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1. General methods

NMR spectra were recorded with tetramethylsilane as the internal standard. 'H NMR spectra
were recorded at 400 MHz, and '3C NMR spectra were recorded at 100 MHz (Bruker Avance).
H NMR chemical shifts (§) are reported in ppm relative to tetramethylsilane (TMS) with the
solvent signal as the internal standard (CDCl; at 7.26 ppm, (CD3),SO at 2.50 ppm). 13C NMR
chemical shifts are reported in ppm from tetramethylsilane (TMS) with the solvent resonance
as the internal standard (CDCl3 at 77.00 ppm, (CD3),SO at 39.52 ppm). Data are given as: s
(singlet), d (doublet), t (triplet), q (quartet), dd (double of doublet), br (broad) or m
(multiplets), coupling constants (Hz) and integration. Flash column chromatography was
carried out using silica gel eluting with ethyl acetate and petroleum ether. High resolution
mass spectra were obtained with the Q-TOF-Premier mass spectrometer. Reactions were
monitored by TLC and visualized with ultraviolet light. IR spectra were recorded on a Thermo
Fisher Nicolet Avatar 360 FTIR spectrometer on a KBr beam splitter. All the solvents were
used directly without any purification. ortho-Hydroxychalcones ! were prepared according to

literature reports.
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2. Optimization of conditions for the synthesis of 3a

Table S1. Optimization of solvents?

(0}

) th BF5+Et,0 (20 mol%) _ Qz
OH Solvent, 60 °C o
Ph
1a 2a 3a
entry Solvent Time (h) Yield (%)?
1 CHCl; 36 83
2 EtOH 42 74
3 EtOAc 36 53
4 DCE 36 90
5 MeOH 42 81
6 CH3CN 36 67
7 toluene 42 80
8 THF 72 0

@ Reaction conditions: 1a (0.20 mmol), 2a (0.20 mmol), BF30Et; (0.04 mmol) in specified
solvent (1.0 mL) at 60 °C. ? Isolated yields determined by silica gel column chromatography.
DCE = 1,2 - Dichloroethane.

Table S2. Optimization of temperatures?®

0}

) ©:\)kph BF3+Et,0 (20 mol%) _
OH DCE, X °C @)
Ph
1a 2a 3a
entry XeC Time (h) Yield (%)"
1 35 72 trace
2 50 72 trace
3 60 36 90
4 70 24 84
5 80 22 91
6 90 12 85

@ Reaction conditions: 1a (0.20 mmol), 2a (0.20 mmol), BF;.Et,0 (0.04 mmol) in DCE (1.0 mL)
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at specified temperature. ? Isolated yields determined by silica gel column chromatography.
DCE = 1,2 - Dichloroethane.

Table S3. Optimization of catalysts®

i . O
. (:(\)‘\Ph cat (20 mol%) . | X
OH DCE, 80 °C 0 O

1a 2a 3a 4a
entry Catalyst (0.2 equiv) Time (h) Yield (%)”
1 Cu(OTH), 72 59 (12)¢
2 Fe(OTf); 48 69 (8)°
3 Sc(0Tf)s 48 73 (10)¢
4 In(OTf); 48 64 (15)°
5 Bi(OTf); 72 50 (22)°
6 TfOH 24 63 (10)
7 TFA 24 77 (20)¢
8 p-TSA 24 79 (8)¢

a Reaction conditions: 1a (0.20 mmol), 2a (0.20 mmol), catalyst (0.04 mmol) in DCE (1.0 mL)
at 80 °C. b Isolated yields determined by silica gel column chromatography. DCE = 1,2 -
Dichloroethane. ¢ The data in the parentheses corresponded to the isolated yields of 4a.

3. Optimization of conditions for the synthesis of 4a

Table S4. Optimization of catalysts®

0,
+ ©:\)Lph cat (20 mol%) | N
O
OH EtOAc, 80 °C I

1a 2a 4a
entry Catalyst (0.2 equiv) Time (h) Yield (%)”
1 Cu(0Tf), 72 23 (56)¢
2 In(OTf)3 72 17 (60)¢
3 Bi(OTf); 72 36 (40)¢
4 CuCl 72 42 (20)°
5 Cul 72 39 (15)¢
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6 CuBr 72 38 (19)¢

7 HOAC 72 34 (50)¢
8 TFA 72 35 (30)¢
9 TfOH 72 21 (35)¢
10 MeSO3H 72 0 (20)¢

@ Reaction conditions: 1a (0.20 mmol), 2a (0.20 mmol), catalyst (0.04 mmol) in EtOAc (1.0
mL) at 80 °C. » THNMR yields with 1,3,5-trimethoxybenzene (0.2 mmol) as the internal
standard. ¢ The data in the parentheses corresponded to the 'HNMR yields of the respective
2,8-dioxabicyclo[3.3.1]nonanes 3a. MeSO3H = methanesulfonic acid.

Table S5. Optimization of solvents?

(6]
CuCl (20 mol% O O
' wph — D
OH Solvent, 80 °C A0

1a 2a 4a
entry Solvent Time (h) Yield (%)?

1 EtOAc 72 42 (20)°
2 CHCl, 72 41 (15)°
3 CH,CN 72 55 (10)°
4 DCE 72 47 (15)°
5 DMF 72 0 (5)°

6 toluene 72 44 (19)¢

@ Reaction conditions: 1a (0.20 mmol), 2a (0.20 mmol), CuCl (0.04 mmol) in specified solvent
(1.0 mL) at 80 °C. » THNMR yields with 1,3,5-trimethoxybenzene (0.2 mmol) as the internal
standard. ¢ The data in the parentheses corresponded to the THNMR yields of the respective
2,8-dioxabicyclo[3.3.1]nonanes 3a. DCE = 1,2 - Dichloroethane; EtOAc = Ethyl acetate; DMF =
N,N-Dimethylformamide.

Table S6. Optimization of Ratios?

o O O
0,
. ©:\)Lph CuCl (20 mol%) | N
OH CH4CN, 80 °C A0

1a 2a 4a
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entry Ratio (1a:2a) Time (h) Yield (%)?

1 12:1.0 72 53 (12)¢
2 15:1.0 72 65 (15)°
3 1.8:1.0 72 59 (15)¢
4 1.0:1.0 72 55 (15)¢
5 1.0:1.2 72 70 (10)¢
6 1.0:15 72 53 (12)¢
7 1.0:1.8 72 58 (18)¢

a Reaction conditions: 1a (specified equiv), 2a (specified equiv), CuCl (0.04 mmol) in CH3CN
(1.0 mL) at 80 °C. » THNMR yields with 1,3,5-trimethoxybenzene (0.2 mmol) as the internal
standard. ¢ The data in the parentheses corresponded to the 'THNMR yields of the respective
2,8-dioxabicyclo[3.3.1]nonanes 3a.

Table S7. Optimization of temperatures?®

o O O
0,
. ©:\)Lph CuCl (20 mol%) | N
OH CH3CN, X °C O

|

1a 2a 4a

entry XeC Time (h) Yield (%)”
1 50 72 0
2 60 72 0
3 70 72 0
4 80 72 70 (59)°
5 90 72 66 (18)°
6 100 72 67 (15)°

@ Reaction conditions: 1a (0.20 mmol), 2a (0.24 mmol), CuCl (0.04 mmol) in CH5CN (1.0 mL)
at 80 °C. » THNMR yields with 1,3,5-trimethOxybenzene (0.2 mmol) as the internal standard. ¢
The data in the parentheses corresponded to the isolated yields determined by silica gel
column chromatography. ¢ The isolated yield of 3a was 10%. ¢ The data in the parentheses

corresponded to the THNMR yields of the respective 2,8-dioxabicyclo[3.3.1]nonanes 3a.
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4. Experimental data for the formation of 3

A BF3°OEt, (20 mol%)
+ O—: >
OH DCE, 80 °C

General procedure: To a 5.0 mL vial were successively added 4-hydroxy-6-methyl-2-
pyrone 1 (0.20 mmol), ortho-hydroxychalcones 2 (0.20 mmol), BF3+Et;0 (0.04 mmol) and 1.0
mL of DCE. The resulting mixture was stirred at 80 °C until almost full consumption of 1 as
monitored by TLC. The reaction mixture was concentrated in vacuo and the residue was
purified by silica-gel column chromatography (using petroleum ether/ethyl acetate as the

eluent) to produce compounds 3.

28]

Ph

3-Methyl-6-phenyl-1H,12H-6,12-methanobenzo[d]pyrano|3,4-g][1,3]dioxocin-1-one (3a)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20 : 1 to
15:1); 60.2 mg, 91% yield; reaction time = 22 h; mp 151.6-152.5 °C; 'TH NMR (400 MHz, CDCl3)
8 7.69-7.66 (m, 2H), 7.50 (dd, /; = 8.0 Hz, J, = 4.0 Hz, 1H), 7.48-7.43 (m, 3H), 7.21-7.17 (m, 1H),
7.04 (d, J = 8.0 Hz, 1H), 6.99-6.95 (m, 1H), 5.91 (s, 1H), 4.22 (t, ] = 4.0 Hz, 1H), 2.37-2.29 (m,
2H), 2.16(s, 3H); 13C NMR (100 MHz, CDCl5) 6 163.1, 162.7, 160.8, 151.2, 139.5, 129.1, 128.3,
128.0, 127.9, 125.4, 125.4, 121.8, 116.1, 103.1, 99.9, 99.7, 32.6, 26.5, 19.7. IR (KBr) v 3442,
1709, 1587, 1238, 1114, 1008, 756 cm*. HRMS (ESI) calcd for C;;H;,04 [M+H]*: 333.1121,

found: 333.1116.

F

O
Ph

10-Fluoro-3-methyl-6-phenyl-1H,12H-6,12-methanobenzo[d]pyrano[3,4-g][1,3]dioxocin-1-
one (3b)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to
15:1); 65.6 mg, 94% yield; reaction time = 20 h; mp 169.4-170.2 °C; 'TH NMR (400 MHz, CDCl3)

§ 7.66-7.62 (m, 2H), 7.49-7.42 (m, 3H), 7.20 (dd, J; = 8.0 Hz, ], = 4.0 Hz, 1H), 6.7 (dd, J; = 8.0
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Hz, J, = 4.0 Hz, 1H), 6.89-6.84 (m, 1H), 5.93 (s, 1H), 4.17 (s, 1H), 2.33 (d, ] = 4.0 Hz, 2H), 2.18
(s, 3H); 13C NMR (100 MHz, CDCls) 8 163.1, 163.0, 161.2, 157.4 (d, J = 240.0 Hz, 1C), 147.2,
139.3,129.3,128.5, 126.7 (d, ] = 7.0 Hz, 1C), 125.4, 117.0 (d, ] = 8.0 Hz, 1C), 114.6 (d, ] = 24.0
Hz, 1C), 114.3 (d, ] = 24.0 Hz, 1C), 102.7, 100.0, 99.7, 32.4, 26.7, 19.8. IR (KBr) v 3435, 3082,
1709, 1584, 1487, 1007, 873, 754 cm'’. HRMS (ESI) calcd for CpiH;4FO, [M+H]*: 351.1027,

found: 351.1029.

Cl

O
Ph

10-Chloro-3-methyl-6-phenyl-1H,12H-6,12-methanobenzo[d]pyrano|3,4-g][1,3]dioxocin-1-
one (3c)

Orange-red solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1
to 15:1); 60.4 mg, 82% yield; reaction time = 16 h; mp 177.8-178.6°C; 'H NMR (400 MHz,
CDCl3) 6 7.65-7.63 (m, 2H), 7.48-7.43 (m, 4H), 7.12 (dd, J; = 8.0 Hz, J, = 4.0 Hz, 1H), 6.95 (d, ] =
8.0 Hz, 1H), 5.92 (s, 1H), 4.17 (t, ] = 4.0 Hz, 1H), 2.32 (d, J = 4.0 Hz, 2H), 2.18 (s, 3H); 13C NMR
(100 MHz, CDCl3) 6 162.9,162.8,161.2,149.9, 139.1, 129.4, 128.5, 128.0, 127.5, 127.0, 126.7,
125.4,117.4,102.6, 99.9, 99.6, 32.3, 26.5, 19.8. IR (KBr) v 3412, 3070, 1712, 1586, 1007, 826

cm™t, HRMS (ESI) calcd for C;H14C10, [M+H]*: 367.0732, found: 367.0735.

