9ZL

¥60°9Z)
6627221
8¥18EL
VEEFFL
9¥0°skL A\
282°8%)
266°0G)

BGEEGAL —

96z eLL—

o
o

3C NMR( 125 MHz, CDClj)

vorselL—
282°621

mom.nu—”
SFO'9CIN-
60921 —

M

20120~ -
9ETCLL— -

Yoozl — —

£60°CLL —

1140

11L&

112.0

113.¢ 112.58

113.5

125,65 1250
£l {ppm)
I ]
||| |

126. ¢

126.5

£l (ppm)

i}

200 190 180 170 160 150 140 130 12¢ 110 100 90 a0 70 60 50 40 30 20 10
£l {ppm)

210

S81



200°0-—

8980~
6FT LA
905°L

i

rev'e
89¥ L~
T65°ET
6zt

[4758 2N
8Ly

€€6'9
2669
869
0L L=
09221~

08¢’
[41199]
801’2
pxa ]
(979
0’8
990°8

vere—
89—

256t —
Geoe—

evir—
v8lv—

TH NMR( 400 MHz, CDCl3)

J

3.6

WN:._‘

Fooe
Fsze

Wmm.o

3.8

48 47 46 45 44 43 42 41 40 3.9 3.8 3.7
f1 {ppm)

4.9

5.0

90’6

o'l
M@c.m
gTe

660

Aave
=00Z
oy
=860
SO0k

La L0 05 40 03 -LO -L5 -Z.0

2.0

85 8.0 4% 40 33 A0 Z.8

7.0 65 60

85 80 7.3

9.0

29 L2.0 1.9 LLO 103 100 8.5

£l (ppm)

L AN
YEv6E—
2z0c”
ose e

(AR

189°9.
ooo.hmw
1% ¥
oLL'e8—

826716

6L2°ZLL
LILELL
€10'aLl
wmed_‘—W

€eeaLl
LWZZI~

mma.NN—
mmr.nN—
899°¢ZL
066°cZ)

nmh.ﬁN—\
(44447

926 vEL
092°2€L

8G6°3E1
S08'6EL
669°8¥L
90zZ'1L61

0£8°69L —

908°€LL—

3C NMR( 100 MHz, CDCl3)

LIVELL—

€L09LL~
S8YALL~
SEGaLL—

Locer—

£e6°TT—
seLezL””
899°CT4~
066'€2L—

123 122 121 120 119 118 117 116 115 114 113

124

£l (pom)

—20

-10

210 200 190 180 170 160 150 140 130 120 110 100 96 B8O 70 60 50 40 30 20 10
£1 (ppm)

220

S82



#0070~
29007

L§T L —
06"~
CEOL—

(41X
6662

£zZve
cmv.mw

36¥E
LEGE \.

RPN
6887

989
889
689
£06°9
€169
C¢EB9
(A1)
(A1)
99072
§80°2
09Z°2
98774
e
[A 7.9
[A 40
2967

ittty

eere— -

osre— -
8et'e— -

LEs'e— -

Me

TH NMR( 400 MHz, CDCl3)

356 3.54 3.52 3.50 3.48 .46 3.44 3.42 340

3.58

f1 (ppm)

eemd\.
88'9—
689 —
£06'9—
€16'9—
[220 AN

ci—
A

990°2—

G80°2—

€0’

7.00 6.95
£1 {ppm)

7.08

7. 10

—%0'6

JELE
e

050
-mwc.ﬂ
|/.cm.c

123

=00°L

9.0
€20
8z'0
£80
o'
£0°)
£0°)
00°L
00°L

2

-0 -L5 2.0

8.5 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 1.5 LO 05 0.0 -G53
£l (ppm)

9.0

L5 12,0 1L5 1.0 10.5 100 9.5

amqm—
88061~
I I A
05 6T~
161087
9666

EZ0s—

£89°94
Sn.-..____.v
BLE' LY
¥8lc8

72586 —
959°LLL
ZIETL |
_.ww.pff
BOG'GL
£zz0zt .
££9°0Z}
20622}
759721
zezzen ]
500z
iy
£65EEL
52591
EEVEEL-
9L60vl
SHa°LL
558°8%L
199051