Br,

O
Ph

10-Bromo-3-methyl-6-phenyl-1H,12H-6,12-methanobenzo[d]pyrano[3,4-g][1,3]dioxocin-1-
one (3d)

Orange-red solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1
to 15:1); 71.1 mg, 86% yield; reaction time = 23 h; mp 176.4-177.8 °C; 'H NMR (400 MHz,
CDCl3) 6 7.65-7.60 (m, 3H), 7.48-7.44 (m, 3H), 7.27 (dd, J; =8.0 Hz,J, = 4.0 Hz, 1H), 6.90 (d, ] =
8.0 Hz, 1H), 5.92 (s, 1H) 4.17 (t,] = 4.0 Hz, 1H), 2.32 (d, / = 4.0 Hz, 2H), 2.18 (s, 3H); 3C NMR
(100 MHz, CDCI3) 6 163.0, 162.8,161.3, 150.5, 139.1, 131.0, 130.4, 129.4, 128.5, 127.5, 125.4,
117.9,114.1,102.6,99.9,99.7, 32.4, 26.4, 19.9. IR (KBr) v 23448, 1712, 1643, 755 cm'%. HRMS

(ESI) calcd for Cy1H16BrO, [M+H]*: 411.0226, found: 411.0225.
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O
Ph

3,10-Dimethyl-6-phenyl-1H,12H-6,12-methanobenzo[d]pyrano[3,4-g][1,3]dioxocin-1-one
(3e)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to
15:1); 60.5 mg, 87% yield; reaction time = 16 h; mp 171.1-171.7 °C; 'TH NMR (400 MHz, CDCl5)
8 7.68-7.66 (m, 2H), 7.49-7.41 (m, 3H), 7.31 (s, 1H), 7.00 (dd, /; = 8.0 Hz, J, = 4.0 Hz, 1H), 6.94
(d,/=8.0 Hz, 1H), 5.91 (s, 1H), 4.18 (t,] = 4.0 Hz, 1H), 2.36-2.27 (m, 5H), 2.17 (s, 3H); 13C NMR
(100 MHz, CDCl3) 6 163.2,162.8, 160.7, 149.0, 139.7, 131.3, 129.1, 128.6, 128.3, 128.2, 125.4,
125.1,115.8, 103.2,99.9, 99.7, 32.8, 26.5, 20.4, 19.7. IR (KBr) v 3411, 2920, 1708, 1585, 757

cmt, HRMS (ESI) calcd for C,H1904 [M+H]*: 347.1278, found: 347.1281.

O,N

(6}
Ph

3-Methyl-10-nitro-6-phenyl-1H,12H-6,12-methanobenzo[d]pyrano|[3,4-g][1,3]dioxocin-1-
one (3f)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 10:1 to
8:1); 30.6 mg, 41% yield; reaction time = 18 h; mp 237.6-238.2 °C; 'H NMR (400 MHz, CDCl3)
68.39 (d,] = 4.0 Hz, 1H), 8.10 (dd, J; = 8.0 Hz, J, = 4.0 Hz, 1H), 7.67-7.64 (m, 2H), 7.50-7.48 (m,
3H), 7.11 (d, = 12.0 Hz, 1H), 5.96 (s, 1H), 4.32 (t, ] = 4.0 Hz, 1H), 2.47-2.35 (m, 2H), 2.21 (s,
3H); 13C NMR (100 MHz, CDCl3) 6 162.8, 162.5,161.8,156.7, 142.3, 138.4, 129.8, 128.7, 126.5,
125.4,124.3,123.8, 116.8, 102.3, 100.3, 99.5, 32.1, 26.6, 20.0. IR (KBr) v 3451, 2358, 1712,

1587, 1338, 752 cm't. HRMS (ESI) calcd for C;;H1sNOg [M+H]*: 378.0972, found: 378.0982.

MeO O:z

Ph
8-Methoxy-3-methyl-6-phenyl-1H,12H-6,12-methanobenzo[d]pyrano[3,4-g][1,3]dioxocin-1-
one (3g)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to

15:1); 51.3 mg, 71% yield; reaction time = 16 h; mp 107.8-108.5 °C; 'H NMR (400 MHz, CDCl5)
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§7.72-7.69 (m, 2H), 7.48-7.43 (m, 3H), 7.10 (d, ] = 8.0 Hz, 1H), 6.92 (t, ] = 12.0 Hz, 1H), 6.81
(d,] = 8.0 Hz, 1H), 5.91 (s, 1H), 4.22-4.21 (m, 1H), 3.87 (s, 3H), 2.32-2.31 (m, 2H), 2.17 (s, 3H);
13C NMR (100 MHz, CDCl) § 163.2, 162.9, 160.8, 148.0, 140.6, 139.6, 129.1, 128.4, 126.6,
125.7,121.7,119.8,110.7, 103.0,99.9, 99.8, 56.0, 32.8, 26.6, 19.8. IR (KBr) v 3427, 2950, 1716,
1588, 1256, 1013, 763 cm'’. HRMS (ESI) calcd for C,H;90s [M+H]*: 363.1227, found:

363.1233.

o}

O cl
6-(2-Chlorophenyl)-3-methyl-1H,12H-6,12-methanobenzo[d]pyrano[3,4-g][1,3]dioxocin-1-
one (3h)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to
15:1); 68.9 mg, 94% yield; reaction time = 16 h; mp 167.4-168.0 °C; 'TH NMR (400 MHz, CDCl3)
6 8.01-7.98 (m, 1H), 7.50-7.46 (m, 2H), 7.41-7.35 (m, 2H), 7.22-7.18 (m, 1H), 7.05 (d,J = 8.0
Hz, 1H), 7.00-6.96 (m, 1H), 5.92 (s, 1H), 4.24 (t, ] = 4.0 Hz, 1H), 2.64 (dd, J; = 16.0 Hz, J, = 4.0
Hz, 1H), 2.45 (dd, J; = 16.0 Hz, ], = 4.0 Hz, 1H), 2.18 (s, 3H); 13C NMR (100 MHz, CDCl3) 6 163.2,
162.4,161.0,150.8,135.9,132.4, 131.7, 130.6, 128.3, 128.2, 128.0, 126.9, 125.6, 122.0, 116.4,
103.5, 99.7, 99.6, 29.1, 26.1, 19.9. IR (KBr) v 3446, 2953, 1714, 1590, 756 cm'.. HRMS (ESI)

calcd for C;1H16Cl04 [M+H]*: 367.0732, found: 367.0729.

o}

O Br
6-(2-Bromophenyl)-3-methyl-1H,12H-6,12-methanobenzo[d]pyrano[3,4-g][1,3]dioxocin-1-
one (3i)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to
15:1); 78.9 mg, 96% yield; reaction time = 15 h; mp 172.4-172.9 °C; 'TH NMR (400 MHz, CDCl5)
§8.01-7.99 (m, 1H), 7.68 (d,/ = 8.0 Hz, 1H), 7.48 (d, ] = 8.0 Hz, 1H), 7.43 (t,/ = 8.0 Hz, 1H), 7.28
(t,J=8.0 Hz, 1H), 7.20 (t,/ = 8.0 Hz, 1H), 7.05 (d,/ = 8.0 Hz, 1H), 6.97 (t,] = 8.0 Hz, 1H), 5.92 (s,

1H), 4.23 (t,] = 4.0 Hz, 1H), 2.68 (dd, J; = 12.0 Hz, ], = 4.0 Hz, 1H), 2.46 (dd, J; = 16.0 Hz, J, = 4.0
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Hz, 1H), 2.18 (s, 3H); 13C NMR (100 MHz, CDCl3) § 163.2, 162.4, 160.9, 150.8, 137.3, 135.3,
130.7,128.6, 128.2, 127.9, 127.5, 125.6, 122.0, 121.0, 116.4, 103.5, 99.9, 99.8, 29.1, 26.0, 19.9.
IR (KBr) v 3412, 2951, 1715, 1588, 1120, 753 cm'. HRMS (ESI) calcd for Cp;H;¢BrO, [M+H]*:

411.0226, found: 411.0226.

&,

o}

L.
6-(3-Bromophenyl)-3-methyl-1H,12H-6,12-methanobenzo[d]pyrano[3,4-g][1,3]dioxocin-1-
one (3j)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to
15:1); 68.0 mg, 83% yield; reaction time = 15 h; mp 166.7-167.4 °C; 'TH NMR (400 MHz, CDCl5)
87.59 (d,/=8.0Hz, 2H), 7.54 (d,/ = 8.0 Hz, 2H), 7.48 (d,/ = 8.0 Hz, 1H), 7.21-7.17 (m, 1H), 7.02
(d, J = 8.0 Hz, 1H), 6.97 (t, ] = 8.0 Hz, 1H), 5.91 (s, 1H), 4.22 (t, ] = 4.0 Hz, 1H), 2.35-2.26 (m,
2H), 2.18 (s, 3H); 13C NMR (100 MHz, CDCl3) § 163.1, 162.6, 161.1, 151.1, 138.8, 131.7, 128.2,
128.0,127.4,125.4,123.6,122.1,116.2,103.3,99.7,99.6, 32.7, 26.5, 19.9, two carbons missing
in the aromatic region. IR (KBr) v 3446, 2924, 1714, 1646, 1591, 757 cm™'. HRMS (ESI) calcd

for C;1H16BrO, [M+H]*: 411.0226, found: 411.0225.

&,

(e}

J

3-Methyl-6-(m-tolyl)-1H,12H-6,12-methanobenzo[d]pyrano[3,4-g][1,3]dioxocin-1-one (3Kk)

Me

Orange-red solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1
to 15:1); 68.6 mg, 99% yield; reaction time = 15 h; mp 136.8-137.4 °C; 'H NMR (400 MHz,
CDCl3) 6 7.49-7.45 (m, 3H), 7.36-7.32 (m, 1H), 7.24-7.23 (m, 1H), 7.20-7.16 (m, 1H), 7.04 (d,J
=4.0 Hz,1H), 6.98-6.94 (m, 1H), 5.92 (s, 1H), 4.21 (t,/ = 4.0 Hz, 1H), 2.42 (s, 3H), 2.38-2.28 (m,
2H), 2.17 (s, 3H); 3C NMR (100 MHz, CDCl3) § 163.2, 162.8, 160.8, 151.3, 139.5, 138.2, 130.0,
128.4,128.1,127.9,126.1, 125.5,122.5,121.9, 116.2, 103.2, 100.0, 99.8, 32.7, 26.6, 21.5, 19.8.
IR (KBr) v 3437, 2927, 1712, 1587, 1025, 754 cm-1. HRMS (ESI) calcd for Cy;H1904 [M+H]*:

347.1278, found: 347.1273.
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&,

o}

O i-Pr
6-(3-Isopropylphenyl)-3-methyl-1H,12H-6,12-methanobenzo[d]pyrano[3,4-g][1,3]dioxocin-
1-one (31)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 15:1); 56.0
mg, 75% yield; reaction time = 14 h; mp 189.8-190.6 °C; 'H NMR (400 MHz, CDCl3) 8 7.60 (d,
J=8.0 Hz, 2H), 7.50 (d, J = 8.0 Hz, 1H), 7.33 (d, ] = 8.0 Hz, 2H), 7.21-7.16 (m, 1H), 7.03 (d,] =
8.0 Hz, 1H), 6.99-6.95 (m, 1H), 5.92 (s, 1H), 4.23 (t,/ = 4.0 Hz, 1H), 3.01-2.94 (m, 1H), 2.39-2.30
(m, 2H), 2.17 (s, 3H), 1.29 (d, J = 4.0 Hz, 6H); 13C NMR (100 MHz, CDCl3) § 163.2, 162.8, 160.8,
151.3, 150.1, 137.0, 128.0, 127.9, 126.5, 125.5, 125.4, 121.8, 116.2, 103.2, 100.0, 99.8, 33.8,
32.6,26.6,23.8,19.8, two carbons missing in the aromatic region. IR (KBr) v 3441, 2955, 1715,

1588, 1239, 763 cm't. HRMS (ESI) calcd for C4H,304 [M+H]*: 375.1591, found: 375.1590.

O

F

6-(4-Fluorophenyl)-3-methyl-1H,12H-6,12-methanobenzo[d]pyrano[3,4-g][1,3]dioxocin-1-
one (3m)

Green solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to
15:1); 60.9 mg, 87% yield; reaction time = 18 h; mp 193.4-194.6; 'H NMR (400 MHz, CDCl3) &
7.67-7.63 (m, 2H), 7.48 (dd, J; = 8.0 Hz, J, = 4.0 Hz, 1H), 7.21-7.11 (m, 3H), 7.02 (d, J = 8.0 Hz,
1H), 6.97 (t,] = 8.0 Hz, 1H), 5.90 (s, 1H), 4.22 (t,/ = 4.0 Hz, 1H), 2.36-2.27 (m, 2H), 2.17 (s, 3H);
1I3C NMR (100 MHz, CDCl3) 6 163.1 (d,J = 247.0 Hz, 1C), 162.8 (d,/ = 48.0 Hz, 1C), 161.0, 151.1,
135.6 (d, J = 3.0 Hz, 1C), 128.1 (d, J = 19.0 Hz, 1C), 127.6, 127.6, 125.4, 122.0, 116.1, 115.4,
115.2, 103.2, 99.7, 99.6, 32.8, 26.6, 19.8. IR (KBr) v 3144, 2948, 1715, 1588,761 cm™’. HRMS

(ESI) calcd for Cz;Hy6FO4 [M+H]*: 351.1027, found: 351.1033.
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6-(4-Chlorophenyl)-3-methyl-1H,12H-6,12-methanobenzo[d]pyrano[3,4-g][1,3]dioxocin-1-
one (3n)

Pale yellow solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1
to 15:1); 64.6 mg, 88% yield; reaction time = 16 h; mp 171.5-172.3 °C; 'H NMR (400 MHz,
CDCl3) 6 7.62-7.59 (m, 2H), 7.48 (dd, /; = 8.0 Hz, J, = 4.0 Hz, 1H), 7.44-7.42 (m, 2H), 7.21-7.17
(m, 1H), 7.02 (d,/ = 8.0 Hz, 1H), 6.97 (t,/ = 8.0 Hz, 1H), 5.90 (s, 1H), 4.22 (t,/ = 4.0 Hz, 1H), 2.35-
2.26 (m, 2H), 2.18 (s, 3H); 13C NMR (100 MHz, CDCl3) 6 163.1,162.5,161.0,151.1,138.2, 135.3,
128.6, 128.2, 128.0, 127.1, 125.4, 122.1, 116.1, 103.2, 99.6, 99.6, 32.7, 26.5, 19.8. IR (KBr) v
3421, 2946,1711, 1008, 764 cm™1. HRMS (ESI) calcd for C,;H;¢Cl0, [M+H]*: 367.0732, found:

367.0733.

O

Br

6-(4-Bromophenyl)-3-methyl-1H,12H-6,12-methanobenzo[d]pyrano[3,4-g][1,3]dioxocin-1-
one (30)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to
15:1); 73.8mg, 90% yield; reaction time = 15 h; mp 175.1-176.2 °C; 'H NMR (400 MHz, CDCl5)
8 7.65-7.61 (m, 3H), 7.50-7.45 (m, 3H), 7.28 (dd, J; = 12.0 Hz, J, = 4.0 Hz, 1H), 6.91 (d, / = 8.0
Hz, 1H), 5.93 (s, 1H), 4.18 (t,] = 4.0 Hz, 1H), 2.36-2.30 (m, 2H), 2.20 (s, 3H); 13C NMR (100 MHz,
CDCl3) 6 163.0, 162.9, 161.3, 150.5, 139.2, 131.1, 130.5, 129.5, 128.6, 127.6, 125.5, 118.0,
114.2,102.7,100.0, 99.7, 32.5, 26.5, 19.9. IR (KBr) v 3436, 2924, 1713, 1588,753 cm'. HRMS

(ESI) calcd for Cy;HygBrO, [M+H]*: 411.0226, found: 411.0224.
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3-Methyl-6-(p-tolyl)-1H,12H-6,12-methanobenzo[d]pyrano|[3,4-g][1,3]dioxocin-1-one (3p)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to
15:1); 56.2 mg, 81% yield; reaction time = 18 h; mp 165.7-166.3 °C; 'TH NMR (400 MHz, CDCl3)
6 7.55 (d,] = 8.0 Hz, 2H), 7.48 (dd, J; = 8.0 Hz, ], = 4.0 Hz, 1H), 7.28-7.26 (m, 2H), 7.20-7.16 (m,
1H), 7.03 (d,J = 8.0 Hz, 1H), 6.98-6.94 (m, 1H), 5.92 (s, 1H), 4.21 (t,/ = 4.0 Hz, 1H), 2.40 (s, 3H),
2.37-2.28 (m, 2H), 2.17 (s, 3H); 13C NMR (100 MHz, CDCl3) 6 163.3,162.9, 160.9, 151.4, 139.2,
136.8,129.1,128.1,128.0, 125.6, 125.4, 121.9, 116.2, 103.3, 100.1, 99.9, 32.8, 26.7, 21.2, 19.9.
IR (KBr) v 3437, 2923, 1708, 1584, 1239, 757 cm-1. HRMS (ESI) calcd for Cy;H1904 [M+H]*:

347.1278, found: 347.1272.

(e}

i-Pr

6-(4-Isopropylphenyl)-3-methyl-1H,12H-6,12-methanobenzo[d]pyrano|3,4-g][1,3]dioxocin-
1-one (3q)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 15:1); 49.4
mg, 66% yield; reaction time = 14 h; mp 192.5-193.2 °C; 'H NMR (400 MHz, CDCl3) 6 7.60 (d,
J=8.0Hz, 2H), 7.49 (dd, J; = 8.0 Hz, J, = 4.0 Hz, 1H), 7.33 (d, / = 8.0 Hz, 2H), 7.21-7.16 (m, 1H),
7.03 (d, J = 8.0 Hz, 1H), 6.99-6.95 (m, 1H), 5.92 (s, 1H), 4.23 (t, ] = 4.0 Hz, 1H), 3.01-2.94 (m,
1H), 2.40-2.30 (m, 2H), 2.17 (s, 3H), 1.29 (d, ] = 8.0 Hz, 6H); 13C NMR (100 MHz, CDCl3) & 163.2,
162.8,160.8,151.3,150.1,137.0, 128.1, 127.9, 126.5, 125.5, 125.5, 121.8, 116.2, 103.2, 100.0,
99.8, 33.8, 32.6, 26.6, 23.8, 19.8. IR (KBr) v 3438, 2957, 1715, 1589, 763 cm-1. HRMS (ESI)

calcd for Cy4H»304 [M+H]*: 375.1591, found: 375.1585.
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6-(4-Methoxyphenyl)-3-methyl-1H,12H-6,12-methanobenzo[d]pyrano[3,4-g][1,3]dioxocin-
1-one (3r)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to
10:1); 37.8 mg, 52% yield; reaction time = 23 h; mp 150.6-151.4 °C; 'TH NMR (400 MHz, CDCl3)
8 7.61-7.57 (m, 2H), 7.48 (dd, J; =8.0 Hz, J, = 4.0 Hz, 1H), 7.18 (t,/=8.0 Hz, 1H), 7.02 (d,] =
8.0 Hz, 1H), 6.98-6.94 (m, 3H), 5.90 (s, 1H), 4.21 (t, ] = 4.0 Hz, 1H), 3.84 (s, 3H), 2.36-2.28 (m,
2H), 2.16 (s, 3H); 13C NMR (100 MHz, CDCl3) § 163.2, 162.8, 160.8, 160.2, 151.3, 131.8, 128.0,
127.9, 126.8, 125.5, 121.8, 116.1, 113.7, 103.2, 99.9, 99.8, 55.3, 32.7, 26.6, 19.8. IR (KBr) v
3452, 29481713, 1587, 1246, 1112 759 cm™. HRMS (ESI) calcd for C;;Hi90s [M+H]*:

363.1227, found: 363.1225.

(o}

Me

Me

6-(3,4-Dimethylphenyl)-3-methyl-1H,12H-6,12-methanobenzo[d]pyrano[3,4-g][1,3]dioxoci
n-1-one (3s)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to
15:1); 52.7 mg, 73% yield; reaction time = 18 h; mp 145.0-146.2 °C; 'TH NMR (400 MHz, CDCl5)
87.47 (d,] = 8.0 Hz, 1H), 7. 39 (d, ] = 12.0 Hz, 2H), 7.25-7.15 (m, 2H), 7.03 (d, ] = 8.0 Hz, 1H),
6.95 (t,/ = 8.0 Hz, 1H), 5.92 (s, 1H), 4.20 (t, ] = 4.0 Hz, 1H), 2.38-2.29 (m, 8H), 2.17 (s, 3H); 13C
NMR (100 MHz, CDCl3) 6 163.2, 162.9, 160.7, 151.3, 137.8, 137.1, 136.7, 129.6, 128.0, 127.9,
126.6, 125.6, 122.8, 121.8, 116.2, 103.2, 100.0, 99.8, 32.7, 26.6, 19.9, 19.8, 19.5. IR (KBr) v
3441, 2934, 1713, 1583, 1235, 1756 cm’. HRMS (ESI) calcd for C3H,;04 [M+H]*: 361.1434,

found: 361.1427.
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3,6-Dimethyl-1H,12H-6,12-methanobenzo[d]pyrano[3,4-g][1,3]dioxocin-1-one (3t)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to
15:1); 29.6 mg, 55% yield; reaction time = 16 h; mp 174.5-175.2 °C; '"H NMR (400 MHz, CDCl3)
67.39(dd, J; =8.0 Hz, J, = 4.0 Hz, 1H), 7.11-7.07 (m, 1H), 6.89-6.83 (m, 2H), 5.75 (s, 1H), 4.10
(t,J = 4.0 Hz, 1H), 2.20-2.06 (m, 5H), 1.84 (s, 3H); 3C NMR (100 MHz, CDCl3) § 163.1, 162.6,
160.5,151.0,127.8,127.8,125.3,121.4,115.9,103.0,99.6,99.3, 30.7, 26.5, 26.1, 19.7. IR (KBr)
v 3406, 2987, 1713, 1585, 1133, 757 cm'.. HRMS (ESI) calcd for C;cH;504 [M+H]*: 2710965,

found: 271.0963.

0
e

6-(Furan-2-yl)-3-methyl-1H,12H-6,12-methanobenzo[d]pyrano[3,4-g][1,3]dioxocin-1-one
(3u)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to
15:1); 55.8 mg, 87% yield; reaction time = 16 h; mp 198.6-199.3 °C; 'TH NMR (400 MHz, CDCl5)
8 7.48-7.45 (m, 2H), 7.15 (t,/ = 8.0 Hz, 1H), 6.98-6.93 (m, 2H), 6.72 (d, ] = 4.0 Hz, 1H), 6.46 (s,
1H), 5.87 (s, 1H), 4.23 (t, ] = 4.0 Hz, 1H), 2.47 (d, J = 4.0 Hz, 2H), 2.15 (s, 3H); 3C NMR (100
MHz, CDCl3) § 163.1, 162.2,160.9, 150.9, 150.6, 143.2,128.1, 128.0,125.3,122.0,116.2, 110.5,
108.1, 103.2, 99.6, 96.3, 29.4, 25.7, 19.8. IR (KBr) v 3445, 2952, 1704, 1588, 757 cm'. HRMS

(ESI) calcd for C1oH;505 [M+H]*: 323.0914, found: 323.0909.

2

(0]

3-Isopropyl-6-phenyl-1H,12H-6,12-methanobenzo[d]pyrano[3,4-g][1,3]dioxocin-1-one (3v)
Pink solid obtained by column chromatography (petroleum ether/ethyl acetate = 30:1 to

20:1); 55.5 mg, 77% yield; reaction time = 18 h; mp 69.2-70.1 °C; 'H NMR (500 MHz, CDCl3) &
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7.70-7.68 (m, 2H), 7.52-7.43 (m, 4H), 7.22-7.19 (m, 1H), 7.06 (d, ] = 10.0 Hz, 1H), 7.00-6.97 (m,
1H), 5.93 (s, 1H), 4.24 (t, ] = 5.0 Hz, 1H), 2.73-2.64 (m, 1H), 2.38-2.31 (m, 2H), 1.22-1.20 (m,
6H); 13C NMR (125 MHz, CDCl3) § 169.3, 163.2, 162.8, 151.3, 139.6, 129.2, 128.5, 128.1, 128.0,
125.5,125.5,121.9,116.2,103.3,99.9,97.0, 32.8, 32.5, 26.6, 19.9. IR (KBr) v 3375, 2967, 1712,
1587, 1239, 1016, 756 cm'’. HRMS (ESI) calcd for Cy3Hy; 04 [M+H]*: 361.1440, found:

361.1440.