9GE'99L —

8EEFLL—

3C NMR( 100 MHz, CDCl3)

806°6LL—
€TT0EL—

LE9'0EL—

g0ezEL”
289°2Th~
T
S90°€ZL~,

l24. 0 12

118.5 118.0

119.0

5

120.0 119

L0 1205

12
(ppm)

122, 0 1ZL 5
fl

5 1230 LZZ.5

e

T T r T T T r T
180 170 180 150 140 130 120 110 100 80
1 {pom)

T
190

T
200

L

S83



¥00°0-—

LST'L—
2087 L~
9E9°’L—

Loze

NMN.NV
SO¥e—
Ncw.w\.

SI¥FE
mme.mw
26¥C

b8LT
6081~

6180~
£680—
0L
09Z2~"
2002~
2951

Lee—
eeTT—

Sov'e—

sT—

"H NMR( 500 MHz, CDCls)

Feezl
Feoeg

Fes
ool

2.4

2.6

2.7

=306

Nmnm.N
£0'E
26'C
oo'e

8o
66°¢C
0s'o
30°¢

=501

-5 -L0 L

0.0

LG G2

30 25 z.0 La

30

8.0 7.5 7.0 65 60 H51 L0 45 40

8.2

9.0

130 130 125 12.¢ 1.5 LLO 165 10.0 9.5

£1 (ppm)

£C0°0-—

288°8L~
162702
(1A
€226 —
zios”
02668

0z oS —

9%2'92
ccc.hmv
62’22

GL2°68—

Lv9'86—

S8TLLL

nwn.n_._./
m_.m.e_._./
.v.vm.m:/
N:N.QN_.W
08e°0¢)

L822CL—
wuN.nN_.\.

089°2¢1"
802'ZEL

L6V TEL \
|

6EV'BEL
022'8€L

LLa'6EL \.
Gl8°8¥)
£86°0GL
oLv'e9L —

08L'¥P2L—

)
a
o —5
N
I 3
= E
o I
N T
o I
W\ E
=
z
O
(3]
&
o
80ZTEL— -
26¥'2eL— ]
5 p—
-
. ——]
YrovEL — I ——]
J—
© _
= e
e
5
o, N
LCRT P
5
ryL2eL— d
3 _
6EY'8EL —
0Z2°861—
&
]
1LOBEL —
o
=

-0

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

Z210

S84



om \_/

TH NMR( 400 MHz, CDCl3)

‘i

i | yl”uﬁ HI

Wiy

|

=06

el

zo'L
H\mm.c
€L'e

EG6'0
oL
m.u.r.m
6L°L

—VFN.N

(4107
eo'L
£€T0
£C°0
6%°0
080
620
620
5 ¥Z0
st.c
oL
o00'L
=¥60

Fo0°)

3.4 3.0 2.4 2.0 L5 Lo 0.4 0.0 0.5

4.0
f1 (ppm)

8.0 bl 7.0 6.4 6.0 5.4 5.0 4.4

8.4

(4% QX A
962°€C—

6167 LY~
80 ey

9805 —

18992
ccc.th
21e°22

£28°68—
€626
a:.z:/
L7660}
5t5LLL
o0gELL
9z89LL
LE9°ZLL
BT BLL
8ESBLLE
088721
yoLEeL
oS vzL )
muu._&i
Ze6°'921
962621
n%.on@

)

066°0€L
669°ZEL

¥26°8€EL]
[AZAA 2N
S6Z'ChL |
022°8¥))
¥92°061-
192°gal

686°Z2L—

e

)
Q
o
o
m

o
)
a
)
N
I
=
o
o
-
omN
3
@

all’60b—
L6601 —

B¥6LLL—

ooecLL—

9z8'9LL "
LE9 2L
6+ZT8LL-"
86GBLL~

088221~
worezh””
YOS HZL~
698 FZL—

°e69zL—

9626¢) ~
£05°0€L ~
066°0€L—

669°Z¢L—

120 115 110
£l (ppm)

125

130

-20

-0

210 200 190 180 170 160 15¢ 140 130 120 110 100 a0 80 70 60 a0 40 30 20 10
f1 (ppm)

220

S85



00070~
1200~

gL~
9LE b~
8861

=
©
R
~

——

TH NMR( 400 MHz, CDCls)

I
Il

==

==

=00°L

60°¢
=¥0L
=£0L

=g0'L
Azon
Ay

1z

178
ot
160
=00°L

-2.0

0.5 0.0 -0.5 -L.0 -L5

1.