0
J

3-(tert-Butyl)-6-phenyl-1H,12H-6,12-methanobenzo[d]pyrano|3,4-g][1,3]dioxocin-1-one
(Bw)
White solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to
20:1); 60.2 mg, 81% yield; reaction time = 18 h; mp 167.3-168.2 °C; 'TH NMR (500 MHz, CDCl3)
8 7.71-7.69 (m, 2H), 7.53-7.43 (m, 4H), 7.23-7.19 (m, 1H), 7.06 (d, /= 10.0 Hz, 1H), 7.01-6.97
(m, 1H), 5.99 (s, 1H), 4.24 (t, ] = 5.0 Hz, 1H), 2.38-2.32 (m, 2H), 1.24 (s, 9H); 13C NMR (125
MHz, CDCl3) 6§ 171.4,163.2,162.8,151.3,139.7,129.2,128.5,128.1,128.0, 125.5, 125.5, 121.9,
116.2, 103.2, 99.9, 96.1, 36.0, 32.8, 27.7, 26.6. IR (KBr) v 3088, 2967, 1702, 1581, 753 cm™.
HRMS (ESI) calcd for C4H30, [M+H]*: 375.1596, found: 375.1593.

5. Experimental data for the formation of 4

. A
™ CuCl (20 mol%) X Z
" TN > |
Oor _ ° - O
OH CH3CN, 80 °C
1a 2 4

General procedure: To a 5.0 mL vial were successively added 4-hydroxy-6-methyl-2-
pyrone 1a (0.20 mmol), ortho-hydroxychalcones 2 (0.24 mmol), CuCl (0.04 mmol) and 1.0 mL
of CH3CN. The resulting mixture was stirred at 80 °C until almost full consumption of 1a as
monitored by TLC. The reaction mixture was concentrated in vacuo and the residue was
purified by silica-gel column chromatography using petroleum ether/ethyl acetate as the

eluent to produce compounds 4.
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8-Acetyl-7-hydroxy-9-phenyl-6 H-benzo[c]chromen-6-one (4a)

Pale yellow solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1
to 15:1); 38.8 mg, 59% yield; reaction time = 72 h; mp 189.6-190.8 °C. 'H NMR (400 MHz,
CDCl3) 6 11.78 (s, 1H), 8.02 (d, ] = 8.0 Hz, 1H), 7.55-7.34 (m, 9H), 2.30 (s, 3H); 13C NMR (100
MHz, CDCl3) 6§ 202.2,165.1,159.0, 150.8,148.3, 138.9,135.4, 131.3,129.3, 128.8, 128.8, 128.5,
125.4,123.5, 117.8, 117.6, 113.8, 105.0, 32.2. IR (KBr) v 3387, 2938, 1673, 1612, 750 cm™~.

HRMS (ESI) calcd for Cp1H1504 [M+H]*: 331.0965, found: 331.0961.

8-Acetyl-2-fluoro-7-hydroxy-9-phenyl-6 H-benzo[c]chromen-6-one (4b)

Light yellow solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1
to 20:1); 27.5 mg, 40% yield; reaction time = 72 h; mp 172.7-173.5 °C; 'H NMR (400 MHz,
CDCl3) 6 11.75 (s, 1H), 7.70 (dd, J; = 8.0 Hz, J, = 4.0 Hz, 1H), 7.47-7.46 (m, 4H), 7.41-7.37 (m,
3H), 7.28-7.23 (m, 1H), 2.30 (s, 3H); 3C NMR (100 MHz, CDCl3) § 202.1, 164.8, 159.7 (d, J =
244.0 Hz, 1C), 159.1, 148.4, 147.0, 138.6, 134.5 (d, ] = 3.0 Hz, 1C), 130.0, 129.0, 128.9, 128.5,
119.5 (d,]J = 8.0 Hz, 1C), 119.0 (d,J = 8.0 Hz, 1C), 118.6 (d,J = 24.0 Hz, 1C), 114.1, 109.5 (d,] =
24.0 Hz, 1C), 104.9, 32.2. IR (KBr) v 3430, 3096, 1699, 1617,1252,1117, 741 cm™*. HRMS (ESI)

calcd for C;1Hq4FO,4 [M+H]*: 349.0871, found: 349.0867.

Cl

U C

|
_0

8-Acetyl-2-chloro-7-hydroxy-9-phenyl-6 H-benzo[c]chromen-6-one (4c)
Yellow solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to
20:1); 20.6 mg, 28% yield; reaction time = 72 h; mp 200.5-201.3 °C; 'H NMR (400 MHz, CDCl3)

8§ 11.70 (s, 1H), 8.01 (d, J = 4.0 Hz, 1H), 7.51-7.46 (m, 5H), 7.42-7.40 (m, 2H), 7.36 (d, ] = 8.0
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Hz, 1H), 2.30 (s, 3H); 13C NMR (100 MHz, CDCl3) 6 202.0, 164.7, 159.1, 149.3, 148.6, 138.6,
134.2,131.3,131.1,130.1,129.0,128.9,128.5,123.3,119.3,119.1, 114.0, 105.0, 32.2. IR (KBr)
v 3428, 3092, 1698, 1619, 1207, 1100, 752 cm™1. HRMS (ESI) calcd for C;;H;4Cl04 [M+H]*:

365.0575, found: 365.0566.

Br

U C

|
_0

8-Acetyl-2-bromo-7-hydroxy-9-phenyl-6 H-benzo[c]chromen-6-one (4d)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to
20:1); 14.9 mg, 18% yield; reaction time = 72 h; mp 201.1-201.8 °C; 'H NMR (400 MHz, CDCl3)
611.69 (s, 1H), 8.16 (d, ] = 4.0 Hz, 1H), 7.63 (dd, J; = 8.0 Hz, J; = 4.0 Hz, 1H), 7.51-7.40 (m, 6H),
7.30 (d, / = 8.0 Hz, 1H), 2.30 (s, 3H); '3C NMR (100 MHz, CDCl3) & 202.0, 164.6, 159.1, 149.8,
148.6,138.6, 134.1, 134.1, 130.1, 129.0, 128.9, 128.5, 126.3, 119.6, 119.5, 118.5, 114.0, 105.0,
32.2. IR (KBr) v 3430, 3084, 1698, 1615, 1207, 745 cm™*. HRMS (ESI) calcd for C;;H;4BrO,

[M+H]*: 409.0070, found: 409.0066.

8-Acetyl-7-hydroxy-2-methyl-9-phenyl-6 H-benzo[c]chromen-6-one (4e€)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to
20:1); 19.4 mg, 28% yield; reaction time = 72 h; mp 188.5-189.4 °C; 'H NMR (400 MHz, CDCl3)
6 11.82-11.81 (m, 1H), 7.76 (s, 1H), 7.50-7.39 (m, 6H), 7.31-7.29 (m, 1H), 7.23-7.20 (m, 1H),
2.43 (s, 3H), 2.30 (s, 3H); 13C NMR (100 MHz, CDCl3) § 202.3, 165.2, 159.0, 148.9, 148.1, 138.9,
135.4,135.1,132.2,129.0,128.8,128.7,128.5,123.3,117.4,117.1, 113.7,104.9, 32.2, 21.0. IR
(KBr) v 3394, 3067, 1701, 1670, 1130, 746 cm'l. HRMS (ESI) calcd for C,,H70, [M+H]*:
345.1121, found: 345.1122.

X ,
| AN
O

e
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8-Acetyl-9-(2-chlorophenyl)-7-hydroxy-6 H-benzo[c]chromen-6-one (4f)

Green solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to
20:1); 24.7 mg, 34% yield; reaction time = 72 h; mp 170.8-171.6 °C; 'H NMR (400 MHz, CDCl3)
611.96 (s, 1H), 8.00 (dd, /; =8.0 Hz, J, = 4.0 Hz, 1H), 7.57-7.53 (m, 1H), 7.48-7.45 (m, 2H), 7.42-
7.30 (m, 5H), 2.50 (s, 3H); 13C NMR (100 MHz, CDCl3) 6 200.7, 165.1, 159.7,150.9, 146.4, 138.0,
135.8,131.8,131.5,130.8,129.7,129.6, 129.2, 126.8, 125.4, 123.7, 117.8, 117.6, 114.6, 105.7,
31.5. IR (KBr) v 3386, 3018, 2970, 1672, 1615, 750 cml. HRMS (ESI) calcd for C;;H14Cl0,
[M+H]*: 365.0575, found: 365.0574.

Br
_0O

8-Acetyl-9-(2-bromophenyl)-7-hydroxy-6H-benzo[c]chromen-6-one (4g)

Yellow solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to
20:1); 19.2 mg, 24% yield; reaction time = 72 h; mp 206.3-206.9 °C; 'H NMR (400 MHz, CDCl3)
6 11.97 (s, 1H), 8.02 (d, J = 8.0 Hz, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.55 (t, ] = 8.0 Hz, 1H), 7.49-
7.46 (m, 1H), 7.43-7.35 (m, 3H), 7.32-7.26 (m, 2H), 2.49 (s, 3H); 13C NMR (100 MHz, CDCl3) &
200.8,165.2,159.8,151.0, 147.9,139.9, 135.8, 132.8, 131.5, 130.8, 129.9, 129.1, 127.3, 125.5,
123.7,121.8,117.9, 117.6, 114.6, 105.8, 31.7. IR (KBr) v 3379, 3019, 2970, 1693, 1615, 747

cm-1, HRMS (ESI) calcd for C;;H14BrO, [M+H]*: 409.0070, found: 409.0058.

Br

U C

|
_0

8-Acetyl-9-(3-bromophenyl)-7-hydroxy-6H-benzo[c]chromen-6-one (4h)

Light yellow solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1
to 20:1); 21.0 mg, 26% yield; reaction time = 72 h; mp 198.1-198.9 °C; 'H NMR (400 MHz,
CDCl3) 6 11.80 (s, 1H), 8.01 (d, J = 8.0 Hz, 1H), 7.59-7.56 (m, 2H), 7.54-7.52 (m, 1H),7.50 (s,
1H), 7.39-7.36 (m, 2H), 7.29-7.26 (m, 2H), 2.37 (s, 3H); 13C NMR (100 MHz, CDCl3) 6 202.0,
165.0,159.2, 150.8, 147.0, 137.8, 135.6, 131.9, 131.5, 130.1, 129.1, 125.4, 123.4, 123.3, 117.8,
117.4,113.6,105.2, 32.3, two carbons missing in the aromatic region. IR (KBr) v 3372, 3064,

1688, 1610, 1270, 760 cm't. HRMS (ESI) calcd for C,;Hy4BrO, [M+H]*: 409.0070, found:
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409.0077.

8-Acetyl-7-hydroxy-9-(m-tolyl)-6 H-benzo[c]chromen-6-one (4i)

Light yellow solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1
to 20:1); 27.2 mg, 40% yield; reaction time = 72 h; mp 193.1-193.9 °C; 'H NMR (400 MHz,
CDCl3) 6 11.77 (s, 1H), 8.02 (d, J = 8.0 Hz, 1H), 7.54-7.50 (m, 2H), 7.38-7.32 (m, 3H), 7.26-7.23
(m, 2H), 7.19 (d, J = 8.0 Hz, 1H), 2.42 (s, 3H) 2.30 (s, 3H); 3C NMR (100 MHz, CDCl3) § 202.3,
165.1,158.9,150.8, 148.5, 138.9, 138.6, 135.3, 131.3, 129.6, 129.2, 129.1, 128.6, 125.6, 125.3,
123.5, 117.8, 117.7, 113.8, 104.9, 32.2, 21.4. IR (KBr) v 3361, 3052, 1699, 1612, 751 cm™.

HRMS (ESI) calcd for CppH1,04 [M+H]*: 345.1121, found: 345.1117.

i-Pr
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8-Acetyl-7-hydroxy-9-(3-isopropylphenyl)-6 H-benzo[c]chromen-6-one (4j)

Green solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to
20:1); 12.6 mg, 17% yield; reaction time = 72 h; mp 158.7-159.5 °C; 'TH NMR (400 MHz, CDCl3)
611.78 (s, 1H), 8.05 (dd, J; =8.0 Hz, J; = 4.0 Hz, 1H), 7.58 (s, 1H), 7.56-7.52 (m, 1H), 7.42-7.31
(m, 6H), 3.01-2.94 (m, 1H), 2.31 (s, 3H), 1.31 (s, 3H), 1.29 (s, 3H); 13C NMR (100 MHz, CDCl3)
6 202.5, 165.2, 159.0, 150.9, 149.9, 148.4, 136.3, 135.4, 131.3, 129.3, 128.6, 126.9, 125.4,
123.5,117.9,117.8,113.9,104.9, 33.9, 32.3, 23.9, two carbons missing in the aromatic region.
IR (KBr) v 3404, 2961,1676,1616,751 cm*. HRMS (ESI) calcd for C24H,104 [M+H]*: 373.1434,
found: 373.1430.

Q. _C
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8-Acetyl-9-(4-fluorophenyl)-7-hydroxy-6H-benzo[c]chromen-6-one (4Kk)

Light yellow solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1
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to 20:1); 10.3 mg, 15% yield; reaction time = 72 h; mp 171.5-172.2 °C; 'H NMR (400 MHz,
CDCl3) 6 11.80 (s, 1H), 8.05 (dd, J; = 8.0 Hz, J, = 4.0 Hz, 1H), 7.57-7.53 (m, 2H), 7.42-7.37 (m,
4H), 7.18-7.13 (m, 2H), 2.34 (s, 3H); 13C NMR (100 MHz, CDCl3) § 202.2, 165.1, 159.1, 150.9,
147.2, 135.6, 134.9 (d, J = 5.0 Hz, 1C), 131.5, 130.4 (d, J = 11.0 Hz, 1C), 129.3, 125.4, 123.5,
117.9, 117.6, 116.0, 115.7, 113.8, 105.2, 32.3. IR (KBr) v 3375, 2929, 1686, 1611, 753 cm™.
HRMS (ESI) calcd for C3;H14FO4 [M+H]*: 349.0871, found: 349.0870.

ROUUS
A
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8-Acetyl-9-(4-chlorophenyl)-7-hydroxy-6H-benzo[c]chromen-6-one (41)

Green solid obtained by column chromatography(petroleum ether/ethyl acetate = 25:1 to
20:1); 23.6 mg, 32% yield; reaction time = 72 h; mp 175.1-176.0 °C; 'H NMR (400 MHz, CDCl3)
6 11.80 (s, 1H), 8.01 (d, J = 4.0 Hz, 1H), 7.54 (t, ] = 4.0 Hz, 1H), 7.50 (s, 1H), 7.43 (d, ] = 8.0 Hz,
2H), 7.38 (d, ] = 8.0 Hz, 2H), 7.33 (d, / = 8.0 Hz, 2H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3) 6
202.0,165.0,159.1,150.58,147.0,137.3,135.6,135.1,131.5,129.8,129.1, 129.0, 125.4, 123 .4,
117.8,117.5,113.7,105.2,32.3. 1R (KBr) v3433,3058,1673,1612, 757 cm 1. HRMS (ESI) calcd
for C;;H14Cl04 [M+H]*: 365.0575, found: 365.0577.

. 0
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8-Acetyl-9-(4-bromophenyl)-7-hydroxy-6H-benzo[c]chromen-6-one (4m)

Green solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to
20:1); 27.2 mg, 33% yield; reaction time = 72 h; mp 202.6-203.4 °C; 'H NMR (400 MHz, CDCl3)
6 11.82 (s, 1H), 8.03 (d, J = 8.0 Hz, 1H), 7.60-7.51 (m, 4H), 7.41-7.37 (m, 2H), 7.28 (d, ] = 8.0
Hz, 2H), 2.37 (s, 3H); 3C NMR (100 MHz, CDCl3) & 202.0, 165.0, 159.2, 150.9, 147.1, 137.8,
135.7,132.0,131.5,130.1,129.1,125.5,123.5,123.3,117.9,117.5,113.7,105.3, 32.4. IR (KBr)
v 3434, 3066, 1680, 1613, 760 cm™*. HRMS (ESI) calcd for Cy;H;4BrO, [M+H]*: 409.0070,

found: 409.0066.
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8-Acetyl-7-hydroxy-9-(p-tolyl)-6 H-benzo[c]chromen-6-one (4n)

Green solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to

10:1); 28.7 mg, 42% yield; reaction time = 72 h; mp 194.6-195.5 °C; 'H NMR (400 MHz, CDCl3)
611.78 (s, 1H), 8.05 (dd, J; =8.0 Hz, J, = 4.0 Hz, 1H), 7.55-7.51 (m, 2H), 7.40-7.32 (m, 3H), 7.27-

7.23 (m, 2H), 7.19 (d, J = 8.0 Hz, 1H), 2.43 (s, 3H), 2.31 (s, 3H); 3C NMR (100 MHz, CDCl3) &

202.3,165.1,159.0, 150.9, 148.5, 138.9, 138.6, 135.4, 131.3, 129.6, 129.1, 128.7, 125.7, 125.4,

123.5,117.8,113.8,105.0,32.2, 21.4. IR (KBr) v 3397,3052, 1695, 1614, 751 cm'®. HRMS (ESI)

calcd for Cy,Hy704 [M+H]*: 345.1121, found: 345.1122.

MQYYQ
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8-Acetyl-7-hydroxy-9-methyl-6 H-benzo[c]chromen-6-one (40)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 25:1 to
20:1); 10.8 mg, 20% yield; reaction time = 72 h; mp 162.1-162.9 °C; 'H NMR (400 MHz, CDCl3)
611.72 (s, 1H), 7.94 (dd, J/; = 8.0 Hz, J, = 4.0 Hz, 1H), 7.51-7.46 (m, 1H), 7.35-7.30 (m, 3H), 2.61
(s, 3H), 2.41 (s, 3H); '3C NMR (100 MHz, CDCl3) § 202.7, 165.0, 159.7, 150.8, 146.0, 135.4,
131.1,128.9,125.2,123.3,117.7,117.5, 114.3, 104.1, 32.0, 20.9. IR (KBr) v 3431, 3067, 1678,

1613,1266, 759 cm't. HRMS (ESI) calcd for C16H;304 [M+H]*: 269.0732, found: 269.0730.

8-Acetyl-9-(furan-2-yl)-7-hydroxy-6 H-benzo[c|chromen-6-one (4p)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 20:1 to
15:1); 30.2 mg, 47% yield; reaction time = 72 h; mp 160.6-161.4 °C; 'TH NMR (400 MHz, CDCl3)
6 11.62 (s, 1H), 8.06-8.03 (m, 1H), 7.80 (s, 1H), 7.58-7.50 (m, 2H), 7.39-7.34 (m, 2H), 6.82 (d,/
=4.0 Hz, 1H), 6.54-6.53 (m, 1H), 2.61 (s, 3H); 13C NMR (100 MHz, CDCl3) 6 203.0, 164.8, 158.9,
150.8,150.2, 144.4,135.3, 134.5,131.2, 126.2, 125.3,123.4,117.8,117.6,112.5,111.8, 109.4,

104.6, 31.8. IR (KBr) v 3437, 2925, 1663, 1617, 754 cml. HRMS (ESI) calcd for C19H;305
S23



[M+H]*: 321.0757, found: 321.0755.

6. Experimental data for the chemical conversion of 5 and 6

LiAIH, (2.0 equiv)
9 THF, 1t, 1 h o
Ph Ph
3a 5,67%

General procedure for the formation of 5: Under nitrogen atmosphere, to a solution of
3a (99.7 mg, 0.30 mmol) in dry THF (1.5 mL) was added LiAlH,4 by syringe (2.4 M in hexane,
0.25 mL) successively. The resulting reaction mixture was stirred at room temperature for 60
min. Then saturated aq. NH,Cl solution was added. The mixture was extracted with CH,Cl, for
three times. The combined organic phase was dried over MgSQ,, filtered, concentrated and
purified with silica gel column chromatography (petroleum ether/ ethyl acetate = 3:1) to

obtain 5 in 67% yield (64.4 mg).

28}

Ph
(E)-(2-Phenyl-4-(prop-1-en-1-yl)-6H-2,6-methanobenzo([d][1,3]dioxocin-5-yl)methanol (5)
Yellow solid obtained by column chromatography (petroleum ether/ethyl acetate = 3:1); 64.4
mg, 67% yield; reaction time = 1 h; mp 167.9-168.6 °C; 'H NMR (400 MHz, CDCl3) & 7.69-7.67
(m, 2H), 7.42-7.37 (m, 3H), 7.20 (dd, J; = 8.0 Hz, J, = 4.0 Hz, 1H), 7.17-7.12 (m, 1H), 7.01 (d, ] =
8.0 Hz, 1H), 6.91-6.87 (m, 1H), 6.37-6.28 (m, 1H), 6.24-6.20 (m, 1H), 4.41 (d, ] = 12.0 Hz, 1H),
4.14 (d,J=12.0 Hz, 1H), 3.71 (t,] = 4.0 Hz, 1H), 2.25-2.17 (m, 2H), 1.79 (dd, J; = 8.0 Hz, J, = 4.0
Hz, 3H), one hydrogen for OH was missing; 13C NMR (100 MHz, CDCl3) § 152.6, 145.9, 141.6,
128.6,128.5,128.2,127.7,126.8,126.7,125.7,120.9,120.8,116.2,112.9,97.9, 60.3, 33.7, 31.3,
18.3. IR (KBr) v 2930, 1633, 1453, 757 cm™*. HRMS (ESI) calcd for C,1H,;03 [M+H]*: 321.1491,

found: 321.1493.

LiAlH, (2.0 equiv)

o) THF, rt, 6 h 5

Ph Ph
3c 6, 69%

General procedure for the formation of 6: Under nitrogen atmosphere, to a solution of
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3¢ (110.0 mg, 0.30 mmol) in dry THF (2.0 mL) was added LiAlH,4 by syringe (2.4 M in hexane,
0.25 mL) successively. The resulting reaction mixture was stirred at room temperature for 6.0
h. Then saturated aq. NH4Cl solution was added. The mixture was extracted with CH,Cl, for
three times. The combined organic phase was dried over MgSO0,, filtered, concentrated and
purified with silica gel column chromatography (petroleum ether/ ethyl acetate = 10:1 to 5:1)

to obtain 6 in 69% yield (73.1 mg).

Cl

O
Ph

(E)-(8-Chloro-2-phenyl-4-(prop-1-en-1-yl)-6 H-2,6-methanobenzo[d][1,3]dioxocin-5-yl)met
hanol (6)

White solid obtained by column chromatography (petroleum ether/ethyl acetate = 10:1 to
5:1); 73.1 mg, 69% yield; reaction time = 6 h; mp 156.4-157.2 °C; 'H NMR (400 MHz, DMSO-d,)
8 7.66-7.63 (m, 2H), 7.49-7.41 (m, 3H), 7.36 (d, ] = 4.0 Hz, 1H), 7.19-7.16 (m, 1H), 6.95 (d,] =
8.0 Hz, 1H), 6.32 (d,J = 16.0 Hz, 1H), 6.15-6.06 (m, 1H), 4.93 (t, ] = 4.0 Hz, 1H), 4.28-4.23 (m,
1H), 3.94-3.90 (m, 1H), 3.74 (s, 1H), 2.27-2.23 (m, 1H), 2.15-2.11 (m, 1H), 1.78 (d, / = 8.0 Hz,
3H); 3C NMR (100 MHz, DMSO-d,) 8 151.1, 143.5, 141.2, 128.8, 128.7, 128.3, 127.1, 126.8,
126.6, 125.5, 124.2, 121.5, 117.3, 114.4, 97.7, 57.3, 32.0, 29.5, 18.0. IR (KBr) v 3320, 3050,
2927, 1478, 1247, 1001 cm''. HRMS (ESI) caled for Cp;HzCl03 [M+H]*: 355.1096, found:
355.1094.

7. Crystal structures

7.1 Crystal structure of 3a

3a
CCDC2502854

Table S7. Crystal data and structure refinement for 3a

Identification code 3a
Empirical formula C21H1604
Formula weight 332.34
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Temperature/K

Crystal system

Space group

a/A

b/A

c/A

a/°

B/

Y/°

Volume/A3

Z

Pealcg/cm?

w/mm*

F(000)

Crystal size/mm3

Radiation

20 range for data collection/®
Index ranges

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

Final R indexes [[>=20 ()]
Final R indexes [all data]
Largest diff. peak/hole / e A3

7.2 Crystal structure of 4a

293(2)
orthorhombic
P2,2:24
10.8673(6)
11.3115(6)
13.3163(10)

90

90

90

1636.92(17)

4

1.349

0.761

696.0

0.2x0.16 x0.11
CuKa (A =1.54184)
10.26 to 134.156

-12<h<7,-13<k<13,-14<1<15

6198

2921 [Rin = 0.0342, Ryignma = 0.0450]

2921/0/228

1.046

R, = 0.0416, wR, = 0.1073
R, = 0.0491, wR, = 0.1158
0.13/-0.17

!
®
¢

4a
CCDC 2502855

Table S8. Crystal data and structure refinement for 4a

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

4a
C21H1404
330.32
293(2)
monoclinic
P2,/n

S26



B/°

Y/°

Volume/A3

Z

Pcalcg/cm?

w/mm-!