40 35 3.0 25 20 L5

865 80 7.5 7.0 65 60 55 50 45
£l (ppm)

9.0

L5 12,0 115 11.0 165 10.0 9.5

Leoo-—

Sor'le—
6EBEE—

0ev'er—
awv.vw\
Ev6'0S—

789'92
SQ.EW
81622
668'68~_
726'26

1827601

960°0LL

S50°TLL

0S9°6LL

£86°221
rzzeel
£L9°vEL

906V L

SE0° 221

880221

s6z° 221

€02°221
o¥8'221L
££8'8ZL
£98°8ZL
Z¥8'6ZL
GG2TEL
€00°GEL
9£0°SEL
9£0'6€EL
%

81ZTFL
TETErL
£92°8%L
128061
099°69L
Lell

13C NMR( 100 MHz, CDClj)

£86°TCL—
el —

£Lavel—
906121 —

GEO LTI~
8807421
55z 221

€022 —
[112: XA S

££8°8C1
£98'871 V

o

T

T

T

T

T

T
129.0 128.5 128.0 127.5 127.0 126.5 126.0 125 5 1250 1245 124.0 1235 1230

£1 (ppm)

-20

-0

90 30 0 60 50 40 30 20 10

100

210 200 190 180 170 160 150 140 130 120 110
£1 (ppm)

220

S86



]
CDO
o~ D
do-4a
"H NMR( 400 MHz, CDCl)

2501

919’ —

£62°57
09ZL

9L
681 |
6L |

905°L
305°L |
obs'L
veg'Ly
925°L
825°L
0£5°L
7571
£85°L
1552
255°L1
£55°L
555711
veL'L
obLL
£5L0
15200
0922+
VS
surr
6LL)
882°8
£62°8-,
s0e'8-
cieg’

i —

B U

o0
=0k

=00k

(pom)

f1

GE0'0-—

78992
ccc.mmw
8LELL

866°8LL—

Loe'GCL
0992 _‘W
129'92)

Lo FPEL—

2e1'961
Nmr.@m—v.

066'G2L—

CDO
D

0
do-4a
13C NMR( 100 MHz, CDCls)

.

£1 (ppm)

S87



558 —

5L

Lere—

585°E

026’9
BEGD
sLs
[ 8
820°L
BE0°L
6ro'L
L50°L
S50°L
LriL
roL'L
0L’
1 S
981°L
00T’L
S0z'L
09z’L
e6E’L
L6E°L
L1243
EWL
5L
8L
[ T4 3
YEFL
505°L
605°L
£25°17
1e5'L
0ES'L
el

et
6042,
shLf
szLL ]
cert’

H NMR( 400 MHz, CDCls)

f1

£68'9¢—

1606 —

69.°69—

¢89°9L
QQQ.N\.W
b:{ =gty

o601
£3rTLL /
8creLL /
[A%-A XA
6067221
¥eeeel
0JOETIE
62 vl —
658'9¢1
807221
rieoel
FE6'OEL —

SFEPrl—
S9z'9vL—

89651 —

£60°¢lL —

1L98°881L —

'/100%

)

[S)

a

- O

S N

N

T =

o

LS

S @

<

z o

(3]
8Z¥8LL— E—
eIEL— —
60£°ZZL— E—
¥26°ZgL— E—
049°€2L— E—
6Tl — —3
668921~ —_
8Y0° 2L B

127 126 175 124 123 122 121 120 119 118
£1 {ppm)