F(000)

Crystal size/mm?3

Radiation

20 range for data collection/°
Index ranges

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

Final R indexes [I>=20 ()]
Final R indexes [all data]
Largest diff. peak/hole / e A3

9.4615(3)

7.4413(3)

22.9597(7)

90

97.165(3)

90

1603.87(10)

4

1.368

0.776

688.0

0.17x0.13 x 0.1

Cu Ka (A =1.54184)

7.762 to 141.562
-11<h<7,-8<k<8,-27<1<28
6385

3019 [Rine = 0.0263, Rgigma = 0.0330]
3019/0/228

1.025

R;=0.0473, wR, =0.1253
R; =0.0609, wR; = 0.1411
0.20/-0.26
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7.3 Crystal structure of 6

Ph

CCDC 2522871

Table S9. Crystal data and structure refinement for 6

Identification code
Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

a/°

pre

y/°

Volume/A3

4

Peateg/cm’

wmm'!

F(000)

Crystal size/mm?
Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

6

354.81

100.08(14)
monoclinic

12

11.2354(5)
5.1466(2)
30.3740(12)

90

97.699(4)

90

1740.52(12)

4

1.354

2.080

744.0

0.15x0.14 x 0.12
CuKa (A= 1.54184)
8.09 to 133.202

-13<h=<13,-4<k<5,-35<1<36

8907

2560 [Riy = 0.0709, Rgigma = 0.0385]

2560/247/254

1.658

R, =0.1242, wR, =0.3376
R, =0.1275, wR, = 0.3428
0.95/-0.53
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9. NMR spectra

'H NMR spectrum of 3a (400 MHz, CDCls)

9l
62T
oee

[4%4
€€¢C
244
9€'T
LeT

[4A4
(444
XA 4

wm.mg

691

1691
1697
66'9
66'9-;
0L
502
i1
Ve
6L L]
6L L1
e L]
Sp L]
v L1
8 1
6 L]
6% L1
V5L
=
9941
191

89L

B9,

e

Me

\ 7

ULl

Ph

rele

oz

=004

660

vO'l
wmma
RZ0'L

Lol

UL
Ygoz

0.0

10. 5

39 3.0 2.5 20 L5 Lo 0.5

4.0

9.0

9.5

10.0

13C NMR spectrum of 3a (100 MHz, CDCl;)

S30



vrers
6 97—
£9ZE

89'8L
00'LL
00'LL

eLL

1966
mm.mmw
GhEet
08 5/
ov'5ZL
98221
z08zh
pe8Zh

prezi’
Z56EL—

0z'Lsl—
08091
m@,mmfw
L0'€gl

o113

-10

200

T
210

TH NMR spectrum of 3b (400 MHz, CDCl3)

81T,
8T
sez/

Ly

€0'¢
€0

FOO'L

k160

660
660
860
F00't
Fioz

39 3.0 2.5 20 L5 Lo 0.5 0.0

4.0

4.5

5.0

10.0 9.5 9.0 85 8.0

10. 5

13C NMR spectrum of 3b (100 MHz, CDCl3)

S31



v86L7
89'9Z~
ZPTE

89'8L
00°LL
00'LL

eLL

£L'66
G.mmw
s

55/
B0°LLL

£r'szl

A
Lr8TLT
seezt/
£eBeL—
vz ipl—
91951

mm,mm%
Bl Lo~

96'¢9k
LO0'E9k

zy~-136xd

-0

160

1

180

200

T
210

TH NMR spectrum of 3¢ (400 MHz, CDCl3)

CIRAN

x4
wo,mw.

9l'v
_:.,_vw.
Ly

Cl

by

Ph

=e0't

00'L

200'L
hzol
slot
=202

39 3.0 2.5 20 L5 Lo 0.5 0.0

4.0

4.5

5.0

10.0

10. 5

13C NMR spectrum of 3¢ (100 MHz, CDCls)

S32



z86L7
1Pz~
PEZE

89'8L
00°LL
00'LL

Ll

p9'66
Smmw
E30L
mnm?/
2042
gy 2l
L8z
9p 62|

se6zL/
pL6EL—

LB'6PL—

(4413
mh.mmfw
vm,mm(

Zy-133XD

Cl

-10

160

1

180

200

T
210

H NMR spectrum of 3d (400 MHz, CDCl3)

TRAN

Le'T
wo,mv.

9l'w
_:.,_vw.
Ly

Z65—
889
169
STl
9L
1L
8zl
i L~
b 2]
Stz
St
o
L]
L]
v
v .1
092
1921
294

Br,

0L

Foo'L

Rz
Skl
L0t
vi0t

39 3.0 2.5 20 L5 Lo 0.5 0.0

4.0

4.5

5.0

10.0 9.5 9.0

10. 5

13C NMR spectrum of 3d (100 MHz, CDCl3)

S33



58647
Zr9z—
SEZE

89'9L
00'LL
00'LL
Ll

5966
ey
19zoL’
S0vLE
Nm‘..._‘fg.//.
68521
¢s'Leh
8F'8CL-

BE'6ZLf
9€ omfﬁ
66'0Ck

S.,mmr\
LPOSL—

SZI9L
8L Nme
mm,mmf

ZY-130XD

130 120 110 100 90

140

160

T T T
200 190 180 1

T
210

'H NMR spectrum of 3e (400 MHz, CDCl5)

LT
e
8zt
oee
%4

zeT
€€T
SeT
9e'T
9T

8L’y
8Ly
6Lv

LB'G—
€69
G6'9
86'9
66'9
00L

©
™~
-
L
S—

Me

F10¢€
=LL'S

FroL

Foo't

2.5 20 L5 Lo 0.5 0.0

3.0

10.0

10. 5

.0

13C NMR spectrum of 3e (100 MHz, CDCl3)

S34



EL6L7
n@om\
159z
6LCE~

L6'8PL—

rL 091
ow,umfw
Glegl

ZY-142XD

Me

-10

10

120 110 100

130

200 190 180

210

'H NMR spectrum of 3f (400 MHz, CDCl3)

or'e

344
444
144
Lre

ey—

807
oL
8y .
Bv L
052
p9L
po'L

S9'L S

80'8
60'8
L'8
Nw,mk
6€'8
or'8

ZY-150XD

O

O,N

ﬁ.cmm

Fesi|

Foo't

Fisol

Hrmm.o
7S8¢

VeS|

Feso|

Fes0

0.0

10. 5

39 3.0 2.5 20 L5 Lo 0.5

4.0

4.5

5.0

9.5 9.0 85 8.0

10.0

13C NMR spectrum of 3f (100 MHz, CDCl5)

S35



95647
1592~
PLZE

86'9L
00°LL

00'LL
VLL

1566
62000
zzon’
za'oLl
E,m?/
6z vzl
RR%
Lozl
0L8zVF
LLETL
ob'8eL—
08Tl —

99'9GL
€8 5_‘#
Nm,mmfw.
hn,mwv

{-150XD

O,N

-10

T
200

T
210

'H NMR spectrum of 3g (400 MHz, CDCl3)

LT
1T
257/

S8t
L8 mv.
344
NN,vV

LEG—
089

z89

689

z89

G69—
i
L
9z 24
9zt
gL
or' 2]
L]
v ]
6921
VL2
AN

———

Zy-146XD

MeO

Feire
Feoy

ool

39 3.0 2.5 20 L5 Lo 0.5 0.0

4.0

4.5

5.0

10.0 9.5 9.0

10. 5

13C NMR spectrum of 3g (100 MHz, CDCl3)

S36



086l
2997~
Z8ZEN,

56'55—

85'8L
00°LL
00'LL

VLL

2866+
9866

woeor/
ErBELY
%,RY/
19521
ovszi

Zheei >

8G'6CL—
mm,oS.\.
zoebl—

€809
Fm,mmvw
Lzegl

Zy-146XD

MeO

160

1

180

200

T
210

'H NMR spectrum of 3h (400 MHz, CDCl3)

8L¢e
444
144 N%

44
8r'e

€9C
€92
99T

9T

€'y
vZy
vy

66%
Lo
gL
6t L
6t L
oL
vl
ey

86'L
66'L
66'L
008
oo's
108

Zy-141XD

ke6z
00t
Flol

Foo't

Fos0

L5 Lo 0.5 0.0

20

39 3.0

4.0

4.5

5.0

10.0

10. 5

13C NMR spectrum of 3h (100 MHz, CDCl3)

S37



LB'BL—
L0'9Z~
80’62~

89'9L
00'LL
00'LL
Ll

8566
Q.mmw
SEER
8,“9/
l9'sZL
08'sZ}
18'1TL
L8l
08z}
95°0¢)
2Liel
ovzel

2805}
L6084y

v oL~
gLeal’

Zy-141XD

-0

'H NMR spectrum of 3i (400 MHz, CDCl3)

8L'Z
pr'e
Spe

LT
8re
59¢
99¢
69'C
69'C

€'y
mN,vW
vy

EB8
189

869

po'L

902

8l L~
8l
0z 2}
9z 24
1214
s |
62 L1
0t
i
e
L]
1]
6v'.]
191
89L1
66'.]
661

mom_
10g!
&

0 — ©
R0 0
O~

W b bt

=

S0k

0.0

0.5

2.5 20 L5

3.0

2.5 5.0 4.5

6.0

10.0

10. 5

.0

13C NMR spectrum of 3i (100 MHz, CDCl3)

S38



LB'BL—
€0'9Z~\
G062~

89'8L
00°LL
00'LL

ZeLL

GL'66

fm.mmw
9850t
0 NNfl/
LS'GZL
6t LZ)
P6L2)
gL'egl
5561
LLoEL
8z5cl \
oz ig)
2806 —
PEO9L

PreL~
cieaL’

zy-138xd

-0

'H NMR spectrum of 3j (400 MHz, CDCl3)

8L'T
9ze
e
62T
0e'e
LET
[4%4
pPec
58T

344
[444
ey

V65—
96'9
16'9
66'
V0L
€0'L
LV
L
e,i
1z 24
VZ'L]
9z'1
9z'1
']

=

6’2
62

Zy-140XD

Frol

Foo't

39 3.0 2.5 20 L5 Lo 0.5 0.0

4.0

4.5

5.0

10.0

10. 5

13C NMR spectrum of 3j (100 MHz, CDCl3)

S39



986l
759z~
69°ZE

89'9L
00'LL
00'LL
Ll

2966
mm.mmuv
17017
9L'9LL
2z
95'€Zh
EDRTARN
8¢ L2l
z08zL
Nmmmf\
S9'LEL
hnmmf\

60'LS—
S0'L94y

LG8~
:,mmf\.

Zy-140XD

-0

TH NMR spectrum of 3k (400 MHz, CDCl3)

LT
8Tt
8z'¢
X4
(444
[4%4
€eeT
9g'T
LET
8e'e
re

ozy
_.N,vw.
XA 4

Z6'5—
P69
P69
G669
96'9
16'9)
86'9
£0'24
0’2
IS
L'z
CINE
CIWE
{WE
0Z' L1

e

ze' i
peL

—

Me

Vet
LT
Roe

Foo'L

FG60

39 3.0 2.5 20 L5 Lo 0.5 0.0

4.0

4.5

5.0

10.0

10. 5

13C NMR spectrum of 3k (100 MHz, CDCl3)

S40



0864~
vz’
859z
eLze~

89'8L
00°LL
00'LL
ZeLL

2966

B.mmw
g et
£52zL
0L'9zL
v6 /2L
se8zL
95624

LLBEL~
25 6EL

LELgL—
€809
Nw,vaW
zz'egl

Z¥-137)

Me

-0

T T T T
130 120 110 100

140

160

200 190 180 1

T
210

'H NMR spectrum of 31 (400 MHz, CDCl3)

62 tv. Ao
Pkt
pee
see
See
9ee

pPe'T
96'C
86¢
66¢C
Lo'e

1144
wN,vW
ot A4

Z6'6—
56'9
G869
16'9
L6'9
669~
66'9
20'2
v0'2
IS
nys
CIVE

e L]

rly
)1

J 1

Fozo

50°€
ko0

Lot

=00}

F660

20 L5 Lo 0.5 0.0

2.5

39

4.0

4.5

5.0

10.0

10. 5

13C NMR spectrum of 31 (100 MHz, CDCl3)

S41



LLB~
8'eT~
85'9Z—
L9ZeE~
Leee”

89'8L
00°LL
00'LL

ZeLL

08'66

mm.mmw
L0t
6L 5/
prSTL
9r'azL
06'2Z1

£08ZL—+
00'2€L—

500§k~
TeLGL
8L08k
mw,mmfw
6L'egl

7-xd

zy-14

-10

200

T
210

'H NMR spectrum of 3m (400 MHz, CDCl3)

e
e
8ge
LE'T
[4%4
€8T
SeT
9e'T

344
[444
ey

%88
16
669

— ——
— —_—
— B —

B0l

FO0'L

90'L
MB L
Leie

9oL
heoz

13C NMR spectrum of 3m (100 MHz, CDCl3)

S42



Zy-135)

086l
95'97—
18ZE

89'9L
00'LL
00'LL
ZeLL

-0

90

100

110

120

160 150 140 130
'H NMR spectrum of 3n (400 MHz, CDCl3)

200 190 180 1

210

8L¢e
9ze
LZe
0e'Z

L5 Lo 0.5 0.0

20

0e'e
LET
[4%4
pe'e
§e'C

344
[444
ey

08'6—
569
169
859
102
0L
Lhiy
nyy
6l
0z 4
\z i
9z
9z
v
i L]
1]
iy
Bt 11
67 L]
65
654
092
9L
9L

Mw,h

2.5

3.0

S43

13C NMR spectrum of 3n (100 MHz, CDCl5)

Cl
10.0

10. 5

.0



zg6Ls
bgoz—
69ZE

89'8L
00°LL
00'LL

Ll

@m.mm
ey
zze0L”
eLoLL
10224
SE'6ZL
5,5/

Zy-139XD

L

A, D) il 1 o L AP B L o

-0

TH NMR spectrum of 30 (400 MHz, CDCl3)

0ze
022

[4%4
€eT
4

8L’y
8Ly
6Ly

=po'l

=00'L

oL

660
WQNM
e

13C NMR spectrum of 30 (100 MHz, CDCl5)

44



e56L7
Br9Z—
I'TE

mv,mwf/
95'8Z 1~
SP'6ZLf
14 omf$
80'LEl

me,mmr\
€5'05L—
_.w,fof/

mmmmf
vo,mm(w.

Zy-131XD

-0

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100

210

H NMR spectrum of 3p (400 MHz, CDCl3)

LT
8ze
6C¢C
344

[4%4
€eT
peT
9e'e
LET
or'e

0z
_.N,WW
[444

J

7ZVE
eI
“o0¢

=e0'L

=001

S04
10l
P
bz
»8._

107

2.5 5.0 4.5

6.0

10.0

10. 5

.0

13C NMR spectrum of 3p (100 MHz, CDCl3)

S45



08'6L—
wiz!
9962
BLZE—

89'9L
00°LL

00'LL
Ll

8866
90001~
gze0L’
£zl

881z
Nv,mu;
15'52)

8612}

:,mm@
e 6Tk,

6L9¢k
mN,mm_.\

LELSI—
98094

1628l
on,mmfw

Zy-132%D

-0

H NMR spectrum of 3q (400 MHz, CDCl3)

8z tv. e
Pkt
pee
Gee
See
9ee

pPe'T
96'C
86¢
66¢C
Lo'e

1144
ey
A4

o
o
©
)
e

I-Pr

Fsig

Feot
Fuwe

koo

ool

960

L5

20

2.5

2.5 5.0 4.5

6.0

10.0

10. 5

.0

13C NMR spectrum of 3q (100 MHz, CDCl3)

S46



BL6b~
€8'€T~
09°82—
£9°Te~\
£8'¢e”

89'8L
00°LL
00'LL

Ll

z8'66
00 OSW
bRt
08 5/
SPSTL
8razi
Z6'LTLA

50821+

LO'LEL—

L00SL~
eCIGL
6L091
vw,mmvw
Lzegl

zy-148-xd

H NMR spectrum of 3r (400 MHz, CDCl;)

9L'c
8z¢
62¢C
LET
[4%4
€€¢T
9€'T
9e'T

P8'E~

oZy
344
344

06'5—
v8'9

96'9

86'0

L0'L

€0'L

9L~
8L
0z L
0z L]
9z 14
9’1
s
11
B L1
'L
1521
8521
09'2’

——

zy-142xd

OMe

reoe
Fooz

Fooe
=00'L

k860

€62
mmo._

g0}
00}
“gEL

39 3.0 2.5 20 L5 Lo 0.5 0.0

4.0

4.5

5.0

10.0 9.5 9.0

10. 5

13C NMR spectrum of 3r (100 MHz, CDCl3)

S47



Lrel’
9’97~
ELZEN

8T'S5—

89'8L
00°LL
00'LL

ZeLL

L1166
pe 66
IR
19°€LL
z E:J/K
6.1z}
E,mm»
£8'9zk

6812}
S,mﬁ\
8L LEL

0e'Lgl—
LL'0gL
6L'09)~
L8'¢ok
8L'eol

zy-142xd

-10

160

1

180

200

T
210

TH NMR spectrum of 3s (400 MHz, CDCl3)

LT
cmNW

zee
LET
8e¢T

0Zy—

69—
€69
569
869
zoL
pOL
Slig
8lL
0z'L
[443
STl
8e'l
A3
9p'L
8rL

Zy-149XD

i

e
~6Z8

Feo't

=00'L

pa'L
Y660
Fezz
Ep0z
oo

39 3.0 2.5 20 L5 Lo 0.5 0.0

4.0

4.5

5.0

10.0

10. 5

13C NMR spectrum of 3s (100 MHz, CDCl3)

S48



L¥6L
m:&w
186}
s59z/
59ze”

85'8L
00'LL
00'LL
FLL

v8'66
@m.mmw
AR
9z 5/
6L2T)
§5'621
95'5z)
06'22}
Lozl
29’6zt
89'9¢}
8LLE)

PELSE—
pLOGIA

9828l
_,N,.mmfw

Zy-149XD

J

Me

-0

T T T
120 110 100

T
130

160

T T T
200 190 180 1

T
210

TH NMR spectrum of 3t (400 MHz, CDCl3)

pe'l
90¢
L0¢
oLe

e
9L’z
LT
6L'C
0ze

60'%
oL VW.
Ly

GLG—
£8'9

589

589

189

689

FLFAN
802
602
6021
e
L2
9z 11
9Z' 11
8g 41
8¢
v L1
or'z’

<

gy

zy-144xd

= ek

—= s

—— FO0)

Moz

S0l
ve0L

2.5 5.0 4.5

6.0

10.0

10. 5

.0

13C NMR spectrum of 3t (100 MHz, CDCl3)

S49



89'6L~
L0'8Z

Nm.mNV
L9'08—

89'9L
00'LL
00'LL

eLL

0E'66
nm.mmv
862017

S8GLIN
ov fw_./
LE'SThy
ow,nmfv.
8Lt

LO'LSL—

peosl
hm,mm(W
(431

zy-144xd

Me

-10

160

1

180

200

T
210

TH NMR spectrum of 3u (400 MHz, CDCl3)

Gle
JA 44
hv,nv.

eTr—

L86G—
9r'9

LL'9
thk
€6'9

S6'9
969
869
[ 43
Sk'L
LL
9z'L
SpL
Lri
8rL

zy-145-xd

L

Frie
Fue

Fso

13C NMR spectrum of 3u (100 MHz, CDCl3)

S50



8L'6L—
89'GZT~
or'6z~

89'9L
00'LL
00'LL
Ll

8296
0966~
ZZE0b~
SO0k~
By 0L —
FATIEN
pozZL

oommk
6621,
zi'szh

[
L9051
mm,omfw
68091
NN,N?W
G0'€gl

zy-145-xd

Me

-0

30

130 120 110 100 90

140

160

190 180 170

200

T
210

'H NMR spectrum of 3v (500 MHz, CDCl5)

oz'L
oz'L
1zl
zz1
zee
veE
se'z
se'z
oz
8c'z
19z
69z
ore
sz
ver
szv
€6
169
169
669
66'9
002
002
s02
s02
102
102
612
612
oz2
0z2
1zL
zzs
zz2
92
st2
St2
St2
o2
ov'2
ov2
nos
L
ats
ot 2
62
6t L
052
052
152
252
252
892
692
692
oL

QL L
=
aLL

&

=009

=l0e

oot

CTET
e

13C NMR spectrum of 3v (125 MHz, CDCl;)

S51



88°61
6661
8692 —
¥S'ee
mh.mmv.

SL'9L
ODNNW
ST LL

86'96
mm.mmﬁ
PEEOL
21911
o6'Lel
0s'szl
£5°6el
108zl
or.wﬁ%
S8l 7
reech .\w
z9'6el —

LELGE —

€8°291 ~=
€CEIL 7
82691

~284

zy

10

210

'H NMR spectrum of 3w (500 MHz, CDCl3)

Tt

[ASN
e
re'eC
Se'T
9e'c
8E'C
BE

rev #
i=rA 4
66'S
69
86'9
66'9
669
002
102
S0°L
90°L
0L
L2072
6L°2
6l°L
g2
gL
el
9z,
StL
St 2|
oF L
oL
Ll
VA2
8F L
0s'2
052
3=
3=
€S'L
€52
692
0LL
042
0LL
L4 L

§22

&

206

loe

200°L
S00°L

0L
Ssop
*00'z

13C NMR spectrum of 3w (125 MHz, CDCl3)

S52



95°9Z ~.
v
922e —
8668 7

G492
oo.tw.
5212
Zl'96
vm.mmﬂ
8101\

LL9LL
06'LZl
Lg'gzlL
vS'GelL
r0'8cl
mo.mm_.k
St'8cl ~
reect 7
S9'6EL —
PELGL —
L2729~

9L'egl
8e 1Ll —

ZY-285

@
=

'H NMR spectrum of 4a (400 MHz, CDCl3)

0gT— S

9L
owL
9g'Ly
6€’LY
W L
(445
SP'L

L§'L
€5'L1
SS'L
L0'8
€0'8

8LH— =

GI-233

P4 ﬁ =~

OH O

O

Foie

Fers

F90'L

00'L

0.0 0.5

30 25 2.0 L5 LO 0.5

4.0 35

45

8.0

8.0

9.0 85

9.5

12,5

13C NMR spectrum of 4a (100 MHz, CDCl3)

S53



Lzee—

89'9L
00'LL
00'LL

eLL

bR E0L
0821k
sv m?/
9 mmf/
058z}
Leek
g8zl
67 5%
LYGEL
gggel

9z'8rl/;
es0s/
96'8G1—
90594~

Zz'eoz—

gjar233

-0

H NMR spectrum of 4b (400 MHz, CDCl3)

gBie— % —

€L
€2'L1
9T'L
9T'L
i
8Z'L
L1
6L
oL
Wl
Wl
op'L
P’ L
i
89°L1
69°L
WL
LWL

)
(1
J ]

SLL— —

Zy-1365D

Me

OH

0]

Feze

cq'l
mmmo.m
H/o_..v
Sl'L

Foor

0.0 0.5

L5 LO 0.5

2.0

30 25

7.0 65 60 55 50 45 40 35

7.5

8.0

9.0 85

9.5

12,5

13C NMR spectrum of 4b (100 MHz, CDCl3)

S54



6L'Ze—

89°9L
00LL
00LL
2Bbt
62604
9604
0L phL
9581
0884
€061
Ll
S5 6HH

Nm,mmr
mm,meW
0062}
09'8Eb~

LBOPL~
& 14%d
pr'8sk

S0 mme

£
8809}
zavol’

L0'20Z—

zy-136sd

Me

OH

-0

100

110

T
200

210

'H NMR spectrum of 4c (400 MHz, CDCl3)

0gT—

9'L

log

0Lb— —

Zy-133 SD

'

Cl
6]
o}

Me
0]

Fere

860
06'L
14
FroL

Foo't

0.0 0.5

L5 LO 0.5

2.0

80 45 40 35 30 25

65 6.0 &5

7.0

7.5

9.0 85 80

9.5

12,5

13C NMR spectrum of 4c (100 MHz, CDCl3)

S55



0zze—

6L
L€ mwf/
wm,mmf/
mm,mm_.w
€062

90'LEL

9Z'lEl
658EL "

SG8FL~,
8z 6L~

90'65L—
99'v9L—

p0'20Z—

Zy-133sD

Me

OH

0]

-0

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100

210

H NMR spectrum of 4d (400 MHz, CDCl3)

0g'T—

9z'L
62 L1
VL
ov'L
L
L
Wi
152
Z9o'Ly

z9'L W L B

ro L~
vo'L’
98

B.mv

69'LL—

Zy-130SD

Br
O

O

OH

0]

B

Fize

Foo't

0.0 0.5

30 25 2.0 L5 LO 0.5

4.0 35

45

8.0

8.0

9.0 85

9.5

12,5

13C NMR spectrum of 4d (100 MHz, CDCl3)

S56



0zze—

09'6LL
£C'9ZL
vm,mwv./.
88'8Z1L
€06zl
o«,vmf\.