128

T T T T T T T T T
190 180 170 160 150 148 130 120 110

T
200

£1 (ppm)

S88



¢000—

662'L—

06¢°'L—

¥8Le—

685t —

Me d-7a-2
"H NMR( 400 MHz, CDCl3)

C8G'C— -

LZ6'9— -
ore'e— -

L

T T
6.90 6.85

T
6. 95

6. 80

£l (ppm)

=00'e

=0£'0

i85} 6.0 Rl 5.0 4.5 4.0 35
£1 (ppm)

7.0

8.5 8.0

9.0

2069 —

G64VG—

062'69—

289'92

13C NMR( 100 MHz, CDCl,)

000°22
FATP 3

:&.mo_.
mhw.m:/
mn.v.w—_./
——m._.u_../
Y0e2eL

£26°CCL

899°¢ZL—
cwm.emr\\
cmm.mur\.
—mc.mur\
62£°0¢€L

cmm.cnr\
8T ¥YL~
s¥eovL—

29661 —

9M0TLL—

628’881 —

Lz60L—

6V ELL—

9EV'8LL—

LSLZh~_
¥0£TTL~
£26°22L—
899'€ZL~"
0zsvzL

09891~
1507221

62€°0¢1L—

0E69€L —

110

118

120

125

130

135

140

£ (ppm)

-0

200 190 180 170 160 150 140 130 120 110 100 eld] 30 0 60 50 40 30 20 10
f1 (ppm)

210

S89



€00°0—

6680 —
09z’ —

58—

S8l E—

786°C~,
109~

(4754
811
681G
7965
L1169
£20°2
¥£0°2
0L
660°2
80172
v
€812
€812
z0e L]
00Z°2
66¢°2 ]
00¥°2
21972
z15°2]
0€5°2
[7¥E
8122
ves L
822!

-

==

=

i

x (]

O m 0O

~ ..a Cv

N N

T I

° =

=38

<

X

=

b4

I
¢88'c—
109'E—

g0l

3.60 3.58 3. 56

3.62

£l (ppm)

Fooe

Fog'o

Fa60

Hf.
o0
iy
£6'C
=60°)
z0'k
hg4as

30

4.0
f1 (ppm)

4.9

2100-—

206'97 —

668G —

8E2°G9—

89'9.

7a-3

Me d-
13C NMR( 100 MHz, CDCls)

el

:&.2:
m#.u:/
cs;:/
NNW.E/
21£TT

¥Z6'22)

699°CTb—
625VEL /]
8@8&,
£50°221 \
6.€0¢)

oyl

08C°vPl~
90e'9¥L —

199661 —

WoziL—

928'881L —

ovi'sLL
[ 173 >

s e
21EeeL —
¥e6 el —
699°'eCl —
62¥'veL~

£98'9Z1L~
€50 221

62€°0€L —

W

132 130 128 126 124 122 120 118 L16 114
£l (ppm)

134

-0

200 190 180 L70 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10
£l (ppm)

z10

S90



900°0—

2WWeE—

9189
£6891
169
$£6'0
956'0
146'9
186°9
900°2
620°1
ccm.:ﬁ
951
zoe'z|
£8€°2-F
8:%
zov'2]
99v°2
8412
v8v°2
1052
506°2 1
z12
o122 |
zeLs ]
9e2'2

veri—

TH NMR( 400 MHz, CDCly)

J

=90'¢

Wnc.m
80°€
Mnc.m

20C
H/uc.r

FooL

£l (ppm)

0el'le—

220 LN
289°04
00022
816227

169601
ns.ﬁ_/
hs.w:/
NNQ.SFW
Z6E61L
611021
ezl
sczezl \
218921
68€°0E1
VY20EL
1¥9°9EL
Ng.uiw
182°GH1 \.
695°0¥1 \
112'6%1

88c'Cal —
666’891 —

662°161L—

3C NMR( 100 MHz, CDCl3)

-1

T T T T T T T T T T T T
200 190 180 170 160 158 148 130 120 110 100 el
£1 (ppm)

T
210

S91