98I~
9L6PL"

S0'esl—
09v9L—

z0'zoz—

Zy-130SD

Br
O

OH

0]

-10

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100

210

'H NMR spectrum of 4e (400 MHz, CDCl3)

0e'Z
1A

L8k
L8 Z,V.

Zy-143sD

Me

Me O
O OH

#20'L
ol
629
hgoy

Foo

L0 0.5

LS

0.0 0.5

30 25 2.0

3.5

4.0

10.5

12,5

13.5

13C NMR spectrum of 4e (100 MHz, CDCl;)

S57



Loz—

Lzee—

89'9L
00'LL
00'LL

ZeLL

el
v LLL
Jk4 .m?/
mv,mﬁ/
mﬁmﬁw
9.'8Zk

TZIeh~
eLsel—
peeel—

€18k~
seepL”

56'851—
Sk'soL—

SZ'eoz—

Zy-143sD

Me
O

OH

0]

-0

'H NMR spectrum of 4f (400 MHz, CDCl3)

Zy-1415D

Me

OH

Feoe

T
© I~ ) —

coQo-
- oD

Foo

0.0 0.5

L5 LO 0.5

2.0

30 25

7.0 65 60 55 50 45 40 35

7.5

8.0

9.0 85

9.5

12,5

13C NMR spectrum of 4f (100 MHz, CDCl5)

S58



pSLe—

89'9L
00°LL

00'LL
Ll

m@@ﬁ
Nf:/
s9€zl
mvmm%
189ZLL
L9'6ZL
e
£80¢E}
05'kek
Ly opL—
Z606L—

ZL'eSL—
ZL'sgl—

pL'00Z—

Zy-1415D

Me

OH O

O

'H NMR spectrum of 4g (400 MHz, CDCl3)

- ¥

6¥'Z S

2L
9Z'L
8z'L
62'L
6L
0g'L
e
8L
Se'L
9g'L
8L
8L
el TT———————
or'L
N .
FA A
el
oL
L
L]

5L
5L
S9'L
9L
108
€08

LEH— —

Zy-138SD

OH

reoe

Foo't

0.0 0.5

30 25 2.0 L5 LO 0.5

4.0 35

45

8.0

8.0

9.0 85

9.5

12,5

13C NMR spectrum of 4g (100 MHz, CDCl3)

S59



Fo
-
i ) le i
B &LT— 3 — Fezel
L
~ r
- w ‘In.(u |
(@)
L2 w I
R N [
89'9L R T
00°LL = L
00'LL lg o
ZeLL S . I
< 9Z'L
L N T [
= 8Tl
g <+ %L i
- w o[l
1699 o 6L Zets
3 = g  osu : . . _
S8LLL S zgt = — = [4%4
6LLTh - [ ik _ e LOL e
e s g R Ta:
2> 14 = Rozer
VE'2ZL s S | 60}
=l - = %] 95, L
88’6z} 5L
p8'0h 2 85L
lsLel LS = &L -
LLTel Z |
e6'LbL— L il .
560547 = - i
SL66L— 2
as as |
@) - ') 3
= 2 - ) L
o 08'LL— — o] 00k
@ L I
O ®) L
LL'00Z— O o & @ O o i
= =1 a
] : :
& & I

0.0 0.5

30 25 2.0 L5 LO 0.5

4.0 35

45

8.0 5.0
S60

9.0 85

9.5

13C NMR spectrum of 4h (100 MHz, CDCl3)

12,5



peze—

89'8L
00°LL
00'LL

Ll

22 =
ErLLL
£aLLL
LECZ)
preci
vzl

Scﬁ\
:“ Er\
Z6'LEl

pOLpl—
£8'08L—

9L'est—
96'P9L—

L6'L0Z—

Zy-1405D

Br
Me O
O OH

-0

200

T
210

'H NMR spectrum of 4i (400 MHz, CDCl3)

0e'Z
7

8L
0Z'L
€L
vz L
9Z'L
FANA\
pe L
og Ll
8e'L
oLy
054

Zs'L
vSL
108
208

LU~

-5

V13

Me

9Z¢

90'L
%VN.N
Wm_..m

LL'T

A0l

=00}

0.0 0.5

L5 LO 0.5

2.0

80 45 40 35 30 25

65 6.0 &5

7.0

7.5

9.0 85 80

9.5

12,5

13C NMR spectrum of 4i (100 MHz, CDCl3)

S61



rie—

Lzee—

85'8L
00'LL
00'LL

VLL

05 ERtT
LLLML
sp m?/
pe'szL
%,mm%
p'8zZL
80'6Z)
09'6Z}
sZ'LEL
LG'BEL
SPerL;
cm,omv\.
18'8gL—
L0694~

LTeoz—

'SD

V13

Me

-0

'H NMR spectrum of 4j (400 MHz, CDCl3)

621~ _
_.M”._.v

P9

Lee
62
967 "
867 >
66'Z

10'€

9z'L
9z'L
L

8LH— .

75D

ZK-14

Pr
Me

OH

Fele

Ll

Fsol

P0g9

80
90
Bl

ool

8.0

9.0 85

12,5

13C NMR spectrum of 4j (100 MHz, CDCl3)

S62



LBET—

9TTeE~
88'ce””

89'9L
00°LL

00'LL
eLL

mmm@w
18 E/
68 L1k
0552}
1852
pEozL—
Bm?m
9T ieL)
8oL

8C8pL—
S8'6bL
£6'05)
00651
61'G9L—

£5'202—

75D

Z¥-14

I-Pr
Me O
O OH
1
|

-10

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100

210

TH NMR spectrum of 4k (400 MHz, CDCl3)

08'L— —

ZYy-135-SD

Me
O

=662

6l
¥68'¢
661

Lol

koot

0.0 0.5

L5 LO 0.5

2.0

80 45 40 35 30 25

65 6.0 &5

7.0

7.5

9.0 85 80

9.5

12,5

13C NMR spectrum of 4k (100 MHz, CDCl3)

S63



oeze—

86'9L
00°LL

00'LL
FLL

m%ﬁl
ﬁ,m:/
09k

6L
67 €21 —
preeLs
St cmfN
9r'0ch

SPlEl

Bl LpL—
L6054 —

LL6SL—
80'S9L—

pZ'e0z—

Zy-1385D

Me

OH

-10

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100

210

'H NMR spectrum of 41 (400 MHz, CDCl3)

9Z'L
9Z'L
[

1219
6EL
Zr g
vy L
052
Nm.tﬁ
251

95°L]
95'L
\0'8
20’8

08'L—

Zy-139sD

Fsie

ez
9l
6072
201
#B._
80l

Foo't

0.0 0.5

L5 LO 0.5

2.0

80 45 40 35 30 25

65 6.0 &5

7.0

7.5

9.0 85 80

9.5

12,5

13C NMR spectrum of 41 (100 MHz, CDCl3)

S64



eeze—

89'9L
00'LL
00'LL

eLL

Bzt

P8 L

vvm?/
vv,mNL,,
868zt

vm,mmk
el —
095El—
ze 1L
0 Lph—
£806L—

pLest—
86'v9L—

p0'z0Z—

SD

-1

-0

200

T
210

'H NMR spectrum of 4m (400 MHz, CDCl3)

182 - <

Z8'LL— —,

Zy-131sD

OH O

O

Fore

222
»8.”
Low
Feo

Foou

0.0 0.5

30 25 2.0 L5 LO 0.5

4.0 35

45

8.0

8.0

9.0 85

9.5

12,5

13C NMR spectrum of 4m (100 MHz, CDCl3)

S65



9e'TeE—

89'9L
00°LL

00'LL
eLL

il
05 LLk
06 LLL
LY ST
9pSThr
£L0Eb
0g'1Ek
S6LEL
996l

80LPL—
68051 —

cTesl—
Z0'sel—

66'L0Z—

Zy-131sD

-0

110

T
200

210

'H NMR spectrum of 4n (400 MHz, CDCl3)

%4
ere-

8l'L
0Z'L
€'l
SZ'L
9T'L
9T’ L1
&L
Ce'L

5847
Se'L
wm.Tw —
it

8¢ L
8¢'L]
6L ﬁ
8L

o'l
1L
Z5'L

SS'L
€08

s0'8
90’8

8L~ —

Zy-132 SD

(0]

Me

vEeTE
pze

LOL
Mmm._.
5060

0z'e
60
Jm:

Lol

Foo't

0.0 0.5

30 25 2.0 L5 LO 0.5

4.0 35

45

8.0

8.0

9.0 85

9.5

12,5

13C NMR spectrum of 4n (100 MHz, CDCl5)

S66



priz—

€eeeTe—

89'9L
00°LL

00'LL
eLL

18E0L
€8 LHL
05 mwf/
98’5zl
momﬁw
99'8zL
ZVezl
€9'6ZL
LT'LEL
09'8gl
68k
hm,omr\
96'95L—
FAR-CIAN

8z'eoz—

Zy-132sD

110

T
200

210

'H NMR spectrum of 40 (400 MHz, CDCl5)

e~ —

192

9L
9L
02'L9
(4

gL
oe'L ﬁ

ey —
oL =
wi] .

6t'L —
omi_.

\S'L
Z6°L
€6°L

56,

[78 Y "

Zy-1445D

O

Me O
Me O O
OH

Fele
Faie

~90¢
ot
+80'L

Foo

0.0 0.5

L0 0.5

30 25 2.0 Lb

45 40 35

8.0

8.0

9.0 85

9.5

12,5

13C NMR spectrum of 40 (100 MHz, CDCl3)

S67



60z

00'ce—

89'9L
00'LL
00'LL

Ll

800L—
ZEPLL

mvmefw
1921

0EETh~
(74145
mmmi
MPemf\
BESEL

LOopL—
SL0SL—

89'65)—
€0'sglL—

bL'eoz—

Zy-1445D

OH O

O

H NMR spectrum of 4p (400 MHz, CDCl3)

19°C

- M~ (0 (0 (0 © O O

&

SIILCB2IILBG
e

98"
1817
6e'L
6E'L
052
st
z5'L]

_r—

ve'L
95°L
15°L
08'L1
208
081
508
90'8

9Ll —

zy-145sd

Foze

Fsol
504
802
mmfr
R¥60
60'L

a0y

koot

0.0 0.5

L5 LO 0.5

2.0

30 25

45 40 35

8.0

8.0

9.0 85

9.5

12,5

13C NMR spectrum of 4p (100 MHz, CDCl3)

S68



Lie—

89'9L
00'LL
00'LL
eLL

wm,ve
mome/
SLLLL
SrZLL

IS LI

gLl

LeeTL

BESTI
Tzl
VT hELb—
05 PELF
ze5sr)
85 PP~
02051~
92061~

pE'85L—
L8'¥olL—

€0'coz—

w3

zy-14

-0

100

110

0

T
200

210

H NMR spectrum of 5 (400 MHz, CDCl3)

8Lk
8L H
08’11
0811
11T
a1z
0ZZ1
1229
zT e
STT
991
L9ET
89°¢1
Zh v
9Lt
62 11
v
0z'9
0z'9
vZ'9
A
8z'9
029
2899
€291
bE'91
9¢'91
18'91
1891
68'91
6891
1691
1697
0041
2011
Zh' I
€L
piLy
b2
9L 2
L2
W
6l
vz
1z 21
zT 1
1€
g1
6¢.1
6821
or 2]
zv'i]
v L]
b 2]
19
194

9L

g

mpfeppe—

9.

FGZe

=p0'T

=860

=860
o0

2.5 20 L5 Lo 0.5 0.0

3.0

10.0

10. 5

.0

13C NMR spectrum of 5 (100 MHz, CDCl3)

S69



sc8l—

e e~
LIER

0e'09—

89'9L
00'LL
00'LL

ZeLL

gB%4%
29k
BL0ZL
980ZL
€LSZL
pe 9zl
6922}
61824
PS8zl
65821

L9l
98'SPL"
952SI~

Zy-166

OH

-0

30

90

140

160

0

1

200

T
210

TH NMR spectrum of 6 (400 MHz, DMSO-dg)

Cl

- -

ELES

oot
Foo'L

101
2201
0L
L€

60z

13C NMR spectrum of 6 (100 MHz, DMSO-dy)

S70



L6°LL—

lg'62
26" F,M
69'8€
oL'6e
Le'6E
zg'6e
€268
v6'6E
sL'or
v

gL b,
mm.mvr\.
207LSL ~

ZY-168

Cl

10

S71



